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ABSTRACT

About a third of stroke survivors have some degree of depression. Depression has a
significant impact on recovery after stroke, and identification is important so it can be
treated. A common symptom of stroke is aphasia, where comprehension or expression
of language is significantly impaired. Communication problems following stroke have
been shown to be a major predictor of depression after stroke, yet these problems
often make assessment of mood using conventional, language-based measures
difficult or impossible.

Though some non-verbal, self report mood measures exist, their utility is
limited and evidence base lacking. The aim of this study was to design, create and
validate a non-verbal mood assessment instrument suitable both as a general outcome
measure and as a screening measure for depression in stroke patients with aphasia. A
series of four judgement experiments were conducted based on 22 photographic
sittings, and a series of scales were developed. The resulting prototype instrument
Dynamic Visual Analogue Mood Scales (D-VAMSY) is a tablet/computer-based
instrument consisting of seven bipolar scales comprising images of human faces
whose expressions are modulated by sliders.

The instrument was then validated in a sample of 46 stroke survivors recruited
from online, from stroke clubs and via NHS rehabilitation services. Good construct
validity was demonstrated by high correlations between word and face versions of the

seven D-VAMS scales (r=.73 to r=.79), however discriminant validity was poor, with
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substantial cross-correlations between scores for all of the face scales (r=.58 to r=.88).
Internal consistency of D-VAMS was very high, with a Cronbach’s a 0f 0.95. A
Principal Components Analysis revealed one factor accounting for 80% of the
variance, corresponding to pleasantness or unpleasantness of mood.

Excellent criterion validity was evidenced by strong correlations between D-
VAMS and Hospital Anxiety and Depression Scale (HADS) depression subscale
(HADS-D) scores (r=.73). Excellent test-retest reliability (r=.89), and high sensitivity
and specificity against HADS-D cut-offs of 4—7 were also found.

The findings suggest that the D-VAMS is a valid, brief measure of
pleasantness of mood in a range of 0—100 which is suitable for use as a general
outcome measure for stroke survivors with aphasia, and which may serve as an
indirect, simplified measure of depression. Though D-VAMS may also be useful as a
screening measure for depression following stroke, further validation is needed to
examine how it performs in people during the acute stage after stroke. Some

supervision may be required for people unfamiliar with using a tablet or PC interface.
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ADL Activities of Daily Living
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1. Introduction: Stroke

1.1 What is Stroke?

The World Health Organisation defines stroke as “rapidly developing clinical signs of
focal (or global) disturbance of cerebral function, with symptoms lasting 24 hours or
longer or leading to death, with no apparent cause other than of vascular origin”
(Hatano, 1976, p. 541). Stroke, or cerobrovascular accident (CVA) occurs when the
blood supply to parts of the brain is disrupted, resulting in a sudden loss of brain
function due to the consequent oxygen deprivation. The symptoms of stroke are
varied, but may include paralysis or weakness down one side of the body (hemiplegia,
or hemiparesis), blindness in one side of the visual field (hemianopsia) or difficulty
speaking or comprehending language (aphasia). Loss of balance and coordination or
loss of consciousness may also occur. If the interruption of blood supply to the
affected areas is only temporary — in what is known as a transient ischaemic attack
(TIA), then little or no damage may occur and full function can be recovered.
However if the affected areas are deprived of oxygen for a long enough period, then
necrosis sets in, resulting in lesions composed of dead brain matter that can no longer
function. Depending on the extent of the injury, function can be recovered as the brain
adapts, but many stroke survivors are left severely disabled.

Stroke comes in two primary forms, ischaemic and haemorrhagic. Ischaemic
strokes result from an interruption to blood flow caused by a blood vessel becoming

blocked or partially occluded by a clot or embolism. This starves parts of the brain of
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oxygen until the blockage resolves spontaneously or is treated by medical
intervention. Haemorrhagic stroke is caused by bleeds around or within the brain
matter itself. In the most common type of haemorrhagic stroke, a thin-walled blood
vessel within the brain may burst, leaking blood into the surrounding tissue as a
cerebral haemorrhage. In a less common form of haemorrhagic stroke, a blood vessel
on the surface of the brain itself may rupture, creating a subarachnoid haemorrhage.
In both of these cases the result is a leakage of blood which not only prevents oxygen
reaching parts of brain served by the ruptured blood vessel, but results in the critical
medical complication of a pool of blood (the haemorrhage) building up within or
upon the surface of the brain.

Ischaemic strokes account for approximately 80% of incidents, while
haemorrhagic strokes are rarer, with intracerebral haemorrhages occurring in around
15% of stroke incidents and the remaining 5% occurring in the context of a
subarachnoid haemorrhage. Stroke of any kind is an emergency and must be treated
immediately. The first few hours after stroke are critical, and timely diagnosis and
early treatment is essential to prevent or ameliorate damage which may otherwise

result in severe disability or death.

1.2 Morbidity, Mortality and Risks

After heart disease, stroke is the single most common cause of death worldwide, and
is responsible for 7% of deaths annually in the UK. (The Stroke Association, 2015) .
It is estimated that stroke occurs approximately 152,000 time a year in the UK

(Townsend et al., 2012), or once every three-and-a-half minutes.
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Of those people who have a stroke, about third are likely to die within the first
ten days, about third can be expected to make a recovery within one month and about
a third will likely be left severely disabled (Bosanquet & Franks, 1998). In the decade
following the year 2000, stroke accounted for an average of around 7.5% of deaths in
men and 10% of deaths in women (Office for National Statistics, 2010). It is
estimated that there are over 1.1 million people living with stroke in the UK
(Scarborough et al., 2009), but by 2020 it is expected to double, mainly due to the
increasing proportion of older people.

Factors contributing to the risk of stroke are similar to those responsible for an
elevated likelihood of cardiovascular disease (CVD). Modifiable risk factors include
high blood pressure, smoking, lack of physical exercise, a diet high in saturated fat
and high cholesterol levels. Non-modifiable risk factors include age and a family
history of coronary heart disease or stroke. Age is the single most important risk
factor, with the risk of stroke doubling every decade after the age of 55; by the age of
75,1 in 6 men and 1 in 5 women will have had a stroke (The Stroke Association,

2015).

1.3 Consequences of Stroke

Stroke causes a larger range of disabilities and has a greater impact on disability than
other chronic medical condition (Adamson et al., 2004), and can include a wide range
of physical and psychological impairments. In addition to permanent hemiparesis,
hemiplegia, or hemianopsia, stroke patients may also have unilateral neglect, in which

there is a denial of or reduced insight into the physical problems caused by stroke.
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A range of cognitive problems may also be experienced. About a third of
stroke patients have some degree of aphasia (Hackett & Pickles, 2014), in which a
person’s ability to communicate using spoken or written language may be impaired or
absent. Aphasia typically accompanies damage to the left side of the brain and can
include difficulty with or absence of speech (expressive aphasia) or impairment of the
ability to comprehend spoken language (receptive aphasia). The ability to interpret
and express written language may also be affected (alexia and agraphia). The patient
may also experience memory problems, difficulties recognising objects or places; it
may also impact upon executive function, impairing a person’s ability to reason and
organise their behaviour. Changes in affect are also common, with patients
experiencing depression, elevated levels of anxiety or other mood problems.

In England at least 450,000 people are left severely disabled as a result of
stroke (The Stroke Association, 2006). The health consequences of stroke are a
substantial burden on health services, and are responsible for a substantial proportion
of acute hospital stays, accounting for over 2.6 million bed days per year, with an

average length of stay of 28 days per stroke patient (Department of Health, 2005).
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2. Poststroke Depression

When a person suffers a neurological injury such as stroke, mood disturbances often
result which can impact significantly upon a patient’s prognosis. Though such mood
problems can take many forms, and include bipolar or anxiety-related disorders, the
mental health issue that has been of most clinical interest — and consequently the
subject of much research — has been that of depression.

For many years it was thought that depression following stroke was no
different to more common, reactive forms of depression. The appearance of
depression after stroke was commonly interpreted as an expected psychological
response to a life event that impacts on a person's ability to function, and which
consequently impairs their subsequent quality of life. However, in an exploratory
study by Folstein et al. (1977), depressive symptoms of stroke patients were compared
with those of patients admitted with other medical conditions. Though both groups
appeared to have similar levels of functional ability, the prevalence of depression was
substantially higher in the group of stroke patients (45% versus 10%). The results
seemed to suggest that there are complications specific to stroke which make these
patients particularly susceptible to low mood.

These seemed to suggest that depression following stroke may have an
aetiology and manifestation distinct from ordinary depression, and that it may — at
least in part — be a direct result of neurological damage resulting from the stroke event

rather than simply a consequence of concomitant psychosocial factors. The term
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poststroke depression (PSD) came into usage as this notion gained traction, and
researchers began to more intensively study factors relating to depression after stroke.
Opinion regarding the aetiology of PSD, however, became polarised, with positions
on this issue dividing into two separate camps. On the one hand there are those whose
primary interest is in prospective biological mechanisms, such as the impact of
cerebral lesions upon aminergic pathways and other neural circuits involved in mood
regulation (Robinson & Szetela, 1981; Robinson et al., 1984a; Narushima et al., 2003;
Bhogal et al., 2004), while on the other hand there are those who prefer to focus on
reactive psychosocial and stress mechanisms (Wade et al., 1987; M. Kauhanen et al.,
1999; Pohjasvaara et al., 2001; Hackett & Anderson, 2005; B. S. Townend et al.,
2007a). This divide is reflected in the approaches that researchers have taken to
disentangling the complex interplay of factors at work in the emergence and course

PSD, and continues to be the source of much debate and controversy.

2.1 The Measurement of Depression

The study of PSD, however, has been hampered both by the overarching debate as to
how depression should best be defined and assessed, and the question of whether
depression resulting from stroke should be treated as a distinct syndrome with its own
unique characteristics and assessment criteria, or simply as a ‘ordinary' depression
occurring in a particular — but not especially distinctive — context.

The way in which depression should be measured is also highly contingent
upon the purpose for which it is being measured. While a doctor or psychiatrist may
wish for a screening measure from which the risk of depression may be inferred, or a

checklist of symptoms for the purposes of a medical diagnosis, researchers examining
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the progress of patients under particular conditions or the impact of particular causes
or interventions on outcome measures with regard to mental health, may prefer
measures more suitable for tracking change over time.

In the early studies of depression after stroke, systematic criteria were not used
for the diagnosis of depression. This changed with the introduction of the Diagnostic
and Statistical Manual DSM-111 and DSM-I11-R (American Psychiatric Association,
1980, 1987), which offered a clear set of criteria for depression. Generally PSD
studies have used this to classify patients as having major or minor depression, using
either the DSM-I111 or DSM-II-R criteria for major depression (excluding the non-
organic criterion), or dysthymia (excluding the 2 year and non-organic factor criteria).
With the release of DSM-IV and DSM-IV-TR (American Psychiatric Association,
1994, 2000), accompanying medical conditions were also included in the typology of
depression, making stroke one of the few medical conditions documented as being a
direct cause of depression. The DSM-IV categorises poststroke depression as a “mood
disorder due to a general medical condition” (American Psychiatric Association,
1994, p. 366) with specifiers of depressive features, major depressive-like episodes,
manic features or mixed features. Minor depression is defined by DSM-IV/DSM-IV-
TR as “either a sad or ‘depressed’ mood or loss of interest or pleasure in nearly all
activities” involving “at least two but less than five additional symptoms” of major
depression. (American Psychiatric Association, 1994, p. 719).

With the advent of DSM-V (American Psychiatric Association, 2013), the
distinction between major and minor forms of depression gave way to a typology that
reflected the duration or recurrence of depression rather its intensity. DSM-IV’s

major depressive disorder was retained as depressed mood or a loss of interest or
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pleasure in daily activities consistently for at least a 2 week period, while dysthymia
was consolidated with chronic major depressive disorder under the new name
persistent depressive disorder. The essential feature of persistent depressive disorder
(or dysthymia) is a depressed mood that occurs for most of the day, for more days
than not for at least 2 years. At this point, PSD became part of the general category
depressive disorder due to another medical condition.

Though questions have been raised by some about the suitability of some
DSM criteria for assessing depression related to stroke (Gainotti et al., 1997b), the
diagnosis of depression by a professional using an interview in conjunction with the
DSM is now widely regarded as the gold standard. However, for much research the
use of purely dichotomous classifications for depressive symptomatology is limiting,
and over the years a number of instruments have emerged to offer a scalar measure of
the degree or seriousness of depressive symptoms, yielding data that can be used as an
approximate interval measure of depression and enable changes in depressive
symptoms to be monitored.

Some of the scales use a similar, interview format but where symptoms are
more specifically evaluated and graded and then processed into a final, numeric score.
Where the patient is unable to clearly communicate, a proxy — such as a family
member, friend, or nurse — is often used to relay their own observations in lieu of the
patients own testimony, or, less frequently, the patient is assessed purely based on
their observed behaviour. Scales based on this approach are broadly referred to as
observer rated. Other scales, however, have been designed specifically to eliminate

the need for a third-party assessment, and comprise a form with a number of simple
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questions, to which the patient is asked to respond in multiple-choice format. These
are referred to as self-report or self-rating scales.

The Hamilton Depression Rating Scale (HDRS) (Hamilton, 1960) is the most
widely used instrument for quantifying depression in research. The scale is intended
to be administered by a trained clinician and consists of 21 items addressing specific
symptoms, which are graded by responses on a 5-point scale. The total score, in the
range of 0-52, gives an indication of the severity of depression in the patient. Scores
of 7-17 are considered to signify “mild” depression, 18-24, “moderate” depression,
and any score above 25 to mean “severe” depression. The scale takes around 30-45
minutes to administer.

Like the HDRS, the Montgomery-Asperg Depression Rating Scale (MADRS)
(Montgomery & Asberg, 1979) is an observer rated depression scale intended to be
administered by a trained clinician. The MADRS however, was developed in
response to the need for instruments that are more sensitive to change. The MADRS
was developed to specifically address the needs of research in which the ability to
measure changes in depression across time — such as the response of patients to
antidepressants — could be more accurately gauged. The scale consists of 10 items
describing symptoms which are graded on a 6-point scale. The total score is in the
range of 0-60, with any score of 7 or above considered to be associated with the
presence of some degree of depression. Administration time is similar to the HDRS,
with the assessment taking around 20-60 minutes to complete.

In much research, it is not practical to involve experienced clinicians in
diagnosing or quantifying depression using these types of instruments, therefore self-

report measures have been developed by which patients can be quickly assessed by
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means of a short questionnaire. These types of measures have the advantage of being
much quicker and easier to administer. The most widely used of these self-report
measures is the Beck Depression Inventory Il (BDI-II) (Beck et al., 1961; Beck et al.,
1996), a 21-item questionnaire with responses scored on a 4-point scale. The total
score is in the range of 0-63. Scores of 10-18 are considered to signify “mild”
depression, 19-29, “moderate” depression, and any score above 30 to mean “severe”
depression. The scale takes only 5-10 minutes to complete, so is particularly desirable
in studies where a brief assessment is required.

Also widely used is the Zung Self-Rating Depression Scale (ZDS) (Zung,
1965). The scale is similar to the BDI-I1I, but is considered more useful in patients
with neurological disorders (Carota & Bogousslavsky, 2003). It consists of 20 items
scored on a 4-point scale, with a total score in the range of 20-80. Scores of 50-59 are
considered to signify “minimal to mild” depression, 60-69, “moderate to severe”
depression, and any score above 70 to mean “severe” depression. Like the BDI-II, it is
reasonably quick to administer, taking approximately 10-15 minutes to complete.

The Hospital Anxiety and Depression Scale (HADS) (Zigmond & Snaith,
1983) was developed as a response to the widespread prevalence of mood disorders
comorbid to physical illness and disability, and to complaints of somatic symptoms
that have no basis in any organic pathology. Like the BDI and the ZDS, the HADS is
a self-assessment instrument, however it was designed for use in a non-psychiatric
hospital setting to allow medical staff to quickly assess psychological distress. In
order to avoid confusion of physical symptoms with those of a psychological origin,
it specifically avoids somatic symptomatology common to both psychological and

physical conditions, and is restricted to purely ‘psychic symptoms’. The HADS
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consists of 14 items divided into two sub-scales of 7 items each, one for anxiety
related symptoms (HADS-A), and the other for symptoms relating to the presence of
depression (HADS-D). Both scales have a score in the range of 0-21, with a score of
8-10 representing borderline cases and a score of 11 or more indicating the presence
of clinically significant symptoms. Excellent validity of the HADS has been reported
compared to the HDRS (Carota & Bogousslavsky, 2003), and the HADS is widely
used in studies which include hospitalised patients. It is particularly quick to
administer, taking only around 5 minutes to complete.

Because of the confounding somatic factors introduced by the physical
symptoms of stroke, a number of scales have also been developed to control for the
symptoms common to both stroke and depression, such as vegetative and

neuropathological symptoms. These adapted scales will be discussed in Chapter 3.

2.2 Prevalence of PSD

In a recent systematic review and meta-analysis Hackett and Pickles (2014) examined
data from 61 population-based studies on the proportional frequency of depression up
to five years following stroke. Only studies using prospective, consecutive
recruitment of patients from within a clearly defined geographic area and region of
time were included, and studies with selection criteria or patients characteristics
which were not deemed generalisable were excluded. The measures used to assess
frequency of depression included the Beck Depression Inventory (BDI) (Beck et al.,
1961), the Geriatric Depression Scale (GDS) (Yesavage et al., 1983), the Hospital

Anxiety and Depression Scale (HADS) (Zigmond & Snaith, 1983) and the Hamilton
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Depression Rating Scale (HDRS) (Hamilton, 1960), with DSM criteria providing the
most common criterion for the presence of depression.

Pooled data indicated that depression is present in 31% (95% CI 28-35%) of
stroke patients up to five years after stroke. This figure did not differ significantly
from the one arrived at in an earlier review (Hackett et al., 2005) in which a pooled
figure of 33% (95% CI 29-36%) was calculated. Subgroup analyses were also
performed based on recruitment method (population-based, hospital-based, and
rehabilitation-based) and timing of mood assessment (0-1 month, 2-5 months, 6-9
months, 1 year, 2-4 years, 5 years), but the results showed little variation across
method or timescale, although “a lower proportion had depression between one and
less than 5 years” (Hackett & Pickles, 2014, p. 6).

In a recent cohort study of patients followed up for 30 months after a minor
stroke (Altieri et al., 2012), meanwhile, 41% were diagnosed with PSD at some point
during follow-up, with 2.9% meeting the DSM-1V criteria for major depression; 22%
were depressed within the first month post-stroke.

Though a figure in the region of 30% also appears to emerge with notable
frequency in studies elsewhere (Singh et al., 2000; Cully et al., 2005; Paolucci et al.,
2006; Pinoit et al., 2006; Linden et al., 2007; Bergersen et al., 2010; Ostir et al., 2011;
Hommel et al., 2015), substantial variations have also been found. A review by
Robinson & Spaletta (2010), for example, found such large variations in prevalence
between studies, that they could venture an estimate of overall prevalence of
depression as somewhere within the range of 20% to 60%, while an earlier literature

review (Gordon & Hibbard, 1997) could only offer a figure of between 25% and 79%.

Stroke Aphasia Mood Scales v6.0

20



Prevalence figures vary for a number of methodological reasons. Firstly,
methods for assessing depression differ from study to study. In addition to "gold
standard" criteria such as those of the DSM, which themselves are subject to revision
with each new release, many different self-rating scales and observer rating scales are
in use to offer a quantified measure of depression. Defining and measuring
depression, therefore, does not enjoy a clear, unambiguous consensus. Different
assessment methods evaluate and prioritise symptomatology in different ways,
yielding different classifications and different diagnostic conclusions (Pohjasvaara et
al., 1998). Furthermore, where a categorical diagnosis has been used, though some
studies have adhered to traditional diagnostic subdivisions of ‘major’ and ‘minor’
depression, others have used a simple, binary classification of ‘depressed’ and ‘non-
depressed’ based on cut-off scores deemed appropriate for a given scale.

Secondly, there is the matter of the timing of the assessment; the magnitude of
PSD has been found to differ substantially depending on the time elapsed since the
index event (Whyte & Mulsant, 2002). There have been numerous studies suggesting
that the onset and progression of PSD follow a changing pattern of incidence and
prevalence across time following the index stroke event, and vary according to a
multitude of factors.

Thirdly, there is the matter of the population under examination in a particular
study. Different studies use patients in different settings; some may be hospitalised,
while others may be outpatients or participants in a rehabilitation program. They may
have varying levels of functional impairment and may be receiving different types and
levels of support. Furthermore the selection criteria for studies may omit certain

patients in an attempt to eliminate biases or confounding factors, or simply for
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practical reasons. Patients with a history of depression prior to stroke are often
omitted, for example, while patients with significant communication problems due to
aphasia are usually excluded due to the practical difficulties in assessing them. People
with haemorrhagic — rather than ischaemic — stroke are also frequently excluded.
Finally, there are complexities in recognising and diagnosing depression
symptoms in stroke patients due to the presence of symptoms that are directly due to
the stroke itself (Stern, 1999; Hackett et al., 2005; E. Townend et al., 2007b). Certain
symptoms, such as hemiplegia and fatigue may mask or mimic the effects of
depression, making accurate diagnosis difficult. These issues will be covered in more

depth in due course.

2.3 Onset and Natural History of PSD

In trying to understand the aetiology of PSD, many studies have examined cohorts of
patients across a period of months or years in order to study the pattern of onset and
the changes of prevalence and incidence of PSD across time. Such studies have
usually examined PSD in relation to cognitive impairment, physical disability, lesion
location and various demographic factors in order to better understand what factors
may influence outcome after stroke.

As reported earlier, the recent systematic review and meta-analysis by Hackett
and Pickles (2014), in which frequency of depression was examined up to five years
following stroke, found that a lower proportion had depression between one and less
than 5 years. But with just two categories of time periods (1 year, 2-4 years) spanning
the time between 9 months and 5 years, it is impossible to accurately gauge the

trajectory of prevalence changes within this period. An earlier review with less
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stringent inclusion criteria (Hackett et al., 2005) found no evidence of a pattern of
prevalence changes across time. However they conceded that the complex,
heterogenous nature of the many studies made comparison difficult.

The presence of such a pattern is particularly important to understanding its
aetiology, as a biphasic pattern is consistent with the existence of a distinct, biological
component to PSD, in which the acute effects of lesions on brain function play a role.
Proponents of this view have hypothesised that an acute syndrome triggered by
damage to brain circuits involved in mood regulation contribute to an initial increase
in depressive symptoms, but that as the brain heals, these symptoms subside, but there
then follows a second phase of depression in which psychosocial causes predominate
(Robinson et al., 1984b; Robinson, 2003; Robinson & Spalletta, 2010). While the
pattern of prevalence in Hackett and Pickles (2014) hints at a drop in prevalence
consistent with a biphasic pattern, studies elsewhere offer a clearer picture of PSD
prevalence changes following stroke.

Despite the lack of unequivocal consensus, some studies have found tentative
evidence supporting a biphasic pattern to the onset of PSD, with the period of highest
risk appearing in the first few weeks following stroke, and prevalence falling during
the first year and then rising again around 12-18 months later.

Some of these studies suggested a steady decline in depression scores during
the first year following stroke which is consistent with this biphasic pattern (Paolucci
et al., 2006; B. S. Townend et al., 2007a; Ostir et al., 2011), however the time-span
covered did not allow the question of a second phase to be examined. Others, though,
have yielded evidence supporting this second phase. Berg et al. (2003) reported that

the prevalence of depression was highest at the acute stage, but then tailed off
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between 3 and 6 months, only to rise again at 12 months. While in perhaps the
strongest evidence to date, a meta-analysis of 14 studies by Whyte and Mulsant
(2002) found that peak prevalence of major depression appeared to be 3-6 months
after stroke, after which it declined to around 50% of initial rates at about 12 months,
only to rise back close to its peak levels between 18 and 24 months poststroke, where

it remained high up to 3 years after stroke.

Prevalence of major poststroke depression
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Fig 1. Prevalence of PSD over time, from data in Whyte & Mulsant (2002)

A similar pattern was also in evidence in a 3-year cohort study by Astrom et
al. (1993) which found that the incidence of major depression was 25% at the acute
stage and 31% at 3 months, dropping to 16% by 12 months post-stroke. At 2 years it
was 19% but by 3 years it had risen to 29%. Prevalence of depression was highest
immediately after stroke, particularly in community settings, and many stroke patients

developed depression hours to days after stroke, many also became depressed much
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later, supporting the findings of an earlier study by Robinson (1984b) in which 30%
of patients not initially manifesting PSD symptoms became depressed 6 months later.
They also noted that while almost half of stroke patients developing major depression
within 3 months of stroke remain depressed at one year (Astrom et al., 1993; Wade et
al., 1987), onset of PSD within days of stroke was more likely to remiss
spontaneously, whereas patients with onset at more than 7 weeks had a lower rate of
spontaneous recovery (Andersen et al., 1994). The authors concluded that there may
be some utility in sub-typing major poststroke depression into early versus late onset,

though it is difficult to reach any firm conclusion on what periods defines each.

2.4 Consequences of PSD

Even when considered in isolation, depression has been associated with a number of
negative outcomes, such as increased disability (Lenze et al., 2001), impaired
cognitive function (2000) and increased mortality (Schulz et al., 2000; Reynolds et al.,
2008; Ellis et al., 2010). When depression occurs as a result of stroke, a similar range
of problems can therefore be expected, but ones that are exacerbated by the added
complexities of stroke symptomatology. PSD has been shown to impact significantly
on rehabilitative outcomes, and many studies have now shown that depression
following stroke is associated with similar negative outcomes regarding functional

impairment and mortality.

2.4.1 Physical Disability. Much of the research into the impact of PSD has
been focussed on physical function. One of the most significant early findings to

emerge from research into PSD was the fact that depression following stroke does not
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appear to be solely a consequence of functional impairments resulting from the stroke
itself (Folstein et al., 1977).

A recent review (Kutlubaev & Hackett, 2014) examined 14 studies totalling
4498 participants from the previous ten years, in which the association between PSD
and stroke outcome were examined, alongside the results of an earlier review (Hackett
& Anderson, 2005). Though follow-up from assessment to outcome varied
considerably across the studies, depression was consistently shown to impact
negatively on functional outcome following stroke. Depression was also found to
predict poorer quality of life, poor life satisfaction, less efficient use of rehabilitation
services and need for institutional care.

Elsewhere, Robinson et al. (1983) found that measures of physical function
by the John Hopkins Functional Inventory (JHFI) had significant negative correlations
with three independent depression measures, with significant increases in correlations
between JHFI scores and measures of depression throughout a six month follow-up,
(Robinson et al., 1984b).

Wade et al. (1987) likewise found significant negative correlations between
scores of physical function by the Barthel Index (BI) and Frenchay Activities Index
(FAI) and Wakefield Depression Inventory (WDI) scores during the year following
stroke, while Parikh et al. (1990) found that depressed patients as determined by
DSM-I11I criteria had lower JHFI scores and showed significantly less functional
recovery over two years than non-depressed patients.

Bacher et al. (1990) found that physical function as assessed by Bl improved
throughout follow-up but was significantly higher for those who were not depressed

initially, while Morris et al. (1992) found that depressed patients as assessed by DSM-
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[11 criteria improved less than non-depressed patients in functional status. The 3-year,
longitudinal study by Astrom et al. (1993), discussed earlier, yielded similar findings;
at one year follow-up, patients who were depressed at the acute stage did not recover
in functional ability as assessed by ADL measures, whereas non-depressed patients
recovered significantly.

Kauhanen et al. (1999) found that patients classified as depressed by DSM-I11
criteria performed worse on almost every measure of physical function than non-
depressed patients. A study by Pohjasvaara et al. (2001) yielded similar findings,
while also shedding light on the direction of causation between PSD and physical
function. Depression at 3 months was found to be an independent predictor of poor
functional outcome at 15 months (OR 2.5), yet functional outcome at 3 months did
not predict depression at 15 months, thus favouring the interpretation of PSD as a
cause of rather than a consequence of functional impairment.

If PSD is indeed a significant factor in functional outcome, then this may be a
key intervention point in ameliorating the adverse consequences of stroke, as it
suggests that treating depressive symptoms may improve a patient’s prognosis. To
examine this hypothesis, Chemerinski (2001) examined differences in recovery in
PSD patients with and without remission of depression over the first 3 to 6 months
poststroke. Group comparison showed that patients with remission of depressive
symptoms showed significantly greater functional recovery than patients without
remission at follow-up.

This growing evidence of the impact of PSD upon functional outcome was
underlined in a meta-analysis of 13 earlier studies by Carota & Bogousslavsky (2003).

The results revealed that out of 11 factors examined, only functional outcome was
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reliably found to be associated with PSD, with 10 out of 11 studies examining this
finding a significant relationship.

The large, multicenter study by Paolucci et al., (2006) mentioned earlier — as
well as indicating patterns of prevalence over time — also examined physical function
outcomes throughout the 9 month follow-up. The results, similarly, revealed that
depressed patients had significantly more physical impairment at baseline and follow-
up than those without PSD, while patients without PSD and patients with early-onset
showed significant improvement from baseline Bl scores at follow-up. In another
study by Van de Port et al. (2006), activity level, fatigue and depression at 1 year after
stroke were found to be statistically significant predictors of mobility decline between
1 and 3 years poststroke.

One of the problems with hospital or rehabilitation-based studies is that it is
difficult to know whether factors associated with the selection and treatment of the
patients may impact upon the results, and whether the findings of such studies are
generalisable to the population at large. Goodwin and Devanand (2008) sought to
address this by examining the results of a survey conducted on a large, nationally
representative sample of U.S. residents between the age of 25 and 74 years. A
multivariate regression analysis showed that both stroke and depression independently
predicted poorer function on all measures of ADL, and revealed a significant
association between major depression and stroke in the previous 12 months (OR 3.5,
ClI=1.4-8.9), with 29.2% of stroke patients having experienced depression in the
previous 12 months, a figure consistent with many other prevalence studies. These
findings offer some reassurance that studies of treatment-seeking samples reflect

findings within the general population.
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West et al. (2010) examined the association between psychological symptoms
after stroke and functional outcomes in a cohort of recovering stroke patients across
one year. After adjusting for age, sex and initial disability levels, regression analysis
revealed that persistent psychological symptoms in the first 26 weeks were associated
with much poorer physical function at 52 weeks.

Even when the assessment of depressive symptoms is greatly simplified, a
relationship between depressed mood and subsequent level of disability has still
proved evident. As part of the North Manhattan Stroke Study, a population-based,
follow-up study spanning 7 years, depressed mood was assessed 7-10 days poststroke
using just the first question of the HDRS (Willey et al., 2010). When controlling for
other factors in a multivariate logistic regression analysis, depressed mood was found
to be associated with greater likelihood of severe disability as compared with no
disability at all at 1 year (OR 2.91; CI=1.07-7.91) and 2 years (OR 3.72; C1=1.29-
10.71) poststroke.

Though studies overwhelmingly support the existence of an association
between PSD and outcomes on measures of physical function, not all have found a
relationship. Robinson et al.’s (1984a) study of lesion location and depression
following stroke found no relationship between JHFI scores and overall depression
scores. Sinyor et al. (1986), in a study of rehabilitative outcome on 65 patients, found
that self-report depression scores did not correlate with physiotherapy or occupational
therapy function scores upon admission; furthermore, when patients were divided into
depressed and non-depressed groups, both showed significant improvement of
function from admission to discharge but no significant differences were found

between the degree of improvement in the two groups.
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Paolucci et al. (1999), in an earlier study of the impact of PSD on
rehabilitation outcomes in 470 stroke patients, concluded that PSD had a low impact
on rehabilitation and functional outcome as a whole, however, as discussed earlier,
their subsequent study (Paolucci et al., 2006) yielded much stronger evidence that

PSD impacts on rehabilitative outcomes.

2.4.2 Cognitive Impairment. Many of these studies of the impact of
depression on physical function, however, also included at least one measure of
cognitive function.

Robinson et al.’s (1983) two year follow-up study also found correlations
between his three, independent depressions measures, and scores of cognitive function
as measured by the Mini Mental State Examination (MMSE), while a subsequent
study (Robinson et al., 1984b) also yielded significant increases in correlations
between cognitive impairment and depression scores between 3 and 6 months. A
significant correlation between MMSE and overall depression scores was also found,
but only in patients with left hemisphere lesions (r=-0.43). Likewise, Wade et al.’s
(1987) community study also found a significant relationship between depression
scores (WDI) and cognitive function as measured by Raven Progressive Matrices
(RPM), with WDI and RPM scores showing a significant negative correlations
throughout the one year follow-up. Bacher et al.’s (1990) study also examined
cognitive function as measured by the MMSE; as with physical function, cognitive
function did not change significantly throughout the one year follow-up, but MMSE
scores showed a significant negative correlation with initial depression scores,

suggesting that depression predicted cognitive impairment.
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Morris et al.’s (1992) study of a cohort of 49 stroke patients at two
rehabilitation hospitals, also examined cognitive function as an outcome measure
using the Mental Status Questionnaire (MSQ) across a 14 month follow-up. The
results revealed impairments of cognitive recovery in patients classified as depressed,
with the depressed group showing less cognitive recovery than the non-depressed
group. Despite near identical initial MSQ scores, depressed patients showed a small
decline (-1%) from baseline, whereas non-depressed patients showed a modest
improvement (11%). In Kauhanen et al.’s (1999) one year follow-up study of 106
stroke patients admitted to a hospital stroke unit, patients classified as depressed by
DSM-I111 criteria scored poorer on nonverbal problem solving, verbal and visual
memory, attention and psychomotor speed. Most of these differences also markedly
increased in significance between 3-months and one year poststroke.

As in studies such as that of Pohjasvaara et al. (2001), some researchers have
also critically examined the direction of causality at play in assessing relationships
between PSD and cognitive impairment, as it is not clear from many study findings
whether depression is a symptom of or cause of cognitive impairment.

Murata et al. (2000) set out to shed light on the causal relationship between
cognitive impairment and PSD by examining the relationships between improvements
in cognitive function and recovery from major depression after stroke. Though the
generally prevailing view of cognitive impairment is as one of PSD's many comorbid
symptoms — sometimes known as “dementia of depression” or pseudodementia, an
obvious alternative exists; as with physical disability, some have surmised that

cognitive impairment may be a cause of, rather than a consequence of PSD.
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If cognitive impairment causes PSD then the treatment of depression after
stroke would not be expected to be accompanied by a recovery of cognitive function.
However, if cognitive impairment is a consequence of PSD, then patients with major
depression who show improvement in mood after stroke should also show greater
improvement in cognitive function than those who showed no improvement in mood;
this latter hypothesis is what the authors proposed.

By dividing patients into groups with and without major depression, and into
sub-groups of those showing significant improvements in depression scores and
measures of cognitive function respectively, they were able to examine this
hypothesis. The results confirmed the predicted relationship: patients with major
depression whose mood improved also showed significantly greater cognitive
improvement than any other group. Furthermore, depression scores in the group of
patients with major depression improved despite worsening scores of cognitive
functioning. The authors concluded that these findings favour the view that cognitive
impairment is more frequently a consequence rather than a cause of PSD.

The evidence, therefore, overwhelmingly suggests a strong relationship
between cognitive impairment and PSD, with few studies failing to find an
association. Only two negative findings are immediately evident: Lipsey et al. (1983)
found no significant correlation between MMSE scores and any depression score.
While findings from Robinson’s two year follow-up study (Robinson et al., 1984b)
were mixed; though there was a correlation between severity of depression and
MMSE scores 2 weeks after stroke. this correlation dropped dramatically at 3 months

but then increased significantly between 3 and 6 months post-stroke.

Stroke Aphasia Mood Scales v6.0

32



2.4.3 Mortality. Clearly, the most serious potential consequence of stroke or
its concomitant impairments is death. Any condition that significantly impacts upon
the mortality rate of its patients is a cause for great concern, and underlines the
importance of screening, early detection and timely intervention. Many researchers
have therefore focussed their efforts on the question of whether PSD — in addition to
its numerous adverse functional consequences — may also be responsible for higher
mortality amongst stroke patients.

In a systematic review and meta-analysis, Bartoli et al. (2013) examined a
total of 13 studies from 1993 to 2011 in which mortality risk was assessed in stroke
survivors with and without depression following stroke. The studies included a total
of 59,598 participants, around 10% of whom had depression after stroke. The authors
calculated a pooled OR of 1.22 (95% CI=1.02-1.47) and an HR of 1.52 (95% ClI
=1.02-2.26) for mortality at follow-up. They also noted that the association between
PSD and mortality was contingent on the duration of the time studied. While short
term studies (<2 years) showed no statistically significant relationship, medium term
studies (2-5 years) did, while long term studies (>5 years) showed a weaker
relationship.

In a five year, prospective cohort study of 7,381 older adults living in the
community, Reynolds et al. (2008) studied the impact of depression on active life
expectancy and disability, both independently of and comorbid to the presence of
chronic diseases, including cancer, diabetes, heart disease and stroke. The findings
revealed that the presence of stroke and depressive symptoms reduced mean active
life expectancy by 10.8 years in men (from 11.5 to 0.7 years) and 8.0 years in women

(from 12.3 to 4.3 years). However the study also found similar reductions of total and
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active life expectancy in patients with depressive symptoms who had other chronic
diseases, so — in contrast to Folstein’s (1977) study — did not suggest that stroke
patients were particularly vulnerable to the effects of comorbid depressive symptoms
in respect of life expectancy. The findings of a cohort study of 129 stroke patients (B.
S. Townend et al., 2007a) also indicated an increased risk in those with depression
following stroke, with HADS scores at baseline significantly predicting mortality at 3
months.

Elsewhere, Lewis et al. (2001) examined the impact of depression and anxiety
symptoms as well as some of the attitudes and psychological dispositions that
accompany them, including helplessness/hopelessness, anxious preoccupation,
fatalism, and denial/avoidance. Though fatalism (OR 1.07, CI=1.01-1.14) and
helplessness-hopelessness (OR 1.07, C1=1.01-1.13) were associated with decreased
survival 3 to 5 years after stroke, HADS depression/anxiety scores were not,
indicating that while negative attitudes were associated with increased mortality, the
presence of depression or anxiety was not.

On balance, then, studies largely bear out the conclusions of Bartoli’s review,
which is that depression after stroke significantly — but not drastically — elevates the

risk of death 2-5 years after stroke, probably by somewhere in the region of 22%.

2.5 Predictors of PSD

To fully appreciate the aetiology of PSD, an understanding of its consequences must
go hand-in-hand with an understanding of its causes and risk factors. Understanding
the causal factors for a condition is of particular clinical value because it can help

identify potential points of intervention prior to the condition’s emergence and
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broaden the base of preventative strategies available. PSD and accompanying
functional consequences are known to result from stroke, but key to preventing and
treating depression and other mood disorders following stroke is understanding the
factors that increase or decrease their likelihood.

The aetiology of PSD is of particular interest to theorists because it is the key
to constructing and testing theories about its possible underlying mechanisms. While
some favour psychosocial accounts, framing depressive symptoms as a response to
disability and social isolation, others have sought biological explanations for mood
disturbance emerging in the context of this type of acute brain injury, with many
studies examining neuroanatomical correlates of depressive symptoms to see if PSD

might be accounted for by damage or disruption to specific neurological mechanisms.

2.5.1 Functional Impairment and Psychosocial Factors. Just as PSD has
been shown to be a predictor in the patient’s subsequent level of functional
impairment, there has also been much research examining the reverse position, that is,
the impact of stroke’s concomitant physical disability and impairment on the
subsequent manifestation of PSD. Astrom et al.’s (1993) 3-year longitudinal study of
patients admitted to a stroke unit yielded some predictive associations regarding
function and subsequent depressive symptoms. The most important predictor of
depression at 3 months was dependence in ADL, while beyond 12 months the lack of
social contact appeared to the most significant determinant. Of particular interest is
that one of the two most important predictors of immediate major depression was
aphasia, implicating communication difficulties as a key factor in PSD outcomes.

Pohjasvaara et al. (1998) studied a consecutive series of 486 patients with

ischaemic stroke at 3 months poststroke. A history of previous depression was found

Stroke Aphasia Mood Scales v6.0

35



to be significantly associated with a diagnosis of depression (OR 2.3; CI=1.3-4.4) and
with a diagnosis of major depression (OR 3.4; C1=1.7-6.7). The study also found that
dependence in ADL correlated with a diagnosis of depression (OR 1.8; C1=1.1-3.1)
and major depression (OR 2.9; CI=1.6-5.5), however it was not possible to infer a
causal relationship between ADL and depression because measures were taken at the
same time point.

In a study of functional and neuroanatomical correlates of PSD, Singh et al.
(2000) found a significant negative correlation between functional independence
measures (FIM) and depression scores at both 3 (r=0.38) and 12 months poststroke
(r=0.36). FIM scores at 1 month were also found to be the most significant predictor
of depression scores at 3 months, with the authors concluding that the degree of
functional independence is the greatest risk factor for PSD. In an 18-month follow-up
study of 100 stroke patients, Berg et al. (2003) found that functional impairment and
severity of stroke were the most significant predictors of depression from 6-12 months
after stroke, and in a review of 13 studies of examining a total of 11 factors, Dieguez
(2004) concluded that functional outcome and stroke severity were the only reliable
predictors of PSD.

As part of a longitudinal prospective study, Whyte and Mulsant (2004)
examined the relationship between stroke and ADL measures and outcome measures
of depression. Though stroke survivors were found to have a greatly elevated risk of
depressive symptoms (OR 6.3; C1=1.7-23.2), the outcome was independent of other
predictors, including physical disability.

Hackett et al. (2005), in a review of 20 studies, concluded that severity of

stroke, physical disability and cognitive impairment were the factors most
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consistently associated with depression, with at least 16 of the studies supporting this.
However no clear conclusion could be drawn about the characteristics of patients at
most risk of depression after stroke.

In a study of patients recruited to a randomised controlled trial of Cognitive
Behavioural Therapy (Thomas & Lincoln, 2006), 123 depressed patients with mild to
moderate disabilities were assessed for ADL, depression, communication difficulty
and locus of control (LOC) after stroke and then again 6 months later. ADL was
assessed using the extended activities of daily living scale (EADL), communication
problems were assessed with the Sheffield Screening Test for Acquired Language
Disorders (SST) and LOC was measured using the Recovery locus of control scale
(RLOC). Patients with severe depression at follow-up had significantly higher
depression scores and significantly lower language and LOC scores at baseline, while
patients severely depressed at recruitment scored significantly lower on
communication and ADL at follow-up. A logistic regression showed that both SST
(OR 0.69, CI=0.51-0.93) and RLOC (OR 0.99, C1=0.81-0.99) scores were significant
predictors of depression at 6 months as measured by the BDI. The authors concluded
that communication impairment is the strongest predictor of the presence and severity
of depression after stroke, with locus of control also being a significant determinant.
Physical disability in terms of ADL function at baseline, however, did not appear to
predict the level of depression 6 months later.

More evidence of the impact of physical function on PSD outcomes emerged
in a study of early poststroke mood disorder by E. Townend et al. (2007a), in which
127 stroke patients were examined at initial presentation, then at follow-up 1 and 3

months later. Multivariate regression revealed that, at 1 month, ADL disability,
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change in stroke severity scores and social support were independently associated
with depressive symptoms, while at 3 months, disability, social support and
institutionalisation significantly predicted depressive symptoms.

Following their findings that communication difficulties are a likely predictor
of subsequent depressive symptoms, Thomas & Lincoln (2008) ran another study
examining the relationship between communication impairment, ADL and emotional
distress at 1 and 6 months poststroke, in a sample of 100 patients, 21% of whom were
classified as having aphasia. The findings revealed that expressive language and ADL
(BI) scores were significant predictors of emotional distress at both 1 month, while
expressive language and EADL predicted emotional distress at 6 months.
Furthermore, baseline scores for the Bl (r=0.46), expressive language (r=0.35) and
receptive language (r=0.29) predicted emotional distress at 6 months.

Saxena (2008) studied the relationship between of cognitive impairment and
depressive symptoms poststroke during the treatment and rehabilitation of 252
consecutive patients admitted to a large city hospital. ADL dependency (BI) (OR
5.28; C1=2.11-13.18), cognitive impairment (OR 4.78; C1=1.85-12.29) and recurrent
stroke upon admission (OR 3.34; C1=1.33-8.36) were all found to be independently
correlated with depression at 6 months. Thus, not only physical disability, but
cognitive impairment and prior stroke appeared to predict subsequent severity of
depression symptoms.

In another follow-up study of patients referred to a rehabilitation unit, Farner
et al. (2010) also concluded that poor level of function and severity of stroke — along
with lower pre-stroke social activity — were significantly predictive of persistent

depression. In a review of the literature on PSD, meanwhile, Robinson (2010)
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concluded that the strongest single correlate of depression is severity of impairment in
activities of daily living.

Ayerbe et al.’s (2011) study of 3,689 first-time stroke patients yielded more
evidence of the role of physical and cognitive function as predictors of outcome.
Measures of physical and cognitive function were collected at baseline, and then
again at 3 months, 1, 3 and 5 years poststroke. Independence in ADL predicted lower
depression rates at all time points with odds ratios ranging from 0.35 (C1=0.24-0.50)
to 0.50 (C1=0.36-0.88). Cognitive impairment at baseline also predicted depression at
all follow-up time points with odds ratios from 1.81 (C1=1.28-2.56) to 2.30
(C1=1.36-3.87), but was only associated with severe depression only at 3 month and 1
year. Inability to work also predicted moderate and severe depression at all time
points but one (2 years and 3 years respectively).

Though most studies have been concerned primarily with functional factors,
some have also examined the role of prior history of depression on outcomes
poststroke. A systematic review by Hackett et al. (2006) suggested that a prior history
of depression was predictive of depression after stroke, with further evidence of this
emerging in a study by Waulsin et al. (2012), who found that the presence of
poststroke depression and a pre-existing history of depression were predictive of

scores on quality of life measures 3 and 12 months later.

2.5.2 Neuroanatomy of Lesion. The aetiology of PSD is of particular
interest because stroke results in diverse types of neurological damage associated with
a range of functional and psychological consequences. As well as lending insight into
the localisation of brain function with respect to many aspects of cognition and

behaviour, the consequences of stroke also provide an opportunity to examine the
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relationship between depression and brain function. However, because of the often
severe psychosocial consequences of stroke, it is also an area that is of great interest
to those examining the psychological and social dimensions of depression. This has
lead to something of a collision between reductionist, biological interpretations of
PSD, and the accounts preferred by many psychologists, in which the focus is on the
concomitant psychosocial stress mechanisms (Dieguez et al., 2004).

While the studies detailed in the previous section have focussed primarily on
the psychosocial mechanisms determining the onset and course of PSD, there is a
growing body of evidence that the neurological damage caused by a stroke event —
specifically the location and size of the resulting brain lesion — may play a significant
role in PSD. Up until the 1980s, the widely prevailing view was that depression
following stroke is a natural result of the disability, cognitive impairment and
communication problems which frequently accompany it, and the psychosocial
stresses of the resulting life changes and adjustments. The aforementioned study by
Folstein et al. (1977), however, raised questions about this assumption, suggesting
that there was something unique to stroke that made patients particularly susceptible
to depression compared to patients with other, equally debilitating medical conditions.

A study by Robinson and Coyle (1980) suggested a neurophysiological
mechanism underpinning mood disturbance following brain injury. The study
examined catecholamine depletion following brain injury in rats. Robinson and his
colleagues hypothesised that the lateralisation of neurotransmitters involved in
emotional responses may cause mood regulation to become impaired as a result of

specific types of lesion.
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In subsequent studies in human stroke patients (Robinson & Szetela, 1981,
Robinson et al., 1983; Robinson et al., 1984a), Robinson and others found further
evidence suggesting a relationship between left hemisphere, anterior cortex or basal
ganglia lesions and depression. They found a prevalence of depression in stroke
patients that was three times higher than that in brain-injured patients (60% in the
former versus 20% in the latter), however this difference vanished when the lesion
location was controlled for, suggesting that the area of brain injury in stroke is a key
determinant of PSD. They also reported that patients with lesions in the left frontal
lobe had significantly greater mean depression scores than patients with lesions
elsewhere, and that patients with left hemisphere lesions showed a strong relationship
between severity of depression and the distance of the lesion from the frontal pole
(r=-0.76). The authors also noted that while 47% of patients showed some degree of
depression, 9% displayed "inappropriate cheerfulness” — an important observation that
seems difficult to account for by any other explanation.

Though a number of other studies have found relationships between PSD and
lesion location (Wade et al., 1987; Astrom et al., 1993; Morris et al., 1996), others
have been unable to confirm these findings (Sinyor et al., 1986; Parikh et al., 1990;
Stern & Bachman, 1991; Andersen, 1997; Paolucci et al., 1999). A systematic review
of 13 studies examining lesion location and depression yielded mixed findings (Singh
et al., 1998), while a larger review of 35 studies examining this relationship (Carson
et al., 2000) found no significant differences in relative risk of depression regardless
of the lesion location.

Robinson and colleagues responded with a meta-analysis of their own in

which they corrected for biases they alleged in this last review, and found results that
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agreed with their own earlier findings (Narushima et al., 2003). While in a further
meta-analysis of 26 studies, Bhogal et al. (2004) found results which supported those
of Robinson and colleagues, but suggested that the effect was highly contingent on the
time since stroke, with studies within 28 days of stroke showing the clearest evidence.
The authors also cautioned that the inclusion of aphasic patients in studies of this kind
introduces a confounding factor that can make interpretation troublesome. Patients
with aphasia almost always have left hemisphere lesions and have a higher risk of
depression, which may create the illusion of a relationship between lesion
lateralisation and PSD where none actually exists.

Though other studies have failed to replicate this finding (Nys et al., 2005),
Robinson and his colleagues continue to demonstrate evidence for an association
between lesion characteristics and depressive symptoms poststroke. In a recent review
and meta-analysis of studies undertaken within 2 months of stroke, Robinson and
Spalletta (2010) found a far higher prevalence of depression in those with left-anterior
as compared to left-posterior lesions (OR 2.29; Cl=1.5-3.4) and a similarly high
prevalence difference between those with left-anterior as compared to right-anterior
lesions (OR 2.18; C1=1.4-3.3). The authors maintain that time since stroke appears to
be crucial in the relationship between lesion location and prevalence of depressive

symptoms.

2.6 Summary

At least a quarter of patients suffer some form of depression in the first year after
stroke, with the period of greatest risk being in the first months (Hackett et al., 2005).

However, stroke survivors still have a higher risk of depression at least 2 years after
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the initial stroke, even when controlling for functional impairment and other risk
factors (Whyte et al., 2004).

Peak prevalence overall of major depression appears to be 3-6 months after
stroke, after which it falls off to around 50% of initial rates at about 12 months,
however prevalence can still be high 1 to 3 years after incident stroke. The incidence
of PSD appears to be biphasic, being highest in the first few weeks poststroke and
then subsiding again thereafter, only to rise again between one and two years
poststroke (Whyte & Mulsant, 2002; Paolucci et al., 2006). There is some evidence
that the time of onset may be a key predictor of outcome. As many as half of stroke
patients who develop major depression in the first 2 to 3 months after stroke are still
depressed 12 or 18 months later (Astrom et al., 1993; Berg et al., 2003), however
those who develop depression within days of stroke are more likely to have their
symptoms remiss spontaneously. Conversely, stroke patients who develop depressive
symptoms at 7 weeks poststroke or later are much less likely to make a spontaneous
recovery (Andersen et al., 1994). The apparent prognostic value of time of onset has
prompted some to suggest subtyping PSD into early and late-onset forms, however
there remains no clear consensus as to what time periods would govern this
distinction.

There is a firm evidence base suggesting that PSD is significantly associated
with a number of negative outcomes, including physical and cognitive impairment
and higher mortality, that the presence of depression after stroke has a negative
impact on recovery, and that appropriate intervention may ameliorate its impact on
rehabilitative outcomes. In order to effectively treat survivors of stroke and other such

neurological injuries, it is therefore very important to be able to screen for mood
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disorders so that appropriate treatment can be administered. The importance of early
intervention is repeatedly underlined throughout the literature (Parikh et al., 1990;
Paolucci et al., 1999; Bennett et al., 2006; E. Townend et al., 2007b; Salter et al.,
2007; Berg et al., 2009; Salter et al., 2009), and early screening of patients poststroke
has now been adopted as a matter of national policy. The National Clinical Guidelines
for Stroke now recommend routine screening for depression and anxiety at the onset
of stroke and at regular intervals thereafter (Royal College of Physicians, 2012).

The evidence also suggests that the aetiology of PSD is complex. While much
research has yielded findings suggesting that PSD impacts negatively on subsequent
physical and cognitive function, a body of evidence also suggests that the reverse is
true, with PSD being a direct consequence of the physical or cognitive impairment
accompanying stroke. These are not mutually exclusive positions, however, and are
consistent with PSD’s multifactorial origins, where a complex interplay of biological
and psychological factors may result in impairments that mutually reinforce one
another, leading to a vicious cycle of low mood and impaired function (Dieguez et al.,
2004). Furthermore, the differential impact of these factors throughout the time period
following stroke may give rise to relationships which fluctuate substantially or even
reverse, such as in the apparent role of lesion location reported by Robinson et al.
(1984b). The time period following the onset of stroke is therefore a critical factor in
making sense of the relationships at play in the causes and consequences of PSD. The
failure of some researchers and reviewers to fully appreciate the time-sensitive nature
of stroke symptomatology may account for some of the confusing and ostensibly

contradictory findings, particularly in assessing the role of neurological damage on its
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onset and course (Narushima et al., 2003; Bhogal et al., 2004; Robinson & Spalletta,
2010).

Though there is a growing consensus that the manifestation of depression
following stroke is consistent with a biopsychosocial model of mental illness (Whyte
& Mulsant, 2002), the notion that the neurological damage that is concomitant to PSD
necessarily suggests — or even demands — a predominately biological explanation has
been met with some resistance. In fact, the debate over the etiopathogenesis of PSD
very much parallels the continuing debate over the aetiology of depression in general,
where psychosocial explanations find themselves at odds with reductionist, biological
accounts, such as the highly influential monoamine theory of depression. Terms such
as ‘endogenous’ versus ‘reactive’ have been used to dichotomise depression into
subtypes reflecting opinion about whether a particular manifestation is better
accommodated by one or the other of these explanations. If depression occurs in the
context of a significant environmental stressor such as an adverse life event, then the
symptoms may be characterised as ‘reactive’; if on the other hand depression
manifests without any clear environmental cause, is chronically recurrent, or exists in
the context of brain injury or a family history of mental illness, then the condition
might be deemed ‘endogenous’. One reason that the debate over PSD has been so
contentious is that a compelling case can be made for either interpretation, rendering
such classification over-simplistic. Though a proportion of PSD may comprise
depressive symptoms that might best be characterised as reactive, the neurological
damage accompanying stroke adds a more complex biological dimension which may
prove difficult to disentangle from the impact of the profound functional impairment

that frequently results from stroke.
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This comorbidity of depression with the neurological damage that comprises a
stroke event, and the unique complications inherent to its manifestation supports the
status of PSD as a clinically distinct category. However, despite widespread
acceptance of the clinical utility of this subtype, there is still widespread controversy
over the role of neurological damage in subsequent depression. Findings regarding the
role of lesion location and size have been, and continue to be a contentious issue, and
it has proven difficult to arrive at more than a tentative conclusion about this
relationship with poststroke depression.

On the one hand Robinson's (Robinson & Coyle, 1980; Robinson & Szetela,
1981) hypothesis for a physiological mechanism at play in PSD appears highly
plausible, and Robinson and his colleagues have repeatedly produced evidence
implicating lesions of the anterior left hemisphere in the emergence of depressive
symptoms during the first few weeks following stroke. Their secondary hypothesis
predicting a negative correlation between depressive symptoms and the distance of
left hemisphere lesions from the frontal pole in the early stages poststroke has also
found compelling support (Lipsey et al., 1983; Robinson et al., 1983; Robinson et al.,
1984b; Robinson, 2003; Narushima et al., 2003), and the notion of an acute,
organically based syndrome manifesting as depressive symptoms is consistent with
the progression of PSD and the pattern of depressive symptomatology across time
(Astrom et al., 1993; Berg et al., 2003; Whyte & Mulsant, 2002).

The presence of cases of inappropriate cheerfulness following stroke,
furthermore, is particularly compelling evidence of a role of brain lesions in mood
dysregulation. It is very hard to see how such a positive response could occur to such

a frequently debilitating injury without the neurological damage itself being clearly
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implicated as a cause. Robinson et al. (1983), reported that 9% of stroke patients in
their study exhibited mood that was clearly incongruent with their circumstances. It is
difficult to see how any illness that involves diverse patterns of injury to the brain
would not be quite capable of disrupting mood by impacting on the neural structures
and systems which regulate it

On the other hand, though, the failure of many other studies to duplicate these
findings has resulted in widespread scepticism, particularly Carson et al’s (2000)
heavily cited meta-analysis in which the role of lesion location was roundly
dismissed. However, the compelling rebuttal by Narushima et al. (2003), the findings
of Bhogal et al.’s (2004) independent review and continuing evidence supporting
Robinson’s findings (Robinson & Spalletta, 2010) indicate that a relationship
probably does exist, though it is complex and highly dependent on the time elapsed
since stroke and the population under examination. In an extensive review of the
literature of this area, Salter et al. (2009) concluded that lesion characteristics do not
appear strongly correlated with depression, and that psychosocial risk factors and
functional impairment are more influential in determining the prevalence and course
of PSD.

These uncertainties regarding the aetiology of PSD have been reflected in the
caution with which researchers have adopted the term ‘poststroke depression’. Many
seem wary of the perceived theoretical connotations of the term, and uncomfortable
with drawing a line between ‘ordinary’ depression and that occurring in the context of
stroke, so it is common to see papers using alternative, longhand descriptions such as
‘depression after stroke’. Both ‘PSD’ and other longhand references are used here

interchangeably to reflect the view that PSD simply means depression in the context
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of a significant stroke event, leaving aside any theoretical presupposition vis-a-vis a
common aetiology. Some of this, however, also reflects a concern with the
preoccupation of much of the literature on depression alone when it comes to
exploring and assessing stroke’s psychosocial consequences. This preoccupation is
understandable given the very high prevalence of depression in this group, however
there is also reason to suspect that other types of adverse psychological reactions,
such as anxiety or panic disorders are also highly problematic (Barker-Collo, 2007),
and so some researchers have been careful to include measures of anxiety and use
instruments that include an anxiety subscale such as the HADS, to broaden the scope
of their study to encompass a more general state of negative affect, and to reflect this
less restrictive construct in their terminology by using broader terms such as ‘low
mood’ or ‘emotional distress’ (Bennett et al., 2006; Thomas & Lincoln, 2008).

The high correlations reported between measures of anxiety and depression,
and the difficulty in distinguishing the two states (Feldman, 1995; Salter et al., 2007)
may account for the tendency of researchers to focus on the latter, more prominent
form of negative affect. Rather than allowing research to bifurcate into two separate
streams, however, — one for poststroke depression and one for poststroke anxiety —
there has been a trend towards research into the psychological consequences of stroke
being more inclusive of anxiety as a related but distinct area, and for depression and
anxiety to be examined side-by-side (Lincoln et al., 2012a).

This also underlines fundamental, empirical and conceptual questions
regarding the nature of mood. In assessing, improving upon or constructing mood
measures it is essential to first understand exactly what we mean by mood. It is

therefore necessary to include in this thesis an examination of theories of affect and
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the ways in which its measurement has been approached and conceptualised. If the
measurement of mood is not informed by our current state of knowledge regarding the
structure of affect, then it is possible that it can be improved upon by the application
of a strong underlying theory. Such theories may cast light on some of the difficulties
encountered by researchers in defining and measuring mood constructs.

Of particular interest, though, and the primary focus of this thesis is the issue
of communication difficulties that are common sequela of stroke. A recurring theme
across three decades of PSD research has been the need to exclude participants who
cannot communicate by conventional means due to their aphasia. This group
represents a sizable proportion of stroke survivors, and the majority of studies exclude
aphasic patients, yet the evidence indicates that people with communication
difficulties are particularly at risk of developing PSD. Communication difficulty is
clearly a significant challenge to assessing mood, and it is important to try and
develop ways to overcome this obstacle. In order to do this, however, it is necessary
to look more closely at the difficulties faced in assessing depressive symptoms in the
stroke population, and explore the efforts that researchers have already made to adapt
the methods of mood measurement to address the complications of stroke

symptomatology.
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3. Measuring Mood in Stroke Patients

3.1 Problems Assessing Mood in Stroke Patients

Two main problems exist with assessing mood in stroke patients. Firstly, many of the
symptoms, such as bradykinesia, dysprosody, spatial neglect and vegetative
symptoms often mask or mimic the effects of depression. Symptoms such as apathy,
poor concentration and psychomotor retardation — which are commonly used as
criteria for depression — may be a direct symptom of stroke itself rather than an
indication of the patient’s mood state.

Secondly, there are the communication problems that may result from stroke.
A common symptom is aphasia, where the written or verbal comprehension or
expression of language is either partially impaired or, more rarely, completely absent.
Aphasia affects around 20-38% of stroke patients (E. Townend et al., 2007b), and
communication impairment has been found to be one of the strongest predictors of
depression severity and prognosis (Benson, 1973; Astrom et al., 1993; Thomas &
Lincoln, 2006, 2008; B. S. Townend et al., 2007a). Furthermore, Kauhanen et al.
(2000) revealed that two-thirds of patients with aphasia met the DSM-I111-R criteria for
depression in the first year following stroke, a figure that was significantly higher
than in those without aphasia. The presence of either expressive or receptive aphasia
in stroke survivors offers particular challenges to the process of communicating
internal mood states. The inability to communicate, or difficulty in communicating,

frequently makes conventional assessment methods — such as diagnostic interview or
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self-report instruments — impossible to use, and consequently the majority of studies
simply omit patients whose communication difficulties make assessment difficult. A
study of adaptations made to methods of measuring depression in stroke patients with
aphasia revealed that 63% of studies examining PSD excluded patients whose aphasia
was too severe for them to be amenable to standard measures (E. Townend et al.,
2007b). Hackett and Anderson (2005) also reported that only 3 of 20 studies they
reviewed in which predictors of PSD were examined included aphasia as a potential
risk factor, underlining an overwhelming tendency for patients with communication
impairments to simply be omitted from such studies.

To address communication difficulties resulting from stroke, researchers have
broadly taken two approaches. On the one hand, some have focussed their efforts on
developing observer-based measures that enable mood to be inferred from objective,
behavioural criteria. Another solution, though, has been to develop self-report
measures that do not depend on language. Some researchers have instead adopted
methods of assessment that rely either partly or completely on symbolic, graphical
imagery denoting particular mood states or dimensions of mood, and which are based
on the use of a Visual Analogue Scale (VAS). Adaptations of mood measures for
stroke patients, however, usually involve an attempt to address both the problems of
communication difficulties and somatic symptomatology in the same instrument, so

these problems are seldom considered in isolation from one another.

3.2 Observer-Rated Scales

With the difficulties presented in obtaining reliable self-report information from

patients with stroke who also have communication difficulties, researchers have
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responded by creating adapted scales which rely purely on observable behaviour
indicative of a depressed state. The physical symptomatology of stroke means that
these behaviours have had to be carefully selected so as to avoid those which may be

a consequence of the stroke itself, rather than depressed mood.

3.2.1 The Poststroke Depression Rating Scale (PSDS). Gainotti et al.
(1997a) conducted a detailed analysis of clinical symptomatology of major or minor
depression after stroke based on DSM-I1I criteria, and constructed a scale specifically
tailored to assess depression following stroke. The scale was also designed with an
emphasis on differentiating endogenous depression symptomatology from that of
reactive depression. The PSDS comprises 10 sections covering different aspects of
depression-related symptomatology in stroke patients; depressed mood, guilt,
thoughts of death, vegetative disorders, apathy, anxiety, catastrophic reactions,
hyperemotionalism, anhedonia and diurnal mood variations. The PSDS, however,
does not provide a global score. It was not designed to give a global assessment of
PSD severity but a detailed profile of symptomatology, and is intended to be used
solely by a professional examiner. The authors found satisfactory interrater reliability
between ratings of researchers, a neurologist and a psychiatrist, with an average
correlation of 0.83 across the 10 sections. They also found a high correlation (r=0.88)
between scores on 6 of the 10 sections and corresponding items of the HDRS.

Quaranta et al. (2008) examined the accuracy of the PSDS as a diagnostic
instrument in a cohort of 143 patients suffering a first time stroke in the previous 9
months. The presence of major depression-like disorder (MDL) or mood disorder with
depressive manifestations (MDDM) was first assessed by a specialist using DSM V-

TR criteria. Forty-six (32.2%) were diagnosed as having MDL, and 53 (36.3%) as
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having MDDM. Each patient was assessed using the HDRS and PSDS at two
different time points one day apart.

PSDS showed good sensitivity and specificity in detecting MDL alone (cut-off
> 18; 82.6%, 81.4%) or combined with MDDM cases (cut-off > 9; 84.9%, 84.1%).
The PSDS had a significantly higher positive predictive value (PPV) but not negative
predictive value (NPV) than the HDRS for MDL (78% vs. 59%), however no
significant difference was found between the PSDS and HDRS in predicting the

diagnosis of MDL and MDDM combined.

3.2.2 The Stroke Aphasic Depression Questionnaire (SADQ). Sutcliffe and
Lincoln (1998) set out to address this problem by developing the Stroke Aphasic
Depression Questionnaire (SADQ). The scale was initially designed for aphasic
patients living in the community, and to be used by a spouse or caregiver. The SADQ
was developed from depression questionnaire items relating to observable behaviour,
and which excluded behaviours likely to be associated with the immediate symptoms
of stroke itself, with items being scored on a scale of 0-3, based on the frequency of
the observed behaviours. Beginning as a 21-item questionnaire, it was subsequently
reduced to 10 items by eliminating items that that did not differentiate significantly
between depressed and nondepressed patients, though the original version was
retained as the SADQ-21. The condensed form of the scale — the SADQ-10 —
demonstrated good internal consistency, yielding a Cronbach’s o of 0.80, and split-
half correlation of 0.81. The SADQ-10 showed correlations with the HADS-D of
0.32, the HADS-A of 0.63, and the Wakefield Depression Inventory (WDI) of 0.67.
Test-retest reliability after a four week interval was 0.69. The authors concluded that

the scale has good internal consistency and moderate validity. The original SADQ
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guestionnaire was intended for use in the community, but hospital versions (SADQ-
H21 and SADQ-H10) were subsequently produced in which the response format was
modified so as to stipulate more specific criteria for the frequency of observed
behaviours.

Leeds (2004) examined the validity of the SADQ-10 against the Geriatric
Depression Scale (GDS-15) in a sample of 65 stroke patients at a rehabilitation unit
and found a correlation of 0.4 between the two scales. An optimal cut-off for the
SADQ-10 of 14/30 was found, with a sensitivity of 70% and specificity of 77%,
however the author cautioned the use of SADQ as a depression measure in patients
without significant aphasia.

More positive findings emerged in Bennett et al.’s (2006) study in which a
number of measures for assessing mood in stroke patients were validated against the
HADS in a sample of stroke patients and healthy older adults. In the stroke patients, a
significant correlation was found between measures of the SADQ-H10 with both the
HADS-D (r=0.53) and the HADS-A (r=0.33), with the scale demonstrating a
sensitivity of 100% and a specificity of 78% using a cut-off score of 5/6. Internal
consistency for the SADQ-H10, was good, with a Cronbach’s o 0f .68, though the
SADQ-H21 fared much better, with a Cronbach’s «a of .84.

In a study of 125 patients from an acute, in-patient stroke unit, Hacker et al.
(2010) examined the validity of the SADQ-H10 against the Brief Assessment
Depression Cards Schedule (BASDEC), a screening tool for elderly in-patients
(Adshead et al., 1992). The SADQ-H10 was found to discriminate between depressed

and non-depressed patients and scores were significantly correlated with those of the
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BASDEC (r=0.46), with a cut-off score of >6 yielding a sensitivity of 68% and a
specificity of 79%.

In the only study to date in which the study sample consisted exclusively of
stroke patients with aphasia, 165 patients recruited through hospital wards and
community services were administered the SADQH-10 alongside the VAMS and the
VASES (see 3.3). A significant correlation was found with the VAMS ‘sad’ item
(r=0.297), but not the VASES depression item. Internal consistency was also good,

with a Cronbach’s a of 0.77 (Cobley et al., 2012).

3.2.3 The Aphasic Depression Rating Scale (ADRS). Before these later
studies yielded stronger evidence for the suitability of the SADQ, Benaim et al.
(2004), expressing concerns that the existing evidential validity of the SADQ might
not be generalisable to the aphasic stroke population, set out to construct a scale of
their own. The methodology for developing their scale was more elaborate than that
of the SADQ, incorporating the input of many professionals involved in the clinical
rehabilitation of aphasic stroke patients. Based on interviews with 18 members of a
neurorehabilitation team, the most frequently reported behaviours reported in aphasic
stroke patients were noted. Six experts then analysed the items on three depression
scales, including the HDRS and MADRS, and selected items which corresponded to
those behaviours identified. Based on consensus between these experts, a pool of
items was generated which was deemed most likely to effectively detect and quantify
depression in aphasic stroke patients. After a preliminary analysis, 9 items were
retained to comprise their new scale, named the Aphasic Depression Rating Scale

(ADRS).
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The scale was validated in 50 aphasic and non-aphasic stroke patients using
the HDRS for non-aphasic patients, and by a psychiatrist and the rehabilitation team
using a Visual Analogue Scale (VAS) (see 3.3.1) for the aphasic patients. Both inter-
rater reliabilities and test-retest reliabilities were high (r=0.89). The scale also
demonstrated good criterion reliability against the HDRS, rating given by a
psychiatrist, and ratings given by a rehabilitation team using a VAS (r=0.77; r=0.60;
r=0.78, respectively). A cut-off ADRS score of > 9/32 gave a sensitivity of 83% and a
specificity of 71% compared with the diagnosis made by a psychiatrist.

Further evidence of the validity of the ADRS emerged in a study focussed
more specifically on the instrument’s sensitivity to change (Benaim et al., 2010).
Forty-nine stroke patients admitted to two rehabilitation units were assessed twice at a
one-month interval. At each assessment patients completed the ADRS and the VAMS
‘sad’ item. They were also examined by a trained psychologist and given a score
(PSY) on scale of 0 to 10 indicating the level of apparent depressive symptoms.
ADRS scores were found to significantly correlate with both PSY and VAMS
measures at both the first (r=0.71; r=0.65) and second (r=0.52; r=0.64) assessments;
furthermore, changes in ADRS scores were correlated significantly with changes in
PSY scores (r=0.72). The authors conclude that these findings offer further evidence
of the scale’s concurrent and convergent validity with respect to other depression
measures, and demonstrate that the instrument has good sensitivity to change.

Sensitivity and specificity figures, however, were not provided.

3.2.4 The Signs of Depression Scale (SODS). The SODS (Hammond et al.,
2000) was developed in response to evidence that up to one third of older patients are

significantly impaired in their ability to communicate due to a variety of medical
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conditions, including aphasia. The objective was to produce a scale based on
observable behaviour from the criteria for depression detailed in the DSM-I11-R
(American Psychiatric Association, 1987), and from symptoms known to distinguish
depressed people from those who are physically ill.

An initial, nine-item scale of a yes/no format was constructed and then
examined in a preliminary study, from which three items with poor sensitivity,
specificity or inter-rater reliability were omitted. The revised, six-item scale was then
validated in a group of consecutive patients admitted to acute geriatric wards. Both of
these studies used the Geriatric Mental State Schedule (GMS) for diagnosis, with the
initial study also employing the HDRS.

The validation study results revealed a sensitivity of 90% and a specificity of
72% for the six-item version of the SODS based on a cut-off of > 3. Re-analysis of the
initial study data revealed a correlation (Spearman’s rho) of 0.79 between the six-item
scales score and the HDRS. The authors concluded that the SODS showed good
psychometric qualities for detecting the presence of depression in geriatric inpatients.

Watkins et al. (2001) examined the utility of the SODS in 137 patients from a
group of consecutive acute stroke admissions to a teaching hospital. VVolunteers who
survived the first week underwent a clinical interview using the MADRS, with a cut-
off of >6 used to give a diagnosis of depression. On the same day, a primary nurse
was asked to independently rate the patients using the SODS, and the scores were
compared to the MADRS diagnosis. The results revealed a sensitivity of 81% and a
specificity of 38% for a SODS score of >1, with other cut-offs demonstrating

inadequate sensitivity.
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Bennett et al.’s (2006) study of screening measures also examined the SODS
in relationship to their criterion measures the HADS-D and HADS-A in a sample
(n=100) of stroke patients. As in the previous study, good sensitivity (86%) was noted
at a cut-off of SODS score of >1, however specificity (62%) — though better — was
also lacking. The authors concluded that the SODS was less suitable than the SADQ-

H10 as a screening measure because of its poor sensitivity/specificity.

3.3 Self-Report Scales

Though observer-rated scales are an obvious way of circumventing the difficulties in
assessing mood where patients cannot communicate their internal state using
language, depression includes complex phenomenology that is accessible only to the
person experiencing it. Self-report is therefore the primary means by which much of
the required, diagnostic information must be collected. Another approach to assessing
depression in people with communication difficulties has therefore been to develop
modified methods of self-report that reduce or entirely eliminate the need for
language. Central to these methods are simplified ways of communicating the degree
to which a particular mood state or symptom is felt, and using simple words or
pictures to communicate what a patient is being asked about. These simplified
response formats have by and large been focussed on what have now become known
as Visual Analogue Scales, or variants thereof. These have been used — often in

conjunction with pictures — as a way of addressing communication difficulties.

3.3.1 Visual Analogue Scales (VAS). The VAS was developed as a simple,
scalar rating method to allow collection of detailed, self-report data unconstrained by

forced-choice categories (Hayes & Paterson, 1921). Originally termed as the Graphic
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Rating Scale, it consists of a simple, horizontal line with dichotomous descriptors at
either end, often with intermediate descriptors along its length. A rater is asked to
mark a point on the line which best quantifies the variable under investigation, with
the distance of the mark along being treated as a scalar measure. This type of scale
has benefits over other rating methods; in addition to the fine discrimination and lack
of dependence on imprecise categories, it is simple and easily grasped, it is interesting
and requires little motivation on the part of the rater, it is quick to fill out and easily
scored (Freyd, 1923). Furthermore, it shows good test-retest reliability, and its
inventors claimed an inter-rater reliability of 0.65 when using the method to assess the
quality of employees' working practises (Hayes & Paterson, 1921). As different
variants of this scale format were tested and adopted, the term Visual Analogue Scale
emerged to describe scales in which descriptors are placed only at the end points of
the line, with no intermediate descriptors along its length, while a Graphic Rating
Scale (GRS) came to denote those variants in which descriptors also appear along the
length of the line (Scott & Huskisson, 1976; Wewers & Lowe, 1990).

Before it was applied to mood measurement, the VAS format found many
applications in other areas of psychology, including the measurement of a variety of
symptoms and the perceived intensity of physical sensations (D. D. Price et al., 1983).
With the more widespread adoption of the VAS response format, however, came
questions about its psychometric properties compared to other response formats, and
how its orientation, size and type could impact on these properties. A VAS may be
horizontal or vertical, for example, and though it is by convention 100mm in length,
different length versions have also been used. The VAS may also have descriptors

along its length (as with the GRS), with the lengths of the words and the space
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between them (or the distance between letters) varying from one scale to another, and
while the VAS usually consists of a plain, solid line with anchors at each end, variants
exist in which the lines are marked at regular intervals.

To shed light on these questions, Scott & Huskisson (1976) compared six
visual analogue and graphic rating scales designed to measure the intensity of pain.
The scale were anchored at each end with the descriptors “no pain” and “pain as bad
as it could be”. Three of the scales were horizontal GRSs, each with a different
distribution of words along its length. The first had the words “severe”, “moderate”
and “mild” at even points along the scale, while a second had the same words, but
their letters spread out so that they spanned the full length of the scale, with little
room in between words. A third scale had just two descriptor words “severe” and
“slight” about a sixth of the way from each end of the scale. The other three scales
were vertical, the first a pure VAS with no intermediate descriptors or markings, the
second with the words “severe", “moderate” and “mild” spread equidistantly along its
length, and the third with 20, equally spaced, numbered markings from one end to the
other.

The authors studied these scales as part of a study of an analgesic drug, with
the different forms of the scale, plus a simple, descriptive pain scale being used by
participants to report the degree of experienced pain at intervals after receiving a dose
of the drug. Results revealed that only data collected using the vertical VAS and the
horizontal GRS with words uniformly spread along its length had a uniform
distribution (vertical VAS: y>=8.61; horizontal GRS: ¥>=2.92). The presence of

numbered markings or descriptors at intervals along its length, conversely, resulted in

non-uniform distributions.
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Having found evidence suggesting the superiority of VAS measures over those
of the GRS format, the authors then turned to the question of whether the vertical or
the horizontal VAS had better psychometric qualities. In a study of 100 rheumatoid
arthritis patients attending a clinic (Scott & Huskisson, 1979), volunteers completed a
vertical and a horizontal VAS pain scale in random order. The results revealed no
significant difference between the distribution of scores on vertical and horizontal
scales. There was also a very high correlation between the two scales (r=0.99).

A study by Dixon and Bird (1981) addressed the important question of how
accurately people are able to judge and reproduce distances on a VAS. Eight
volunteers were presented consecutively with 10 vertical VAS lines each with a cross
marked at a random point along its length. The participant was asked to reproduce the
position of the cross on an unmarked VAS. This was repeated six times, giving a total
of 560 measurements. The results revealed that mean scores were accurate to within
1.5% of the reproduced position, however there was some variation in the accuracy
along the line. The most accurate estimates were at the endpoints and the midpoint,
but positions + 2cm from the midpoint appeared most difficult to reproduce, with a
marked increase in standard deviation of scores in these areas (see Fig 3.1).
Furthermore, there was a tendency to underestimate scores closer to the base of the
line, while overestimating those closer to the top.

Returning to the question of how psychometric qualities of different VAS
formats compare, Sriwatanakul (1983) studied five different types of VAS: two
horizontal, one vertical, and two curvilinear. 107 volunteers were asked to use them to
rate different degrees of pain, and also to rank them in order of preference. The results

showed that scores on the vertical scale had the greatest variation coefficient and the
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least normal distribution, echoing the findings of Dixon and Bird (1981). As in Scott
& Huskisson’s (1979), study, scores on the horizontal scale also tended to be slightly
lower than those on the vertical scale.

In another comparison study, Gift et al. (1989a) examined validity of a
horizontal and a vertical VAS (“HVAS” and “VVAS” respectively) in self ratings of
patients with dyspnea (shortness of breath). Peak expiratory flow rate (PEFR) gave an
objective measure of air flow to the lungs, against which the scales’ validity could be
assessed. As in Scott and Huskisson’s (1979) study, there was a very high correlation
between the HVAS and VVAS (r=0.97), and also between the VVVAS and the PEFR
measures which served as a criterion measure (r=-.85). In a review of the VAS as a
measurement instrument, Gift (1989b) also concludes that a vertically oriented VAS

IS more sensitive, yields higher scores, and is easier to use than a horizontal VAS.
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Standard Deviation of Replicated Scores along a Vertical
VAS
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Fig 3.1 Accuracy of a vertical Visual Analogue Scale, from data in Dixon and Bird (1981)

The evidence is therefore strong that ordinary individuals can use a VAS
response format to provide a valid and reliable measure of experienced stimuli. Some,
however, have raised questions as to whether these findings can be extended to stroke
patients, whose comorbid cognitive impairment may cause difficulties in making the
judgements involved. If a VAS cannot easily be used by people who have had a
stroke, then there will be implications for whether VAS-based instruments can be
usefully adopted in this population.

C. I. Price (1999) has argued that many stroke survivors are not capable of
using a VAS. In a study of 96 participants within 6 months of stroke, and 48 control
subjects, participants were asked to use five different types of VAS to rate the level of
tightness of a sphygmomanometer cuff at three different settings. They were also

asked to compare the pressures at two different settings to confirm that they were
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capable of distinguishing different pressures. The results showed that people with
stroke were less likely to complete any VAS scale compared to control subjects, with
significant differences in all of the scales. The findings did, however, support those of
Gift (1989b), in that the results appeared to favour a vertical rather than horizontal
scale, with 88% versus 81% of the control group correctly using the vertical scales.
Notably, the presence of aphasia was not related to mistakes made on the scales.

In a review of research using the VAS with a criterion instrument, Wewers &
Lowe (1990) concluded that though the VAS has some attractive features for
measuring many subjective phenomena, there are some shortcomings and limitations:
Some researchers reported participants having difficulty understanding how it is
meant to be used. A VAS should be restricted to simple, unidimensional constructs
that are clearly defined, and using unambiguous scale endpoints. Though test-retest
measures are frequently used to assess reliability, the dynamic and subjective nature

of the constructs under investigation may make reliability measures hard to interpret.

3.3.2 Visual Analogue Mood Scales (VAMS). The first documented use of
the VAS response format in connection with mood measurement was in Zealley and
Aitken's (1969) study of 13 hospitalised patients treated for depression and bipolar
disorders. Using scores from a 100mm, horizontal VAS, along with HDRS scores and
scores from a psychiatric assessment, the authors reported high correlations between
both the VAS and HDRS (r=.79) and the VAS and overall assessment scores (r=.78).

Folstein and Luria (1973) subsequently adopted a modified version of Zealley
and Aitken's scale, naming it the Visual Analogue Mood Scale (VAMS), detailing its
clinical application in assessing patients for mood disorders and examining its

reliability and validity. Folstein and Luria's VAMS consisted of a 100mm by 35mm

Stroke Aphasia Mood Scales v6.0

64



card, with a horizontal, bipolar VAS between end points signifying best and worst
possible moods. This was accompanied by the instruction: “How is your mood right
now? A mark on the line toward the left represents your worst mood, toward the right,
your best.” In their study of two groups of hospitalised patients primarily with
psychiatric conditions (n=133 and n=31), the authors found the VAMS to have good
criterion validity, with correlations of r=-.64 and r=-0.67 respectively between VAMS
and concurrent ZDS measures. Within-patient re-test reliability was computed by
correlating odd and even day scores within each patient and producing a weighted
average. Within-group test-retest reliability was computed by correlating group scores
between consecutive days throughout the test period and then averaging these.
Within-group test-retest reliability of the VAMS was good (0.61 and 0.73
respectively), however within-patient reliability was poorer (0.32 and 0.48
respectively). Luria (1975) later conducted a replication of this study on a more
representative sample of 62 hospitalised, psychiatric patients. The results again
showed significant correlations between the VAMS and these two other measures,
with correlations of -0.56 and -0.77 with the ZDS and Clyde Mood Scale respectively.
Measures of test-retest reliability after a two hour interval were also significant, with
mean correlations for groups varying between 0.56 and 0.8.

A note of caution is due here regarding the use of test-retest reliability in
scales measuring aspects of mood. Assessing the validity of mood scales in this
respect is problematic, as mood is by definition in a state of constant flux. Measures
of this type must be approached with care, and reliability statistics must be interpreted
in the context of the sample under investigation, and the length and quality of the

intervals between the test and re-test phases of a study. (Wewers & Lowe, 1990). A
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review of VAS based mood scales by Ahearn (1997), for example, showed that test-
retest reliability was highly sensitive to the amount of time elapsed since the previous
measure, with test-retest reliability measures taken within 2 hours yielding figures
almost twice as high as when measures are taken 24 hours apart.

Change in mood across time, however, is something that a scale must be
sensitive to in order for it to be of clinical use. It was with this in mind that Little &
McPhail (1973) set out to examine the performance of Aitken’s VAS over an 18
month period. Monthly measures of depression were taken using the VAS, the BDI
and psychiatrist in a sample of 8 female outpatients. High correlations were found
between the psychiatrist VAS ratings and patient VAS ratings (p=0.8), between
psychiatrist VAS ratings and patient BDI scores (p=0.76) and between patient VAS
ratings and patient BDI scores (p=0.76), demonstrating good concurrent and inter-
rater reliability. The authors remark that it is the ability of the scale to detect shifts in
mood from one month to the other which is of most value, and which this study was
successful in demonstrating in the VAS, and that the speed with which the VAS can
be administered makes it particularly desirable.

Though all of the mood scales used in these studies were based on a VAS,
instructions and descriptors were in writing and the scale was not designed to
accommodate communication difficulties. It was not until 1990 that the use of a VAS
in connection with a completely nonverbal mood scale was documented. To address
the communication difficulties and cognitive impairments arising as a result of stroke
or other neurological damage, Stern and Bachman (1991) produced a modification of
Aitken’s scale specifically with this population in mind. The VAS was made vertical,

so as to accommodate the left or right-side hemispatial neglect that is a common
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consequence of stroke, and simple ‘smiley’ pictograms denoted bipolar, ‘happy’ and
‘sad” endpoints, by which the corresponding words were also included. This, they

called the Visual Analogue Dysphoria Scale, or VADS.
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Fig 3.2 Visual Analog Dysphoria Scale (VADS) - Adapted from Stern et al. (1997)

Stern et al. (Stern et al., 1997; Stern et al., 1990) later expanded upon this
format to give 7 unipolar scales each representing a single mood state. These scales,
comprising the items ‘happy’, ‘sad’, ‘afraid’, ‘angry’, ‘tired’, ‘energetic’, and
‘confused’ were also named Visual Analogue Mood Scales (VAMS). As in the

VADS, graphical faces were used to denote endpoints of a single, 100mm, vertical
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VAS, however these scales were in a unipolar form, with ‘happy’ and ‘sad’ forming
separate scales alongside those for the other mood states. At the top of each scale was
a ‘neutral face’, and at the bottom was a face for the respective mood item,
accompanied by descriptors words at both ends. Thought the initial VAMS had seven
items, a ‘tense’ item was later added.

In a study of 171 university students, Stern et al. (1997) validated these scales
against the Profile of Mood States (POMS) (McNair et al., 1971). The POMS is a 65-
item adjective checklist in which scores are derived for six mood states: ‘tension-
anxiety’, ‘depression-dejection’, ‘anger-hostility’, ‘vigour’, ‘fatigue’ and ‘confusion’.
The authors examined two versions of the VAMS: the ordinary version with mood
words included, and another version without them (in order to simulate somewhat
how an aphasic patient might respond). One group completed the VAMS, the POMS
and then the VAMS again presented in a different order, while another group
completed the same protocol using the no-word version of the VAMS.

Convergent validity was supported by significant correlations with
corresponding POMS scores for the ordinary (meany;; = 0.51; rangey;; = 0.33 to 0.66)
and no-word version (meanpj = 0.55; rangep = 0.33 to 0.77) of the VAMS, while
discriminant validity was supported by much lower cross-correlations between items
(meang = 0.16; rangep = 0.003 to 0.46). Test-retest reliability was assessed by
correlating the first and second sets of VAMS scores, yielding a mean of r=0.68.

In the same report, the authors described a further validation study in an
independent sample of 140 university students. Participants were given the original
(with-word) version of the VAMS along with the POMS, the BDI and other measures.

Again, convergent validity was demonstrated by large correlations between
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corresponding VAMS and POMS items (meany = 0.64; ranger = 0.51 to 0.72) and
some discriminant validity was demonstrated by smaller cross-correlations between
dissimilar items (meang; = 0.35; rangep = 0.13 to 0.56). Correlations between the
BDI and VAMS items offered further evidence of validity, with the ‘sad’ item
(r=0.53) and the ‘angry’ item (r=0.51) showing the highest convergence.

As part of a study to establish normative data for the VAMS, Nyenhuis et al.
(1997) attempted to replicate these findings using a similar methodology. A sample of
400 adults and 175 geriatric (age>55) participants were administered the original
VAMS, along with the POMS and BDI. Strong correlations between VAMS and
corresponding POMS items (meany; = 0.63; rangep;; = 0.55 to 0.69) observed, and BDI
scores correlated significantly with the VAMS ‘sad’ item (r=0.54). A principle
components analysis revealed two factors — labelled “negative mood” and “energy” —
accounting for a total of 61.8% of the variance. However while Stern et al. (1997)
sensibly included both the ‘with-word” and ‘no-word’ versions of the VAMS in their
study, this study only used the version of the VAMS in which the words were
included. Since the pictures are intended to communicate mood states to people with
impaired comprehension of written language, it would seem inappropriate to use the
accompanying descriptors in a study population who have no such impairment. If the
words can be used as the primary source of affective information, then this
circumvents the need to rely upon the pictures. This essentially reduces the VAMS to
an adjective checklist much like the POMS against which it was validated, making the
significance of these findings questionable.

In a study of 25 inpatients referred for ECT following a major depressive

episode, Arruda et al. (1997) examined the VAMS’ responsiveness to change from a
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therapeutic intervention. Each participant was administered the 7-item VAMS and
HDRS before their first ECT, and then again 1-4 days after their last ECT. All VAMS
items showed significant improvement from pre-ECT to post-ECT measures, with
‘sad’, ‘happy’, ‘tired’ and ‘energetic’ items being most sensitive to change.
Percentage change in both the VAMS ‘sad’ item and the HDRS was associated with
clinical post-test improvement as measured by CGI (Clinical Global Impressions)
rating provided by a psychiatrist (r=-0.57 and r=-0.57) and CES-D (r=-0.49 and
r=0.52). Notably, the VAMS ‘sad’ item was shown to be as sensitive to change in
depression symptoms as the far lengthier HDRS, demonstrating that the VAMS ‘sad’
item score may be useful in assessing change in depressive symptoms.

All of these studies, however, share the common limitation they did not
include people with communication problems or neurological impairment, raising
questions as to whether their findings extend to this population. The very problems
posed in assessing mood in patients with communication difficulties, and which the
VAMS was designed to address, also make validation in this population particularly
challenging, as the standard, language-dependent measures against which the VAMS
can be compared are ones which are of limited use in people with communication
difficulties.

In a study of 41 inpatients admitted to a medical centre either for acute stroke
or for poststroke rehabilitation, Arruda et al. (1999) struck a balance between these
considerations by selecting stroke patients with some aphasia, but whose single word
recognition remained intact. Patients meeting this criterion were recruited and tested
within 28 days of stroke and administered the ordinary (with-word), eight-item

version of VAMS along with a modified, yes/no version of the POMS. Good
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correlations were found between the VAMS items and their POMs counterparts
(meany;; = 0.68) and poor correlations between non-corresponding scales (meany; =
0.14); mean reliability was 0.55.

However this study had the same fundamental flaw as that of Nyenhuis
(1997). The sample studied necessarily needed language intact in order to rate
themselves on the language based POMS, yet the standard (with-word) version of the
VAMS was used, rather than the no-word version originally used as validation.
Again, since the pictures are intended to communicate mood states to those whose
communication difficulties may preclude the comprehension of written language, it
seems inappropriate to use the accompanying descriptors in a study population who
have no such impairment. People who can read do not need to interpret the picture at
all; they do not need to recognise that the ‘sad’ face means sad, all they have to do is
read the word “SAD”, which is written right there on the card below the picture. So
the only thing that these studies may be demonstrating is the correlation between
participants responses to the VAMS mood words (‘sad’, ‘afraid’, ‘angry’, ‘tired’,
‘energetic’, and ‘confused’) and synonyms of these items on the POMS (‘depression-
dejection’, ‘tension-anxiety’, ‘anger-hostility’, ‘vigour’, ‘fatigue’ and ‘confusion’).

A later study by Temple et al. (2004) also sought to address the dearth of
evidence for the validity of the VAMS in people with cognitive impairment. Co-
authored by Stern and Arruda, this study employed an almost identical design to its
predecessors, except this time the study sample was comprised of 31 patients with
clinical dementia. The eight-item VAMS was validated against a simplified, yes/no
version of the POMS subscales ‘depression-dejection’, ‘anger-hostility’, ‘vigor-

activity’, ‘fatigue-inertia’, and ‘confusion-bewilderment’. Again, convergent validity
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was demonstrated by fair correlations overall between the VAMS items and their
POMs counterparts (meang; = 0.54) and relatively poor correlations between non-
corresponding scales (meany; = 0.14) though their levels of significance were not
reported. The authors concluded that the VAMS is of clinical use in patients with
dementia, with the 'confused' item proving particularly useful in their sample.

Outside of these papers, validation evidence has been sparse, however there
have been two notable studies that examined the utility of the VAMS to assess mood
in stroke patients. In both of these studies, the VAMS scales have been used more
loosely as a unitary measure of valence rather than as metrics of the individual mood
states comprising them, with composite scores or measures of internal consistency
(Cronbach’s a) being assigned to VAMS scores overall, by either dropping the
positively valenced items ‘happy’ and ‘energetic’ (Bennett et al., 2006) or reversing
them (Kontou et al., 2012).

Bennett et al. (2006) assessed the validity of a number of potential screening
measures for depression in stroke patients, examining the VAMS alongside other
instruments including the HADS and the SADQ. When the ‘happy’ and ‘energetic’
items were omitted, the authors reported highly significant correlations between
VAMS (‘VAMS -HE’) scores and the HADS and both of its subscales (HADS:
r=0.42; HADS-D: r=0.35; HADS-A: r=0.40). Though a cut-off score of 22/23 was
identified for the VAMS ‘sad’ item, the sensitivity and specificity of this item (0.88
and 0.62 respectively) was deemed too poor for the VAMS to be recommended as a
screening measure. The authors concluded that though the VAMS offers a broad

measure of severity of depression, it is of little use as a screening instrument.

Stroke Aphasia Mood Scales v6.0

72



Kontou et al. (2012), observing that the reversed valence of the ‘happy’ and
‘energetic’ items may be confusing to people using the VAMS, produced a version of
the VAMS (the ‘VAMS-R’) with the scales for these two items reversed, such that
that the symbols at the top of the scales are the ones which are most positively
valenced. So while the ‘neutral’ VAMS faces are usually at the top of the scale, this
was reversed for the happy and energetic items, such that the graphic at the top of a

scale is always the most positively valenced of the two.

Neutral Neutral Neutral Neutral Happy Neutral
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Sad Happy Angry Sad Neutral Angry

VAMS VAMS-R

Fig 3.3 Visual Analogue Mood Scale VAMS & VAMS-R, with example of reversal of positively

valenced items in modified version - Adapted from Kontou et al. (2012)

This revised version of the VAMS was tested alongside the HADS, SADQ-H-21 and
VASES in a study of 50 healthy older people and 71 aphasic stroke patients. The
results revealed the VAMS-R correlated significantly with the HADS in healthy
adults (HADS Total: r=0.62; HADS-D: r=0.49; HADS-A: r=0.59), and with the

VASES and SADQ-H21 in aphasic stroke patients (VASES: r=-0.69; SADQ-H21:
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r=0.43). Internal consistency of the VAMS-R was high in both healthy adults (0.74)
and aphasic stroke patients (0.80).

Since Benaim et al.’s (2010) study (see 3.2.3) used the VAMS ‘sad’ item as a
criterion measure for the ADRS, the results are also worth noting here. Correlations
between these two measures in stroke patients assessed at two time points one month
apart were r=0.65 and r=0.64 respectively.

In other studies which have utilised the VADS or the VAMS, these tools have
generally been used as a supplementary measure to aid in assessing those with aphasia
or other cognitive impairment (Gainotti et al., 1997a; Paolucci et al., 1999; Paolucci et
al., 2006), in line with the creators’ cautionary advice that such tools are not intended
for use in isolation (Stern et al., 1997). However where the VAMS has been used, it
has almost always involved employing only the ‘sad’ item, rendering it effectively as
a unipolar version of the original VADS.

In studies which adopted the VAMS or VADS as a measure of depression,
however, it has become clear that a significant proportion of people have problems
understanding these scales and how they are supposed to be used. House et al. (1989),
for example, describe patients presented with the Folstein’s original VAMS as
“bewildered by it”, while Gainotti et al. (1997a) reported that only 9 of 23 participants
could use the VADS, and that participants were unable to understand nonverbal
gestures used in an attempt to communicate how the scale is to be used. Authors of
the aforementioned Benaim et al. (2010) study also reported difficulties, with 18% of
patients having trouble understanding directions to complete the VAMS. Difficulty in

understanding the VAMS is also evidenced in the way that it has sometimes been

Stroke Aphasia Mood Scales v6.0

74



simplified as a binary instrument, whereby patients simply point to the ‘sad’ face if
that is how they feel, rather than using the VAS itself (Paolucci et al., 2006).

These communication issues highlight a fundamental problem of such
nonverbal instruments: Though the instruments may offer a nonverbal response
format, only verbal instructions are provided to describe how to use the scale. Though
Stern (1997) instructs researchers using the VAMS to explain “through both word and
gesture” how the scales are to be used, this is not very helpful as it is hard to see how
such a concept can be translated into simple gestures by the assessor.

In a systematic review of 60 papers in which depression or low mood was
studied in aphasic stroke patients, Townend et al. (2007b) examined the way in which
techniques for diagnosing depression were adapted to accommodate the difficulties of
people who have aphasia. The findings again highlighted the difficulties that many
people with communication problems had using the VAMS; they also echoed the
concerns of C. I. Price (1999), observing that the concept behind the use of the
VAMS is quite abstract and might therefore prove difficult for people who are
cognitively impaired. They concluded that “on balance, the visual analogue scales
reviewed provide neither a suitably comprehensive nor a particularly successful
method of diagnosing depression in aphasia” (E. Townend et al., 2007b, p. 3081).

Berg et al. (2009) tested a variety of screening instruments for depression after
stroke in a hospital based study of 100 consecutive stroke patients at 2 weeks, and 2,
6, 12, and 18 months following stroke. The presence of aphasia was assessed with the
Western Aphasia Battery (Shewan & Kertesz, 1980) (score < 93.7), with 31% of
patients being classified as aphasic. The findings revealed that VAMS was not

significantly correlated with the BDI at any time point in those with aphasia, and only
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correlated significantly at 18 months in patients without aphasia. Sensitivity and
specificity characteristics were also poor, with a VAMS cut-off of > 50 offering
figures of 60% and 87% respectively. The authors concluded that: “the use of Visual
Analogue Mood Scales amongst patients with aphasia and other cognitive
impairments cannot be recommended” (Berg et al., 2009, p. 523).

3.3.3 Visual Analogue Self-Esteem Scales (VASES). The VASES emerged
from a study by Brumfitt and Sheeran (1999) in which they aimed to produce a
measure of self-esteem that did not require the use of complex language. The scale
was based on a semantic differential measure of self-esteem (SDMSE) constructed for
the purposes of validation, which consisted of 24, 7-point bipolar scales comprising a
range of item related to self-esteem, (such as “confident/unconfident”,
“talkative/quiet” etc.). Pairs of pictures corresponding approximately to the SDMSE
items were created (one for each scale endpoint) and tested in a sample of 243 student
participants, who also completed the SDMSE, the Rosenberg Self-Esteem Scale
(RSE) (Rosenberg, 1965), the GHQ and the HADS. The ten highest SDMSE-
correlating items where then selected to create the final score of the VASES.

The internal consistency of the VASES was good (Cronbach’s o = 0.86), as
was test-retest reliability of ratings taken one month apart (0.73). Correlations with
the SDMSE and the RSE were also high (r=0.76 and r=0.6). Notably, correlations
with the HADS and GHQ depression and anxiety subscales were also significant
(HADS-A: -0.51, HADS-D: -0.51, GHQ-A: -0.45, GHQ-D: -0.39).

The VASES was then tested in two small samples of people (n=14, n=20) with
some degree of aphasia, but with language largely intact. The first of these groups

completed a version of the VASES which had the corresponding SDMSE-item word
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labels printed above each of the pictures (such as “Optimistic”/“Pessimistic”), along
with the RSE and GHQ. The second of these groups completed a no-word version of
the VASES, along with the RSE and the HADS. As would be expected, the former
group whose pictures were labelled showed high correlations with the GHQ criterion
measures (-0.85 for both GHQ-A and GHQ-D), whereas the latter group with the no-
word versions of the pictures fared worse against the HADS, though it still correlated
well with the HADS-D (HADS-A: -0.35, HADS-D: -0.64). Both versions of the
VASES had good internal consistency with a Cronbach’s a of 0.78 and 0.87
respectively.

Though the VASES, was designed as a measure of self-esteem and not
depression, the overlapping nature of the two constructs and the fair-to-good criterion
validity shown against HADS-D mean that it has sometimes been used as an indirect
measure of depression (Thomas & Lincoln, 2008; Cobley et al., 2012). Elsewhere in
the literature, though the VASES has shown good correlations with HADS-A/HADS-
D, sensitivity and specificity have been too poor for it to be recommended as a
screening instrument (Bennett et al., 2006), and unlike the VAMS ‘sad’ item, it did

not significantly correlate with the SADQ (Cobley et al., 2012).

3.3.4 Disc Intensity Scale Circles (DISCs). The DISCs (Turner-Stokes et
al., 2005) was designed for patients with language and cognitive impairment
following acquired brain injury (ABI). Noting the problems that some people have
using alternative instruments such as those using a numbered graphic rating scale
(NGRS) (such as a Likert scale) or VAS response format, the authors developed a six
point, vertical scale comprising six circles, each with a progressively larger area of

dark grey shading. The fully shaded circle at the top represented the most depressed
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state, while the empty circle at the bottom represented as state of no depression. A
pictorial variant of the scale was also created, in which a simple, line-drawn sad face
accompanied the top circle, while a ‘smiley’ accompanied the circle at the bottom.

It was hoped that as well as providing support for people with communication
problems, this tool might be of particular assistance to people with visuo-spatial
impairments that often accompany ABI, and which might impact upon a person’s
ability to scale abstract quantities into numeric scores.

The DISCs were validated in a cohort of 114 patients recruited at a service for
young adults with ABI. Participants able to respond to questions were assessed using
a semi-structured interview, based on which a gold standard, DSM-1V diagnosis was
made and a score assigned using the Beck Depression Inventory (BDI-II). They were
also asked The Yale question, “Do you often feel sad or depressed”? Those unable to
respond to interview questions were assessed using the SADQ. Participants then
completed DISCs alongside a conventional NGRS.

The results revealed that DISCs scores correlated significantly with the NGRS
measure (r=0.87) and with the BDI-II (r=0.66). Using a cut-off of DISCs > 2, gave a
sensitivity and specificity of 60% and 87% respectively against DSM positive cases,
compared to 68%/73% for the Yale question and 74%/80% for BDI-11 cases based on
a cut-off of BDI-I1 > 2.

Responsiveness to change of DISCs was also tested by comparing pre- and
post-treatment measures, with results indicating that this measure was sensitive to
change, comparing favourably with the NGRS, BDI-Il and DSM case categorisation.

Outside this initial validation study, however, DISCs does not appear to have

been independently tested or reported in reviews of screening instruments for
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depression following stroke (Bennett et al., 2006; E. Townend et al., 2007b; Berg et

al., 2009; van Dijk et al., 2016).

3.3.5 Other Adapted Scales. The instruments discussed thus far
predominate in the literature regarding the assessment of mood in those with aphasia,
but there are some others that deserve mention.

The Face Scale (Lorish & Maisiak, 1986) is a brief, pictorial mood scale using
a sequence of 20 drawings of faces along a bipolar continuum between happy and sad.
In a study of 174 rheumatoid arthritis patients, the authors found significant
correlations with the BDI (r=0.49), Bradburn Positive Affect (r=-0.37) and Negative
Affect (r=0.37) scales, and a self-reported pain rating scale (r=0.44); they also
reported that its responsiveness to change was comparable to these other measures.

The distress thermometer (DT) (Roth et al., 1998) was developed to provide a
fast screening for psychological distress in the context of cancer. It comprises a
labelled VAS in a range of 0 to 10, where 0 is “no distress” and 10 is “extreme
distress”, and is accompanied by the question “How distressed have you been during
the past week on a scale of 0-10?”. A comprehensive review of the accuracy of the
instrument (Mitchell et al., 2010), showed that the DT has good negative predictive
value (93% for depression, 80% for anxiety), however positive predictive value is
quite poor (33% for depression, 55% for anxiety). Furthermore, in a systematic
review of 33 papers in which it was validated (Stewart-Knight et al., 2012), the
authors argued that though the DT is widely used in cancer support and palliative
care, there is little evidence to support its validity, and doubts about what it is actually

measuring.
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Wong & Baker (1988) examined a scale of six, simple, line-drawn faces as
part of an assessment of pain scales suitable for use in children aged 3 to 18 years.
The faces scale was compared to five others, including a simple graphic rating scale
and a numbered rating scale. The findings showed that there was little difference in
validity or reliability of the scales, but that children preferred the faces scales. A more
recent study of the Wong-Baker FACES scale in children admitted to an emergency
department (Garra et al., 2010) found that the scores on the scale had a high
correlation with scores on a simple, VAS measure for pain. However, while the
former offers a nonverbal means of self-rating distress, it is intended to rate physical
distress rather than mood per se.

Returning to the assessment of depression in the context of stroke, a study of
253 patients one month after stroke used three smileys, — “happy’, ‘sad’, and ‘flat’
(neutral) — as a self-report scale, which was then validated against nurses’ diagnosis
based on interview using DSM 1V criteria. Though the ‘happy’ and ‘neutral’ faces
lacked suitable sensitivity/specificity cut-offs, the ‘sad’ face fared better, with a

sensitivity of 75.9% and specificity of 77.4% (Lee et al., 2008).

3.4 Suitability of Instruments for Use as Screening Measures

3.4.1 Observer-rated measures. In assessing the suitability of instruments
for measuring mood in stroke patients, there are a number of important considerations
to bear in mind. Obviously, the instrument should demonstrate good psychometric
qualities when assessed against other criterion measures, however it is not sufficient
to just demonstrate fair or good correlations with other measures of depression. While

an instrument of this sort may be useful as part of a battery of outcome measures used
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for research purposes, to be of use in clinical practise it should also demonstrate good
sensitivity and specificity. It should be successful in correctly identifying those
classified as ‘depressed’ by a criterion measure (either by ‘gold standard’ diagnosis,
or as designated by a cut-off value on a continuum of possible scores), yet also
successful at identifying those who are classified as ‘not depressed’. These latter
psychometric qualities are key to deciding whether an instrument is suitable for use as
a screening measure by which patients are assessed and treated in a clinical setting.

In addition to an instrument’s psychometric qualities, however, there are also
some important practical considerations. The instrument should be accessible and
easy to use even for people with a range of disabilities associated with stroke, such as
ataxia, dyspraxia, hemianopsia and visual field neglect. It should be reasonably quick
to administer and capable of being used by staff with little or no training.

Because of the difficulties that people with communication problems have in
expressing themselves, the focus of research into methods to screen for depression or
low mood following stroke has been primarily on observer-rated measures. Of the
observer-based instruments covered here only one — the SADQ (with its brief H-10,
and its more comprehensive H-21 forms) — stands out as having the characteristics
and evidence base attesting to its usefulness as a screening measure in a typical
hospital or rehabilitation environment. The PDRS, which is intended for use solely by
a professional examiner, is unsuitable as a screening measure, and though the ADRS
appears to be at least equal to SADQ in terms of its psychometric qualities, its
usefulness is severely limited because it requires a team of rehabilitation specialists to
administer it. The SADQ, however, can be administered by just a nurse, so is much

more useful in a real-world, stroke aftercare setting.
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Differences in factor structure between the ADRS and the SADQ also suggest
caution in the way that the ADRS should be used. Both the SADQ and the ADRS
share a common primary factor of negative mood, and an axis representing sleep-
related symptoms, however, while the ADRS lists two further factors relating to
anxiety, and factors for retardation and somatic symptoms, the SADQ identified
social interaction, loss of interest and apathy (Sutcliffe & Lincoln, 1998). The face
validity of the SADQ factor structure seems better as it clearly includes the most
important aspects on non-somatic depression symptomatology, whereas the ADRS
appears to include factors representing physical symptomatology that are confounding
factors in measuring depression in stroke patients, and which the SADQ expressly
sought to exclude (Benaim et al., 2004).

A recent systematic review of instruments to assess PSD in patients with
aphasia, (van Dijk et al., 2016) was roundly critical of the quality of validation studies
for these adapted instruments in general, but concluded that “the SADQ-10, the
SADQ-H10 and the SODS show acceptable feasibility” for clinical practise (van Dijk
etal., 2016, p. 14). However, in the paper from which the authors draw their
conclusions about the SODS, the positive predictive value for SODS was quite poor.
Even with a sensitivity of 86% at an optimal cut-off against the HADS-D, the
specificity equates to a false positive rate of almost 40%, though this is not surprising
given the rather narrow range of SODS scores (an integer on a scale of 0 to 6). The
SADQ — with a cut-off at 100% specificity, 78% sensitivity — seemed to fare much
better. This is consistent with the findings of Watkins et al. (2001), in which the

SODS performed poorly as a screening instrument. Only the original validation study
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by the authors of SODS yielded reported sensitivity and specificity figures adequate
for a screening measure (Hammond et al., 2000).

E. Townend et al. (2007b) only included adaptations of conventional measures
of depression assessment in their review, and therefore offered no assessment of the
clinical utility of either the SADQ or the SODS, while Salter et al.’s (2007) review on
the assessment of poststroke depression noted a shortcoming common to many
studies, which is that the available evidence came from studies which did not adopt
the gold standard for depression or include aphasic stroke patients.

In the assessment of mood, observer-rated measures are more suitable as an
adjunct to self-reported measures than a replacement. It is only the absence of a
satisfactory self-report measure that necessitated recourse to relying entirely on the
purely behavioural component of depression. Depression comprises both
phenomenology and behavioural components, and any assessment that omits a
person’s self-reported state can never be fully adequate. It is, after all, the experience
of depression that is central, and that can only truly be accessed by communication of
a person’s affective state.

In self-reported measures, disentangling somatic symptoms of depression from
those that may be due to physical illness is of paramount importance in identifying the
presence and level of depression in a person with stroke, an issue which was
underlined in Lincoln et al.’s (2003) examination of the utility of standard, self-report
depression rating scales in the stroke population. In a hospital based sample of 143
stroke patients, the performance of self-report scales compared to ‘gold standard’
diagnosis using psychiatric interview and DSM-I111-R or ICD-10 criteria was

examined. The BDI, WDS, and the GHQ were tested, and sensitivity and specificity
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values were computed for a variety of cut-offs. The results revealed that the
psychometric instruments performed quite poorly in this population, demonstrating
the problems with their suitability for people who have had a stroke. While such
measures are well validated in healthy adults, symptoms due to physical illness
confound these measures by inflating or confusing responses relating to somatic
symptoms. In this study, this was evidenced by the superior performance of the GHQ
— which focussed on psychological distress — above the BDI and WDS, which
incorporated questions relating to physical symptoms. E. Townend et al. (2007b), in
their review of adapted depression measures for use in those with aphasia, likewise
concluded that conventional language-based methods are only suitable for individuals
with mild aphasia.

It is these problems of confounding physical symptomatology that prompted
the creation of adapted measures such as the HADS, and which emphasise the
importance of focussing on the phenomenology of depression rather than physical
symptoms when assessing people with physical illnesses. This underlines the
importance of mood as a key defining characteristic when dealing with stroke patients
as well as people with other medical conditions, and the focus on ‘low mood’ and
‘emotional distress’ in some studies (Bennett et al., 2006; Thomas & Lincoln, 2008;
Cobley et al., 2012). It also suggests an inherent limitation to diagnosing depression
per se in this population, in that physical symptoms considered to be defining
characteristics of depression cannot be properly assessed and must therefore be
removed from the assessment of depression in stroke survivors as a necessary

adaptation.
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Though observer-rated measures such as the SADQ are significant, positive
developments in assessing mood in people with aphasia, any assessment that does not
included self-reported mood is necessarily limited in the conclusions that can be
drawn. This is not to say that self-report measures are not without limitation as
accurate conveyance of a person’s affective state, but it is only through language of
one form or another that one can fully open a window onto a person’s experience and
have a proper understanding of how they are feeling. Observer-rated and self-report
measures are therefore complementary facets of the assessment of depression and low
mood, and both should ideally be examined together to give a broader picture.

Using both self and observer-rated measures is especially important because of
the poor correlations often seen between the two. Williams et al. (2006), for example,
found that carer’s proxy ratings of patient mood differed significantly from patients’
own ratings, and were affected by their own perception of caregiver burden. Likewise,
in Berg et al.’s (2009) study of depression assessment following stroke, notable
differences between caregiver and patient self-rating were also found: Caregivers
using the BDI rated depressive symptoms in patients as consistently higher than the
patients themselves. They also found significant correlations between caregivers’
ratings of patients and the caregivers’ own, self-rated BDI scores (0.60 to 0.61) —
figures that were even higher than correlation between caregiver ratings of patients,
and patient self-ratings (0.37 to 0.43). Robinson (1981) also noted extremely high
correlations (r=0.83) between observer-rated measures and carers’ own self-ratings
using the ZDS, while Sayer et al. (1993) noted only modest correlations between
HDRS (observer-rated) measures and self-reported BDI ratings in a group of 114

depressed inpatients.
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Though this mainly applies to proxy ratings using conventional depression
rating scales such as the HDRS, BDI, or ZDS, even adapted scales such as the SADQ,
which focus primarily on overt behaviour, have shown signs of similar problems. In
Cobley et al.’s (2012) study of 154 stroke patients with aphasia, only a weak
correlation was found (r=0.297). Therefore even when ratings are based on what
should be purely objective, behavioural observation, interpretation of that behaviour is
inevitably subject to personal bias, and even the most exacting observational criteria
are not completely immune to the projective or priming elements that may come into
play in evaluating another person’s inner state.

Assessments of depression based purely on behavioural observation are
therefore necessarily incomplete, and given the frequent disparity of these two modes
of assessment, it is particularly important that convergence is sought through a
combination of these methods. Both observer-rated and self-rated methods cast
imperfect yet complementary reflections of the symptoms of depression, and where
discrepancies exist, it is important to carefully weigh and consider the strengths and
weakness of each approach in its specific context, identifying sources of bias and
weighing up the extent to which one source of information should be trusted over the
other. Differences between these sources would promote closer examination of the
complexities of a case, and help avoid being mislead by measures that were obscured

or obfuscated in some way by other factors.

3.4.2 Self-report measures. Any comprehensive assessment of depression
should therefore include a self-reported measure, however limited. Of the instruments
covered, the VAMS has been the most widely used, though the evidence base for its

utility in stroke survivors is quite slim. Early studies revealed some encouraging
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though mixed results regarding construct and criterion validity and test retest
reliability (Stern etal., 1997; Arruda et al., 1997; Arruda et al., 1999; Nyenhuis et al.,
1997; Temple et al., 2004), and the ‘sad’ item seemed to correlate well with the
HDRS (Arruda et al., 1997). However none of these latter studies used the ‘no-word’
version of the VAMS and therefore did not offer any evidence of their utility in
people too language-impaired to understand the words accompanying the actual
scales. Neither did these studies — typically employing a Multitrait-Multimethod
design — offer figures for sensitivity and specificity that would enable its use as a
diagnostic or screening measure to be properly evaluated.

E. Townend et al. (2007b) concluded that the VAMS is inadequate as a means
of diagnosing depression in people with aphasia, noting that although it is often
described as a “validated diagnostic instrument”, the evidence base for this is lacking.
The validation study of VAMS in stroke patients (Arruda et al., 1999), though
yielding some good correlations, was flawed due to the use of the standard version of
VAMS (with mood words included) in a sample who had intact single-word
recognition (Arruda et al., 1999, p. 677). This enabled participants to circumvent the
use of the cartoon face altogether as a means of identifying the mood represented by
the card. This means that the findings cannot be extended to those with more severe
communication problems. It would have been better to use the no-word version of the
VAMS either in place of or in addition to the version with words included.

Berg et al.’s (2009) study of the assessment of depression after stroke likewise
judged the VAMS unsuitable for people with aphasia and cognitive impairments,
citing poor sensitivity and/or specificity. This is consistent with the findings of

Bennett et al. (2006), who concluded that the VAMS was more useful as an indication
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of severity of low mood than as a screening measure. The problems encountered by
Benaim et al. (2010) where both aphasic and non-aphasic patients frequently failed to
understand the directions to complete the VAMS further underlines shortcomings of
using this instrument within people with cognitive or language impairments.

The evidence base for VASES as a possible screening measure is limited.
Bennett et al. (2006) report that though the VASES (with and without the ‘depression’
item) correlated moderately well with the HADS-A and HAD-D, sensitivity and
specificity were poor, while Cobley et al. (2012) found no significant correlation
between the VASES “depression’ item and the SADQ despite a highly significant,
though weak correlation with the VAMS ‘sad’ item. The DISCs is also lacking in this
respect; it has not been independently assessed or validated outside the original
validation study (Turner-Stokes et al., 2005), so cannot be recommended due to its
poor evidence base. It is possible that this reflects the more widespread adoption of
the VAMS (or its ‘sad’ item) and the VASES as substitute measures in studies where
participants with communication problems need to report their mood.

In a recent review, Van Dijk et al. (2016), critical of the methodology of
almost all of the research into the psychometric qualities of VAMS and the VASES,
concluded that the evidence base was insufficient to determine the utility of VAMS or
the VASES as a measure of depression. This lack of proven, adapted screening
measures for people with aphasia is underlined in Psychological Management of
Stroke, (Lincoln et al., 2012b), where the authors conclude that though screening
measures for low mood after stroke are satisfactory, “measures suitable for those with

communication problems are less robust” (Lincoln et al., 2012b, p. 328).
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This may, in part, be due to the inherent difficulties in validating such
instruments in the target population. It is impossible to apply the gold standard for
diagnosis of depression to people who cannot communicate verbally, and the value of
including people with limited aphasia as a compromise position is questionable. The
more profound a person’s aphasia is, the more difficult it will be for them to complete
a criterion measure, leaving us with a methodological paradox: It is logically
impossible for us to distinguish between poor correlations due to poorer performance
on language-based criterion measure, and those due to shortcomings of the instrument

under investigation. It is difficult to see how this impasse can be resolved.

3.4.3 The need for a nonverbal self-report mood scale. There is clearly a
significant lack of provision for well validated instruments that rely on nonverbal
means to assess an individual’s risk of depression following stroke. Depression after
stroke is a significant problem, and it is important to monitor mood following stroke
as per clinical guidelines (Royal College of Physicians, 2012). However around 20—
38% of stroke patients (E. Townend et al., 2007b) have a significant degree of
aphasia, and so cannot be easily assessed using conventional self-report methods
which rely upon language. However the evidence suggests that it is people with
communication problems after stroke that are most at risk of depression.

The limitations of existing nonverbal mood measures not only impacts on the
ability of doctors, carers and rehabilitation specialists to screen for depression
following stroke in order to effect appropriate treatments, but it impedes important
research into the effectiveness of interventions by hampering the ability of scientists
to track changes in mood over time in a substantial proportion of stroke survivors.

The lack of suitable instruments has left researchers who wish to accommodate
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patients with severe communication problems with few choices. Typically the VAMS
‘sad’ item is used to give an approximate indicator of depression phenomenology, or
VASES is used as an indirect measure, but both are limited

Research into depression after stroke and assessment of interventions into PSD
have therefore been significant hampered by the inability to adequately quantify mood
in people with aphasia. In fact research of any kind in which the psychological
wellbeing of stroke survivors is examined is notably impacted by problems in
assessing self-reported mood in this group. Nearly two thirds of studies examining
PSD excluded patients whose aphasia was too severe for them to be amenable to
standard measures (E. Townend et al., 2007b), while Hackett & Anderson (2005)
reported that only 3 out 20 studies reviewed in which predictors of depression were
examined after stroke included aphasia as a potential risk factor. This underlines an
overwhelming tendency for patients with communication impairments to simply be
omitted from such studies.

There are over 1.2 million people living with stroke in the UK alone (The
Stroke Association, 2015). With aphasia affecting around 20-38% of stroke patients,
this means that some 300,000 to 450,000 people in the UK will have some degree of
communication impairment as a result of their brain injury. There is therefore a
sizeable population whose care needs may necessarily be incomplete because of the
lack of accessible mood assessment methods that can alert medical and care support
services to depression or other mood problems following stroke. As things stand,
many people with communication problems cannot communicate their feelings

because no suitable and accessible method to do so exists.
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The existing evidence suggests that while progress has been made in
developing adapted, observer-rated measures, this has yet to be matched by similar
progress in adapted self-report measures, specifically, measures which are completely
language independent. With such a large population of people with communication
problems as a result of stroke (as well as other types of acquired brain injury) there is
a pressing need to develop better ways of allowing mood to be assessed nonverbally
and to explore novel strategies to bypass verbal communication.

A good, fully nonverbal mood measure would be useful not only for stroke
patients, but for people with cognitive impairment due to a disability, neurological
disease or acquired brain injury. It would facilitate a more informed triangulation of a
person’s mood by allowing concurrent observer and self-reported measures to
complement one another, and alert researchers to any disagreements between the two.
Such a measure would also be a great help in regions with very diverse languages or
poor rates of literacy.

Instruments like VAMS and VASES have offered a starting point in this
respect, but they are limited as mood assessment tools and technologically outmoded.
In order to advance mood measurement outside language, it is time to explore more
modern and innovative ways of communicating affect states.

Earlier discussion has established that the use of a VAS has proven to be a
valid and reliable way of quantifying self reported mood in the general population,
and that using pictures in the place of words is a logical way to overcome the obstacle
of language in people with communication problems. However, instruments like the
VAMS have fundamental limitations which must be addressed in envisaging a new

mood scale design. By examining these limitation, three key improvements were
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identified that allowed mood scales to be reconceptualised in the light of recent
theoretical and technological developments. These were: (1) the use of photographs of
faces; 2) explicit interpolation of images corresponding to VAS values; and (3) the

use of an underlying structural model unifying the scales.

3.5 Addressing the Limitations of VAMS

Though the VAMS has proved to be limited, the essential principle behind them is
sound: In the absence of a person’s ability to use language following a stroke, we
must fall back on a method of communicating mood that relies on other modes of
communication that remain largely intact. Vision and comprehension of imagery is
usually unimpaired, or — as in the case of visual neglect — only partially impaired, and
therefore it makes sense to use affect-bearing imagery in place of words and phrases
normally used to denote emotions. VAMS is a rudimentary attempt to do this, but it
has some key, identifiable shortcomings that need to be addressed in the design of an

improved set of scales.

3.5.1 Poor realism of faces. Firstly, there is the issue of the crude and
simplistic nature of the images used in the VAMS. There is good reason to believe
that the use of such simple and stylised graphics denoting mood states is inherently
problematic. Some of the graphics denoting mood states on the VAMS are far from
clear, as is attested to by differences noted between results for the VAMS which
included the word for the mood state and those which did not. Though correlations
between the word and no-word versions of the VAMS were generally good, the
‘afraid’ and ‘confused’ items performed particularly poorly in comparison to the other

items (Stern et al., 1997).
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A large body of evidence would indicate that facial expressions are the most
effective way to convey detailed non-verbal information about a person’s mood state,
with studies demonstrating consistently high recognition rates of posed facial
expressions (Ekman & Friesen, 1971; Ekman, 1993; Izard, 1994). Ekman (1994), for
example, reported recognition rates of posed facial expression of between 78% and
94.7% in western cultures, and cross-cultural recognition rates of between 59% and
87.8%. Even when taking into account the weaker recognition rates of some cross-
cultural studies, it is generally accepted that Ekman’s ‘basic’ emotions are Cross-
culturely universal, and that facial expressions offer a universal language for key
affective states (Ekman et al., 1987; Ekman, 1992, 1993, 1994; Russell, 1995;
Elfenbein & Ambady, 2002; Ekman, 2005).

The use of photographs of actual facial expressions, therefore, may be one
way to improve accuracy. Actual facial expressions are far more complex and
nuanced, and carry a wealth of detail which such simple graphics cannot do justice to.
Given the cognitive impairment that frequently accompanies stroke, it would seem
prudent to adopt this well-understood “common currency” of visually represented
affective states without too much modification, using validated images of mood states
posed by actors to form a basis for the scales. This concern over the poor realism of
VAMS images was echoed in the conclusions of E. Townend et al. (2007b), in which
the authors remark that “use of realistic looking pictures [...] may usefully support
communication about mood with people with aphasia” (p.3081).

Furthermore, there are important neurological aspects of aphasia that have
implications for whether or not a person with aphasia can necessarily read the VAMS

faces. It is possible that disruption caused to a person’s ability to recognise symbols in
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written language may also impact on their ability to recognise the kind of simplified
graphic ‘smiley’ upon which the VAMS depends. Neuropsychological evidence,
however, suggests that that recognition of emotion in facial expressions is primarily
mediated by right hemisphere processes, with unilateral brain injuries resulting in
corresponding impairment (Borod et al., 1986; Moreno et al., 1990; Adolphs et al.,
1996; Borod et al., 1998; Kucharska-Pietura et al., 2003; Philippi et al., 2009). Since
most aphasic patients have left hemisphere lesions, recognition of facial expression is
unlikely to be impaired in this group. Conversely, it is more likely that stroke patients
with significant alexia (impaired comprehension of written language) may also be
unable to understand the meaning of the VAMS faces, as brain structures implicated
in decoding and comprehending written language (pathways joining the lateral
posterior temporal lobe to the visual cortex) may serve both of these functions.

The fact that stroke survivors are generally older, though, may have
implications for the use of faces for communicating affective states. It is generally
accepted that older adults have more difficulty recognising key emotions (Ruffman et
al., 2008; Mill et al., 2009), however there is also the question of whether this
impairment is affected by the characteristics of the face expressing the emotion. If the
population in which a face based instrument is to be used consists mainly of older
people, for example, might it benefit the recognition of facial expression to have older
actors posing expressions for the photos used by the instrument? Evidence addressing
recognition of facial expression across age groups, however, indicates that both young
and older groups are better at recognising expressions in young compared to older

faces, suggesting that younger faces may be a better choice (Ebner & Johnson, 2009).
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There are also implications for the presence of depression in the interpretation
of facial expressions. A major review in this area demonstrated differences in the way
that they are interpreted by people with depression (Bourke et al., 2010). A general
response bias was observer, where neutral or ambiguous expressions are interpreted as
more sad, and a selective attention towards sadder expressions; however there was
also a general, reduced accuracy in the ability to recognise both sad and happy
expressions. A study of perception of emotional facial expressions in depressed and
non-depressed stroke patients yielded results consistent with this latter finding,
concluding that depressed stroke patients were less sensitive to sad, angry and happy
expressions (Montagne et al., 2007). It is not clear how these effects, combined,

would impact on the use of scales based on images of facial expressions.

3.5.2 Lack of underlying theory. Perhaps the greatest shortcoming of the
VAMS is that the separate scales and the moods they represent are not connected in
any meaningful way. The VAMS are not separate subscales of a single scale, but a
collection of discrete and disparate scales that measure a small number of
qualitatively distinct mood states, and which are not joined by any underlying theory.
It is therefore difficult to arrive at a meaningful VAMS ‘total score’. In studies using
the VAMS in its entirety, the scales have therefore been used to give a broad measure
of valence, by either dropping the positively valenced items ‘happy’ and ‘energetic’
(Bennett et al., 2006) or reversing them (Kontou et al., 2012), thus allowing a
composite score or measure of internal consistency (Cronbach’s «) to be used.

However, because the mood state most relevant to the measurement of
depression comprises just a single scale — the ‘sad item’, most studies using the

VAMS for this purpose have simply used this one scale and dismissed all the others
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leaving a single-item scale not unlike the original VADS. This use of a single scale
yielding only a single measure greatly weakens its utility as a psychometric
instrument. On more conventional measures a scale may be comprised of many items
designed to tap the construct in question, and it is this repeated measures which
allows a total score to be accurate enough to be useful. An underlying theory of affect
in which these different moods could be related empirically to one another through
more basic underlying variables could allow these separate scales to act instead as
separate items which can meaningfully be combined into a single score.

A major key to developing better mood measures, therefore, is to understand
what mood is and the factors which comprise it. This will be covered in detail in

section 4.4.

3.5.3 Limitations of the VAS format. Finally, there have been concerns
about the use of VAS measures with cognitively impaired patients. There is evidence
to suggest that many people with cognitive impairments that accompany stroke are
simply not capable of using a conventional VAS (C. I. Price et al., 1999). Scaling
notional concepts into numerical quantities or proportions of physical distance is
something that most of us take for granted, but when examined in detail it is revealed
to be a complex and cognitively intensive process. It is reasonable to surmise that
cognitive impairments resulting from stroke may result in a diminished ability to use
these types of scales, by way of impairment of a person’s ability to translate notional
measures into scaled physical distances. Indeed it was this very concern about the
impairment of a person’s ability to scale and quantify abstract notion that gave rise to

the DISCs (Turner-Stokes et al., 2005).
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These processes by which we scale abstract concepts into quantities which we
can report as numeric scores, or positions along a Likert scale or VAS are necessarily
highly individual, varied and idiosyncratic. This cognitive interpolation, is likely
subject to substantial variation between even cognitively high-functioning individuals,
So it is reasonable to suppose that this may be a substantial obstacle to assessing mood
in people after a significant brain injury. But there are now other options open to us
than these relatively crude psychometric tools designed within the constraints of pen
and paper. The growing ubiquity of high-definition, tablet-based technology, with its
substantial computing power, has brought with it the opportunity for far more
sophisticated and interactive interfaces, and redefine the way that we can visualise,
scale and modulate abstract constructs.

What if, instead of relying on a respondent to mentally scale constructs
relating to their mood (cognitive interpolation), we instead used a process of explicit
interpolation, whereby a particular mood or emotion type would be embodied as an
image of a corresponding facial expression?

This approach would both address the limitations of a traditional VAS and
enable the medium of facial expression to its fullest effect. A software-based design
was therefore adopted utilising a new, dynamic form of VAS (or DVAS). In the
DVAS a reference image dynamically changes in response to the position of a slider
control on a touch-screen interface. Under this design, any position along the length
of a VAS would be explicitly interpolated and displayed in the form of an image
corresponding to a particular scale value. This interface, along with suitable images of

facial expressions would form the basis of a new set of mood scales Dynamic Visual

Stroke Aphasia Mood Scales v6.0

97



Analogue Mood Scales (D-VAMS) designed to run on modern, multi-function

devices.

3.6 How Should We Measure Mood?

Having established a basic blueprint for a new kind of scale, we come to the question
of what we should be using it to measure. How many moods are there, and which
ones are important? Though our mood assessment instrument should be capable of
providing an overall picture of the most important aspects of mood, we also need to
focus on aspects most relevant to the construct of depression. What is the relationship
between mood and depression, and what elements of mood are most central to
depression? Though the concept of mood or emotion is something that we are tacitly
familiar with in the course of everyday life, analysing it raises many questions
regarding how it should best be conceptualised. In order to assess something we first
need a clear idea of what it is that we are trying to measure, what it consists of, and
how best to model it. A mood assessment instrument needs to be underpinned by a
solid theory.

These questions are central to the academic study of the area broadly known
as affect. Addressing these questions requires recourse to a substantial body of

research, and it is to this literature that discussion will now turn.
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4. What is Mood? Structural Theory and Mood Measurement

4.1 Structural Theories of Mood

4.11 Introduction: background and early research. The study of emotion
was, in the early days of psychology, almost inseparable from the study of facial
expression, and early researchers into the structure of what we now call ‘affect’ tried
to understand it by examining how people describe or classify photographs of facial
expressions. The main objective of these early studies was to establish a taxonomy of
‘basic’ emotions, which could act as a structure for further study, however this was to
prove problematic. Free response naming of photographs of facial expression in
studies typically yielded over a hundred adjectives (Feleky, 1914; Ruckmick, 1921,
Frois-Wittman, 1930) and discerning a pattern from such data was difficult, but
eventually persistence paid off as broad clusters were identified.

Frois-Wittman (1930) asked participants to label 46 photographs of his own
posed facial expressions and examined the adjectives returned by them, organising
them into six basic groups into which these labels seemed to cluster. Of particular
interest was the emergence of a pattern of “characteristic confusions” (p.114), —a
blurring between these categories which enabled them to be assembled along
something of a continuum. The American psychologist Woodworth (1938), re-
examining the data of these earlier studies, also arrived at six basic groups. He found
that by ordering these groups alongside those with which there was most overlap, it

was possible to assemble them into a rudimentary dimension. Woodworth named
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these categories, Love-Happiness-Mirth, Surprise, Fear-Suffering, Anger-
Determination, Disgust and Contempt. When using these as basic categories of
emotions, he calculated a correlation between pose and judgment of 0.92.

Schlosberg (1941) examined Woodworth's scale further in a sort task using the
Frois-Wittman photos (Frois-Wittman, 1930; Hulin & Katz, 1935). As before, the
categorisation of photos seemed to follow a single dimension underlying
Woodworth’s categories, which he likened to a spectrum along which separate
colours are distributed. Of particular interest, though, was that the scale did not appear
to be purely linear, but seemed to wrap around on itself in a circular fashion.
Photographs from the final 'step 6' of the scale, Contempt, were also frequently
categorised under the first step, Love-Happiness-Mirth. Charting his photographs
along this continuum and noting the changes in facial expression along the length of
scale, he began to hypothesise what types of dimensions might be inferred from this.

One clear dimension ‘Pleasantness/Unpleasantness’ was easily discernible, yet
his continuum was not just a simple blend from pleasantness to unpleasantness
through a series of intermediate stages, so he reasoned that at least one other
dimension must exist that would explain this circularity. He therefore hypothesised
the existence of a second, less pronounced dimension, which he provisionally labelled
‘Attention-Rejection” (AR). On examining the data from Frois-Wittman’s (1930)
earlier study, and that of another researcher, Kanner (1931), he found that their results
also supported a similar arrangement.

This rudimentary circumplex model, however, had some problems. Schlosberg
(1952) reported difficulty explaining this AR dimension to study participants, and

doubts about its validity led him to explore alternative dimensions. Heavily influenced
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by the James-Lange and Cannon-Bard theories of emotion, he recognised the vital
role that physiological processes played in emotional behaviour, and proposed a new
dimension denoting biological arousal, which he called ‘Sleep-Tension’ (ST)
(Schlosberg, 1954). All three of these dimensions were examined in scaling
experiments using a new set of facial expression photographs (Engen et al., 1957,
1958; Triandis & Lambert, 1958), with the results favouring the PU and ST
dimensions over AR in terms of reliability.

However only with the arrival of multidimensional scaling (MDS) methods
(Torgerson, 1958) did it become possible to examine factors directly. In a crucial test
of Schlosberg’s model, Abelson and Sermat (1962) applied MDS to similarity
judgements of paired facial expressions. The results yielded two interpretable
dimensions. The first, accounting for 44.8% of the variance, correlated with
Schlosberg’s PU dimension (0.95), while the second, accounting for 28.2% of the
variance correlated with his AR and ST dimensions (0.88 and 0.92, respectively).

This finding of a two-factor solution, the poorer reliability of AR, its lower
stability across scaling methods (Engen & Levy, 1956) and the better performance of
the ST dimension in predicting dissimilarity data, led the authors to conclude that ST
was a better contender for this second factor. Once the AR factor was removed, there
remained a two-factor, PU-ST solution accounting for 73.2% of the observed
variance.

4.1.2 A two-factor solution: growing convergence in studies of affect. At
about this time, studies of affect using judgements of facial expressions gave way to
studies in which adjective checklists (ACLs) were used to examine people’s self-

reported mood. Extensive studies by Osgood et al. (1957) into the structure of
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meaning inherent in language (the so-called ‘semantic differential’) yielded three key
factors ‘evaluation’, ‘activity’ and ‘potency’, which, they concluded, were the major
components of the meaning of natural language. The parallels between the first two of
these factors, and Schlosberg’s PU and ST dimensions of affect were noted by
Mehrabian and Russell (1974), who later proposed a parallel, three-factor theory of
affect composed of pleasure-displeasure, degree of arousal and dominance-
submissiveness (Russell & Mehrabian, 1977). Bush (1973), in an MDS study of 264
affect terms, also arrived at a three factor solution. Again, two primary factors,
pleasantness and level of activation emerged, plus a third that was harder to interpret,
but which seemed related to aggressiveness or potency.

This convergence of evidence left little doubt that pleasure-displeasure and
degree of activation comprise the main components of what we call mood. On the
matter of a third factor, however, consensus has been less clear-cut, with researchers
offering varying conceptualisations. While Russell and Mehrabian’s (1977)
dominance-submissiveness factor does parallel Osgood’s potency factor, it has also
been characterised elsewhere as locus of control (Nowlis & Nowlis, 1956) or ‘depth
of experience’ (Averill, 1975) both of which appear to be subtle, but qualitatively
different variations on this theme. This uncertainty over the validity of this third factor
within the domain of affect was underlined in Russell’s (1979) examination of 11
ACL scales and their factor structure, with the results showing little evidence of the
dominance-submissiveness factor in this larger pool of affect words. Noting that this
third factor accounted for only a relatively small proportion of the variance (Russell &
Mehrabian, 1977), that it was a component of only some, and not all affect words

(Russell, 1978) and that dimensions beyond the first and second “have consistently
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been found to differ from pleasure and arousal in several important ways” (p.354), he
proposed a simpler, two-factor scheme that echoed Schlosberg’s (1952) earlier model.
This two-factor model was formalised in Russell’s classic paper: “A
circumplex model of affect” (Russell, 1980). In an elegant series of four experiments
examining 28 commonly used emotion words, he demonstrated that they could be
represented by two dimensions: ‘valence’ (pleasantness-unpleasantness) and
‘activation’. Each mood word, he proposed, could be represented by some
combination of these two factors, and when his data were plotted into the space
delineated by two corresponding axes, he found that they fell into a roughly circular

arrangement (see Figure 4.1).

Aroused

Distressed Excited

Pleasant

Unpleasant

Depressed

Sleepy

Figure 4.1. The Affect Circumplex — adapted from Russell (1980)
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Within this scheme, Russell clarified his conception of affect by marking off
this two-factor domain as being of special significance. He viewed this as
representing the core element of mood before it enters into cognition, and akin to our
concept of mood rather than emotion per se. He would later term this ‘core affect’,
which he defined as “the most elementary consciously accessible affective feelings”
(Russell & Barrett, 1999, p. 806). Factors beyond this (such as ‘dominance-
submissiveness’) he viewed as reflecting the distinction between mood and emotion,
in what he termed ‘prototypical emotional episodes’. Whereas core affect is viewed as
detached from a specific event or stimulus, prototypical emotional episodes are
viewed as relating to specific stimuli and behavioural responses, and the antecedents
and consequences of affect rather than affect per se, such as with the ‘flight or fight’

response of behavioural accounts of emotion.

HIGH ACTIVATION

Tense ActK General Activation
UNPLEASANT PLEASANT
Tense% General

Deactivation Deactivation

LOW ACTIVATION

Figure 4.2. Thayer’s (1967) four factors, subsequently reduced to two: Energetic and Tense Arousal
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Crucially, Russell also consolidated earlier research in which emotion was
characterised primarily in terms of physiological activation. Thayer (1967) in a study
of data from his activation-deactivation adjective check-list (AD-ACL) proposed four
unipolar activation factors that could account for self-reported mood. Russell (1979)
demonstrated that these four apparent unipolar factors could be reduced to two bipolar
ones which could be represented as dimensions crossing this same affective space,
only at different angles. Observing how a 45° rotation of the valence-activation axes
could yield two other bipolar dimensions ‘excitement-depression’ and ‘distress-
relaxation” (Russell, 1979, p. 355), he suggested how Thayer’s factors could be
incorporated into the same scheme. Thayer (1989), acknowledging this interpretation,
subsequently renamed his factors ‘energetic arousal’ and ‘tense arousal’ (see Figure
4.2).

This “45° rotation hypothesis” was to prove particularly prescient, as other
researchers were also arriving at two-factor, circular models along the same lines.
Most prominent amongst these was the model proposed by Watson et al. (1985),
which comprised two dimensions they named Positive Affect (PA) and Negative
Affect (NA), and which subsequently formed the basis of their mood measurement
instrument the Positive and Negative Affect Schedule (PANAS) (Watson et al., 1988).
These two apparent, unipolar dimensions were treated as orthogonal dimensions much
like those of Russell’s valence and activation, but the authors themselves
acknowledged that they could also be represented within an affective space much like
the one denoted by Russell’s circumplex, illustrating their model with a circumplex of
their own (p.221). Once the axes of their circumplex were rotated and the x-axis

reversed, their PA and NA constructs could be seen to be compatible with Russell’s
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own circumplex, with the concept of activation or arousal being replaced with one of
‘engagement’.

As with Thayer’s proposed dimensions, Watson and Tellegen’s (1985) PA and
NA dimensions could also be rotated approximately 45° to fit into essentially the
same structure. PA and NA, however, comprised both a valence and activation
component, and their continued use of the names Positive and Negative Affect
(Watson et al., 1988; Watson & Clark, 1994, 1997) caused some confusion in
subsequent debate. Eventually the authors changed the names of their PANAS
constructs from Positive/Negative Affect to Positive/Negative Activation to reflect the
role of the activation dimension (Feldman Barrett & Russell, 1998; Watson &

Tellegen, 1999; Watson et al., 1999).

ENGAGED

High Negative High Positive
Affect (NA) Affect (PA)

UNPLEASANT PLEASANT

Low Negative Low Positive
Affect Affect

DISENGAGED

Figure 4.3. Positive Affect (PA) and Negative Affect (NA) adapted from Watson et al. (1985)
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Larsen & Diener (1992), in a review of the growing body of research in
structural theories of affect, proposed their own nomenclature for a structure within
which all of these models could be encompassed. In this model, two dimensions
‘Pleasant-Unpleasant’ and ‘Activation’ divided the factor space into four quadrants:
Activated Unpleasant, Activated Pleasant, Deactivated Unpleasant and Activated
Pleasant (see Figure 4.4). This basic structure has remained essentially unchanged
ever since, with much subsequent research devoted to locating these alternative

constructs within the same space (Feldman Barrett & Russell, 1998; Yik et al., 2011).

HIGH ACTIVATION

Activated
Unpleasant

Activated
Pleasant

UNPLEASANT PLEASANT
Deactivated ~ " Deactivated
Unpleasant Pleasant

LOW ACTIVATION

Figure 4.4. The Self-Report Affect Circumplex (Larsen & Diener, 1992)

From a theoretical standpoint, there are good reasons for supporting valence

and activation as the latent constructs comprising affect. The notion of physiological
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arousal and its various markers (i.e: heart rate, blood pressure, etc.) has been
fundamental to psychology and the conceptualisation of the emotion since the earliest
theories of James Lange and Cannon Bard. The concept of ‘arousal’, with its roots in
the activity of the autonomic nervous system and structures of the limbic system is
now widely accepted as a fundamental dimension of physiology which is central to
our understanding of human psychology and emotional behaviour, as is attested to by
its influence on Thayer’s efforts to conceptualise the structure of affect in these terms
(Thayer, 1967, 1978, 1989). Likewise, ‘hedonic tone’ or valence reflects the basic
reinforcement system underpinning human behaviour, with its focus on avoiding
painful and seeking pleasurable experiences. This concept is at the root of our ideas of
good and bad, or pleasant versus unpleasant. It would make sense that these distinct
but powerful dimensions of physiological and psychological function would be
embodied in the terrain of our affective experience, and that our experience of affect
fundamentally reflects the neurological subsystems that comprise these processes;
indeed, there is a growing body of neurophysiological evidence suggesting that this is
the case (Posner et al., 2005; Posner et al., 2009; Colibazzi et al., 2010; Baucom et al.,
2012; Sieger et al., 2015). As observed earlier, the critical convergence of affect
theory with the structure inherent within the meaning of language (Osgood et al.,
1957; Osgood, 1966) is also highly suggestive of dimensions that are fundamental to

our felt, inner state.

4.1.3 PA, NA and the bipolarity debate. The Circumplex Model of Affect
and its variants where to prove highly influential in the development of self-report,
mood assessment measures. Mehrabian & Russell’s (1974) scales of, Pleasure

Arousal, and Dominance, Watson, Clark and Tellegen’s Positive and Negative Affect
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Schedule (PANAS) (1988), and Russell’s (1989) Affect Grid were all underpinned by
the essentially the same structural model, as was a subsequent, Swedish language
instrument (Vastfjall et al., 2002). However there remained an ongoing debate about
the true orientation of this structure with respect to the underlying constructs.

Typically, Principal Components Analysis (PCA) was used to extract factors
as part of an exploratory analysis of data from self-reported affect. These analyses
frequently incorporated rotational techniques such as Varimax, designed to reveal
simple structure, where the variables under examination load on one and only one
factor, and very little or not at all on the other extracted factors. While Varimax
rotation tended to favour the rotational scheme underpinning the PANAS (Watson &
Tellegen, 1985; 1988), unrotated solutions yielded the valence-activation orientation
of Russell (1980). Circumplex models, however, do not have simple structure
(Guttman, 1954; Acton & Revelle, 2004), and so the use of Varimax on data with
circular solutions is not appropriate.

More importantly, the use of only high activation mood words in the original
version of the PANAS (1988) and the use of the terms Positive Affect (PA) and
Negative Affect (NA) was to create an artefact that caused a certain amount of
confusion and conflated the issue of factor structure and rotational scheme with a
more fundamental question relating to the bipolarity of affect. As shown in Figure 4.3,
PA and NA are made up not just of valence, but of a combination of valence and
activation. Were PA and NA to represent only valence, and align themselves
accordingly along the x-axis, they would be clearly negatively correlated. Yet in this

schema the attenuating effect of the activation component of these vectors yield two
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constructs that are apparently uncorrelated. There is instead the illusion of two
independent, unipolar factors lying orthogonally to one another.

As mentioned before, the authors duly renamed their factors Positive
Activation and Negative Activation, so as to clarify this, and a revised version of the
PANAS, the PANAS-X was produced, which reflected the activation dimension and
included low activation as well as high activation mood words (Watson & Clark,
1994). However, this confusion over the independence of PA and NA was to lend
credence to a much more controversial conception, — the idea that pleasantness and
unpleasantness are not in fact polar opposites, but separate factors acting
independently of one another.

Rather than being taken as a self-evident non sequitar, the idea that positive
and negative mood states may be uncorrelated was instead greeted by many as a
tantalising paradox. Indeed, even the authors of the PANAS continued to maintain
that positive and negative valence were not complementary ends of a single
dimension, but that, as a fundamental psychometric principle, “oppositely valenced
affects ... tend to be only weakly negatively correlated with one another” (Watson &
Clark, 1997, p. 282).

Despite the counterintuitive nature of such a notion, a debate about the
bipolarity of affect had been ongoing for many years. Following their proposal of a
four-factor structure of affect, for example, Nowlis & Nowlis (1956) examined
intercorrelations of self-report data on ACLs and came to the surprising conclusion
that there was very little evidence of bipolarity in the factors obtained; distinct
unipolar factors emerged from factor analysis rather than single bipolar ones. Similar

unexpected results were also found by other early researchers (Borgatta, 1961; Clyde,
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1963; Lorr et al., 1967; Thayer, 1967; McNair et al., 1971). Though unipolar scales
were used for the ACLs comprising their self-rated measures, it was generally
assumed that the underlying constructs were bipolar in nature; however factor
analyses of their data revealed two independent unipolar factors where one bipolar
one was expected, with the anticipated negative correlations between positive and
negative affect being either very weak or entirely absent. Debate was further ignited
by the publication of Bradburn’s (1969) book “The structure of psychological well
being”, in which the author detailed studies of scales he designed to examine positive
and negative affect; he concluded that positive and negative affect were largely
independent of one another, as evidenced by the extremely low negative correlations
that he found between the two.

Other researchers, however, were unconvinced by these findings, and focussed
instead on detailed examinations of the ways that sources of systematic and random
error can mask bipolarity in ratings given on such scales. Bentler (1969) demonstrated
the striking effect that acquiescence bias — the tendency to agree with a statement
regardless of its content — had on correlations between responses to negative and
positive words; correcting for this artefact saw correlations rise markedly, with an
unadjusted correlation of 0.03 rising to -0.76 when this factor was compensated for.
Russell (1979) also examined the role of artefacts in a study of self-reported mood
using 11 sets of adjectives on unipolar scales of varying formats, including Thayer’s
(1967) scales. In addition to acquiescence bias, Russell identified a number of other
factors that appeared to mask bipolarity. These included response formats that did not
yield ordinal data, inadequate sampling of affect terms, and proximity error — the

tendency to respond similarly to items close together in time or space, all of which
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tended to inflate positive correlations amongst items which one would expect to be
negatively correlated.

Significant amongst these proposed artefacts, was the time period over which
a respondent was asked to report their mood. The longer the time period, the more
likely it is that markedly opposite feelings may have occurred, and therefore the lower
the negative correlations that could be expected in a person’s negative and positive
reported mood. The importance of the role of time frame in the apparent
independence of negative and positive affect was subsequently vindicated in a study
by Diener and Emmons (1984), who examined self-reported mood over one year, 70
days, 30 days, 3 weeks, daily, and present-moment. They found, as Russell predicted,
that the relation between positive and negative affect was strongly affected by the
time frame, and that the correlation decreased in a linear fashion as the time frame
increased.

Correcting for these sources of measurement error, however, appeared to
profoundly influence correlations between negative and positive affect. In an
influential paper “Measurement error masks bipolarity”, Green et al. (1993) used a
technique to find correlations between latent constructs. Using Confirmatory Factor
Analysis (CFA), the authors estimated random and systematic sources of error, and
compensated for them. Doing this strongly favoured bipolarity, with a happy/sad
correlation — in one dramatic example — from rising from -.25 to -.84. Researchers
who initially found independent factors later found that controlling for measurement
error yields single, bipolar factors in place of two unipolar ones; Thayer’s (1967) four
unipolar factors, for example, became two bipolar ones when adjusting for this

(Thayer, 1989, 1986).
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As mentioned earlier, however, the authors of PANAS and its successor
continued to maintain the independence of PA and NA (Watson & Clark, 1997).
Though adjusting for random error and acquiescence bias (Tellegen, Watson & Clark,
in press) favoured bipolarity in their measures — yielding a correlation of -0.43 — the
authors maintained that these remain “largely independent” (Watson & Clark, 1997,
p. 267). It was, however, increasingly evident that the bipolarity debate was based on
misconceptions on both sides about what was meant by ‘bipolarity’ in measures of
affect, as well as the misleading names of the PA and NA constructs of the PANAS.

In a paper exploring the matter of independence and bipolarity in some depth,
Feldman-Barrett & Russell (1998) clarified a prevailing misunderstanding,
distinguishing the concept of bipolarity in its most basic form — that is the a priori
negative relationship between ‘good’ and ‘bad’, or ‘pleasant’ and ‘unpleasant’ — with
a looser form, in which positive affect terms generally correlate negatively with
negative affect terms. While this former position is necessarily correct by definition,
the latter, looser form is confounded by the presence of a second, activation
dimension in commonly chosen mood words. In this second case, it does not
necessarily follow that ‘excited’ and ‘calm’ are positively correlated because they are
both positively valenced, as they are also semantically distanced from one another by
a negative correlation in a second, underlying activation dimension. Likewise, ‘bored’
and ‘calm’, though differing in their valence, are judged semantically closer due to
presence of a common, low activation component. It is only in this latter sense that
‘independence’ is evident. In the same paper the authors also performed a series of
experiments applying the CFA techniques of Green et al. (1993) to examine the PA

and NA constructs of the PANAS. Using these and other methods to remove random
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and systematic sources of error, latent correlations were computed that revealed the
clear presence of underlying bipolar constructs equivalent to two independent
dimensions of valence and activation, with “positive affect the bipolar opposite of
negative affect, and deactivation the bipolar opposite of activation” (Feldman Barrett
& Russell, 1998, p. 967).

In a further paper, “On the Bipolarity of Positive and Negative Affect”
(Russell & Carroll, 1999a), the authors present some important and illuminating
examples of the pitfalls of using unipolar scales to measure bipolar constructs. Key
amongst them were the assumptions that respondents may bring to bear on a scale
presented in a simple unipolar format. In a scale on a continuum whose endpoints are
“not happy” and “happy”, for example, respondents in a small study had a tendency to
treat “not happy” as the opposite of happy, rather than as a neutral point that would
exist in the middle of a bipolar, “sad-happy” scale, and labelled points along the scale
as if it were bipolar rather than unipolar (with points towards the “not happy” end
being described as “glum” or “sad”). This would indicate that people tend to
automatically assume bipolarity in responding to scales asking about mood.

Another key problem is that even when it is made completely explicit that a
unipolar scale is conceptually defined as one half of a bipolar scale spanning “sad” to
“neutral” to “happy”, thereby creating “neutral-sad” or “neutral-happy” scales, the
response format automatically introduces a “dead zone” in which half the possible
responses cannot be properly encompassed by a purely unipolar scale. A “sad”
response cannot be charted on a “neutral-happy” scale and vice versa. This leads to a
mathematical artefact which substantially impacts on the theoretical correlations of

items opposite to one another in a circumplex structure. The authors calculated that
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whereas with a strictly bipolar format, data from scales had — as would be expected —
a maximum theoretical correlation of -1.00, data employing responses from scales of
a strictly unipolar format had a maximum theoretical correlation of -0.467 (Russell &
Carroll, 19994, p. 10). Adding the systematic and random error that would occur in
real life, it is easy to see how expected, strong negative correlations between opposite
mood states could diminish to levels that would imply there is very little, or no
correlation at all.

In an ingenious weather analogy, Russell also demonstrates an example
whereby temperature is split into two separate unipolar measures, ‘hotness’ and
‘coldness’. In two fictional scenarios, two cities have their measures of ‘hotness’ and
‘coldness’ gauged from a hypothetical world mean temperature. In the first scenario,
all cities have mean temperatures that are exactly the same, but have a different
variance. In one, for example, bitterly cold winters are followed by very hot summers,
while in the another city (with the same mean temperature) slightly cool winters are
followed by only moderately warm summers. In such a world, mean hot and mean
cold would correlate by +1.00, as seasonal changes of cold and hot would be in
perfect lockstep.

In the second scenario, however, cities have mean temperatures that vary
across the globe, but have similar variance. In this case, measures of hot and cold may
be negatively correlated simply because one city happens to have a very cold mean
temperature and another has a very hot mean temperature.

By this example, mean hot and mean cold temperatures, measured on purely
unipolar scales can thereby have any correlation between -1.00 and +1.00. When this

transposed to positive and negative affect, the same thing applies: The correlation
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between mean positive affect and mean negative affect can be anything at all,
depending on the characteristics of the sample under examination. Underlining the
analogy between temperature and mood, Russell says, “As demanded by bipolarity, in
any one place at any one time, when it is hot, it is not cold, and when it is cold, it is
not hot. Indeed, any specific temperature rating precludes any other.” (Russell &
Carroll, 1999a, p. 22).

In a critical exchange covering bipolarity and a range of other technical issues
on the measurement and conceptualisation of affect (Russell & Carroll, 1999a;
Watson & Tellegen, 1999; Russell & Carroll, 1999b), it was largely agreed that the
strong, paradoxical formulation of bipolarity was a result of misconceptions and
misunderstandings in the language used to describe affect. It was at this point that the
authors of PANAS — as mentioned earlier — agreed that their terms Positive Affect
(PA) and Negative Affect (NA) should be renamed Positive Activation and Negative
Activation, to clarify their positions in relation to the CMA valence and activation
dimensions (see Figure 4.3), and to help dispel the myth of paradoxical self-
contradiction, whereby negative and positive affect (as in negative and positive

valence) are uncorrelated despite being polar opposites of one another.

4.2 Applying the CMA to Nonverbal Mood Measurement

The preceding overview of the history and theory of affect and its measurement has
been fairly thorough and detailed. However this detail is necessary to properly
illustrate and understand important technical and theoretical issues that are key to
informing the design of an instrument to measure mood. To select an appropriate

framework for understanding, measuring and quantifying mood, it is essential to
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understand and resolve key disputes that have endured, and to elucidate and unravel
the misunderstandings and confusions that have emerged over the conceptualisation
and technical language of affect and its measurement. From this examination of affect
theory, a number of key conclusions can be drawn which serve to form the basis of
this approach to devising a nonverbal mood assessment device.

Firstly, the CMA has proved to be a theoretically sound and well supported
model that has proven of use in existing mood scales, including the PANAS and its
revised version PANAS-X (Watson et al., 1988; Watson & Clark, 1994), Russell and
Mehrabian’s Affect Grid (Russell, 1989), as well as a Swedish, Circumplex-based
mood measurement instrument (Vastfjall et al., 2002). The CMA therefore offers a
sound theoretical way of creating, conceptualising and organising scales for the
measurement of mood. In contrast, the POMS — upon which the original VAMS
appears to be based — is outdated, and based on an unconnected, categorical taxonomy
of mood that predates more complex dimensional accounts of mood that were to
supersede it. This is attested to by the fact that VAMS scores are usually summed by
simply treating each as an indicator of valence, or else by omitting all scales except
for the ‘sad’ item.

Secondly, it is also clear is that affective space is bipolar and should be treated
as such (Bentler, 1969; Russell, 1979; Feldman Barrett & Russell, 1998; Russell &
Carroll, 1999a, 1999b). Happy really is the opposite of sad, and the two represent
(more or less) endpoints of a single valence dimension, and not some peculiar
combination of “happy” and “sad” systems that are independent and uncorrelated. The
use of unipolar scales in the measurement of mood has caused a lot of unforeseen

problems, and both practical and theoretical considerations support the use of scales
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in a bipolar format. Though dividing bipolar dimensions into unipolar measures may
be tempting because they double the amount of measurements taken (Stern et al.,
1997), this comes at the cost of introducing troublesome issues in analysis and
interpretation of the resulting data.

Thirdly, the evidence indicates that a VAS is a valid and reliable way of
reporting and scaling notional quantities (Scott & Huskisson, 1976; Dixon, 1986;
Dixon & Bird, 1981) with little difference in accuracy between horizontal and vertical
formats (Scott & Huskisson, 1979).

In section 3.5, the limitations of the existing VAMS were discussed with some
emerging solutions suggesting a central design concept for a new mood assessment
instrument. The design concept essentially comprises a number of animated scales (D-
VAMS) (see 3.5.3) in which images of a facial expressions are modulated using a
slider. Each scale would consist of a total of 101 images each representing 100-point
intervals along its respective length. This level of granularity would be achieved by
photographing a number of facial expressions representing intervals along the scale,
identifying their empirical placement, and then morphing them into sub-transitions to
create a smooth and seamless blend through all of the images.

This novel approach — explicit interpolation — should allow for a more
concrete way to select a quantity of a particular affect type, as rather than relying on
an abstract cognitive process to report one’s mood as a position on a scale, an image
will be presented dynamically which expresses a quantity of an affect type through a
corresponding image of facial expression. This approach releases the respondent from
the burden of trying to imagine how a particular affective quantity would scale as a

numeric value or measurable length of visual space. It also means that if — as Price
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(1999) contends — stroke patients are generally too cognitively impaired to use a VAS,
then this approach may offer a solution by circumventing the need for any cognitive
interpolation at all.

An important and innovative aspect of this new design was the use of the
CMA as a an underlying theory. The Circumplex can be used as a geometric space
across which a number of bipolar scales cross at different angles, thereby representing
a kind of repeated measures, with each scale tapping into different proportions of

valence and activation.
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Figure 4.5. Examples of Prospective Scales across CMA Affect Space

Examples of prospective scales that could be derived in this manner are

illustrated in Figure 4.5. Scales crossing 2-factor space at different angles may allow
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for an instrument with separate, individual scales denoting different mood types,
while also enabling their scores to be unified using the CMA as an underlying
coordinate system.

In order to accomplish this, however, we need to explore a number of
questions. Which mood descriptors are most clearly associated with their
corresponding facial expressions? Which bipolar scales should be chosen from these
various mood words, and which scales provide the most comprehensive coverage of
affect and emotion states? We also need to examine judgements of facial expression
in a number of actors, selecting the strongest candidates to pose facial expressions for
the final scales. These actors need to be selected based on their ability to convey

recognisable facial expressions for the mood words we select.

4.3 Study Plan and Protocol Summary

In order to develop a new, nonverbal mood assessment instrument, a basic three-tier
protocol was outlined consisting of three studies (see Figure 4.6). In Study 1, the
CMA structure was tested in judgements of facial expressions, suitable mood words
were identified to form bipolar scales across affect space, and actors were ranked
according to their overall ability to pose identifiable facial expressions. In Study 2,
two high-scoring actors were recalled to pose facial expressions representing intervals
along each of the scales. A series of these images was then selected to form continua
for the individual scales, and a further judgement study provided data to create a
coordinate system to unify scale scores into a single metric. Next, a further judgement
study established scaling data to empirically place the position of each of the images

upon their respective continua. In Study 3, consecutive images were morphed to
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generate further images so that a finely graded continuum of images for 100-interval
scales could be generated, and the scales were implemented as a software-based
interface.

Finally, a validation study took place in which the scales were validated
against a suitable criterion measure in a sample of stroke survivors, and the

psychometric properties of the instrument were examined.

Study 1 —Test Photographic

CMA, Selection of sitting of 20 Actors, Mood Word Selection of Actors/
Words, Actors posing for Mood Judgement Mood Words and
Sc.'ales ! Images Experiments Design of Scales
Study 2 - Photographic Mood Word f
Collection/Scaling sitting: Two Actors Judgement SKe\l/_- rajmde Image
of Key-frame pose Scale Key- Experiment (12- ca é’)‘(ge: nf::t‘e”t
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& Validation of
Scales

Construction of

Scales Validation Study

Figure 4.6. Study Plan
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5. Study 1: Experimentally Identifying Candidate Scales

5.1 Introduction

5.1.1 Objectives. The first objective was to select and test a variety of mood
words for their ability to evoke recognisable facial expressions. The weaker words
(i.e.: those less able to evoke a recognisable expression) would then be eliminated,
based on which a smaller pool of candidate descriptors would be selected for further
study. The second objective was to confirm that judgments of facial expression are
consistent with a two-factor, Circumplex Model of Affect of the type that has
emerged from previous research, and upon which it was hoped that the new scales
could be based. If a circumplex structure were confirmed, then the smaller collection
of descriptors whose corresponding facial expression could most reliably be identified
would act as anchors within a coordinate system within which a number of bipolar
scales would be created.

Thirdly, having established a smaller pool of candidate items, the experiment
would then be duplicated with these items and corresponding images only. The
objective of this would be to refine the coordinate system and offer independent
validation of it in an independent sample, but also to offer detailed enough data to
identify actors who are particularly skilled at posing recognisable facial expressions,

and whose images would later be used as part of the prototype scales.

5.1.2 Selection of mood words. The first stage was to select a suitable pool

of mood words which are commonly used to describe states of core affect. The
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criteria for choosing the words were threefold: Firstly, the selection as a whole needed
to be comprised of descriptors that are spread reasonably evenly around the
circumference of the circumplex, so as to increase the likelihood of strong candidate
words being identified across all the quadrants and poles of the circumplex. Secondly,
the words should represent persistent mood states rather than the more complex,
transient states better described as emotions. Thirdly, the words should also include
those used by the VAMS, so that direct comparisons are possible between the two
scales. This latter criterion did to some degree conflict with the second, as the VAMS
includes the items ‘anger’ and ‘confusion’, whose status as states of core affect is
debatable.

The choice of these mood words was guided by previous research in the area,
and focussed upon descriptor words that had already been studied to some degree.
Studies of the circumplex structure of mood (Russell, 1980; Russell & Bullock, 1985;
Vastfjall et al., 2002; Yik et al., 2011), the influential Positive and Negative Affect
Schedule (PANAS/PANAS-X) (Watson et al., 1988; Watson & Clark, 1994;
Crawford & Henry, 2004) and other mood measurement studies involving the use of
adjective checklists (McNair et al., 1971; Bush, 1973; Thayer, 1967, 1986) offered a
wide-ranging source of mood adjectives to choose from.

Since the purpose of the scales to be developed was to accurately measure and
discriminate between mood states, it was also felt prudent to address the issue of
problematic correlations that are frequently reported between measures of anxiety and
depression, and which make the two constructs difficult to discriminate empirically.
Feldman (1995) examined the circumplex model in relation to this issue, and

identified a scale that has proven useful in distinguishing ‘anxious’ versus ‘depressed’
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mood states. The Emotion Questionnaire (EQ) is a version of the Multiple Affect
Adjective Check List (MAACL) designed to maximise differentiation between
anxiety and depression (Higgins et al., 1985), and adjectives from the EQ anxiety and
depression subscales were therefore incorporated into the initial pool.

After careful consideration an initial selection of 24 mood words was made (see
Figure 5.0). These are charted at their theoretical locations on the circumplex based
on the findings of Russell (1980) and Yik & Russell (2011). Items included on the EQ
anxiety subscale are marked with an A, and those appearing on the EQ depression
subscale are marked with a D. Items appearing on the PANAS are marked p, and

items included in Russell’s (1980) study are marked with an'r.
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Figure 5.0. Adjectives selected for the initial pool.
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In addition to these items, ‘confused’ and ‘neutral’ were also added.
‘Confused’ was included because it one of the scales used by the VAMS, and
‘neutral” was included in order to identify a midpoint or origin of the circumplex.

Once these were included, the complete pool comprised a total of 26 items:

Energetic Disappointed Calm Confused
Pleased Tense Bored Sleepy
Excited Angry Tired Content
Happy Nervous Miserable Peaceful
Enthusiastic Distressed Depressed Neutral
Sad Anxious Satisfied

Afraid Aroused Relaxed

A Study in three parts was then designed to test these words. For the first part
of the study, sets of photographs were produced of participant ‘actors’ posing mood
states in response to the stimulus words. For the second part, the photographs were
rated by participant on scales for each of the corresponding mood descriptors. Finally,
based on the results of this judgement experiment, a smaller pool of words would be
selected on which a further judgement study would be performed. Approval for this
study was granted by the Institute of Work, Health & Organisations (iWHO) Ethics

Committee, University of Nottingham.

5.2 Part 1: Producing Photographs of Posed Facial Expressions

5.2.1 Recruitment and participants. Advertisements were posted around the

University of Nottingham and on local, community centre notice boards asking for
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volunteer actors. The advertisement stipulated that candidates should be “spontaneous
and animated, and capable of authentically posing facial expressions”. Selection
criteria were that participants 1) were at least 18 years of age, 2) were fluent in
English, 3) had no facial hair, tattoos or significant facial disfigurement and 4) were
not blind or had any medical condition that impaired their ability to control their facial
expression. A small monetary incentive was offered for participation. In total, 20
participants, 10 male and 10 female, aged 18 to 26 years, (mean 20.6 years; S.D. =
1.7 years) each provided a satisfactory set of photographs. Of these participants, 12
(60%) were ethnically European, 6 (30%) were Asian or East Asian and 2 (10%) were
of African descent. 12 (60%) spoke English as a first language, while the remaining 8
(40%) spoke English fluently as a second language. The photographs of one
additional participant were omitted from the study because the posed expressions

were deemed too similar to one another.

5.2.2 Methods and equipment. For the photographic sittings, a portable
studio was assembled consisting of a DSLR camera, adjustable flash unit, stands,
softbox, and backdrop. The studio could be set up at any indoor location, and was
assembled in rooms that were booked specifically for the purpose of the study. All
participant ‘actors’ underwent a single sitting lasting 25-45 minutes.

Upon arrival, participants were first screened to ensure that they met the
criteria for participation in the experiment. If necessary, participants were asked to
remove any makeup or facial jewellery (rings, studs etc.), and to tie back long hair. A
black T-shirt was provided for them to wear for the duration of the sitting. They were

also given a copy of the XVAMS Information Sheet (see
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Appendix I) and Instruction Sheet (see Appendix II) to read in order to understand the
purpose of the study and what they were required to do. The instruction sheet
included two suggested methods for helping to summon up a suitable facial
expression: Remembered Moments and The Mime. ‘Remembered Moments’ is a
technique often used by researchers to help evoke a particular emotion or mood state
in a participant, and has been found to be useful in facilitating the associated facial
expression (Yik & Russell, 2003). ‘The Mime’ is an alternative strategy invented to
emphasise the role of the facial expression in communicating a particular mood state.
In this approach, the participant was asked to imagine that they were trying to
communicate their mood state to an imaginary person behind a window pane through
which the participant could be seen but not heard. Participants were provided with
these methods as suggestions, but were not obliged to use either. For some
participants, the photographic sitting was arranged in advance, in which case details
of these requirements and copies of the instruction and information sheets were
provided beforehand. Once the participant had familiarised themselves with the
information sheets, a consent form was provided (see Appendix I11), with statements
detailing the conditions of participation, each with a corresponding checkbox.
Participants were required to tick the boxes to confirm that they understood the
conditions, and asked to sign and date the form and give their age in a space provided.
When the participant was ready to begin, they were seated at a desk in front of
a white backdrop. The desk contained a small mirror which they could use if they
wished to practise a pose first, and a pile of laminated, A5 size cue cards containing
the descriptor words for the expressions to be posed. The order of the cards for each

sitting was pre-arranged according to a randomly ordered, computer-generated list.
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The participant was asked to face forward and avoid sideways tilts or turns of the
head throughout the session, but told that raising or lowering the head slightly was
permitted if it naturally accompanied the facial expression.

For each pose, the participant was asked to take, in turn, a card from the top of
the pile and hold it up to the camera such that the mood word fell within the camera’s
field of view. One photograph was taken of this for reference purposes, after which
the participant was directed to put the card aside. They were then asked to pose the
mood state as the word on the card was repeated to them verbally. At least 3
photographs was taken of the pose (mean 3.8; S.D=0.54), with more being taken if the
participant had trouble producing an expression that was recognisable. This process
was repeated until the mood words on all 26 cards had been posed.

After the sitting, the participant was asked to indicate which of the two
methods described in the instructions (‘Remembered Moments’ or ‘The Mime’) had
proven most useful in facilitating their poses, but told that they could respond with

‘neither’ or ‘both’ if a preference could not be stated.

5.2.3 Results: preferred method. Of the methods suggested, 12 (60%) of the
participants stated a preference for the 'remembered moments' method, while 5 (25%)
said that they preferred the ‘mime' method. Three (15%) participants expressed no
preference, reporting that they used neither or both of the methods. The results
suggest that there may be some utility in including the 'mime' method as an option in

future studies involving posing facial expression.

5.2.4 Screening and selection of images. Once the photographs had been
collected, the next stage was to choose one of the photographs taken for each mood

state posed by each actor. These selected photos — 26 per actor — would comprise the
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image sets to be used for the next part of the study. In order to select the best
candidate photographs, a screening procedure was created to eliminate photographs of
poses deemed to be weakest. First, any candidate photographs surplus to the 3
required for each posed expression were eliminated based on the experimenter’s
judgement. Next, the best of 3 remaining posed expressions was identified by a
scoring procedure. For this procedure, three judges independently assigned ranks to
each of the facial expressions on a ‘best-0f-three’ score sheet, with the rank of each
being based on the judges’ assessment of the degree to which each expression was
deemed to concur with the mood word to which the actor was responding. Tied ranks
were permitted where no preference existed between particular images. The results for
the three judges were summed in order to identify the highest scoring images, and
where a tie existed a random number generator was used to make a selection. The 26
images per actor emerging from this selection process comprised the image sets which
were to be judged in the following stage (See Appendix 1V to VII).

Finally, the images were cropped and scaled such that the faces were
uniformly centred and the frame of the image showed an inch or two to either side of
and above the top of the head, with the base of the image terminating near the

neckline of the actor’s T-shirt.

5.3 Part 2: Judging the Photographs

5.3.1 Sample size. It was decided to use the variable reduction technique
Principal Components Analysis (PCA) to extract and examine the factor structure in
data from this study. Guidance on sample size for PCA recommends that not less than

100 cases should be selected regardless of the number of variables under examination
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(Gorsuch, 1983). The practical constraints of this study called for participants to be
allowed to respond to more than one of the 20 images sets, and so a more flexible
interpretation of caseness was adopted by which it applied to the number of datasets
for participant/image-set combinations, rather than number of participants per se.
The software package G*Power (Faul et al., 2007) was also used to provide
some guidance in this respect. Though a PCA does not entail an examination of
statistical significance based on a specific, hypothesis-driven test, examining
recommended sample sizes across a range of prospective statistical tests was a good
way of corroborating this advice. Though a paper could not be found which reported
effect sizes for a study of this type, qualitative assessment of the likely magnitude in
judgements of facial expressions suggest an effect size of somewhere between
‘medium’ and ‘large’, as defined by Cohen (1992). Though G*Power does not
provide a PCA analysis option for sample size calculation, a number of figures were
examined which generally offer sufficient power (0.8 or more) for studies of a
medium to large effect size to detect statistically significant effects (o of 0.05 or less)
using a range of standard parametric and non-parametric tests. Sample size figures
returned based on these were generally in the region of 100. However, as a necessary
compromise in order to keep the experiment within manageable proportions, this
figure was taken as a guide to the number of unique participant/actor, datasets, rather

than a specific sample size for participants.

5.3.2 Recruitment and participants. Recruitment took place by means of
advertisements posted about University of Nottingham, offering a small payment for
participation in an online task. Selection criteria were that participants 1) were at least

18 years of age, and 2) were fluent in English. The data were provided by a total of 44
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participants, 21 male and 23 female, aged 18 to 44 years (mean 24.6 years; S.D. =
6.2 years). Of these participants, 14 (32%) were ethnically European, 25 (56%) were
Asian or East Asian, 2 (4.5%) were of African descent and 3 (6.8%) described
themselves as mixed race. 24 (55%) spoke English as a first language, while the

remaining 20 (44%) spoke English fluently as a second language.

5.3.3 Method. A website and back-end database was purpose-built to
administer the judgement tasks for part two of the study (Experiment 1), and to
automate the collection of the judgement data and participants’ demographic
information (xvams.com).

Before being allowed access to the website experiment portal, participants first
completed a brief sign-up process in which they set up a username and password and
provided an email address where they could be contacted. They were then asked for
some personal details: their gender, year of birth, ethnicity, and whether or not they
speak English as a first language. Participants not speaking English as a first language
were also asked to select their country of origin from a dropdown list. Finally,
participants were asked to indicate consent by checking five clauses relating to the
terms and conditions of participation (see Appendix V), confirming that they had read
the study information sheet (see Appendix X) and were aged 18 years or above.

The main page for the experiment portal consisted of a list of open
experiments (tasks). Each experiment contained a complete set of images for the 26
mood states posed by a single actor. Upon starting an experiment, these images were
presented, in turn, on a separate page, accompanied by 26, 7-point Likert scales
corresponding to the mood words used as stimuli for the posed expressions (See

Figure 5.1). For each image, the participant rated each of the mood words according
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to how well they deemed it to agree with the image. Both the order of presentation of
the images, and the order in which the mood words were listed were randomised, with
each page containing the list of mood words in a newly randomised sequence.
Participants were free to save their data at any point in the session and come back to it
later, allowing them to complete tasks at their own rate as time permitted. Participants
were invited to complete at least one but no more than three separate experiments,

which they were free to select at random from the list.

On the scales to the right of the page, please rate the
ke oot vy o
= o1 Nervous @ @ @ @ o, @
o oz Tired 91 @: ©3 ©s Os O
oz Relaxed @'t @ @ @ @ @
o0z Satisfied D1 @2 ©3 ©s ©Os O
os Enthusiastic @ @ @ @ @ @
os Disappointed D1 @2 ©3 ©s ©s ©Os
o7 Tense @ @ @ @ @ @
oz Anxious D1 ©2 ©3 ©s ©Os O
oz Energetic @ @ @ @ e @ o
10 Neutral D1 ©:2 ©3 ©s Os O
1 Angry @ @ @ @ @ @
12 Aroused D1 ©:2 ©3 ©s Os O
12 Calm @ @ @ @ @ @
14 Miserable D1 ©2 ©3 ©s ©Os @O
15 Afraid @'t @ @ @@ @
16 Depressed D1 @2 ©3 ©s ©s @
17 Confused @ @l @ @ @ @
12 Happy D1 @2 ©3 ©s ©s ©Os
12 Distressed @ @ @ @ @ @
20 Excited D1 @2 ©3 ©s ©s @
21 Sad @ @ @ @ @ 0.
22 Sleepy D1 @2 ©3 ©s ©s O
22 Bored @l @l @ @ @ @
22 Pleased D1 ©:2 ©3 ©s ©Os O
25 Content @ @ @ @ @ @
26 Peaceful D1 ©®2 ©3 ©s ©s O

Figure 5.1. Experiment 1 - Response Page for the Judgement Task from the Project Website
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5.3.3 Analysis. A total of 100 datasets were completed, with each participant
completing a mean of 2.3 experiments each (S.D.= 1.04). Systematic response biases
in participants returning Likert scale evaluations of this kind are known to cause
problems in factor extraction, resulting in distorted correlations and anomalous factor
structure (Larsen & Diener, 1992). In order to compensate for this, the data were
centred such that an individual’s score was represented as a function of its departure
from the mean response for a given stimulus image. This centring of data
compensates for idiosyncratic biases in the use of the Likert scale and allows for a
more accurate representation of the data, however the un-centred data was also
retained and analysed for comparison purposes.

The datasets were summed to form a summary table comprising a matrix of
totals (see Table 5.0). This table gives a detailed profile of the way in which
participants judged facial expressions evoked by these words. Mood words were
ordered according to their positions on the circumplex as has been established in prior
research. The circumplexical structure of the data is evidenced by a clear diagonal
trend highlighted in the grey-scaled results, whereby correspondences tend to occur
most strongly where scored mood words match the one that evoked a particular facial
expression, and falling off in proportion to the displacement of these words from one
another as predicted by their position on the circumplex.

For the first part of the analysis, a principle component analysis (PCA) was
conducted on the table of the summed data for all 100 datasets. A PCA analysis can
be conducted on either rows or columns (in what are often known as r-type and p-type
analyses). If columns are used, then the variables are the mood words, and the

resulting plot becomes one of significances of mood words. If rows are used, then the
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expressions (or faces) become the variables, and the resulting plot becomes one of
significance of facial expressions. Since both row-wise and column-wise analyses are
equally legitimate projections of the underlying factor structure, both analyses were
performed to give as clear a picture as possible of the data’s composition.

However, performing a PCA on summary data means that intra-individual
variations are collapsed out of existence, inflating the variance accounted for and
yielding a factor structure that may be over-simplified. This type of analysis is known
as an indirect PCA, and though useful for this purpose, it is also desirable to run an
analysis on the complete dataset. Therefore a second, more detailed analysis was also
conducted on the data at the cell-level. Instead of using data comprising 26 rows of
summed totals of all responses to each facial expression, all 2600 rows of data were
included and a PCA performed on this also. Furthermore, this analysis was performed
both row-wise and column-wise — as before — in order to examine the factor structure
from both of these perspectives. In all of these analyses, the factor solutions were left
unrotated. Though rotations such as varimax are frequently applied to arrive at simple
structure (i.e: where variables load strongly on one factor, but weakly or not at all on
the other factors), circumplexical solutions do not have simple structure and so
rotation is not recommended (Acton & Revelle, 2002).

The data were then plotted onto charts showing loadings of variables on the
extracted components. These plots were examined to understand the locations of the
mood words/expressions in factor space and establish a basic coordinate system
within which the prospective scales will be anchored. Finally, these plots,
accompanied with a qualitative examination of the summary table and the S.D.

metrics therein were used to identify and eliminate ‘weaker’ items which either

Stroke Aphasia Mood Scales v6.0

134



performed poorly as stimuli for recognisable facial expressions, or which were shown

to be essentially indistinguishable from other, similar items.

5.3.4 Results.

5.3.4.1 Indirect principle component analyses. The correlation matrix was
first subjected to a column-wise principle components analysis, which yielded three
components with eigenvalues larger than 1.0 accounting for 94.3% of the variance
(Table 5.1a). Factor loadings of mood words are shown in Table 5.1b. Examination of
factor loadings identifies factors 1 and 2 as corresponding respectively to the
predicted valence and activation dimensions. Factor 1, which accounts for 70.3% of
the variance, loads proportionally to the negative valence of mood words, while factor
2, which accounts for 19.1% of the variance, corresponds to the level of activation or
arousal associated with a given mood word. In total these two factors account for
89.4% of the variance. A third factor, accounting for 4.9% of the variance, was not as
easy to interpret. Though the ‘neutral’ item had a particularly high positive loading on
this factor in comparison to other mood words, it did not seem to follow a readily
discernible pattern in relation to the loadings of other mood words. The alternative p-
type (expressions) analysis reveals very similar results. To examine whether the data
corresponded to a circumplex structure, a plot was made of loadings of the mood
words on x and y axes representing the valence and activation factors respectively.
The results show clear evidence of circumplexity, with the positions of mood words in
factor space closely following those of other studies in which adjectives denoting
affect were examined (Bush, 1973; Feldman, 1995; Russell, 1980; Russell & Bullock,

1985; Stanley & Meyer, 2009; Vastfjall et al., 2002; Yik et al., 2011).

Stroke Aphasia Mood Scales v6.0

135



9¢T

Table 5.0. Summary of Word Scores(centred) from 100 datasets (mean Likert score = x/100)

Total Word Score (by ID)

Posed Mood 1D 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26

Happy 233 237 220 5.08 -123 -128 -121 -153 -143 -145 -162 -164 -149 -160 -158 -146 -125 -137/ 121 90.1 62.1f 268 210 -80.9
Pleased 133 153 107 9.04 -109 -112 -122 -143 -147 -132 -153 -149 -133 -144 -144 -130 -105 -119 166 151 109 247 206 -14
Excited 301 271 265 15.5 -99.5 -885 -110 -129 -139 -132 -153 -156 -144 -143 -149 -139 -142 -150 69.5 415 854/ 226 186 -92.5
Enthusiastic 41160.9| 294 244 278| 230f 223 225 -98.5 -835 -101 -132 -112 -132 -153 -150 -138 -141 -146 -138 -119 -137 835 525 16.5 222 170 -57.5
Energetic 5[159.7| 290 254 279 243| 231| 44 -84 -75 -84 -118 -119 -120 -150 -150 -136 -143 -141 -135 -131 -141 63 49 -10 201 154 -70
Aroused 6 63.55| 944 105 50.4 51.4 57.4| 8.38|-30.6 -19.6 -13.6 -31.6 -6.62 -51.6 -80.6 -96.6 -79.6 -76.6 -69.6 -56.6 -45.6 -72.6 56.4 49.4 744 90.4 514 424
Nervous 7 80.14| -92.6 -78.6 -76.6 -74.6 -91.6 -56.6| 92.4| 120 109 88.4 180 101 -31.6 33.4 624 49.4 454 538 21.4 -41.6 -66.6 -60.6 -49.6 -86.6 -74.6 -27.6
Anxious 8 86.23| -100 -92.1 -66.1 -78.1 -80.1 -43.1 138 151| 146 98.9 140 126 -1.08 29.9 47.9 449 219 -7.08 -0.08 -53.1 -83.1 -69.1 -66.1 -90.1 -80.1 -35.1
Tense 9 98.19| -120 -106 -82.2 -90.2 -82.2 -41.2 113 123| 188 70.8 171 142 528 658 61.8 80.8 458 -10.2 13.8 -41.2 -101 -100 -80.2 -115 -97.2 -60.2
Afraid 10 102.3| -93.2 -96.2 -4.19 -53.2 -10.2 -15.2 133 146 165| 195| 207 144 -17.2 3.81 42.8 228 1.81 -81.2 -28.2 -88.2 -109 -101 -102 -95.2 -89.2 -76.2
Confused 11 95.89| -100 -90.3 -70.3 -73.3 -66.3 -37.3 65.7 141 168 1.65| 228| 134 70.7 31.7 59.7 91.7 34.7 -17.3 21.7 -29.3 -96.3 -101 -90.3 -99.3 -87.3 -87.3
Distressed 12 106.9| -125 -114 -97 -104 -88 -68 92 127 160 87 173| 169 22 90 117 132 75 -15 9 -41 -113 -103 -89 -114 -102 -80
Angry 13/119.3| -121 -116 -74.4 -86.4 -37.4 -16.4 44.6 116 243 3.58 42.6 169| 821| 39.6 826 125 53.6 -46.4 -17.4 -64.4 -114 -120 -109 -111 -105 -96.4
Sad 14/116.1| -133 -129 -124 -121 -128 -100 6 65 75 48 82 138 -21| 213] 170 181 173 66 8 31 -95 -89 -72 -127 -110 -87
Miserable 15 111.4| -137 -124 -131 -108 -119 -87.3 -2.31 61.7 98.7 -6.31 72.7 128 15.7 190| 165| 217 130 77.7 -127 -97.3 -64.3
Disappointed 16 110.8| -135 -130 -135 -122 -135 -93.6 842 334 634 -21.6 614 105 384 157 160| 201| 116 133 -126 -111 -41.6
Depressed 17 107.3| -130 -116 -132 -112 -129 -99.2 -18.2 31.8 54.8 -19.2 29.8 104 -4.15 184 163 163| 172| 116 -115 -105 -37.2
Bored 18 94| -115 -101 -112 -108 -105 -84.8 -32.8 5.23 42.2 -57.8 122 50.2 19.2 113 101 148 114| 191 -98.8 -87.8 -12.8
Tired 19 117.6| -95.3 -80.3 -116 -116 -129 -96.3 -72.3 -50.3 -29.3 -69.3 -24.3 -24.3 -71.3 13.7 22.7 6.73 29.7 180 -63.3 -51.3 8.73
Sleepy 20/125.8| -103 -93.4 -133 -112 -130 -83.4 -84.4 -60.4 -50.4 -85.4 -51.4 -154 -70.4 8.62 0.62 12.6 9.62 162 -68.4 -43.4 34.6
Relaxed 21 93.38| 63.5 86.5 -47.5 -31.5 -43.5 -40.5 -76.5 -80.5 -60.5 -945 -75.5 -83.5 -925 -745 -68.5 -855 -76.5 546 16.5 -2.54| 165| 142 179 110 96.5 168
Peaceful 22 97.51| 66.7 85.7 -61.3 -18.3 -63.3 -38.3 -93.3 -73.3 -66.3 -96.3 -80.3 -83.3 -106 -70.3 -79.3 -67.3 -66.3 -10.3 12.7 -1.31 185| 161| 193 120 116 137
Calm 23 92.81 56 89 -4 24 -41 59 -74 -68 57 -90 -62 -8 -87 -71 -79 -73 -77 496 -2.04 -14/ 173 159 180 96 82 172
Satisfied 24/131.6| 215 244 759 819 589 -11.1 -106 -107 -97.1 -127 -98.1 -113 -134 -121 -130 -114 -125 -86.1 -73.1 -81.1 153 137 146| 212| 186 14.9
Content 25120.2| 191 196 26.5 445 115 -385 -109 -945 -855 -117 -97.5 -97.5 -121 -109 -111 -107 -110 -61.5 -46.5 -73.5/ 171 151 167 195| 156| 75.5
Neutral 26 74.18| -81.3 -69.3 -109 -87.3 -93.3 -83.3 -28.3 -14.3 13.7 -28.3 -9.27 -8.27 -28.3 14.7 26.7 247 23.7 106 65.7 15.7 44.7 50.7 132 -58.3 -29.3| 210




Table 5.1a. Indirect PCA - Words Table 5.2a. Indirect PCA - Expressions

Total Variance Explained Total Variance Explained

Comp- _Extraction Sums of Squared Loadings Comp- _Extraction Sums of Squared Loadings
onent Total % Variance _Cumulative % onent Total % Variance Cumulative %
1 18.279 70.303 70.303 1 17.690 68.038 68.038
2 4.963 19.088 89.391 2 4.873 18.743 86.781
3 1.278 4.917 94.307 3 1.467 5.642 92.423
Table 5.1b. Indirect PCA - Words Table 5.2b. Indirect PCA - Expressions
Factor Loadings Factor Loadings

Component Component
1 2 3 1 2 3

Content -.993 .012 .016 Pleased -971 -.074 .044
Satisfied -.992 .063 -.003 Satisfied -.962 .051 122
Pleased -.982 143 -051 Happy -942  -229  -074
Happy -971 .196 -.109 Content -.929 .201 .218
Enthusiastic -.896 .380 -.202 Aroused -.921 -.136 .314
Relaxed -.853 -.480 161 Enthusiastic -.917 -.313 -.093
Peaceful -.844 - 474 .223 Excited -.898 -.349 -131
Excited -.841 469 -.214 Energetic -.897 -.365 -111
Energetic -.839 483 -.195 Relaxed -.733 577 .349
Aroused -732 .608 .089 Peaceful -.730 573 .336
Calm -672 -.661 312 Calm -721 .562 .390
Neutral -.259 -712 .588 Sleepy 212 .876 -174
Sleepy 428 -.763 -.229 Neutral .256 .812 .396
Tired .620 -.696 -.208 Tired .281 .849 -.189
Bored .667 -.693 -.181 Afraid .708 -.558 .339
Angry 784 .207 .056 Angry .783 -.325 .012
Nervous 794 AT7 .312 Bored .785 .522 -.192
Afraid .803 .378 .320 Anxious .855 -.296 .380
Confused .861 .342 .250 Nervous .870 -179 .393
Anxious .865 443 .201 Confused .871 -.295 .225
Tense .883 -390 .185 Depressed .873 .349 -.134
Sad .929 -.133 -.210 Disappointed .909 .304 -.115
Depressed .948 -.143 -.187 Tense .918 -.264 .260
Disappointed .951 -.041 -.192 Miserable .923 161 -.056
Distressed .961 .256 .043 Sad .924 146 -.074
Miserable .966 -.043 -.161 Distressed .936 -222 .205
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Figure 5.1a. Indirect PCA - Words. Scree Plot Figure 5.2a. Indirect PCA - Expressions. Scree
Plot

The plots for both ‘words’ and ‘expressions’ (see Figure 5.1b & Figure 5.2b)
are fairly similar, with many of the items appearing in approximately the same
position on both plots, reflecting similar factor loadings on both of these dimensions.
Two-tailed Spearman correlations performed on factor loadings for the two analyses
revealed a rho of 0.96 (p<0.001) for factor 1, -0.88 (p<0.001) for factor 2, and 0.92
for factor 3 (p<0.001). The reversal of signs on the loadings for factor 2 relates to the
transformation performed on the data in which rows and columns were reversed. The
PCA extracts factors which delineate the space of the data examined, however the
polarity of axes is arbitrary and a matter of personal interpretation. For convenience of
comparison, the y-axis was reversed in the second plot to correct for this.

Inspecting both the summary table and the plots together, it was evident that
those items showing the most marked differences between the plots (such as the
‘energetic’ item) were those which appeared weaker in terms of their ability to evoke
recognisable expressions. This offers additional support for decisions regarding the
elimination of weaker items, as discrepancies between these plots reflect the variance

in results pertaining to each of the items.
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Figure 5.2b. Indirect PCA - Expressions. Plot of factor loadings.
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5.3.4.2 Cell-level principle component analyses. The data were then subjected
to a cell-level analysis whereby the datasets were rendered to 2600 rows of scores
analysed as 26 variables. As with the indirect PCA, these data were analysed both
column-wise and row-wise to yield plots from both ‘word’ and ‘expression’
perspectives respectively. Given that the design of the study was based upon multiple
judgements of words being made in response to a single expression, rather than vice-
versa (i.e: as scores being returned for a number of facial expressions in response to a
single word) it was anticipated that the ‘words’ (column-wise) PCA would offer a
truer reflection of the underlying factor structure, however this latter (row-wise)
analysis was also included to offer an alternative perspective that yields further
confirmatory evidence.

In this first, column-wise, principle components analysis, four components
were extracted with eigenvalues greater than 1.0 accounting for a total of 71.8% of the
variance (Table 5.3a). Factor loadings of mood words are shown in Table 5.3b.
Examination of factor loadings identifies factors 1 and 2 as corresponding
respectively to the predicted valence and activation dimensions. Factor 1, which
accounts for 46.6% of the variance, loads proportionally to the negative valence of
mood words, while factor 2, which accounts for 14.1% of the variance, corresponds to
the level of activation or arousal associated with a given mood word. These two
factors account for 61.5% of the variance. Third and fourth factors, accounting for
6.2% and 4.2% of the variance respectively, were not as easy to interpret, though, as
in the indirect PCA analysis of words, the ‘neutral’ item was loaded particularly
negatively on the third factor. Neither of these additional factors, however, appear to

follow a readily discernible pattern in relation to the loadings of mood words.
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Table 5.3a. Cell-level PCA - Words

Total Variance Explained

Comp- _Extraction Sums of Squared Loadings

onent Total % Variance Cumulative %
1 12.129 46.649 46.649
2 3.850 14.808 61.457
3 1.614 6.206 67.663
4 1.088 4.183 71.846
Table 5.3b. Cell-level PCA - Words
Factor Loadings
Component

1 2 3 4
Pleased -.902 153  -143  -.046
Happy -.893 .201 -180 -.014
Satisfied -.890 .071 -102 -.088
Content -.843 .000 -.057 -.098
Enthusiastic -.755 399 -.239 144
Relaxed -724  -438 170 -.123
Excited -.719 455 -185 .180
Energetic -.708 .459  -.180 127
Peaceful -695 -447 261 -171
Calm -567 -.561 329 -.211
Aroused -.318 361 .104 .258
Neutral -270  -491 497 -.236
Sleepy 346  -674 -.063 .498
Bored 454 -594  -.092 .289
Tired 483  -653 -.130 .399
Nervous .559 439 406 .148
Angry 591 173 -.041 -197
Afraid .620 361 .332 .066
Anxious .633 466  .303 .013
Confused .668 233  .233 151
Tense .669 414 .258  -.040
Sad 768  -124 -342 -239
Miserable .768 -080 -337 -.223
Distressed .769 244 026 -.142
Depressed .785 -.097 -342 -.208
Disappointed 795 -083 -305 -.193

Stroke Aphasia Mood Scales v6.0

Table 5.4a. Cell-level PCA - Expressions
Total Variance Explained

Comp- _Extraction Sums of Squared Loadings

onent Total % Variance Cumulative %

1 9.580 36.847 36.847
2 3.291 12.656 49.503
3 2.194 8.440 57.943
4 1.184 4.554 62.497

Table 5.4b. Cell-level PCA - Expressions
Factor Loadings

Component
1 2 3 4
Happy -.848 -.053 .284 .225
Pleased -.846 .079 243 124
Enthusiastic -798  -.097 299  .260
Excited -798 -.156 .298 277
Energetic -761 -.164 .307 .262
Satisfied -.739 .247 .267 .099
Content -.696 .335 211 .034
Peaceful -411 611 141 -.241
Relaxed -.401 .625 179 -.259
Calm -.384 .618 199 -.219
Aroused -.362 .190 431 -.082
Neutral .215 .642 107 -.267
Sleepy .218 .656 -.283  .115
Tired .292 .649 -190 .156
Afraid 481 -.265 511 -.219
Nervous .531 .079 493 -.128
Anxious 536 -.070 432 -.159
Bored .564 400 -.034 .329
Confused 574 -131 .367 -.003
Angry .602  -.196 232 -.043
Depressed .632 .328 104 341
Tense .634  -.077 .396 -.066
Distressed 671  -141 .358 -.023
Disappointed 677 .305 .092  .307
Miserable .681 .204 207  .281
Sad 701 .186 179 334
141
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Figure 5.3a. Cell-level PCA - Words. Scree Plot Figure 5.4a. Cell-level PCA - Expressions.
Scree Plot

The row-wise, ‘expressions’ analysis (see Table 5.4a & Table 5.4b) yields a
similar but less distinct factor structure. Again, four components were extracted with
eigenvalues greater than 1.0 but this time accounting in total for only of 62.5% of the
variance (Table 5.4a). Factor loadings of mood words (Table 5.3a) again identifies
factors 1 and 2 as corresponding respectively to the predicted valence and activation
dimensions, with factor 1 accounting for 36.8% of the variance and factor 2
accounting for 12.7% of the variance, together totalling 49.5% of the variance. Again,
third and fourth factors — accounting for 8.4% and 4.6% of the variance respectively —
were difficult to interpret.

Turning to the plots of the cell-level factor loadings (Figure 5.3b & Figure
5.4Db), the ‘words’ plot is similar the one yielded by the Indirect PCA, with a
comparable spread of items throughout the four quadrants. The ‘expressions’ plot,
likewise, has a similar layout to its Indirect PCA counterpart, however in this
projection the plot as a whole appears notably out of alignment with the axes, and
seem distorted by comparison to the former. The marked difference in variance
accounted for and the irregular plot yielded in this latter (‘expressions’) analysis,

however, is understood when we take into consideration the aforementioned
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incompatibility of this analysis with the methodology employed. The experiment
involved rating 26 mood words in response to images presented one-by-one, it did not
involve rating 26 expressions in response to presentation of words presented one-by-
one. The standardisation, likewise, was applied row-wise so as to be appropriate for
the design employed. These plots represent two legitimate but distinct projections of
the data. In an ideal scenario, the facial expressions would be judged to correspond
precisely to their evoking mood word, and the plots would be equivalent. However,
though similar, the two plots are telling us different things: the ‘words’ plot
demonstrates how people map the mood words used to judge a sample of expressions
in semantic space, while the ‘expressions’ plot tells us how these particular images
were located in space relative to one another according to ratings on a sample of
mood words. Both analyses, however, prove a good test of convergent validity, and
demonstrate the essential veracity of the factor structure. However, though, both plots
should be used to guide the creation of the bipolar scales within, it is the ‘expressions’
plots of the faces finally used for the scales that should form the ultimate basis for the
coordinate systems in which the scales will be based.

As with the results of indirect PCA, signs on the loadings for factor 2 were
reversed in the second projection due to the transformation performed on the data in
which rows and columns were reversed. Again, for convenience of comparison, the y-

axis was reversed in the second plot to correct for this.
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Figure 5.3b. Cell-level PCA - Words. Plot of factor loadings.
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Figure 5.4b. Cell-level PCA - Expressions. Plot of factor loadings.
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5.3.4.3 Assessing the number of factors. To establish the number of factors
that should be deemed an optimal solution, the Kaiser criterion (eigenvalue of 1.0 or
above) is often used in conjunction with a qualitative examination of the scree plot,
with the amount of variance accounted for by each consecutive factor also being used
to guide interpretation. However neither the Kaiser criterion, nor — counterintuitively
— the proportions of variance accounted for by successive factors are regarded by
experts as being reliable methods of assessing the cut-off point beyond which
additional factors should be regarded as superfluous. Velicer et al. (2000) offer a
detailed explication of this difficult and controversial area, and evaluate the merits of
methods used to determine the number of factors that should be deemed as
comprising an optimal solution. The authors deem the Kaiser criterion to be arbitrary,
and find that it frequently results in over-extraction of components, while examination
of the scree plot is recommended only as an adjunct to other procedures. They
recommend the use of a parallel analysis procedure to empirically derive an
eigenvalue cut-off point for a given analysis. Sets of random data are generated based
on the number of variables under examination and the sample size of the data to be
analysed. These random data are subjected to a PCA analysis and a scree plot is
derived which can act as a reference line for comparison with a plot for the genuine
data. This, in addition to a qualitative examination of the scree plot, can offer a more
sound and empirically defensible figure for a suitable eigenvalue cut-off.

An online, parallel analysis engine (Patil et al., 2007) was therefore used to
produce a baseline plot to establish a suitable eigenvalue cut-off for this analysis. For
the sample size of this study, there are two possible interpretations. Since each dataset
comprises a unique combination of judge and stimulus images, one could adopt the

number of datasets completed (n=100) as the sample size. However, because
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participants usually completed more than one dataset each (mean = 2.3), the datasets
can therefore not be considered fully independent, so one might instead adopt the
stricter criterion of number of participants. For the purposes of the parallel analysis,
both figures were used in order to give a fuller picture of the impact of this figure on

the resulting cut-offs.
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Figure 5.5. Eigenvalue cut-offs for n=100 and n=44 respectively

The results yielded a recommended cut-off point of 1.75 for the n=100
analysis, and 2.4 for the n=44 analysis (see Figure 5.5). In both of these analyses the
cut-off points yielded recommend retaining factors 1 and 2 only, with further factors
deemed to be unnecessary and most likely due to over-extraction. This is consistent
with the difficulty in interpreting either of these factors and their loading on

individual mood words.

5.3.4.4 Factor loadings correlations. The question of how alike the varying
projections were was addressed by running Pearson’s r correlations between the
factor loadings for the different analyses. The results revealed extremely high
correlations between these different projections for both the valence and activation

factors.
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Table 5.5. Factor Loading Correlations (Pearson’s r), Indirect & Cell-Level (factor 1/factor 2)

Words (C-I) Expressions (Ind.)
Words (Ind.) .9957/.989" .9857/.948"
Expressions (C-1) 97671.910™ .98571.974™

“Correlation is significant at the 0.01 level (1-tailed).

The correlation between the factor loadings for the indirect and cell-level
analyses were very high, .995 for the valence factor, and .989 for activation for the
‘words’ projection, and .985 for the valence factor, and .974 for activation for the
‘expressions’ projection. The correlations between factor loadings for the words and
expressions plots were marginally lower, .985 for the valence factor, and .948 for
activation for the indirect analysis, and .976 for the valence factor, and .910 for

activation for the cell-level analysis.

5.3.4.5 Circular model fit. Inherent to the idea of an affect circumplex is the
notion that the data forms a circular pattern, and that consistent with other research
examining this structure (Russell, 1980; Watson & Tellegen, 1985; Larsen & Diener,
1992; Remington et al., 2000; Yik et al., 2011) items or externally correlated
constructs can be assigned an empirical angle where they can be charted within this
factor space. However, as has been noted, when factor loadings are plotted in this way
there seems to be a mild discrepancy between the overall loadings for valence and
activation respectively, giving a line of best fit that is mildly elliptical rather than
perfectly circular. This discrepancy means that a suitable scaling factor must first be
introduced to enable a circular best-fit solution where angles can be calculated that are
free from this error.

In order to find a suitable scaling ratio and generate a circle of best fit, an

approximate scaling factor was first calculated based on a circle of best fit being
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plotted by eye onto different scalings of plots (see Figure 5.1b and Figure 5.3b)
generated by Excel. The ‘by-eye’ examination gave a solution of approximately 1.2.
Next, the scaling ratio was raised and lowered to examine best fit statistics as they
applied to items within the coordinate system given by the factor loadings. For each
scaling ratio examined, a circle was plotted centred on the origin of the axes upon
which the factor loadings were plottted, with a diameter of the mean vector size. This
gave a circle of best fit for a particular scaling factor. From these figures, error, mean
square of error, and values for root mean square of error of approximation (RMSEA)

were derived to give a statistic of model fit.

Table 5.5a. Indirect PCA (Words) — Best Fit Circle for Scaling Ratios

Scaling Ratio Best-fit Radius Mean Sq. RMSEA
11 0.965 0.002359 0.04858
1.12 0.970 0.002327 0.04824
1.13 0.972 0.002324 0.04821
1.14 0.974 0.002330 0.04828
1.15 0.976 0.002345 0.04843
1.16 0.978 0.002369 0.04867
1.2 0.988 0.002559 0.05058

Table 5.5b. Cell-level PCA (Words) — Best Fit Circle for Scaling Ratios

Scaling Ratio Best-fit Radius Mean Sq. RMSEA
11 0.798 0.009242 0.09613
1.12 0.802 0.009189 0.09586
1.14 0.806 0.009164 0.09572
1.15 0.808 0.009161 0.09571
1.16 0.810 0.009165 0.09573
1.18 0.815 0.009192 0.09588
1.2 0.81988 0.009247 0.09620

Of the two levels of analysis, the plot derived from the indirect PCA yielded a

better fit, with an RMSEA of <0.0483 indicating a “good” model fit (MacCallum et
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al., 1996). The best fit was found using a scaling ratio of 1.13. For the cell-level
analysis, the RMSEA was <0.958 indicating a “mediocre” fit with the factor loadings
derived by this method. The optimal scaling ratio for this solution was 1.15, a figure

that was very close to the one yielded by the better fitting plot.

5.35 Discussion. The findings represented a good validation of the two-
factor, valence/activation model of mood in the domain of recognition of facial
expression. Furthermore, the use of indirect and cell-level PCA analysis represented a
good test of convergent validity of the resulting factor structure. Both methods have
their merits and shortcomings, however. The former method — simply running a PCA
on the summary table — is one way of examining the form of the data, but collapsing
the data in this way yields artificially high measures of variance accounted for by the
extracted components. The latter method, on the other hand, enables all of the data to
be analysed, allowing individual differences and their contribution to the variance to
be more adequately accounted for. However the fact that rows are not fully
independent in this latter analysis does mildly compromise this approach because of
inequalities in the number of datasets provided by participants. While more advanced
techniques such as singular value decomposition (SVD) might be deemed more
suitable, such techniques are elaborate and not currently supported by most statistical
packages. It was decided that these two approaches combined, and applied to a
centred rendition of the data were more than adequate for the purposes of assessing
the component structure of the data and establishing a rudimentary coordinate system
for the variables under examination. It also provided highly detailed information
based on which each mood word could be assessed for its ability to invoke

recognisable facial expressions with suitable convergent and discriminant validity.
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This study, however, did have some shortcomings. Like many studies, the
sample used in this experiment was comprised primarily of university undergraduates,
with a relatively low mean age and particularly high proportion of international
students who were not native English speakers. This was of some concern, as it was
reasoned that people speaking English as a foreign language may have a less nuanced
understanding of the mood words on which the faces were being judged. The
experiment also fell short of its target of 63 participants, meaning that it may have
been underpowered. It was agreed that a larger and more representative sample of
English speakers should be sought for the second judgment study.

The main results table (Table 5.0) comprises a correlation matrix displaying
sum totals of all responses to all actors posing a particular mood state. With the
exception of the ‘neutral’ term, the rows and columns of the table have been ordered
according to the word’s theoretical location on the circumplex as reported in other
studies (Russell, 1980; Yik et al., 2011). Gradient-shading of the table values enables
an approximate diagonal band to be observed which broadly reflects the clarity of
correspondence between the mood expression and the corresponding mood words. A
circumplex structure of affect predicts a broadly sinusoidal pattern in the responses
scores as one progresses across the columns (or down the rows) of such a table.

‘Strong’ words can therefore be characterised as those which show the clearest
pattern, with high values for an expression’s corresponding mood word (e.g.: the
‘happy’ word score for a ‘happy’ expression), and a steady decline across
neighbouring cells until it reaches a pronounced low-point in the cell representing the
opposite response. (e.g.: the ‘sad” word score for a ‘happy’ expression). Conversely,
items whose facial expressions result in an ambiguous response pattern without such

clear peaks and troughs can be considered ‘weak’ for the purposes of this study,
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The resulting patterns of scores could be analysed in a purely qualitative way,
however the nature of the predicted response pattern suggests at least one firm metric
that can assist in identifying the ‘strength’ of particular words. The variation in the
scores for a particular row offers a useful metric for quantifying the degree of spread
of scores given in response to a particular mood expression: Where only a mild
fluctuation occurs across the row, it is safe to say that participants were less sure
about the affective significance of the expression than if a very sharp and pronounced
change in values occurs. Therefore the inclusion of S.D. values offers a basic,
quantified measure of this spread that can assist in selecting the most useful terms for
further study.

This table therefore offers a detailed assessment reflecting both how those
mood words are judged in response to a particular mood expression and how
judgements of a particular mood word are made in response to different mood
expressions. Examination of row-wise values in the summary table gives an idea of
the sensitivity of each mood word in response to a particular facial expression,
whereas a column-wise examination shows the specificity of a particular mood word
in relation to facial expressions. Together these considerations can allow expressions
to be identified which most clearly identify the region of the circumplex in which the

corresponding mood word is located.

5.3.6 Selecting a Subset of Stronger Items.

5.3.6.1 Criteria for selection of items. The purpose of this study was to
identify weaker mood words whose corresponding expressions were deemed to be
least recognisable by the participants as a whole, or which evoked very similar

judgements to other, better performing words. These words would be candidates to be
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dropped from the current pool of 26 adjectives in order to form a smaller, but
representative pool of the better performing items.

The sensitivity and specificity of a particular mood word with respect to its
corresponding mood expression, are not the only criteria, however. The plots of
factor loadings offer insight into the location and spread of these items about the
circumplex that can also be used to guide decisions about which items to retain. To
get the most accurate triangulation from scales within the circumplex model, it would
be desirable to have candidate mood words which are spread fairly evenly about the
circumference of the circumplex. It would also be desirable to have scales that are
reasonably symmetrical and complementary, such that one scale would, for example,
represent valence, another would represent activation, while the remainders would
represent combinations comprising scales running diagonally across the circumplex at
various angles.

This of course also raises the question of what form the scales based in this
circumplex should take: Should they be a larger number of independent, unipolar
scales as in the VAMS, or a smaller number of bipolar ones? Though some evidence
suggests that unipolar scales have proven more accurate for a conventional VAS,
there is no telling whether a similar advantage exists for the kind of D-VAS that |
propose, and the superiority of one format over the other would have to be established
by experiment. Stern (1997) argued that bipolar scales may be prone to ambiguity
because two constructs — rather than just one — are included. A score of 0 on a bipolar
VAS with ‘happy’ at the top end and ‘sad’ at the other could therefore mean either a
lack of happiness, or a high degree of sadness. This argument does not seem
especially compelling as the meaning of a bipolar scale is so self-evident from the

clear juxtaposition of opposites, but it may have some merit in the context of the
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cognitive dysfunction that frequently accompanies stroke. He also offers a more clear-
cut argument, though, which is that splitting bipolar scales in complementary,
unipolar scales doubles the amount of measurements taken, which should therefore
improve the accuracy of the score overall.

With so many questions remaining as to the merits of each type of scale, it
would be prudent, therefore, to also select items that have a good counterpart item on
the opposite side of the circumplex — as close to 180° as possible — such that both
unipolar and bipolar scales can be constructed. With these considerations in mind, a
target was set to reduce the existing 26 mood words to a pool of 12 items, 3 for each
quadrant of the circumplex. This basic framework appeared like a good basis for
seeking out a solution that would satisfy these criteria, or at least strike a good
compromise between their requirements.

The selection of items was therefore based on three criteria: 1) The variance as
reflected in the SD values of the rows of the summary table, 2) qualitative
examination of the pattern of correlations in the summary table, and 3) the position of
items in relation to other items on the circumplex, as derived from plots of factor-
loadings.

5.362 Selection of items. Examining the summary table, two items
immediately stand out as having a pattern of correspondences that reflect particularly
poor recognition rates. Both the ‘aroused’ and ‘neutral’ items have very low S.D.
values, and a pattern of scores indicating that the corresponding images were
particularly difficult to recognise. These items were therefore eliminated from the
pool.

Examining the charts, the first notable thing is the close clustering of many of

the items, particularly in the high activation quadrants of the circumplex. In the
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positively valenced quadrant, the items ‘excited’, ‘enthusiastic’, and ‘energetic’ were
fairly close to one another, indicating that the corresponding facial expressions were
judged in a similar way. Out of these, however, ‘excited’ stood out as a better scoring
word, as its S.D. value was higher and it was more often chosen as the word most
appropriate for the corresponding expression (mean score of 5.69), though all of these
items also scored highly on ‘happy’. The ‘enthusiastic’ and ‘energetic’ items were
therefore dropped in favour of ‘excited’. ‘Happy’, was by far the most identifiable
expression, with a mean score of 6.22, the highest S.D. score, and a very clear,
circumplexical pattern of correspondences. This item was therefore also retained for
the next stage.

In the negative valenced, high activation quadrant, a number of items appeared
very tightly clustered in a similar region. ‘Tense’, ‘anxious’, ‘nervous, ‘confused’ and
‘distressed’ were clustered close together in both projections of the indirect PCA
factor loadings plots. Of these, ‘distressed’ appeared to be the best performer, with the
highest S.D. and the clearest pattern of correspondences, and so this was retained
while the other four words were dropped. ‘Afraid’ was retained because it appeared —
in the primary ‘word’ projection — to be located in a slightly different region to these
other terms, — at a steeper angle more in the direction of the activation dimension.
‘Angry’ 1s unique in that out of the ‘primary emotions’ it does not fit well into a two-
factor framework, with some arguing that a third factor (‘dominance’ or ‘potency’) is
required to account for it. However the results showed that the item had a fairly high
S.D., high sensitivity and a particularly high specificity, with ‘angry’ being rated
much more highly than other words in response to an ‘angry’ face, and non-‘angry’
faces scoring much lower than ‘angry’ faces when rated on the ‘angry’ word. Its

inclusion in the VAMS and its unique quality also supported including it in the final
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pool. It was therefore retained along with ‘distressed’ and ‘afraid’ as the sub-group
shortlisted for this quadrant of the circumplex.

On the negative valenced, low activation side, two items stand out as
particularly high scorers with respect to S.D. values. Though ‘sleepy’ and ‘tired” were
charted as very close together in the ‘words’ projection, ‘sleepy’ was the second most
identifiable expression out of all of them, with a mean score of 6.06. Though the ‘sad’
item did not score a great deal higher than the ‘miserable’, ‘disappointed’ or
‘depressed’ items that were clustered close by, ‘sad’ was the most recognisable of
these, with a mean score of 4.68. Since it is the direct antonym of ‘happy’ it would
also be a good candidate for a bipolar scale running along the valence dimension.
Though ‘bored’ did not have a particularly high recognition score in comparison to
the other items in this quadrant, it was located at approximately 45° to the valence and
activation axes, and almost opposite its antonym ‘excited’, thereby rendering it of
strategic importance in terms of supporting a bipolar diagonal scale. The ‘sad’,
‘miserable’, ‘sleepy’ and ‘bored’ items were therefore retained, and the others
discarded. Though it essentially duplicated the position of ‘sad’, ‘miserable” was also
retained to comply with the target of 3 items per quadrant.

Of the items in the high valence, low arousal quadrant ‘calm’, ‘peaceful” and
‘relaxed’ appeared at almost identical positions at about a 45° angle. Of these items,
‘relaxed’ was the weakest, with the lowest S.D. and a fairly low recognition score. It
was also the most frequently misapplied of the three words, with people often rating
‘pleased’ faces than ‘relaxed’ faces as ‘relaxed’. ‘Satisfied and ‘content’ were located
quite close to the valence axis at a similar position. Out of these two, ‘satisfied’ had
both the higher S.D. and the better recognition score, with a mean of 4.69. ‘Content’

was therefore dropped in favour of ‘satisfied’. This left two remaining items to be
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selected for this quadrant, and since ‘relaxed’ was the weaker of the three near-
synonymous items, it was discarded in favour of both ‘calm’ and ‘peaceful’. Though
these items are located very close together, both are desirable because three items
exist in the opposite quadrant, and therefore two different bipolar scales would be
possible. This extra bipolar scale at a similar angle may be necessary to accommodate
the special case of ‘anger’, whose qualitative difference to neighbouring items like
‘afraid’, ‘anxious’ and ‘tense’ should be given special consideration.

It was felt appropriate to err on the side of caution in retaining items rather
than discarding them so that there would be more flexibility in pairing items for
bipolar scales. Any superfluous items or scales which they comprise could then be
dropped later on as findings dictated. After this process of selection and elimination
was completed, 14 items of the original 26 item had been excluded, leaving a new set

of just 12 items:

Satisfied Afraid Sad Sleepy
Happy Angry Miserable Calm
Excited Distressed Bored Peaceful

Figure 5.6. 12 Item Subset Selected for Further Analysis

5.3.6.3 Retesting with the 12 item subset. Having arrived at a much smaller
group of stronger performing items, the next step was to rerun the experiment, firstly
to check that a similar factor structure and plots of loadings confirm the essential
coordinate system yielded by this first experiment, but also — as stated in the original
objectives — to allow comparisons to be made between the performance of the actors

with respect to the recognisability.
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A meaningful comparison was not possible in this experiment because of the
low number of datasets per actor image set, however the reduced number of items in
this subset has substantial implications for the size of each dataset. Whereas this first
experiment consisted of datasets each comprising 676 (26 x 26) responses to a single
image set, the reduction of items now means that each dataset now contains only 144
(12 x 12) responses, reducing it almost fifth of its previous size. This means that a
repeat experiment in which a similar total number of responses is collected would
contain about five times the number of datasets. It was therefore decided that 500 of
the smaller datasets would be collected for this next experiment.

Repeating the experiment with a greatly increased number of datasets will
accomplish four things. Firstly, it should yield results that are more accurate and
generalisable by eliminating sources of variance due to weaker items. Secondly it
serves as a good test of convergent validity by essentially reproducing the experiment;
though differences are to be expected with this more refined subset of items, the same
essential structure should still exist, with both the factor structure and plots of items
remaining fairly similar. Thirdly — and most crucially — this higher number of datasets
would yield 25 per actor (rather than only 5), enough for meaningful statistical
comparisons to be made between the patterns of recognition rates for each actor.

Finally, it was also an opportunity to strengthen the findings of the previous
study by addressing shortcomings of the study sample used. As in many studies, the
sample used in this experiment it was comprised primarily of university
undergraduates, with a particularly high proportion of foreign students who were not
native English speakers. Repeating the experiment was also an opportunity to recruit a
far more diverse cross-section of the population with a higher proportion of people

who speak English as a first language.
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5.4 Part 3: Judging the 12-1tem Photograph Subset

5.4.1 Sample size. As in Experiment 1, the question of sample size was a
difficult one which demanded necessary compromises. Though it would be desirable
to have a reasonably sized sample of individual respondents, the focus of this study
was upon collecting a high number of datasets per actor. The greatly reduced number
of responses per dataset introduced practical issues in terms of having tasks that were
of sufficient length to allow incentives to be worthwhile. In Experiment 1, each task
involved returning 676 (26°) responses and took around 40 minutes to complete. A
single dataset in this experiment, however, involved only 144 (12°) responses (12
responses to 12 images of a particular actor). In order to keep task length and
incentive amount on par with the previous experiment, tasks were grouped into image
sets of five actors each, and — as in the previous experiment — participants were
allowed to complete up to three of these. As with Experiment 1, the number of

datasets was therefore the focus rather than the number of individual respondents.

5.4.2 Recruitment and participants. In order to obtain a more representative
cross-section of English-speaking participants, recruitment of participants was
conducted internationally. The study was advertised via online forums and social
networking media, and by arranged canvassing in a small number of U.S. and
Canadian cities and universities; it was also advertised locally by a small number of
advertisements in location about University of Nottingham. As before, a small
payment was offered for participation in an experimental task Selection criteria were
that participants 1) were at least 18 years of age, and 2) were fluent in English. The
data were provided by a total of 64 participants, 38 male and 26 female, aged 18 to 72

years (mean 33 years; S.D. = 14.8 years). Of these participants, 46 (72%) were
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ethnically European, 6 (9%) were Asian or East Asian, 1 (2%) were of African
descent and 3 (5%) described themselves as mixed race. 53 (83%) spoke English as a
first language, while the remaining 11 (17%) spoke English fluently as a second
language.

5.4.3 Method. The data collection, as before, was undertaken via the
purpose-built web portal. The experiment remained essentially unchanged, except for
the decrease in number of words/images being used, and a corresponding increase in
the amount of images sets which comprised a single experiment. While in the first
experiment each task constituted a set of 26 responses for a single, actor image set (26
photographs), for this second experiment, each task consisted of 12 responses to 5
image sets (each with 12 photographs), which were randomly assigned and ordered by
the system.

As before, participants were first required to complete a brief sign-up process
in which they set up a login and provided an email contact address. Details of gender,
year of birth, ethnicity, and whether they speak English as a first language were
collected as part of the sign-up process. Participants who do not speak English as a
first language were asked to select their country of origin, and finally, participants
were asked to indicate consent by checking boxes for each of five clauses describing
terms and conditions of participation, and confirming that they were 18 years of age
or above.

The main page for the experiment portal consisted of a list of open
experiments (tasks) which had been assigned by the experimenter. Each experiment
consisted of 5 sets of images, each containing the 12 mood states posed by that single
actor (60 images per task). For the experiment, these images were presented, in turn,

on a separate page, accompanied by 12, 7-point Likert scales corresponding to the
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mood words used as stimuli for the posed expressions (see Figure 5.7). For each
image, the participant rated each of the mood words according to how well they
deemed it to agree with the image. Again, both the order of presentation of the
images, and the order in which the mood words were listed were randomised, with
consecutive pages containing mood words listed in a newly randomised order. As
before, participants were free to save their session at any point and return to it later.
Participants were initially assigned one experiment, but were offered to complete up

to three separate experiments, which they were free to select at random from the list.

On the scales to the right of the page, please rate the

extent to which the mood words given describe the

expression on the face pictured below.

Not at all Very much
o1 Satisfied @ @ @ @ @; @0 @
02 Sleepy ©:1 ©: ©; O+ Os O
oz Angry O Oz Os O Os Os O
0z Sad ®1 ©: ©; ©: Os O
o5 Afraid @ @ @ @ @) @ @
os Peaceful ©1 ©:2 ©3 ©s ©s O
o7 Excited @ @ @ @ @) @ @
oz Happy ©:1 ©:2 ©3 ©s ©s O
os Distressed @ @ @ @ @; @ @
10 Calm ©1 ©: @3 ©s ©s Os
1 Bored e e e e e e e
12 Miserable © ©: ©3 ©s ©s O

Figure 5.7. Experiment 2 - Response Page for the Judgement Task from the Project Website

5.4.4 Analysis. A total of 540 datasets were completed, with each participant
completing a mean of 1.7 experiments each (S.D.= 1.11). As before, data was centred
to adjust for systematic response biases, and a summary table of means calculated,

with mood words ordered according to their theoretical positions on the circumplex.
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For the first part of the analysis, a principle component analysis (PCA) was
conducted on the table of mean data for all 540 datasets. For this analysis, only r-type
PCAs (plots of mood words) were performed, as the results from the last judgement
experiment supported the view that this projection was appropriate for the
methodology employed (single image, multiple word judgements). As before, the
PCA analysis was then also performed on the 6,480 rows comprising the cell-level
data, with the solutions remaining un-rotated for both analyses. It was predicted that
with the weaker items removed, the resulting plots for both levels of PCA analysis

would be very similar.

Table 5.6. Summary of Mean Word Scores(centred) from 540 datasets (Likert score)

Total Word Score (by ID)

Posed Mood ID  SD 1 3 10 12 13 14 15 18 20 22 23 24

Happy 1 188 -14 -13 -14 -14 -14 -14 -13 118 0.71] 228
Excited 3 281 -13 -11 -13 -13 -13 -1.3 -1.3 0.66 0.11 1.82
Afraid 10 1.11] -09 0.48| 213] 21 -0.3 005 042 -0.8 -1 -07 -06 -08
Distressed 12 0.99] -11 -05 0.34 12 -04 -07 -08 -05 =L
Angry 13/ 1.43| -12 -02 -0.5 1.09 -08 -1.1
Sad 14 1.03] -12 -11 -04 1.36 -0.1 =L
Miserable 15 0.98| -1.2 -1 -06 105 0.2 1.63| 1.38 -0 -11
Bored 18 091 -11 -1.1 -1 032 01 0.7 0.82 032 -0.8
Sleepy 200 1.44| 08 -15 -13 -09 -11 -05 1.46 -0.3
Peaceful 22 131} 1183 -06 -13 -11 -12 -09 -11 2.2 1.49
Calm 23 12| 099 -0.7 -12 -1 -1.1 -0.8 -1 -0 -04 1.7] 2.09| 1.36
Satisfied 24/ 155 24 025 -14 -12 -14 -12 -13 -08 -09 1.66 1.51&

The data were then charted showing loadings of variables on the extracted

components. These plots, accompanied with a qualitative examination of the summary
table and the S.D. metrics therein were used to identify and eliminate ‘weaker’ items
which either performed poorly as stimuli for recognisable facial expressions, or which

were shown to be essentially indistinguishable from other, similar items.
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5.4.5 Results.

5.4.5.1 Principle component analyses. As before, the data were subjected to
both an indirect and cell-level principle components analysis. The parallel forms
method was again used to identify an optimal Eigenvalue cut-off, which for this
experiment yielded a threshold of 1.45. Both this calculated threshold and the default
Kaiser criterion of 1.0 yielded identical results for both analyses, with two factors
being extracted, and factors 1 and 2 corresponding respectively to the predicted
valence and activation dimensions.

For the indirect PCA, these two factors accounted for 84.9% of the variance
(Table 5.7a). Factor loadings are shown in Table 5.7b. Factor 1, which accounts for
60.2% of the variance, loads proportionally to the negative valence of mood words,
while factor 2, which accounts for 24.7% of the variance, corresponds to the level of
activation or arousal associated with a given mood word.

For the cell-level PCA, these two factors accounted for 62.2% of the variance
(Table 5.8a), Factor loadings of mood words are shown in Table 5.8b. Factor 1, which
accounts for 43.4% of the variance, loads proportionally to the negative valence of
mood words, while factor 2, which accounts for 18.8% of the variance, corresponds to
the level of activation or arousal associated with a given mood word.

The greatly reduced amount of variance accounted for in the cell-level PCA is
expected, and the indirect PCA — as was discussed — has the effect of collapsing
variance due to individual differences. The comparatively low amount of variance
accounted in the latter analysis is understandable given that the analysis was of results

from all twenty actors, whose individual performance varied considerably.
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Table 5.7a. Indirect PCA - Words Table 5.8a. Cell-level PCA - Words

Total Variance Explained Total Variance Explained
Comp- _Extraction Sums of Squared Loadings Comp- _Extraction Sums of Squared Loadings
onent Total % Variance Cumulative % onent Total % Variance Cumulative %
1 7.228 60.232 60.232 1 5.206 43.386 43.386
2 2.964 24.704 84.937 2 2.256 18.798 62.184
Table 5.7b. Indirect PCA - Words Table 5.8b. Cell-level PCA - Words
Factor Loadings Factor Loadings
Component Component
1 2 1 2
Satisfied -.978 -.142 Satisfied -.864 -.179
Peaceful -.918 .340 Happy -.817 -.382
Happy -.914 -.365 Peaceful -.799 .260
Calm -.741 .588 Calm -.667 469
Excited -.533 =777 Excited -.375 -.732
Sleepy .090 .843 Sleepy .071 727
Bored .399 .839 Bored .251 .696
Afraid .637 -417 Afraid .528 -.329
Angry 737 -.217 Angry .613 -.212
Sad .894 .163 Sad .728 122
Distressed .941 -.291 Distressed 795 -271
Miserable .979 .005 Miserable .827 -.021
Scree Plot Scree Plot
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Figure 5.7a. Indirect PCA - Words. Scree Plot Figure 5.8a. Cell-level PCA - Words Scree Plot
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The plot of factor loadings (Figure 5.9a & Figure 5.9b) are, as predicted, very similar
for both levels of analysis. The pattern of the plot is not as precisely circumplexical as
it was in the previous experiment, though this is to be expected with the greatly

reduced number of variables in this analysis.

5.4.5.2 Factor loadings correlations. This second experiment therefore gave
us an opportunity to examine convergence of judgement data between two completely
independent samples. The clear similarity of the plots is self-evident, however they
can again be examined quantitatively by running Pearson r correlations of the factor
loadings of words between the two studies. In order to do this, the factor loadings for
valence and activation were correlated between the two plots for both the direct and
indirect PCA analyses. Because Experiment 2 only had 12 of the original items, factor
loadings for the other items were dropped for this analysis so that only the 12-items
including in both studies were examined.

Looking at Table 5.8, it is clear that a near identical coordinate system was
derived from the independent samples, which provides compelling convergent
evidence that these words are, by and large, identified as being located at very similar

positions about the circumplex.

Table 5.8. Experiment #1/#2 Factor Loading Correlations for ‘words’ PCA (Pearson’s 1)

Valence Activation
Indirect .983 .982
Cell-level .976 975

Significant at the 0.01 level (1-tailed).
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5.453 Discussion. The results of the judgement study for this subset of mood
words essentially duplicates the findings of the previous experiment, further
supporting a two-factor, valence-activation model. Furthermore, the very high
correlations between the factor loadings from data from two independent samples is
strong evidence of the reliability of the circumplex structure and the affect words
mapped within it. The larger, more representative sample of English speakers used in
this sample only strengthens these findings.

The results of these studies therefore not only strongly support the CMA, but
demonstrate that the same affective space exists in judgments of facial expressions as
it does with more traditional word judgement studies of similarity judgments of self-
reported mood. Not only do judgements of facial expression reveal the same structure
of affect, but the reliability with which they do so suggests strongly that they can be
suitable basis for a coordinate system through which mood can be measured, and that
facial expressions — and not just words — can be used to construct valid and reliable

mood scales.

5.5 Construction of the Prototype Scales within the CMA

The judgement study of the 12-Item subset enabled the CMA to be retested and
confirmed in a subset of suitable words which would be candidates for the final
scales. They also provided plots and factor loadings which closely agreed with those
of the original 26-item set in Experiment 1 (see Table 5.8). The words plot for this
latter analysis would form the basis for constructing a number of bipolar scales that
cross this factor space in a reasonably natural way, such that words are paired to form

endpoints of scales which are approximately bipolar.
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It’s important at this point to recall the significance of the two different types
of plot, the ‘words’ and ‘expressions’ plot. In the former plot, people’s judgements of
words are treated as the primary variables, and these are plotted in factor space that
purely reflects how judgements fall in ‘semantic space’. Though the words used to
stimulate the expression all correspond to posed expressions, it is important to realise
that the specific ‘identity’ of the facial expressions is not relevant. | could have a set
of poses relating to expressions posed in response to a different — but representative —
sample of mood words, and the word judgements should still fall in a similar pattern
as they both delineate the same ‘space’.

The alternate projection of this data is where we use the faces as the variables,
and examine their position within the factor space. The distinction between these two
projections is subtle but important: While PCA factor loadings plots for the former
tell us where people place these words in ‘semantic space’, those of the latter map out
where people place the faces posed as a result. However, because the posed
expressions are imperfect reflections of the words posed for, we would expect the
‘faces’ projections to be weaker as, in a manner of speaking, between the words and
the posed expression, the ‘signal’ has lost some fidelity in the transmission. This is
exactly what we saw in the part 2 judgement experiment: the variance accounted for
in the word PCA analyses was substantially greater than those for the cell-level
analysis.

As we saw in experiment 1, the ‘faces’ projections accounted for somewhat
less of the variance than the ‘words’ projection, and for this stage it is this latter
projection that should be used to guide the prospective mood scales across this space.

However, for the final scales, a plot will be required specifically for the faces of the
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‘top actors’ so that measurement using the scales of these images as reference points
can be properly resolved into their respective components (valence and activation).

In guiding values for our coordinate system and the prospective scales within
it, we can see how some of our mood words fall fairly naturally into approximately
bipolar scales crossing this space, as envisaged. Beginning with horizontal scales and
working towards the vertical, two predominately valence based scales are
immediately evident. ‘Miserable’ and ‘satisfied’ form a near-horizontal scale
comprising almost purely valence, with both of the words loading only by a very
small amount on the activation dimension. ‘Sad’ and ‘happy’ form another valence-
based scale, but this time at an incline, with ‘sad’ being slightly low activation, and
‘happy’ being moderately high activation, in line with plots from other studies
(Russell, 1980; Yik et al., 2011).

‘Distressed’ and ‘angry’ both appear to form a counterpoint with the
‘peaceful” item. The qualitative difference between these terms can be put down to the
loading of ‘angry’ on a third, but less prominent dimension Dominance-
Submissiveness which is present in complex emotions. In fact, one might view
‘angry’, ‘distressed’, and ‘afraid’ as being single arc across this dimension, with anger
and fear representing dominance and submissiveness respectively, and with distress
being a neutral point. Since there is no reason in principle why two scales cannot
share a counterpoint, and the constraints of the items chosen seems warrant this, then
two more scales Distressed-Peaceful and Angry-Peaceful seem to suggest themselves.
The presence of ‘Afraid’ and ‘Calm’ as endpoints of a scale at a steeper inclination
support this, and the surplus of high activation, low valence items mean that a shared

endpoint in the opposite quadrant (low activation, positive valence) is needed.
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At right angles to these last two scales, Bored-Excited presents itself as an
obvious antithesis. However when it comes to producing a primarily activation-only
scale, a problem presents itself: the ‘aroused’ item, which has been charted as a high
activation, neutral valence in Russell’s (1980; Yik et al., 2011). CMA, was located
quite differently in the present study, perhaps due to a shift in the connotations the
word and its use in language. This leaves us with no counterpoint to the ‘sleepy’ item
that can give us a primarily activation-based scale.

However, it must be remembered that these scales will eventually be
represented by posed facial expressions following trajectories from one endpoint to
the other. It is therefore not essential that we have a precisely plotted word to
represent the quality we want from the facial expression, we just have to explain what
we mean in relation to this structure, a state of high activation but neutral valence, —
something akin to surprise or alertness. Provisionally, though, this item will need to
be called something, so as a convenient term of reference it will be labelled ‘alert’,
which is reasonably close to the concept of psychological activation. The final scale,
then, will be called Sleepy-Alert.

These seven scales are charted in Figure 5.10. Correlations between their
respective endpoints based on PCA analyses from Experiments 1 & 2 are shown in
Table 5.9, and attest to their bipolarity. Together, these form the essential structure of
the DVAS-based scales envisaged herein, addressing the limitations of earlier
attempts as described in 3.5. Unlike the original, paper-based VAMS, Dynamic Visual
Analogue Mood Scales (D-VAMS) would be based on actual human faces. They
would comprise an interactive system whereby images of facial expressions could be
modulated to reflect points along a given scale. For every point on each DVAS a

separate image would exist, allowing a person to receive feedback on what a
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particular magnitude of a particular affect type ‘looks like’, without the need for the

vagaries of scaling these notions mentally through a nebulous process of cognitive

interpolation.

Table 5.9. Correlations between Scale End-points from Indirect PCAs

Scale Pole 1 Pole 2 Expl Exp2
1 Miserable Satisfied -95 -.94
2 Sad Happy -.89 -.82
3 Distressed Peaceful -91 -.93
4 Bored Excited -.83 -8
5 Afraid Calm -7 -.62
6 Angry Peaceful -.75 -73
7 Sleepy [Alert] - -
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Figure 5.10. Seven Prospective Scales assembled from the 12-I1tem Mood Word Subset
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Furthermore, as well as being separate measures tapping the many of the key
facets of mood and emotion (as with categorically based accounts), each constituent
scale would also exist as mathematically interconnected components in an underlying,
CMA-derived coordinate system, through which they can be viewed as summed
proportions of valence and activation. In this way, the power of multiple item
responses tapping a common construct can be harnessed to give more fidelity and
reliability to overall scores.

Finally, The D-VAMS would be of a form that could be run on most
computers and handheld devices, taking advantage of the increasingly ubiquitous
presence of portable, touch-screen devices, and their inevitable adoption as a routine
part of medical assessments

Having arrived at a suitable theoretical model and a prototype for D-VAMS
and its constituent scales, though, there remains the significant task of collecting
images of posed facial expressions traversing each scale, and generating many frames
of such images at a highly granular level. There also remains there task of choosing
the ‘high-performing’ actors who would pose these expressions. This involves
tackling the difficult issue of what criteria should be used to quantify the overall
recognisability of images provided by our candidates, so that our actors can be ranked

accordingly. It is to these matters that discussion will now turn.
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6. Study 2: Creating Reference Image Sets for the Scales

The first study fulfilled a number of objectives. The first was to select and test a
variety of mood words for their ability to evoke recognisable facial expression, and to
eliminate poorer performing words by way of recognisability of corresponding facial
expressions. The second objective was to confirm the CMA, and to verify that ‘affect
space’ can be described by two dimensions, valence and activation, which would be
suitable for use as a coordinate system within which to base bipolar scales of images
of facial expression. The data from Experiment 1 achieved both of these objectives,
confirming the CMA and giving data that enabled weaker mood words to be dropped,
and a smaller pool of 12 candidate descriptors to be identified and retained for further
study.

Finally, having established a smaller pool of candidate items, the experiment
was duplicated using this selected sub-group of items and their corresponding images
only. One objective of this (Experiment 2) was to refine the coordinate system and
offer independent validation of the CMA in an independent sample, however this
second judgement study was also necessary in order to produce sufficient data to
enable the identification of actors who are particularly skilled at posing recognisable
facial expressions, and who would be selected to produce further images that would
form the prototype scales.

This data provided by Experiment 2 essentially corroborated that of
Experiment 1, and provided a coordinate system within which to scales based on

facial expressions. The results enabled key bipolar scales to be identified which would
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form the basis of a set of prototype scales the Dynamic Visual Analogue Mood Scales
(D-VAMS). These scales are: 1) Miserable-Satisfied, 2) Sad-Happy, 3) Distressed-
Peaceful, 4) Bored-Excited, 5) Afraid-Calm, 6) Angry-Peaceful and 7) Sleepy-Alert.

Having established a set of prototype scales and a suitable coordinate system,
it was next necessary to select actors for the prototype scales, and then to recall them
to provide a series of new images. In the first photographic sitting, only the endpoint
images of what were to become the prototype bipolar scales were available. The
concept behind D-VAMS, however, called for a series of transitional images that
would enable the facial expression at one end-point to gradually change into the one
at its opposite end. This would call for a recall of suitable, high-scoring actors (by
way of overall ‘recognisability’ of their facial expressions) to pose not only the
endpoint images of the 7 scales, but also a series of facial expressions reflecting
gradual transitions between one expression and the other. These new expressions
would be experimentally located on their respective scales by a new judgement
experiment, with morphing software used to generate the extra images required to
create the appearance of a seamless transition between them.

This, however, called for actors judged to be better performing in terms of the
overall ‘recognisability’ of their posed facial expression to be selected from the initial
pool, and this, in turn, required a broad metric by which the performance of their

images could be ranked.

6.1 Ranking the Actors by Recognition Task Performance

Crucially, though, the last study also offered a rationale for quantifying the
‘recognisability’ of facial expressions. Using mean S.D. scores as an indirect measure

of the convergent and discriminant validity of particular mood words offered a key
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index by which these words could be assessed and either retained or eliminated. In
conjunction with examination of the correlation matrix of responses, they provided a
satisfactory — though imperfect — way of quantifying the degree to which a word or
actor image demonstrates a pattern of convergent and divergent values that reflect the

strength with which judges associate an image with a given word.

6.1.1 Assessing actors’ performance. Having removed 14 of the original 26
items, the remaining pool was small enough to allow a much greater number of
participants to judge each of the 20 actors. For the initial pool of 26 items, only 5
participants judged each of the actors, which is not nearly enough to make meaningful
comparisons between scores given to the mood images between separate actors.
Experiment 2, however, which was less burdened by way of number of mood words,
provided a total of 27 datasets per actor, allowing for meaningful statistical
comparison between them.

This larger number was crucial to enable such meaningful comparisons to be
made. However in order to assess the performance of actors in terms of the
recognisability of their poses, we needed a basic metric to rate them. This metric was
one that has already been used during the item selection process. When the summary
tables were being examined to identify which items to dismiss and which to retain,
two key methods were used to identify those words which yielded the most
recognisable facial expressions. First, the summary matrix was examined in a
qualitative way to identify which items showed the most pronounced peaks and
troughs in responses in responses to words that were like or unlike those used to
stimulate the depicted facial expressions. These patterns were also examined on an
item by item basis to see how precisely the correspondences appeared to favour them

in terms of their convergent and discriminant validity.
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To guide this looser form of examination though, a statistic was introduced
that in theory offers a more concrete index of the ‘recognisability’ of a particular item.
In the context of the type of sine-wave pattern that would follow logically from the
circumplexical nature of these type of data, the standard deviation of values across the
peaks and troughs of responses to a particular mood image are a reasonable index of
strength of recognisability of a particular item. An item whose values do not rise
distinctively at one particular point on the circumference of the circumplex, and then
fall again as they approach their bipolar opposite counterpart can be said to be less
‘strong’ than one which shows a sharp rise at a specific region of the circumplex, and
corresponding decline at its antipode.

This same metric however, can also act as indicator of the success with which
a particular actor was able to convey the mood word in question. The same method
that enabled the ‘strength’ of mood words to be judged can also be used to assess the
overall ‘strength’ of actors by way of their ability to pose expressions that are
recognisable by participant judges as a whole. In Experiment 2, participants provided
judgements of each actor image from which an S.D. value was computed. Differences
between actors of S.D. values for these images can be seen as differences of ‘strength’
of the actor as a mediator of facial expressions of these mood states, and these values
can be used as a basis of comparison between actors, while the mean of the S.D

values for all of a given actor’s images offer a statistic by which actors can be ranked.

6.1.2 Comparison of means. Though this method would seem to be a
reasonable way of ranking the actors in terms of the recognisability of their facial
expressions with respect to corresponding mood words, the statistic of mean S.D.
must obviously be treated with some caution. However, examination of summary

tables broken out by actor offers evidence of its utility. Those ranking high overall
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tended to get the most consistently high S.D. scores for each of their posed
expressions while those ranking lowest seem also to get the most uniformly poor S.D.
scores across the posed expressions.

However in a ranking system of this kind there is the important issue of the
statistical significance with respect to differences in scores of actors adjacent to one
another in their assigned order. The rankings only have meaning insofar as they
reflect statistically significant differences between the scores of one actor and those of
another, but this is something that can easily be tested. By comparing the S.D. values
of responses of all 27 respondent judges to the images of each actor, with the
corresponding values given to those of an actor above or below them in the rankings,
a simple one-tailed comparison of means between scores for different actors can shed

light on the reliability of the assigned rankings.

Table 6.1. Matrix of significance values for related, one-tailed T-Tests on ranked, top scoring actors.

Rank 1 2 3 4 5 6 7 8 9 10
(A13) (A17) (Al14) (A04) (Al12) (A07) (A10) (Al16) (A20) (A01)
1 1 284 017 .001 .019 .000 .000 .000 .000 .000
2 1 .082 .012 .066 .001 .001 .000 .000 .000
3 1 236 493 .039 .022 .000 .003 .000
4 1 226 111 .097 .004 .006 .002
5 1 .031 .027 .000 .001 .001
6 1 443 051 .151 .080
7 1 .076 .206 .094
8 1 238  .400
9 1 .353
p<.05, p<.01

To examine this, S.D. scores of the top ten actors, as defined by this metric,
were subjected to a comparison of means test with the scores of every other actor, in

the form of a related, one-tailed T-test. The hypothesis, naturally, was that the scores
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for each actor would be significantly higher than those of any actors below
themselves in the rankings. The resulting significance matrix is charted in Table 6.1.

Reading across the table, a pattern of p-values is clearly evident which
supports the essential veracity of the assigned rankings. Generally, S.D. values for an
actor assigned one rank were significantly greater than those of actors in ranks below
it, with the differences being in the predicted direction. Neighbouring ranks, however,
did not always show a significant difference in S.D. scores. The number #1 ranking
actor did not have significantly greater scores than the #2 ranking actor for example,
but did have significantly greater scores than the #3 ranking actor; while the number
#2 ranking actor did not have significantly greater scores than the #3 ranking actor,
but did have significantly greater scores than the #4 ranking actor. Though the number
of datasets per actor based on which to make a comparison for Experiment 2 (n=27)
was a great improvement on that of the first experiment, it probably left the statistical
test slightly underpowered. If the constraints of the study had permitted a greater
number of datasets per actor, then in all likelihood differences between consecutively
ranked actors would have reached statistical significance.

This shortcoming aside, though, the ranking undeniably reflects a clear and
strong effect by way of statistically significant differences through the descending
ranks, and serves the purpose of narrowing down the prospective actors for the

prototype scales.

6.1.3 Correlation of actor rankings. Though the data from Experiment 1
was of itself unsuitable for making a reliable assessment of actor rankings, further
supporting evidence might still be found by examining the results of Experiment 1 for

a similar pattern. If two independent samples of people were to return a similar
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pattern of ratings, then this would offer strong supporting evidence of the calculated
ranks. In more precise terms, if the mean actor ratings given by participants in one
sample were to correlate with the mean actor ratings from another, then this would
offer valuable convergent validity.

In both of these experiments, there was a trade-off between the number of
actors, the number of mood words that could be examined, and the number of
respondents judging the expressions corresponding to words presented to each actor.
For both of these, it was necessary to use reasonable number of actors so as to offer a
good chance of discovering individuals who were particularly good at portraying
recognisable facial expressions.

In Experiment 2, the reduced number of 12 mood words meant that 27
respondent datasets could be returned for each of the 20 actor images sets. However,
in Experiment 1 it was necessary to examine a much larger, initial pool of 26 mood
words, with a correspondingly greater number of images per image set. The resulting,
smaller number of 100 datasets meant that only 5 datasets were returned for each of
the 20 actors, not nearly enough to make a meaningful comparison between ratings of
actors. However by comparing the 12-item data from Experiment 2 with the
corresponding data (12 of the 26 image/word response sets) from Experiment 1, it
would be possible to use the same method to produce side-by-side actor rankings for
data from both of the independent samples. A correlation between the two can be
calculated.

Similar S.D. metrics were therefore calculated from mean responses to the 12
items, for the 5 datasets provided in by each actor in Experiment 1 (see Table 6.2).
Though it was not expected that a significant correlation would be obtained from data

arising from such a small sample size, the strength, direction and significance of the
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resulting statistic might at least offer tentative support for convergent validity in these
rankings.

However, even with such an underpowered test, a small correlation of 0.299
(Person’s r, one-tailed) was found between the mean S.D scores of the actors from the
26 x 26 image/word judgement study, and those from the 12 x 12 image/word
judgement study. Though the correlation fell short of statistical significance (p=.100),
the convergence of S.D. scores from two separate studies using independent samples
offers further reassurance that the ranking of the actors determined by this method has

an objective basis.

Table 6.2. Actor rankings and mean S.D. values for Experiment 2, with corresponding mean, 12-item

S.D. values for Experiment 1

Rank ID Exp2 Expl
1 A013 1.68 1.46
2 A017 1.58 1.50
3 A014 1.56 1.42
4 A004 1.55 1.60
5 A012 1.52 1.50
6 A007 1.46 1.23
7 AO010 1.45 1.26
8 A016 1.42 1.31
9 A020 1.41 1.64
10 AO001 1.41 1.48
11 A002 1.40 1.51
12 A015 1.36 1.46
13 A005 1.32 1.22
14 A011 1.32 1.34
15 AO018 1.32 1.58
16 AO009 1.31 1.51
17 A003 1.31 1.19
18 AO006 1.27 1.09
19 AO008 1.24 1.17
20 AO019 1.20 1.58
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6.2 Part 1: Producing Transitional Scale Images

In order to realise the vision of a dynamic version of a VAS (DVAS), where an image
dynamically changes in response the position of a slider, we must first address the
question of its granularity. In order to allow as free and nuanced a response to the
scale as possible, there must be a sufficient number of images so as to allow an almost
seamless transition from one end of the scale to the other. Since the traditional form of
a VAS has always been of the form of a score in the range of 0-100, as measured by
the position of a mark along a 100mm line, it makes sense for a DVAS to adopt a
similar level of granularity.

One option for achieving this level of resolution would be to record a video
clip of the actors changing their expression from one endpoint expression to the other,
and then to key the display of frames of this video to particular points of a slider.

There are problems with this approach, however. Firstly, the quality of still-
frames extracted from video are notably poor. It is important to have images that are
as high quality and resolution as possible, so that all the detailed nuances of facial
expression and the underlying musculature are captured. Ordinary, still-frame
photographic images from a good camera offer image quality that is far superior to
still-frames from any affordable video equipment. Secondly, we have already
established that in order to create a scale that is at least approximately interval level,
the positions of transitional images along a scale would be decided by normative data
from where participant judges placed them in an experiment. It therefore made sense
to start from a series of transitional, high-quality images, and then use morphing
software to generate the additional images required by a 0-100 point VAS. This would
offer the highest quality images and allow for precise calibration of the scales, giving

the smoothest and most natural animation from one end of a scale to the other.
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As well as providing a new set of images for the final, prototype scales,
though, these would also be used for a refined coordinate system specific to the
chosen actors.

6.2.1 Recall of highest scoring actors for photographic sitting. Having
arrived at an appropriate method of ranking the actors and their respective mood
images, it was next necessary to try and recall the best actors to provide more images
that would enable the final scales to be assembled. Out of the top four actors, only two
were available to take part: the actors designated A014, and A017, who were ranked
2nd and 3rd respectively. These actors — designated #1 and #2 respectively — were
recalled to pose a set of photographs of varying intensities of expression along the
seven scales selected for further development.

This second photographic sitting would also serve to fill in a notable gap with
respect to current set of images. If you recall from the PCA plots of Study 1, there
was a notable absence of any mood words or corresponding images which could act
as an opposite endpoint to the ‘tired’ item. In every plot, the high activation end is
sparsely populated, with no word/image that represents a high activation, neutral
valence item that can serve this purpose. The word ‘aroused’ was initially intended as
the marker for high activation, neutral valence, but with hindsight it was a poor choice
of word, as its meaning in a technical, psychological context is at odds with its
significance in common parlance. In everyday language the word has connotations
that render it positively valenced, as is attested to by its position within the CMA
plots. This second photographic sitting would also provide an opportunity to plug this
gap by obtaining suitable, high activation, neutrally valenced images which could be

used to complete the Sleepy-Alert scale.
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6.2.1.1 Continuity considerations. For both of these actors, over a year had
elapsed since they had posed for the mood words in Study 1, part 1. Because the
expressions of these actors were validated by the previous data as well-recognised
endpoints to these scales, it had initially been anticipated that endpoint images for the
first study could be blended with those collected in this phase of the study, as it did
not seem likely that a few months would make much difference to a person’s facial
appearance. However, when the actors appeared for their second sitting, there were
clear and notable differences that were evident as the previous photographs
representing the endpoints of the scales were displayed. The male had significantly
lost weight, and his face was noticeably leaner, while the female had acquired a mild
suntan which stood in contrast to her paler skin-tone in the previous year’s sittings
(even though October was chosen to avoid this issue).

For the purposes of producing a natural, linear scale in which images flowed
seamlessly from one to the other from scale endpoint to the other, it was essential to
minimise any discrepancy between the endpoints images and the transitional ones
which were to be taken in the second sitting. In addition to minor differences in
physical appearance, other factors would also come into play here. Even the closest
attention to technical detail in the setup of the camera equipment cannot fully control
for subtle differences in lighting conditions, or for minor variations in vantage point,
and angle relating to the posture of the actor and the tilt, turn and lean of their head in
relation to the camera.

Since the coordinate system for the endpoint images for these top-scoring
actors needed to be individually — and more accurately — charted in a further
experiment, however, it was not essential to retain the original images from the first

sitting. Though using the new endpoint images would mean that data from the
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previous judgement studies could no longer contribute towards the data for coordinate
systems specific to the two actors, the continuity issues meant that it was better to
start from scratch and collect both endpoint and transitional images for each of the
scales. To reduce the impact of replacing the endpoint images, the actors would be
guided to simply reproduce as closely as possible the facial expressions that they had

posed in the original sitting.

6.2.1.2 Method. Approval for this study, including the judgement tasks
detailed in 6.3 and 6.4 was granted by the Faculty of Medicine and Health Sciences
Research Ethics Committee, University of Nottingham (Ref : 110102013).

The actors’ second sitting was fairly similar to the first sitting (see 5.2), but
with some key modifications. Prior to the sitting, the two recalled actors were given a
brief explanation of the circumplex model that was being used, and the mapping of
the seven prototype scales in relation to the structure, and provided with an
information sheet (Appendix V1) and an instruction sheet (Appendix VI1) explaining
the task. As before, the actor was sat at a table approximately two metres in front of
the camera equipment. They were provided with a mirror which they could use to
guide the appearance of their poses of facial expression, and there was also a monitor
to the side of the camera, which was used to display the actors’ endpoint expressions
from their previous sitting. For each of the scales, the actor was shown their
expressions from the previous sitting which would denote the two endpoints for the
scale for which they were to pose. For the ‘Sad-Happy’ scale, for example, they were
shown the expressions which they had posed in their previous sitting in response to
the words “sad” and “happy”.

One of the endpoints of a given scale was then chosen to begin from, and the

actor was instructed to begin by reproducing this expression as closely as possible.
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Photographs were taken, and the actor was then asked to slowly modulate the degree
of intensity of the expression so that it faded gradually towards a ‘neutral” expression,
with a sequence of photographs being taken as they did this. As their expression
approached the ‘neutral’ point, they were then asked to slowly begin to express the
bipolar opposite expression — again using their photograph from the previous sitting
as a guide — gradually intensifying the expression to its fullest extent. Again,
photographs were taken as they did this. This process was then repeated in reverse,
starting with a pose for the latter, opposite expression, and returning slowly to the
starting point expression, all the while have multiple photographs taken of the
transitional expressions. In order to capture as clear as possible a transformation from
one pose to another, actors were sometimes guided in the expression of particular,
fine feature transitions, such as how open or closed their mouths or eyes were, how
bared the teeth, how raised the eyebrows, or the extent of a scowl or a snarl.

This process was repeated as often as necessary to capture as smooth as
possible a set of transitional facial expressions for each scale, before proceeding to the
next. The order in which endpoints and neutral states for the scales were posed, and
the direction in which facial expressions were modulated varied from one run to the
next, with the direction of expression changes being reversed or repeated as necessary
to accommodate individual performance on the scale being posed.

Particular emphasis was placed on recapturing as accurately as possible the
original endpoint expressions; these were the images based on which the actors scored
well on the metrics used to rank them, and therefore reproducing them as closely as
possible was a particular priority. Where necessary, actors were given specific
instructions on what aspects of their expression to modulate so as to offer as close an

imitation as possible.
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There was also the matter of the ‘gap’ in the circumplex, where no image was
charted which could act as a polar opposite of ‘sleepy’ for the Sleepy-Alert scale. For
this image, the actors were instructed on the type of image that was required, bearing
in mind the briefing. The expression was described as something akin to ‘alert’ or
‘surprised’, — highly activated like ‘excited’ or ‘afraid’, but neutrally valenced. It was
emphasised that it was important to produce an expression that was as neutrally
valenced, but as highly activated as possible; if the expression were slightly negative,
it was liable to be interpreted as terror, whereas a positively biased image would look
more like elation or joy. Special attention was therefore given to capturing a good

sample of such images, and of their transitions along the Sleepy-Alert scale.

6.2.1.3 Selecting candidate scale images. Before selecting candidate images
for the scales, the entire pool was first examined for quality control; any that were
obviously defective were eliminated from the pool and permanently deleted. These
photographs included blanks (where the flash had failed to trigger), exposure test
photographs, and any resulting from other technical problems that rendered the
images of inadequate quality. After this, a total of 209 (mean 29.9 per scale) and 283
(mean 40.4 per scale) photographs remained for the female and male actors (#1 and

#2) respectively.

6.2.2 Ordering the images into sequences. Of the pool of images remaining
for the new series many endpoint images existed that closely reproduced the original
endpoint expressions. The only notable exception to this was the ‘distressed’ pose for
Actor #1, which was not as intense as the one originally posed. This was rectified by
using Photoshop to ‘transplant’ the face from the original ‘distressed’ pose onto the

best-fit, endpoint image from the new image set, thus creating a new, manufactured

Stroke Aphasia Mood Scales v6.0 185



endpoint image. This acted as a replacement for existing image, which then acted as
its neighbour a little further along the Distressed-Peaceful scale.

This pool also, of course, contained numerous runs of transitional images
covering the same scales, and some of the runs were better than others. Some of the
runs appeared to form good continua for one part of the scale, but not for other parts
of the scale. Furthermore, different runs would consist of poses that were subtly
different, with turns or tilts of the head throughout which limited their ability to be
mixed with other sequences.

The task of assembling these images into a single set per scale was therefore
fairly complex. In some cases, a single run of consecutively taken photos could be
used from end to end, while in others, two or more combined runs were sometimes
needed to cover the full span of the scale. By a process of selection and elimination,
images were sorted into a smaller number of candidate images which formed a
sequence that was as smooth as possible.

Selection of images was not always guided purely by issues of continuity,
however, but by elements that held theoretically importance from the point of view of
the underlying CMA. For the Sleepy-Alert scale, for example, particular attention was
paid to identifying runs of images which were as neutrally valenced as possible, This
was of particular importance for the ‘alert’ end of the scale, as the higher the level of
activation, the stronger appeared the tendency for an expression to slip in a positive or
negative direction.

Once this selection process had been completed for each of the scales, sets of
reference images of varying number remained for each of them; these sets were
something of a patchwork, but assembled into the form of a reasonably tidy and

smooth succession of images spanning the length of each respective scale. Most of the
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images from these runs would form the keyframe images based on which the final

scales would be generated (see Appendix VIII & Appendix IX).

6.2.3 Re-mastering and equalising the images. Like their chemical-film
predecessors, modern, professional, digital cameras also have the digital equivalent of
a ‘negative’ file, which gives a far more detailed and nuanced level of information
about the image at the time the photograph was taken. The JPEG files generated by
the camera are a rendition of this RAW information in much the same ways that
chemically developed photographs are a rendition of the negative, but modern
cameras also allow you to manually create optimal settings for the type of image you
want, and the quality of a JPEG file manually rendered from its RAW file is
frequently better than the one using the camera’s default ‘best guess’ algorithm, as the
requirements for images quality vary dramatically with the situation.

Crucially, this technology also allows the photograph — to a limited degree — to
be ‘retaken’ with different exposure settings (or even, with some cameras, a
completely different focus). This turned out to be particularly critical for this study
because of intermittent fluctuations in flash intensity or timing of the camera
equipment that would occasionally occur; the result was that consecutive photographs
in a series would sometimes appear to be slightly brighter or dimmer than one
another, which would interfere with the appearance of a smooth transition between
the two in the final blend. Though editing the rendered the JPEGs offer limited ability
to correct for this, it can only be effectively accomplished from the RAW files.
Corrections by ‘reprinting’ the RAW files to JPEG yields far superior results, and
preserves fine detail much better.

The RAW files for each series were therefore re-rendered using ‘darkroom’

software, with equalisations to the lighting conditions applied, and suitable levels of
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contrast, brightness, tint, hue and other settings to bring the final image to an

acceptable level of clarity and definition.

6.2.4 Centring and cropping the images. Once the images had been
remastered and normalised for lighting levels, the next stage was to centre and crop
the images. In a scale comprising an animation between a number of consecutive
images, the anchor images must be carefully aligned to ensure a smooth transition
from one image to the next.

It was decided that all the animations should keep as their main focus one (or
if possible both) of the eyes. In sequences where there is a lateral tilt of the head (that
is, sideways, such that the face rotates about the plane of the image) alignment was
maintained with the upper of the two eyes, so as to preserve any downward slump
present between one endpoint image to the other. For forward tipping of the head,
however, it was not possible to show the downward turn without sacrificing a
consistent alignment of the eyes throughout a series. It was decided that using the
eyes as the central point about which the other features changed was more important
than allowing the point of view to move upwards or downwards to reflect the absolute
position of the head within the frame of the photograph, as the focus of our vision
naturally falls upon the eyes of a face whose expression we want to interpret.
Secondary cues, such as the visible forwards, or rearwards tilt of the head are readily
apparent in the images and should suffice in furnishing these peripheral nonverbal
cues.

To accomplish this, all the adjusted images were loaded into Photoshop as
different layers, and labelled accordingly with their assigned sequence code. Each
layer was turned into a transparency, and then carefully aligned with the next in the

sequence by superimposing the image at an agreed point, usually the pupil of one of
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the eyes, zooming in as far as necessary to examine the superimposition in fine detail.
Once this part of the image was at maximum focus, the layer positions were set, and
the same procedure was completed with the next two layers, and so on until all the
images were aligned. Finally a cropping tool set to 4:3 portrait aspect-ratio was used
to crop the image in such a way that the entire series were well framed and precisely

aligned with one another.

6.2.5 Summary. In a second photographic sitting, a new series of images for
two, high-scoring actors was collected and processed. These images provided a series
of transitional facial expressions marking intervals along each of the scales from
which further transition images would be interpolated; they also provided new,
bipolar, endpoint images which would enable coordinate systems to be created in
which to combine the separate scale scores. The next stage, though, was to run two
more judgement experiments. The first would provide the PCA plots required to
create the coordinate systems, while the second would allow scaling data for the
transitional images to be collected based on their perceived locations on their
respective scales. Together, they would furnish the data required to generate a
complete set of 100-interval scales, and a coordinate system within which the separate

scores could be mathematically combined into a total score.

6.3 Part 2: Judgement Task for the New Endpoint Image Sets

As was discussed in Chapter 5, the ‘words’ plots (see Figure 5.9a and Figure 5.9b)
from Study 1, part 3 offered a basis from which to derive a set of bipolar scales, each
of which represent a trajectory across factor space between suitably located points

about the circumference of the affect circumplex. Though the coordinate system
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yielded by this exploratory study offered a good starting point from which to
empirically locate facial expressions within such a coordinate system, it was not a
suitable basis for a deriving coordinate systems pertaining to specific images sets.

This exploratory plot, remember, was based on composite data from images of
posed facial expressions from all 20 actors who participated in this initial, exploratory
study. Even if only data relevant to the selected actors were chosen, the modest
sample size of just 17 datasets for each actor 12-image set would limit the accuracy
and external validity of any coordinate system created from a PCA analysis derived
thereof.

Furthermore such a coordinate system would apply only to the original
endpoint images provided by our actors. For reasons already discussed, it was deemed
necessary to recreate these endpoint images as part of the full scales comprising
transitional images, and though every effort was made to ensure that the expressions
in new set of endpoint images were as close a match as possible to the former, some
discrepancies were inevitable, which would no doubt affect their positions in the
resulting coordinate system. In any case, the problem of the absence of a suitable
complementary endpoint expression for the ‘sleepy’ item demanded an extra, custom-
created expression, which would also need to be located in the coordinate systems for
the respective actors.

For all of these reasons, it was necessary to perform a further, more extensive
judgement study for this new, final set of endpoints images that would comprise the

final scales, so that an accurate corresponding coordinate systems could be generated.

6.3.1 Sample Size. Since this part of the study again involved generating
plots of factor loadings, the issue of sample size was not as straightforward as

alternative modes of analysis, and thus require a slightly more roundabout rationale.
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The experiments conducted in study two offered plots and correlation matrices that
gave a reasonably clear idea of the effect size. Examination of the pattern of
observation would attest to the effect size being at least in the range of ‘medium-to
large’. This judgement was based on Cohen’s criteria for assessing effect size in
observations (Cohen, 1992), but erred on the side of understating the effect size so as
to minimise the risk of under-powering the experiment. It was the data provided by
this study which would be used for the important, final coordinate system in which
the data of the different scales would be combined into a single metric, and so it was
important to get as accurate and representative data as possible.

Bearing in mind this constraint, a number of figures were examined which
generally offer sufficient power (0.8 or more) for studies of a medium to large effect
size to detect statistically significant effects using a range of standard parametric and
non-parametric tests (Faul et al., 2007). Based on this examination a sample size of

100-120 was established as a reasonable range for this study.

6.3.2 Participants and recruitment. The judgement task for the new
endpoint images sets (Experiment 3) was run concurrently with another (Experiment
4), in which judgement data was collected for the position of transitional scale images
(see 6.4). Participants were permitted to complete one or both of the tasks; 87% of
participants who completed Experiment 3 also completed Experiment 4.

As in Experiment 2, recruitment of participants was conducted internationally
in order to obtain a reasonably representative cross-section of English-speaking
participants. The study was advertised on online forums and through social
networking media such as Twitter and Facebook, and through canvassing of a small
number of U.S. and Canadian cities and universities. The study was also advertised

locally by a number of advertisements displayed at locations about University of
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Nottingham. As before, a small payment was offered for participation in an
experimental task. Selection criteria were that participants 1) were at least 18 years of
age, and 2) were fluent in English. The data were provided by a total of 110
participants, 59 male and 51 female, aged 18 to 67 years (mean 29.9 years; S.D. =
10.2 years). Of these participants, 75 (68%) were ethnically European, 25 (23%) were
Asian or East Asian, 4 (3.6%) were of African descent and 6 (5.5%) described
themselves as mixed race. 94 (85%) spoke English as a first language, while the

remaining 16 (15%) spoke English fluently as a second language.

6.3.3 Method. The method for this experiment essentially duplicated that of
Experiment 2, except only the newly collected endpoint images for actors #1 and #2
were used, including the new, ‘alert” expression that would form the endpoint
opposite to ‘sleepy’ on the Sleepy-Alert scale. Mid-point ‘neutral’ images were also
included to provide additional scaling data.

As before, the task was administered via the purpose-built web portal. Before
taking part, participants were required to complete a brief sign-up process in which a
login was set up and an email contact address provided. Details of gender, year of
birth, ethnicity, and whether they speak English as a first language were collected, and
participants who do not speak English as a first language were asked to select their
country of origin from a dropdown list. Finally, participants were asked to indicate
consent by checking boxes by each of five clauses listing terms of participation (see
Appendix IX), confirming that they had read the study information sheet (see
Appendix X) and were aged 18 years or above.

For each task, a total of 50 images were presented. 26 were from Actor #1, and

the other 24 were from Actor #2. The images included endpoint images and neutral
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images from complementary ends of the scales. For technical reasons, images for the
Angry-Peaceful scale for Actor #2 were not available at this point.

For the experimental task, the images were presented, in turn, on a separate
page, accompanied by 12, 7-point Likert scales corresponding to the 12 mood words
selected for the final scales. For each image, the participant rated each of the mood
words according to how well they deemed it to agree with the image. As before, both
the order of presentation of the images, and the order in which the mood words were
listed were randomised, with consecutive pages containing mood words listed in a
newly randomised order. As before, participants were free to save their session at any
point and return to it later. At the end of the task, a message was presented thanking

the participant for their time.

6.3.4 Analysis & results. A total of 110 datasets were collected, this endpoint
being decided by examination of successive means for the judgement task as detailed
in Section 6.4.4. For each candidate image, participants were asked to adjust the slider
to reflect where along the corresponding scale they judged it to lie, and then hit the
‘submit’ button to continue to the next page. As before, participants were free to save
their session at any point and return to it later, and at the end of the task the
participant was presented with a message thanking them for their time. Because of the
high correlations between factor loadings for cell-level and direct PCA analyses, and
the superior model fit of plots from the indirect PCA in the results of Study 1 (see
5.3.4.3 & 5.3.4.4), indirect PCA analyses were performed on the centred data to create
plots of words and expressions, based on which the respective coordinate systems
would be derived.

Looking to the ‘words’ projections, we can see how judgements of words in

this experiment are very similar for the two actors, and how closely the two plots
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denote affective space. The ‘angry’ word is slightly adrift, but this was unsurprising,
as no ‘angry’ face for Actor #2 was present for this experiment: It is the very high
scores of the word ‘angry’ in response to the angry face that help to identify its
location within this space; without the key corresponding image for this plot, the
‘angry’ item cannot be so accurately located, here.

In almost every other respect, though, the plot is very close, and we can see
how the seven bipolar scales emerging from Study 1 (see Table 5.9) hold up very
well. As evident from the plot, however there was no word here that could act as an
endpoint for the Sleepy-Alert scale in this projection; for the purposes of our scale,
actors were simply instructed on the type of high activation, neutrally valenced mood
state (“alert’ or ‘surprised’) for which an expression was needed.

The key to charting the D-VAMS scales within this space, however, lies
within the ‘expressions’ plots, as it is these plots that tell us what proportion of
valence and activation each endpoint image was judged to possess, and therefore
whereabouts within this space they are located. Once the endpoint images have been
located, then the scales themselves will then be charted as trajectories across this
space, giving a common coordinate system within which scores on the separate scales
are combined.

When we confine ourselves to the data of poses for just two individuals,
however, significant individual differences present themselves. When data for 20
actors were taken, the expressions projection was much like that of the words, with
expressions broadly agreeing with the position of their respective word markers in
factor space. Looking at the plots for each individual (see Figure 6.3 and Figure 6.4),
we can see some key differences in the way the endpoint expressions are located

about the CMA.
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Though the opposite ends of the seven scales are all located approximately
bipolar to one another, and the plots as a whole broadly agree, there are some
irregularities. First, the plot of the high activation, neutral valence expression for
Actor #1 was rather close to the plot for her ‘afraid’ expression, suggesting that the
expression was interpreted as slightly negatively valenced, rather than as a neutrally
valenced expression. This seems to be a notable problem with high activation
expressions. With so much of perceived affective quality being informed by context,
there is a tendency for high activation expressions to become ambiguous and prone to
a certain degree of projection. A look of intense surprise might be interpreted as terror
or elation, depending on imagined context, and gender stereotypes may also introduce
subtle biases. The location of Sleepy at the opposing end of the Sleepy-Alert scale was
almost exactly neutral, however, representing an excellent, pure-activation, marker.
Because of the off-centre ‘alert’ marker, the Sleepy-Alert scale for this actor was
therefore mildly skewed, about 8° from the line of best fit for the respective
endpoints.

For Actor #2, the Sleepy-Alert scale was also slightly off centre, with a similar
bias in the inclination of its line of best fit. Though the high valence, ‘alert’ item was
judged as considerably more valence-neutral, its ‘sleepy’ counterpart was placed
towards the positively valenced, low activation quadrant, closer towards ‘calm’ than
in the plot for Actor #2.

This much higher activation of ‘afraid’ of Actor #1 also impacted on the
goodness of fit of the Afraid-Calm scale across the CMA. With ‘calm’ being plotted
as lower activation and more positively valenced than in the ‘words’ projection. For
Actor #2, however, the ‘afraid’ and ‘calm’ items were almost perfectly bipolar,

forming a very clean line of best fit.
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The Distressed-Peaceful scale fared better for both actors. Though the
‘distressed’ face for Actor #1 was placed as more neutral than high activated, the line
of best fit forms a reasonably clean, bipolar trajectory, with its ‘peaceful’ counterpart
(£5° from best fit). This is even more pronounced for Actor #2, for whom ‘distressed’
and ‘peaceful’ were plotted as almost perfectly opposite one another.

Some notable skew was also evident for the Bored-Excited scale for Actor #1.
For this actor, the ‘excited’ expression was judged to be much lower activated than in
the ‘words’ projection, resulting in a particularly sharp departure (£12°) of this scale
from its line of best fit. Again, however, the scale for Actor #2 was remarkably close
to perfectly bipolar, within 1° of its line of best fit.

Plots of expressions for both the Miserable-Satisfied and Sad-Happy scales
were only approximately similar to their placement in original ‘words’ projection. As
with the Experiment 2 plots, ‘happy’ was judged as higher activation than ‘satisfied’,
while ‘sad’ was judged to be lower activation than ‘miserable’, with Sad-Happy
appearing at a slightly steeper inclination to Miserable-Satisfied, which appeared
generally to align more with the valence axis. Plots of the faces for these scales by
both actors, however, do not appear to reflect this nuance, with the respective posed
expressions varying in their fit. ‘Miserable’ and ‘Sad’ expressions are identically
located for Actor #1, but reversed from their ‘words’ projection (and those of
Experiment 2) for Actor #2. However the ‘Satisfied’ and ‘Happy’ positions seem to
broadly agree with the pattern of inclination in the ‘words’ (and Experiment 2) plots.
Overall, however, both of these scales are slightly skewed from the line of best fit
from their theoretical counterparts; Miserable-Satisfied was £9° for Actor #1 but only

+1° for Actor #2, while Sad-Happy was £6° for Actor #1 and £9° for Actor #2.
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The Angry-Peaceful scale formed a fairly, good-fit bipolar scale of £7° for
Actor #1. For Actor #2, whose ‘angry’ image was not available until later, this angle
was interpolated from data from the Study 1 ‘expressions’ plots; the resulting bipolar

scale also yielded a line of best fit of £7°.

6.3.5 Discussion. So though the proposed scales concur reasonably well with
the lines of best fit for the expressions plots for both of the two, finalist actors, there
are also some notable discrepancies and irregularities throughout. This raises the
significant conundrum of how to handle discrepancies in bipolarity of the scales when
it comes to charting them as part of a unified coordinate system. This question can be
addressed by asking how it is that the scales are construed by people making the
judgements. For example, if presented with a scale with a neutrally valenced ‘sleepy’
face at one end, but a slightly negatively valenced ‘alert’ face at the other, how would
somebody interpret the scale and its trajectory across affective space?

The first possibility is that the scales would be interpreted as they are, that is,
as approximately bipolar scales that each consist of two unipolar scales end-to-end,
meeting at the neutral centre-point of the circumplex. A measure above the midpoint
(score=50) of a single DVAS scale would represent one angle of incidence within
factor space, whilst measures below it would represent another that is not necessarily
180° from its counterpart.

The alternative, however, is that the assembly of approximately bipolar scales
end-to-end would be perceived differently, with the scale represented psychologically
as if it were perfectly bipolar. This might occur as an artefact of expectation regarding
the nature of these scales, with the assumption of bipolarity artificially ‘straightening’
the scales. In this latter case, it would be better to treat the scales is they fell along

their lines of best fit, calculating angles that artificially render the scales as perfectly
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bipolar, and using these to resolve scores on separate scales into components that can
be combined.

These two alternative modes of rendering the scales will be referred to as
unipolar and bipolar renditions. One might envisage a number of arguments both for
and against either of this systems, but since no ready answer exists as to the
superiority of one over the other, both of these renditions will be applied so that the
results of the two can be empirically compared in the course of the validation study of
the prototype D-VAMS. A full description of these coordinate systems and the way in
which the scale scores are rendered mathematically the into a combined metric will be
discussed in the next chapter in the section detailing the charting and construction of
the prototype scales (see 7.1).

As well as providing the key plots for these coordinate systems that would
enable scale scores to be charted and combined, this experiment offered another
source of convergent validity in the form of data that could be compared with that of
Study 2. It also allowed this structure to be compared between the judgement data for
the two separate actors. To compare these coordinate systems, Pearson’s r
correlations were computed to examine the correlations between factor loadings for
the PCA of the present judgement study with those of Experiment 2. This correlation
was applied to factor loadings for the ‘words’ projection, as this is the one that
references affective space in terms of the meaning of the words, rather than that
delineated by the corresponding facial expressions (see Table 6.3).

The very high correlations for both factor 1 (valence), and factor 2 (activation)
between the two experiments — with their independent samples of participants — attest
further to the fidelity of affective space, while the slightly lower correlations on the

activation dimension are consistent with the larger amount of random error and
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reduced proportion of variance accounted for by this second factor. The slightly
superior correlations of Actor #1 over Actor #2 are also consistent with the rankings
assigned to the respective actors, as the superior performance of actors’ poses will
also be reflected in the structure of underlying affective space extracted by PCA. A
series of neutral or vague facial expressions, for example, will introduce more error

into the judgements data than a set of clearly defined expressions.

Table 6.3. Actor #1/#2 Factor Loading Correlations (Pearson’s r), with Experiment 2(‘words’ PCA)

Valence Activation
Actor #1 .999 .989
Actor #2 997 .983

Significant at the 0.01 level (1-tailed).

Another source of convergent validity can be taken from examining the
correlations between PCA factor loadings for the two actors, in both ‘words’ and the
‘faces’ projections. This form of validation is very important from the point of view
of convergence, as the data collected in this experiment can be seen as two
concurrent, identical studies conducted on sets of images from two separate actors.

Pearson’s r correlations were therefore also computed for these.

Table 6.4. Factor Loading Correlations (Pearson’s r) between Actor #1 and Actor #2(‘faces’ PCA)

Valence Activation
Words .995 974
Expressions .983 .958

Significant at the 0.01 level (1-tailed).
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In this respect, too, the results were fairly decisive (see Table 6.4): In the
‘words’ projection, extremely high correlations were found between factor loadings
for both the valence and activation dimensions, attesting to the fact that they embody
the same affective space. The expressions projections showed slightly lower
correlations, however this is unsurprising as we would expect different actors posing
expression in response to the same mood word to produce expressions that were close,
though not identical. As was seen in the corresponding plots (see Figure 6.3 & Figure
6.4), there were some differences between the way their expressions were judged, and
consequent variations in their individual coordinate systems. As with the comparison
of factor loadings for ‘words’ and ‘expressions’ in Study 1 (see Table 5.5) the data
supported the ‘expressions’ projection as being more subject to random error because
of these individual differences in posed facial expressions.

The results of Experiment 3 have therefore provided the coordinates systems
through which separate scale scores will be combined into a single metric. The scales,
however, still remained to be constructed, with additional, second-order morphs
filling in the many images required for a 0-100 point DVAS. Before these extra
images could be generated, however, the positions of these transitional images along
their respective scales needed to be quantified, and this required a further judgement

study.

6.4 Part 3: Judgement Task to Locate Scale Positions of Transitional Images

The transitional scale images created in the second photographic sitting (see
Appendix VI & VII) represent a clear sequence of images showing various stages of
transition between one endpoint image and another. The position of the endpoint

images can be approximately mapped within the circumplex coordinate system
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described in the last section, using PCA factor loadings plots of the faces projection of
data from the judgement task described in the last section. However, there remains the
question of what intervals these successive images represent in terms of a notional
quantity of a particular affect type. How much anger, for example, does image AG-
P/02 ‘have’, compared to, say, AG-P/03? At what intervals should each of these
keyframe images be placed along their respective scales? The scales, remember, will
eventually consist of 101 images each (indexed 0-100), and though the scales can be
made more granular by morphing successive images to create an arbitrary number of
digitally interpolated (morphed) second-order images, we need to arrive at a way of
estimating the placement of transitional these images along the scales at an
approximately interval level.

To answer this question we therefore need to find out how people rate these
images in terms of where they would judge them to be along their respective scales.
Naturally, we can expect differences in the way that people transpose a perceived
facial expression into a notional quantity of an affect type, but in order to arrive at the
as accurate a coordinate system as possible, the placement of these images should be
based on the means of judgements returned by a representative sample of people.

To accomplish this, a second task was therefore devised to collect this data so

that the transitional images could be mapped quantitatively.

6.4.1 Sample size. Again, there was the question of what sample size to use
to offer an acceptable degree of accuracy of the population means under examination.
In this respect, the same rationale as that described in 6.3 can also be applied here,
with the observed effect sizes and power requirements warranting a figure in the

range of 100-120.
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Another consideration is the margin of error that we might consider acceptable
in the placement of these items on the respective scale. A 95% confidence interval for
a 10% margin of error would seem like a reasonable, minimum level of accuracy, and
this translates to a minimum sample size of 96, which agrees reasonably well with this
latter estimate. Since these data are critical to the process of establishing accurate
information about the way images are judged to be positioned on these scales, a target
sample size of 100-120 was therefore chosen in order to ensure reasonable quality of
normative data. This part of the study ran concurrently with Part 2 of the study (6.3).

But there is also another rationale which can be used to further guide the
sample size. This rationale is based on the resolution of the scale, which — as with an
ordinary VAS — is granular to 1% intervals. This granularity offers a somewhat more
concrete way to determine the point at which further data will not make any
significant difference to the mean judgments for the sample.

With each dataset collected, successive means change by progressively
smaller values, regressing exponentially towards a theoretical true mean. The mean
values, rounded to the nearest 1%. will therefore become successively less likely to
change as fluctuations from one value to the next shrink to less than 1%. A reasonable
rule of thumb — bearing in mind the proportions of the project — is that once less than
10% of the rounded, 1% mean values change with successive datasets, the means can
be deemed reasonably stable. Successive means were therefore also examined to chart
their trajectory as data was collected, and to allow the proportion of values changing

at the 1% level to be examined at each successive interval.

6.4.2 Participants and recruitment. The judgement task for the scale
positions of transitional items (Experiment 4) was run concurrently with Experiment

3, in which judgement data was collected for the position of transitional scale images
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(see 6.3). Participants were permitted to complete one or both of the tasks; 88% of
participants who completed Experiment 4 also completed Experiment 3.

As with Experiment 2 and 3, recruitment of participants was conducted
internationally. The study was advertised by posts on online message boards and
through social networking media such as Twitter and Facebook. Adverts were also
displayed at a small number of U.S. and Canadian cities and universities, and at
locations about University of Nottingham. As before, a small payment was offered for
participation in an experimental task Selection criteria were that participants 1) were
at least 18 years of age, and 2) were fluent in English. The data were provided by a
total of 110 participants, 57 male and 53 female, aged 18 to 67 years (mean 29.4
years; S.D. = 9.6 years). Of these participants, 75 (68%) were ethnically European,
25 (23%) were Asian or East Asian, 5 (4.5%) were of African descent and 5 (4.5%)
described themselves as mixed race. 95 (86%) spoke English as a first language,

while the remaining 15 (14%) spoke English as a second language.

6.4.3 Method. As with prior experiments, the task was administered via the
purpose-built web portal. Before taking part, participants were required to complete a
brief sign-up process which allowed them to set up a username on the system and
provide a contact, email address. Participant gender, year of birth, ethnicity, and
whether English was spoken as a first language were collected, and participants not
speaking English as a first language were asked to identify their country of origin.
Finally, participants indicated consent by checking boxes by five clauses listing terms
of participation, and confirming that they were 18 years of age or above.

For the task itself — which was again implemented via the web portal —
participants were presented with a total of 174 images representing each of the scale

transitional images for both the male and female actors respectively. For technical
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reasons, scale 6 of the male scales could not be collected until later so were judged in
a separate micro-study (n=50) later on.

The images to be judged were each presented, in random order, on consecutive
web pages. Beneath each of the images were the end-point images for its respective
scale, with a horizontal slider between the two. The positions of the endpoints were
reversed at random to counterbalance for any systematic biases due to the sequence of

presentation.

Page: 30174

If you think you made a
mistake anywhere, just
USE YOUR BROWSER
'BACK" button to go back
and correct it!

On each page is an image of
a facial expression. Below it
are two images representing
two opposite mood states.

Using the slider, please
decide where the mood
expressed in the top image
should be located between
these end-points. When you
have decided, hit the
‘Submit' button to continue.

Submit

Figure 6.5. Experiment 4 - Response Page for the Scaling Task from the Project Website

For each candidate image, participants were asked to adjust the slider to reflect
where along the corresponding scale they judged it to lie, and then hit the ‘submit’

button to continue to the next page. As before, participants were free to save their
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session at any point and return to it later, and at the end of the task the participant was

presented with a message thanking them for their time.

6.4.4 Results & discussion. The median duration of the task for participants
who completed it in a single sitting was 36 minutes (=43 minutes). Charts of
successive means of judgement data returned by the participants were examined as the
sample size approached the target range of 100-120. By the time data from 105
participants was collected the number of percentage-rounded values changing with
each successive dataset was consistently below 10%, and so data collection was
terminated at n=110.

Once the data had been collected, the positions of the images along their scales
were charted based on means of returned judgment data for each image. These were
then examined to finalise the selection of images to be used as keyframes for the final
scales, and to enable the number of interpolated, morphed images necessary to
complete the scales to be calculated. Examining these preliminary charts, it was
evident that the means for their judged positions for the most part concurred with the
sequences in which the photos were taken, and followed the sequence of the
expressions across their respective scales. The standard deviation, however, was fairly
high (mean of 11.3% across all images), and so it came as no surprise that some
exceptions existed where adjacent images appeared out of sequence. Observing
individual differences in the pattern of judgements returned by participants, it was
clear that though the baseline sequences of expressions along the scales were for the
most part preserved, the way that people scaled them did vary somewhat, with the
distributions differing to varying degrees.

Hence, though the ordinal structure of the scales by and large corroborated the

sequence of the facial expression transitions photographed, a small number of
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irregularities were noted. These was particularly notable where many images with
very subtle differences were clustered close together within just a few percent of one
another, with many judged as identically positioned with or extremely close to
adjacent images. Where this occurred, images were examined and those deemed to be
surplus to requirements were omitted. Out of an original pool of 184 transitional
images, 27 were discarded, and the positions of a further 11 anomalous placements
resulting in sequence failures were adjusted manually, guided by close examination of
facial expression changes between consecutive images.

Once the redundant, transitional images had been dropped from the scales, the
remaining 158 became the keyframe images from which (along with their endpoint
images) the scales in their entirety would be generated. Charts of the scale keyframes
for both actors are shown in Figure 7.7 and Figure 7.8.

Having created and selected groups of images to represent transitions across
the scales chosen, and mapped the scale locations within the CMA and the positions
of the keyframe images on their respective scales, two phases of the project remained.
The first phase would involve the actual construction of the scales based on the data
collected in this study. This would involve interpolating the additional images
required between the keyframe images charted, and building an interface to house
them and support an automated assessment run using images from either actor. An
algorithm would also need to be devised to combine all of the scales scores into a
unitary measure based on the CMA coordinate system. The second phase would
comprise a crucial validation study, in which its psychometric qualities of D-VAMS
would be experimentally assessed in a sample of stroke survivors. These phases will

be covered in the next and final chapter.
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7. Study 3: Construction and Validation of the Prototype Scales

In the previous chapter, a metric was created to approximately assess actors’
performance in communicating their affective state using their facial expression. The
metric reflected the pattern of sensitivity and specificity with which participant judges
identified the words used to evoke the facial expressions. These metrics, in turn,
allowed the actors to be ranked, and for the significance of differences between the
scores to be tested and charted in a correlation matrix (see Table 6.1). The pattern of
correlations supports the actor ranking reflecting a significant trend through
successive ranked actors. The rankings given were offered some support by a modest
correlation in an underpowered comparison with corresponding scores with from the
exploratory, 26-item study (see 5.3).

The two highest scoring, available actors, one female (#1) and one male (#2)
were then recalled to repose the original expressions for the 12 selected words (see
5.3), but this time as part of scales constructed from the coordinate system in 5.5. For
each of the scales, transitional images were created of poses along the continuum
formed as the actors changed their expression from one endpoint expression to the
other. A third, judgment study was then undertaken to generate faces plots specifically
to act as coordinate systems for actors #1 and #2, while a fourth, concurrent study
enabled transitional images to be charted along their respective scales at an interval
level, identifying redundant images that could be excluded to leave a reasonable

spread of consecutive images along each scale. Finally keyframe images were
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selected from which full, 0—100 point continua would be created by morphing

adjacent scale images.

7.1 Charting and Constructing the D-VAMS Scales

The next stage of the study was to use the information from Study 2 to create a
coordinate system within which to mathematically combine the separate scales,
interpolate the additional images required, and then construct them as a software
interface to run on a tablet, laptop or desktop computer.

First, the data from the judgement study for the new endpoint images (see 6.3)
would be used to map the scales for the top-scoring actors within the circumplex
structure, enabling scale scores to be expressed as vectors from the origin of the
circumplex. These vectors would then be combined mathematically into a mean
vector representing the intensity and quality of a person’s mood as represented within
this two-factor space, and a scoring method would be derived based on the degree to
which this vector concurs with mapped constructs central to depression and low
mood. Next, the data locating the positions of keyframe images along the respective
scales (see 6.4) would be used as reference points based on which additional,
morphed images would be generated. These additional images would enable the
assembly of approximately interval, 0—100 point scales. Finally, these images would
be assembled into interactive HTML pages that would allow the expression of the
faces for each of the scales to be modified by adjusting a slider, and the slider setting

to be recorded as a score for each respective scale.

7.1.1 Using the coordinate Systems to combine scale scores. First, the
PCA ‘expressions’ plots examined in Study 2, Part 2 were used to derive coordinate

systems for actors #1 and #2. As discussed in 6.3.5, two possible renderings of the
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scales onto the coordinate scales were possible, one in which the scales are treated as
two approximately unipolar scales end-to-end, and the other in which they are
artificially straightened into true bipolar scales by means of a line of best fit.

Each of the scales consists of a bipolar VAS with a range of 0 to 100 units. By
convention, these are keyed such that O corresponds to negative valence, and 100 to
positive valence (with the exception of scale 7, which was keyed to negative
activation). When these scales are laid across the circumplex at the angles derived
from PCA factor loadings, they define a coordinate system comprising axes centred
on the 50-point mark of each of the scales, with the 0 and 100 endpoints of each scale
meeting opposite points about the circumference. Figure 7.1 to 7.4 show both the
unipolar and bipolar rendition of the coordinate systems for both of the actors, with
angles calculated from the plots.

The origin of these axes thereby represents a theoretical neutral point in affect
space in terms of both valence and activation, and scores on each scale can be viewed
as vectors (4x, 4y) originating from this point. In transposing scale scores to the
coordinate system, each becomes represented as a vector from the centre of a
circumplex which, for convenience, is given a radius of 100 units. The length of a
vector representing a given scale score can easily be computed by multiplying the
score’s distance from the scale’s midpoint (50) by two, to bring its magnitude within a
range of 0-100. So for a score a of scale number n, the vector size v will be denoted
by:

v, = 2(a,, — 50)
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Having calculated a vector magnitude for each scale score, v now needs to be
rendered into its valence (4x) and activation (4y) components, as defined by each
scale’s angle of trajectory across the circumplex. For the sake of simplicity, we will
use the bipolar coordinate system, here, in which each scale has a single angle of
incidence defined by its line of best fit (see Figure 7.2 & 7.4).

In this way, each scale score is broken out into a vector (4x, 4y), with all
seven scales forming a series of points or vectors comprising X, y values. These are
then resolved into a score total in the form of a mean vector which represents the

amount and proportion of valence and activation overall (see Figure 7.5).
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Figure 7.5. Scale Scores as Vectors within Circumplex, with Mean Vector V
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In order to arrive at this total score, it is a relatively simple matter of

calculating the mean of the vectors for all of the scale scores. Where ay;_; are the
scale scores as vectors from origin (0,0) in the range of 0 to 100 units, and 8, -, are

the angles of the scales across affect space, mean valence (4x) and activation (4y)

components can be calculated thus:
7
Ax = Z 2(a,, — 50)cos 6,,/7
n=1

7
Ay = Z 2(a,, — 50)sin 8,,/7
n=1

The seven scales, however, are only a small sampling of the potential
trajectories across the underlying affect space. The affect space which they delineate
is therefore distorted due to differences in the total range of activation and valence
permitted by them. Were the scales to cross affect space in a regularly distributed
range of angles, thereby tapping equal amounts of valence and activation (4x and
Ay), the mean vector could be considered as the mean of the absolute valence and
activation components of the respective scores. However, the scales tend toward an
overall bias towards the horizontal plane, thus favouring the valence dimension. A
multiplier, K, must therefore be introduced to compensate for this and render a mean
vector that reflects the circumplexical structure of the coordinate system used here to
quantify affect space. K is calculated by summing the total of the respective valence
and activation components of the scales based on their angles, and dividing one by the

other, like so:
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7
X = Z cos 6,
n=1
7
Y = z sin 6,
n=1

~ >

The resulting multiplier is then applied to the calculation to arrive at a vector

representing the mean scores, of magnitude V,, and angle V.

Vo = | @52 + KBy?)

Vg =tan " —
KAx

The result of this adjustment is a mean vector of magnitude V,,, and angle V. It
can also be represented as the vector (4x, KAy), with the coordinates representing the
amounts of valence and activation respectively.

But having calculated this mean vector, what do we do with it to give us a
score that we can use to quantify a specific mood, depression-related or otherwise?
Well, this is a key advantages of using this type of system: the mean vector can be
given a simple multiplier that can yield an index of any mood charted within the

circumplex. Since the correlation of two vectors is a function of the cosine of the
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angles between them, then all we have to do is multiply the magnitude of the mean
vector V,,, by the cosine of the difference of angles between it and the theoretical
location of any named construct within the CMA. In this way, the D-VAMS can give
us not only an index of sadness, but also an index of boredom, an index of excitement,
an index of calmness and so on, acting as something of a Swiss Army Knife of mood
measures.

To do this, we therefore need only have the theoretical angle of a given
construct to create any quotient we want. Where Cy is the angle of the construct C
within the CMA, and V},, and V, are the magnitude and angle of our mean vector, the

quotient Q. (our construct ‘score’) can be defined by:

Q¢ = Vincos(Vy — Cp)

In this way, in addition to the individual scales scores of the D-VAMS, we can
produce more robust construct indices that are based on the scale scores as a whole,

and which offer a more reliable metric.

7.1.2 Creating indices for depression and anxiety from the mean vector.
This, however, brings us to a critical question. What key construct or constructs
would be most useful in examining depression or low mood in a clinical setting? The
primary aim of this project was to create an instrument that could be used as a
screening measure for depression after stroke, however ‘low mood’ more broadly is
also something that is of great interest. For the purposes of a screening measure that
would be suitable for assessing depression, ‘depression’ is obviously the construct of

key interest, however another construct of interest is that of anxiety, which was
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charted — close to ‘afraid’ ‘nervous’ and ‘tense’ — within the high activated, negative
valence quadrant of the circumplex (see p.139). Anxiety is of particular interest, as
depression and anxiety frequently go hand in hand. With depression and its
neighbouring constructs (‘sad’, ‘miserable’ ‘disappointed’) being charted generally
towards the low activation, negative valenced area of the circumplex, both can be
viewed theoretically as high and low-activated ‘flavours’ of negative valence, which
together encompass the concept of ‘low mood’ as a whole.

So, as well as deriving a metric that could act as a depression score
(‘DVAMS-D’), there could also be another representing an anxiety score (‘DVAMS-
A”). This would be particularly desirable, as the instrument that was selected for the
validation study (the HADS) includes both depression and anxiety subscales (the
HADS-D and the HADS-A), and a cross-comparison of these subscale-type scores
would be enormously valuable in assessing the psychometric properties of the D-
VAMS.

But how should we go about deciding where within our circumplex the mood
components of depression and anxiety should be charted? The plots from the first two
judgement studies (Experiments 1 & 2) offer an abundance of data in this respect, so
the positions of terms relating to anxiety and depression were examined in the ‘words’
projection of these plots. Looking first at the ‘depression’ construct, the findings of
Experiment 1 show how the words ‘depressed’, ‘sad’, ‘miserable’ and ‘disappointed’
cluster fairly tightly together in the ‘words’ projection, particularly in the cell-level
plot (see Figure 5.1b & Figure 5.2b). As noted before, ‘depressed’ and ‘sad’ appear
to be almost interchangeable in terms of the way they are used to rate faces, and are
characterised by strong negative valence with mildly lowered activation. Taken from

the ‘9 O'clock’ position of the circumplex (negative valence, neutral activation), the
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mean angle of all of these related terms across the indirect and cell-level analysis was
about 7°. For Experiment 2, with its cut down, 12-item word set, only the ‘sad’ item
was examined, with the relevant plot returning a slightly higher value of about 11°

(see Table 7.1a & Table 7.1b).

Table 7.1a. ‘Depression’ Items: Angles from Experiment 1 ‘words’ plots

Indirect Cell-level

Depressed -8.58° -7.04°

Sad -8.15° -9.17°

Miserable -2.55° -5.95°

Disappointed -2.47° -5.96°
Mean -6.14° -7.56° X =-6.85°

Table 7.1b. ‘Sad’ Item: Angles from Experiment 2 ‘words’ plots

Indirect Cell-level
Sad -10.33° -11.38° x =-10.9°

Turning now to the ‘anxiety’ construct, plots for this item from Experiment 1
were examined, along with its conceptually similar ‘nervous’, ‘tense’, and ‘afraid’
neighbours, while from Experiment 2, plots for the ‘afraid’ item were studied. The
means of the Experiment 1 items showed some discrepancy between projections,
however the aggregated mean for the Experiment 1 angles was quite close to that of
the ‘afraid’ item of Experiment 2, 30.5° for the former, and 32.6° for the latter (see
Table 7.2a & Table 7.2b), indicating stronger between-experiment convergence than

the angles derived for depression.
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Table 7.2a. ‘Anxiety’ Items: Angles from Experiment I ‘words’ plots (-X, +Y)

Indirect Cell-level

Anxious 27.1° 36.4°
Nervous 31.0° 38.1°
Tense 23.8° 31.8°
Afraid 25.2° 30.2°
Mean 26.8° 34.1° x = 30.5°

Table 7.2b. ‘Afraid’ Item: Angles from Experiment 2 ‘words’ plots (-X, +Y)

Indirect Cell-level
Afraid 33.2° 31.9°

32.6°

=
Il

Another source of guidance in deciding suitable empirical angles for these
constructs is through reference to existing literature in which the location of scales
and their constructs have been examined. In a more recent study, Yik et al. (2011)
offered an update of Russell’s earlier (1980) CMA in the form of a 12-point structure
the 12-point Affect Circumplex (12-PAC), charting a total of 30 mood scales and 38
personality scales within this structure using two separate procedures (Cosine method
and CIRCUM-extension). Examining the mood scales included in their analysis, three
scales: ‘Sadness’, ‘Fear’ and ‘Tension’ stand out as items of interest in relation to our
Depression and Anxiety constructs (Yik et al., 2011, p. 720). The angles in their
analysis are charted from the right of the CMA (at ‘3 O'clock’) running anticlockwise,
so must first be subtracted from 180° to bring them into line with the negative
valenced reference system used here.

In this respect, the results are again encouraging. Turning to the ‘Sadness’

scale, the authors arrive at angles of -9° and -10° using their Cosine and CIRCUM
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methods respectively. These figures are very close to Experiment 1 values for the
‘sad” and ‘depressed’ items and fairly close to the composite depression index derived
from all four items (-6.9°) (see Table 7.1a). For experiment 2, the figures are
remarkably close to our values for the ‘sad’ item, with a mean value of -10.9° (see
Table 7.1b).

For the ‘Tension’ scale, the authors arrive at angles of 37° and 36° in their
respectively, figures which are close to our Experiment 1 plots for ‘anxious’,
‘nervous; and ‘tense’ (see Table 7.2a), though only in the cell-level analysis. The
figures given for the ‘Fear’ scale were particularly interesting, with a figure of 31°
emerging from both methods. These are almost identical to the figures arrived at for
both the Experiment 1 ‘afraid’ item (cell-level) and the mean, composite anxiety
index derived from all four items (30.5°). It also agrees closely with the mean angle
for ‘afraid’ derived from Experiment 2 (see Table 7.2b).

The convergence between these values between experiments described herein,
and values arrived at independently from other key research in this area is compelling;
it comprises particularly strong convergent validity and attests further to the essential
veracity of this CMA-based coordinate system.

It also allowed appropriate theoretical locations of our ‘depression’ and
‘anxiety’ constructs to be charted with some confidence. After careful consideration,
the Experiment 2 plots were used as the basis for assigned reference angles for
‘depression’ and ‘anxiety’ within the CMA. These results were used firstly because
the indirect and direct values agreed much more closely than those in Experiment 1,
and secondly because of their particularly close agreement with equivalent scales in
Yik et al. (2011). The angle between them is also consistent with the high correlations

noted between scores of anxiety and depression, which typically exceed r=.65
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(Brumfitt & Sheeran, 1999; Feldman, 1995), with a cosine of around 0.7 reflecting

this fairly closely.
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Figure 7.6. Theoretical Locations of Depression and Anxiety Constructs within CMA, and calculation

of Indices from Mean Vector

Figure 7.6 shows the theoretical locations of depression and anxiety within the
CMA structure, and demonstrates how the mean vector calculated from all of the
scales scores is resolved into the respective indices of Qpgr and Qanx. FOr this
example, let us imagine a mean vector V of magnitude 60 at an angle of -28°. As
described before, the index for any CMA construct is a function of the magnitude of
the mean vector V, and the cosine of the angle between it that construct’s theoretical
CMA location. Thus, for our index of depression, we first calculate the angle between

the mean vector and that of depression (28-10.9=17.1°) and apply the multiplier
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co0s(17.1°) to the vector size 60. Being such a small angle, this gives us 0.96x60, for a
depression index of 57.6. For our index of anxiety, the angle between the mean vector
and the theoretical anxiety angle is much larger, at (28+32.6=60.6°), therefore our
multiplier cos(60.6°) is much smaller, yielding an anxiety index of 0.49x60=29.5.

Both of these indices can be seen in Figure 7.6, in which they are visualised as
tangents against the theoretical reference lines for depression and anxiety. Similar
indices can also be envisaged for any other constructs within the CMA. From here on,
the depression and anxiety metrics (Qper and Qanx) given by the D-VAMS will be
referred to as ‘DVAMS-A’ and ‘DVAMS-D’ respectively, making them analogous to
subscales like those used in instruments such as the HADS.

The mathematics of this system, of combining the scores is necessarily
complex, however, and some may prefer a simpler and transparent treatment of the
scale scores. There are however, alternate, ways of arriving at a sum total score. The
scales were all deliberately arranged such that they run from the negatively valenced
endpoint to the positively valenced one. Because of this arrangement it is a simple
matter to create a basic score of valence by simply taking the mean of our scale
scores. However, there is one problem in this respect; Scale 7 (Sleepy-Alert) is not
aligned along a valence axis per se, but along the activation dimension which is
theoretically valence-neutral. For a purely valence based total score, we could omit
Scale 7 and simply give the mean of the first 6 scales, in the form of a D-VAMS
Mean™" Score, the *-SA’ denoting the omission of this scale value. However, since
depression is also characterised by low energy as well as negative valence, there is
also an argument for keeping the Scale 7 score included, and using the mean of all of

the scales instead, in the form of the D-VAMS Mean Score.
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In addition, the scale scores can also be used individually in a way that’s
tailored to the requirements of a particular assessment process. For some purposes,
just using one or two of the scale scores — such as Sad-Happy or Afraid-Calm — might
be within acceptable bounds of accuracy, allowing for a briefer assessment process.

Which of these scores offers the best correlates to other measures of
depression and anxiety was something that remained to be seen in the validation study
(see 7.2), but since they could all be dynamically generated with ease, all were
included in the D-VAMS assessment results. As well as the DVAMS-A and
DVAMS-D, the Mean and Mean " scores were also computed and displayed

alongside the individual scale scores.

7.1.3 Charting scale keyframe images and generating morphed
transitions. Having established coordinate systems from the two actors in which
scale scores can be resolved into unified measures of anxiety and depression, there
still remained the task of turning a small number of keyframe images comprising the
scales into a full set of 0—100 point scales with images for each of the 1% increments
(see Appendix X & Appendix XI).

In 6.4, the location of keyframe images on their respective scales were charted
using data from the judgement study, with the number of required interpolated images
between them being mapped in preparation for the final stage of constructing the D-
VAMS. Figure 7.7 and Figure 7.8 show the final scales mapped with endpoint
images, keyframe images and range markers indicating the number of interpolated

images to be generated.
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Obviously, were there to have been a smaller number of keyframe images
judged to be at precise intervals along the scales, then a less granular scale — such as
ones based on 7 or 9 images — could have been created. The images collected and
judgements thereof, however, were at necessarily irregular intervals, thereby requiring
additional images to make them part of a more granular series that could act as an
approximately interval scale. Since the morphing process by which these images
would be created can generate an arbitrary number of transitions between keyframe
images, it made sense to retain the original 1% granularity of a VAS, which in its
traditional form has been shown to be an effective way of gathering judgements of
interval level data (see 3.3.1). The highly granular nature of the resulting scale is
greatly advantageous in that the user is unconstrained by multiple choice categories,
and is free to return finely discriminated measurements that are as subtle and nuanced
as desired. No doubt such fine resolution is beyond the fidelity of the judgments
generally made, but it is better to have too much resolution than too little.

So for this next phase, images between adjacent keyframe images were
generated by using morphing software to interpolate smooth transitions between the
consecutive facial expressions on each of the scales. In all, 177 morphs were
performed between a total of 194 endpoint and keyframe images. For each of the
morphs, adjacent images were tagged with between 150 and 200 anchor-points which
were used to cross-locate points across the surface geometry of the faces portrayed
(see Figure 7.9). These markers were focussed primarily about the face, following the
features of the eyes, nose, lips, and the contours of the skin, cross-referencing their
outlines and forms by mapping distinctive surface features such as moles, blemishes,
or other micro-features so that their textures could be smoothly interpolated. The

placement of these markers was a laborious and time-consuming process in which
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areas of adjacent images were magnified and aligned, and markers placed as
accurately as possible. Close attention was paid to this part of the process in order to
allow as smooth and animate a transition as possible between images, which would
imitate closely the natural movement of the face as it changes between one endpoint

expression and its counterpoint.
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Figure 7.9. Morphing Images using Surface Reference Points

7.1.4 Constructing D-VAMS. Having generated all the images required for
each of the 14 scales (seven for each actor), there was next the question of how to
implement them in a form which would offer the greatest versatility and convenience.

In addition to the PCs, laptops, notebooks and tablets on which many varieties of
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software run, there are also a growing range of multi-function devices, running a
variety of operating systems each with their own demands regarding the way that
software is programmed and implemented. Naturally, it would be desirable to have D-
VAMS constructed in such a way that it could run on as many devices as possible,
regardless of the hardware or operating system. It would also be good if the
instrument could be made publicly and remotely accessible to any device with an
internet connection.

Both of these requirement immediately suggested the current, de facto method
for managing interactive content to an agreed universal standard, that is, as a standard
HTML web page that can be accessed and run by a web browser. Not only would this
enable D-VAMS to run on any conventional computer or device with a browser, but it
would also allow it to be run as a locally installed service without requiring access to
the internet.

D-VAMS was therefore written as a simple interface using HTML and
Javascript/JQuery. Each scale comprises a page with a picture in the centre, and a
vertical slider to its right. The vertical slider is accompanied by division markers
much like the ones on a ruler, as a visual cue to clearly identify the interface as a
measurement device.

The scales are bipolar, and the slider is set at the scale midpoint (50) by
default, with scales all oriented such that the bottom end of the scale is negatively
valenced (‘sad’, ‘distressed’, ‘afraid’ etc.) and the top end is positively valenced
(‘happy’, ‘excited’, ‘peaceful’). The only exception to this was for the Sleepy-Alert
scale; because this was theoretically valence-neutral, it was, instead aligned with the
activation dimension, as the upward direction is taken to naturally connote positivity

or greater amount. This is consistent with the findings of Kontou et al. (2012), in
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which reversing the VAMS happy and energetic items such that ‘happy’ and
‘energetic’ faces were at the top of the scales, was found to improve the performance
of the VAMS.

Above and below the picture are words representing the scale endpoints, such
as “Happy” and “Sad”, clearly labelling the scales for those who have some intact
language ability. The picture is initially set to the midpoint image corresponding to
the respective scale, as is the slider; as the slider is moved, the image is changed to the
one corresponding to the point-position on the respective scale. When the slider is
moved up, the expression on the face changes towards the positively valenced (or in
the case of the Sleepy-Alert scale, more activated) end of the scale, and when it is
moved downwards the expression changes towards the negatively valenced (or in the
case of the Sleepy-Alert scale, less activated) end of the scale (see Appendix XVII -
1). The scale value appears as a greyed number at the bottom right of the page which
dynamically changes according to the slider position.

A main menu allows the scales to be browsed and examined individually, or
used as part of a mood assessment run in which all are completed and charted results
returned, while a ‘Scale Browser’ button brings up a scale menu page in which the
buttons for the scales are presented in two columns, one for each actor; pressing a
button brings up a page for the respective scale. Each scale page scale (see Appendix
XVII) contains a large image of the face representing the midpoint (scale value of 50)
of that scale. To the right of the face is a vertical slider which can be adjusted using
the touch-screen either by dragging the slider control, or by swiping up or down over
the image. Alternatively, the slider can be controlled using a mouse pointer by

dragging the slider lever up or down, clicking any point along the scale, or using the
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mouse wheel while the pointer is over the image to adjust the slider position. The up
and down arrows of a keyboard can also be used.

For an assessment run, two buttons are displayed at the base of the main page,
specifying which faces are to be used, male or female. Upon starting a run, a user is
presented, in order, with each of the scales for that actor. For an assessment run,
however, beneath the slider is a button with a forward-arrow icon, which is greyed
and disabled until the slider has been moved. Once the slider has been moved, the
button turns green and become enabled, allowing the user to press it in order to
continue to the next page. As a value is entered for each of the scale pages, a chevron
in a status bar at the base of the page also turns green to indicate progress throughout
the task.

Upon finishing the final scale, the main view of a results screen scale is
displayed. This faces view shows a display of the faces chosen, below which is a
series of traffic-light style of bar charts displaying the scales in both unipolar and
bipolar format (see Appendix XVII - 2). In chart mode (activated by the middle
button at the base of the page), the scale results are charted as vectors within the
CMA, alongside the calculated, standardised mean vector and its parameters (see
Appendix XVII - 3/4). Below this, DVAMS-D (depression) and DVAMS-A (anxiety)
scores are displayed. These values are derived from this vector based on its magnitude
and position within the circumplex, and its relation to the theoretical positions of
anxiety and depression within this structure (around 150° and 190° respectively).

As detailed in 6.3.5, the calculation of the mean vector may take two forms.
Bearing in mind that the scales are not perfectly bipolar, there are two ways of
mathematically resolving the scales in this coordinate space. In the first, there is the

assumption that though the endpoints of the scales may not be perfectly bipolar,
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people notionally correct for this in their use of a given scale, treating it as though it
were purely bipolar. For this case, complementary scale angles used to split the scales
scores into their valence (x) and activation (y) components were artificially
‘straightened’ by splitting any discrepancy (angles above or below the 180° that
would theoretically exist between them) and sharing the difference between them
through a line of best fit.

In the second form, the complementary ends of the scales, such as Afraid-
Neutral and Calm-Neutral, retain their absolute position given by the plot, and instead
form ‘bi-unipolar’ scales consisting of the imperfectly opposite, separate unipolar
scales that comprise them. In this unipolar arrangement, the data are treated as if they
were from a number of unipolar scales each running from a position on the
circumference to the centre of the CMA, and no adjustments are made to coerce them
into a coordinate system wherein they are perfectly bipolar. By default, the unipolar
coordinate system is used, and the DVAMS-D and DVAMS-A are calculated without
any adjustment of scale item angles within the CMA to contrive each scale as exact
bipolar opposites (see Appendix XVII - 3). However a button is available to toggle
the views of the coordinate system between unipolar and bipolar, with this latter view
greyed out to visually contrast the two results (see Appendix XVII - 4). In addition to
the CMA based indices, a purely valence based score is also returned, in which the
mean is simply taken of all of the scale scores. In an alternate version of this a value
(‘Mean™*) is returned which does not include the Sleepy-Alert scale, which is
theoretically valence neutral. One might expect the mean ‘Mean™>*’, which includes
only the first six scales to fare better as a measure of valence (and therefore as a
correlate of depression) than the one excluding the Sleepy-Alert scale; while the

former all have a substantial valence component, this last scale loads strongly on
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activation but has near zero valence, therefore should be omitted if we want an
accurate mean valence metric.

A ‘chart’ button at the base of the display allows the user to toggle between
the faces view and the chart view. In the faces view, the faces selected from each of
the scales are presented together above a colour-coded bar-chart of scale scores using
a traffic-light style coding system. Together, these views provide an at-a-glance
profile of a person’s mood which can be interpreted without any understanding of

written or spoken language.

7.2 Validating D-VAMS in a Sample of Stroke Survivors

Having designed two sets of 7-item scales (one female and one male actor), the next
step was to test them in a suitably designed experiment in an appropriate cross-section
of stroke survivors. This validation study was crucial, as it is essential to properly
assess the suitability of any new instrument for the purpose for which it was devised,

and to gain as clear a picture as possible as to its strengths and weaknesses.

7.2.1 Design.

7.2.1.1 Testing psychometric properties. A test of a psychometric instrument
should normally involve the examination of at least three key properties: construct
validity, criterion validity, and reliability.

The first, construct validity, relates to whether our scales are indeed measuring
what they are supposed to be measuring. When somebody rates themselves on the
angry-peaceful scale, for example, we need to be sure that they do indeed recognise
the respective endpoint faces as denoting ‘angry’ and ‘peaceful’ mood states

respectively. The findings of the judgement studies of Chapter 5 yielded 12 mood
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words which have been shown to be systematically related to a set of corresponding
facial expressions derived from them, however the scales comprising the
corresponding faces now need to be properly validated.

One test of the construct validity of the face scales is to simply compare how
people rate themselves on them to how they rate themselves on similar scales which
use the mood words instead of morphing faces. If the scales are recognised as being
conceptually equivalent in terms of the affective continua that they represent, then we
should see high correlations between people’s self-ratings on the face scales and those
given for corresponding word scales. So, as a test of this first, key psychometric
property, it was decided that the experimental task would involve the use of both
types of scales presented in random order.

Another way of assessing the validity of an instrument is to examine how well
the results correspond to those of other, validated measures already in use. If the
depression or anxiety scores returned by the D-VAMS, for example, were to correlate
well with a conventional measure of depression or anxiety, then this would offer
strong evidence that they were measuring the same thing.

A criterion measure was therefore necessary, against which the D-VAMS
could be compared. This measure would ideally be quick-to-administer, and capable
of quantifying low mood in general, as well as quantifying elements relating to the
experience of a depressed state. It would also need to be a measure suitable for use on
patients with a range of physical symptoms, where it is important for any assessment
of depressed or anxious mood not to be confounded by symptoms relating to the
presence of physical illness.

The HADS meets all these criteria. It is a well validated and widely used

instrument whose psychometric properties are well known. Despite being titled as a
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‘hospital” instrument, the key feature of the HADS is its focus on features of
depression and anxiety that exclude symptoms which may be due to coexisting
physical illness. Since it was specifically designed for use with clinical populations,
HADS may be considered appropriate for use in people with a chronic or persistent
medical disorder regardless of the immediate environment, and therefore suitable for
use in community as well as inpatient settings. It is brief, quick to administer and
performs as well as the longer GHQ or BDI instruments, and appears to perform well
even in non-clinical populations (McDowell, 2006). Its suitability for use with stroke
patients is attested to by its use in studies of depression following stroke (Lewis et al.,
2001; B. S. Townend et al., 2007a; Ayerbe et al., 2011; Hackett & Pickles, 2014) and
its adoption as a criterion measure for validation studies of assessment instruments in
this population (Sutcliffe & Lincoln, 1998; Brumfitt & Sheeran, 1999; Bennett et al.,
2006).

The HADS anxiety (HADS-A) and depression (HADS-D) subscales also have
direct, theoretical equivalents in the form of the D-VAMS anxiety and depression
indices (DVAMS-A and DVAMS-D) calculated from the circumplex model, so a
comparison of HADS scores against the D-VAMS would provide a particularly strong
test of convergent validity.

Finally, there is the question of the reliability of an instrument, that is, the
consistency with which it measures what it is supposed to be measuring. A
thermometer, for example, should consistently return a reading of 100°C when it is
placed in boiling water; any significant fluctuations from this figure from one reading
to the next — all else being equal — would indicate that the thermometer is not a very

good one. Test—retest reliability is therefore something that is very important to assess
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in a psychometric instrument, and this is usually done by simply administering the
same test twice separated by an appropriate time interval.

The issue of what constitutes an appropriate time interval for assessments of
self-rated mood is a contentious one, but for the purposes of this study we must only
be reasonably sure that the ratings given for the D-VAMS scales are far enough apart
that recollections of ratings returned for the first test do not unduly influence those
given for the retest. Since it was established that the construct validity test would
consist of both word and face versions of the scales presented in random order, it
would seem reasonable that only a relatively small period of time should be required
between test and retest, as the randomisation of the items for the retest would likely
disrupt detailed memory of the earlier run.

It was important for practical purposes to confine the validation study to a
single task that could be done in one sitting, but there should also be distinct break
between the test and retest tasks that would allow some distance from the memory of
the earlier responses. Since it has already been established that the validation study
would also consist of responding to the HADS as a test of criterion validity, this
suggested a simple, three-stage task that would enable all three properties to be
studied simultaneously in an experiment comprising a final, validation study:

The first part of the task would consist of a random mixture of the 7 scales:
word-based versions, with words such as “happy” and “sad” at the scale endpoints,
and face versions (from the D-VAMS) where a facial expression is adjusted using a
slider. These would be presented in random order on 14 consecutive pages.

The second part of the task would involve responding to 14 questions from the

Hospital Anxiety and Depression Scale (HADS) (Zigmond & Snaith, 1983). For the
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final part, the first part of the task would be repeated, but with items in a different,

random sequence.

1. Presentation of
randomised word/face
versions of the VAS scales

2. Administration

of HADS 3. Repeat of 1.

Figure 7.10. Validation Study Protocol

For the test and retest phases of the D-VAMS scales (word/face versions),
DVAMS-D and DVAMS-A coefficients (for depression and anxiety respectively)
would be computed, as well as D-VAMS Mean and Mean™* scores as described in
section 7.1.2. For the second part, the HADS administration, the HADS-D and
HADS-A subscale scores would be also be calculated. The objective of this validation
study would be to examine the construct validity, criterion validity, and test-retest
reliability of D-VAMS by examining correlations between the different measures
made.

Construct validity would be assessed by examining correlations between the
scores for the ‘face’ and ‘word’ versions of the scales during the test and retest
phases. Criterion validity would be assessed using the Multitrait-Multimethod
approach to examine the convergent and discriminant validity of HADS-D/HADS-A
and DVAMS-D/DVAMS-A, as well as the D-VAMS Mean and Mean™" scores.
Reliability would be assessed by examining correlations between D-VAMS scale
scores from the test and retest phases. Content validity will also be examined from a

qualitative and theoretical perspective.
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7.2.1.2 Prior consultation. As part of consultation prior to implementing the
study, a presentation was given to the Division of Rehabilitation and Ageing Protocol
Planning Committee meeting (October 6™, 2014) to obtain feedback from academics
and other professionals. A further presentation was then given to Nottingham Stroke
Research Partnership Group (November 10", 2014) to obtain input from stroke
survivors, carers and medical and rehabilitation professionals. Feedback was taken
from group members which was subsequently incorporated into the design and
implementation of the validation study. The group stated that this research is worth
pursuing and were supportive of it.

As a result of these consultations, two main amendments were made. A
debriefing form was added to the online task, to thank participants, reiterate the
importance of participation in research and offer an opportunity for the participant to
offer feedback by way of a text box. It was also agreed that all participants would be
followed up and informed of the results of the study once the analysis was complete.
More importantly, a contingency plan was also developed in the event that
participants returned HADS scores which raised concerns about their psychological
wellbeing. In the event of a participant returning a HADS-D or HADS-A score of 11
or more, the participant would be contacted to discuss the score of concern, and the
experimenter would offer to contact the participant’s GP on their behalf to inform
them of HADS results. Full details of these contingencies are described in the D-

VAMS Working Practise Document (see Appendix XVI).

7.2.2 Recruitment and Participants. The next question was what type of
people the scales should be tested on. Ideally, the study sample would consist of the
kind of people with whom they D-VAMS would eventually be used, that is, people

with absent or greatly impaired ability to use language following stroke. However in
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order to properly assess a nonverbal mood assessment instrument of this kind, it must
be validated by comparing responses on the D-VAMS to scores returned using
conventional, language-based measures. This necessarily raises a paradox that cannot
be fully resolved by any choice of sample characteristics, because people with
impaired ability to use language will also be impaired in their ability to use language-
based measures against which the instrument is being assessed. Some studies have
attempted a compromise by employing people with aphasia who score well on single
word recognition (Arruda et al., 1999), however this strategy is only suitable when the
criterion measure against which a tool is being assessed consists purely of single
words.

It was therefore not practicable to employ people with significant aphasia as
part of the present study sample, however, the context of the use of D-VAMS
suggested that participants should be stroke survivors at some stage following stroke.
Ethics committee requirements demand that prospective participants must be adults
capable of informed consent, so this was also stipulated as a requirement. Finally,
fluent English was required because this was the language of the concurrent mood
measures against which the D-VAMS was to be validated. The inclusion criteria were

therefore that participants:

1) be English-speakers who are over 18 years of age
2) have had a stroke
3) be capable of giving informed consent.

(see Appendix XII)

In order for the findings of this study to be generalisable to people and settings

in which the D-VAMS might be used, it was important to employ a reasonably
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representative cross section of people from a variety of sources. One source of
recruitment — and one that is increasingly influential — is via the internet. Since the
tasks comprising the study were fully automated via the online, D-VAMS project
portal and did not require supervision, permission was sought for advertisements to be
posted on the Stroke Association ‘Talkstroke’ forum and the brain injury research
section of the Headway website. A Twitter account ‘Strokewellbeing’ was set up and
used to socially network with numerous online stroke groups and individual
campaigners and encourage snowball sampling. Announcements were frequently
made through the Twitter feed and publicised further by ‘retweets’ through the
network. Advertisement and announcements were also made on relevant Facebook
pages and in forums of other online communities.

Another source of recruitment was through local community stroke groups. A
number of groups in the Nottingham area were contacted, and appointments made to
attend meetings and deliver a short presentation about the study, followed by an
invitation for those interested in taking part to be contacted by the researcher.
Participating groups included the Nottingham Stroke Club, Sherwood Stroke Club,
Mansfield and District Stroke, Club, and Ashfield Stroke Group.

People in stroke clubs, however, are not representative of people who have
had a stroke, as they are generally much further into the recovery process, and are
unlikely to contain people who have only very recently had a stroke. In any
correlational analysis, it is very important to have a diverse spread of scores; if there
are too many people with high scores, or too many people with low scores, it can
attenuate any resulting correlations. It can also make it difficult to derive accurate

measures of sensitivity and specificity and to determine suitable cut-off points.
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Since D-VAMS should be suitable as a screening instrument for depression in
people in the early stages of stroke, as well as later, it was decided to recruit a third
group from within a rehabilitation setting. This would make for a more representative
group of people, and enable scores to be obtained from people whose mood may be
lower. The combination of data from these three sub-groups should offer a reasonably
representative cross-section of stroke survivors that reflect the general population.
Recruitment was therefore also pursued with the cooperation with staff at the Citycare
Partnership, an NHS Community Stroke Discharge and Rehabilitation Service.

Ethics Committee approval was granted by the Faculty of Medicine and
Health Sciences Research Ethics Committee, University of Nottingham (Ref :
110102013). Ethics Committee approval was also sought with the NUH via NHS
proportionate review and R&D review, and approved by West of Scotland Research
Ethics Service (WoSRES) (Ref: 15/WS/0239), with a research passport being issued
to allow the researcher access to Citycare Partnership.

To estimate sample sizes, power calculations for this experiment were
performed using the G*Power software package (Faul et al., 2007). Calculated values
were studied based on low-end (dz=0.35) to high-end (dz=0.45), medium to large
effect sizes, for a power of 0.8 and an a of 0.05. An appropriate target sample size for
the validation study was estimated to be in the range of n=26 to n=46, with the aim of

recruiting approximately 40 participants across the three recruitment methods.

Table 5.0. Sample sizes from study power calculations

dz=0.35 dz=04 dz=0.45
Power =0.8 46 34 26
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In total 46 participants (28 male, 18 female) were recruited by the means
described above: 15 (33%) responded to online canvassing, 20 (33%) were recruited

via local stroke clubs, and 11 (24%) were recruited via the NHS.

7.2.3 Method. For participants recruited via the internet (n=15), the task was
completed online and unsupervised through the D-VAMS Project Portal. Participants
recruited from stroke clubs were offered a choice of taking part in the experiment
either at some point during their visit to the premises (the stroke club venue) or during
a home visit by the researcher. Participants recruited via the NHS were first
approached by staff at Citycare Partnership and given a Participant Information Sheet
(Appendix VII1I) explaining the nature and purpose of the study. If the service user
was interested in participating, they were then provided with a consent-to-contact
form (Appendix XIV) in which they were asked to provide their name and a contact
phone number or email, and to sign and date the form at the bottom. These details
were then passed on to the principal investigator, who contacted prospective
participants to arrange a home visit at a later date.

When home visits were conducted, they were conducted and documented as
per UoN lone working policy. When the task was completed during a home visit or at
a stroke club, it was done using a Nexus 10 tablet under the supervision of the
experimenter. The tablet was equipped with a wireless, 4G, broadband router, to give
remote access to the D-VAMS Project Portal from wherever the task was conducted.
If a participant expressed difficulty reading any of the paperwork or on-screen
instructions or other text, then this was read out loud by the experimenter.

Participants were first given (or, if online, directed to) a Participant
Information Sheet to read. Participants recruited online or via stroke groups received

the School of Medicine version (Appendix XII), while participants recruited via the
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NHS received one in NHS format (Appendix XIII). Participants were then asked to
provide details of their gender, year of birth, ethnicity and time elapsed since their
stroke, and to check boxes on an online consent form (Appendix V and Appendix
XV). NHS participants were asked to also sign a paper copy (Appendix XV).

The task was then completed as described in Figure 7.10. The first part of the
task consisted of completing a random mixture of the seven, face-based scales, along
with seven, equivalent, word-based scales. Whereas in the D-VAMS face scales a
facial expression was adjusted using a slider, the word-based scales differed in that
there was no image of a face, only words describing the scale endpoints. For the Sad-
Happy scale, for example the word "happy" was displayed at the top of the page, and
the "sad" was at the bottom, with the slider being used to indicate where between
these extremes a person considered themselves to be, mood-wise. The gender of the
face scales used during the task were assigned at random by the project portal, and
remained constant from the test to the retest phases of the construct validation task.

These scales were presented in random order on 14 consecutive pages. To set
a value, the participant dragged a slider to a point on the scale representing their mood
over the course of the last week. If the participant expressed difficulty adjusting the
slider, then the experimenter assisted, asking, “Up or down?”, adjusting the slider
position until the participant was satisfied. Once the slider had been moved, a ‘next
page’ button lighted up green and became enabled, allowing the participant to proceed
to the next page. Whenever a face scale was presented, the experimenter first
manually moved the slider the length of the scale from one end to the other and back
again, to clearly demonstrate the endpoint facial expressions delineating the scale.
Once a face scale had been demonstrated, the slider was then set back to its midpoint

on the respective scale, and the participant was asked to select a suitable face.
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Once this first run had been completed, the Hospital Anxiety and Depression
Scale (HADS) was completed in a page-per-question format, with the instructor
assisting if the participant had problems selecting their chosen option or the ‘next
page’ button. For the final part, the first part of the task was repeated, but with items
presented in a different, random sequence. When the task was complete, a debriefing
(“thank you”) page was presented, giving positive feedback and providing a field on

the form where the participant could give feedback if they wished.

7.2.4 Results. Scale scores were collated and divided into groups so they
could be analysed by run (test/retest), type of scale (word/face) and recruitment group.
DVAMS-D and DVAMS-A metrics (for depression and anxiety respectively) were
computed for all participants, along with D-VAMS Mean and Mean ™ scores. The
former were computed from the valence-activation coordinate system as described in
7.1.1, while the latter rendered them as simple averages reflecting overall valence.
The second of these mean scores excluded the seventh, Sleepy-Alert scale (‘Mean™*"),
which is valence-neutral (see 7.1.2). These data were first examined to assess their
distribution and decide what kinds of tests of significance would be appropriate.
Descriptives yielded no evidence of skew or kurtosis of the examined data, and a Q-Q
plot of D-VAMS scores was consistent with normally distributed data, therefore
parametric tests were chosen.

7.2.4.1 Sample Characteristics. Sample characteristics are summarised in
Table 7.3. There were more males than females (28 male, vs. 18 female), and online
participants were generally much younger than stroke club/rehabilitation groups (48
years on average, vs. about 70 years for stroke club/rehabilitation group). Stroke club
participants had the highest time elapsed since stroke (about 5 years on average),

followed by the online group (about 3 years) and rehabilitation group (7 months).
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Table 7.3. Summary Sample Characteristics

Online Stroke Club Rehabilitation ALL
n 15 [103/59] 20 [138/79] 11 [58/69] 46 [283/189]
Age 48.1 (9.3) 72.2(9.7) 70.5 (11.4) 63.8 (14.7)
;r'g“kees(';r‘;‘; 3.0 (L6) 5.2 (4.5) 0.6 (0.4) 3.4(3.6)
HADS-D 8.7 (3.4) 5.2 (3.3) 7.5 (4.4) 6.9 (4.0)
HADS-A 9.4 (4.8) 7.0 (4.2) 9.3(3.7) 8.4 (4.7)
DVAMS-D  -8.0(30.6) -33.9 (28.9) -3.0 (31.1) -18.1 (32.6)
DVAMS-A  -135(26.1) -23.8 (21.3) -3.9 (19.4) -16.2 (23.2)
D-VAMS 54.5 (20) 71 (18.2) 50.9 (20.4) 60.8 (21.0)
D-VAMS™ 525 (18.9) 71(18.1) 52.1 (19.4) 60.5 (20.5)
HADS-D>11 47% 5% 18% 22%
Mean (S.D.)

Normal Q-Q Plot of DVAMS Scores

1007

207

Expected Normal Yalue

Observed Value

Figure 7.11. Q-Q Plot of D-VAMS (Face) Scores, Run 2

Stroke Aphasia Mood Scales v6.0

245



The rehabilitation & online groups generally had much higher HADS-D scores
than the stroke club group. The online group scores were highest (8.7 mean), followed
by the rehabilitation group (7.5), compared to 5.2 for the stroke club group. The
online group had the highest proportion of ‘depressed’ people (nearly half) as flagged
by the ‘scores of concern’ criteria of HADS>11, followed by the rehab group, with

nearly 20%. Only one person from the Stroke Club group scored as depressed.

7.2.4.2 Construct validity. Construct validity was assessed by comparing the

scores returned for the face scales to those returned by the corresponding word
versions. Though the repeat run was performed primarily for the purposes of test-
retest reliability, it also provided an opportunity to examine construct validity. The
data for the scale judgements were also analysed separately by scale, as well as
combined into Runl/Run 2 data, and again with data from both runs combined. At
each of these levels (scale, run and total) Pearson’s r correlation coefficients were
computed between word and face scale scores to arrive at figures for construct

validity. The results are presented in Table 7.4.

Table 7.4. Construct Validity by Total, Run and Scale

Runl Run 2

Miserable—Satisfied .78 .76
Sad-Happy 67 .79
Distressed—Peaceful .68 .76
Bored-Excited .62 .70
Afraid—Calm .66 .79
Angry—Peaceful 40 .79
Sleepy-Alert 40 73

Total by Run .59 .76 Total = .66

Significant at the 0.01 level (1-tailed).
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Construct validity from all the pooled data was .66. Construct validity for Run
1 varied from moderate to very good, at .59 overall, while construct validity for Run 2

was uniformly very good, at .76 overall.

Table 7.5. Between-scale Correlations for Face Scales (Run 2)

Scalel Scale?2 Scale3 Scale4 Scale5 Scale6  Scale?7
Mis-Sat Sad-Hap Dis-Pea Bor-Exc Afr-Cal Ang-Pea Sle-Ale

Scale 1 1 7 73 e .76 .70 73
Scale 2 1 74 .88 e 73 73
Scale 3 1 71 .79 .81 .58
Scale 4 1 .70 12 17
Scale 5 1 75 .62
Scale 6 1 12
Scale 7 1

Significant at the 0.01 level (1-tailed).

Discriminant validity between the scales, however, was extremely poor, as
evidenced by the consistently high cross-correlations between scales (see Table 7.5).
Internal consistency was very high, with Cronbach’s a values of over .9 for both face

and word version of the scales across both runs (see Table 7.6).

Table 7.6. Cronbach’s Alpha for Face/Word D-VAMS and D-VAMS **

Run 1 Run 2
DVAMS DVAMS® DVAMS DVAMS**
Face 920 . 933 .950 .948
Word 920 918 951 .954
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To examine the factor structure of D-VAMS scores, a PCA analysis was
performed on data from both runs of both versions of the scales. Only one significant
factor was extracted, with the remainder having eigenvalues below the commonly
used Kaiser criterion of 1.0, and — by extension — any eigenvalue cut-off derived by
the more stringent parallel forms method (see 5.4.5). This single factor is consistent
with valence, and accounts for a very high proportion of the variance (see Table 7.7a).

Factor loadings by scale and type are shown in Table 7.7b.

-SA

Table 7.7a. % of Variance Accounted for by Factor 1 - Face/Word DVAMS and DVAMS

Run 1 Run 2
DVAMS DVAMS® DVAMS DVAMS**
Face 69 76 77 80
Word 68 71 78 82

Table 7.7b. Factor Loadings for Factor 1 by Scale - Face/Word DVAMS and DVAMS™*

Runl Run 2
DVAMS DVAMS® DVAMS DVAMS™*
Face Mis-Sat .940 944 .887 .884
Sad-Hap 921 .908 914 915
Dis-Pea .839 847 .870 .892
Bor-Exc .924 917 .900 .892
Afr-Cal .839 .854 874 .889
Ang-Pea .699 730 .880 .878
Sle-Ale 578 - .833 -
Word  Mis-Sat .887 .863 935 941
Sad-Hap .876 .867 .939 .948
Dis-Pea .888 901 .936 .955
Bor-Exc .756 77 761 .709
Afr-Cal .768 .786 901 917
Ang-Pea .843 .863 .906 .926
Sle-Ale 746 - .783 -
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7.2.4.3 Criterion validity. An important means of assessing convergent
validity is to examine how D-VAMS scores compare to those of the criterion
instrument of choice, the HADS. First the DVAMS-D and DVAMS-A scores were
compared to those of the HADS-D and HADS-A. Bearing in mind that two different
renditions of the coordinate system exist, unipolar and bipolar, two different
calculations are possible for these scores. To assess criterion validity across runs of
the D-VAMS under both of these renditions, Pearson’s r correlations were performed
between the HADS-D/HADS-A scores, and DVAMS-D/DVAMS-A scores of the two
runs, first using the unipolar rendition, and then using the bipolar one.

Correlations of the HADS and D-VAMS depression/anxiety metrics yielded
two sets of multitrait-multimethod matrices for each calculation method, shown in
Table 7.8a and Table 7.8b. The results were very similar for both coordinate systems,
and made little difference to the correlations found.

Examining the cross-correlations between the D-VAMS and the HADS, high
correlations were noted between HADS-D and DVAMS-D scores, demonstrating very
good convergent validity between the respective depression metrics. Cross-
correlations between the HADS-D and DVAMS-A, and the HADS-A and DVAMS-D
were also significant, though substantially lower. Correlations between HADS-A and

DVAMS-A, though significant, were poorest.

Table 7.8a. D-VAMS-HADS Correlations by Run and Subtype - Unipolar Coordinate System

Run 1 Run 2
DVAMS-D DVAMS-A DVAMS-D DVAMS-A
HADS-D .70 .56 71 .56
HADS-A .60 46 .70 .55

Significant at the 0.01 level (1-tailed).
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Table 7.8b. D-VAMS-HADS Correlations by Run and Subtype - Bipolar Coordinate System

Run 1 Run 2
DVAMS-D DVAMS-A DVAMS-D DVAMS-A
HADS-D .69 .58 12 55
HADS-A .60 A7 .70 .56

Significant at the 0.01 level (1-tailed).

Finally, correlations were examined using only the D-VAMS mean scale
scores. Since the D-VAMS scales run from negative to positive valence on a scale of
0 to 100, higher scores mean a positive mood, therefore the predicted direction of the
correlation was negative, since low HADS-D scores indicate positive mood, and high
scores indicate negative mood. Correlations between HADS-D and D-VAMS (scale
scores and means) are shown in Table 7.9. Of note, also, was the high correlation

between the HADS-D and HADS-A scores (r=.64, p<0.001).

Table 7.9. DVAMS/HADS-D Correlations

Runl Run 2
Face Word Face Word
Miserable—Satisfied -.64 -.66 -.63 -72
Sad-Happy =12 -.69 -73 -.68
Distressed—Peaceful -.59 -.76 -51 - 74
Bored-Excited -.68 -.68 -73 -.70
Afraid—Calm -.53 -.65 -.61 -.64
Angry—Peaceful -41 -.81 -.56 -.67
Sleepy-Alert -.50 -53 -71 -.62
D-VAMS Mean -.59 -.68 -.70 -.70
D-VAMS Mean™* -72 -72 -73 -73

Significant at the 0.01 level (1-tailed).
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7.2.4.4 Test-retest reliability. Tests of reliability were then performed on both
the individual scale scores and the summary metrics. Again, Pearson’s r correlations

were performed between D-VAMS scale data for the test and retest conditions.

Table 7.10. Test-retest Reliability (Face Scale Scores)

Run 1/2
Miserable—Satisfied .79
Sad—Happy 81
Distressed—Peaceful 71
Bored-Excited .84
Afraid—Calm 75

Angry—Peaceful 71
Sleepy-Alert .62
Total 71

Significant at the 0.01 level (1-tailed).

The D-VAMS scale scores individually had good to excellent reliability, with
a total correlation of .71 between data from test and retest runs (see Table 7.10). The
reliabilities of the combined metrics, were of course, better. The DVAMS-D and
DVAMS-A had a reliability of .89, and .80 respectively, while the D-VAMS Mean

and Mean™" reliabilities were .89 and .90 (see Table 7.11).

Table 7.11. Test-retest Validity (D-VAMS Summary Metrics)

Run 1/2
DVAMS-D .90
DVAMS-A .84
D-VAMS Mean™* 91
D-VAMS Mean 91

Significant at the 0.01 level (1-tailed).
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7.2.4.5 Sensitivity and specificity. High correlations between a scale under
investigation and a criterion measure, however, do not alone guarantee that it will
perform well as a screening instrument. We must also assess its ability to correctly
identify positive and negative cases (i.e: ‘depressed’ and ‘not depressed’) identified
by the criterion instrument based on various cut-off values.

HADS-D cut-offs recommended for stroke patients range from >4 (Sagen et
al., 2009) to >7 (Aben et al., 2002) (Lincoln et al., 2012b). Receiver operating
characteristics (ROC) were therefore calculated for both the DVAMS-D and Mean™*
statistics against HADS-D cut-offs of 4-8. Optimal cut-offs for Run 2 are listed in
Table 7.12a and Table 7.12b and ROC curves for HADS-D cut-offs 4—7 are shown in
Figure 7.1.2a and Figure 7.12b.

A comprehensive analysis was also performed on data including individual
scale scores for Run 2. ROC curves for scale scores at HADS-D cut-offs 4—7 are

shown in Figure 7.13.
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Table 7.12a. Sensitivity/Specificity Cut-offs: DVAMS-D against HADS-D

DVAMS-D

ROCS Cut- Sens Spec
AUC off % %

HADS-D >4 86.8% >-45 89 82
HADS-D>5 88.2% >-45 97 70
HADS-D>6 89.5% >-30 93 79
HADS-D>7 81.6% >-23 83 65
HADS-D>8 80.5% =>-14 81 68
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Figure 7.1.2a. ROC Curves for DVAMS-D against HADS-D Cut-offs 4 —7
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Table 7.12b. Sensitivity/Specificity Cut-offs: D-VAMS Mean™" against HADS-D

D-VAMS Mean™*

ROCS Cut- Sens Spec
AUC off % %
HADS-D>4 878% <74 89 91
HADS-D>5 89.5% <74 97 77
HADS-D>6 91.0% <69 96 79
HADS-D>7 83.6% <63 83 65
HADS-D>8 82.1% <59 81 68
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Figure 7.12b. ROC Curves for D-VAMS Mean™ against HADS-D Cut-offs 4 -7

Stroke Aphasia Mood Scales v6.0

254



Scale 1 — Miserable-Satisfied
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Scale 3 — Distressed-Peaceful
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Scale 5 — Afraid-Calm
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Figure 7.13. ROC Curves for D-VAMS Scales and Mean™
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7.2.5.6 Content Validity. Another key aspect of validity is the extent to which
a psychometric instrument covers all the facets of the construct being measured. This
IS not something that can be calculated, evaluation of this entails a brief, qualitative
examination with respect to the theoretical issues covered at length in Chapters 4 & 5.

An evaluation of the content of the D-VAMS should be made with respect to
its value both as a mood assessment instrument and as a depression screening
instrument. As a mood assessment instrument, content validity is strong, as it covers
all the most important emotions and moods. From a categorical perspective, all of the
basic emotions of (Ekman, 1970; Ekman & Friesen, 1971; Ekman & Friesen, 1976;
Ekman, 2005) except for disgust are covered, with Happiness, Sadness, Fear, Anger,
and Surprise all having a place within the CMA. However, disgust is a uniquely
physiological response rooted in a repulsion to a noxious stimulus. Though fear and
anger also possess a strong behavioural component vis-a-vis fight-or-flight behaviour
(in the form of prototypical emotional episodes), they also have analogues as
persistent moods removed from any immediate threat (such as with hostility or
anxiety). Disgust, however, when removed from this literal sense, becomes something
more akin to anger or dislike, and does not fit as cleanly into this taxonomy.

From a dimensional perspective D-VAMS covers the key factors that define
Core Affect. Though, necessarily, the underlying CMA model used lacks the third
dimension of Dominance-Submissiveness which complex emotions such as Fear and
Anger also embody, these emotions are too important to omit from even a basic
assessment of mood and so must stand despite their arguably more complex factorial
makeup. The selection of these scale items therefore offers a delineation that is —
content-wise — compatible with a slightly more complex dimensional structure, where

a two-dimensional circumplex structure is crossed in its negative valence, negative
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activation quadrant by a Dominance-Submissiveness dimension spanning ‘afraid’,
‘distressed’ and ‘angry’. This fusion of two and three-dimensional domains seems to
represent a critical junction from which taxonomies of emotions are drawn, as is
attested to by the strong overlap between the items included in D-VAMS and the
‘basic’ emotions of Ekman and others.

As a depression screening instrument, however — as with other instruments
that assess depression in the context of physical illness — the D-VAMS is limited
purely to its most salient phenomenology, that is, sadness or depressed mood. While
such symptoms predominate in the DSM-V criteria for depression, its somatic
components, including fatigue, sleep or appetite problems, psychomotor retardation
and agitation are necessarily missing. Also missing are the nuanced cognitive
elements, such as feelings of hopelessness, guilt and morbid preoccupation with
death. A similar simplification was also adopted in devising the content of HADS,
yet this instrument still performed very well when compared to more comprehensive,

standard measures of depression (McDowell, 2006).

7.2.6 Discussion.

7.2.6.1 Psychometric qualities of D-VAMS. With respect to construct validity,
the size of Cronbach’s «, the consistently strong, cross-scale correlations, the absence
of discriminant validity between the face scales scores (see Table 7.5), and the results
of the PCA indicate that D-VAMS scores are made up of only one significant factor,
corresponding to ‘pleasantness/unpleasantness’, and accounting for around 80% of the
variance (see Table 7.7). This is disappointing regarding the value of the coordinate
system tested as part of this study, but revealing in the extent to which valence
dominates the way that participants use D-VAMS to report mood, and supports

Feldman’s (1995) conclusions that when making judgements of their mood, people
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weigh the valence dimension much more than the arousal dimension than the
geometry of the CMA suggests. The evidence here demonstrates clearly that D-
VAMS score essentially reflected whether the respondent’s mood was positive or
negative. It is likely that using scales that tap different proportions of valence and
activation simply resulted in participants responding to the more dominant factor,
with cues for affective valence superceding or masking those for activation in
determining their response. Construct validity for all scales improved markedly from
the first run to the second, suggesting a marked practise effect

Turning to criterion validity with the HADS, we see this unidimensional
structure at work in the HADS and the D-VAMS-D/A correlations (see Table 7.8a &
Table 7.8b). Though DVAMS-D/HADS-D correlations were good, the DVAMS-A
statistic was not successful as a specific correlate of the HADS-A. Cross correlations
between the DVAMS-D and HADS-A, and the DVAMS-A and HADS-D,
substantially exceeded the DVAMS-A/HADS-A correlations in Run 1, and HADS-
A/HADS-D correlations with DVAMS-A were uniformly worse than those with
DVAMS-D. This shows a failure of both convergent and divergent validity with
respect to the D-VAMS anxiety metric, underlining the apparent absence of the
aforementioned activation factor in scores returned using D-VAMS.

The pattern of correlations of D-VAMS scores with the HADS-D, individually
and in combination, further supports this (see Table 7.9), with consistently significant
and generally high correlations across all of the scales, and no pattern of correlations
favouring valence-heavy scales. The fact that the Mean™* statistic — in which the
Sleepy-Alert scale was omitted — was a slightly better correlate of the HADS-D than
the DVAMS-D metric derived from the CMA coordinate system is also consistent

with this. The correlation between the HADS-D and HADS-A in this experiment was
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also typically high (r=.64), making the challenge of distinguishing between
depression and anxiety difficult even if a clear activation dimension were to be
present. These results, however, may be due to the fact that this sample consisted of
people whose depression and anxiety were highly correlated. If a larger sample of
participants were to be separated into those who had high HADS-D scores but low
HADS-A scores, and those who had high HADS-A scores but low HADS-D scores, it
a two-factor structure may have been more evident in their D-VAMS scores.

DVAMS-D and DVAMS Mean/ Mean ™ correlations against HADS-D also
improved from the first run to the second, again suggesting a practice effect. The fact
that D-VAMS/HADS-D correlations are very similar between the face and word
versions of the scales also attests to the construct validity in that they largely agree
with one another. Test-retest reliability for the scales individually was good, and
excellent for the total scores (see Table 7.10).

A number of suitable cut-offs were found that offered good to excellent
sensitivity and specificity against the HADS-D (see Table 7.2b and Figure 7.12b).
Bennett et al. (2006) recommend a sensitivity of at least 0.8 and a specificity of at
least 0.6 as an acceptable cut-off for the purposes of a screening measure. In this
respect, both the DVAMS-D and DVAMS Mean** metrics performed very well, with
all cut-offs except HADS-D>10 satisfying these criteria. Sensitivity and specificity
generally improved with higher HADS-D cut-offs with an optimal cut-off HADS-
D>13 yielding 100% and 89% respectively.

The high Cronbach’s « indicates that the seven scales can be reduced in
number. Since D-VAMS performs primarily as measure of valence, and Scale 7
(Sleepy-Alert) was charted as close to valence-neutral in the PCA plots from

Experiment 3 (see Figure 6.3 and Figure 6.4), this activation based scale seems like
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the prime candidate for exclusion from the final version. The evidence suggests that
excluding Scale 7 — as with the Mean™* metric — improves the psychometric
qualities of D-VAMS; the D-VAMS /HADS-D correlations using the Mean™*
statistic were uniformly better than those using the total mean score in both runs, and
much better for the first run (D-VAMS Mean/HADS-D, r=.59; Mean™* /HADS-D,
r=.70). Construct validity for Scale 7 was also much poorer for Run 1 (r=.40) and
reliability was the poorest of the scales (r=.64); Scale 7 was also the scale which,
when omitted, resulted in the smallest reduction of Cronbach’s o (Scale 1-6 0=.948,
compared to a=.950 for all scales). The findings here therefore suggest that Scale 7 is
not required and should be dropped, and the mean score of scales 1-6 (Mean™>*)
adopted as the de facto D-VAMS score total, giving a measure of pleasantness of

mood in the range of 0 to 100.

7.2.6.2 Strengths of the study. The present study sample comprised a fairly
representative cross-section of stroke survivors employing participants from three
different sources, — from online, from stroke clubs and from an NHS rehabilitation
setting. As such, it was a fairly representative sample of stroke survivors, reflecting
the balance of genders, range of ages, and time elapsed since stroke (see Table 7.3).

The design was elegant, with a simple task structure which enabled a variety
of psychometric properties to be tested and evaluated in a reasonably short sitting. It
was also designed with ease and flexibility of administration in mind, with a custom,
project portal developed to administer the tasks automatically. The task could thereby
be conducted on any device with an internet browser, and administered in people’s
homes via a mobile internet service when necessary. The automated nature of the task
allowed for robust implementation of experimental controls such as randomisation of

item presentation, and logging allowed such information to be stored for later
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examination if required. The results display allowed for data to be easily cut-and-
pasted into applications such as Microsoft Excel and SPSS, minimising the need for
manual data entry and reducing transcription errors.

Where the task was personally administered using a tablet (as with the 31 non-
internet participants), great efforts were made to allow the participant to enter their
own responses with a minimum of intervention from the experimenter. In six cases
where a participant found the sliders on the scales too difficult to operate, particular
care was taken to ensure that the slider position was based on instructions from the
participant, and that the participant was completely happy with the final position of
the slider before continuing to the next page.

This validation study employed versions of the faces scales in which verbal
labels were completely absent. As such — unlike in the validation study by Arruda et
al. (1999) — participants were forced to rely on the D-VAMS images alone to report
their mood. This study therefore represented a particularly strong test of the utility of
the scales, as there was little question of circumventing the images provided as these
were the sole means of reporting mood state.

Ethics Committee approval was sought and granted both at university and
NHS level, and this project was overseen by supervisors who are expert in this area. A
partnership of stroke care professionals including stroke survivors were also consulted
on the design of the study, and their recommendations taken on board; feedback was
also sought via a number of oral and poster presentations at conferences and other

events.

7.2.6.3 Limitations of the study. Though the study sample was a reasonably
representative cross-section of stroke survivors, it contained relatively few people

from a rehabilitative setting, limiting the ability of results to be generalisable to those
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in early stages after stroke. Were these results only to apply to people after a
significant period of recovery, it may call into the question of the suitability of D-
VAMS as a screening measure for depression in the early stages after stroke, since
screening measures are most often used in the acute stage. Since this study was not
conducted in the context of an intervention, the responsiveness of D-VAMS to change
could not be assessed.

Controlling for nonverbal content only had the benefit of providing a strong
test of the utility of the pictures, however it also meant the results reflected the rare
scenario in which a stroke survivor was totally unable to recognise even single words.
Though this offers a tough test of D-VAMS, it does not reflect a use with a typical
range of stroke survivors of varying degree of communication impairment, many of
whom would be able to use the mood words included on the live version to support
their responses. So while the present findings may reflect the performance of D-
VAMS in extreme cases of communication impairment, it doesn’t tell us much about
how the ‘live’ version of D-VAMS — with the mood words present — would fare; we
can only surmise that the psychometric qualities would be improved somewhat by the
presence of the words, though by how much remains unknown.

As discussed earlier, the D-VAMS — like the HADS — is concerned with the
self-report of experienced mood, and not behavioural or somatic symptoms that could
be due to a medical conditions. The behavioural manifestations of depression
however, can be assessed with existing observer rated scales such as the SADQ. With
the D-VAMS allowing a cognitively intact stroke survivor with even the most
profound loss of communication ability to communicate how they feel, the two might

complement one another very well in allowing these dual facets of depression —
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behavioural and self-reported — to give a fuller picture of depressive symptomatology
in this population.

Like previous research, the findings of this study also assume that the results
for language-intact stroke survivors can be generalised to people with aphasia. For the
reasons outlined earlier, a validation study in the target population (people with
aphasia) is not feasible because any criterion measure — including of course the ‘gold
standard’ diagnostic interview — is impossible for people who cannot use language. It
would therefore not be possible to establish whether poor findings in a sample of
people with more profound aphasia was due to difficulty in using the D-VAMS or
their impaired ability to use a language-based, criterion measure employed in the
study. However some faith should be faced in the compelling neuropsychological
evidence that recognition of facial expressions — being processed in the right
hemisphere — is extremely unlikely to be impaired in people with the left hemisphere
lesions most commonly associated with aphasia.

Even granting that D-VAMS is a valid and reliable mood measure suitable for
people with aphasia, there is still the problem of instructing a severely aphasic person
in the use of the scale. Great efforts were made to ensure that it was easily
recognisable, and that its purpose as a self-report, mood assessment instrument was
clear from the visual cues and the context of its use, However, though the majority of
participants easily grasped the concept behind the instrument and were able to use it
without difficulty, there was at least one study participant who had difficulty with the
concept of using a ‘proxy face’ to express their own mood.

In circumstances where profound speech difficulties are present, it may
therefore be necessary to support the use of D-VAMS by using gestures and other

body language to indicate its purpose. Providing the respondent is cognitively intact,
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it is hoped that showing and demonstrating the scales to them, plus the use of gestures
to indicate that the face is meant to reflect their own feelings, should be sufficient to
convey its purpose. It is also likely that a person in emotional distress who wishes to
communicate this but has no other way to do so will to be more motivated to make
use of the instrument.

The context in which the HADS questions were used was also potentially
problematic. Some of the HADS questions were framed in a way that they could
cause confusion. The statement “I still enjoy the things I used to enjoy”, in the context
of their participation as a stroke survivor was liable to be misinterpreted as meaning
since their stroke, and not simply how they have been feeling during the last week.
There are two questions in the HADS that may also be troublesome in that they may
be conflated by stroke symptomatology. As Lincoln et al. observed, “I feel as if I am
slowed down™ and “I still enjoy the things I used to enjoy” may relate to motor,
cognitive or language impairments resulting from stroke, rather than symptoms of
depression (Lincoln et al., 2012b, p. 308). This may lead to HADS-D scores that are
artificially inflated as a result of responses that reflect stroke symptoms rather than
mood per se.

It is inevitable that participants recruited online and performing the study task
via the web portal unsupervised may also perform differently in other ways to those
under supervision. One possible factor is social rules governing self-disclosure.
Personal feelings can be a sensitive issue, and there is a social expectation that we
should put on a positive face even when our mood is very low. Inhibitions about
disclosing the extent of one’s low mood may have biased supervised participants in
favour of more positive responses on the mood scales or the HADS, as their responses

could be seen by the experimenter. This may go some way to explaining the fact that
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the Online subgroup had HADS-D scores (and D-VAMS scores) that were around
67% higher than those of the Stroke Club and Rehabilitation subgroup as a whole,
however this may be at least in part due to Stroke Club participants being generally
happier than the other groups. Whether this was because they were attending a Stroke
Club, or whether it is because more depressed people are less likely to attend Stroke
Club meetings, however, is debatable.

There is also the matter of sample size as it relates to the PCA and ROC
analyses. The sample size was calculated using power calculations based on Pearson
correlations, as these tests comprised almost all of the statistical analyses. This sample
size, however, may be inadequate to accurately reveal factor structure through the use
of PCA or allow for acceptable precision of ROC statistics, and so these results
should be viewed with caution.

Finally, there is the question of an experimenter effect. Aside from the
aforementioned inhibitions some may have about reporting sensitive information in
the presence of a stranger, there is also the question of the influence of supervision.
People frequently needed assistance using the tablet, and in extreme circumstances the
experimenter would operate the slider on the participant’s behalf, asking, “Up or
down?” and calibrating it accordingly. Though every precaution was made to ensure
that the slider positions represented as best as possible the wishes of the participant,
there is always the possibility that subtle biases were introduced that might have

favoured an expected pattern of responses.

7.2.4.4 Summary. This validation study demonstrated that an image-only
version of D-VAMS has excellent construct validity, excellent test retest reliability
and excellent convergent validity with the HADS-D for both the DVAMS-D and

DVAMS Mean™" statistics. However the poor discriminant validity between scales,
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the high Cronbach’s a , the clear, single factor structure of D-VAMS scores strongly
indicate that D-VAMS measures one construct, affective valence, and not some
combination of valence and activation. The findings therefore suggest that D-VAMS
can be improved by leaving out the seventh, Sleepy-Alert scale.

Because of this single-factor structure, the DVAMS-D/DVAMS-A
coefficients derived from the two-factor geometry (see 7.1.1) are flawed and do not
form differential metrics that can usefully distinguish anxious from depressed mood.
However, it is possible that patterns of scores for the individual scales might enable
levels of anxiety to be inferred, for example, by unusually high ‘afraid’ scores relative
to those of other scales. The findings, though, also indicate that the D-VAMS Mean™*
score gives a very good indicator of pleasantness of mood on a scale of 0-100, with a
faces-only version of the scales giving good sensitivity and specificity at a range of
HADS-D cut-offs.

While it is safe to conclude that D-VAMS is probably suitable as a general
outcome measure for depression or low mood in people with communication
problems following stroke, its utility as a screening measure (which is typically
employed in the acute stage poststroke) is less certain due to the sample
characteristics. Further study, employing a hospital-based sample in the acute, post-
stroke stage, is required to confirm whether the present findings extend to individuals

at the stage when they are usually screened.
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8. Conclusions

8.1 Important Considerations

Before drawing conclusions as to the suitability of D-VAMS as an outcome measure
or screening instrument, it is important to bear in mind the strict constraints that were
imposed on the validation study to control for language-based cues. To simulate as
best as possible the conditions for a profoundly aphasic respondent, no verbal cues
whatsoever were presented in order to ensure total reliance on images of facial
expressions alone. It is reasonable to expect that in a real-world implementation — in
which the scales are also accompanied by their corresponding mood words — the D-
VAMS would only perform better, as it is relatively rare for people with aphasia to be
totally lacking in the comprehension of both written and spoken, single words.

It is therefore important to understand that these results probably represent the
lower boundaries of the instrument’s performance. The use of the live, ‘word’ version
— in which the top and bottom ends of the face scales are also accompanied by the
respective mood words — are more suitable for real world use, as in most people with
aphasia language is still present to some degree, with single-word recognition

frequently left intact.

8.2 Utility of D-VAMS as a Measure of Mood

The validation study findings indicate that D-VAMS is suitable for use in people after
stroke. Measures of construct validity, internal consistency and reliability suggests

that D-VAMS is a good, general measure of mood covering key domains of affect,
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with the total score (Mean™*) providing a valid and reliable measure of pleasantness
of mood on a scale of 0—100. High correlations with the HADS-D suggests that it is a
suitable substitute measure for depressed mood where language impairment may
otherwise make the use of conventional measures difficult. As such, D-VAMS should
be useful as a general outcome measure for this population.

It does however require that a respondent is cognitively intact enough to
comprehend the nature of the instrument, and communication support may be
required in people whose aphasia is severe. The present study, furthermore, could not

allow responsiveness to changes in mood to be assessed.

8.3 Utility of D-VAMS as a Screening Measure for Depression after Stroke

Likewise, sensitivity and specificity suggest good cut-offs for a range of HADS
scores, with an optimal cut-off of HADS-D>4. This suggests that D-VAMS is
acceptable for use as a screening measure for low mood after stroke, even for stroke
patients with the most profound loss of communication. However, this instrument can
only be considered a screening measure for depression per se in the imprecise sense in
which it reflects depressed mood; as discussed earlier, mood is only one facet of
depression as a clinical construct. D-VAMS is quick to administer (<5 mins) and can
be run on most multi-function devices with an internet browser. It is freely available
online, and an offline version is also available, making it easy to access from a typical
medical or research environment.

A note of caution must be sounded, however, on the use of D-VAMS in the
early stages poststroke. Stroke survivors from a rehabilitation setting comprised only

25% of the validation study sample, and none of these were within 2 months of their
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stroke, so it remains to be seen whether similar findings would be observed in the

early days or weeks following stroke. This is a matter for further investigation.

8.4 Recommendations for Use

It must be remembered that though the present study indicates that D-VAMS is a
valid and reliable measure of mood suitable for use as a screening instrument for
depression after stroke, it is not intended as a diagnostic instrument to be used in
isolation. D-VAMS is intended to provide information that can help guide and inform
medical staff and other carers in evaluating the mood of people with communication
difficulties following stroke. As with all evaluations, it is prudent to be guided by a
number of sources, such as proxy/caregiver ratings based on informal or structured
observation. The combination of D-VAMS and SADQ-H10, for example, might
usefully offer a fuller and more accurate profile of depressive symptomatology, with
the self-report information of the former complementing the behavioural account of
the latter.

D-VAMS should also be used under supervision. The interface should first be
demonstrated to the respondent, showing the various ways in which the scales can be
adjusted depending on the device being used. Depending on the type and severity of
aphasia present in the respondent, the purpose of the scale should be communicated
with the support of verbal or written communication or sign language. Where a
respondent has problems reading but can still comprehend some spoken language,
mood words accompanying the scales can also be indicated and read out loud on the
scale pages.

Prior to providing a response on each of the scales, the endpoints and

transitions between them should be shown to the respondent in order to allow as clear
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as possible an understanding of what each scale represents, by way of their trajectory
across affect space, and intensity and direction of a particular mood or emotion. If the
respondent has a problem physically activating or adjusting controls on the D-VAMS
interface, the supervisor can assist with this also. Since the evidence suggests a
pronounced practise effect, it would be advisable for respondents new to D-VAMS to
first begin with a practise run in order to familiarise themselves with the interface, and
then to repeat the exercise as their ‘live’ run.

D-VAMS is free to use and available on the internet at DVAMS.COM. A

downloadable version that can be run offline is also available via the Project Portal

link, along with information and other resources.
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Appendix | — Study 1 Information Sheet

STUDY INFORMATION SHEET

Developing a Pictographic Mood Scale Suitable for use with
Aphasic Stroke Patients

A Pilot Study

It is estimated that 30% of stroke sufferers develop aphasia, a
condition which results in impairment of a person's ability to speak
or to understand language. A person with this condition may also
have difficulty reading or writing, making communication of any
kind extremely difficult. Clinical guidelines recommend the
screening of stroke patients and the assessment of those at high
risk of depression. There is therefore a need for screening measures
that assess mood in people whose ability to communicate is
severely impaired or absent.

Though an existing set of pictographic scales exists for this purpose,
it has proved to be of limited clinical use. The objective of this study
is to produce a nonverbal mood scale that can more sensitively
identify whether a person may be at risk of depression or other
mood disorders.

The study will be held at locations to be arranged in advance,
normally at venues on the University Campus. The study is in two
parts:

Part 1: Creation of a set of photographs

20-30 participants will be required for this part of the study.
Each will be photographed in separate sessions. Each
participant will be given a consent form to read and sign. They
will also be given an instruction sheet. Once the participant
has read and understood the instructions, they will be seated
at a table and asked to pose facial expressions based on 26
mood descriptor words (such as 'happy’, 'sad' etc.) that will be
presented to them in turn. The experimenter will photograph
each of the posed expressions until all have been completed.

This session will take approximately one hour.
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Part 2: Validation of photographs

Phase 1: 60-100 participants will be required for this phase of
the study. Single participants, or participants in groups of up to
5 will be asked to judge one set of 26 photographs in terms of
the extent to which the facial expressions depicted are
perceived to correspond to a set of listed mood words. The
photographs will be displayed as a Powerpoint presentation,
and the participants will be asked to mark their responses on a
form provided, on a Likert scale of 1-7.

This task will take approximately one hour, inclusive of a
ten minute break half way through.

Phase 2: 150-300 participants will be required for this phase of
the study. Groups of participants be asked to judge one set of
26 photographs in terms in terms of selecting or providing a
suitable mood word. The photographs will be displayed as a
Powerpoint presentation, and the participants will be asked to
mark their responses on a form provided.

This task will take approximately 5-10 minutes.

Participating in the study

Participants should read the this information sheet and
understand the nature and purpose of the research project.

While information and material collected during the study may
be published, participants will not be identified and their
personal results will remain confidential.

Data will be stored on password protected computers used by
the researcher. Paper forms will be kept locked in a secure
place. Data collected may be shared with other researchers,
but personal details will not be disclosed without express
permission of the participant.

Participants taking part in the first part of the study will be
asked to sign a consent form and may have their photographs
used in further stages of the study and as part of the final
scale.

Participants may withdraw from the study at any stage
without having to give a reason.
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e Participants may contact the researcher or supervisor if they
require further information about the research, and may
contact the Research Ethics Coordinator of the Institute of
Work Health and Organisations, University of Nottingham, if
they wish to make a complaint relating to their involvement in
the research.

Contact details

Researcher: Paul Barrows - Ipxpb4@nottingham.ac.uk
Tel: 01623 655174

Supervisors: Dr Shirley Thomas - shirley.thomas@nottingham.ac.uk
Prof Nadina Lincoln - nadina.lincoln@nottingham.ac.uk
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Appendix Il — Study 1: Instructions for Actors

Developing a Pictographic Mood Scale Suitable for use with
Aphasic Stroke Patients

Pilot Study - Part I
Instructions for 'Actors’
The purpose of this part of the study is to identify facial expressions

which are most clearly recognisable, and which can most accurately
convey a given mood state. Below are a list of mood descriptors:

Energetic Disappointed Calm Confused
Pleased Tense Bored Sleepy
Excited Angry Tired Content
Happy Nervous Miserable Peaceful
Enthusiastic Distressed Depressed Neutral
Sad Anxious Satisfied

Afraid Aroused Relaxed

These are the mood states that you will be asked to portray using
facial expressions. For posing the expressions, there are two
methods that may be useful in helping to invoke a convincing
expression.

L Method 1 - "Remembered moments"

To help 'summon up' the appropriate emotion when posing an
expression, it is sometimes helpful to remember a moment when
you vividly recall experiencing the feeling described. Try to think of
a particularly clear memory when you felt that way.

U Method 2 - "The Mime"

An alternative is to imagine that you are trying to communicate with
somebody behind a window pane where they can see but cannot
hear you. Use your facial expression to try and communicate your
mood state so that an imaginary viewer could understand as best as
possible how you are feeling.
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When you are ready for the sitting, the photographic session will
begin. Please note that for the sitting, all makeup, visible facial
jewellery and eyeglasses must be removed.

The experimenter will read the descriptors to you in random order,
taking three photographs for each posed expression, preceded by
one photograph with the descriptor card held up before you. You
may adjust your posture and tilt your head up or down a little as
part of your portrayal of mood states, but please remain central and
do not turn your head to either side.
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Appendix 111 — Study 1/2: Consent Form for Actors

PARTICIPANT CONSENT FORM

Project title Developing a pictographic mood scale suitable for use with
aphasic stroke patient

Researcher’s name Paul Barrows
Supervisors' names Dr Shirley Thomas & Prof Nadina Lincoln
Please
check
e I have read the Participant Information Sheet and the nature and 4
purpose of the research project has been explained to me.
e I understand the purpose of the research. |
e T understand that I may withdraw from the research project at any stage [
without having to give a reason.
e I understand that I will be photographed for the study session. 4
e T understand that while information and material collected during the 4
study may be published, I will not be identified and my personal results
will remain confidential. I understand that the photographs collected will
be used in further stages of the study and as part of the final scale.
e I understand that data will be stored on password protected computers 4d

used by the researcher. Paper forms will be kept locked in a secure
place. Data collected may be shared with other researchers, but
personal details will not be disclosed without express permission of the
participant.

e I understand that I may contact the researcher or supervisor if I require 4d
further information about the research, and that I may contact the
Research Ethics Coordinator of the Institute of Work Health and
Organisations, University of Nottingham, if I wish to make a complaint
relating to my involvement in the research.

e [ agree to take part. |

Signed ... (research participant)

Print name ..., Age........... Date ...
£ received (initial) ....ccccee..e.
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Appendix IV - 20 Actors Each Pose Expressions for 26 Mood Words

Study 1: Actors 1-4 Pose Expressions for 26 Mood Words

Actor AO1
Happy Pleased Excited  Enthusiastic Energetic ~ Aroused Nervous Anxious Tense Afraid Confused  Distressed Angry
Miserable Disappointed Depressed Bored Tired Sleepy Relaxed Peaceful Calm Satisfied Content Neutral
Actor AO2
Happy Pleased Excited  Enthusiastic Energetic ~ Aroused Nervous Anxious Tense Afraid Confused  Distressed Angry
Miserable Disappointed Depressed Bored Tired Sleepy Relaxed Peaceful Calm ‘ Satisfied Content Neutral
Actor AOS | |
Happy Pleased Excited Iénthusiastic Energetic ~ Aroused Nervous Anxious Tense Afraid (?onfused Distressed Angry
Miserable Disappointed Depressed Bored Tired Sleepy Relaxed Peaceful Calm Satisfied Content Neutral

Actor A0O4

Happy Pleased Excited  Enthusiastic Energetic ~ Aroused Nervous Anxious Tense Afraid Confused  Distressed Angry

Sad Miserable Disappointed Depressed Bored Tired Sleepy Relaxed Peaceful Calm Satisfied Content Neutral
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Study 1: Actors 5-8 Pose Expressions for 26 Mood Words

Actor AO5
Happy Pleased Excited  Enthusiastic Energetic ~ Aroused Nervous Anxious Tense Afraid Confused  Distressed Angry
Miserable Disappointed Depressed Bored Tired Sleepy Relaxed Peaceful Calm Satisfied Content Neutral

Actor AO6
Happy Pleased Excited  Enthusiastic Energetic  Aroused Nervous Anxious Tense Afraid Confused  Distressed Angry
Sad Miserable Disappointed Depressed Bored Tired Sleepy Relaxed Peaceful Calm Satisfied Content Neutral

Actor AO7
Happy Pleased Excited  Enthusiastic Energetic ~ Aroused Nervous Anxious Tense Afraid Confused  Distressed Angry
Miserable Disappointed Depressed Bored Tired Sleepy Relaxed Peaceful Calm Satisfied Content Neutral

Actor AO8

Happy Pleased Excited  Enthusiastic Energetic ~ Aroused Nervous Anxious Tense Afraid Confused  Distressed Angry

Sad Miserable Disappointed Depressed Bored Tired Sleepy Relaxed Peaceful Calm Satisfied Content Neutral
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Study 1: Actors 9-12 Pose Expressions for 26 Mood Words

Actor AQ09
Happy Pleased Excited  Enthusiastic Energetic ~ Aroused Nervous Anxious Tense Afraid Confused  Distressed Angry
Miserable Disappointed Depressed Bored Tired Sleepy Relaxed Peaceful Calm Satisfied Content Neutral
Actor A10
Happy Pleased Excited  Enthusiastic Energetic ~ Aroused Nervous Anxious Tense Afraid Confused  Distressed Angry
Miserable Disappointed Depressed Bored Tired Sleepy Relaxed Peaceful Calm Satisfied Content Neutral
Actor All
Happy Pleased Excited  Enthusiastic Energetic ~ Aroused Nervous Anxious Tense Afraid Confused  Distressed Angry
. . . . . . . /.'/./. ‘.‘ . .
Miserable Disappointed Depressed Bored Tired Sleepy Relaxed Peaceful Calm Satisfied Content Neutral
Actor Al12
Happy Pleased Excited  Enthusiastic Energetic ~ Aroused Nervous Anxious Tense Afraid Confused  Distressed Angry

Miserable Disappointed Depressed Bored Tired Sleepy Relaxed Peaceful Calm Satisfied Content Neutral
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Study 1: Actors 13-16 Pose Expressions for 26 Mood Words

Actor A13

Happy Pleased Excited  Enthusiastic Energetic ~ Aroused Nervous Anxious Tense Afraid Confused  Distressed Angry
Miserable Disappointed Depressed Bored Tired Sleepy Relaxed Peaceful Calm Satisfied Content Neutral

Actor Al4

Happy Pleased Excited  Enthusiastic Energetic  Aroused Nervous Anxious Tense Afraid Confused  Distressed Angry
Miserable Disappointed Depressed Bored Tired Sleepy Relaxed Peaceful Calm Satisfied Content Neutral

Actor A15

Happy Pleased Excited  Enthusiastic Energetic ~ Aroused Nervous Anxious Tense Afraid Confused  Distressed Angry

Sad Miserable Disappointed Depressed Bored Tired Sleepy Relaxed Peaceful Calm Satisfied Content Neutral

Actor A16

Happy Pleased Excited  Enthusiastic Energetic ~ Aroused Nervous Anxious Tense Afraid Confused  Distressed Angry

Sad Miserable Disappointed Depressed Bored Tired Sleepy Relaxed Peaceful Calm Satisfied Content Neutral
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Experiment 1: 20 Actors Each Pose Expressions in Response to 26 Mood Words

Actor Al7

Happy Pleased Excited  Enthusiastic Energetic ~ Aroused Nervous Anxious Tense Afraid Confused  Distressed Angry

Sad Miserable Disappointed Depressed Bored Tired Sleepy Relaxed Peaceful Calm Satisfied Content Neutral

Actor A18
Happy Pleased Excited  Enthusiastic Energetic Aroused Nervous Anxious Tense Afraid Confused  Distressed Angry
Sad Miserable Disappointed Depressed Bored Tired Sleepy Relaxed Peaceful Calm Satisfied Content Neutral

Actor A19

Happy Pleased Excited  Enthusiastic Energetic ~ Aroused Nervous Anxious Tense Afraid Confused  Distressed Angry

Sad Miserable Disappointed Depressed Bored Tired Sleepy Relaxed Peaceful Calm Satisfied Content Neutral

Actor A20
Happy Pleased Excited  Enthusiastic Energetic ~ Aroused Nervous Anxious Tense Afraid Confused  Distressed Angry

Miserable Disappointed Depressed Bored Tired Sleepy Relaxed Peaceful Calm Satisfied Content Neutral
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Appendix V — Consent Form for Online Experiments

PARTICIPANT CONSENT FORM

Project title Developing mood scales suitable for use with aphasic stroke
patients
Researcher’s name Paul Barrows
Supervisors' names Dr Shirley Thomas & Prof Nadina Lincoln
Please
check

e [ have read the study description under the About tab, and understand |
the purpose of the research. I understand that I may withdraw from the
research project at any stage without having to give a reason.

e I understand that results from data collected in this study may be used 4
in published reports, but I will not be identified and my personal data will
remain confidential.

e [ understand that data will be stored on password protected computers |
used by the researcher. Data collected may be shared with other
researchers, but personal details will not be disclosed without your
permission. I understand that I have the right to withdraw my data up to
7 days after the experiment. After 7 days it cannot be guaranteed that
the data has not been included in any analysis and/or write up. Personal
data will be held for 7 years after the study has ended and then
destroyed as applicable.

e I understand that I may contact the researcher or supervisor if I require 4d
further information about the research, and that I may contact the
Research Ethics Coordinator of the Faculty of Medicine and Health
Sciences: Louise Sabir, E-mail: louise.sabir@nottingham.ac.uk., if I wish
to make a complaint relating to my involvement in the research.

e [ agree to take part. |
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Appendix VI — Study 2/3: Information Sheet

STUDY INFORMATION SHEET

Developing a Mood Scale Suitable for use with Aphasic
Stroke Patients

It is estimated that 30% of stroke sufferers develop aphasia, a
condition which results in impairment of a person's ability to speak
or to understand language. A person with this condition may also
have difficulty reading or writing, making communication of any
kind extremely difficult. Clinical guidelines recommend the
screening of stroke patients and the assessment of those at high
risk of depression. There is therefore a need for screening measures
that assess mood in people whose ability to communicate is
severely impaired or absent.

Though an existing set of pictographic scales exists for this purpose,
it has proved to be of limited clinical use. The objective of this study
is to produce a nonverbal mood scale that can identify whether a
person may be at risk of depression or other mood disorders.

Study 1 of this project was conducted during the academic year of
2012/2013. It involved the creation and validation of a set of mood
photographs and the development of a coordinate system within
which these mood images could be located. This information sheet
details the studies that will occupy the remainder of the project up
to its conclusion in the construction and validation of the final scale.
Sessions involving photographic sittings will be conducted at
locations to be arranged in advance, normally at venues on the
University Campus. The remainder of the study will be conducted
via an internet based experimental portal (xvams.com).

Photographic Sittings

Participants for the photographic sittings will sign a detailed consent
form. They will retain the right to withdraw from the study at any
point, and to withdraw their data from the study within 7 days of
the sitting. After 7 days it cannot be guaranteed that their data has
not been included in analysis and/or write up.
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Online Tasks

Participants in the online part of the study will be require to create a
login with a username and password. The participant will be asked
to provide basic demographic information including gender, year of
birth and ethnicity, and will be required to check a checkbox
agreeing to the terms and conditions of the study, including
arrangements for payment of any inconvenience allowance if
applicable. It will be emphasised that the email address provided by
the participant will only be used for correspondence relating to the
study and not disclosed to any third party.

Study 2: Creating Reference Image Sets For the Scales
Part 1: Collecting Supplemental and Transitional Images

For the first part of this study, highest scoring actors from the
first study will be recalled to pose the additional expressions
representing varying intensities of a subset of 12 of the
expressions originally posed.

On six bipolar scales, the participant will then be instructed -
using their existing photographs for reference - to reproduce
the end-point expression, and then to gradually modify their
expression, making it less intense until it has reached a
‘neutral’ point. They will then be asked to do the same for the
expression at the opposite end of the scale. As the expressions
are posed, many photographs will be taken in order to capture
a range of expression intensities from which candidate interval
images will be selected. This process will be repeated until
enough images of sufficient quality have been collected for the
scale. Once this process is complete for one scale, the process
will be repeated for the next scale in the list, until photographs
for all of the scales have been completed. A further pose will be
requested to create an ‘alert’ item that is required to complete
one of the bipolar scales.

(Experimental session duration: approx. 60-90 min)

Part 2: Screening and Selection of Candidate Images for the Final
Scale

The photographs will be separated into pools for each scale,
and divided into three groups, those which belong to one end
of the scale (between ‘neutral’” and the first pole), another will
be those from the other end of the scale (between ‘neutral’ and
the second pole), and a third group of the ‘neutral’ poses which
appear close to the midpoint. From these groups, candidate
images representing one-third and two-thirds expression
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intensities will be selected, along with candidates for the
‘neutral’ position. This stage of the selection process will be
based on inspection of the photographs by the experimenter.

Once this process is complete for all of the scales, each scale
will have two sets of transitional image candidates, one for
each pole of the scale. Candidate ‘neutral’ images from each of
the scales will be pooled and further refined, eliminating any
images that are clearly weaker in terms of face validity.
Photographs for the ‘alert’ pose will also be sorted and
shortlisted accordingly.

Part 3: Judgement Task for ‘Alert” and ‘Neutral’ Items

In order to complete the scales, one more mood item,
provisionally titled ‘alert’, and a ‘neutral’ item - representing
the origin of the circumplex — will need to be validated. This
will occur by means of a judgement task much like those
completed in Study 1, where a number of images will be
presented to participants, who will then score them on Likert
scales in order to assess their location in two-factor space.
These candidate images will be those posed by actors recalled
for part 1 of this study.

(Experimental session duration: approx. 10-15 min)

Part 4: Task to Locate Scale Positions of Transitional Items

Finally, a further judgement task will be implemented to
empirically locate the position of the transitional images
comprising the one-third and two-third intensity images
between the neutral point and the end-points of the scales to
which they belong. Again, this will be accomplished by use of
an online judgement task in which participants will be asked to
scale the images along Likert scales between pairs of reference
images.

(Experimental session duration: approx. 10-15 min)

Study 3: Construction and Validation of the Prototype Scales

Part 1: Charting the Scales and Generating Second-Order, Morphed
Transitions

Once the transitional images have been empirically located on
their respective scales, further transitional images will be
generated by morphing software between neighbouring items,
such that each final scale comprises a linear array of 41 images
from one end to the other. This series of images will enable a
smooth transition of expressions to be represented from one
end of the scale to the other. A set of these scales will be
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generated for each of the actors recalled for further study in
study 2 part 1.

The final scales will then be incorporated into software
accessible via an internet website, or which can operate in
standalone mode on a suitably equipped device.

Part 2: Validating The Scales in a Non-Clinical Sample

Finally, the scales will be validated by having participants in
them concurrently with language dependant versions of the
scales and an electronic form of at least two other measures
commonly used to indicate severity of depression symptoms.
The resulting correlation matrix between the scores

(Experimental task duration: approx. 20-30 min)

Participating in the study

Participants should read this information sheet and
understand the nature and purpose of the research project

While information and material collected during the study may
be published, participants will not be identified and their
personal results will remain confidential

Data will be stored on password protected computers used by
the researcher. Paper forms will be kept locked in a secure
place. Data collected may be shared with other researchers,
but personal details will not be disclosed without express
permission of the participant. Participants will be informed
that they have the right to withdraw their data up to 7 days
after the sitting. After 7 days it cannot be guaranteed that
their data has not been included in analysis and/or write up.
Data will be held for 7 years after the study has ended and
then destroyed as applicable

Participants taking part in a photographic sitting will be asked
to sign a consent form and may have their photographs used
in further stages of the study and as part of the final scale

Participants may withdraw from the study at any stage
without having to give a reason

Participants may contact the researcher or supervisor if they
require further information about the research, and may
contact the Research Ethics Coordinator of the Faculty of
Medicine and Health Sciences: Louise Sabir, E-mail:
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louise.sabir@nottingham.ac.uk., if they wish to make a
complaint relating to their involvement in the research.

Contact details

Researcher: Paul Barrows - Ipxpb4@nottingham.ac.uk
Tel: 01623 655174

Supervisors: Dr Shirley Thomas - shirley.thomas@nottingham.ac.uk
Prof Nadina Lincoln - nadina.lincoln@nottingham.ac.uk
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Appendix VII — Study 2: Instructions for Actors

Developing a Mood Scale Suitable for use with Aphasic
Stroke Patients

Study 2
Instructions for 'Actors'

For this part of the study, you will first be given an information
sheet and consent form. When you have read the information sheet,
please fill in and sign the consent form (with the exception of the
payment details fields, which are to be completed at the end of the
experiment). You will then be given a short talk explaining the
theory behind the scales being developed and the need for
additional images representing transitional stages between facial
expressions.

Currently, 7 bipolar scales are to be constructed, with endpoints as
below. For each of these scales, you will be asked to pose the
corresponding facial expressions, but this time with varying degrees
of intensity. You will also be coached in posing one more expression
not included in the original series.

Scale Pole 1 Pole 2

1 (M-S) Miserable Satisfied
2 (S-H) Sad Happy
3 (D-P) Distressed Peaceful
4 (B-E) Bored Excited
5 (A-C) Afraid Calm

6 (A-P) Angry Peaceful
7 (T-A) Tired Alert

As with the previous sitting, please make sure that all makeup,
visible facial jewellery and eyeglasses are removed before the
sitting begins. Please also ensure that long hair is tied back, and
secured with hair gel if required to prevent loose strands from
falling in front of your face during the sitting.
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When you are ready for the sitting, the photographic session will
begin. The experimenter may instruct you to make more than one
pass along each of the listed scales as photographs are taken, and
you may also be given more specific instructions relating to the tilt
of your head, or asked to modulate specific elements of your facial
expression in order to maintain continuity with other images in a
series.

Once the experimenter has collected the required images, you will

receive the agreed allowance payment and asked to initial the
payment section of the consent form as acknowledgement.
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Appendix VIII - Scale Keyframe Images for Actor #1

Scale 1
Miserable
AY
Satisfied

Miserable M-S/01 M-S/02 M-S/03 M-S/04 M-S/05 M-S/06 M-S/07 M-S/08 M-S/09 M-S/10

Scale 2
Sad
AV
Happy

M-S/11 M-§/12 M-S/13 M-S/14 M-S/15 Satisfied Sad S-H/01 S§-H/02 S-H/03 S-H04

Scale 3
Distressed
AV
Peaceful
S-H/05 S-H/06 S-H/07 S-H/08 S-H/09 S-H/M10 S-H/M1 S-HM12 S-H/13 Happy Distressed

8

D-P/01 D-P/02 D-P/03 D-P/04 D-P/05 D-P/06 D-P/07 D-P/08 D-P/09 D-P/10 D-P/11 D-P/12 D-P/13

Scale 4
Bored

a v oy
Excited = =

o < - - L3 -
Bored B-E/01 B-E/02 B-E/03 B-E/04 B-E/05 B-E/06 B-E/07 B-E/08 B-E/09

Scale 5 .
Afraid ¥
AV §:N

Calm z

B-E/10 B-E/M1 B-E/12 B-E/13 B-E/14 B-E/15 Excited Afraid

A-C/01 A-Cl02 A-CI03

Scale 6
Angry
AV
Peaceful
A-CI04 ACIO5  ACI6  ACIO7  ACI08  ACO9  ACHO  ACH1 Calm Angry  AG-Pi01
Scale 7
Sleepy
AV
Alert

AG-P/02  AG-PI03  AG-P/04  AG-PI05 AG-PI06  AG-PI07  AG-P/08  AG-PI09  AG-P110  AG-P/11 Peaceful

Sleepy S-Al01 S-Al02 S-AI03 S-Al04 S-Al05 S-Al06 S-Al07 S-AI08 S-AI09 S-A/10 S-AI1 S-AI12

S-A/14 S-A/15 S-A17 S-A/18

Stroke Aphasia Mood Scales v6.0 291



Appendix IX- Scale Keyframe Images for Actor #2

Scale 1 Scale 2
Miserable R Sad

AV A ‘ AV
Satisfied : = Happy

Miserable M-S/01 M-8/02 M-S/03 M-S/04 M-8/05 M-S/06 M-8/07 Satisfied

Sad S-H/01 S-H/02 S-H/03 S-H/04 S-H/05 S-H/06 S-HI07 S-H/09 S-H1 S-H/12

Scale 3
Distressed ‘
AV
Peaceful
Happy Distressed  D-P/01 D-PI02 D-P03  D-PIO4  D-PO5  DPIO6  DPIO7  D-PI08  Peaceful
Scale 4
Bored
AV
Excited

Bored B-E/01 B-E/02 B-E/03 B-E/04 B-E/05 B-E/06 B-E/07 B-E/08 B-E/09 B-E/10

Scale 5
Afraid : E 3
AV . " i N s ¥
Calm -

Excited Afraid A-CI01 A-CI02 A-CI03 A-CI04 A-CI05 A-CI06 A-CI07 A-CI08 A-CI09
Scale 6
Angry
AV
Peaceful
Calm Angry  AGPIO1  AG-PI02  AG-PI03  AG-P/04  AGPI05  AGPIO6  AGPIO7  AG-PI08  AG-P/09
Scale 7
Sleepy
AV
Alert
Peaceful Sleepy S-A/01 S-A02 S-A03 S-Al04 S-A/05 S-AI06 S-AI07 Alert
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Appendix X — Morphed Scale Continua for Actor #1 at 10% Increments

Scale 1: Miserable — Satisfied

0% 10% 20% 30% 40% 100%

Scale 2: Sad — Happy

0% 10% 20% 30% 40%

Scale 3: Distressed — Peaceful

0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%
Scale 4: Bored — Excited

0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%
Scale 5: Afraid — Calm

0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%

Scale 6: Angry — Peaceful

0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%

Scale 7: Sleepy — Alert

0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%

Stroke Aphasia Mood Scales v6.0 293



Appendix XI — Morphed Scale Continua for Actor #2 at 10% Increments

Scale 1: Miserable — Satisfied

10% 20% 30%

Sad — Happy

0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%

Scale 3: Distressed — Peaceful

10% 20% 30%
Scale 4: Bored — Excited

0% 10% 20% 30% 40% 50% 60% 70% 80% 90%  100%
Scale 5: Afraid — Calm

0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%

Scale 6: Angry — Peaceful

0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%

Scale 7: Sleepy — Alert

0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%
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Appendix X1l — Study 3: Participant Information Sheet

‘Emotiscope’ Study (D-VAMS)

Stroke survivor volunteers needed for short (10-15 min
approx) online study (xvams.com)

Brief Description:

A new, tablet/computer-based tool has been developed to assess
mood in stroke patients with communication problems; the tool
uses sliders to animate facial expressions between mood states. The
scales (Dynamic Visual Analogue Mood Scales - DVAMS) now need
validating in a small sample of stroke survivors without significant
aphasia.

For this essential study, we need volunteer stroke survivors to
complete a task of approximately 10-15 minutes. Participants
should:

e be English-speakers who are over 18 years of age
e have had a stroke
e be capable of giving informed consent.

People with some aphasia may take part if they are able to
understand written or spoken English, as this is required to perform
the task.

If you fit these criteria — or know somebody who does - you/ they
may take part in the study via the DVAMS project portal at:
http://www.xvams.com. If a volunteer does not have an internet
connection, a home visit with a tablet or laptop can be arranged by
our researchers if they are within the Nottingham area, UK. In order
to take part you will need to create a username and password on
the portal website. A valid email address is required, but it will be
used only by the project experimenter or supervisor, and only to
contact you regarding the experiment if necessary, in line with
ethics committee requirements.

Further details:

Stroke survivors are at particularly high risk of depression or other
mood problems, and this may substantially affect a person’s
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http://www.xvams.com/

recovery. Evidence suggests that people with communication
problems due to aphasia are particularly at risk, yet there are few
instruments to assess mood in people with severe communication
difficulties. There is therefore a need to develop screening measures
to assess mood in people whose ability to communicate is severely
impaired or absent.

Dynamic Visual Analogue Mood Scales (D-VAMS or ‘Emotiscope’)
are the end result of a 3 year project to develop such an
assessment instrument. It is based on facial expressions of a
number of emotions, which can be changed using a slider.

This study has been approved by the University of Nottingham,
Faculty of Medicine & Health Sciences Ethics Committee. It is hoped
that this tool will be useful in screening for depression and other
mood problems after stroke in patients who have serious
communication problems as a result of aphasia. Further
information about the experiment and a downloadable information
sheet is available here:

http://www.xvams.com/about.aspx

Paul Barrows
PhD Candidate

Division of Rehabilitation & Ageing

School of Medicine

The University of Nottingham

NG7 2UH

t: +44 (0)1623 655174

Email: Paul Barrows at Ipxpb4@nottingham.ac.uk
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Appendix X111 — Study 3: NHS REC Participant Information Sheet

Participant Information Sheet
(Version 1.1: 2015-10-14)

Title of Study: Developing mood scales suitable for use with stroke patients with
communication difficulties

Name of Researcher(s): Paul Barrows, Shirley Thomas

We would like to invite you to take part in our research study. Before you decide
we would like you to understand why the research is being done and what it
would involve for you. One of our team will go through the information sheet with
you and answer any questions you have. Talk to others about the study if you
wish. Ask us if there is anything that is not clear.

What is the purpose of the study?

A new, tablet/computer-based tool has been developed to assess mood in stroke
patients with communication problems. The tool uses sliders to animate facial
expressions between different mood states (such as happy-sad). The scales now
need validating in a small sample of stroke survivors without significant aphasia.

Why have I been invited?

You are being invited to take part because you have had a stroke. We are inviting
20 participants like you to take part.

Do I have to take part?

It is up to you to decide whether or not to take part. If you do decide to take
part you will be given this information sheet to keep and be asked to sign a
consent-to-contact form. You will be asked to provide informed consent in an
online form provided prior to taking part. If you decide to take part you are still
free to withdraw at any time and without giving a reason. This would not affect
your legal rights.

What will happen to me if I take part?

You will first be asked to sign a consent-to-contact form, which will be provided to
you by a member of your care team. For this, we only require your name, a
contact phone number (or email) and your signature. This gives permission for an
investigator to contact you to arrange a suitable time and place to take part. A
home visit can be arranged if you like.

The study involves taking part in a short task using a home computer, laptop

computer or tablet computer, which will be provided for you by the experimenter.
The task usually takes 10-15 minutes, and involves responding to a number of
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questions about your mood. You respond to these questions by selecting answers
in multiple-choice format, or by moving sliders along a rating scale.

Expenses and payments

Participants will not be paid to participate in the study. Travel expenses will be
offered for any visits incurred as a result of participation.

What are the possible disadvantages and risks of taking part?

If you are visited at home, wireless internet will be provided if you don't have
your own internet connection. However, these services are slower and less
reliable than ordinary connections. This may result in the task being longer than
usual, sometimes taking half an hour or more.

What are the possible benefits of taking part?

We cannot promise the study will help you but the information we get from this
study may help us to better assess the mood of stroke survivors who have severe
communication difficulties.

What happens when the research study stops?

After the analysis, all participants will be contacted and offered an update on the
study. A study bulletin sheet will be made available which will explain the study
results and their implications for stroke survivors.

What if there is a problem?

If you have a concern about any aspect of this study, you should ask to speak to
the researchers who will do their best to answer your questions. The researchers
contact details are given at the end of this information sheet. If you remain
unhappy and wish to complain formally, you can do this by contacting
Nottingham CityCare Partnership Customer Care Team: 0115 883 9654.

Will my taking part in the study be kept confidential?

Any personal details held about you, such as your contact details or address, will
be held securely on password protected computers in password protected files.
This information will be deleted 3 to 6 months after the end of the study. We will
follow ethical and legal practice and all information about you will be handled in
confidence.

If you join the study, some parts of the data collected for the study will be looked
at by authorised persons from the University of Nottingham who are organising
the research. They may also be looked at by authorised people to check that the
study is being carried out correctly. All will have a duty of confidentiality to you as
a research participant and we will do our best to meet this duty.

All information which is collected about you during the course of the research will
be kept strictly confidential, stored in a secure and locked office, and on a
password protected database. Any information about you which leaves the
hospital will have your name and address removed (anonymised) and a unique
code will be used so that you cannot be recognised from it.
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Your personal data (e.g: address, telephone number) will be kept for 3-6 months
after the end of the study so that we are able to contact you about the findings of
the study (unless you advise us that you do not wish to be contacted). All
research data will be kept securely for 7 years. After this time your data will be
disposed of securely. During this time all precautions will be taken by all those
involved to maintain your confidentiality, only members of the research team will
have access to your personal data.

What will happen if I don’t want to carry on with the study?

Your participation is voluntary and you are free to withdraw at any time, without
giving any reason, and without your legal rights being affected. If you withdraw
then the information collected so far cannot be erased and this information may
still be used in the project analysis.

Involvement of the General Practitioner/Family doctor (GP)

In the event that your scores on the mood questionnaire raise concerns about
your well-being, the researcher may contact you to suggest that you contact your
GP. The researcher may offer to notify your GP of any concerns raised, but only
with your consent. In this case the GP would be notified of your Hospital Anxiety
and Depression Scale (HADS) scores and the cut-off employed in the study to
flag areas of concern.

What will happen to the results of the research study?

The results will be written up as part of an academic thesis. They will also be
written up as one or more papers and submitted to suitable journals during 2016.
A study bulletin sheet will also be provided and made available to participants
following the study.

Who is organising and funding the research?

This research is being organised by the University of Nottingham and is being
funded by the principal investigator Paul Barrows.

Who has reviewed the study?

All research in the NHS is looked at by independent group of people, called a
Research Ethics Committee, to protect your interests. This study has been
reviewed and given favourable opinion by West of Scotland Research Ethics
Service (WoSRES) Research Ethics Committee.

Further information and contact details

Chief investigator: Dr Shirley Thomas

Division of Rehabilitation and Ageing

School of Medicine, Room B105, Medical School
Queens Medical Centre Nottingham NG7 2UH
Phone:+44 (0) 115 84 67484

Email: shirley.thomas@nottingham.ac.uk

Principal investigator: Paul Barrows

School of Medicine, Room B105, Medical School
Queens Medical Centre Nottingham NG7 2UH
Email: Ipxpb4@nottingham.ac.uk
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Appendix X1V - Study 3: NHS REC Consent to Contact Form

Consent to contact form

Background:
Where a member of staff is recruiting participants on behalf of an investigator,

this form may be used to give the investigator permission to contact a
prospective participant.

To be filled in and signed by a prospective participant for the study described in an
accompanying information sheet, and then passed on to the principle investigator.

Contact Details for Prospective Study Participant

Name

Phone number or email

I confirm that I have read the study information sheet and give consent
for the principal investigator to contact me about this study. I
understand that my contact information will remain confidential.

Signature .......c.ciciivinienes

300
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Appendix XV — Study 3: NHS REC Online Consent Form

CONSENT FORM
(Final version 1.0: 2015-09-24)

Title of Study: Developing mood scales suitable for use with aphasic
stroke patients

REC ref: 15/WS/0239
Name of Researcher: Paul Barrows

Name of Participant:

1. | confirm that | have read and understand the information sheet
version number 1.1 dated 14/10/2015 for the above study and
understand the purpose of the research. | understand that | may
withdraw from the research project at any stage without having to give
a reason.

2. l understand that results from data collected in this study may be used
in published reports and may be shared anonymously with other
researchers, but | will not be identified and my personal data will
remain confidential.

3. | understand that data collected in the study may be looked at by
authorised individuals from the University of Nottingham, the research
group and regulatory authorities where it is relevant to my taking part
in this study. | give permission for these individuals to have access to
these records and to collect, store, analyse and publish information
obtained from my participation in this study. | understand that my
personal details will be kept confidential. | understand that | have the
right to withdraw my data up to 7 days after the experiment. After 7
days it cannot be guaranteed that the data has not been included in
any analysis and/or write up. Data will be held for 7 years after the
study has ended.

4. | understand that the information held and maintained by University of
Nottingham and other central UK NHS bodies may be used to help
contact me or provide information about my health status.

5. l understand that if scores returned on the questionnaire raise concerns
about my mental wellbeing, a researcher may contact me and offer to
contact my GP on my behalf.

6. | agree to take part in the above study.
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Appendix XVI - Study 3: D-VAMS Working Practise Document

Dynamic Visual Analogue Mood Scales (D-VAMS) Validation
Study

Working Practice Document: Concerns about participant
mental health and wellbeing during the Experiment

This document provides guidance to researchers noting concerns
about a participant’s mental health and wellbeing at the time of the
experimental task.

Where a Research Assistant (RA) has concerns about suicidal risk
they should inform the Principal Investigator (PI). They should not
be expected to make a decision in isolation and should discuss what
actions are required with the PI, a supervisor, or a senior member
of staff.

After the Experimental Task

1. The HADS and D-VAMS scores will be reviewed in a timely manner. If
there is evidence that the participant has a significant mental health
problem (HADS >= 11) then the participant will be contacted to
discuss their results. If the researcher believes that the participant’s
mood is of concern, or suspects a suicidal risk, then they should check
whether the participant has spoken to anyone about their feelings, e.g.
their GP, and what action has been taken. If the researcher is
reassured that any issues are being actively addressed, then no further
action is required. However if the participant has not shared their
feelings prior to this, advise them to seek support through their GP or
to contact the Samaritans helpline.

2. The researcher should also offer to contact the GP on their behalf. It
may be necessary for the researcher to share information with the GP;
the researcher should always ask the participant’s permission before
doing this, documenting their actions and informing the PI.
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3. The RA should inform the PI and document any actions that they have
taken, including verbal consent to share information.

What to do if the participant does not give verbal consent to
share information and/or you have immediate high level
concerns

It is best practice wherever possible to agree the sharing of medical
information with the participant before taking action; however in some
cases this may not be possible.

1. If the researcher has immediate high level concerns, for example the
participant is at risk of suicide/self-harm, they should consult the PI, a
supervisor, or a senior member of staff to determine the next steps. It
may be the case that the PI needs to contact the participant to further
assess the level of risk prior to making decisions about the way
forward. Document your discussions with all parties.

2. If the level of immediate risk to the participant is lower (e.g. evidence
of low mood but no indication of suicidal intent) and the participant
does not want to take any further action or share information, discuss
the way forward with the PI. It may be the case that once advice has
been provided, no further action is nheeded. Document your
discussions with all parties.

Further information and contacts
See “Suicide mitigation in Primary Care” leaflet
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Appendix XVII — D-VAMS Interface

Dynamic Visual Analogue Mood Scales (D-VAMS) r \ Nottingham

Excited

" - T | M

Bored
DI > > >

Figure 1. D-VAMS Scale Response Page
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Visual [UNIPOLARY]: #F/2016-03-12 18:43 PM D-VAMS = 30.5

Miserable ' Satisfied
Sad ] Happy

Distressed Peaceful
Bored Excited

Afraid ' Calm
Angry Peaceful

Sleepy Alert

Scale Scores Mean(-SA): 30.5 /Mean: 29.6
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Figure 2. D-VAMS Results Page - Faces View
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Chart [UNIPOLAR]: #F/2016-03-12 18:44 PM D-VAMS = 30.5

Scale Scores Mean(-SA): 30.5 /Mean: 29.6
M-S: 26
S-H: 17 Standardised Mean Vector

D-P: 32 dX — -27.62 Vm — 31.13

B-E: 38 dY — -14.34 Ve — 207.4°
A-C: 28
A-P: 42 Depression/Anxiety Coefficients

S-A: 24 DVAMS-D — 29.8

DVAMS-A — 15.6

Figure 3. D-VAMS Results Page - Chart View(Unipolar Mode)
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Chart [BIPOLAR]: #F/2016-03-12 18:47 PM D-VAMS = 30.5

Scale Scores Mean(-SA): 30.5 /Mean: 29.6
M-S: 26
S-H: 17 Standardised Mean Vector

D-P: 32 dX — -29.17 Vm — 31.18

B-E: 38 dY — -11.03 Ve — 200.7°
A-C: 28
A-P: 42 Depression/Anxiety Coefficients

S-A: 24 DVAMS-D — 30.7

i DVAMS-A — 18.6
P 8

Figure 4. D-VAMS Results Page - Chart View(Bipolar Mode)
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