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Abstract 
 

Background 

It is estimated that as many as 86% of people with Multiple 

Sclerosis (MS) can experience cognitive impairment, which can impact 

quality of life. Although the value of screening for cognitive problems is 

recognised, it is not routinely undertaken. 

Methodology 

The research comprises five studies to identify acceptable and 

appropriate methods of assessing cognitive impairment in people with 

MS. A systematic review (Study I) was conducted to determine the 

most frequently used cognitive assessments in MS research. Study II 

focused on one test, the Symbol Digit Modalities Test (SDMT), and 

explored the variability in scoring and interpretation in MS research. In 

Study III the domain structure of an MS-specific self-report measure of 

cognitive problems, and how it relates to an objective measure of 

information processing speed, was explored. Finally, two qualitative 

interview studies were conducted. Study VI examined stakeholders’ 

experience and opinions of cognitive impairment and assessments, and 

explored perceived barriers and facilitators to implementation in clinical 

practice. In Study V, people with MS completed a digital test and were 

asked to ‘talk through’ the process.  

Results 

The systematic review (Study I) extracted data from 1,526 

studies, using 5,665 cognitive assessments. The SDMT emerged as 

the most frequently used individual test. Focusing on this, there was 

variability in how results of this test are interpreted for people with MS 

noted in Study II. Whilst the SDMT is a promising objective measure of 

information processing speed, the results of Study III suggest that a 

reduced, multidimensional questionnaire has more promise than its 

unidimensional version and could be used in place of an objective test. 
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In Study IV, people with MS and clinicians reported that, despite being 

a prevalent symptom, cognitive impairment was not assessed routinely. 

Participants felt that symbol substitution tests and subjective self-

reported questionnaires were acceptable and appropriate in 

assessment and could be completed digitally on personal mobile 

devices. This would also be feasible to implement in NHS clinical care. 

Based on these findings, a webapp was developed, and Study V 

identified usability problems, and barriers and facilitators to its use. 

Conclusions 

Future research is needed to assess the psychometric properties 

of the developed digital task. Normative data from non-MS control 

participants should also be collected to provide benchmarks for 

interpreting clinical data. Digitised, remote assessments can enable 

more people with MS to access screening, which can facilitate 

discussion and referral for cognitive rehabilitation. Overall, the results of 

this research indicate the potential of using digital, remote cognitive 

assessment with a symbol substitution task in MS clinical care.  
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Chapter 1 Introduction 

 

1.1 Chapter overview 

This chapter outlines the context in which the current research 

took place. It briefly discusses what multiple sclerosis (MS) is, how it is 

diagnosed, its progression, and its management from a UK healthcare 

perspective. I then explore the neuropsychological aspects of MS 

through the neurocognitive framework from the fifth edition of the 

Diagnostic and Statistical Manual (DSM-5, American Psychiatric 

Association, 2013). Using this framework of cognition, I describe some 

of the most frequently used cognitive assessments, the psychometric 

properties of cognitive assessments, and how digitisation can enable 

routine assessment within MS care. I then summarise the rationale and 

approaches used for the research presented in this thesis.  

1.2 Multiple sclerosis 

MS is a chronic neurological condition in which lesions are found 

in the brain and spinal cord, presenting with damage to the myelin and 

axons within the central nervous system (Compston & Coles, 2008). 

The extent of damage varies between individuals, and it has a variable 

course. In 2020, worldwide prevalence of MS was estimated at 2.8 

million (Walton et al., 2020). Within the UK, MS affects over 130,000 

people and it is the most common cause of serious disability in adults of 

working age (Mackenzie et al., 2014; MS Society, 2020).  

The International Advisory Committee on Clinical Trials in MS has 

developed consensus definitions of four phenotypes that characterise 

the clinical course of MS (Lublin et al., 2014), as follows: 

1. Clinically Isolated Syndrome (CIS): presents with symptoms that 

suggest demyelination, such as optic neuritis, but does not meet the 

criteria for a diagnosis of MS at that time, however 30-70% of CIS 

cases progress to a diagnosis of MS (Allen et al., 2020; Miller et al., 

2005).  
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2. Relapsing-Remitting MS (RRMS): is the most common type of MS, 

with 85% of people with MS being initially diagnosed with this course 

(The Multiple Sclerosis International Federation, 2020). It is 

characterised by exacerbations of symptoms with periods of recovery 

between relapses.  

3. Secondary-Progressive MS (SPMS): is characterised as a 

conversion from RRMS to a progressive course. SPMS can develop 10-

15 years after the onset of RRMS, and 65% of RRMS cases convert to 

SPMS (Lublin et al., 2014).  

4. Primary-Progressive MS (PPMS): is characterised by a gradual 

worsening clinical course. 10-15% of people with MS are diagnosed 

with PPMS at onset (The Multiple Sclerosis International Federation, 

2020).  

MS is diagnosed using the revised McDonald criteria (Thompson 

et al., 2018). This is an assessment of the neurological episodes and 

the clinical presentation of lesions consistent with MS. The Expanded 

Disability Status Scale (EDSS; Kurtzke, 1983) is the predominant 

clinical measurement of disability and symptom progression in MS, and 

describes eight functional systems: visual, brainstem, pyramidal, 

cerebellar, sensory, bowel and bladder, cerebral, and ambulation. 

Symptoms of MS can be both physical and psychological, and both 

vary across individuals and the progression of MS. Common symptoms 

include pain, fatigue, depression, changes in sensation, cognitive 

impairment, stiffness, muscle spasm, vestibular disturbance, bladder 

and bowel problems, impaired speech and swallowing, and impaired 

vision (Compston & Coles, 2008).  

There is no cure, but there are several treatments available. 

Disease-modifying treatments can reduce relapses or progressions of 

MS, and symptomatic treatments of medical and rehabilitative therapies 

can alleviate symptoms (Gholamzad et al., 2019). The use of both drug 

treatment and neurorehabilitation has shown promise in improving 

independence and activities of daily living, leading to an improvement in 
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quality of life (Kesselring & Beer, 2005). In the UK, the National Institute 

for Health and Care Excellence (NICE; 2019) guidelines recommend a 

multidisciplinary approach to MS care that can facilitate this combined 

approach to treatment. The involvement of not only neurologists and 

MS nurses, but also other specialists including occupational therapists, 

speech and language therapists, psychologists, and physiotherapists 

can enable an inclusive approach to the management of symptoms. 

Despite advances in treatment, MS is still a disabling disease. 

Using the EQ-5D-5L (Herdman et al., 2011) to measure health state, a 

recent European study reported that people with MS had a low health 

utility score, and disability and progressive courses of MS were related 

to poorer quality of life (Visser et al., 2021). 

1.3 Cognitive impairment in MS 

Cognitive impairment is a common symptom of MS, with a recent 

review estimating 34% to 65% of people with MS show deficits in one or 

more domains of cognition (Benedict et al., 2020). Additionally, in a 

large scale European survey (n=13,186), 71% of people with MS 

reported experience of cognitive difficulties as a symptom of MS (Kobelt 

et al., 2006). Basso et al. (1996) reported that prevalence of impairment 

is higher than previously thought, likely due to the growth in research 

into cognition, along with greater availability of comprehensive and 

sensitive assessment methods. Prevalence estimates can also vary 

given the difference in assessments used, along with how impairment is 

classified (Fischer et al., 2014). Cognition is often described in terms of 

the domains that are compromised.  

A systematic review that aimed to profile cognitive dysfunction in 

MS reported that the most frequently impaired domains are memory, 

executive function, and attention (Ferreira, 2010). This is echoed in 

other literature, with impairment mainly documented within the domains 

of memory, information processing speed and executive function (e.g., 

Chiaravalloti & DeLuca, 2008; Sumowski et al., 2018). Focusing on 
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these domains can influence the assessments chosen to describe 

cognition in MS (this is explored further in section 1.4). 

Previous categorisations of impairment have used a range of 

methodologies with no clear consensus of how to operationalise 

‘cognitive impairment’ (as explored in Chapter 3), and used a bottom-up 

approach of describing impairment using results on previously 

developed batteries. However, taking approaches from other conditions 

that present with cognitive impairment (for example, epilepsy as 

described by Norman et al., 2021), some recent research (Hancock et 

al., 2022) has used the fifth edition of the DSM to provide a framework 

for classifying cognitive impairment. The DSM-5 describes mild and 

major neurocognitive disorders (American Psychiatric Association, 

2013) and attempts to standardise how cognitive function can be 

described through six main domains, and multiple subdomains, of 

cognitive functioning (as shown in Figure 1).This includes domains that 

are not frequently assessed in batteries developed for MS, such as 

social cognition, and therefore has potential for presenting a ‘top-down’ 

approach to cognitive impairment in MS. 

The mild and major cognitive impairment described through this 

framework represent a decline of cognitive functioning in a clinical 

condition (Sachdev et al., 2014) and therefore it is appropriate to use 

these descriptors for conditions such as MS. Previous research has 

found that using this framework categorises a greater number of people 

with MS as impaired (Hancock et al., 2022) than previous methods 

used in MS, however this is unsurprising given the greater range of 

domains that are now included.  This is the framework I have used to 

describe and explore the profile of cognitive functioning in MS, and how 

it can be assessed. Where appropriate, domains have been examined 

using their subdomains. These will now be presented and discussed. 
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Figure 1: Six Key Neurocognitive Domains (adapted from the DSM-5, American 

Psychiatric Association, 2013) 

 Complex attention 

The DSM-5 defines complex attention through four principal 

subdomains: sustained attention, divided attention, selective attention, 

and processing speed. Whilst all of these are thought to be impaired 

(Oreja-Guevara et al., 2019), information processing speed is frequently 

cited as the subdomain most frequently impaired in MS, with estimates 

of 50-70% of people with MS experiencing slowed processing speed 

(Chiaravalloti & Deluca, 2009; Hansen & Lautenbacher, 2017). It is 

thought to be the subdomain that may prompt impairment in other 

domains (Deluca, 2008). 

 Sustained, selective and divided attention 

Sustained attention is the preservation of attention over time, 

selective attention is the preservation of attention through competing 

stimuli, and divided attention refers to attention to two stimuli at the 

same time (American Psychiatric Association, 2013). Estimates suggest 
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20-50% of people with MS have difficulties with attention, however this 

could be because of dysfunction in other subdomains, in particular 

working memory, and information processing speed (Oreja-Guevara et 

al., 2019). Attention may also be moderated by fatigue, with longer 

tasks of sustained attention provoking greater fatigue, and thus poor 

performance on the tasks (Chiaravalloti & Deluca, 2009).  

 Processing speed 

A rudimentary description of processing speed is the time taken to 

complete a cognitive task (Deluca, 2008). Information processing is 

perceived to be one of the most commonly impaired subdomains of 

cognition in MS (Costa et al., 2017; DeLuca et al., 2004), and as such 

is often the focus of cognitive assessment in MS research. A recent 

largescale study in Germany, of 1094 people with MS, found that 

information processing speed, as measured by the Symbol Digit 

Modalities Test (SDMT), was the most impaired of three tests within a 

frequently recommended battery, the Brief International Cognitive 

Assessment for MS (BICAMS; Renner et al., 2020). Furthermore, 

studies examining magnetic resonance imaging (MRI) have found 

associations between SDMT scores and cortical lesions (Benedict et 

al., 2017; Rao et al., 2014). 

A review of deficits in information processing speed attempted to 

synthesise how processing speed has been defined and 

conceptualised in studies (Costa et al., 2017). This review underlined 

that other domain of cognition, including working memory and executive 

functions, and poorer outcomes in quality of life, activities of daily living 

and employment are correlated with information processing. 

Furthermore, in this review, Costa et al. (2017) found that the disparities 

in definitions reported by studies may suggest a tri-factor model of 

information processing speed deficits in people with MS. These relate 

to the speed at which people with MS can execute a task based on 

deficits in three distinct factors: sensorial, cognitive, or motor.  
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 Learning and memory 

Learning and memory is considered another frequently impaired 

domain, with prevalence estimates of 40-60% of people with MS 

affected (Calabrese, 2006). The DSM-5 describes four subdomains of 

learning and memory: immediate, recent, very long-term memory, and 

implicit memory. The purpose of this model is to describe functioning 

across memory and learning, with the recognition that in most cases of 

neurocognitive impairment, dysfunction is more likely to occur across 

immediate, recent memory, however dysfunction in very long-term 

memory may be variable across conditions (American Psychiatric 

Association, 2013). 

Memory is typically assessed using recall (either free or cued) or 

recognition. Impairment in recalling information is more frequent than 

recognition (Calabrese, 2006), and it has been suggested that encoding 

is largely unaffected, but people with MS have difficulties in retrieving 

information (Zakzanis, 2000). However, this is an area of controversary, 

with some research finding greater impairment in encoding than 

retrieval (DeLuca et al., 1998). An early meta-analysis of 36 studies 

investigating the difference between people with MS and healthy 

controls on measures of memory concluded that people with MS were 

significantly more likely to be impaired across all memory domains than 

healthy control participants, but long-term memory showed greater 

deficits than immediate or recent memory (Thornton & Raz, 1997).  

 Immediate and recent memory 

In the DSM-5, immediate memory (also referred to as short term 

memory in other literature) refers to an individual’s ability to hold a small 

amount of information for a very short period of time, often only 

seconds. This domain is frequently also described as working memory 

which falls under the DSM-5’s domain of executive function and is 

described in section 1.3.3. Recent memory is associated with 

immediate memory but encapsulates the encoding of information. This 

may be assessed through asking individuals to recall as many words as 

possible they can remember from a list they heard or saw very recently, 
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either with free recall or cued recall (for example, asked to recall all 

words that belong to a certain category). Some research has found that 

people with MS show little discrepancy between immediate and recent 

recall of information, and suggests that with more time to encode 

information, people with MS can improve their performance on tests of 

recall (Oreja-Guevara et al., 2019). 

 Very long-term memory 

Very long-term memory is the ability to store information for 

retrieval at a longer time than in recent memory, for example after 

hours, or years after encoding the information. This subdomain of 

memory is concerned with explicit memory and the conscious recall of 

information, which could be autobiographical (such personal 

experiences), or semantic (such as facts and skills). Long-term memory 

can also be conceptualised temporally into two subdomains: 

retrospective or prospective (Graf & Uttl, 2001). 

Retrospective memory can be assessed using some of the 

methods detailed above, whereby people with MS encode and recall 

information, such as a list of words, after a longer delay or recall 

aspects of their semantic or autobiographical memory. Autobiographical 

memory is not regularly assessed in MS, however there is some 

evidence that it is impaired (Ernst et al., 2013; Ernst, 2020). Ernst 

(2020) also demonstrated that individuals with RRMS were aware of 

difficulties with their autobiographical memory, and the adverse impact 

it had on their everyday functioning. Similarly, prospective memory, 

related to difficulties in executing a planned activity, such as 

remembering to attend an appointment, is also largely precluded from 

neuropsychological assessment in MS. Research has nevertheless 

documented deficits in this aspect of very long-term memory, along with 

people’s awareness of prospective memory dysfunction (Rouleau et al., 

2018). 

Another component of very long-term memory is that of implicit 

memory, the unconscious recall of information in the long-term. For 

example, remembering how to ride a bike. This has been assessed in 
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people with MS using word stem completion, where participants are 

given the first few letters of a word and asked to complete the word 

(Scarrabelotti & Carroll, 1999). Implicit memory in MS has been found 

largely intact (Calabrese, 2006). 

 Executive function 

Executive functioning concerns the high-order functioning that 

facilitates other cognitive functions and behaviour (Diamond, 2013). In 

the DSM-5, executive function is defined through six subdomains: 

planning, decision-making, working memory, response to feedback, 

inhibition, and mental flexibility. Inhibition, mental flexibility and working 

memory in particular may be compromised (Drew et al., 2008), and 

some research has found planning, decision-making and responding to 

feedback can be impaired (Calabrese, 2006).  

Due to these subdomains being considered higher-order 

cognition, it is likely that there are strong associations between other 

subdomains. Drew et al. (2008) recommended a broad assessment of 

this domain, given the likelihood of executive dysfunction affecting real-

life situations, such as how impaired planning and decision-making may 

impact vocational activities for people with MS. Working memory and its 

relationship to information processing speed, is of particular interest in 

MS. 

 Working memory 

Baddeley (2012) modelled working memory as a four-component 

system, including those that store the information: the phonological 

loop, the visuospatial sketchpad, the episode buffer, and the central 

executive, which processes and manipulates the information. As 

discussed in section 1.3.2.1, immediate memory can be assessed 

through asking individuals to repeat a list of words immediately. In this 

working memory model, the auditory stimuli of the words would be 

stored in the phonological loop; the central executive would concern the 

manipulation of this information, such as ordering those words 

semantically, which would use semantic knowledge stored in very long-
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term memory. The commonality between memory and information 

processing speed is clear, and working memory is frequently grouped 

with these subdomains as predominantly impaired in MS (Chiaravalloti 

& Deluca, 2009; Sumowski et al., 2018). 

 Perceptual-motor function 

Perceptual-motor function includes visual perception, 

visuoconstructural ability, perceptual-motor function, praxis, and gnosis. 

Deficits in performance on visual perception tasks have been found in 

25% of people with MS (Vleugels et al., 2000). However, these 

subdomains can be affected by common deficits in visual acuity, 

dexterity, and motor ability unrelated to cognition in MS.  

MS research into this domain has often used tests of visual 

perception and visuoconstruction, assessed by figure drawing or 

copying designs of blocks. Whilst these are predominantly used as 

cognitive tests, they include a motor and dexterity element that could be 

compromised in people with MS (Lau et al., 1998). It can, therefore, be 

difficult to disentangle elements of cognitively impairment and 

impairment in other functions. Likewise, perceptual-motor ability can be 

impaired in MS due to motor function and often assessed as part of arm 

and hand dexterity assessments such as the Nine-Hole Peg Test 

(Polman & Rudick, 2010). Although predominantly used as a test of 

dexterity, it is possible that it includes elements of executive functioning 

and information processing speed associated with comprehension of 

the instructions and performing the task.  

Gnosis refers to the recognition of previously learned information, 

such as recognising faces, whereas praxis refers to learned 

movements. These are closely linked to the recall of implicit memory, 

and are rarely impaired in MS (McNicholas et al., 2018). 

 Language 

Deficits in language is conceptualised into two subdomains: 

expressive and receptive. Expressive language includes aspects of 

naming, word finding, fluency, grammar, and syntax, whereas receptive 
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language is concerned with comprehension. Receptive and most 

aspects of expressive (naming, grammar and syntax) remain largely 

unimpaired, however verbal fluency can be compromised (Bagert et al., 

2002). 

Many reviews focusing on neuropsychological impairment state 

that language is relatively unaffected cognitively (e.g., Calabrese, 2006; 

Chiaravalloti & DeLuca, 2008). Furthermore, research into language 

and communication difficulties in MS has often focused on the motor 

speech impairment of dysarthria (Renauld et al., 2016), which can occur 

in 25-50% of people with MS (Hartelius et al., 2000). Like perceptual-

motor function deficits, determining how cognitive impairment could 

impact on language deficits, in the presence of physical deficits, is 

complex (Feenaughty et al., 2018, 2021). Literature suggests that some 

aspects of language are cognitively compromised, but it is unclear as to 

whether these are due to dysfunctions in related domains. Verbal 

fluency is commonly assessed and found to be compromised in MS, 

and although less frequently examined, comprehension may also 

impaired (Renauld et al., 2016). However, both may more accurately 

represent impairment in executive function. Similarly, deficits in 

comprehension may identify difficulties with long-term memory retrieval 

(Renauld et al., 2016). 

A meta-analysis examining phonemic and semantic fluency 

deficits found that people with MS were significantly more impaired on 

verbal fluency than neurologically healthy individuals (Henry & Beatty, 

2006). However, studies reporting verbal fluency must be considered 

with caution. Prioritising assessments of verbal fluency over other 

language assessments in a study limits our understanding about 

deficits in language abilities unrelated to cognition. Additionally, verbal 

fluency relies on several neurocognitive domains other than speech 

and language, such as executive functioning and information 

processing speed (Henry & Beatty, 2006).  
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 Social cognition 

Using the DSM-5’s framework, social cognition includes both 

Theory of Mind (the ability to infer someone's intentions and beliefs) 

and facial, vocal, and bodily affect recognition (the ability to determine 

emotional states based on their face, voice, or body). Deficits in social 

cognition could have implications on interpersonal skills, which could 

negatively impact social life and quality of life (Cotter et al., 2016). 

This domain is not a widely reported symptom of cognitive 

impairment in MS. However, two meta-analyses on social cognition in 

MS examined Theory of Mind and Facial Emotion Recognition in 

particular (Bora et al., 2016; Cotter et al., 2016). These studies found 

that people with MS showed greater deficits in both domains of social 

cognitive in comparison to healthy control participants. The authors also 

reported an association between social cognition and other domains, 

including attention, executive function, and visual perception, and 

poorer social cognition in progressive courses. There is mixed evidence 

on the association between social cognition and depression, fatigue, 

and quality of life (Genova et al., 2020; Grothe et al., 2021). There are 

fewer studies examining this domain than other cognitive domains 

affected in MS, and it is rarely included in neuropsychological batteries, 

so these results are not conclusive. Social cognitive impairment is an 

expanding area of interest in MS, and future studies may add further 

insight into dysfunction in this domain. 

 Neuropsychological profiles of cognitive deficits in MS 

Attempts to succinctly and comprehensively profile cognitive 

impairment in MS has proved difficult, with one meta-analysis 

emphasising that “research often yields an ambiguous mix of results – 

decidedly significant, suggestive, convincingly null, and hopelessly 

inconclusive, perhaps reflecting the random distribution of white matter 

demyelinating lesions and their influence on cognitive processes" 

(Zakzanis, 2000, p. 131).  
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A meta-analysis quantifying cognitive impairment in individuals 

with RRMS examined effect sizes reported in research (Prakash et al., 

2008). The 57 studies (n=3891) analysed suggested that overall 

cognition was negatively affected in RRMS, with significant differences 

in impairment between neurologically healthy participants and those 

with MS and moderate cognitive impairment in RRMS (g=-0.54). 

Performance in memory and learning (g=-0.61), complex attention and 

executive functioning (g=-0.56), showed predominant deficits in people 

with MS. The exploration of the neuropsychology of MS points to key 

subdomains that are impaired, and some of these, particularly 

information processing speed, may be the basis for impairment in other 

domains, such as working memory. 

However, literature on cognition in MS has used a range of 

assessments to assess cognitive dysfunction, some of which may not 

be appropriate for the domain under investigation. The variance in how 

domains are operationalised, the assessments used, and how test 

results are interpreted could also contribute towards the inconsistency 

in how cognitive impairment is described in MS. This was remarked 

upon in the review by Chiaravalloti and DeLuca (2008) that, in 

particular, studies purporting to measure complex attention may use 

tests that would more accurately be described as tests of executive 

function. A recent secondary analysis also demonstrated this through 

the authors’ attempts to identify which domains are impaired in MS 

(Zurawski et al., 2020). In their sample of 60 people with MS, their six 

functional domains were determined using 21 different tests. Some 

tests included in their overall attention/executive functioning domain 

may have been more appropriate for their memory domain, such as 

Digit Span tests.  

Assessments used to assess cognitive impairment may also 

evaluate multiple subdomains from different domains; for example, the 

Paced Auditory Serial Addition Test (PASAT) is considered to assess 

both working memory and information processing speed. As a result, it 
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can be a challenge to comprehensively describe domain-specific 

impairment. 

Cognitive domains are also not independent of each other. 

DeLuca et al. (2004) described two models relating to the association 

between cognitive domains in people with MS. The authors conceived 

these models to explore the interaction between information processing 

speed and other cognitive domains. The Independent Consequent 

Model, in which information processing speed deficits do not solely 

account for deficits in other domains (such as working memory), and 

the Relative Consequence Model, in which impaired processing speed 

does account for deficits in other domains. Using the Wechsler Adult 

Intelligence Scale (WAIS) and the Wechsler Memory Scale (WMS) to 

assess cognition, the authors found support for the Relative 

Consequence Model. This suggests that impairment in working memory 

is a consequence of information processing deficits. 

Working memory involves simultaneously processing and storing 

information, and therefore bridges the overarching domains of attention 

and learning and memory. An example of the interrelatedness of some 

of the domains of learning and attention taken from a literature review 

of cognition in MS (Chiaravalloti & DeLuca, 2008) is shown in Figure 2. 

Clearly, this is not exhaustive, but demonstrates how complex attention 

can impact on other subdomains, including those of executive 

functioning, and memory and learning. In this example, slowed 

information processing speeds can impact sustained attention, which 

can impact the encoding of information (learning), and in turn affect 

decision-making, a component of executive function. 
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Figure 2: Interrelation of cognitive domains in MS (adapted from results in 

Chiaravalloti & DeLuca, 2008) 

The use of different assessments and different interpretations of 

scores give a wide range of domain-specific prevalence statistics. 

Studies have attempted to profile cognitive functioning using novel 

methods of categorisation. Leavitt et al. (2018) described different 

classifications depending on which domains were impaired; processing 

speed impaired, memory impaired, or processing speed and memory 

impaired. A large Italian study has recently furthered this approach (De 

Meo et al., 2021). Using latent profile analysis on scores of the Brief 

Repeatable Battery of Neuropsychological Tests (BRB-N) and a Stroop 

task from 1212 people with MS and control participants, the authors 

used five different classifications of impairment: 

1. No cognitive impairment 

2. Mild verbal memory/semantic fluency impairment 

3. Mild multidomain impairment 

4. Severe executive function/attention impairment 

5. Severe multidomain impairment 

Both of these studies used descriptions of impairment that were 

taken from what the tests purport to measure and assess limited 

cognitive domains. However, approaches such as these allow for a 

deeper insight into the differences in impairment in MS.  

Research and recommendations for exploring cognitive 

dysfunction in MS have favoured objective assessment (such as the 
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recommendations in Benedict et al., 2002 and Rao, 1990) above how 

people with MS describe their own experiences of impairment. Some 

subjective measures of cognition are described in section 1.4.1.3, and 

studies often find that self-reported cognition is not significantly 

associated with objective tests (Rosti‐Otajärvi et al., 2014). However, 

some domains may be more suited for self-reports than others. A 

systematic review suggested that self-reported executive functioning 

may show stronger associations with objective measures than other 

domains (Mazancieux et al., 2019). This is worth further investigation, 

especially with domains neglected from standard neuropsychological 

assessment, such as autobiographical and prospective memory.  

Metacognition may provide valuable insights into how people with 

MS perceive and describe how cognition impacts their everyday 

functioning and quality of life. One method of self-reported cognition, 

the Cognitive Assessment Interview (CAI; Ventura et al., 2010), uses a 

semi-structured interview procedure. A study using the CAI found that 

cognitively impaired people with MS reported difficulties with 

information processing speed (85% of participants), working memory 

(80%), verbal learning and memory (73%), and attention and 

concentration (59%). Social cognition (37%), and reasoning and 

problem solving (28%) were less likely to be reported as impaired 

(Eilam-Stock, et al., 2021). The domains identified are similar to those 

reported by studies using objective assessments, and show promise in 

different methods to explore the cognitive profile in MS.  

Identifying impairment using the framework of neurocognition 

suggested in the DSM-5 could enable common assessment of these 

domains, including a more holistic representation of dysfunction and the 

methods to describe them. Of course, comprehensive appraisals using 

a range of techniques may be out of the scope in clinical practice, 

however the interrelatedness of the neurocognitive domains suggests 

that assessment could focus on the higher-level cognitive domains that 

underpin deficits in other domains. One recommendation suggested 

administering the SDMT to assess information processing speed, 
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alongside self-report assessments (Benedict et al., 2008). Approaches 

such as these could enable briefer and specific screening. 

 Factors related to cognitive impairment in MS 

Cognition is related to other factors, including individual 

differences and other aspects of MS. Co-morbidities, including physical 

and psychological symptoms, pain, and fatigue can be a risk factor for 

cognitive impairment in MS (Amato et al., 2019), and it is unclear how 

factors relate to each other, and relate to cognitive impairment. 

 Individual differences 

The association between demographics and cognitive impairment 

have been explored in MS. As we would expect cognitive decline in 

older age, it can be difficult to determine whether impairment is due to 

normal ageing, or the duration or progression of MS. Age has been 

found to be a significant predictor of cognitive decline in people with MS 

(Eijlers et al., 2018). Older individuals (aged 60 or over) show worse 

performance on tests of information processing speed and memory 

than young or middle aged people with MS (Baird et al., 2019). 

However, whilst people with MS show poorer information processing 

speed than control participants, the progression of decline across age 

is similar in both groups (Bodling et al., 2009). 

There is disagreement as to gender differences in cognitive 

functioning. Some studies have reported that men with MS perform 

significantly worse on cognitive tests than women with MS, across the 

domains of attention (including information processing speed), memory, 

and executive functions (Lin et al., 2017; Schoonheim et al., 2012). 

However the progression of severity of impairment over time in men 

with MS is contentious (Amato et al., 2019). 

Low education attainment in people with MS has been found to be 

associated with poor performance on cognitive tasks, particularly in 

individuals who have been diagnosed with MS for longer than five years 

(Rimkus et al., 2018). Higher educational attainment may be associated 

with cognitive reserve (Santangelo et al., 2019), whereby genetic or 
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environmental factors may protect against cognitive decline (Sumowski 

& Leavitt, 2013). Expanding past educational attainment, cognitive 

reserve further incorporates other factors that may protect people with 

MS from cognitive impairment, including lifestyle and occupation (Stern, 

2002). Cognitive reserve is frequently assessed using questionnaires 

that ask respondents to report their education, leisure and vocational 

activities (such as the Cognitive Reserve Index; Nucci et al., 2011).  

 MS-related differences 

Poor cognitive function is often found to be weakly related to 

general MS-related disability, predominantly measured by EDSS (Rao 

et al., 1991), however cognitive impairment can be detected in people 

with MS without physical disability (Marrie & Horwitz, 2010). The profile 

of cognitive impairment can vary across disability, duration of MS and 

phenotype. In a five-year study of 234 people with MS, 28% of 

participants showed decline in their cognitive functioning over the 

course of the study, and progressive forms were more likely to show 

decline (Eijlers et al., 2018). In this study, duration of MS was not 

shown to be predictor of further impairment but did have a strong 

correlation with cognition. 

Cognitive dysfunction is apparent in all phenotypes of MS, but it 

can vary across relapsing and progressive forms. Individuals with 

progressive forms of MS have been shown to have poorer cognitive 

functioning than those with relapsing remitting forms (De Meo et al., 

2021; Renner et al., 2020), and some research has suggested that 

secondary progressive courses may be associated with the lowest 

cognitive function (Amato et al., 2006). This longitudinal study also 

found that cognitive problems are unlikely to remit significantly across 

the course of MS, and the progression of MS is likely to be related to 

poorer cognitive outcomes. Additionally, there may be domain-based 

differences between MS phenotypes. Verbal fluency deficits have been 

found to be greater in people with progressive forms of MS, than 

relapsing-remitting (Henry & Beatty, 2006). However, the authors noted 

that progressive forms are more likely to have greater neurological 
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disability, longer duration of MS, and this could explain worsening 

cognitive impairment.  

 Mood and fatigue 

Approximately 24 to 50% of people with MS show signs of 

depression, and which is associated with poorer quality of life and 

greater fatigue (Marrie et al., 2015), and dysfunction in the domains of 

working memory, information processing speed and overall executive 

functioning (Feinstein et al., 2014). Fatigue is also a prevalent symptom 

of MS, described as debilitating, and affects approximately 80% of 

people with MS (Krupp, 2006). Similarly, some studies have found 

associations between fatigue and aspects of cognition, in particular with 

complex attention. The relationship between these common symptoms 

and cognition is uncertain; for example, both depression and fatigue 

could limit in activities that help cognitive reserve in MS, affecting 

cognitive performance.  

Acknowledging the potential confounding impact on cognition in 

MS, research has attempted to tease out how performance on 

assessments can be affected. Self-reported depression and fatigue are 

able to predict poorer performance on objective cognitive assessments 

and self-reported cognition (Hughes et al., 2019). These factors also 

predict that people with MS with severe cognitive impairment will 

underestimate their own cognitive function through discrepancies 

between objective and subjective cognitive impairment (Kinsinger et al., 

2010). Although improvements in fatigue and depression did not 

influence objective cognitive performance, this particular study had 

implications on our understanding of self-reported cognition (as 

explored in section 1.4.1.3).  

 Quality of life and activities of daily living 

People with MS with cognitive dysfunction have significantly lower 

quality of life than people with MS who are cognitively preserved 

(Campbell et al., 2017). In particular, deficits in information processing 

speed have been associated with poorer outcomes in quality of life and 

activities of daily living (Costa et al., 2017), and lower scores on 
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processing speed measures (such as the SDMT) can predict 

employment status with better accuracy than measures of other 

domains (Clemens & Langdon, 2018). This systematic review found 

that poor scores on objective cognitive assessments were related to 

unemployment and reduced working hours in people with MS. Cognitive 

impairment is also associated with adherence to MS treatments (Bruce 

et al., 2010), social support, and physical wellbeing even in early MS 

(Glanz et al., 2010). 

Objective tests of everyday functioning have been used in 

research to explore how cognitive deficits contribute to day-to-day life 

for people with MS. Poor cognitive functioning can predict performance 

on tasks of ‘actual reality’ and executive function (Goverover & DeLuca, 

2015; Kalmar et al., 2008). Using ‘actual reality’ tasks involving 

naturalistic activities, such as buying tickets online, people with MS 

performed worse than control participants, and weak performance on 

memory and information processing predicted more errors and 

necessitated more cues to successfully complete activities.  

1.4 Measurement of cognitive impairment 

The first diagnostic criteria of mild and severe neurocognitive 

disorders from the DSM-5 are impairment on a standardised 

neuropsychological assessment, or reports of cognitive deficits from the 

patient, clinician, or an informant. In literature and clinical practice, 

cognitive assessment can be defined as a comprehensive examination 

to evaluate cognition, which can include, but is not limited to, formal 

testing procedures. Assessments can include clinical interviews, file 

reviews and patient history. A recent critical review found inconsistent 

results of the incremental value that full neuropsychological assessment 

adds to clinical practice (Donders, 2020). In this thesis, the term 

'cognitive assessment' will be used to describe neuropsychological 

testing specifically, and this term encompasses objective assessments 

of individual tests, multidomain batteries and cognitive screening tests; 

and questionnaires completed by people with MS or proxies such as 

clinicians or family members. 
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Some tests may have been developed as condition- or disease-

specific tests but have been validated with other populations. Most 

assessments have been developed to be administered as in-person 

tests, completed with pen-and-paper, or verbally, and which are 

administered and scored by technicians. Technicians can refer to a 

wide range of clinical staff that administer cognitive assessments. 

Although test publishers may specify what qualifications are needed to 

administer and interpret tests, the level of expertise and experience can 

vary between assessments and administrations. Therefore, in this 

thesis, ‘technician’ is used as a common term for any person who 

administers cognitive assessments. 

In choosing assessments to use, clinicians and researchers must 

consider factors such as available resources (including time, staff, and 

their expertise), appropriateness for the population, assessment 

modalities (such as written, verbal, or digital), and availability of 

assessments. Many assessments may be limited by the language they 

were developed in, and the availability of norming data for the country 

in which the measure is to be used. Increasingly, there have been 

developments in digitised assessments. Digital assessments can be 

newly developed tests which lend themselves to digital administration, 

or adaptations of validated tests. These can mitigate some of the 

factors that hinder assessment, however, require evidence of their 

equivalence to their originally developed version, and appropriateness 

for the change in administration.  

 Current cognitive assessment in MS 

Cerebral functions involving cognition are one of the eight 

functional systems used in the EDSS to assess MS disability (Kurtzke, 

1983). In examinations of neurological functions, cognitive function is 

based on clinical judgement rather than an objective measurement. A 

chart review of people with MS sought to identify the accuracy of 

neurologists’ predictions of cognitive impairment in their patients 

through standard neurological examination and clinical interview 

(Romero et al., 2015). Standard clinical interviews were not found to 
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accurately identify cognitive deficits, as defined by low corresponding 

scores on an MS-specific cognitive battery (Χ2=1.25), and there is clear 

value in routine neuropsychological assessment with valid tools, to 

control for this inaccuracy in clinician-reported deficit. 

Both generalised and MS-specific cognitive assessments are used 

in research and clinical practice. Recommendations have stressed the 

importance of routine cognitive assessment for all people with MS 

(Bakirtzis et al., 2018; Sumowski et al., 2018), however this is not 

corroborated in clinical practice. A survey of US and Canadian 

neuropsychologists reported that 47.5% never or rarely worked with 

people with MS (Rabin et al., 2005). Therefore, it is possible that 

assessment may be conducted by other clinicians. However in a further 

US survey of healthcare professionals working in MS, 49% had no 

formal procedure for cognitive assessment (Foley et al., 2012). In a 

more recent survey of MS clinicians in the UK, only a third of 

respondents routinely assessed cognition (Klein et al., 2019). The low 

uptake of assessment could be due to the lack of time and resources 

available to conduct such tests. Administering a full neuropsychological 

battery may take up to two hours, and relies on clinics having the staff, 

expertise, capacity, space, and access to such assessments. 

There is inconclusive evidence as to how much value a full 

neuropsychological examination adds to clinical practice (Donders, 

2020). This suggests that easily accessible, brief screening may be 

more beneficial for clinical practice than a full neuropsychological 

examination in the first instance, which has considerable resources and 

costs associated with it. Recommendations for MS have endorsed an 

approach of routine screening with brief measures, followed by a 

comprehensive examination if the results indicate impairment. Batteries 

and screening tests are constructed using individual tests to measure 

one or more domains of cognition. Further details of individual tests and 

batteries and screens used regularly in MS are explored in Chapter 2. 
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 Individual tests of cognition in MS 

Individual tests can be used for very brief screening of cognitive 

impairment, or as part of multidomain assessments including batteries. 

This is explored further in the systematic review in Chapter 2, but the 

following paragraphs will provide key background on some of the most 

frequently recommended and used individual tests. These tend to focus 

on the commonly identified domains of information processing speed, 

memory, and executive function. Stimuli of tests are predominantly 

visual or auditory, and responses given are verbal or motor (mostly 

written). For example, a respondent may receive a spoken instruction, 

and then write their response. Results of cognitive tests can include the 

amount of time taken to complete a task, correct and incorrect 

responses given, and the time taken to respond to each individual 

stimulus. 

The PASAT was developed in 1958 as a measure of attention and 

immediate memory (Sampson, 1958), however more recently, 

information processing speed has been considered the primary domain 

underlying performance (Forn et al., 2008). The PASAT forms part of a 

number of neuropsychological batteries, including the BRB-N and 

MACFIMS, and the cognitive test of the Multiple Sclerosis Functional 

Composite (MSFC, Rudick et al., 2002), a clinical outcome measure of 

the severity of MS. During administration of the PASAT, a series of 

single digits are presented at intervals and respondents are asked to 

sum the last two digits together and say the answer. Whilst the PASAT 

has good psychometric properties and sensitivity (Tombaugh, 2006), its 

use is contentious. Premorbid mathematical ability and age can 

influence performance (Tombaugh, 2006) and people with MS perceive 

completing it as unpleasant (Walker et al., 2012), with multiple studies 

finding that people with MS may decline to complete the testing 

procedure (Aupperle, et al., 2002; Cortés-Martínez et al., 2019).  

Whilst use of the PASAT has been ubiquitous, the SDMT is often 

heralded as the gold standard of brief cognitive screening in MS, and 

recently there have been numerous efforts to ascertain its validity and 
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promote its use (Benedict et al., 2017; Kalb et al., 2018; Strober et al., 

2018). It has also been recommended as a replacement for the PASAT 

in the MSFC (Drake et al., 2010). The SDMT consists of a key of 

symbols matched with a number from 1 to 9, presented with a grid 

underneath showing 120 symbols. Participants have 90 seconds to 

complete the grid using the key to match the symbol with the correct 

number, either by writing or saying the correct number. In the original 

administration, both written and oral tests are completed by the 

respondent (Smith, 1982). However, in MS research, the oral 

administration is predominantly used to reduce the confounding effect 

of poor manual dexterity for people with MS (Benedict et al., 2017). The 

validity and reliability of the SDMT is adequate (as demonstrated in 

section 1.4.2), and it is perceived as the least demanding test of the 

BICAMS, with people with MS finding it acceptable to complete 

(Mortensen et al., 2020). A longitudinal study, across ten years, found 

that people with MS who had low SDMT scores showed greater 

deterioration in performance in comparison with people with MS with 

better SDMT performance at baseline (Healy et al., 2021). This 

suggests that those with lower scores may benefit from early 

intervention to prevent worsening of their information processing speed.  

Both the SDMT and PASAT are understood to assess information 

processing speed. It can be difficult to extricate which of three 

processing speeds is impaired: sensorial, cognitive or motor (Costa et 

al., 2017). For example, in a written SDMT, all three factors may lead to 

poor results as the person with MS has to process the visual 

information of the test (sensorial speed), the matching of the symbols 

(cognitive speed) and use a pencil to write the answer (motor speed). 

The oral version may also have similar associated difficulties with oral-

motor slowing common in MS (Arnett et al., 2008). There may be other 

aspects of cognition involved in performance, with some studies using 

these tests as measures of executive function, or immediate or working 

memory. A recent study concluded that three cognitive domains 

contribute towards performance of the oral SDMT: memory, information 
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processing speed and a ‘lexical access speed’, distinct from information 

processing (Sandry et al., 2021). This research suggests that the SDMT 

is appropriate as a more global cognitive assessment than previously 

believed. 

Other frequently used tests are also susceptible to oral-motor 

slowing when assessing the speed at which stimuli are produced by the 

respondent. Verbal fluency Tests (VFT), such as the Controlled Oral 

Word Association Test (COWAT, Benton et al., 1994), involve 

respondents saying aloud as many words they can think of that belong 

to a phonemic category (such as words beginning with ‘F’) or a 

semantic category (such as ‘animals’) within a specified time period. 

VFTs provide insight not only in accessing semantic memory, but 

executive functioning in the way people with MS plan their responses, 

and as such they are sensitive to impairment (Ruff et al., 1996). Other 

verbal tasks involve word list learning, such as the California Verbal 

Learning Test II (CVLT-II, Delis et al., 2000), in which participants are 

read or hear a list of words and are asked to recall or recognise the 

words. There are a number of recalls that can be assessed, including 

over an immediate, short or long time period; cued or free recall; or 

recognition of the words heard. People with MS perform significantly 

worse on this test than control participants, and it also distinguishes 

between employed and unemployed people with MS, suggesting 

ecological validity (Stegen et al., 2009). 

 Multidomain assessments of cognition in MS 

Multidomain assessments are defined sets of individual tests, 

which assess multiple domains of cognitive function. These can be brief 

screening assessments, such as the Montreal Cognitive Assessment 

(MoCA; Nasreddine et al., 2005), or comprehensive batteries, such as 

the WAIS (Matarazzo, 1978). There have been several attempts to 

develop standardised batteries for use in MS. There are descriptions of 

additional batteries used in MS as part of Chapter 2, but here I will 

discuss the development and administration of three frequently used 

MS-specific batteries: the BRB-N, the MACFIMS, and the BICAMS. 
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The BRB-N began with 23 tests included (Rao et al., 1991), and 

was eventually reduced to shorter battery of the five most sensitive 

tests, including the 10-36 Spatial Recall Test (SPART), the Selective 

Reminding Test (SRT), and PASAT, with the addition of the SDMT and 

a VFT task (Bever et al., 1995). Whilst overall it is regarded as a 

sensitive battery, there are challenges with the inclusion of the WLG 

task, which is not able to distinguish between control participants and 

people with MS (Sepulcre et al., 2006) and the PASAT, due to 

respondents’ dislike of this test (Tombaugh, 2006). It also has a 

relatively long administration time of 30 minutes. 

In 2001, a committee of neuropsychologists and psychologists 

proposed the Minimal Assessment of Cognitive Function in MS 

(MACFIMS; Benedict et al., 2002). The aim of this development was to 

construct a comprehensive battery to improve routine assessment of 

cognitive impairment in MS. The MACFIMS covers multiple domains, is 

psychometrically robust, and consists of seven tests: the Brief 

Visuospatial Memory Test-Revised (BVMT-R), COWAT, CVLT-II, 

PASAT, SDMT, a sorting test from the Delis-Kaplan Executive Function 

System (DKEFS; Delis et al., 2001) and a visual perception task of 

Judgement of Line Orientation (JLO; Benedict et al., 2006). However, 

the 90 minutes taken to administer the battery is a barrier for use in 

routine clinical care. An abbreviated five test battery, the aMACFIMS 

(consisting of the BVMT-R, COWAT, CVLT-II, SDMT, and card sorting), 

was further developed, which included a measure of executive 

functioning but its specificity may be compromised (Gromisch et al., 

2018).  

The BICAMS was constructed in 2011 by another consensus 

panel of seven neurologists and five neuropsychologists with expertise 

in MS (Langdon et al., 2012). The panel proposed a three-test battery 

(consisting of SDMT, CVLT-II and BVMT-R) that can be used in clinical 

practice with ease. A recent systematic review and meta-analysis found 

16 validation studies as of 2018 and found that people with MS scored 

significantly lower on all three tests compared to control participants, 
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with the SDMT having the largest effect size (g=0.934; Corfield & 

Langdon, 2018). 

All three batteries described show promise but have not had the 

uptake in clinical MS care originally anticipated. This could be due to a 

number of practical difficulties. The named tests in all three are 

published by different copyright holders, and require clinicians who wish 

to use the batteries to approach each publisher separately, causing 

financial and administrative burdens (as experienced by Beier et al., 

2019). Scoring the tests also requires expertise to calculate and 

interpret results, which may be out of the scope of clinicians 

administering the batteries.  

Studies using Principal Components Analysis (PCA) on the 

batteries developed for MS have found two common domains for both 

the BRB-N and MACFIMS: attention, and memory. The MACFIMS 

indicates additional factors, including executive function and refinement 

of memory into visuospatial and verbal (Golan et al., 2019; Ruano et al., 

2020), whereas the BRB-N shows a discrepancy whether memory is 

impaired in a single overall domain, or multiple domains (Benedict et 

al., 2006; Damasceno et al., 2020). Whilst this provides some insight, 

these neuropsychological batteries were constructed for use in MS, and 

as such the components extracted are unsurprising. Future approaches 

could aim to move away from these preconstructed batteries, and 

instead use a more focused approach. Hansen and Lautenbacher 

(2017) endorse the use of a range of psychometric measures, including 

tests that are not routinely included in MS-specific batteries, such as 

social cognition. Batteries could potentially be adapted to different 

diagnostic requirements, for example to assess domains associated 

with everyday functioning, and include other measures that may 

confound performance on cognitive tests, such as mood and fatigue.  

 Subjective measures of cognition in MS 

There are a number of subjective measures of cognition used in 

MS, including the Multiple Sclerosis Neuropsychological Questionnaire 

(MSNQ; Benedict et al., 2003), the Perceived Deficits Questionnaire 
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(PDQ; Sullivan et al., 1990), the Multiple Sclerosis Inventory of 

Cognition (MUSIC; Kalbe et al., 2013) and the CAI (Ventura et al., 

2010). Subjective measures are most often completed by the person 

with MS; however, some measures have proxy, or informant measures, 

whereby a family member or clinician reports on the individual’s 

cognitive functioning. The CAI uses a semi-structured interview 

conducted by a clinician to quantify cognitive function.  

Subjective measures of cognition have some benefits over 

objective measures. They generally require fewer resources in terms of 

administration, for example, a technician is not needed; administration 

and scoring are simpler; responses can be collected over the 

telephone, and they are easier to adapt to digital versions. They are 

likely to be shorter and cheaper, and more easily accessible for both 

clinicians and patients. Respondents may also prefer completing 

subjective measures over objective measures due to the lowered 

burden, and lessened anxiety that some assessments can provoke 

(Aupperle et al., 2002). However, their use is contentious with many 

studies finding weak associations with performance on objective tests 

(Benedict et al., 2003; 2004). Subjective measures may also be 

perceived as less accurate owing to confounding factors (such as 

mood) on scores (Kinsinger et al., 2010; Rosti‐Otajärvi et al., 2014). 

One of the most frequently used questionnaires in MS, the MSNQ, 

has been shown to have good psychometric validity and reliability 

(Benedict et al., 2003) and consists of an informant-reported version 

(the MSNQ-I) and a patient-reported measure (the MSNQ-P). Its 

developers have recommended its use, together with the SDMT, for 

regular screening in MS (Benedict et al., 2008). However, some 

research has shown a stronger correlation of MS-reported cognition 

with depression (Hughes et al., 2019; Rosti‐Otajärvi et al., 2014), than 

with performance on objective cognitive assessments. As such, there is 

concern regarding the sensitivity and specificity of the MSNQ-P (Nauta 

et al., 2018). Some of these studies have shown that the MSNQ-I has a 

stronger relationship with objective measures, but people with MS may 
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not have an appropriate informant to complete the questionnaire or may 

feel uncomfortable with this. A semi-structured interview approach, the 

CAI, has shown some promise in its relationship with objective 

measures of cognition (Eilam-Stock et al., 2021). This interview-based 

assessment was shown to correlate with objective measures of 

executive functioning, and the overall scores of the MSNQ-P. 

Subjective measures used in MS can often be brief and focus on 

capturing an overall assessment of cognition (such as the MSNQ-P and 

PDQ). It is possible that particular cognitive domains may be more 

sensitive to subjective assessment than others, and this could indicate 

the value of developing and using multidomain questionnaires over 

unidimensional ones. 

 Classification and interpretation of cognitive assessment 

Some studies rely on a binary interpretation of cognitively 

impaired or unimpaired to categorise cognitive function. It is also 

possible to classify cognitive impairment in terms of which cognitive 

domains are affected, either through domain-based; or a composition of 

domains; for example, measures of information processing speed and 

selective attention could be combined into a ‘complex attention’ 

classification (Leavitt et al., 2018). A more detailed profile can 

complement understanding of cognitive functioning in MS and examine 

associations between different domains.  

An additional consideration for neuropsychological assessments 

for people with MS is that of the threshold, or cut-off scores, available 

for discerning those who are cognitively impaired from non-impaired 

individuals. A common method of evaluation of scores uses raw score 

conversion of clinical scores into z scores, and a comparison against 

normative data of control participants. A cut-off can then be derived 

using standard deviations below the normative means. The DSM-5 

(American Psychiatric Association, 2013) defines the difference 

between mild and major neurocognitive disorder using standard 

deviations (SDs) from the normative means. Mild impairment is defined 

as 1-2 SDs below the normative mean, and major is 2 SD below the 



Page 31 of 329 

 

normative mean. However, these depend on the tests being used (and 

their predictive values, explored in section 1.4.1.5) and factors such as 

premorbid level of cognition, and the availability of relevant norming 

data that can be applied.  

Recent research has used a cognitive functioning-based z-index, 

in which cognition can be presented as a continuous variable, as 

opposed to the classic method of a cut-off score derived from norming 

data, to discern cognitive impairment (Pitteri et al., 2019). By using this 

approach, the authors found a greater number of newly diagnosed 

RRMS patients would be considered cognitively impaired, and advocate 

for early, routine neuropsychological assessment. However, this 

approach requires greater statistical analysis to be applied to the data 

of people with MS and control data, which may not be possible within 

routine assessment in healthcare settings. 

Using multidomain tests, impairment can be defined through 

several tests considered ‘failed’ using the cut-offs for each test. 

Alternatively, a single or composite score below the cut-off can be used 

as the differentiation between impaired and non-impaired. In using 

multidomain batteries of assessments, it may be possible to ascertain a 

more detailed profile of cognitive functioning than the binary of impaired 

or unimpaired for each test. Factor analysis of neuropsychological 

batteries can further our understanding of what tests measure and the 

relationships between domains. For example, Ruano et al. (2017) found 

that in the four components extracted from a PCA on the BRB-N, the 

SDMT bridged two components – those of information processing 

speed and visuospatial memory. Leavitt et al. (2018) proposed that 

cognitive impairment in MS could be described through domain-based 

categories, or ‘cognitive phenotype’-based (using a combination of 

domains). A similar approach was also used by de Meo et al. (2021), 

which reported five categories based on the combinations of tests from 

the BRB-N and the Stroop task. However, these approaches are scarce 

and require further validation with a greater range of assessments. 
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 Sensitivity and Specificity 

Cognitive assessment can be assessed for their clinical utility, 

using sensitivity and specificity (Lalkhen & McCluskey, 2008). Sensitive 

cognitive assessments will correctly identify people with MS with 

cognitive impairment. Correspondingly, specific cognitive assessments 

can identify those who do not have any cognitive impairment. For 

example, if a cognitive assessment had 90% sensitivity and 20% 

specificity, many people with MS would be correctly identified as being 

impaired (a true positive), but many who are not impaired would also be 

categorised as impaired (a false positive). 

In a review of the sensitivity and specificity of the SDMT, 

Parmenter et al. (2007) found that a cut-off score of 55 or lower 

provided an adequate sensitivity of 82% and a specificity of 60% in 

classifying cognitive impairment in people with MS. However, 

alternative cut-offs could be used to find different levels of sensitivity 

and specificity if required.  

 Validity and reliability 

 Validity 

Validity refers to the extent that the test measures what it 

proposes to, and there are a number of facets to this (Cook & 

Beckman, 2006). Face validity is often one of the first validations 

undertaken with an assessment. Interviewing the proposed end-users 

of tests can explore whether the test is subjectively perceived as 

suitable and appropriate. This form of validity is frequently neglected in 

evaluating neuropsychological tests, and as some authors argue that it 

is not an important component of validity given discrepancies between 

objective and subjective cognitive impairment (Walker et al., 2012). 

However, there is still value in assessing and reporting face validity to 

ensure acceptability and relevance to those administering and 

completing a test.  

Ecological validity evaluates how a test relates to everyday 

activities and functioning. The ability of performance on a test to predict 
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performance or behaviour in real-life situations implies ecological 

validity, and increases the clinical utility of tests (Weber et al., 2019). 

Poor performance on the SDMT has been found in a few studies to 

predict vocational status in people with MS, suggesting its ecological 

validity for this real-world outcome (Benedict et al., 2005). 

One of the most frequently assessed forms of validity in 

neuropsychological assessment is convergent validity. Finding a strong 

relationship between the test under evaluation and another measure 

expected to be strongly related helps to confirm that the test is valid. 

Administering the SDMT and other tests of cognitive functioning, 

significant correlations were found between other tests in the BRB-N, 

indicating convergent validity through measuring the same and similar 

constructs of cognition, such as information processing speed and 

working memory (Sonder et al., 2014). Known-groups validity can be 

determined through comparisons of groups we would expect to perform 

differently. The SDMT has shown to be valid through its ability to 

discriminate between people with MS and control participants, with 

people with MS performing significantly worse (Benedict et al., 2017). 

Multidomain batteries of cognitive assessment may be judged by 

their content validity. As demonstrated, many batteries used in MS do 

not include tests of cognitive domains that may be impaired, so 

batteries could be evaluated as to whether they represent all aspects of 

cognition. As remarked, batteries such as the BRB-N, are not 

comprehensive, and may lack tests of commonly impaired but not 

commonly assessed domains, such as social cognition or prospective 

memory (Cotter et al., 2016; Rouleau et al., 2018). Therefore, these 

batteries may lack content validity.  

 Reliability 

Reliability refers to the consistency of scores of an assessment 

(Cook & Beckman, 2006), and test-retest reliability is routinely 

examined. It would be expected that respondents would score the 

same result on a test across a brief period of time, providing there has 

been no neurological change. The SDMT demonstrates strong 
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correlations between repeat administrations over two weeks (r=0.97; 

Benedict et al., 2017), supporting its test-retest reliability. However, 

many tests can be subject to a practice effect in which respondents 

improve their scores. This can be mitigated using alternate forms. 

Inter-rater reliability is also a key index of reliability with 

technician-administered assessments. This examines the extent of 

agreement between different raters on rating the performance on a test. 

Whilst this is not particularly contentious for the results of the SDMT, 

another frequently used assessment, the BVMT-R, demonstrates the 

importance of evaluating this for some tests. The BVMT-R is scored 

through assessments of drawings of geometric figures from memory, 

and thus raters may have a subjective judgement of the responses 

(Gaines et al., 2008). A strong correlation between all raters’ scores 

provides inter-rater reliability evidence.  

Internal consistency can also assess the reliability of test 

batteries. This measures the scores of all tests within a battery to 

determine the degree of relationships between them, implying that they 

are measuring related constructs, demonstrated through a high 

Cronbach’s alpha (Cronbach, 1951). Validation studies of BICAMS 

report the internal consistency, such as the translation and validation 

study by Filser et al. (2018), which found good level of agreement 

between the three tests in the battery. 

 Digital neuropsychological assessment 

The Topol Review (Topol, 2020) outlined how digital health 

initiatives implemented within the National Health Service (NHS) could 

have patient benefits. One of the recommendations was for patient-

facing applications to be provided remotely on a user’s personal device. 

In 2020, 96% of all adults in the UK had access to the Internet, with 

46.6% using the Internet daily, and 15% using the Internet to access 

online health services (Office of National Statistics, 2020), and these 

figures are projected to increase. There are several benefits of digital 

assessments, including improving accessibility, reducing the resources 
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needed in traditional administrations such as time, staff and cost, 

greater precision in recording responses, automated scoring and 

interpretation, and integration with other systems, such as electronic 

health records. There may also be greater acceptability by providing 

assessments that can be completed in the naturalistic and comfortable 

setting of a respondent’s own home, which may reduce anxiety 

associated with attending a clinical appointment. 

The Topol Review was released before the COVID-19 pandemic; 

however, it became especially pertinent with the necessity of 

telemedicine during this time. Rapid guidance was released on how 

teleneuropsychology can be continued despite physical distancing 

necessitated by the pandemic (Bilder et al., 2020). However, 

neuropsychological technology developments have generally been slow 

(Miller & Barr, 2017), and there are a number of considerations to 

account for this, including: 

1. What device the assessment is deployed on: a personal computer 

(PC), or a mobile device (such as a smartphone, tablet, or Personal 

Digital Assistant [PDA]), and how the participant responds to stimuli 

(peripheral inputs such as a keyboard and mouse; a touchscreen 

using a finger or stylus; or a verbal response). If a smartphone or 

tablet is used, the assessment may be a native application, or a web 

application accessed through an internet browser. 

2. Who administers the assessment: if it is self-administered or 

administered or guided by a technician.  

3. Where the assessment takes place: in-clinic or remotely.  

4. How the assessment is scored: by a technician or automatically.  

Sumowski et al. (2018) identified key priorities for the assessment 

of cognitive impairment, one of which being routine integration into 

existing clinical MS care. Indeed, the US National MS Society’s 

recommendations suggested that a self-administered cognitive 

screening test can be used in routine MS management to make access 

to screening easier and improve uptake (Kalb et al., 2018). However, 

while calls for digitisation of assessments have been prevalent for a 
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long time (for example, Achiron & Barak, 2006), application in MS 

clinical care has been protracted. 

There have been several digital developments of cognitive 

assessments for use in MS, but many of these are limited in their use, 

and evidence as to how they could be used in clinical practice is 

lacking. A recent systematic review of digital cognitive assessments for 

people with MS found that most digital assessments use a PC with a 

peripheral mouse and keyboard, administered in clinic, and require the 

presence of a technician (Wojcik et al., 2019). Self-administered 

assessments included in this review nevertheless showed equivalence 

to technician-administrations. 

Test developers and copyright holders may have little incentive to 

develop digital translations of their tests, and commercial endeavours 

undertaken by private software companies, often sacrifice psychometric 

standards (Miller & Barr, 2017). As experienced by the development of 

the digitised BICAMS, the iCAMS, copyright holders of tests may also 

deny permissions for digital developments of their tests (Beier et al., 

2019). 

Many of the assessments commonly used in MS are challenging 

to digitise. The BVMT-R, included in both BICAMS and MACFIMS, 

requires participants to draw geometric line figures from memory 

(Benedict, 1997). Technicians then use a rubric to score these 

drawings, which has clear difficulties for digitisation. Attempts to 

develop digital versions of the BICAMS have used iPad administrations, 

and necessitate a technician to score the drawings of the BVMT-R 

Birchmeier and Studer (2019) approached this obstacle using machine 

learning to try to automate scoring. Although accuracy showed promise, 

this was with a small sample of neurologist-scored drawings, and 

certainly required further refinement and testing to ensure equivalence 

with technician ratings. Using a drawing-based task also further restricts 

the devices that assessments can be deployed on, and the differences 

in device size may restrict the ability to draw accurately. Another digital 

development of the BICAMS did not include the BVMT-R test due to the 
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difficulties of translating such a test to a digital format (Barcellos et al., 

2020).  

To mitigate such problems, it would be judicious to approach 

future digital development using valid tests that lend themselves to the 

modality. Of course, this is a trade-off between the advantages of 

digitised tests, and the disadvantage of not being able to use many of 

the sensitive tests that are recommended for use in MS care. However, 

the opportunities associated with providing routine assessment for 

people with MS in a cost-effective and efficient way may be too 

valuable to disregard.  

All forms of digital assessment can have benefits over pen-and-

paper versions, but there is particular potential for self-administered 

assessments that can be completed remotely as this can help to protect 

clinic time and resources, and being  accepted by people with MS 

(Patel et al., 2019; Settle et al., 2015). Recommendations and guidance 

has begun to emerge for neuropsychological assessment with vigour in 

light of COVID-19's restraint on in-person clinical practice (Bilder et al., 

2020). Given the difficulties of attending clinics during the pandemic, 

and the impracticality of providing standardised technology to all 

patients to complete at home, a solution may be to deploy assessments 

on personal mobile devices. Assessments can be developed for all 

types of devices, and patients can use their own device to access 

digitised cognitive assessments. 

In Great Britain, 79% of adults use a smartphone to access the 

internet “on the go”, and many people show a preference for using their 

smartphone instead of a computer to complete day-to-day activities 

(Office of National Statistics, 2020). This growing use and familiarity 

with mobile devices have the potential to increase the uptake of digital 

health initiatives. This approach can enable people with MS to complete 

assessments routinely in their own home; reducing time spent in clinics 

and increasing accessibility (Casaletto & Heaton, 2017). There are 

difficulties to overcome, and assessments require future-proofing to 

ensure that they do not become obsolete, or cease functioning on 
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newer devices. Casaletto and Heaton (2017) urge developers of digital 

assessments to gain input from neuropsychology, rather than being 

driven by software development. Combining qualitative Human 

Computer Interaction (HCI) methods and psychometric approaches can 

support the development of digitised cognitive assessments that are 

usable, acceptable, and appropriate, and psychometrically robust. 

Digital assessments are new assessments and they therefore require 

the same evidence as required for new assessments, and new 

normative data (Bauer et al., 2012). 

1.5 Gaps and limitations of previous published work 

There have been several reviews and recommendations for 

cognitive assessment in MS (Hansen & Lautenbacher, 2017; Kalb et 

al., 2018; Langdon et al., 2012; Sumowski et al., 2018), but there is still 

uncertainty about which tests and multidomain batteries are being used 

to examine cognitive dysfunction in MS. Surveys of neuropsychological 

clinical practice have shown that assessment can be sporadic and not 

specific to MS (Foley et al., 2012; Klein et al., 2019). It is unclear 

whether this is also the case in MS research, and whether 

recommendations have had an impact on the uptake of specific tests 

and batteries. There is also uncertainty as to the prevalence of digital 

assessments. Whilst a systematic review identified validations of digital 

developments (Wojcik et al., 2019), the extent to which these are being 

used, and in which contexts, is unknown. The aims of Chapter 2 builds 

upon the work of the described surveys and previous reviews of digital 

administrations. This systematically establishes which tests are used in 

MS research, in which contexts, and using which modes of 

administration. 

The SDMT has emerged as one of the most promising objective 

cognitive assessments for brief screening in MS recently (Benedict et 

al., 2017). Ubiquitous use of a single test can allow comparisons across 

studies; however, research often use different methods of interpreting 

scores. There have been recent interpretation approaches that move 

beyond a simplistic impaired-unimpaired categorisation (for example in 
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De Meo et al., 2021; and Leavitt et al., 2018). However, there is little 

guidance of on how the scoring and interpretation of the SDMT can 

extend beyond the traditional scoring to provide greater insight. 

Therefore, in Chapter 3, a scoping review aimed to identify and 

describe these different interpretative methodologies. 

Along with the SDMT, the MSNQ is recommended as a self-report 

questionnaire of cognitive problems (Benedict et al., 2008). Whilst there 

is contention with regards to the relationship between subjective and 

objective scores (Hughes et al., 2019), there is some promising 

research that indicates that some cognitive domains, including 

executive functioning, are more associated with subjective ratings 

(Eilam-Stock et al., 2021; Mazancieux et al., 2019). The research 

described in Chapter 4 explored multidimensional questionnaires and 

their relationship to overall cognition, or specific domains, and also 

explored how results of the SDMT can predict other MS symptoms.  

Research determining how to measure cognitive impairment in 

MS has predominantly used quantitative approaches. There are some 

promising studies exploring opinions and experiences of assessment 

using a qualitative research methodology, however there is only one 

study examining this, with a small sample of people with MS in 

Denmark (n=12; Mortensen et al., 2020). This study found that people 

with MS valued routine assessment with brief assessments such as the 

SDMT. Despite recommendations, cognitive assessment is not 

routinely conducted with people with MS, and the standardised 

batteries and tests proposed for use in MS care are not being used in 

clinical practice (Klein et al., 2019), and certainly, digitised assessment 

has not had the uptake anticipated by such studies as Achiron and 

Barak (2006). Understanding how cognitive assessment can be used in 

clinical practice, and how to promote engagement through appropriate 

tests and methods of administrations could be crucial to implementing 

routine assessment in clinical MS care. Thus, this was the aim of a 

large qualitative study described in Chapter 5. 
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Technological advances have a potential to increase uptake, by 

making assessment less resource intensive and more acceptable. 

Miller and Barr (2017) advocated for technological advances in 

teleneuropsychology through digital cognitive assessments but 

acknowledged that this has been slow, and the COVID-19 pandemic 

revealed the gaps in how to provide cognitive assessment remotely 

(Bilder et al., 2020). Digital adaptations of brief assessments have been 

restricted to specific devices, such as iPads (Beier et al., 2019; 

Middleton et al., 2020; Rao et al., 2017; van Dongen et al., 2020). 

Whilst these may be practical for use in research where devices can be 

provided to participants, accessibility may be an issue for healthcare 

delivery, with clinics and patients not necessarily having access to the 

specified devices. 

A systematic review of mobile health initiatives in MS found a 

number of barriers, including those related to MS symptoms (Gromisch 

et al., 2020). For example, small text/font size could be an issue for 

people with MS with poor visual acuity, and small buttons to press may 

be affected by fine motor dysfunction. This review emphasised the 

importance of including users in the design of mobile technologies 

throughout the process. Especially in the development of device-

agnostic assessments, a range of devices can be used in this process 

to identify any device-related differences. However, this is rare in 

research. Two promising developments of smartphone versions of the 

SDMT did not integrate usability testing into their development (Pham 

et al., 2021; Van Oirschot et al., 2020). Whilst their quantitative data is 

promising in showing discriminant and convergent validity, their 

development has not yet been researched with regard to aspects of 

face validity and user acceptance. The design and presentation of 

neuropsychological tests can change the behaviour of the end user, 

and ensuring clear and simple designs and instructions can have a 

pronounced impact (Germine et al., 2019). Therefore, the research 

described in Chapter 6 applied methodologies predominantly used in 

Human Computer Interaction research to establish the usability of a 
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developed cognitive screening platform, and user acceptance. The next 

stages of development of this technology require further evidence of its 

validity and reliability and generating data to interpret the results. 

This introductory chapter has highlighted that cognitive deficits, 

across a range of domains, are a frequent symptom of MS, and there is 

a need for effective ways of assessing these. Having valid assessments 

that can be easily implemented within clinical practice has numerous 

benefits. Initial routine assessment can reveal cognitive deficits at an 

early stage, enable engagement with rehabilitation, monitor progression 

of impairment, and be used as an outcome measurement to appraise 

the efficacy of interventions.  

1.6 Summary 

Previous research has examined how individual tests and generic 

multidomain batteries can measure deficits (such as the batteries 

described in section 1.4.1.2). Recommendations have predominantly 

used expert consensus panels, and results from batteries, to advocate 

domains to be assessed, and with which tests. The lack of a common 

framework has often led to under-researched domains such as social 

cognition, autobiographical and prospective memory, which are 

increasingly being acknowledged as impaired in MS (Cotter et al., 2016; 

Rouleau et al., 2018). The availability of an acceptable, easily 

administered platform could have implications for the future of cognitive 

assessments in MS. Including methodological approaches, such as 

precise scoring data, can increase capability of assessment, and 

provide batteries that are relevant, acceptable, and accessible to 

people with MS. This could support a more comprehensive profile of 

impairment that furthers our understanding of the profile of cognitive 

dysfunction in MS. 

1.7 Objectives 

The objective of the research described in this thesis is to 

examine how cognitive assessment can be conducted in the setting of 

UK clinical care. The research conducted as part of this PhD are the 
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first stages in establishing the value and feasibility in providing cognitive 

screening to all people with MS as part of their routine care. The 

objectives were to explore current cognitive assessment practice, 

determine how cognitive assessment could work in routine healthcare, 

and based on these, evaluate a digital cognitive assessment platform 

for people with MS. A single task, based on the SDMT, was developed 

in its first iteration, but this opened the potential for further tests and 

analysis, including self-report questionnaires, and personalised 

batteries. Moving past expert consensus approaches, I have examined 

cognitive assessment from a patient-centred perspective and 

investigated how it can be implemented successfully using this 

approach. Where research has focused on recommendations and 

psychometric validation, one of the driving forces in this thesis is 

ensuring acceptability of a cognitive screening programme for both 

people with MS and clinicians working in MS.  

1.8 Research plan 

The first phase of this research was a systematic review 

(described in Chapter 2), to determine the breadth and purposes of 

cognitive assessments that have been used in peer-reviewed research 

with people with MS, systematically identifying which cognitive 

assessments have been used in research. I also aimed to explore 

whether recommendations for cognitive assessments have influenced 

the measures being used. This reports how frequently individual tests, 

multidomain tests and subjective measures have been used, in what 

research setting, and for what purpose. This is the first step in 

examining how cognition is currently assessed in MS. These findings, 

along with consensus recommendations were used to inform the next 

stages of the research.  

The frequent use of the SDMT within research and the 

recommendations of its use as a screening tool, and part of a battery, 

was examined further. Whilst the scoring of the SDMT is simple, 

recommendations have not specified how to interpret the meaning of 

these scores. There are multiple ways of interpreting raw scores, and 
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categorising people with MS into potential categories to describe their 

impairment. I undertook a scoping review in Chapter 3 to explore some 

of these interpretation methods. I highlight these diverse approaches 

through summaries of the most common methods of categorising 

cognitive impairment, demonstrated by a sample of studies using these 

methods. This also highlights some of the opportunities of digital 

administration and automated scoring and interpretation of the SDMT.  

The data analysis in Chapter 4 proceeds to determine the 

dimensionality of a self-report questionnaire, the MSNQ-P, and also 

examine how scores on the SDMT can be predicted by self-reported 

physical and psychological symptoms. Some people with MS may not 

wish to complete objective cognitive assessments (Cortés-Martínez et 

al., 2019), and the availability of a self-report questionnaire of cognitive 

problems may be more acceptable to some people with MS. This 

analysis uses a Principal Components Analysis to determine the 

dimensionality of the MSNQ-P and how extracted domains of subjective 

cognitive impairment, and other self-reported aspects of MS, relate to 

objective assessment. The aim of these analyses was to establish the 

utility of the SDMT, and self-reported cognition, for routine cognitive 

assessment.  

The US National MS Society's recommendations promoted the 

practical nature of routine screening and the role that digitised 

assessment can have in accessible and brief screening (Kalb et al., 

2018). Blandford (2019) has approached digital health development 

using five stages of iterative design. Neuropsychological assessment 

has often not involved people with MS and clinicians working in MS, 

and this is particularly apparent in digital developments (Miller & Barr, 

2017). Implementation of a routine screening programme can only be 

successful if it is accessible and acceptable to those completing or 

administering the assessment. People with MS perceiving the value of 

assessment and being motivated to take part in routine programme 

could be critical to its success. Conversely, if assessments provoke 

anxiety, and are inconvenient to access, implementation may not occur, 
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as shown by patients’ reluctance to complete the PASAT (Cortés-

Martínez et al., 2019).  

 In the next study, described in Chapter 5, I conducted a series of 

interviews and a focus group with people with MS, carers/family 

members, and MS charity volunteers also living with MS, and three 

other researchers interviewed clinicians working in MS and healthcare 

commissioners. We developed a theoretical framework which was 

iteratively refined. The aims of this study were to explore previous 

experience with cognitive impairment and current assessment in MS, 

and the context of how to deliver a cognitive assessment programme. 

We asked participants about the types of assessment, the resources 

required, the modality of assessments, and the benefits of such a 

programme. This identified barriers and facilitators to implementing 

cognitive assessment in clinical practice.  

Where a complementary approach of health research and HCI 

methods have been used for digital health intervention development, its 

application has potential for digital assessments. The evidence 

gathered from the systematic review and consensus recommendations 

alongside a person-centred approach can develop groundwork for a 

successful digital assessment programme.  

Based on the conclusions from previous stages, prototypes of 

assessments deemed to be acceptable and feasible were developed 

that could be deployed on computers, tablets and smartphones. My 

next study in Chapter 6 used HCI methods to collect further qualitative 

data to evaluate the usability, accessibility, and acceptance of the 

technology. Usability testing can provide insight into the problems that 

people with MS may encounter with the technology, and the self-

administration nature of digital, remote cognitive assessment. 

Pilot interviews were first conducted with Patient and Public 

Involvement (PPI) members to refine a cognitive interviewing procedure 

and followed by usability interviews with people with MS through video 

conferencing, with participants using their own mobile devices. Due to 
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this methodology, the study used a modified think-aloud approach to 

cognitive interviewing. Data were analysed using a change log to 

capture iterative changes to the technology, and a framework analysis 

to capture mechanisms such as facilitators and barriers to engagement 

with the digital screening platform. 

A final study was planned that aimed to include a further test, 

validate the battery, and collect normative data. Unfortunately, due to 

the COVID-19 pandemic, the technology development was delayed 

significantly and therefore it was not feasible to conduct this study. A 

protocol is included in this thesis as Chapter 7. 
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Chapter 2 Cognitive Measures Used in Adults with 

Multiple Sclerosis: A Systematic Review 

 

2.1 Chapter overview 

This chapter presents a systematic review that was conducted to 

scope the breadth of cognitive assessments used with people with MS 

and appraise the most commonly used individual tests and batteries. 

Aspects of this chapter has been published in Neuropsychological 

Rehabilitation (Elwick et al., 2021).  

2.2 Introduction 

Cognitive impairment can have an adverse effect on many 

aspects of an individual’s life, including the ability to work and socialise 

(Rao et al., 1991), treatment adherence (Bruce et al., 2010), and overall 

quality of life (Glanz et al., 2010). As discussed in section 1.3 in the 

introduction predominantly impaired cognitive domains are memory and 

learning, (including immediate and delayed recall and recognition), 

complex attention including information processing speed, and 

executive functions (Chiaravalloti & Deluca, 2009; Ferreira, 2010; 

Prakash et al., 2008). A recent recommendation has supported domain-

specific management of cognitive problems as opposed to more 

generalised approaches (DeLuca et al., 2020), and novel and improved 

methods of rehabilitation require appropriate outcome measures to 

determine their efficacy. Valid and reliable cognitive tests can 

additionally be used to identify cognitive issues at an early stage of MS, 

to assess progression of cognitive impairment. 

Reviews by neurologists may not identify specific details of 

cognitive functioning and their significance (Romero et al., 2015), and 

appropriate, standardised cognitive measurement tools for use with 

people with MS are therefore required to detect changes to cognitive 

function accurately. A recent narrative review identified a need for 
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incorporating neuropsychological assessment into routine care for 

people with MS (Sumowski et al., 2018). However, due to the high 

prevalence of cognitive impairment in MS and limited resources in 

clinics, it may not always be feasible to conduct a full 

neuropsychological assessment for all patients at routine clinic visits. 

Therefore, there is a need for both comprehensive test batteries and 

shorter tests that can reduce the resources needed, including the level 

of expertise required to use and interpret results. Tests also need to be 

acceptable to clinicians and patients.  

A survey of North American clinical neuropsychologists (Rabin et 

al., 2005) reported that the most frequently used measures across 

different clinical populations were Wechsler Adult Intelligence Scale 

(WAIS), the Wechsler Memory Scale (WMS), the Trail Making Test 

(TMT), and the California Verbal Learning Test (CVLT). However, as 

this survey did not specify tests used with different neuropsychological 

conditions, it is not possible to determine whether this reflects what 

psychologists are using with people with MS in particular. A more 

recent UK-wide survey (Klein et al., 2019), which specifically focused 

on cognitive assessments for people with MS, found that the most 

commonly used measures by healthcare professionals working 

clinically with people with MS (including neuropsychologists, 

neurologists, and occupational therapists) are the Montreal Cognitive 

Assessment (MoCA) and the Addenbrooke’s Cognitive Examination 

(ACE-R). Generic measures may measure cognitive domains not 

commonly impaired in MS, such as orientation. Conversely, they might 

not include measurements of commonly affected domains, such as the 

lack of a measure of information processing speed in the MoCA. These 

studies show that generic measures are prevalently used in clinical 

practice, and it is unclear why some measures are chosen over others.  

In addition to generic measures that are not specific to MS (such 

as the MoCA), a number of MS-specific batteries of cognitive measures 

have been developed, and both comprehensive and brief screening 

batteries exist, as explored in Section 1.4.1. Recommendations have 
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promoted the use of the proprietary Symbol Digit Modalities Test 

(SDMT) as a brief, sensitive measure processing speed impairment in 

people with MS, which is one of the most predominantly impaired 

domains (Kalb et al., 2018). The recommendations for cognitive 

measures, screens and batteries discussed above have used 

consensus approaches. These used expert panels comprising 

neuropsychologists, neurologists, clinical psychologists, researchers 

and Patient and Public Involvement to make recommendations, 

including that of full batteries (MACFIMS, Benedict et al., 2003), and 

more brief assessment (Kalb et al., 2018; Langdon et al., 2012). All 

approaches stated the need for full neuropsychological batteries to be 

administered for further insights if needed but highlighted the necessity 

for screening tools at a minimum, to promote routine assessment.  

Following on from consensus recommendations, it would be 

useful to know which cognitive assessments are being used in research 

and clinical practice with people with MS. This might influence future 

consensus recommendations. There are ongoing concerns whether 

MS-specific batteries and tests (i) are able to evaluate the range of 

cognitive domains impaired in people with MS, particularly executive 

function, processing speed and memory (Hansen & Lautenbacher, 

2017), and (ii) may lack ecological validity (Korakas & Tsolaki, 2016). 

Furthermore, in some healthcare and research settings, the use of 

proprietary measures may not be practical due to the financial 

implications of using such measures.  

The aim of this review was to systematically compile and describe 

the neuropsychological measures that have been used in research with 

people with MS, and to examine the modality of administration and 

contexts in which they have been used. Details of the most common 

tests and multidomain batteries are provided. This review is the first 

step in determining an evidence-based approach to selecting measures 

for use in cognitive assessment with people with MS and complements 

existing consensus-based approaches.  
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2.3 Methods  

The study protocol was prospectively registered with PROSPERO 

International Prospective Register of Systematic Reviews (Registration 

number CRD42018103384).  

 Search strategy and selection criteria 

The systematic review followed the guidelines for the Preferred 

Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA, 

Moher, 2009). We searched the following databases: MEDLINE, 

EMBASE, CINAHL, PsycINFO and Web of Science, for studies 

published in English from inception to February 2020 and using the 

relevant key words including, but not limited to: Multiple Sclerosis, 

Cogniti*, Neuropsych*, Screen, Assessment, Test, Outcome. I 

developed the search strategy for all databases, which was then  

independently reviewed by four members of the supervisory team1. The 

database searches were limited to adult, human studies, and texts in 

the English language. 

Studies were included if they used psychometric measures to assess 

cognitive functioning in MS or screen participants into a study. We 

included measures that were performed in-person, and measures which 

were administered electronically or via telephone. Studies were 

excluded using the following hierarchy: 

1. Not in English 

2. Non-Human studies 

3. Reviews, protocols, qualitative studies, case studies, 

translations, and validation studies. 

4. MS patients do not constitute 50% or higher of the population 

included. 

5. Population is under 18 

 
1 I use the term ‘we’ in this thesis where other researchers were involved in the 

data collection, analysis, or interpretation processes. In line with the ‘Team Science’ 
approach to research, use of this term (we) acknowledges the team’s input into this 
research. 
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6. Does not use a measure of cognition 

The target population for studies was people (aged 18 and over) 

who had been diagnosed with any form of MS. We included individual 

measures, screening tests, and batteries of cognition, measures of 

single and multiple domains of cognition, and both subjective and 

objective measures of cognition. There were no constraints for the 

setting in which the cognitive assessment took place.  

I completed the initial title and abstract screening, and full texts 

were divided between myself and another reviewer for data extraction -

given the volume of the literature. Any disagreements were resolved by 

discussion and arbitration with a third reviewer. Studies were excluded 

based on the hierarchy shown in Figure 3. 

Whilst we initially planned to conduct an assessment for quality 

and risk of bias using Critical Appraisal Skills Programme checklists (as 

detailed in PROSPERO), a formal quality assessment was not 

conducted. This was due to the absence of a single appropriate 

assessment for all studies, and the impracticality of undertaking this 

given the considerable number of studies included upon extraction. As 

we aimed to capture the breadth of measures being used and their 

frequency of use in a variety of contexts, including a range of research 

methodologies, the quality of studies would have been difficult to 

compare, and this would therefore have been of limited use. However, 

we did capture pertinent issues, including whether studies specified the 

names of measures used, or how measures were administered. 

Despite restricting the searches to adult and English language 

papers, some papers that did not meet these criteria were still present 

in the citations extracted and were therefore removed in cases where 

two or more publications reported results of the same dataset, only the 

most recent study was included for data extraction.  

 Data extraction and analysis 

The main interest was to identify the measures of cognition being 

used with people with MS, including how the measure was used (e.g., 
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as a screening measure, or as an independent or dependent variable), 

and the modality the measure was administered in (e.g., in-person, 

electronically). We also extracted information about the participants’ 

type of MS, the country in which the study took place, if it was a single 

centre or multicentre study, how many respondents completed the 

measure, and if it was a patient- or proxy-reported measure. For the 

purpose of analysis, the different measures were characterised into a 

number of classes for tests so that we could determine what measures 

were used most often, despite the names and ascriptions given. 

Examples of the classes used are serial addition tests in which 

respondents add up numbers as they are presented (e.g., the Paced 

Auditory Serial Addition Test (PASAT)), substitutional tests, where 

respondents are presented with an array of stimuli (usually digits, 

symbols, or letters) and asked to match them correctly with similar 

stimuli using a key (e.g., SDMT). The classes, named examples of 

these, and a description of the class are described in Table 1. These 

classes were determined through an assessment of how the 

assessments were described conceptually in relevant literature, or as 

described within the study. Once all individual assessments used in 

studies were classified, total numbers and frequency of use was 

calculated for each class, or multidomain test including batteries. 

2.4 Results 

The searches produced a total of 11,854 papers to be screened 

from which data from 1,526 studies were extracted for analysis. The 

PRISMA flowchart is shown in Figure 3. An excerpt from the data 

extraction format is shown in Table A in the appendix. Full-text review 

was conducted by two reviewers on a subsample of randomly chosen 

(n=50) manuscripts, to ensure uniformity of data extraction. We found a 

high level of agreement qualitatively.  

The studies were conducted in 52 countries (50% conducted in 

Europe, and 39% from North America), and included 29 multicentre 

studies. Included studies collected data from 316,053 people with MS. 

All phenotypes of MS were reflected in the studies; most of the studies 
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(66%) used a mixed sample of people with MS, and 29% of studies 

enrolled people with Relapsing Remitting MS (RRMS). Only 4% of the 

studies specifically enrolled people with progressive forms of MS. 

There was a total of 5,665 cognitive measures used. Of these 

measures, 93% (n=5,260) were ‘objective’ measures (for example, 

memory or processing speed tests administered by a researcher or 

clinician), and 7% (n=370) were ‘subjective’ (for example, self-report or 

proxy questionnaires). Thirty-five studies did not specify the names or 

provide sufficient description of the measures or procedures they used 

to classify them. However, some of these unnamed measures did 

report whether they were objective or subjective and were included in 

the overall counts. Approximately 18% (n=912) were named batteries 

or screening tests of cognitive functions consisting of two or more 

individual assessments (for example, the MoCA is a brief screening test 

but includes a trail making task, a verbal fluency task, word list learning 

among others).  
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Figure 3: Prisma flowchart for systematic review 

 

 Individual tests of cognition 

There were 504 different individual measures used, however 

many of these overlapped considerably. For example, verbal fluency 

tests that used a variety of stimuli, such as different letters of the 

alphabet, were given different names, including the Controlled Oral 

Word Association Test (COWAT), F-A-S test, or letter fluency tests. 
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Table 1: Individual tests used in MS research 

Class Examples of Tests 
Number of 

Uses 
% of Uses 

ST- Substitution 
tests 

Symbol Digit Modalities Test (SDMT 
(Smith, 1982), Digit Symbol (DS), 
Letter Digit Substitution Test 

511 11.80% 

SAT – Serial 
Addition Test 

Paced Auditory Serial Addition Test 
(PASAT), Paced Visual Serial 
Addition Test (PVSAT) 

476 11.00% 

WLL - Word List 
Learning 

California Verbal Learning Test 
(CVLT), Hopkins Verbal Learning 
Test (HVLT), Rey’s Auditory Verbal 
Learning Test (RAVLT)  

438 10.20% 

VFT - Verbal 
Fluency Test 

Controlled Oral Word Association 
Test (COWAT), or Word List 
Generation (WLG), FAS test 

325 7.50% 

ST - Stroop Test Color and Word Test 242 5.60% 
TMT - Trail Making 
Test 

Colour Trails, Oral Trails, Making. 
Trails Test, Letter Number 
Sequencing 

232 5.30% 

DS - Digit Span Digit Span, Forward Span, 
Backwards Span,  

207 4.80% 

ST - Sorting Test Wisconsin Card Sorting Task 
(WCST) Modified Card Sorting, 
Weigl Test 

164 3.80% 

VR – Visual 
Reproduction Test 

ROCFT - Rey-Osterrieth Complex 
Figure Test (ROCFT), Brief 
Visuospatial Memory Test (BVMT), 
Figural Learning Tests, Taylor 
Complex Figure (TCF) 

120 2.80% 

  

The most frequently used measures were the substitution-based 

tests (12% of all individual tests) such as the SDMT, and serial addition 

tests (11%) such as the PASAT, followed by tests which require 

participants to learn a list of words and recall them (immediately and/or 

after a delay; 7.8%) and verbal fluency tests (7.5%), such as the 

COWAT, in which participants are asked to name as many words that 

belong to a certain category (such as animals), or words beginning with 

a specific letter of the alphabet (see Table 1). The domains of cognitive 

impairment measured by the most frequently used measures relate to 

those experienced in MS, including information processing speed, 

attention, executive function, and aspects of memory including working 
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and short-term memory. Description of the tests, the domains they 

assess, and their advantages and disadvantages are provided in Table 

B in the Appendix. 

2.5 Multidomain Tests and Batteries  

Measures were operationally defined as a named collection of 

tests if they were a named screening test (e.g., MoCA) or a battery 

(e.g., BRB-N) that included one or more measure that is considered an 

individual test. Sixty-one different multidomain neuropsychological tests 

or batteries were reported in the included studies, and these were used 

913 times in included studies. The most frequently used multidomain 

test used was the BRB-N, followed by the Mini–Mental State 

Examination (MMSE) and the WAIS (See Table 2). Description of the 

multidomain tests and batteries, the domains they assess, and their 

advantages and disadvantages are provided in Table C in the 

appendix. The Multiple Sclerosis Functional Composite (MSFC) only 

includes one neuropsychological measure (the PASAT) and was 

therefore included as an individual measure rather than a battery. The 

MoCA was frequently used to screen participants into studies (37%), or 

to report on cognitive functioning or between group differences (38%). 

However, 25% of the studies using the MMSE used it as a dependent 

or independent variable. 

Consensus recommendations have advised the use of the 

MACFIMS and BICAMS as cognitive batteries for use with people with 

MS. The MACFIMS was recommended by consensus in 2003 and the 

BICAMS in 2011. The BRB-N was developed in 1990 and was used 10 

times before the recommendation of the MACFIMS in 2003. Since then, 

the BRB-N has continued to be used frequently, with 217 studies using 

it, compared to 72 studies using MACFIMS. Even since the publication 

of BICAMS, the BRB-N has been used regularly, being used in 151 

studies, whereas the BICAMS was used in 62 studies.  
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Table 2: Multidomain tests used in MS research 

Abbreviation Name Type 
Number 
of Uses 

% of 
Uses 

BRB-N Brief Repeatable 
Battery of 
Neuropsychological 
Tests 

Battery 210 23.00% 

MMSE Mini-Mental State 
Examination 

Screen 148 16.20% 

WAIS Wechsler Adult 
Intelligence Scale 

Battery 86 9.40% 

MACFIMS Minimal Assessment of 
Cognitive Function in 
MS  

Battery 72 7.90% 

WMS, WMS-
III, WMS-IV 

Wechsler Memory 
Scale, Wechsler 
Memory Scale Fourth 
Edition 

Battery 52 5.90% 

BICAMS Brief International 
Cognitive Assessment 
for Multiple Sclerosis 

Screen 62 6.80% 

MOCA  Montreal Cognitive 
Assessment  

Screen 30 3.30% 

 

 Subjective measures of cognition 

A breakdown of the subjective, patient (or proxy) reported 

measures and their frequency of use is shown in Table 3. There was a 

total of 370 uses of named subjective measures in the studies, 87% 

were completed by the people with MS, and 11% were proxy reported 

(8% were carer/family reported, and 3% were clinician reported). 

Eighteen studies did not specify who completed the subjective measure 

of cognition. The most frequently used subjective measures were the 

Multiple Sclerosis Neuropsychological Questionnaire (MSNQ), the 

Perceived Deficits Questionnaire (PDQ), and Fatigue Scale for Motor 

and Cognitive Functions (FSMC). There were 29 studies that used a 

self-report measure that was not reported by name, or not a formally 

named measure (for example, a Likert scale or visual analogue scale of 

cognitive functioning not attributed to a specific measure).  
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Table 3: Subjective measures used in MS research 

Subjective Measure Name 
Frequency of 

Uses 
% of Uses 

MSNQ - Multiple Sclerosis 
Neuropsychological Questionnaire 

77 20.50% 

PDQ - Perceived Deficits Questionnaire 34 9.00% 

Self-report questions – not specified 29 7.70% 

FSMC - Fatigue Scale for Motor and 
Cognitive Functions 

21 5.60% 

NeuroQoL 16 4.30% 

FAMS - Functional Assessment of MS 14 3.70% 

Global Impression Scale - Cognition 12 302% 

EMQ - Everyday Memory Questionnaire 10 2.70% 

MUSIC - Multiple Sclerosis Inventory of 
Cognition 

9 2.40% 

DEX - Dysexecutive Questionnaire 8 2.10% 

 

 Uses of cognitive measures 

Cognitive measures were used for myriad reasons, and these 

were grouped into four categories (see Table 4). Many of the measures 

were used for two or more purposes in the study (for example to screen 

participants into the study, and as a dependent variable). Cognitive 

measures were predominantly used to report on cognitive functioning or 

as a between-groups measure in people with MS, and as a dependent 

variable.  

There were 27 studies that used measures in ways that did not fall 

into these predefined categories, and these were recorded separately. 

Twelve were recorded as using the cognitive measures in a training 

programme for cognitive rehabilitation for people with MS, and other 

uses included matching healthy controls with people with MS, power 

calculations, and to derive the minimal clinically important difference. 

Some studies did not report on the cognitive measures they 

administered.  
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Table 4: Frequency of uses of cognitive measures 

Use of cognitive measure 
Frequency of 

Uses* 
% of 
Uses 

As a screening tool for inclusion/exclusion into a 
study 

415 5.20% 

To report on cognitive functioning in people with MS, 
for example as a between groups analysis 

3757 47.03% 

As a dependent variable 2305 28.86% 

As a predictor, independent or correlational variable. 1484 18.58% 

Other 27 0.34% 

*Some measures were used for two or more purposes in a study 

 Administration of cognitive measures 

Where available, we extracted data on how the cognitive 

measures were administered. Approximately half of the 5,670 

measures used in the studies were not described in enough detail to 

extrapolate how they were administered. Of the remaining 2,680 

measures, the majority were administered in-person (87%) by a 

healthcare professional, technician, or researcher, and 11% used a 

computerised administration. Remaining modalities consisted of postal 

and telephone administrations. The 53 measures completed by post 

were all subjective, self or proxy-reported measures, however, the 12 

telephone administered measures were a mix of subjective and 

objective measures, including verbal fluency tests, word list learning 

and digit span tests.  

2.6 Discussion  

We identified a wide range of different individual cognitive tasks, 

screens and batteries that cover several cognitive domains, and despite 

recommendations for the use of specific measures in research with 

people with MS, their use is still far from being ubiquitous. 

Recommendations have focused on minimum cognitive screening for 

all people with MS, given the high prevalence of impairment (Kalb et al., 

2018; Korakas & Tsolaki, 2016). Assessment should be able to identify 

impairment at an early stage, and becoming a part of routine 

monitoring. It is therefore important for assessments to be relevant, 
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available and accessible, and acceptable to both people with MS and 

their clinicians.  

Only 34% of the studies that used a neuropsychological 

multidomain test or battery used one specifically developed for people 

with MS. Two of the most frequently used of these are screening 

assessments which are not specific to MS, the MMSE and the MoCA, 

which have been criticised for floor and ceiling effects, and therefore 

not being sensitive or specific enough to fully identify and reflect 

changes in cognitive impairment in people with MS (Beatty & Goodkin, 

1990). The MMSE does not include measures of processing speed or 

executive functioning and is not considered an adequate assessment 

for use in MS clinical practice (Tobin, 2019), particularly due to inability 

to detect mild cognitive impairment.  

Consensus-based recommendations for use of cognitive tests in 

MS have stated the need for both brief screening tests with the 

availability of comprehensive neuropsychological assessment in MS 

where needed. Quick screening tests of cognition (MMSE, BICAMS and 

MoCA, which take less than 30 minutes to complete), and longer 

assessments were reflected in the results, with eight batteries taking 

between 30 and 100 minutes to administer. While longer assessment 

may not be practical due to the high prevalence of fatigue in MS 

(Hadjimichael et al., 2008) and the limited time available in clinics, the 

MS-specific batteries are important to capture a full neuropsychological 

evaluation of cognitive impairment.  

The BICAMS has been translated into several languages since 

being recommended, however the extent of the validations is limited 

due to its recency, and a lack of development of translations and 

linguistic validation could mean that uptake of this battery has been 

limited. Conversely, the availability of the BRB-N in European countries, 

shown by the range of published translations and validations, is likely to 

make it more appealing to researchers and perhaps explain its high use 

in Europe (76% of uses of the BRB-N).  
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An expert consensus recently recommended the use of the SDMT 

as a minimum in people with MS (Kalb et al., 2018), and the high 

volume of use of this measure suggests that it is both acceptable and 

an adequate measure of processing speed for people with MS. The 

SDMT has been shown to have good validity and reliability (Benedict et 

al., 2017), and measuring one of the most frequently affected cognitive 

domains, that of information processing speed. There is some evidence 

that the results of the SDMT are related to factors affected by cognitive 

impairment, including employment status and activities of daily living 

(ADLs) in people with MS (Benedict et al., 2005). However, the extent 

of this association has yet to be systematically reviewed. In the studies 

included in our review, there were several substitution style tests used 

with different names (for example, the Symbol Search Test; the Digit 

Symbol Coding Test, Coding Test), which may have been chosen over 

the SDMT due to cost or licencing requirements, over the psychometric 

properties. The omission of information about the administration of 

substitution style tasks in many of the included studies also 

demonstrates the importance of including pertinent issues about the 

outcome measures chosen. The use of variants and different 

administrations of these measures could mean that the generalisability 

of individual study findings is brought into question unless cross-

validation has been considered. Norming data for the SDMT would be 

of limited value for similar tasks or different administrations, and so 

researchers and clinicians may use invalid comparisons to a normative 

sample.  

The high usage of serial addition measures in research is 

unsurprising, given the inclusion of the PASAT in the MSFC. However 

more recent endorsements have moved away from using this measure, 

owing to its potential for inducing anxiety (Aupperle et al., 2002), stress 

and frustration (Locke et al., 2011). Results of this task can be affected 

by IQ, and mathematical ability which cannot be corrected without 

further and extensive data collection (Wills & Leathem, 2004). It is also 

likely that using the PASAT would lead to a high proportion of missing 
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data due to participants refusing to undergo or complete the task. 

Participants who do not wish to complete this task have been shown to 

be associated with higher levels of cognitive impairment (Cortés-

Martínez et al., 2019), so using the PASAT could lead to significant 

missing data from some of the most cognitively impaired. These studies 

affirm the importance of choosing measures that are acceptable and 

accessible to people with MS.  

Subjective measures of cognitive impairment in the review made 

up approximately 7% of the measures. Research has found that self-

report measures of cognitive impairment in people with MS can show 

stronger associations with measures of depression than performance 

on objective cognitive measures (Benedict et al., 2003), however proxy-

reported measures tends to correlate higher with cognitive measures 

and may be valuable in assessing cognitive functioning (Benedict et al., 

2004). Despite this, only 11% of subjective measures were proxy-

reported, and it is possible that researchers and clinicians do not trust 

subjective reports of cognitive impairment. However, subjective 

measures can overcome many of the disadvantages of objective 

measures. Self- and proxy-reported measures can be less onerous on 

the participant and administrator, have fewer variables to control, may 

be more acceptable to the participant, and could reflect a global aspect 

of cognition that is distinct from that assessed in other ways.  

Just under half of the studies had no administration details of the 

assessments used (for example, verbal, written, or electronic), and 

thirty-five of the cognitive measures were not described well enough to 

ascertain the name, or what class of measures was used. Replication of 

these studies would be challenging. There was also considerable 

difficulty in classifying many of the measures due to the lack of 

information given in the papers, and this may have had an impact on 

the frequency of the classes and batteries. Both visual acuity and motor 

dexterity can be impaired in MS (Lau et al., 1998), and cognitive 

assessments often involve the visual processing of stimuli, with 

participants giving motor (for example, written) or verbal responses. 
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The written administrations of assessments can be affected by manual 

dexterity issues in MS, and while the verbal administrations are often 

used to overcome this, such as the oral administration of the SDMT, 

studies often did not specify this. Whilst some studies excluded 

participants with problems with vision and dexterity, many did not report 

how such issues would be overcome for the assessments. The missing 

information would make replication of these studies difficult.  

Our finding associated with the frequency of use of tests should 

be treated with caution. This is based on simple counts, and the 

selection criteria for this review, which excluded translation and 

validation papers, may have meant that some papers were not counted 

here. Another limitation of this review is the missing information on the 

measures that were extracted for each study. There were some aspects 

of the use of cognitive measures in research that were outside of the 

scope for this review, such as the domains purported to be measured in 

the studies. Future search strategies could include specific cognitive 

domains and the names of measures, but this may inflate the number of 

articles that will need to be searched. 

A formal quality assessment was not conducted as we wanted to 

capture the breadth and context of cognitive measures. An unexpected 

finding was that, for many studies, we were unable to ascertain what 

measures were used, or how the measures were administered, for 

example, data regarding the types of electronic devices used, or where 

the respondents completed the measure was missing in many primary 

studies. Devising a quality assessment checklist for future similar 

reviews may add further insight into this replicability issues. A further 

limitation of this review was that we only included papers that were 

published in English. Research conducted and published in other 

languages may have provided pertinent information regarding 

measures that are used globally. Additionally, whilst we specified in the 

PROSPERO registration that grey literature would be searched, initial 

searches were not found to be relevant and therefore these were 

excluded from the systematic review.  
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It was clear from the results of the systematic review that there are 

many cognitive measures being used in research with people with MS, 

however some, for example substitution and serial addition tasks, are 

prominent. The measures used ranged from short, individual screening 

tests to lengthy batteries that require trained staff to administer, and 

subjective measures that could be completed by the people with MS, or 

a proxy. Cognitive measures were administered in a variety of 

modalities. One of the impacts of COVID-19 has been a shift towards 

telemedicine, and for neuropsychology to respond to this shift, research 

is needed on how cognitive assessments perform in remote 

administrations. This shift will likely be long lasting, beyond the COVID-

19 pandemic. Evidence of validity and reliability for computerised 

cognitive tests and batteries for people with MS is emerging (Wojcik et 

al., 2019), but these do not guarantee equivalence between all potential 

modalities (for example, self-administered vs. technician administered; 

keyboard and mouse vs touchscreen), and new normative data may be 

required (Bauer et al., 2012). It is recommended that researchers and 

clinicians ensure that the measures used in all settings are appropriate 

to measuring cognitive impairment in MS, and being valid and reliable. 

More research is needed to determine the acceptability of MS-

specific tests from clinicians' and patients' perspectives, which may 

increase the use of and response to specific tests. Computerised 

adaptations especially require further evidence of their psychometric 

properties, and acceptability to patients. Systematic reviews are also 

needed to examine the association between the cognitive tests and 

functional outcomes, to improve clinicians’ and patients' engagement 

with these tools. 

2.7 Conclusions 

The SDMT is the most frequently used individual assessment, and 

is recommended as a minimal test for cognitive impairment in MS (Kalb 

et al., 2018), due to its brief administration, good psychometric 

properties (Benedict et al., 2017; Strober et al., 2018), and acceptability 

to people with MS (Mortensen et al., 2020). It is therefore unsurprising 
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that it is frequently used and forms part of many of the batteries used in 

MS research. Based on the evidence of the SDMT’s utility, I have 

examined how the SDMT, and similar symbol digit tests can be used in 

MS clinical care. This includes a quantitative analysis of the results of 

the SDMT, and the development of a digital version which forms the 

latter part of the thesis. Prior to this, it was important to explore how one 

of the practical aspects of using the SDMT that is, how to score it to 

enable meaningful interpretation within clinical care. As found in the 

current chapter, studies often do not state key details of the tests 

chosen, and how the results of tests have been interpreted. This 

presents difficulties for the generalisability of results, and may make 

using such tests in clinical practice difficult. Whilst the manual for the 

SDMT (Smith, 1982) details normative data, this may be outdated or 

not applicable. 

The range of interpretation approaches, and the normative data 

available, may impact uptake of a test, and therefore the next study 

examined how scoring and interpretation have been used, and how 

these methods have been used to categorise impairment.  
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Chapter 3 Variability in Administration, Scoring and 

Interpreting Symbol Digit Modalities Test Results in 

Multiple Sclerosis 

3.1 Chapter overview 

This chapter describes a scoping review, which aimed to explore 

and outline the different methods of how the Symbol Digit Modalities 

Test (SDMT) has been interpreted in multiple sclerosis (MS) research. I 

present some of the challenges related to interpreting the SDMT and 

raise questions around generalisability of findings and future 

implementation. 

3.2 Introduction 

The Symbol Digit Modalities Test (SDMT) is a brief measure used 

to assess information processing speed, memory, and lexical access 

speed (Sandry et al., 2021). As explored in Chapter 2, it is the most 

frequently used individual test in MS research, and the US National MS 

Society advocates its use for cognitive screening and monitoring within 

MS clinics (Kalb et al., 2018). There are multitudinous advantages to 

using this individual test, including its acceptability to people with MS 

(Mortensen et al., 2020) ease of administration, and it is sensitive to 

identifying cognitive problems amongst people with MS (Pitteri et al., 

2019). It is also included in many MS-specific batteries, including 

BICAMS, MACFIMS and BRB-N (as shown in Table C). Reviews of the 

use of the SDMT have found evidence as to its validity, reliability, and 

clinical relevance for MS (Benedict, et al., 2017). On the basis of the 

recommendations and potential for its use in MS, I have chosen to 

examine the SDMT in greater detail in this thesis, in order to ascertain 

how it can be used in clinical practice.  

The user manual details standardised instructions for delivery and 

scoring (Smith, 1982). However, whilst considerable variability exists in 

terms of how the SDMT is used, scored, and interpreted, discussion of 

these methodologies is lacking in the literature. This variability creates 
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barriers for clinical decision making and limits the replicability and 

generalisability of research findings, in turn impacting the quality of care 

provided to people with MS for their cognitive problems. 

3.3 Aims 

The aim of this scoping review was to explore and outline the 

different approaches of how the SDMT has been interpreted in MS 

research. Methods in administration, scoring and interpretation of the 

SDMT apparent in the literature are described.  

3.4 Methods 

This scoping review was to rapidly synthesise evidence on the 

administration, scoring and interpretation of the SDMT in MS. I 

developed the search strategy which was reviewed by the supervisory 

team. Searches were limited to published and indexed articles. PubMed 

and Google Scholar were searched in July 2020 for the Medical Subject 

Headings terms “multiple sclerosis, AND symbol digit modalities test 

AND cut-offs OR thresholds”. Studies were considered if they 

administered the SDMT with people with MS, used either verbal or pen-

and-paper administration, and used and described a method of 

interpretation of the results of the SDMT. Papers were not limited if they 

used the test as part of a battery or as an individual test, or by how they 

used the SDMT. Digital versions of the SDMT were excluded from 

consideration as there is no formally available version of this test. 

Relevant papers were read, and common interpretation methods were 

extracted from a range of relevant studies, and the team discussed and 

formulated the methodologies used to categorise scores. In this 

scoping review, we present the delivery format of the SDMT, if scores 

were adjusted using normative data, and the source of normative data. 

This was not a systematic review of the various aspects of the SDMT, 

so we have selected studies that illustrate each one of the 

methodologies described in this chapter (for example, z-scores, 

percentiles, statistical comparison). Each highlights the heterogeneity 
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we describe, to show single examples of each methodology we found 

that interpreted neuropsychological results of the SDMT." 

3.5 Results 

Table D in the appendix provides examples through the inclusion 

of eleven studies that have used the SDMT in the context of MS. 

Extracted data include study design, SDMT format, scoring, source of 

normative data (if used), any reported cut-offs, and the categories of 

classification (if given). 

 Administration and scoring 

One source of variability is related to how the SDMT is 

administered. The SDMT can be completed as part of a battery (in-table 

references 1, 2, 3, 4, 6 and 7) such as the Brief Repeatable Battery of 

Neuropsychological Tests (BRB-N), as an individual test (8, 9, 10 and 

11), and combined with another test (5). The most common scoring 

convention for the SDMT is the number of correct responses in 90 

seconds (Smith, 1982). However, verbal administrations differ from 

written responses, and scoring cannot be compared across formats: the 

time taken to respond to stimuli will differ between writing and saying a 

number aloud. Written responses may be further complicated by 

dexterity problems faced by people with MS. Reliance on raw SDMT 

scores, such as impairment defined by scores below 40 (9), is 

convenient, but does not consider demographic differences (e.g., age 

and education attainment), which may need to be adjusted for. 

Another challenge is the lack of consistency and reporting of the 

scoring and norming of the SDMT. Scoring traditionally focuses on the 

number of correct responses within 90 seconds, but longer 

administrations are sometimes used, and scoring can also include how 

many errors were made. However, such information is not presented in 

some studies. Indeed, nine of our example studies did not report how 

the SDMT was scored. 

Scores can be compared to a normative mean to determine 

whether they are suggestive of an impairment. The manual provides 
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normative data from 1307 adults collected in the USA in 1975. Scores 

that fall 1 to 1.5 SDs below the normative mean are suggestive of 

impairment (Smith, 1982). However, the generalisability of these 

normative scores is likely to be limited because of the Flynn effect 

(Dickinson & Hiscock, 2011). Higher neuropsychological test scores are 

often observed over time, potentially resulting in norm obsolesce 

(Trahan et al., 2014); and by the size and diversity of the sample 

(Sheridan et al., 2006).  

The example studies in Table D in the appendix highlight three 

key approaches identified in the studies to scoring and interpreting 

results of the SDMT:  

1. Raw scores: descriptive statistics, such as mean, SD and range of 

scores, are reported and significant differences and/or correlations 

analysed (7). 

2. Standardised scores: Z-scores depend on normally distributed data 

and are calculated by evaluating the difference between an individual’s 

raw test score and the distribution mean, divided by the distribution 

standard deviation (SD). Z-scores can be adjusted for demographic 

differences where normative samples are large enough. Participants 

were considered cognitively impaired if their score was 0.5 to 2SDs 

below the mean (1, 3, 4, 5, 6, 8, and 11). Using demographically 

adjusted normative data, alternatively, T-scores have been used for 

smaller samples. One advantage to standardised scores is the 

conversion to cut-offs, enabling straight-forward, though simplistic, 

interpretation (e.g., ‘impaired’ or ‘unimpaired’).  

3. Quantiles: Z-scores and raw scores can be transformed into quantile 

ranks of the normal distribution, such as percentiles, to express the 

percentage of raw scores that fall at or below the score under 

investigation, or tertiles, which divide the dataset into thirds. This 

interpretation can be useful for non-normally distributed or limited 

normative data to express how frequently a clinical score occurs. Cut-

off scores have been suggested for percentiles, however their 
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application needs to be assessed depending on the administration 

and/or version of test used (Mitrushina et al., 2005). Compared to 

normative data, if participants score less than a defined centile, this 

suggests impairment. Studies can apply the threshold of below the fifth 

centile of normative data to define impairment (2, 9). 

3.6 Discussion 

Guidance from the SDMT manual (dichotomous categorisation of 

impaired or non-impaired) is frequently used to interpret scores. A raw 

score cut-off can be determined depending on the Receiving Operating 

Characteristics (ROC) deemed acceptable by the study; for example, a 

score of 35 (7) or 55 (8). Although most studies applied dichotomous 

categorisation (e.g., impaired or unimpaired), some studies categorised 

impairment into cognitive phenotypes through combinations of impaired 

tests; for example, three categories of memory and processing speed 

impaired (5), or further conceptual categorisation such as ‘mild’ and 

‘severe’ cognitive phenotypes by using a latent profile analysis (3). 

Studies also stratified people with MS into one of multiple levels 

depending on z-scores but may not label these (4). 

If normative distributions are non-normal, percentile ranks are 

more appropriate for interpretation. Where data on age, gender and 

education level are available, analyses should adjust for these factors, 

and regression techniques can be used for continuous variables (e.g., 

age, education level). Parmenter et al. (2010) first used a regression-

based model of SDMT norms to examine this, and further studies have 

confirmed the reliability of this approach (Burggraaff et al., 2017). 

Alternative approaches to interpreting SDMT scores, such as 

ROC and regression models have been applied to extend the 

classification of impaired/non-impaired by generating continuous norms 

(Van der Elst et al., 2013). These can be implemented where 

prevalence rates are known (ROC) and with sufficient samples for 

continuous demographic variables (regression). Adjustments made on 

the basis of these regression models can provide valuable insight and 
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nuances for SDMT performance, and improve sensitivity and specificity, 

but are not routinely applied. Applying regression-based norms to 

SDMT scores requires manual calculations that require expertise that 

may not be feasible in clinics. A digitised version of the Brief 

International Cognitive Assessment for MS, the iCAMS, used an a 

technician-administered iPad application to automatically score this 

battery (Beier, et al., 2019). Using applications such as these would 

allow for more precise, regression-based interpretation to account for 

demographically adjusted norms.  

Frequently, authors do not state how they scored or interpreted 

the SDMT and omit key details that would enable replication, similar to 

the findings in Chapter 2. Reporting which modality of the SDMT was 

used, how it was scored, whether normative data were used, and the 

dataset used, and how researchers interpreted the scores, such as 

using standardised or quantile scores may enable researchers to 

identify available normative datasets and interpret the data with greater 

ease. This can also enable more precise comparisons between studies.  

Future research could examine how the SDMT is currently being 

implemented within clinical settings, for example for brief 

screening/monitoring in MS clinics, or as a part of a detailed 

neuropsychological evaluation, and how interpretation could be 

facilitated amongst clinicians and people with MS. Recent research has 

begun to use regression-based models to adjust for continuous 

variables such as age and education level. However, calculating 

standardised scores with demographic variables such as age and 

education can be challenging in a time-pressured clinical setting. Digital 

administration affords the opportunity to build these calculations into the 

technology and to provide an easily understandable output. 

COVID-19-related restrictions have underscored the importance of 

having valid and reliable neuropsychological assessments that can be 

completed remotely. Telephone administrations are valid (Eilam-Stock, 

Shaw, et al., 2021), but a fully digitised version of the SDMT would be 

valuable. Whilst there are several conceptually similar tests, an official, 
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licenced digitised SDMT has not yet been developed. Digital 

administrations are considered to be ‘new’ tests, and therefore need 

evidence of their validity, reliability, and new normative data. Different 

administration practices, sources of normative data, inclusion of 

demographically adjusted scores, and the chosen ROC might explain 

the heterogeneity in the range of cut-off scores and different methods of 

interpretation in the literature. Conceptually similar substitution style 

tests, including digital administrations exist, however scoring and 

interpretation should not be assumed equivalent between these. 

Therefore, using the same model of interpretation across modalities 

and versions is not possible. Normative data used should be specific to 

the administration procedures applied and the population under 

investigation. When comparing clinical scores to normative samples, 

normality, effects of demographic variables, and acceptable ROC need 

to be considered.   

We advocate for further research that will enable the classification 

of dysfunction into further categories, such as mild, moderate, and 

severe; or phenotypes as exemplified by some studies (e.g., 3 and 5). 

These could highlight the severity of impairment, and the domains in 

which dysfunction occurs. Approaches such as these may help in 

triaging people with MS to receive appropriate further testing and/or 

cognitive rehabilitation earlier in their care pathway. This is particularly 

relevant in health services that do not have the resources to see all 

those deemed cognitively ‘impaired’ 

3.7 Conclusions 

In this chapter, the methodologies for the scoring and 

interpretation of the results of this test have been explored, to 

document how research categorises cognitive impairment using this 

test. Through the systematic review in Chapter 2 and the current 

chapter, I found that studies often do not offer administration details of 

how assessments were used and scored, making replication of these 

studies challenging. This also presents difficulties in choosing and 

administering the SDMT in clinical care, despite it being the most widely 
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used in research, and a frequently recommended minimal assessment 

of cognitive impairment. 

The aims of the other studies in this thesis are to evaluate how 

cognitive screening can be conducted in a clinical setting. Having 

established how the SDMT can be scored and interpreted in people 

with MS, the next chapter broadens the scope of cognitive screening, 

by examining how the SDMT correlates with self-reported cognition and 

symptoms in MS (including physical and psychological impacts). The 

aim of this analysis is to determine if self-reported cognition can be 

used to supplement or replace the SDMT, and to also examine if poor 

SDMT scores can predict other MS symptoms. In future chapters, I 

detail how one digitised symbol substitution based on the SDMT was 

developed and its validity evidenced, through stakeholder input, 

usability testing and quantitative support. 
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Chapter 4 Exploring the factor structure of a self-

reported cognitive problems questionnaire, and 

variables associated with processing speed deficits 

in people with MS  

 

4.1 Chapter overview 

This chapter details a secondary data analysis of data obtained 

from a clinical trial evaluating the effectiveness of cognitive 

rehabilitation in MS. The Symbol Digit Modalities Test (SDMT) is 

recommended as a minimum assessment for people with MS, and as 

found in the systematic review, is the most commonly used cognitive 

assessment in MS research. This chapter examines how the SDMT 

relates to a subjective measure of cognitive impairment and MS 

symptoms. 

The dataset used included the screening-in data from a wide 

range of people with MS who completed the SDMT and the patient 

version of the Multiple Sclerosis Neuropsychological Questionnaire 

(MSNQ-P). The first analysis examined the underlying factor structure 

of the MSNQ-P to explore its potential multidimensionality, and the 

relationship between an objective and a subjective measure of 

cognitive impairment in MS. 

A second analysis included data from a large sample of people 

with MS with cognitive impairment, who completed the SDMT and self-

report questionnaires of fatigue, physical symptoms, and psychological 

symptoms at baseline for a clinical trial. Linear regression analyses 

were conducted to examine whether self-reported symptoms predict 

scores on the SDMT.  

4.2 Introduction 

As found in the systematic review in Chapter 2, the SDMT is the 

most frequently used measurement of cognitive impairment in MS. It is 
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included in the Brief International Cognitive Assessment for Multiple 

Sclerosis (BICAMS; Langdon et al., 2012). A meta-analysis of the 

BICAMS found that people with MS had significantly lower scores on 

the SDMT than control participants, and the effect size of this was large 

(g=0.934), and greater than the other two tests in this battery (Corfield 

& Langdon, 2018). Qualitative research supports the use of the SDMT 

as a stand-alone test, through suggesting that people with MS find it 

relevant to their symptoms and the least demanding and fatiguing of the 

tests in the BICAMS (Mortensen et al., 2020).  

Information processing speed is the most commonly impaired 

domain of cognition, and is often the first to be detected (Oreja-

Guevara et al., 2019). Being clinically relevant, acceptable to people 

with MS, quick and easily administered, administering the SDMT would 

be valuable as a minimal, routine assessment. However, it is possible 

that some individuals may be unwilling to complete any objective tests 

and may prefer self-report questionnaires to report their cognitive 

impairment. Subjective reports may also provide insight into how people 

with MS experience and perceive their cognitive functioning. Clinical 

practice may routinely collect both objective and subjective measures to 

evaluate both, and provide an alternative measure for those who may 

reject the SDMT.  

 Objective and subjective measures of cognitive impairment 

Research shows that people with MS who do not wish to complete 

an objective measure of cognitive impairment, such as the Paced 

Auditory Serial Addition Test, were more likely to be those with more 

severe cognitive impairment (Cortés-Martínez et al., 2019). The 

interview study conducted as part of this thesis (described in Chapter 5) 

revealed that some people with MS may be reluctant to complete 

objective cognitive screening measures, even those that were seen to 

be less anxiety inducing, such as the SDMT. A cognitive screening 

programme would need to consider that some people with MS may not 

be willing to complete any objective cognitive screening, therefore an 

alternative acceptable method of capturing cognitive impairment could 
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be offered. This can ensure that people with MS are not excluded from 

potential treatments for cognitive impairment, especially if they are 

more likely to show greater impairment. If some people with MS prefer 

to complete a self-report questionnaire about their cognitive impairment, 

there are several questionnaires that aim to evaluate this.  

With a shift to teleneuropsychological services, pushed forward by 

the COVID-19 pandemic, some people with MS may lack the 

technology to complete objective cognitive assessments, and clinics 

may not have the necessary resources to administer their assessments 

remotely (Bilder et al., 2020). As explored by the development of a 

digital cognitive assessment platform in this thesis (described in 

Chapters 5-7), digital administrations require evidence of their validity, 

reliability, equivalence to their in-person modalities and the use of 

normative data for comparisons. While objective cognitive measures 

are perceived as more accurate in assessing cognition (Middleton et al., 

2006), self-report questionnaires can potentially overcome the practical 

challenges of administering cognitive assessment remotely. There is 

more flexibility to administer these over the telephone, or they can be 

posted/emailed and returned by patients. Consequently, it would be of 

benefit to ascertain how strongly a frequently used subjective measure 

correlates with a frequently used objective measure of cognition, the 

SDMT, and whether it can be used as an alternative to the SDMT. 

Subjective measures may also provide additional insight into cognitive 

impairment in MS by examining the impact of impairment on Activities 

of Daily Life (ADLs) and quality of life; and an individual’s awareness of 

their cognitive impairment, which is not captured by objective cognitive 

assessment.  

The Multiple Sclerosis Neuropsychological Questionnaire self-

report form (MSNQ-P [P for patient-reported, as the MSNQ also has an 

informant-reported version]) is a 15-item questionnaire which has been 

developed as a brief and reliable self-report of cognitive impairment, 

consisting of a single overall scale (Benedict et al., 2003). There has 

been mixed evidence of how well the MSNQ-P correlates with objective 
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measures. For example, in the original development, the MSNQ-P was 

found to correlate with self-report measures of depression, but there 

were no statistically significant relationships with the objective 

measures of cognition, which however, did not include the SDMT 

(Benedict et al., 2003). However, a follow up study with a larger sample 

(n=85) found a significant correlation between the SDMT and MSNQ-P 

(r=-0.45, p<0.001), although again MSNQ-P scores were correlated 

more strongly with depression scores (Benedict et al., 2004). This study 

also demonstrated a low specificity of the MSNQ-P, indicating a high 

likelihood of false positives caused by symptoms of depression. Further 

studies (Migliore et al., 2021; O’Brien et al., 2007) have also shown an 

inconsistent relationship between scores on the MSNQ-P and SDMT 

(e.g., r=0.03), although one study concluded that the MSNQ-P could 

still be a useful indicator of cognitive impairment or emotional distress 

(Morrow et al., 2010).  

Assessing the results of the MSNQ-P and the SDMT with a large 

UK dataset could provide additional evidence of the relationship 

between these two measures and explore the suitability of offering a 

self-report questionnaire to those who do not wish to complete such 

screening. A large study (n=660) examining cognitive impairment in 

people with MS treated with natalizumab administered both measures 

monthly across 48 weeks, allowing for a retrospective analysis on the 

scores of the SDMT and MSNQ-P across time (Morrow et al., 2010). 

The authors found that scores on both measures showed stability and 

good test-retest reliability over time and concluded that both tests are 

acceptable measures to effectively assess cognition at different time 

points, however this study did not report the association between these 

two measures.  

There have also been mixed results as to whether the MSNQ-P 

comprises a single, overall domain, or whether it has an aspect of 

multidimensionality to it, reported in some studies (Konstantinopoulou 

et al., 2018; Sonder et al., 2012). The original development (Benedict et 

al., 2003) used an a priori four domain structure (attention and 
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processing speed; memory; other cognitive ability; and personality and 

behaviour) to compile items, and did not conduct an Exploratory (EFA) 

or Confirmatory Factor Analysis (CFA) to ascertain whether these 

domains emerged as subscales from the data. A small number of 

studies have investigated the factor structure, with mixed results. 

Sonder et al. (2012), found two potential latent factors with eigenvalues 

over one, however resolved to use the MSNQ-P as a unidimensional 

scale as they were unable to replicate this structure using a parallel 

analysis. A more recent translation and validation study 

(Konstantinopoulou et al., 2018) of 103 people with MS in Greece found 

that a three-factor solution (prospective memory, memory and attention, 

and executive functioning and problem solving) explained greater 

variance than the suggested single overall factor (65% compared to 

49%). It would therefore benefit from further exploration with a larger 

sample size to explore this potential multidimensionality, what 

conceptual domains the MSNQ-P may comprise, and how these relate 

to the original development’s conceptual factors. Due to the 

inconsistent findings in small samples in translation studies 

(Konstantinopoulou et al., 2018; Migliore et al., 2021; Sonder et al., 

2012), running a further Principal Components Analysis (PCA) on a 

larger dataset can explore whether the scale is multidimensional and 

examine the potential subscales within the MSNQ-P. 

 Processing speed and self-reported symptoms of multiple 

sclerosis  

Fatigue is an ubiquitous symptom of MS, affecting 75-90% of 

people with MS (Kos et al., 2008), and in a study of health status, 69% 

of people with MS reported it as the worst or one of their worst 

symptoms. Fatigue can further impact mental health and general health 

(Fisk et al., 1994). People with MS who experience fatigue have been 

found to score significantly worse on the SDMT than those reporting 

less fatigue (Yigit et al., 2020). Negative correlations have been found 

between scores on the SDMT and the Fatigue Severity Scale (FSS; 

Krupp et al., 1988), indicating that greater levels of fatigue are 
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associated with slower processing speed). However the strength of 

these relationships tends to be weak; (r=-0.21, - 0.22; Drake et al., 

2010; Hughes et al., 2019). Fatigue in MS has been reported to be 

positively related with age and duration of MS, and with progressive 

forms type of MS (Newland et al., 2016). 

Similarly, higher levels of self-reported depression is associated 

with slower information processing speeds in people with MS (Landrø 

et al., 2004). One study (Schäffler et al., 2013) found a significant 

negative correlation between SDMT scores and total Multiple Sclerosis 

Impact Scale (MSIS-29; Hobart et al., 2001) score and the physical 

subscale (r=-0.32) but not the psychological subscale (r=0.19). The 

psychological scale includes items regarding mood, fatigue, and 

cognitive problems. Both subscales have been found to be significantly 

and positively associated with age, and duration of MS, and 

progressive phenotypes (Jones et al., 2013). Additionally, a study found 

that men report greater psychological and physical symptoms of their 

MS as measured by the MSIS-29 (Anens et al., 2014). 

 Cognitive Rehabilitation for Attention and Memory in 

People with Multiple Sclerosis  

CRAMMS began in 2015 and aimed to evaluate the impact of 

group cognitive rehabilitation programme had on people with MS 

(Lincoln et al., 2020). The aim of the trial was to assess the impact of a 

cognitive rehabilitation to improve attention and memory in people with 

MS. Participants were recruited from five NHS trusts across England. 

Participants were eligible if they were aged between 18 and 69 years 

and had a diagnosis of relapsing-remitting or progressive forms of MS 

at least three months before the screening. An initial screening 

assessment included the MSNQ-P and the BRB-N.  

Eligibility was determined by a score of >27 on the MSNQ-P and a 

score of more than one standard deviation (SD) below the mean of age 

and education adjusted control data on one or more test of the BRB-N. 
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The BRB-N includes the SDMT, which is used in the analyses 

described in the current chapter.  

Two of the self-reported baseline assessments in the trial were the 

MSIS-29 and the FSS and these were collected again at 6 months and 

12 months post-randomisation. The MSIS-29 is a 29-item self-report 

measure comprising two subtests: 9 items measure psychological 

impact, and 20 items measure physical impact of MS, and has been 

found to be reliable and valid (Hobart et al., 2004). The FSS was 

developed as a nine-item self-report questionnaire, however Rasch 

analyses have recommended a reduced version of 5 items (Mills et al., 

2009), which was used in CRAMMS.  

Of the people with MS who were screened into the study through 

completion of these screening assessments (n=579), 449 participants 

were individually randomised to receive their usual care and participate 

in group rehabilitation (n=245) or only receive their usual care (n=204). 

The group cognitive rehabilitation included restitution strategies and 

compensation strategies.  

The primary outcome measurement was the MSIS-29 

psychological subscale, which includes items relating to mood and 

cognitive impairment. Whilst there was a small difference on scores for 

the cognitive rehabilitation group at 6 months, this difference was not 

apparent at 12 months.  

4.3 Aims  

The aims were to: 

1. Explore the factor structure of the MSNQ-P using an EFA, and 

the correlation between scores on the MSNQ-P and SDMT in a 

large sample of people with MS. 

2. If multidimensionality is found, examine how these relate to 

SDMT scores.  

3. Examine how self-reported cognitive impairment, physical 

functioning, psychological impacts of MS, and fatigue predict 
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objective information processing speed as measured by the 

SDMT, in people with MS considered to be cognitively impaired.  

4.4 Methods  

 Data 

Two datasets from the CRAMMS trial were used in this analysis. This 

analysis was covered by the ethical approval for the CRAMMS study, 

obtained from the National Research Ethics Service (West Midlands, 

South Birmingham Committee; reference number 14/WM/1083). The 

first dataset is from all participants who were screened (n=579). The 

second uses the data from participants screened into the trial who 

completed baseline assessments (n=479).  

There was some missing data from both datasets, as some participants 

did not complete some or all the measures. 

 Screening data 

Screening data included the following variables: MS type, gender, 

age, years diagnosed with MS, SDMT score, MSNQ-P item scores, and 

overall MSNQ-P score.  

The MSNQ-P consists of 15 individual items. Each item has 5 

response options, from ‘Never’ to ‘Very often’, which are given values 

from 0-4. The sum of these 15 items provides an overall score, from 0-

60. Higher scores indicate greater reported cognitive impairment. The 

SDMT is scored by the number of correct responses given in 90 

seconds.  

Twenty participants did not complete the SDMT, and one 

participant did not complete the MSNQ-P in its entirety, therefore 21 

participants were excluded from the analysis (n=558). 

 Baseline data 

Baseline data were taken from participants who consented to take 

part in the trial, and met the inclusion criteria, which included 

participants considered cognitively impaired.  
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This dataset included the following variables: MS phenotype, 

gender, age, years diagnosed with MS, years of education, SDMT 

score, individual FSS scores (5 items), overall FSS score, individual 

MSIS-29 scores (29 items), and overall scores on the physical and 

psychological subscales of the MSIS-29. 

Participants with missing data were removed from the analysis 

(n=48), leaving an overall sample of 431.  

 Statistical analyses 

All analyses were conducted in IBM’s Statistical Package for the 

Social Sciences (SPSS) 26th edition. 

 Factor structure of the MSNQ-P 

A varimax PCA was used to determine the factor structure of a 

scale. The suitability of the data was assessed using the Kaiser-Meyer-

Olkin (KMO) value, which showed the proportion of common variance in 

the variables (expecting a result of 0.5 or greater). The Eigenvalues of 

the data upon running the PCA would suggest whether there is 

multidimensionality and the number of factors, and a scree plot was 

drawn to confirm this. A parallel analysis was also run, which was to 

confirm that any factors were not being generated from random noise. 

A factor loading of 0.3 or greater in two or more factors implies 

multidimensionality. If the items load on one factor only, this implies that 

the scale is unidimensional. Given the a priori domains used to develop 

the questionnaire items and small studies finding two or three factors, I 

expected to find more than the single factor structure, which could 

explain greater variance within the model.  

 Association between the SDMT and MSNQ-P 

 A Pearson product-moment correlation analysis was then 

conducted to examine the relationship between the MSNQ-P and the 

SDMT. If the questionnaire did exhibit multidimensionality, I expected 

that correlations between each of the discrete factors and processing 

speed may indicate that one subscale was better at measuring 

cognitive impairment than others. I anticipated that any latent factors 
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found may suggest whether any one factor or subscale is more 

appropriate for measuring self-reported cognitive impairment. As one of 

the a priori factors used in the original development was “personality 

and behaviour” (Benedict et al., 2003), items loading onto a similar 

latent factor could explain the strong relationship between reported 

depression and MSNQ-P scores. If this is the case, I predicted that 

these items could be removed to investigate the use of a modified 

questionnaire that could be used as a cognitive assessment with 

people with MS.  

 Association between SDMT scores and self-reported symptoms 

in cognitively impaired people with MS 

Directed acyclic graphs were constructed to identify which 

covariates to adjust for in each model. Categorical covariates (gender 

and MS phenotype) were transformed to dummy variables to include in 

the model. For each component, age, gender, duration of MS, MS 

phenotype, and years of education were included as covariates in each 

model. Using the enter method, SDMT was entered as the dependent 

variable, with overall component scores as the exposure variable. The 

differences in SDMT score by MS phenotype, duration of MS, gender, 

age, and years of education were assessed. Linear regression models 

adjusted for covariates were then run to examine whether any extracted 

components of the MSNQ-P, or fatigue, psychological, and physical 

symptoms predicted processing speed in people with MS. The models 

provide the percentage of variance explained in processing speed 

scores by self-reported variables and their significance at a 0.05 level. 

4.5 Results 

 Factor structure of the MSNQ-P 

 Descriptive statistics 

Of the 579 participants who completed the MSNQ-P and SDMT at 

screening, 21 participants with missing data were removed from the 

analysis The demographics for the remaining 558 participants are 

presented in Table 5. Data collected for age and length of MS diagnosis 
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was in years and collected when participants were screened into the 

trial between 2015 and 2017, and therefore the years of descriptive 

statistics are given at the time the participant was screened.  

Participants who were screened were predominantly women 

(72.8%), and had a mean age of 49.53, ranging from 18 to 69. Most 

participants had a relapsing-remitting phenotype of MS (65.2%), and 

the remaining participants had progressive forms (34.6%). One 

participant reported benign MS. The average length of time since MS 

diagnosis was 11.48 years.  

Table 5: Demographics of people with MS who completed the MSNQ-P and 
SDMT at screening 

Age at 
screening 
(years) 

Mean (SD)   49.53 (9.82) 

Min  18 

Max  69 
Gender Woman n (%) 406 (72.8) 

Man n (%) 152 (27.2) 
MS phenotype Relapsing-

remitting 
n (%) 364 (65.2) 

Secondary 
Progressive 

n (%) 137 (24.6) 

Primary 
Progressive 

n (%) 56 (10) 

Benign n (%) 1 (0.2) 
Length of MS 
diagnosis at 
screening 
(years) 

Mean (SD)  11.48 (8.40) 

Min  0 

Max   40 

 

The mean SDMT score for people with MS who were screened 

was 37.43 (SD 12.58), and scores ranged from 3 to 78.  

 Exploratory factor analysis 

The data were suitable for conducting a PCA; the KMO Measure 

of Sampling Adequacy was 0.77, and Bartlett’s Test of Sphericity was 

significant (p<0.01), indicating that the items are related.  

Components were determined by items loading onto a factor with 

an eigenvalue of 1 or more. Five components were extracted, which 

explained 55.77% of variance within the data. A forced one-factor 
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extraction, as based on the original 15-item questionnaire structure, 

explained 21.45% of variance. Eigenvalues and the variance explained 

by the five-component structure is given in Table 6. 

Table 6: Initial eigenvalues and proportion of variance explained by the five-

component solution 

Component 
Initial Eigenvalues 

Total 
% of 

Variance 
Cumulative 

% 

1 3.22 21.45 21.45 

2 1.54 10.26 31.71 

3 1.36 9.04 40.75 

4 1.2 8.02 48.77 

5 1.05 7 55.77 

 

 The scree plot in Figure 4 confirms the extraction of these five 

components, or factors. A parallel analysis also supported the five-

component solution.  

 

 
Figure 4: Scree plot of components extracted from the MSNQ-P 

 

The items and their proposed five factor structure solution is 

presented in rotated component matrix of Table 7. No items showed a 

loading of less than 0.5 on their component.  
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Table 7: Rotated component matrix of five extracted components of the MSNQ-P 

Item  
Component 

1 2 3 4 5 

MSNQ11 - Do you have difficulty 
keeping track of two things at once? 

0.69     

MSNQ10 - Do you have difficulty 
answering questions? 

0.65     

MSNQ07 - Do you need to have 
instructions repeated? 

0.6     

MSNQ03 - Are you slow when trying 
to solve problems? 

0.59     

MSNQ12 - Do you miss the point of 
what someone is trying to say? 

0.57     

MSNQ04 - Do you forget 
appointments? 

 0.75    

MSNQ08 - Do you have to be 
reminded to do tasks? 

 0.7    

MSNQ09 - Do you forget errands that 
were planned? 

 0.69    

MSNQ13 - Do you have difficulty 
controlling impulses? 

  0.76   

MSNQ15 - Do you talk excessively or 
focus too much on your own 
interests? 

  0.66   

MSNQ14 - Do you laugh or cry with 
little cause? 

  0.57   

MSNQ05 - Do you forget what you 
read? 

   0.77  

MSNQ06 - Do you have trouble 
describing shows or programs 
recently watched? 

   0.74  

MSNQ01 - Are you easily distracted?     0.83 

MSNQ02 - Do you lose your thoughts 
while listening to somebody speak? 

        0.66 

 

Conceptually, items load onto similar domains shown in Table 8. 

The components cover the domains of complex attention, memory, and 

executive function.  
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Table 8: Conceptual components of the MSNQ-P 

Component 
number 

Conceptual label 
Original 

item 
number 

Item text 

1 Complex attention 
(divided, and information 
processing speed) 

3 Are you slow when trying to solve 
problems? 

7 Do you need to have instructions 
repeated? 

10 Do you have difficulty answering 
questions? 

11 Do you have difficulty keeping 
track of two things at once? 

12 Do you miss the point of what 
someone is trying to say? 

2 Memory (long-term - 
prospective) 

4 Do you forget appointments? 
8 Do you have to be reminded to do 

tasks? 
9 Do you forget errands that were 

planned? 
3 Impulse control 13 Do you have difficulty controlling 

impulses? 
14 Do you laugh or cry with little 

cause? 
15 Do you talk excessively or focus 

too much on your own interests? 
4 Memory (long-term - 

retrospective) 
5 Do you forget what you read? 
6 Do you have trouble describing 

shows or programs recently 
watched? 

5 Complex attention 
(selective, and 
sustained)  

1 Are you easily distracted? 
2 Do you lose your thoughts while 

listening to somebody speak? 

 

 Associations between objective and subjective measures of 

cognitive impairment 

The five individual components were calculated as subscale 

scores by adding the scores of each item together for each participant.  

In testing for normality using Kolmogorov-Smirnov statistic, the 

overall score of the SDMT was normally distributed D(558)=0.40, 

p>0.05, however the overall score on the MSNQ-P and the individual 

components, were not normally distributed, therefore a Spearman’s 

rank order correlation was used to determine the relationships between 

the measures.  
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There was no significant correlation between scores on the SDMT 

and overall score on the MSNQ-P using a Spearman rho correlation 

(r=-0.05, p<0.05). However, two of the newly extracted components 

showed weak but significant, negative correlations between their overall 

score and SDMT score; Component 1, (complex attention including 

information processing speed, r=-0.13, p<0.05); and Component 2 

(prospective memory; r=-0.10, p<0.05).  

Combining the items of both of these extracted components into 

an overall score of eight items also suggested a significant but weak 

negative correlation between a brief version of the MSNQ-P and the 

SDMT: r=-0.13, p<0.05.  

 Predictors of SDMT scores 

Multivariate linear regression analyses were used to identify 

whether any of the extracted components predicted scores on the 

SDMT when covariates were adjusted for. Visual inspections of 

scatterplots of each variable showed linearity and homoscedasticity. 

Multicollinearity was not found between any two variables as indicated 

by a high correlation of r=0.9 or higher.  

 The only two components of the MSNQ-P that significantly 

predicted SDMT score when adjusted were those relating to information 

processing speed (adjusted R2=0.10); F(8, 549)=8.14, p<0.05, β=-0.13, 

t=-3.27, p<0.05; and prospective memory (adjusted R2=0.09); F(8, 

549)=7.83, p<0.05, β=-0.12, t=-2.90, p<0.05. 

 Sample characteristics 

Of the 449 participants who completed the FSS and MSIS-29 

baseline assessments, 49 were removed from the analysis due to 

missing data. The demographics for the remaining 430 participants are 

given in Table 9..  

The demographic data for participants at baseline was similar to 

the screening data, with a sample that had women predominantly 

(71.7%) and had a mean age of 49.55 (SD 9.91). Most participants had 

a relapsing-remitting phenotype of MS (67.3%), and the remaining 



Page 88 of 329 

 

participants had progressive forms (32.7%). The average length of time 

since MS diagnosis was 11.06 (SD 8.04) years.  

Table 9: Sample characteristics of people with MS who completed the FSS and 

MSIS-29 at baseline 

Age (at time 
of consent) Mean (SD)   49.73 (9.87) 

Min  18 

Max  70 
Gender Woman n (%) 308 (71.6) 

Man n (%) 122 (28.4) 
MS 
phenotype 

Relapsing-
remitting 

n (%) 289 (67.2) 

Secondary 
Progressive 

n (%) 101 (23.5) 

Primary 
Progressive 

n (%) 40 (9.3) 

MS 
diagnosis 
(years) 

Mean (SD)  11.05 (8.05) 

Min  0 

Max   40 

 

The average score of correct responses within 90 seconds on the 

SDMT was 37.16 (SD 11.73). A one-way ANOVA examining the effect 

of gender and score on the SDMT showed a significant difference (F(1, 

428) = 5.01, p<0.05), with men scoring significantly lower than women. 

A one-way ANOVA with a post-hoc Bonferroni test showed there was a 

significant difference in SDMT scores between MS phenotypes, 

F(2,430) =13.23, p<0.05; respondents with progressive MS scored 

significantly lower than those with RRMS. 

Using Pearson’s correlation coefficients, SDMT score was found 

to be significantly, negatively correlated with participants’ age (r=-0.11, 

p<0.05), however no significant correlations were found between years 

of education (r=0.08, p>0.05), or years lived with MS (r=-0.04, p>0.05).  

 Self-reported symptoms  

Descriptive statistics of scores on the FSS, two subscales of the 

MSIS (physical and psychological) are shown in Table 10. 
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Table 10: Self-reported questionnaire descriptive statistics  

Self-reported Questionnaire Mean 
Std. 

Deviation 
Multiple Sclerosis Impact Scale 
29 - Physical subscale 

52.16 13.5 

Multiple Sclerosis Impact Scale 
29 - Psychological subscale 

23.76 5.98 

Fatigue Severity Scale 27.71 6.85 

 

 Multivariate regression analysis 

A histogram showed that the SDMT score was normally 

distributed for the analysis. The SDMT was significantly and negatively 

correlated with the MSIS physical subscale, (r=-0.30, p<0.05); the MSIS 

psychological subscale, (r=-0.17, p<0.05); and the MSNQ-P subscale of 

prospective memory (r=-0.14, p<0.05). The MSNQ-P subscale of 

information processing speed (r=-0.08, p>0.05) was not significantly 

correlated in this analysis of cognitively impaired participants.  

The correlation matrix of all self-reported symptom variables and 

the SDMT is shown in Table 11. 

Table11: Correlation matrix of SDMT scores and self-reported variables 

  M SD 1 2 3 4 5 6 
1. SDMT  37.16 11.73  - -0.08 -0.14* -0.30** -0.17** -0.09 
2. MSNQ - IPS 13.37 3.30 -0.08  - 0.25** 0.23** 0.22** 0.17** 
3. MSNQ - 
Memory 

7.83 2.63 -0.14* 0.25**  - 0.14** 0.17** 0.17** 

4. MSIS - 
Physical 

52.16 13.50 -0.30** 0.23** 0.14**  - 0.60** 0.47** 

5.MSIS - 
Psychological 23.76 5.98 -0.17** 0.22** 0.74** 0.60**  - 0.43** 

6. FSS 27.71 6.85 -0.09 0.17* 0.17** 0.47** 0.43**  - 

**Correlation is significant at the 0.01 level  
*Correlation is significant at the 0.05 level  

 

Multivariate linear regression analyses were used to identify 

variables that predicted scores on the SDMT. Visual inspections of 

scatterplots of each variable showed linearity and homoscedasticity. 

Multicollinearity was not found between any two variables as indicated 

by a high correlation of r=0.9 or higher. Directed acyclic graphs were 

used to identify which covariates to adjust for in each model. 
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Categorical covariates (gender and MS phenotype) were transformed to 

dummy variables to include in the model. For each scale, age, gender, 

duration of MS, and MS phenotype were included as covariates in each 

model (as described in section 4.2.2). For the MSNQ-P subscales, 

education was also entered as a covariate. Using the enter method, 

SDMT was entered as the dependent variable, with overall 

questionnaire scores as the exposure variable. 

 Whilst the overall model was significant (adjusted R2=0.06); F(6, 

423)=5.69, p<0.05; fatigue did not significantly predict SDMT scores 

(β=0.89, t=-1.90, p>0.05). The model examining the psychological 

symptoms was significant (adjusted R2=0.11); F(6, 423)=7.84, p<0.05, 

and this MSIS-29 psychological subscale significantly predicted SDMT 

scores, (β=-0.18, t=-3.96, p>0.05). Similarly, the physical symptom 

model was significant (adjusted R2=0.11); F(6, 423)=9.57, p<0.05, and 

the MSIS-29 physical subscale significantly predicted SDMT scores, 

(β=-0.24, t=-5.04, p>0.05). This indicates that higher reported 

psychological and physical symptoms predict worse performance on 

the SDMT.  

For the subscales of the MSNQ-P, years of education was 

additionally entered as a covariate. For the overall model of information 

processing speed, the overall model was significant (adjusted R2=0.06); 

F(7, 422)=4.90, p<0.05; however information processing speed did not 

significantly predict SDMT scores (β=0.07, t=-1.51, p>0.05). The model 

examining the prospective memory subscale was significant (adjusted 

R2=0.08); F(7, 422)=4.43, p<0.05; and prospective memory was found 

to significantly predict SDMT scores (β=0.11, t=-2.40 p<0.05). 

4.6 Discussion 

The MSNQ-P was developed and has been used as a 

unidimensional, single factor questionnaire, consisting of 15 items. In 

exploring the factor structure through a PCA, a multidimensional five-

component structure was found to explain a greater percentage of 

variance than a single scale (55.77% against 21.45%). This suggests 
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that it may be more appropriate to evaluate MSNQ-P responses as 

individual subscales or exclude items that do not perform as well as 

others. In comparison to a EFA as part of a Greek validation study 

(Konstantinopoulou et al., 2018) the factor structure of prospective 

memory (Component 2; items 4, 8 and 9) also emerged, with similarly 

high factor loadings However, the two other factors extracted herein this 

study did not correspond as well to the ones reported here. 

Konstantinopoulou et al. (2018) also found a high amount of variance 

explained by a component-based version of the MSNQ-P (65% of 

variance) as found in the current study (56%). 

 Research has found inconsistent results regarding the 

relationship between the SDMT and MSNQ-P (Benedict et al., 2003; 

Benedict et al., 2004), suggesting limited use of the MSNQ-P as an 

alternative self-reported measure of information processing speed. 

However, the results of this current research are promising. The 

administration of a brief version of the MSNQ-P containing two 

subscales of attention and prospective memory may be a better 

indicator of cognitive impairment than the full 15-item questionnaire. 

The original development of the MSNQ included items related to a 

‘personality and behaviour’ which, although may be associated with 

cognitive impairment, are not considered as facets of cognition in 

themselves (American Psychiatric Association, 2013). The three items 

in the component ‘impulse control’ relate to inhibition, pseudobulbar 

affect, and excessive egocentric speech (Benedict et al., 2003). 

Research has found that these three items exhibit the lowest factor 

loadings on the overall scale (Sonder et al., 2012). People with MS may 

be less likely to exhibit these symptoms; for example pseudobulbar 

affect is thought to only impact 10% of people with MS, and occurs 

more frequently in advanced stages of MS (Pinkston et al., 2007). 

Therefore, it is unsurprising that these items are less likely to be 

endorsed and may suggest redundancy in retaining these items in the 

questionnaire, in particular for a screening programme.  
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There were significant but weak correlations between the overall 

score on the SDMT and two components that were extracted from the 

MSNQ-P through a PCA – those related to complex attention (including 

information processing speed) and prospective memory. This suggests 

that lower scores on the SDMT are associated with poorer self-reported 

impairments in attention and prospective memory. The significant 

relationship between lower SDMT scores and higher prospective 

memory subscale scores is unsurprising. Individuals are possibly more 

likely to recall and self-report occasions when they have forgotten to 

complete an action, rather than self-reporting forgetting something that 

they have learned (Ernst, 2020). Comparisons with other objective tests 

may provide further insight into how self-reported cognitive impairment 

correlates with other cognitive domains.  

A further analysis examined how self-reported cognitive problems 

may predict processing speed scores as measured by the SDMT. The 

analysis of predictor variables only used a sample of people with MS 

who were considered cognitively impaired, and who participated in 

baseline assessment in the CRAMMS trial. Using linear regression 

models to analyse how self-reported variables predict SDMT, only items 

related to prospective memory significantly predicted scores on the 

SDMT for cognitively impaired people with MS when adjusted for 

covariates; items relating to information processing speed were not 

found to significantly predict scores on the SDMT. This may suggest 

that the MSNQ-P is more valid as a self-reported information 

processing speed for people with MS with lower levels of cognitive 

impairment, however further research is needed.  

The SDMT is seen as a gold standard in minimal cognitive 

assessment, and these results do not provide sufficient evidence that a 

brief version of the MSNQ-P could be used instead of the SDMT. 

However, for those people with MS who do not wish to or cannot 

complete objective assessments, it has promise of capturing some 

cognitive impairment. This could be important in capturing the cognitive 

functioning of those individuals and ensure that they will not be 
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excluded by a cognitive screening programme that only includes 

objective tests. It has been suggested that people with MS with lower 

cognitive functioning may be more likely to be unwilling to complete 

objective measures (Cortés-Martínez et al., 2019). Thus, as the 

information processing speed subscale of the MSNQ-P is a non-

significant predictor of SDMT for people with MS exhibiting cognitive 

dysfunction, this subscale may have limited utility. Future research 

could analyse the relationship of the MSNQ-P’s subscales to other 

objective assessments assessing different domains to explore this 

further.  

As the original MSNQ-P was designed to be a brief, 

unidimensional questionnaire (Benedict et al., 2003), concentrating on 

items relating to these components of cognition; including complex 

attention and prospective memory, and including items related to 

domains such as social cognition (typically neglected in cognitive 

assessment in MS), a new self-report questionnaire may show more 

promise than previously developed self-report measures. This may 

create a more sensitive self-report measure of cognitive functioning 

which encapsulates greater relevant domains.  

In the regression analysis of Aim III, both physical and 

psychological subscales of the MSIS-29 predicted SDMT score, with 

higher scores of physical and psychological symptoms associated with 

decreased processing speed. However, fatigue, measured by the self-

reported questionnaire the FSS, did not significantly predict SDMT 

scores. A cross-sectional and longitudinal study found similar results 

when examining the association between fatigue and performance on 

neuropsychological tests (Morrow et al., 2009). This study was 

conducted with a large sample of people with MS (n=465) both with and 

without cognitive impairment. The current analysis suggests that fatigue 

as measured by the FSS does not predict processing speed for 

cognitively impaired people with MS. It has been suggested that poor 

complex attention may be associated with fatigue due to an attention-
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deficit (Amato et al., 2019), and this could be explored further using 

other tasks of attention. 

Whilst mood disorders are prevalent in MS, its relationship to 

cognitive impairment in MS is complex. Feinstein (2006) proposed a 

model that depression may diminish cognitive capacity in people with 

MS, especially in relation to executive functioning. Depression and 

anxiety have been found to be factors associated with deficits in 

executive function and information processing speed, potentially though 

lowering cognitive reserve (Amato et al., 2019), which may be shown by 

the significant relationship between psychological symptoms and SDMT 

scores in the current analysis. 

 Similarly, physical symptoms were found to predict slowed 

information processing speed in cognitively impaired participants with 

MS. This is potentially due to the progressive nature of MS, with 

increasing physical symptoms being associated with greater cognitive 

impairment (Amato et al., 2006), however this could also be associated 

with slowed motor function. 

For this analysis, data were taken from a completed RCT. There 

are some differences between when the data used were collected. 

Participants could complete the MSNQ-P during a screening telephone 

call or at the screening visit at which the BRB-N would be administered. 

Cognitive problems including information processing speed can 

fluctuate daily (Kratz et al., 2017), and therefore an individual’s 

cognitive function may have differed across the two time periods they 

may have completed the assessments. 

If the participant was determined eligible, the researchers gave 

participants the baseline assessments of the MSIS-29 and FSS to 

complete at any time in the two weeks before their baseline 

assessment visit. If they had not completed these before the visit, they 

would complete it at the baseline visit. Therefore, in this analysis 

participants had completed different self-report data at various time 

points. Fatigue can fluctuate for people with MS and can be influenced 
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by the time of day, physical exertion, and daily stressors (Powell et al., 

2017). Whilst the MSIS-29 has good test-retest reliability (McGuigan & 

Hutchinson, 2004), this reliability assumes stability in other variables, 

which cannot be adequately captured.   

The dataset for the third aim consisted of people with MS who had 

already been identified as cognitively impaired. Cognitive impairment 

was defined through failure on two or more of the tasks within the BRB-

N, one of which could have been the SDMT. Although the sample was 

still normally distributed, scores on the SDMT were higher than those 

as baseline, as expected. The BRB-N assesses other domains of 

cognition, including memory. Some participants may show impairment 

in any one of the tests, and may only have impairment in one domain 

and not of information processing speed.  

The findings of Aim III used self-report questionnaires that were 

chosen for use in CRAMMS. The MSIS-29 psychological subscale has 

been criticised for not distinguishing between anxiety and depression 

(Jones et al., 2013), and as such it is difficult to conclude what 

particular psychological symptoms may be more likely to predict 

processing speed deficits. Further analyses could examine the 

relationship between other self-reported questionnaires to evaluate how 

information processing speed may be predicted by other variables, 

such as general quality of life.  

4.7 Conclusions 

This chapter has shown that a component-based, reduced-item 

MSNQ-P may have more utility as a self-reported cognitive 

questionnaire than the original unidimensional version due to its 

significant relationship with the objective measure of information 

processing speed (the SDMT). However, the correlations were weak, 

and the proposed reduced questionnaire would be eight items, or two 

subscales of five and three-items. This still does not assess some 

cognitive domains missing from the original scale, such as social 

cognition which may lend themselves to a self-report assessment. 



Page 96 of 329 

 

Additionally, these subscales may not be able to predict slowed 

information processing speed in people with MS who are cognitively 

impaired, and this warrants additional research.  

Previous chapters have determined that the SDMT is frequently 

used, and is valid, and reliable for use in people with MS, and it is 

recommended as a brief screening assessment. However, previous 

research using qualitative methodologies to determine whether SDMT 

or other brief cognitive assessments are appropriate and acceptable is 

insufficient. Therefore, the next step in developing a method of 

screening for cognitive problems is to evaluate how it can be 

implemented in practice in the context of UK clinical care. The research 

described in Chapter 5 explores how cognitive screening with brief 

tests, or self-report measures such as the MSNQ can be used in this 

situation, and what can facilitate the uptake of cognitive screening. The 

following chapters will detail how a cognitive screening programme, 

which may use objective and subjective measures, could be 

implemented to ensure acceptability by examining attitudes to cognitive 

assessment. 
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Chapter 5 Cognitive Assessment in Multiple Sclerosis 

Clinical Care: A Qualitative Evaluation of 

Stakeholder Perceptions and Preferences 

5.1 Overview of the Chapter 

This chapter presents a qualitative study which aimed to develop 

and refine a cognitive screening programme through semi-structured 

interviews and focus groups with people with MS, and other 

stakeholders including family members, charity volunteers, clinicians, 

and healthcare commissioners. This chapter presents the views of the 

stakeholders regarding current practice of the identification of cognitive 

impairment within UK healthcare, and how a cognitive screening could 

feasibly and effectively operate within this setting.  

This chapter is an extended version of a journal article published 

in Neuropsychological Rehabilitation (Elwick, et al., 2021). Methodology 

and results have been extended in this chapter to fully describe the 

framework that was used to analyse the data. 

5.2 Introduction 

Qualitative interviews with people with MS have found that 

cognition is a ‘neglected symptom’ in their MS care, and although they 

placed importance on this symptom, this is rarely addressed by their 

MS clinicians, unless it is severe (McAuliffe & Hynes, 2019). Although a 

full neuropsychological evaluation within clinical care would provide 

detailed insight into cognitive impairment, research has shown that 

screening for cognitive problems is not routine in the UK neurology 

services (Klein et al., 2019). The feasibility of delivering such a 

programme may be limited due to the lack of time, staffing, and other 

resources within clinics. Emphasis is therefore placed on briefer 

assessments that are still effective at measuring cognitive impairment 

(Cullen et al., 2007) to ensure that cognitive assessment is practicable 

and efficient (Amato & Zipoli, 2003)  
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Approaches to standardised cognitive assessments for people 

with MS have used expert consensus recommendations (e.g., Benedict 

et al., 2002; Kalb et al., 2018; Lensch et al., 2006) which do not appear 

to take into account the preferences of people with MS, their family 

members, or clinicians. Indeed, despite these recommendations, a 

recent survey found that commonly used assessments for people with 

MS in UK healthcare included generic measures or measures 

developed for dementia, such as (MoCA) and the Addenbrooke’s 

Cognitive Examination (ACE-R), and were not standardised across 

clinical services (Klein et al., 2018). Furthermore, as discussed in 

Chapter 4, people with MS often do not wish to complete one of the 

most commonly used and recommended measures in MS, the Paced 

Auditory Serial Addition Test (PASAT; Cortés-Martínez et al., 2019). 

People with MS with greater cognitive impairment are more likely to 

decline completing the PASAT, causing challenges in being able to 

effectively identify and monitor cognitive problems and provide 

appropriate care.  

The Topol Report emphasises the importance of involving patients 

in developing digital medicine for the UK National Health Service (NHS) 

to improve their own experience and ensure that it is appropriate for 

their needs (Topol, 2020). A proof of concept study suggested that 

people with MS prefer a self-administered, computerised tests to the 

traditional technician-administered Symbol Digit Modalities Test (SDMT, 

Patel et al., 2019). Some assessments can be developed as an 

electronic test more readily than others. However, adapting tests to an 

electronic format may require substantial procedural changes, such as 

how stimuli are responded to, and will need to ensure that people are 

not put off or disadvantaged by the testing modality.  

These issues can be addressed by understanding stakeholders’ 

motivations and concerns about cognitive assessments being used in 

usual clinical practice. However, few studies have evaluated ‘how’ 

specific tests or batteries are used in practice. An investigation into 

patient preference for routine cognitive screening found the people with 
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MS were supportive of routine cognitive screening and for their 

clinicians to manage both physical and cognitive symptoms (Mortensen 

et al., 2020). Participants perceived the SDMT to be less demanding 

and fatiguing than the other brief assessments included in the BICAMS 

(Brief International Cognitive Assessment for MS). Although valuable, 

this research used a small select sample of Danish patients, some of 

whom were already volunteering in a study of cognitive screening, 

which only included participants who scored between 20-60 on the 

SDMT. Additionally, this study did not include patients who declined to 

complete the SDMT or elicit the opinions of those who scored outside of 

the score boundaries mentioned, which could have been valuable in 

determining how to engage all patients in cognitive screening. 

Furthermore, this study only focussed on people with MS, and did not 

include other key stakeholders such as clinicians. 

5.3 Aim 

The aim of the current research was to explore which cognitive 

assessments may be acceptable to administer, in which modality (for 

example electronically), and in which settings, amongst key 

stakeholders based in the UK.  

Key stakeholders are defined as those who are involved in the 

process of cognitive screening to ensure its success within the UK 

healthcare system. These include: (i) people with MS who need to be 

capable, motivated, and have the opportunity to complete tests, (ii) 

carers or family members of people with MS to support them in 

completing tests, (iii) clinicians who need to implement the screening in 

clinical services and help interpret the results of the tests to plan future 

care, (iv) commissioners who fund clinical services within the NHS, 

amongst others. Using qualitative methods, we believed we would be 

able to identify stakeholders’ perceptions of the assessments that are 

acceptable and feasible to be administered in routine UK healthcare 

systems. 
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5.4 Methods  

 Ethical Considerations  

Ethical approval was obtained from the University of Nottingham’s 

Division of Psychiatry and Applied Psychology’s Research Ethics 

Committee (Ethics reference number: 0233) and the University of 

Nottingham’s Faculty of Medicine and Health Sciences Research Ethics 

Committee (Ethics reference Number: 263-1903). Ethics approval 

letters can be found in Appendix 8. 

As described in the recruitment strategy, we used personal 

networks and a Patient and Public Involvement (PPI) group to recruit 

participants for both categories. To address implied coercion, potential 

participants were assured that they were under no obligation to take 

part, even if they knew a member of the research team. 

Written or verbal informed consent was obtained, and a 

Participant Information Sheet (PIS) was given to all participants. We 

were aware that discussing sensitive issues could lead to distress, and 

so we signposted the participant to contact their GP or neurology care 

team in this case. The PIS also detailed how to contact the researcher, 

research supervisor or ethics committee if they had any questions or 

complaints. 

All data collected were held in password protected files, including 

the database of participants, the anonymisation key, and all audio 

recordings and transcripts. All participants were given a pseudonym 

based on their participant characteristic (e.g., occupation therapists 

were ascribed OT 01). All identifying details were removed from the 

transcripts. A signed written agreement with the professional 

transcription service was put in place with the service to ensure 

confidentiality of data.  
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 Design 

Interviews and a focus group were conducted to gather insights 

regarding aspects of cognitive screening in MS. Both methods were 

used to enhance the richness of data (Lambert & Loiselle, 2008).  

 Data collection  

Data were collected as part of two research projects; the current 

PhD; and for an NIHR-funded programme, Neuropsychological 

Evaluation and Rehabilitation in Multiple Sclerosis (NEuRoMS). 

NEuRoMS aims to develop and evaluate a cognitive screening pathway 

and rehabilitation for people with MS. Qualitative data in this phase 

were collected by four researchers, who interviewed participants about 

both cognitive screening and cognitive rehabilitation. Only data 

collected regarding cognitive screening is used in this thesis, and the 

complete data is used as a NEuRoMS output. Through NEuRoMS, a 

logic model and preliminary pathway was devised prior to data 

collection (Appendix 1) and parts of this were used in the current study 

to guide discussion. The proposed logic model was developed using a 

variety of sources, including literature reviews, input from PPI groups 

and clinician experience. 

 Participants 

Based on recommendations of determining sample size for 

qualitative research (Vasileiou et al., 2018), we determined that a 

sample size of 40-50 participants across the two participant categories 

previously mentioned, would be sufficient to address our aims. 

However, we reviewed the sample size on an iterative basis to ensure 

data saturation, and to ensure we did not collect more data than 

necessary. Saturation was operationalised as the point where there 

were no new data being generated which supported ongoing theme 

development or creating the possibility for a new theme. The wider 

research team and I regularly reviewed the data to determine whether 

data collection had reached this point, and whether the analysis would 

benefit from further interviews.  
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We used a purposive convenience sampling strategy to recruit 

participants. All participants invited to participate if they were 18 years 

old or older, could communicate in English, and were able to give 

informed consent to participate. People with MS had to have a 

diagnosis of MS; family members had to have a relative or care for a 

person with MS, and charity volunteers had to be affiliated with MS 

charities such as the MS Society, Overcoming MS, or the MS Trust. 

These participants were recruited through PPI networks, online 

advertisements (using relevant communities and forums on Twitter, 

Reddit, and Facebook), contacts at MS charities, and by word of mouth. 

The participant advert used is given in Appendix 2. 

Clinicians, identified through professional networks of the research 

team, representing different healthcare professionals working in MS, 

were invited to participate. Commissioners were invited to participate if 

they were a service commissioner working within the Clinical 

Commissioning Groups that fund NHS services. 

 Materials 

A brief video was produced which showed digitised 

administrations of three commonly used screening assessments: a 

symbol substitution test, a Stroop test, and a paced addition test. This 

was shown to participants during the interviews. We also provided 

participants with a document showing screenshots of the tests to 

facilitate the discussion (Appendix 7). This document also contained a 

word list learning test, a verbal fluency test, a trail making task, and the 

first ten items of the patient form of the Multiple Sclerosis 

Neuropsychological Screening questionnaire (MSNQ, Benedict et al., 

2003). The seven measures were selected because they: (i) are 

commonly applied both as individual assessments and within batteries 

such as BICAMS and the BRB-N (Benedict et al., 2002; Langdon et al., 

2012); (ii) demonstrate different modalities (electronic, written and 

verbal); (iii) and provide examples of both subjective and objective 

measures. Clinicians and commissioners were also shown the 

preliminary logic model and asked for feedback.  
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Two semi-structured interview schedules, one for people with MS, 

family members and charity volunteers, and one for clinicians and 

commissioners, were developed (Appendix 5) using the preliminary 

logic model and input from a PPI group. The interview schedule was 

amended on an iterative basis if the interviewers found that some 

questions required clarification or further areas needed to be 

investigated. The interview and focus group schedules consisted of 

both general and specific questions, and probing questions to clarify 

responses or to ask further questions if needed. 

 Procedure 

Upon receiving interest in participating in the study, we emailed 

participants copies of all the interview materials including the participant 

information (Appendix 3), consent forms (Appendix 4), a link to the 

video of computerised assessments, and details of the assessments 

and the proposed cognitive screening pathway (Appendix 1 and 

Appendix 7). Participants were asked to review all materials before their 

interview. 

One focus group was run for people with MS and was co-

facilitated by three researchers and a PPI partner. After introductions 

and providing some background on the study, participants were shown 

the materials and encouraged to participate in the focus group. 

Researchers guided the focus group using the same interview schedule 

as used for the interviews.  

Interviews were held at participants’ homes (people with MS), 

place of work (clinicians), or over the phone. The focus group was held 

at a convenient time and place, and participants were offered breaks. 

At the beginning of the interview or focus group, consent was obtained, 

and interviewers explained the research aims and procedure, and what 

would happen during the interview or focus group. Demographic 

information was collected for each person with MS, family member and 

charity volunteer. All participants we approached agreed to take part, 

and no participants dropped out of the study. We showed the brief 
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video and assessment document to participants at an appropriate time 

during the interview. 

Participants who had MS, family members and charity volunteers 

were offered a £20 shopping voucher for their participation. Travel 

expenses were offered for all participants who attended an interview or 

the focus group in person.  

All participants were asked about their perceptions of 

implementing a routine cognitive screening pathway. We asked about a 

proposed situation whereby people with MS would be sent a link to 

complete the cognitive screening at home prior to their appointment 

with a clinician, so that their results would be available to be discussed 

at their appointment, and the necessary referral to neuropsychological 

rehabilitation could take place if needed. In the interviews we explored 

the understanding behind the pathway, the feasibility, and how it will 

fulfil the unmet needs.  

 Transcription and data analysis 

Audio recordings of the interviews and focus group were sent to a 

professional transcription service for verbatim transcription. All 

transcripts were anonymised, imported into NVivo software (version 

12), and analysed using framework analysis, a hierarchical, matrix-

based method which aims to systematically approach the data with the 

predetermined objectives of the logic model (Pope et al., 2000). The 

logic model was used to develop an initial thematic framework for 

analysis, and through an iterative process, this was refined to capture 

the themes derived from the data.  

Two researchers (myself and a postdoctoral researcher) then 

immersed ourselves in the data from transcripts and any field notes 

collected, to become familiar with the data, and gain an overview of the 

recurring patterns within the data. Framework analysis was chosen for 

analysis as a method of systematically approaching the data with the 

predetermined objectives of the logic model (Pope et al., 2000). We 

developed iterations of the framework, with feedback from a third 
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researcher who was familiar with the logic model and methodology. The 

framework uses a Context-Mechanisms-Outcomes configuration of a 

cognitive assessment programme based on realist evaluation (Pawson 

& Tilley, 1997). Context referred to the prevalence of cognitive 

problems in MS, and the need for the identification of these problems in 

routine clinical care, and early enough for further cognitive assessment 

and/or the provision of rehabilitation. Mechanisms refer to the 

resources needed for cognitive assessment to be successfully 

implemented in clinical practice. The outcomes include the results and 

next stages of cognitive assessment, and the perceived benefits of the 

programme. These are used as overarching themes, with themes and 

subthemes within these. 

 Once the framework was finalised, data from the transcripts were 

indexed using NVivo, using each thematic aspect of the developed 

framework. These indexed data were then charted within a matrix which 

mapped the data onto the framework and could be interpreted. We then 

wrote summaries to correspond to each data point for each participant’s 

transcript. After each researcher coded a small number of interviews 

each, we met again to discuss the effectiveness of the framework for 

mapping the data, and on this basis no further amendments were made 

to the theoretical framework.  

Once summaries for each case and each theme were written, 

these were distilled further through overall summaries for the two 

participant groups: (i) people with MS, carers, and charity volunteers 

with MS, and (ii) clinicians and healthcare commissioners. The initial 

results in the form of these summaries mapped onto the pathway were 

presented to both the NEuRoMS programme management group, and 

a PPI group for feedback and a sense check of the final framework and 

interpretations of the data. 
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5.5 Results 

 Sample characteristics 

Forty-nine people participated in the interviews and focus group. 

The demographics of the people with MS, family members and charity 

volunteers are given in Table 12. Participants have been assigned a 

code which is given in Table E in the appendix together with individual 

level demographic and information about MS characteristics. 

Seventeen clinicians were interviewed: four each of MS nurse 

specialists, neurologists, occupational therapists (OTs), and 

neuropsychologists, one neuro-physiotherapist, and three 

commissioners. The focus group lasted 125 minutes and all participants 

contributed to the discussion. All interviews lasted an average of 52 

minutes. 

Table 12: Demographics of people with MS, family members and charity 

volunteers 

Interviews 
with 
people 
with MS 
(n=15) 

Age 
Mean 48 

Range 36-67 

Time Since 
Diagnoses 

Mean 12.93 

Range 2-41 

Gender 
Women 12 

Men 3 

Ethnicity 
White 14 

Mixed/Multiple Ethnic Groups 1 

Highest 
Education 

GCSE 4 

A Level 2 

Degree 5 

Higher Degree 4 

Employment 

Not employed 4 

Employed Full Time 4 

Employed Part Time 3 

Retired 4 

Type of MS 

Relapsing-remitting MS 9 

Primary Progressive MS 1 

Secondary Progressive MS 4 

Unknown 1 

Charity 
Volunteer 
Interviews 
(n=4) 

Age 
Mean 42.25 
Range 36-53 

Time Since 
Diagnoses 

Mean 8.75 
Range 2-18 

Gender Female 3 
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Male 1 

Ethnicity 
White 3 
Mixed/Multiple Ethnic Groups 1 

Highest 
Education 

Degree 3 
Higher Degree 1 

Employment 
Voluntary Part Time 2 
Employed Part Time and Voluntary Part 
Time 2 

Type of MS 
Relapsing-remitting MS 3 
Primary Progressive MS 1 

Family 
Member 
Interviews 
(n=5) 

Age 
Mean 54.2 
Range 21-68 

Time Since 
Family 
Member's 
Diagnosis 

Mean 15.8 

Range 
3-28 

Gender 
Female 1 
Male 4 

Ethnicity White 5 

Highest 
Education 

A Level 1 
Degree 3 
Higher Degree 1 

Employment 

Education Full Time 1 
Employed Full Time 1 
Employed Part Time 1 
Voluntary Part Time 1 
Retired 1 

Family 
Member's 
Type of MS 

Relapsing-remitting MS 3 
Secondary Progressive MS 1 
Unknown 1 

Focus 
Group 
with 
people 
with MS 
(n=5) 

Age 
Mean 50 
Range 38-57 

Time Since 
Diagnoses 

Mean 12 
Range 4-26 

Gender 
Female 4 
Male 1 

Ethnicity White 5 

Highest 
Education 

GCSE 3 
A Level 1 
Higher Degree 2 

Employment 

Not employed 4 
Employed Full Time 4 
Employed Part Time 3 
Retired 4 

Type of MS 
Relapsing-remitting MS 4 
Secondary Progressive MS 1 
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 Context 

 Cognitive problems in MS 

All participants recognised cognitive problems as a prevalent 

symptom for many people with MS, which impact upon daily life, 

employment, and social life. Memory, processing speed, decision 

making, concentration, and communication were all highlighted as 

affected cognition domains for people with MS. Clinicians also 

acknowledged that cognition, fatigue, and quality of life are interlinked 

in MS. Despite cognitive impairment being perceived as an important 

symptom of MS, both people with MS and clinicians reported that 

discussion or assessment of cognitive symptoms does not routinely 

occur in clinical care, as other symptoms take priority. Some 

neurologists interviewed did ask people with MS about their cognition in 

annual appointments, but due to the competition for time in routine 

appointments, other symptoms often took priority over ‘invisible’ 

symptoms such as cognitive impairment.  

People with MS were not always directly told about cognitive 

problems during their appointments. They often reported their physical 

symptoms take precedence over invisible symptoms and thought that 

cognitive problems were often not taken as seriously as other problems. 

 “[clinicians] just think it’s mild. It’s mild in comparison with 

dementia but actually it’s not really – often it is mild but the 

effects that mild memory loss can have on your life – and there 

are things I’m always forgetting, you know, it drives me mad. It 

really annoys me” (Person with MS F 03)2. 

Consequently, some participants thought that younger or newly 

diagnosed people may be unaware that cognitive problems could be an 

MS symptom, and that some people could be in denial of their problems 

by “burying their head in the sand, just not willing to accept” (Volunteer 

01). A charity volunteer acknowledged that, although cognitive issues 

 
2 People with MS have been coded to indicate if they participated in an 

interview (I) or the focus group (F) 
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had not affected them, it would still be beneficial to be informed by their 

clinician about potential cognitive problems: “it might be quite handy to 

actually hear it from somebody clinically saying, you know, you need to 

do something about this” (Volunteer 01). Some people with MS thought 

that their neurologist “doesn’t think [cognitive problems] actually even 

exist” and that cognitive problems were not “taken seriously” (Person 

with MS I 11). 

 Current identification of cognitive problems 

Neurologists and MS nurses largely perceived addressing 

cognitive problems the responsibility of neuropsychologists and OTs, 

and referrals to primary and secondary care were being prioritised for 

those with severe or advanced problems, or when cognitive problems 

were having an adverse impact on employment or education. One 

nurse reported that they “don't actually formally screen in clinic and we 

send them off to neuro-psychology to be screened” (MS Nurse 01).  

Neurologists reported that they were able to refer people with MS 

to psychologists or neuropsychologists if they report cognitive problems 

that are disruptive, complex, or severe. 

 “It could be people who are functioning pretty well but perhaps 

struggling a little bit in the workplace for example through to 

people who are more at the severe end and anything in 

between” (Physiotherapist 04) 

Clinicians observed that there are few neuropsychologists 

available for neurology patients, and referral “is quite clumsy, it can take 

quite a while” (Neurologist 02). Neurologists stated that referrals can 

come about through joint decisions within multidisciplinary teams, “I’d 

probably refer them into the MDT and then let the discussions there 

guide the best approach” (Neurologist 04), and referrals can also be 

made to OTs and neurorehabilitation services if available. OTs and 

neuropsychologists emphasised that assessments should encompass 

the domains of processing speed, working memory, executive function, 
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and attention and clinicians find that patients who are referred do show 

impairment on objective cognitive assessments. 

People with MS also reported that the availability of support for 

cognitive problems is mixed but generally limited, and there is often a 

lack of information about what is available, with one person with MS 

stating that they “don't know whether there’s anything that they can 

advise you on” (Person with MS I 06), or there is nothing available and 

“either it’s not picked up, you're not given any guidance or support” 

(Person with MS I 18). One person with MS “had to fight to see a 

neuropsychologist” (Person with MS I 18), and another had asked to be 

referred for help and felt frustrated by the process. 

 “I feel quite angry that I have to do all that and no-one’s doing 

anything for me… to go through all that for no gain is – and I 

know that there’s not going to be anything positive at the end of 

it anyway” (Person with MS I 11) 

Some people with MS reported that they received cognitive 

assessments through charity programmes, research, occupational 

health, but only one person had a referral from their neurologist. 

Participants who had experience of cognitive assessments stated that 

they could be abstract or removed from everyday life, and some could 

induce panic, and be long and tiring, especially given their fatigue, 

stating they are “a very intense and probably quite a long assessment, 

you know, given that your MS is there and can be, I don't know, you 

know, you're more impaired, aren't you, than just somebody going in 

normally” (Person with MS I 20) and one participant “came away feeling 

a bit disappointed in [herself]” (Volunteer 05). A charity volunteer 

thought that although they did not think cognitive issues affected them, 

it would still be beneficial to be informed by their clinician: “I think this 

might be quite handy to actually hear it from somebody clinically saying, 

you know, you need to do something about this” (Volunteer 01).  

OTs and psychologists reported using the Repeatable Battery for 

the Assessment of Neuropsychological Status (RBANS), BICAMS, 
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SDMT, MoCA, Addenbrooke’s Cognitive Examination III (ACE-III), 

Rivermead Behavioural Memory Test (RBMT) and/or Test of Everyday 

Attention (TEA) if required, but these were not routinely administered 

for all people with MS. The neuro-physiotherapist reported using the 

SDMT as part of a larger battery of assessments and used it to aid 

discussion with the people with MS about their perception of cognitive 

changes. 

 Related factors 

Clinicians working in MS acknowledged that factors, such as 

mood and medication, having an impact on cognition need to be 

managed prior to referrals. Most clinicians and people with MS 

identified that cognitive impairment is interlinked with other symptoms 

and aspects of individuals’ lives. Both clinicians and people with MS 

expressed views about the importance of holistic care for MS where 

component parts affect one another and identified the need to maintain 

both mental and physical aspects. Fatigue was a significant symptom 

that was frequently described as both having an impact on, and being 

affected by cognitive impairment. One participant stated that they “get 

irritated by [cognitive impairment] and the more tired I am the more 

irritable I get” (Person with MS I 16). Some people with MS emphasised 

factors such as age and hormonal changes impacting their cognition 

and expressed uncertainty as to whether cognitive impairment was due 

to their MS or other factors and “it could be due to lack of sleep, could 

be due to pregnancy, it could be due to MS, you don't know” (Person 

with MS I 15). 

Another important factor related to cognition was that of mood, “if 

somebody’s particularly low in mood or particularly high, it’s going to 

have a huge impact on their cognition” (OT 06). Participants also 

discussed the impact of cognitive impairment on their quality of life, 

including personal relationships, family life and employment. 

“There are days when it affects every level really on a 

relationship basis as well, you know, you want to be an equal 
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with your partner but there’s some days I just feel absolutely like 

I can't have a conversation” (Person with MS I 20).  

 Mechanisms 

 Cognitive assessment 

Most people with MS thought that cognitive assessments 

proposed were acceptable and would complete them if required. 

However, one person with MS strongly opposed completing the 

cognitive tasks, expressing a negative reaction towards the tasks, but 

said they would complete questionnaires. Another thought 

questionnaires would be less intimidating as “you feel like it’s not being 

done to you, you have got some control over what’s actually 

happening” (Person with MS I 11). Clinicians suggested that subjective 

measures can add further insight into cognitive impairment, and the 

perceived difficulties of people with MS. However, there were concerns 

about recall periods, and whether questionnaires were nuanced 

enough, with one person with MS thinking they might be “too 

subjective, a bit too fluffy… unless I’ve got a space for text which gives 

nuance, these are worthless” (Person with MS F 02). One person with 

MS thought that “when you go through a questionnaire, you don't really 

want to revisit the symptoms that you feel and the changes that have 

come about in you as a person” (Person with MS I 04). Similarly, both 

patient- and proxy-reported measures were considered acceptable: “it 

would be quite interesting getting both of you, the family member and 

yourself and see what the difference is” (Person with MS I 04), but one 

clinician had concerns that family members may not want to fill in proxy-

reported measures. 

Some participants thought that symbol substitution tests were 

relevant and had ecological validity. One person with MS reported that 

it was “like looking at a spreadsheet isn't it! [Laughs] Making sure your 

data is correct” (Person with MS I 09), although conversely, one person 

with MS felt that the task would benefit from extra context about the test 

and would benefit from a “simple explanation of ‘this is what this test is 
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looking for’” (Person with MS I 11). This was a common theme from 

participants who were shown the measures: 

 “I think it’s really, really important to provide people that 

information because otherwise you don't know if people just 

look at it and go ‘oh it’s just another one of these things that I 

have to fill in and then never hear back about’” (Person with MS 

I 13).  

Many people with MS found the paced addition style tasks difficult, 

fatiguing and potentially anxiety inducing. One participant reported they 

would “probably hate to do that one” (Person with MS I 02), others were 

also unwilling to complete it, stating “I’m not doing that. I’ve more 

important things in life, that’s what I’d think” (Person with MS F 01) and 

“I wouldn't even enjoy doing it, so why would I bother” (Person with MS 

I 07). Some people with MS indicated that they would still try to 

complete the task, despite struggling with it and believed that their 

premorbid mathematical ability may have more of an impact than their 

cognitive impairment “the reason the score’s so low is because I just 

can’t do it!” (Person with MS F 02). A neuropsychologist agreed that 

“the resounding feedback for the PASAT with patients is a ‘no!’” 

(Psychologist 05). 

 Resources needed 

5.5.3.2.1 Time 

People with MS thought that cognitive assessments should be 

brief enough to prevent fatigue and a lapse in concentration, and 2-5 

minutes of screening would be acceptable, but a few people with MS 

felt tests could be up to 60 minutes long if they needed to be. 

Stakeholders thought that brief screening would encourage people with 

MS to complete screening at home and ensure they were not too tiring:  

 “These tests are requiring a great deal of commitment and 

input and, as I said, I have to be very careful about how I spend 

my energy and I would probably end up at the end of the day 
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feeling a little hard done by because I’d done that, and I wanted 

to do something else” (Person with MS I 07).  

5.5.3.2.2 Staff 

The lack of time during appointments with clinicians was also 

discussed when asked about who should feedback results to people 

with MS. Some people with MS thought that their neurologist would be 

the best person, especially if the results indicated cognitive decline, to 

afford an opportunity for people with MS to ask questions and discuss 

the results in-person. One carer stated that “it’s very important this trust 

element, that is vital, but you can only create this trust if the 

professional has got the correct information” (Family Member 09). 

Some people with MS stated a preference for their results to be given 

by an MS nurse, because they had a better relationship and longer 

appointment times with them compared with their neurologist.  

Clinicians observed that the discussion would have to be brief to 

fit into existing appointments with neurologists or MS nurses. MS 

nurses reported not having enough time in their current workload to 

contend with cognitive problems, and some viewed this as the job of 

other healthcare professionals, such as OTs, while they saw their remit 

focusing on disease modifying therapies and managing physical 

symptoms. One OT thought “that wasn’t the most effective use of [OT’s] 

time” (OT 02). Neurologists thought that other healthcare professionals 

such as physiotherapists, psychologists or OTs, or volunteers could be 

trained to administer the screening. All participant groups thought that 

volunteers could play a part in the screening, including providing help 

and support to complete the assessments. People with MS felt it was 

important that the person administering the cognitive tests should 

understand MS and be able to explain the rationale and provide support 

for completion.  

Clinicians also thought that administrative staff could be involved 

and trained to administer the screening pathway. Commissioners and 

neurologists felt that the screening programme could increase the 

workload for administrative staff: 
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“You could provisionally have a trained receptionist to give a 

tablet, and say can you do this, and then can you give the 

tablet to me please, so I can give it to the next patient. That of 

course, you know, implies some cooperation and willingness of 

the receptionist to facilitate” (Neurologist 01). 

5.5.3.2.3 Mode of delivery 

Provision of a digital cognitive assessment would require it to 

operate with current NHS systems, which clinicians and one 

commissioner thought may be challenging. Some clinicians reported 

that they have no infrastructure for embedding new processes, 

including the ability to email patients, and this may pose difficulties 

administering the screening.  

All stakeholders felt that digital administration of cognitive tests 

was an acceptable option, and digitisation may fit in well with other 

electronic systems such as patient records. However, there were 

concerns from clinicians that it may lead to non-completion, “there will 

be a big chunk of people that don’t do it. But that is just in relation to 

general kind of self-management, I suppose, and how well… kind of 

engaged people are with that” (OT 01). People with MS and their family 

members thought that other people with MS may have challenges with 

electronic completion, especially older individuals, and those lacking 

confidence with technology or not having the appropriate equipment. 

However, none of those interviewed thought they themselves would 

have difficulty with the proposed technology. 

Digital versions may overcome obstacles, such as anxiety induced 

by in-person administrations. One volunteer said, “I’d be a bit worried; 

I’d be a bit panicky, and then I’ll be sitting there thinking I can’t think… 

in a face-to-face situation I think it could be quite intense” (Volunteer 

04). Electronic versions may also overcome dexterity issues. One 

volunteer thought they would have difficulties with pen-and-paper 

assessments, which could lead to inaccurate scoring, as “pressing a 

screen is a lot easier than holding a pen for me… I would struggle 

more… I would definitely be slower” (Volunteer 01).  
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Clinicians raised concerns that some tests, such as figure 

copying, word list learning, and verbal fluency tests would be 

challenging, if not impossible to digitise, and the change in modality 

would require new normative data to be collected for assessments. One 

neurologist emphasised that handheld administrations need further 

work by “looking to see how the tests perform in mobile versus tablet 

and what kind of people use one or the other or how it compares to the 

two” (Neurologist 03). 

More difficulty was ascribed to using a keyboard and mouse rather 

than touchscreen devices, which people with MS reported to be more 

familiar with, and felt “it’s most convenient, it’s easier” (Person with MS I 

13). Clinicians agreed that tablets would be easier to use in clinic than a 

laptop or desktop computer but restricting assessment to this format 

may preclude people from self-administration, however, traditional 

verbal or written tests could be made available. 

5.5.3.2.4 Location of testing 

MS nurses thought in-clinic testing would be impractical. Waiting 

rooms were viewed as inappropriate for assessment – both people with 

MS and clinicians perceived them as too busy, loud, and unsuitable to 

complete tests: “just think chaos” (Volunteer 05). Screening during 

appointments was also perceived as inappropriate due to time 

constraints. One participant was very resistant to spending any more 

time in clinic than they had to, saying that before and after their 

appointments they are “angry and all it does is give me a hard time 

dealing with my illness” (Person with MS I 07).  

Most people with MS preferred the option of completing the 

assessment at home, and emphasised the potential benefits of this. 

These included saving time and being more comfortable at home, thus 

providing a better reflection of their “true” cognitive ability. An OT 

agreed with this, saying “we probably would get more honest 

information if people had time to give it at home, and bring the results 

with them” (OT 02). 
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Participants agreed that it was important to still have the option of 

completing the screening in clinic, if people with MS could not complete 

it at home. There were also perceived advantages to completing in 

clinic, including having “all assessments and results in hand and 

patients don’t forget about it” (MS Nurse 05). The results of the 

screening were felt to potentially be anxiety inducing and people with 

MS may want reassurance about their results as soon as possible: 

“If they feel that they’re a bit isolated and they’re not going to 

know for a while what the results are, if they – I guess it’s a bit 

different than doing it kind of face-to-face and getting 

reassurance straight away of you” (OT 01).  

For successful completion of screening in individuals’ homes, 

there needs to be the infrastructure to send a weblink and information 

to the patient. In many services, appointment letters are generated from 

a central department and incorporating a link could be challenging. 

Clinicians reported that their service sent text message reminders of 

appointments in which links could be sent, however the timing of letter 

and text messages vary between trusts and departments. People with 

MS stated a preference for receiving the link to the cognitive 

assessment in an email for the easy access. Some people with MS 

reported receiving letters months in advance of their appointment, and 

only noting details such as time and location, and so extra detail of the 

screening programme may not be noted or forgotten if it is sent too far 

in advance.  

All participant groups noted that some people with MS may not 

have the ability or access to the technology to complete electronic 

screening at home, and both support and the ability to complete 

screening in clinic if necessary is important. A commissioner raised the 

point that information concerning routine screening is essential, and a 

programme could need to have a contingency if people could not 

complete the screening on their own devices at home. One neurologist 

reiterated that tablets could be made available in waiting rooms for 
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screening in clinic. There was also the need for support to be made 

available if any people with MS had difficult with the technology, “as 

long as there’s a support that I can access and say, ‘I can't do this’ or ‘I 

don't understand it’, as long as that’s behind it, that’s great. Otherwise, I 

would probably get frustrated if that wasn’t there” (Person with MS I 04). 

There are challenges of administering the cognitive screening in 

appointments and in clinic waiting rooms. Separate rooms are generally 

unavailable for most clinics, and any available desktop computers were 

thought to be inadequate. Clinicians thought that tablets would work 

best for in clinic administration, “tablets will work better because it’s 

more portable, so if they are waiting, they could do it while they're 

waiting” (Physiotherapist 01). 

 Role of ‘change agents’  

Commissioning was seen as important in the feasibility of the 

cognitive screening pathway, with one commissioner commenting that 

“that’s a bit about mapping… what areas do have commissioned 

services” (Commissioner 01), as services need to be present currently 

to cope with the increased referrals to neuropsychology. Clinicians had 

concerns about the time necessary for the pathway, one MS Nurse 

thought “It does sound feasible. It does. But as long as it’s not taking 

fifteen, twenty minutes. Otherwise, it just runs over” (MS Nurse 07) and 

that it would have to fit into existing appointment times with patients, 

otherwise it would not be possible to implement due to time pressures. 

People with MS thought that the pathway would be worthwhile and 

feasible, and from their perspective it “sounds like it’s worth following up 

to find out what’s happening” (Person with MS I 04). 

Implementation of programmes may vary across different trusts 

and services, and commissioning could be an important factor in the 

success of a screening programme across multiple services. 

Commissioning decisions were reported to be driven by both NICE 

guidelines, NHS funding strategies, and strong evidence, including 

evidence of return on investments. Commissioners stated the need for 
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required evidence of tangible outcomes, such as employment, and a 

reduction in service use “would be more attractive to commissioners if it 

had the preventative focus” (Commissioner 03).  

“You would have to be very clear about what that means, I 

mean, is this going to stop people ending up having unnecessary 

attendances or admissions into hospital, or is it going to just keep 

people more able to live at home for longer on their own… what 

they’ll be looking for is to see improved care with less money” 

(Commissioner 03)  

Early intervention was viewed positively as it could lead to better 

outcomes and a reduction in service use “if you intervene early, it might 

reduce the numbers that deteriorate” (Commissioner 02). It may be 

necessary for some staff to be embedded in community services, to 

promote a multidisciplinary service. This could ensure that “you've got 

opportunity for so much more joint working and communication” 

(Psychologist 03).  

 Perceptions of a proposed cognitive assessment pathway 

The proposed cognitive screening programme was well received 

by all participants, who thought there would be myriad benefits on an 

individual and organisational level. Clinicians thought that this pathway 

would add structure to a system that does not have it currently, and one 

commissioner thought “it’s the way forward” (Commissioner 01). 

Patient stakeholders noted that “there’s not really anything in 

place at the moment” (Charity Volunteer 01) and so having a routine 

cognitive screening programme would be helpful, and people with MS 

understood the importance of screening for cognitive problems before 

they became evident “We might not realise that we’ve got problems, 

you know, because we live with it every day. It’s become a way of life, 

you know, it’s the norm for us” (Person with MS F 02). 

One person with MS thought that it would be important to explain 

what the pathway was, why people are being asked to complete 

assessments; “it’s not really explained why you're being asked these 
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questions and what’s the end goal of… but what’s the point of it, what 

benefit are you going to get” (Person with MS I 16) and how help can 

be accessed if needed “if you can answer from there that this is why 

you need to do it and if they need any help, this is the way of getting 

help” (Person with MS I 05).  

A charity volunteer living with MS said that “this cognitive thing 

really frightens me so, you know, it’s a huge thing and I haven't been 

able to get support really anywhere” (Volunteer 05). One neurologist 

stated that “[neurologists] don't go looking for problems that aren't 

volunteered” (Neurologist 03) and so questions about cognitive 

impairment occur once they have developed, rather than being 

identified early.  

One psychologist thought that the tools available to clinicians were 

often inappropriate for people with MS because “you're looking at 

processing speed and executive functions and screens notoriously… 

don't capture that” (Psychologist 05). They reiterated that generic 

cognitive assessments were often inadequate for capturing the 

cognitive problems faced by people with MS.  

People with MS said that they saw the value in routine screening 

to identify any problems and monitor them regularly. 

“You don’t normally get to see anybody… So, for it to be 

picked up it would be good because I know it’s a long time since 

I had any tests done and I do know I have got worse since then” 

(Person with MS 03).  

A carer felt that their family member with MS did not receive 

satisfactory follow up after they underwent cognitive screening: “very 

little seems to happen after that… is that [they are] getting worse and 

worse and there doesn’t seem to be any support there” (Family Member 

03). They felt that having an explanation for why people with MS were 

being asked to complete the assessments, and what the potential 

outcomes and actions would be would increase engagement with a 
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cognitive screening programme; “She’d have a go at it if she felt it was 

useful for you or for her treatment” (Family Member 10).  

 Beliefs and understanding of cognitive screening  

Clinicians agreed that cognition symptoms were an important part 

of management of MS, “the cognition, the sort of memory, thinking, is 

significant” (OT 04), and care of patients should be holistic. Participants 

thought that cognitive impairment should be addressed as part of 

routine care offered to people with MS to manage MS symptoms as a 

whole, “these assessments should just be part of the whole offer, so it’s 

yes it’s about walking and it’s about lifting and the same, it’s about 

memory and understanding” (Commissioner 02). It was seen as 

important to reiterate the benefit of the programme with people with MS 

to promote engagement. Psychologists and occupational therapists in 

particular saw the benefit of early identification and management of 

cognitive symptoms, “as clinicians within a team we've said right from 

day one what we want is to capture people early on and provide rehab 

and some self-management as early as we can, because it delays 

people developing complex needs” (Psychologist 04).  

However, attitudes of which symptoms take precedence were 

common. MS nurses showed concern that cognition would be a lower 

priority than other symptoms; “bladder and bowel, it can dictate, and it 

can be horrendous for people. It can be absolutely horrendous. So they 

are, in a way, they have to be dealt with” (MS Nurse 07). Nurses also 

expressed worry that there would be insufficient time to discuss 

cognition in routine appointments, and cognitive screening could “open 

up a can of worms… it would be taking away from that clinic 

appointment” (MS Nurse 07). A neurologist felt that it may be difficult to 

change clinicians’ beliefs regarding cognitive screening and “there will 

be some clinicians in the country that will not engage, whatever” 

(Neurologist 01).  

People with MS thought that focusing on cognition and self-help 

strategies would empower them, help them to understand their 
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symptoms and provide some assurance that these symptoms can be 

eased. There was a belief that the programme would be helpful and 

worthwhile, and it is therefore unsurprising that people with MS were 

open and willing to participate in the screening programme. But it was 

important to provide a purposeful follow up to the screening  

“As long as I know what the end goal is and it’s really worthwhile 

doing, I haven't got a problem with it at all, but if it’s something 

oh do something for the sake of it, I object to that” (Person with 

MS I 16) 

  Barriers and enablers to implementation of the programme 

One clinician thought that the pathway could be positive for both 

nursing staff and patients, however it would need to be planned 

carefully, with estimates of the time and workload resources to ensure 

that staff are motivated. Clinicians emphasised that there may be some 

difficulty in convincing nurses that it was worthwhile of the change:  

“Nurses being nurses is it’s about trying to encourage people to 

do things differently and that’s one of the big things, so they're 

used to doing things in a set way and [the programme] is 

something else” (Commissioner 02). 

Increasing staff engagement may require a shift away from 

cognitive problems being the role of psychologists and physical issues 

(for example, medication, bowel, and bladder) towards the remit of MS 

nurses. A neurologist thought that without evidence that a cognitive 

screening programme is beneficial for patients, motivation to engage 

with it could be low, “some of them will say that my priority list, treating 

this, you know, is worth my time more than screening for cognition if I 

have not seen the benefit” (Neurologist 01).  

Participants from all groups raised issues of practicalities of the 

cognitive screening, and the administration of the programme. There 

were concerns about the licencing or cost of proprietary assessments, 

practice effects of the assessments, accessibility for different formats, 

languages barriers and confidentiality. People with MS also had some 
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reservations as to how their data would be used, and whether the 

screening would be tiring to complete. One person with MS highlighted 

that people may want reassurance as some may be concerned that the 

Department of Work and Pensions may use results of cognitive 

assessments as evidence of the individual’s disability. 

Clinicians spoke of the organisational constraints. Screening 

programmes could require services to be adapted so they are equipped 

to deal with cognitive problems. There is a need not just to be able to 

administer the screening programme and discuss problems, but then 

have resources to address these. 

There was an emphasis that people with MS and clinicians being 

aware of the assessments, having pertinent information as to why they 

were being asked to participate, and are told what will happen next:  

“Say like we’ll do this again in three months/six months/year 

and then we can actually compare and see, you know, is there 

improvement/decline, anything like that, I think people would be 

more receptive to that” (Volunteer 01).  

Clinicians agreed that this information would help people with MS 

engage with the programme. 

People with MS found that the pathway was acceptable, and it 

may help with coping with symptoms of MS, but people commented that 

some may not want to accept they have cognitive problems and may 

have difficulty coping. An OT reported that historically there is low 

engagement with cognitive screening assessment, but this could be 

mitigated. 

“We’ve got to develop the skills and use our language and use 

our input right from the beginning, with these patients, that 

actually you know, the responsibility for managing your MS is 

you. Part of it is filling in some of these screening tools that 

we’ve got for you know” (OT 04) 
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 Outcomes 

 Results of cognitive assessments 

Clinicians stated that ideally results would be automatically 

embedded within NHS databases, however if this is not possible, 

results could be emailed across in a format compatible with NHS 

system (for example, PDF, Excel spreadsheet or a Word document), to 

be uploaded to the database manually. There was some concern that 

results may got lost or fail to be sent to the correct person to administer 

the results, and few clinical teams have a central inbox for results to be 

sent to. A psychologist stated the need for meaningful scoring and 

benchmarks against premorbid functioning, however one 

physiotherapist stated that cognitive screening could open 

conversations about cognitive functioning, “if somebody’s already highly 

functional and they score 55 and then they start telling you that there 

are changes” (Physiotherapist 01).  

All participant groups thought it was important for the results to be 

given in-person, by a trained healthcare professional. People with MS 

stated that the results could help them understand their MS better. 

People with MS and their family members reported that results should 

facilitate discussions about cognitive problems 

 “I’d want to know exactly how I've done and would it highlight 

any deterioration. And I like to hit things head on and I like to 

understand what’s happening. Now not everybody wants that… I 

like to understand exactly what’s going on inside my body and 

my brain” (Volunteer 03).  

Results should also focus on severity and progression since their 

previous assessment, and people with MS should have the opportunity 

to discuss the results with their clinician. Clinicians reporting the results 

to patients was considered to potentially be upsetting and arduous; 

some people with MS thought worsening results could set back 

patients’ progress and clinicians should bear in mind the sensitivity of 

such discussions.  
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Clinicians wanted the results to be clarified in terms of the 

domains of cognitive impairment, and being provided with an 

interpretation of the results (such as a categorisation into severity), and 

a raw score. Clinicians also reported wanting to see patients’ results of 

related symptoms, such as fatigue and depression, to facilitate 

interpretation of the cognitive assessment results in the context of 

these, “what’s causing what, so is it the cognitive decline that’s causing 

the depression or the depression that’s having an effect on the 

cognitive decline” (MS Nurse 01).  

Clinicians reported that having the results of screening tests would 

be useful to facilitate discussions and increase understanding of 

cognition both between clinicians, for example in multi-disciplinary 

teams, and between the clinician and the patient. 

 Referral pathway 

For the purposes of referral, the results that clinicians receive 

would need to factor in reported mood and fatigue, and self-reported 

cognitive function, and the objective cognitive screening results. This 

would enable clinicians to discuss the best course of action with their 

patient and make a referral to the most appropriate service.  

“People can fly through, you know, people who are pre morbidly 

pretty bright and fly through screens without too much of a 

problem, but actually they're still experiencing some kind of 

cognitive decline or difficulty, so I just wanted to make sure that 

you're capturing that group” (Psychologist 04). 

Psychologists expressed concern that risk that only people with 

MS with ‘severe’ scores would be referred to neuropsychological 

services, when in some instances, the 'mild' or 'moderate' cognitively 

impaired individuals could potentially stand to benefit from more 

specialist input also. 
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 Perceived outcomes of the programme 

The proposed cognitive assessment programme was well 

received by all participants, who thought there would myriad benefits on 

an individual and organisational level. 

Commissioners showed enthusiasm for the proposed programme, 

stating that it could lead to “increased knowledge, better treatment, 

decision making, clear referral” (Commissioner 02). Clinicians reiterated 

that patients would benefit, and through an increase in knowledge and 

understanding of cognitive problems in people with MS could reduce 

care costs and time. There could be a beneficial impact on 

commissioning decisions by informing healthcare commissioners of the 

patient and clinical outcomes, and lead to MS services operating more 

effectively. If clinicians knew what cognitive problems people with MS 

were experiencing,  

“it’ll be fantastic if it is digital because I think then you will come 

out of it with a real product that will be really bespoke and 

fantastic for people with MS, it could change their lives and the 

lives of clinicians. So, you know, it’d make everything better 

when it comes to quality of care.” (MS Nurse 06).  

The implementation of assessing patients’ cognition at all stages 

of the progression of their MS could lead to the earlier provision of 

cognitive rehabilitation, which in turn could promote self-management, 

enabling patients to live well for longer. 

“it’s a really good idea to get in early to provide any sort of rehab 

and kind of saying that from a self-management perspective, if 

you get in early provide people with the skills and the tools, they 

should be able to manage by themselves for as long as possible, 

or for longer than they might if they didn’t have that” 

(Psychologist 04). 

People with MS and family members also perceived that the 

programme would raise awareness of cognitive problems in MS and 

had the potential to improve their care and lead to better understanding 
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of symptoms of MS, “it can only be seen as progress really and any 

kind of support covering a different area of MS is always a good thing” 

(Volunteer 03).  

Participants from all groups acknowledged that other symptoms 

such as mood and fatigue are associated with cognitive impairment and 

stated that it was appropriate to also assess and manage these 

symptoms at the same time as cognition. Clinicians argued that other 

support would be needed for other apparent symptoms, alongside the 

cognitive symptoms, “what are we going to do with the ones who score 

purely cognitively but also score high for anxiety and depression” 

(Neurologist 03). One occupational therapist reported that as part of the 

MS cognitive rehabilitation offered by their service: 

“[clinicians] talk about the impact that that has on cognition, 

which is why we tend to target fatigue first, to try and see if we 

can reduce levels of fatigue, to then influence any other 

domains” (OT 06).  

Clinicians highlighted that a potential challenge of the programme 

may be the increase in workload and provision of services. It would be 

likely that more cognitively impaired people with MS would be identified 

through the screening, especially those with mild and moderate 

cognitive problems, which may “increase the nursing workload quite 

significantly” (MS Nurse 01). This could also impact commissioning as 

“services are receiving more and more referrals because people have 

done an online screening” (Commissioner M01), which services may 

not be able to effectively manage.  

5.6 Discussion 

All participants showed awareness that cognitive impairment was 

a symptom of MS, and most people with MS reported experiences of 

cognitive impairment. The impact of cognitive impairment was varied, 

but many people with MS explained how it had affected their 

employment, relationships, the management of their MS, and quality of 

life. People with MS perceived that all aspects of their memory 
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(including working, prospective and episodic memory), attention and 

concentration, processing speed, and language skills were affected. 

Clinicians agreed that these cognitive domains were altered. It was also 

clear that cognitive symptoms were closely related to mental health 

issues and fatigue.  

Like Mortensen et al. (2020), we found that routine cognitive 

screening was seen as valuable for both people with MS and clinicians. 

Both objective and subjective cognitive assessments were viewed as 

appropriate. However, despite the prevalence and perceived 

importance of cognitive impairment, both clinicians and people with MS 

in our study did not routinely discuss this during consultations, and 

referrals to specialist services were infrequent. Time constraints of 

appointments, and physical symptoms (such as bowel and bladder 

problems) took precedence in appointments over cognitive problems. 

Very few people with MS had received a referral or assessment for 

cognitive problems. Clinicians also reported a lack of staffing and 

resources, such as private rooms in MS clinics, making administration 

of cognitive assessments challenging. Clinicians’ disinclination to 

discuss cognitive problems in routine appointments could be because 

of the lack of appropriate cognitive assessments or management 

clinics/services available to refer their patients to. Clinicians, such as 

neurologists and MS nurses, were thought to be key drivers in whether 

a pathway would be commissioned.  

The existing situation suggests that the implementation of routine 

cognitive screening would need to take these resource limitations into 

consideration. Participants agreed that self-administered electronic 

screening completed in patients’ homes would mitigate some of these 

obstacles.  

A screening programme would need to be managed carefully to 

ensure sustainability within the UK healthcare system. Participants 

were clear that a cognitive screening programme should be 

administered with a rationale as to why people with MS were being 

asked to engage with it, and what would happen after the screening in 
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terms of getting results, and potential cognitive treatment or 

management that could be offered.  

It is critical to establish which forms of assessments people with 

MS would find acceptable to complete, and clinicians to administer. The 

paced addition style task was the only assessment that people with MS 

viewed negatively. This was echoed by clinicians, who reported that 

participants often did not want to complete this test, and is consistent 

with research findings (Cortés-Martínez et al., 2019). Other 

assessments, such as symbol substitution style tests, were more widely 

accepted, and an enthusiasm for self-administration is also reflected in 

other studies (Patel et al., 2019). People with MS showed an 

understanding of the rationale of the assessments and thought they 

reflected relevant cognitive domains they had difficulty with but would 

not be so challenging that they would not want to undergo the test. 

Some people may decline assessments they are asked to complete 

outright, and an assessment programme needs to take this into 

account. Noncompletion objective assessments could lead to cognitive 

impairments not being identified, and not receiving appropriate care if 

people with MS are experiencing cognitive problems. This suggests that 

clinicians should have other methods of identifying impairment, such as 

self- or proxy-report questionnaires, and discussions with their patients. 

Despite their limitations, self-report questionnaires, such as the MSNQ-

P, may be less intimidating than objective assessments of cognition. 

Some people with MS also thought that people may feel anxious about 

discussing cognitive problems, and may not want to examine this 

sensitive topic, either in their medical appointments or in conversations 

with researchers. 

Electronic self-administration at home was acceptable to all 

participants and reflects recommendations for brief screening in MS 

(Kalb et al., 2018). Self-administration could protect clinic time, and for 

people with MS, reduce the time spent at the hospital. However, care 

should be taken to ensure that a lack of technology, or an unwillingness 

or inability to complete the assessments, does not preclude people with 
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MS in receiving treatment for cognitive problems. The development of 

an electronic, self-administered cognitive screening assessment would 

require careful consideration and evidence of its validity, and new 

normative data for interpretation (Bauer et al., 2012). UK healthcare is 

moving towards a digital future, and the role of the patient is important 

to ensure that the technology meets their needs (Topol, 2020). It is 

likely that due to changes in neurology clinics during COVID-19, and for 

the foreseeable future, telemedicine and digital assessments will be 

adopted more frequently (Mummery & Kipps, 2020). Traditionally, the 

administration of neuropsychological assessments is restricted by test 

publishers to those with specified neuropsychological expertise and 

experience (Puente et al., 2006). However, digitisation can automate 

the administration and scoring of screening assessments, and widen 

administration to include MS nurses, and other clinic staff. This could 

overcome some of the resource constraints that were reported by 

clinicians in coordinating and assisting patients to complete cognitive 

screening assessments. This will also be facilitated by other aspects of 

digitisation such as sending a link to patients, and directing digital 

results to clinicians, which could form a part of routine administration by 

staff. However, formal neuropsychological assessments should 

continue to be administered, scored, and interpreted only by those 

trained to do this.  

These conclusions are limited by some methodological limitations. 

The overarching research programme of NEuRoMS encompasses a 

proposed pathway of both cognitive screening and management of 

cognitive problems provided in routine care within the UK NHS. This 

chapter has focused on the cognitive screening element, but it is 

important to note that participants were aware that screening forms a 

part of a pathway that could offer cognitive rehabilitation as opposed to 

screening presented as a discrete undertaking. In addition, the focus of 

the pathway’s implementation within the UK healthcare system and we 

do not know how this would translate to different countries, and/or 

different systems.  
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We presented seven different assessments that are frequently 

used in MS; however, this is not the full range of assessments in-use. 

We recruited people with MS using an opportunistic sample from our 

PPI network, promotion of the research through MS charities, 

advertisements placed on social media sites and word of mouth, and 

clinicians from our professional networks. This, like in most qualitative 

research, is not (meant to be) a representative sample. In our PIS, we 

stated that interviews lasted for up to an hour, and this could be 

unappealing, or not feasible for people with MS with severe symptoms, 

both physically and cognitively. We attempted to allay this concern by 

offering to conduct interviews at participants’ homes, or remotely via 

video conferencing or telephone. Similarly, we intended to recruit a 

greater sample of both clinician and people with MS to conduct several 

focus groups with people with MS, and clinicians. We found that 

participants, particularly clinicians, preferred interviews, which had more 

flexibility in terms of time and place, than a focus group. The focus 

group had a smaller number of people with MS (five) than we wanted to 

recruit. However, this study benefited from a mixture of interviews and a 

focus group, a large sample, and a range of stakeholders.  

5.7 Conclusions 

The results of this interview study show that brief cognitive 

screening with simple assessments, such as symbol substitution tests, 

for routine administration is both feasible and acceptable for people 

with MS and clinicians. However cognitive assessments should be 

managed carefully. Patient preference indicates self-administration and 

electronic assessments completed on their own handheld device could 

overcome barriers such as limited clinic resources. However, there are 

challenges with this approach, including adapting tests successfully to 

this modality, and these need to be considered carefully.  

The next stages of the research explore the development of a 

digital cognitive assessment platform by determining its usability, as the 
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first step to ascertaining its validity. Using Human Computer Interaction 

approaches to place the user experience at the heart of cognitive 

screening technology development, the next chapter uses cognitive 

‘think-aloud’ interviews, based on Technology Acceptance Model. This 

aims to establish whether people with MS are willing and able to 

engage with a cognitive screening platform developed on the findings in 

the current chapter. I then propose a further study to collect normative 

data and determine the psychometric properties of digital assessments.  
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Chapter 6 Usability Testing of a Cognitive Assessment 

Platform for Use with People with Multiple Sclerosis 

6.1 Chapter overview 

This chapter presents a cognitive interview study that used a 

modified think-aloud approach to assess the usability and acceptability 

of an assessment platform hosting a digital symbol substitution task. 

The introduction presents a background on digital cognitive 

assessments developed specifically for people with MS, outlines issues 

related to converting assessments to a digital format and provides 

rationale for the chosen methodology of this study.   

The digital symbol substitution task developed used findings from 

previous chapters in this thesis. Interviews with people with MS 

recorded any problems experienced and reported by participants, which 

were then used to inform the next iteration of the platform. I describe 

the results of these interviews including technological problems of the 

platform, the context of the assessment, and any barriers or enablers to 

completion. 

6.2 Introduction 

Previous chapters have examined how the Symbol Digit 

Modalities Test (SDMT) can be interpreted, and its relationship with 

other measures. The interview study found that it is acceptable for both 

people with MS and clinicians, and a qualitative inquiry found that the 

SDMT was one of the least demanding and fatiguing of the three tests 

in the Brief International Cognitive Assessment for MS (BICAMS; 

Mortensen et al., 2020).  

The study described in Chapter 5 found that providing digital 

assessments can have a number of benefits, including being able to 

provide assessment to a greater number of patients, in a more 

accessible manner, and in a more cost-effective method than traditional 

administrations that require purchasing materials per participant (Bauer 

et al., 2012). Both general recommendations of digital health 
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management such as the Topol Review (Topol, 2020) and MS-specific 

guidance on cognitive assessment (Kalb et al., 2018) have emphasised 

the potential for technology to have a positive impact on MS clinical 

care. In 2006, a paper promoting a common framework for cognitive 

assessment stated that the “future of cognitive assessment lies in the 

integration of computerized tests into clinics and centers treating MS 

patients” (Achiron & Barak, 2006, p. 49). However, fifteen years later, 

this has not come to fruition. The COVID-19 pandemic pushed 

necessary and rapid changes in telemedicine, such as video 

conferencing for routine appointments. The successes of some of these 

initiatives have opened a discussion as to why telehealth was not 

implemented before this crisis, and how it can be implemented 

proactively to the benefit of patients and clinicians (Smith et al., 2020). 

The interview study in Chapter 5 demonstrated that both people with 

MS and clinicians found that completing digital administrations of 

cognitive assessment on personal mobile devices to be acceptable. 

This would also fit into the limited resources of MS clinics, such as time, 

staffing and privacy. There have been digital translations of 

assessments for use in MS research and clinical care, and these have 

highlighted some of the difficulties associated with this development 

process.  

 Digital cognitive assessments for MS 

Assessments that have been digitised for use with people with MS 

have largely used technician-administered computer assessments 

(Wojcik et al., 2019). There has been a development of a digitised iPad 

tablet version of the BICAMS to be deployed in-clinic, the iCAMS 

(Beier, Alschuler, et al., 2019). Finding difficulties in licencing the 

second edition of the California Verbal Learning Test for use in the 

battery, the authors replaced this test with the Rey's Auditory Verbal 

Learning Test. Whilst they found strong and significant correlations 

between the pen-and-paper and tablet administrations, the tablet 

version is more for the technician convenience. The SDMT is still 

conducted orally, with the technician using the tablet to record correct 
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responses. However, there is still an advantage that the scores are 

automated and require less manual interpretation.  

Self-administered cognitive assessments that can be completed 

remotely, such as on tablets or smartphones, have been found to be 

acceptable to people with MS (Patel et al., 2019) and have several 

benefits (Settle et al., 2015). Whilst tablet-based assessments are 

being developed, they are mostly restricted to certain devices such as 

iPads (e.g., Middleton et al., 2020; Rao et al., 2017; van Dongen et al., 

2020), which may preclude people with MS from completing 

assessments if clinics or people with MS do not have a specific device.  

Another consideration is the input mechanism for a digital test. An 

attempt to digitise a verbal version of the SDMT using voice recognition 

reported that participants including people with MS had a preference for 

completing the computer-based verbal SDMT over the technician-

administered verbal SDMT (Patel et al., 2019). However, when another 

study gave participants the option to complete a mobile version of the 

SDMT verbally or by inputting their responses manually, very few 

participants chose the verbal version (Pham et al., 2021). The authors 

of this study also noted that the automated voice recognition often 

failed for people with MS with dysarthria, a common symptom in MS 

(Noffs et al., 2018). There are also technical implications for a verbal 

input, requiring much more technical development and testing. Digital 

developments of cognitive assessments have more considerations than 

deploying traditional pen-and-paper assessments.  

 Digitisation of cognitive assessments 

A systematic review identifying barriers to telemedicine drew 

attention to computer literacy and access to technology, age and 

education of patients, and concerns about privacy and confidentiality 

(Kruse et al., 2018). Extrapolating from trends in technology (Office of 

National Statistics, 2020), many of these issues (such as access to 

technology) will become redundant. A scoping review of digital cognitive 

assessments used in ageing found that using mobile assessments 
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increased the rate of completion, even in ageing populations with less 

confidence in technology (Koo & Vizer, 2019). Digitisation can enable 

automatic integration of results into electronic health records and 

instantaneous scoring and interpretation of results. However, there are 

barriers to overcome with digitisation of assessments.  

One of the proposed methodologies for overcoming some of the 

technological challenges is due consideration for how the original task 

can be deployed on a digital device (for example, if aspects of the task 

can be adapted to optimise its digital administration), and robust testing 

of the user interface (Germine et al., 2019). This can include changing 

the instructions from written to visual or video examples and include 

practice tasks so participants can familiarise themselves with the 

interface.  

Another barrier identified by Kruse et al. (2018) was that of 

application design. If developers of digital health implementation do not 

examine insight into the user experience and impact on patients and 

clinicians, engagement and uptake may suffer. A recent review from a 

Human Computer Interaction (HCI) perspective emphasised the 

importance of an iterative design process with user feedback to 

entrench user experience within patient-facing digital health initiatives 

(Blandford, 2019).  

 Technology acceptance and usability testing 

Developers of digital health initiatives have encouraged user 

experience to be built into patient-facing technology during the early 

stages of development, and developers can look to HCI research to 

ensure usability and acceptance (Blandford, 2018). For 

neuropsychological assessments, clinicians and patients perceiving the 

benefits, and their acceptance of the technology may be critical in 

effective implementation.  

The Technology Acceptance Model (TAM; Davis et al., 1989) 

states the importance of user acceptability in intention to use a 

particular technology. This model asserts the value of users being able 
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to perceive the effectiveness of the technology, and the ease of using it. 

Ensuring a user-centred design can increase technology uptake and 

lead to a successful implementation upon deployment. A guide to digital 

health interventions again exemplifies the role of the end-user in its 

development (Bradbury et al., 2014). Although this is focused on digital 

interventions, much of the methodological process can be applied to 

digital assessment.  

Blandford (2019) emphasised that successful digital health 

developments need to be underpinned by three elements: 

1. A robust understanding and application of the scientific principles to 

the technology. 

2. The technology to be conceptually meaningful, engaging, and 

accessible to the user. 

3. The technology must not cause undue burden or emotional stress to 

the users. 

The proposed development cycle can be used to conceptualise 

the stages of development. 

The first of these elements has been fulfilled through the work 

detailed in this thesis, and the involvement of experts in 

neuropsychology and technology development for psychology as part 

of the National Institute for Health Research funded programme 

Neuropsychological Evaluation and Rehabilitation in Multiple Sclerosis 

(NEuRoMS). The next two elements are explored in the research 

described in this chapter. 

There are a multitude of user-centred design approaches that 

can be used to evaluate digital health technology. Methodologies such 

as usage data, diary studies, and surveys of users and clinicians (all of 

which are described in Kuniavsky et al., 2012), can add insight as to the 

acceptability of technology. However, to capture the perceived 

usefulness and perceived ease of use (as described by TAM), and 

enable an iterative development of the technology, a qualitative ‘think-

aloud’ approach was adopted in the current study.  
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 Development of a cognitive assessment platform 

The SDMT is a licenced pen-and-paper test, and the digital 

development of a conceptually similar symbol digit substitution task is 

considered an original test (Bauer et al., 2012) and is therefore subject 

to further validation. The development of this test described in this 

thesis has been given the name Symbol Substitution Test (SST) to 

distinguish it from the SDMT. The SST was developed and integrated 

into the platform as: i. the test it is based on, the SDMT, is considered a 

valid and reliable cognitive screening task for use in MS (Benedict, et 

al., 2017); ii. in our interview study, both people with MS and clinicians 

reported that it was acceptable and iii. it is straightforward to implement 

on handheld mobile devices. 

The SST has been deployed on the Discrete and Ellipse-based 

Response Capture System (Ellerby et al., 2019; DECSYS); a webapp 

platform that was designed through a collaboration of MindTech and 

the Digital Research Service of the University of Nottingham. It has 

been developed to host several neuropsychological tasks that can be 

completed remotely by people with MS as part of their routine care.  

The first step in evaluating the SST is ascertaining its usability 

and feasibility for use as a self-administered, device-agnostic test. This 

will substantiate the findings of the qualitative inquiry as to the 

acceptance of smartphone deployment of assessments. Previous 

research, consensus recommendations, and the systematic review and 

primary qualitative research described in Chapters 2 and 5 contributed 

towards the first step of this development cycle, through identifying the 

problem and planning the next stages. This chapter explores the next 

phases of the lifecycle: design, evaluation, and testing. This chapter 

explores the next phases of the lifecycle: design, evaluation, and 

testing. The methodology used to evaluate and test uses a qualitative 

cognitive interviewing approach to ascertain the usability, feasibility, 

and acceptability of the digital assessment and platform, as 

recommended as the first step for digital and mobile health 

developments (Bradbury et al., 2014). Using this approach, which 
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draws from both health and HCI research, this chapter places the views 

and experience of people with MS at the core of the digitised 

assessment development. 

6.3 Aims 

There were two phases, each with different aims: 

Phase I: 

1. To corroborate the findings of the interview study in Chapter 5 that 

mobile deployment and symbol substitution tasks were suitable for 

cognitive assessment 

2. To devise an interview schedule and pilot the cognitive interview 

technique. 

 

Phase II: 

1. To explore perceptions of the usability, accessibility, and 

acceptability of a symbol substitution style task (the SST), and a 

platform to host this test. 

6.4 Methods 

 Ethical considerations 

Ethical approval was obtained through University of Nottingham’s 

School of Medicine ethics committee (Reference number: 372-1908). 

All participants gave their verbal consent and were provided with the 

Participant Information Sheet (PIS). 

Data uploaded and transcribed by the Automated Transcription 

Service (ATS) were held securely and deleted after 90 days. All files 

associated with the project, including audio files, transcripts, 

demographic sheets, and recruitment database with password 

protection. Any identifying details were removed from the transcripts, 

and participants were assigned a pseudonym (e.g., Person with MS 01) 
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 Design 

There were two phases of interviews in this study. Both used a 

cognitive interviewing ‘think-aloud’ approach to explore the usability, 

and enablers and barriers of accessing and completing digital cognitive 

assessments.  

 Participants 

 Phase I – Pilot interviews 

Six people with MS were recruited from the University of 

Nottingham’s MS PPI group. Inclusion criteria required participants to 

be aged 18 or over, could communicate in English, and could give 

verbal consent. 

 Phase II – Cognitive interviews 

We recruited eight people with MS to participate in the cognitive 

interviews. Inclusion criteria required participants to be aged 18 or over, 

could communicate in English, had access to video conferencing 

software on a computer or device, and a separate handheld, 

touchscreen device (a smartphone or tablet) to access DECSYS, and 

could give verbal consent. The sample size was reviewed iteratively, 

and we stopped recruiting once we believed that we had reached data 

adequacy (Vasileiou et al., 2018) for this stage of the development , 

with no new issues being raised. 

We used a purposive convenience strategy to recruit participants. 

Participants were invited to take part through advertisements in 

newsletters and on social media (including Facebook, and Twitter), and 

approached the University of Nottingham’s MS PPI group for 

participants.  

 Materials 

 Symbol Substitution Task 

Two iterations of the SST were used. In Phase I, participants 

completed a prototype test that was developed close to the original 

SDMT (shown in Figure 5). This was developed in Unity in the C# 
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programming language and were deployed on a laptop, large tablet and 

Samsung S9+ smartphone. This prototype showed a key of symbols 

and numbers from 1-9, and a grid of 90 symbols. Participants had to 

type or tap the number associated with each symbol.  

 

Figure 5: Prototype of a symbol substitution task deployed on a PC 

The next iteration of the SST used in Phase II was developed 

based on a similar task developed for an iPad administration (Middleton 

et al., 2020), however a number of changes were made through 

feedback from the wider research team, and to optimise the task for 

smaller devices. The iPad deployment showed participants the next 

stimuli they would be presented with below the current stimuli, designed 

to mimic showing future stimuli in the original SDMT test. However, 

concerns were raised during informal testing within the research team 

that the presentation of both the current and next symbol was 

confusing. 

Instructions for the task were written based on the original SDMT 

instructions and digital deployments and reviewed by PPI members to 

ensure clarity. The instructions were displayed across two screens, with 

a visual example of the SST on each. Screengrabs of the instructions 
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as to how they appear on two different mobile devices are shown in 

Figure 7 and Figure 8 in Appendix 14. 

The task used in this study showed participants a key which 

assigns a symbol to numbers 1-9. Participants are presented with a 

Unicode symbol in the middle of the screen, and they are asked to 

match the symbol with a number using the key and tap the correct 

number from a number pad at the bottom of the screen. Once they 

have tapped a number (correctly or incorrectly) for the symbol, a new 

symbol appears immediately. Participants are given a 20 second 

practice task, and then 90 seconds for the scored task.  

 DECSYS Platform  

The DECSYS platform (Ellerby et al., 2019) was developed as an 

open-source survey tool by the Digital Research Team at the University 

of Nottingham. Although initially designed to use Likert scale 

responses, its functionality was expanded to add cognitive tasks. It was 

developed in JavaScript and HTML5 and runs as a native web 

application. The DECSYS platform has been developed on an iterative 

basis, from early prototypes that could be deployed on a full range of 

devices, to the final platform on participants’ own handheld devices.  

The platform consists of several elements; a login screen to input 

a user ID, an introduction page, demographic questions, task 

instructions and examples, a practice task, the full task, and a 

completion confirmation page. As it is a webapp, it can be completed 

on a computer, tablet, or smartphone and it only requires an internet 

connection through a browser to access.  
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Figure 6: DECSYS mobile platform showing the Symbol Substitution Task 

 Procedure 

 Phase I – Pilot interviews 

Participants in the pilot interviews were invited to attend an in-

person interview at the University of Nottingham. After reading the PIS 

(Appendix 10) and giving their consent, the researcher provided the 

participant with a phone, tablet, and/or a laptop with which to complete 

a prototype of the SST on. Participants were encouraged to verbalise 

any thoughts they had as they underwent the task.  

 Phase II – Cognitive interviews 

Once participants expressed interest in taking part in the research, 

researchers sent the PIS (Appendix 10) and ensured their eligibility to 

participate. Due to COVID-19 restrictions on in-person data collection, 
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all interviews were conducted through a video conference hosted on 

Microsoft Teams. Before the interview, we ensured that participants had 

access to a handheld mobile device with access to the internet that 

they could use during the interview. Participants were sent a link to join 

an online meeting through email and a link to the DECSYS platform.  

During the interview, participants were first asked for their consent 

using the verbal consent form (Appendix 11). We confirmed that 

participants were able to use the link to the platform on their own 

handheld device, and if not, the researcher resent the link through 

email or the preferred means for the participant to access it. We asked 

participants demographic questions, including their age, gender, type of 

MS and how long they had been diagnosed. 

We followed a semi-structured interview schedule (Appendix 12), 

and this was modified on an iterative basis, with probes used to clarify 

any answers. We began the interview by asking about the participant’s 

experience and comfort with technology, and if they had any problems 

with their manual dexterity or vision, and if this had any impact on their 

access to technology. The participant then accessed the cognitive 

assessments using their personal mobile device, and we encouraged 

them to talk through their experience, and express any impressions 

they had about the platform as they went through it. Once the 

participants had finished the task, we asked further questions about 

their experience and thoughts of completing the task and using the 

platform.  

Participants were offered a £20 shopping voucher for their 

participation.  

 Patient and public involvement 

Members of the PPI group at the University of Nottingham 

provided input on all stages of the usability interviews, including 

reviewing the proposed methodology, and all participant-facing 

materials.  
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 Cognitive interviewing procedure 

‘Think-aloud’ protocols in cognitive interviewing typically involve 

participants concurrently verbalising their thoughts as they use a 

technology, to identify issues encountered by users and comprehend 

how participants are completing tasks (Cooke, 2010). Concurrent think-

aloud verbalisation can be an unnatural experience, and may impact 

the user’s experience of using the technology under investigation, and 

in such cases a hybrid model of concurrent verbalisation and 

retrospective questioning may be more appropriate (Alhadreti & 

Mayhew, 2018). In Phase I, we used a concurrent approach, however 

we used the hybrid model in Phase II, with probing questions whilst 

participants navigated the technology to facilitate the interview. 

 Transcription and data analysis 

The pilot interviews were audio recorded, and cognitive interviews 

were audio and video recorded through Microsoft Teams. All recordings 

were converted to MP3 files and an initial transcription was conducted 

through the University of Nottingham’s ATS. These transcripts were 

read carefully in comparison with the audio recording, and errors were 

manually corrected. The text files were imported into NVivo software 

(version 12) for analysis. Minor changes that could be amended on an 

iterative basis were captured using a change log table.  

An a priori framework with which to analyse the data was 

constructed using O’Connor et al.'s (2016) Digital Health Engagement 

Model (DIEGO). This uses four overall themes: i. Personal agency and 

motivation, ii. Personal life and values, iii. Engagement and recruitment 

approach, and iv. Quality of the digital health intervention.  

6.5 Results 

 Pilot interviews 

Six people with MS recruited from a PPI group attended pilot 

interviews held at the University of Nottingham. We did not record 

demographic information for these participants. Participants confirmed 
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that they preferred cognitive assessments deployed on mobile devices 

to computer administrations. Participants also stated that they would 

prefer to complete assessments in their own homes, on their personal 

devices.  

Whilst the cognitive interview procedure was mostly suitable for 

the usability testing, we found that participants were verbalising the 

responses they were choosing for the tasks (for example, saying aloud 

the numbers that matched the symbol) rather than their thought process 

whilst completing the task. We reiterated to the participant that they 

were not being assessed, and we incorporated concurrent probing 

questions throughout each part of the platform, and retrospective 

questions after they had finished interacting with the platform. On the 

basis of these results, we modified the ‘think-aloud’ approach to 

incorporate more probing questions, and revised the interview 

schedule. 

 Cognitive interviews 

Eight people with MS took part in the formal cognitive interviews. 

Their demographic information is given in Table 13. Interviews lasted 

30 minutes on average.  

The framework analysis was amended on an iterative basis to 

analyse the data based on three of the four DIEGO themes (i. Personal 

agency and motivation, ii. Personal life and values, and iv. Quality of 

the digital health intervention). The theme of “engagement and 

recruitment” was not relevant to this analysis. The names of the themes 

were changed for greater relevance to the data, and reordered, and are 

presented as: i. Personal context, ii. Quality of the digital assessment 

platform iii. Enablers and barriers. Summaries for each participant 

under these themes and subthemes were written, followed by overall 

summaries. 
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Table 13: Sample characteristics information of people with MS interviewed 

Age (in years) 
Mean 50.63 

Range 36-62 

Years Since 
Diagnosis 

Mean 12.94 

Range 2.5-20 

Gender 
Women 6 

Men 2 

Ethnicity 
White 7 

Asian/Asian British 1 

Highest 
Education 

GCSE 2 

A Level 1 

Degree 1 

Higher Degree 4 

Employment 

Employed Full Time 2 

Employed Part Time 3 

Retired 2 

Voluntary Part-Time 1 

MS phenotype 

Relapsing-remitting MS 4 

Primary Progressive MS 1 

Secondary Progressive MS 3 

 

 Personal context 

This theme covers the personal context surrounding accessing the 

platform and completing the task. This includes digital literacy and 

technology access, MS-related problems that may hinder technology 

use, and privacy and security.  

Seven participants used their smartphones to access the platform 

(four using an Apple iPhone, and three using an Android phone), and 

one participant used an Apple iPad. All participants were comfortable 

with using their mobile device and technology in general, assuming that 

“most people are going to be using this out with fairly savvy in the fact 

that they are using device at all” (P04). One participant said that they 

were “so non-techie" (P08) although they did not encounter any 

difficulties.  

No participants had problems with vision that were not corrected 

by glasses or contact lenses, but some people said that they have 

previously had MS-related visual problems, such as optic neuritis which 

may affect how they experienced the platform. Although half of the 
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participants reported difficulties with their dexterity that affected their 

use of their device, none used aids or adaptive technology to mitigate 

these problems. One person with difficulty with their manual dexterity 

thought that they were slower at responding to the stimuli during the 

SST due to their dexterity, rather than their information processing 

speed, saying that their “brain goes faster than [their] fingers” (P08). 

Cognitive problems were an issue for most participants, and these 

could be worse on some days, at certain times, and with distractions, 

being unable to “concentrate on two things at once, even something 

quite minor” (P01) and expressed concern these may affect their 

results. Participants thought that the provision of additional context 

would be useful in the email or at the beginning of the access to the 

platform, to ensure that they would complete the assessment in a 

suitable environment. Participants stated that they would ensure that 

their environment was appropriate, for example quiet and free of 

distractions, before accessing the platform. One participant emphasised 

that they would “sit down out of the way… I'll do it when it’s quiet and 

I'm hydrated” (P01).  

 Quality of the digital assessment platform 

Quality of the platform and test included issues related to the 

usability, including ease of accessing and navigating the platform, the 

instructions and completing the task, and the look and feel of the 

platform. This theme is described through subthemes related to the 

distinct stages of the platform, and the easy of using the platform.  

 Accessing and navigating the DECSYS platform 

One participant did not have access to their email account on the 

device they were using, and therefore required brief guidance on how 

to access their email on their tablet. All other participants were able to 

access the link from the email sent by the researcher with ease. When 

asked to enter a unique identifier in the form of an adjective and animal 

(e.g., SmellyRabbit), participants were able to type their ID in easily, 
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and they viewed this configuration of words positively as it was easier to 

parse and type than random characters. 

During stages of the interview, two participants highlighted 

problems with their devices while completing the task. One participant’s 

smartphone turned off multiple times due to low battery or a faulty 

device, and the another received multiple emails and text messages 

during the task. The participants said that “during the course... I'm going 

to see random emails to be popping up slightly open” (P04). This 

distracted them from the task, despite not opening the messages. 

Some of the participants reported that they were using their device 

differently during the interview. For example, one participant had their 

device on the table in front of them but recognised that they would 

normally hold their smartphone in one hand.  

 Look and feel of the platform 

Participants felt neutral about the look of the platform, saying that 

“it wasn't amazing… it was just fine.” (P01). Two participants thought 

that it could be visually more interesting, with colour, but also 

understood that the platform should be as accessible as possible. 

Overall, the platform looked and functioned well, and participants were 

able to navigate through the platform. Most of the participants noted an 

issue with the layout of the screen and the location of the ‘next’ button 

that will be fixed in the next iteration of the platform development and 

detailed in the change log in Table 14. 

 Instructions provided 

Whilst mostly perceived as straightforward and clear, participants 

raised some issues with the instructions that may hinder completion of 

the task. The most significant of these was the lack of instructions as to 

whether respondents should complete the task as quickly or as 

accurately, and an uncertainty about how frequently the symbols 

appeared. Participants differed on their perceptions as to speed vs. 

accuracy, some thinking “it has to be as accurate as possible” (P05), 

and some viewing it being scored as “the faster you are going” (P08). 
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One participant showed a misinterpretation about how often the 

symbols would appear on the screen: 

“I also don't understand why there's a disparity between the 20 

second practice time and the 90 second completion time. 

Unless you want me to do more than one task as you want me 

to match more than one symbol” (P03).  

With regards to the two screens, and two examples of answers, 

participants though these were clear, saying that with the second 

example it “helps reiterate what you're doing and also making you 

prepared for the practice” (P02), and highlights that the symbol key 

changes. However, a couple of issues of distractions were raised: one 

participant ignored the text preceeding the example, looking “straight at 

the symbols and numbers, as opposed to reading the text as to what I 

should actually be doing” (P02), and another finding the red text and 

highlights on the example “a little bit too much to me” (P08). We asked 

participants if a video explaining the instructions would be effective, but 

participants thought the text and images were clear enough, and 

allowed them to understand at their own time, with one participant 

saying “a video won't be helpful because then you'll continue 

continuously be pausing the video… with still pictures like this, I can 

take my time” (P05). 

 Symbol Substitution Task 

Participants found that, overall, the SST was straightforward, easy 

to complete, and took an acceptable amount of time to complete. The 

practice task was viewed positively as it helped participants to orient 

themselves to the task, finding that “it's quite useful having that 

practice” (P02). The length of the practice and real tasks (20 second 

and 90 seconds respectively) were seen as reasonable and “probably 

quite a good length time” (P01) saying “it’s not too long to have to 

concentrate for” (P03).  

Once the task was complete, we asked participants what they 

perceived the task to be measuring, and they expressed a range of 
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different responses. Participants thought that the test assessed both 

cognitive and physical problems. One participant thought it was 

evaluating their visual acuity and manual dexterity, and other 

participants perceived it to be assessing their short-term memory, 

recognition of symbols and remembering them when looking to the 

number key, processing speed, and their concentration. Two 

participants thought that the task was not particularly relevant to their 

MS symptoms. Participants reported that they responded to the 

symbols quicker as the task went on, but one participant was frustrated 

that their vision and dexterity slowed them down. This participant 

expressed a preference for answering verbally to record their 

responses, a “voice-activated kind of exercise” (P08) to overcome their 

manual dexterity difficulties.  

 Barriers and enablers to use 

This theme explores the perceived benefits that participants 

identified, and any potential barriers and enablers to navigating the 

platform, completing the assessment, or the assessment programme 

more generally. This included awareness and understanding of the 

technology. 

All participants thought that the assessment would be acceptable 

to complete as part of their clinical care, and it was reasonable to 

complete the assessment on regular basis (for example, every 12 

months), linked with their neurology appointments, and that “people 

[will] get used to it being part of the check-up” (P02). Most participants 

saw the benefit in repeated assessment, with one participant saying 

that “it doesn't matter how you perform relative to anybody else, it's how 

you perform relative to yourself” (P04). 

Overall, participants thought that the platform and task was 

straightforward and clear, and perceived a benefit in using their own 

mobile device to access it, one saying “given a choice I would go for the 

digital version every time” (P03). Some of these benefits included being 

able to complete it in their own home and time, linked to their neurology 
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appointments, and not having to spend more time in clinics than 

necessary. One participant emphasised that “it's a stress going to 

hospital” (P07) and remote, self-administered assessment could 

mitigate this.  

Participants thought that the SST engaged their minds in diverse 

ways, for example: 

“It would get me thinking on a completely different level from 

outside of what I do… It is something quite removed from your 

life. It's something quite different. It's a different task, I never 

have thought of doing to get my brain thinking. Thinking at a 

pace.” (P05) 

Two participants enjoyed the task, stating “I love things like this” 

(P08), but others thought that “it was it was just sort of okay, really, I 

think that was alright. That was enough and it didn't make me feel 

stupid” (P01). After completing the task, one participant reported that 

they had “little bit of anxiety” (P05) prior to completion, however felt 

relieved at how simple the task was. In contrast, one participant thought 

that the task might be too easy and not challenging enough, saying 

stating that they were “not convinced that being asked to do something 

that you can do is testing you” (P03). Similarly, although the SST lasts 

90 seconds, not having a visible countdown was welcomed, as 

awareness of a timed task was problematic, with one participant saying 

that they “have a problem with being timed on a test. That makes [them] 

so much more anxious” (P05).  

There were different opinions about being able to retry the task, 

and participants wanted more guidance as to if they could retry if they 

were disturbed during the task or did something wrong. One participant 

expressed anxiety saying that “most of my thinking is not what happens 

when I do it right, but what happens when I do it wrong” (P03) which 

may be an intrusive thought if they could not retry the task if needed. 

Similarly, participants would like more context and reassurance to 

encourage them to complete the assessment, with one participant 
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stating that “you as a team can set that encouragement” (P05). This 

should include an explanation about how the results will be used, and 

what help may be available for any detected cognitive impairment. One 

participant thought that other individuals with MS may deny they have 

problems and therefore may not wish to engage with the assessment. 

One participant thought that there should be reassurance as to privacy 

concerns that people with MS may have, both with technological 

privacy (such as storing cookies) and their data being reported to third 

parties. The participant said that “someone with Relapsing Remitting 

MS might be just a bit more reluctant to share data if they if they think 

it's going to leak out somehow” (P03), such as to their employers, 

insurance companies, or the Driver and Vehicle Licensing Agency. 

Table 14: Change log of amendments made due to minor usability issues 

Category Issue Raised Changes 
Instructions In the first visual example of the test, 

participants are shown the symbol for 
'2', but shown the answer number '3'. 

Amended to the correct answer. 

 
Participants wanted more context in 
the instructions, as they were unsure 
about completing the task as quickly 
or as accurately as possible. 

Instructions to be amended to 
emphasise that the task should be 
completed as quickly and as 
accurately as possible.  

 
Participants did not necessarily read 
the instructions but looked at images 
first.  

A first page will be added with brief 
written instructions, followed by the 
images showing examples on the 
following screen. 

 
Participants looked at examples and 
did not read the text preceding the 
images. 

Have the text instructions on one 
screen, followed by visual example on 
the next screen. 

Symbol 
Substitution 
Task 

The arrow symbol was shown as the 
first symbol, and participants thought 
it was drawing their attention to 
something rather than being a 
stimulus. 

The arrow symbol will be replaced 
with another Unicode symbol. 

 
Ability to retake task needs more 
context or to not be an option. 

Text to be added to explain that 
participants could complete the task 
once again if they were interrupted. 

Look and feel Participant found that the symbol 
response number pad was pushed off 
the screen. 

To be resolved by the technology 
team to ensure all stimuli fit on a 
single screen 

  ‘Next' button was too far at the bottom 
of the screen, creating too much white 
space. 

The 'next' symbol will be moved 
further up the screen to reduce blank 
space. 
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6.6 Discussion 

The cognitive interview study described in this chapter identified 

usability issues experienced by people with MS and asserted that the 

platform is mostly acceptable. As a result of the findings of this study, 

changes can be made to the platform, including amending the 

instructions to clarify how the task will function, and providing more 

context. 

A number of usability issues were identified: some necessitate 

small, technical changes to be made to the platform (as described in 

Table) which were communicated to the wider research team and 

technology developers to be amended after the cognitive interviews. 

However, some raised wider issues involved in cognitive assessments 

deployed on individuals’ own devices. One of these was experienced 

by two participants in this study and involved device failures and 

interruptions. Whilst people with MS can be directed to ensure that their 

device is charged and to minimise external interruptions, the web 

application requires connection to mobile internet or Wi-Fi, and 

therefore it is likely some respondents would experience interruptions of 

emails, messages, or phone calls, which may be confounding to the 

timed nature of the task. There are some approaches to mitigating this, 

for example by allowing people with MS to retry the assessment if they 

were interrupted or advising them how to report the issue to be given 

an in-clinic re-test if required.  

A pertinent finding of the qualitative interviews described in 

Chapter 5 was that participants want assurance of the purpose of the 

assessments to make their participation meaningful. This was reiterated 

in the current cognitive interviews: people with MS wanted more context 

than was currently provided as to the purpose of the assessment, and 

how clinicians will receive and process the results, and privacy of the 

platform and their results. To assuage these concerns, participants 

thought more information should be provided, either in the initial email 

or letter inviting them to complete the assessment, or upon accessing 

the platform. This includes when and where they should complete the 
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assessment, and information about what will happen to their results, 

how it could inform their clinical care, and reassurance about who will 

see it and how it will be kept private. This is lacking in the current 

iteration of the platform, demonstrated through some of the participants’ 

differing opinions as to what the purpose of the task was, and how 

useful it may be to them. For example, some participants thought the 

SST was a task of visual acuity, or manual dexterity, rather than 

cognition.  

Adapting tests may also require changes to be made to the 

instructions. Whilst the instructions for a self-administered, digital 

assessment will diverge from the original task’s, these can be optimised 

for the modality and information that needs to be provided. Whilst 

participants thought the instructions were mostly straightforward, some 

made suggestions, including providing text on a separate screen before 

the visual examples to ensure that the text is read.  

Participants preferred straightforward, simple tasks to ensure they 

are accessible and engaging. As previously found, more complex tasks 

can discourage completion, especially with people with MS with more 

severe cognitive impairment (Cortés-Martínez et al., 2019). Therefore, 

the cognitive interviews showed that participants were mostly 

comfortable with the simplicity of the SST, and the straight-forward 

nature of it was acceptable.  

Studies have described how people with MS are concerned about 

how the time of day, stress or general fatigue would impact on the 

results of cognitive assessments (Mortensen et al., 2020), which 

participants in the current interviews corroborated. Self-administered 

digital assessments that can be completed remotely can allow people 

with MS to choose the best time and environment to complete the task, 

which was perceived as a positive feature in the interviews.   

In the interview study in Chapter 5, participants stated a 

preference for completing assessments on their own mobile devices, 

and therefore we restricted access of the platform to mobile devices in 
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Phase II of the current study. Participants’ completing assessments on 

their personal device has the benefit of an existing familiarity with the 

device. An overview of digital neuropsychology literature has 

highlighted some of the challenges with touchscreen devices for 

deploying assessments, including latency in user responses which 

could lead to participants recording a slower response than their actual 

responses (Germine et al., 2019). There is a trade-off between 

difficulties such as these, and the benefits of allowing people with MS to 

use their own device. Individual studies may allow the use of a single, 

common device, but this is not feasible in a remote, self-administered 

assessment in routine healthcare. Further research may examine the 

impact of device variability on scores, and this can be ascertained 

through normative data collection (described in Chapter 7). 

Using an adapted DIEGO framework of factors that affect 

engagement with digital health (O’Connor et al., 2016), we found that 

people with MS felt motivated to engage with the technology, and an 

understanding of why they may be asked to complete an assessment 

on the DECSYS platform. Whilst some participants expressed greater 

enthusiasm for the SST and the platform than others, no participants 

reported a negative experience that could potentially inhibit future 

participation with the platform. Similarly, no technical issues were 

identified that would hinder the use of the platform in a significant way. 

Future iterations can ensure that the task is conceptually meaningful 

and provide greater reassurance to allay any anxiety respondents may 

experience. The results of the cognitive interviews provide evidence in 

line with Blandford's (2019) elements of successful digital health 

technologies, ensuring that the platform is engaging, accessible, and 

does not cause undue burden to the end user.  

Technological problems identified in the change log in Table can 

be used to inform the next iteration of the platform, and problems 

around the lack of context and information can be improved in the 

wording of instructions on the platform, and communications in clinical 

care with people with MS. Whilst some of the problems highlighted, 
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such as device failures and interruptions are more difficult to overcome, 

these can be managed, for example, by allowing individuals to report 

these interruptions and allow them to retry the task or complete it in-

clinic completion on provided devices. 

There were some limitations around the methodology of this study 

that should be considered. We found that in both our pilot interviews 

with PPI members and the cognitive interviews, participants showed a 

tendency to focus on completing the timed task, rather than talking 

about their experience throughout. This could be due to participants 

wishing to complete the task well in the presence of a researcher. 

Therefore, during the eight cognitive interviews, we chose to modify the 

‘think-aloud’ protocol to a hybrid model to facilitate the process, and as 

such, the researcher had a more active participation in the interviews.  

 One PPI participant also expressed difficulty in communicating 

her thoughts and word finding due to her MS-related cognitive 

impairment. We amended the interview schedule and ‘think-aloud’ 

approach to overcome some of these difficulties. Guidance has stated 

that greater interviewer involvement through probing questions is more 

useful than continuing in silence in think-aloud studies (McDonald et al., 

2016), and indeed we found that offering encouragement and asking 

questions throughout each stage of the assessment generated more 

insight from participants. Especially with a move towards video 

conferencing platforms to restrict in-person research, it would be 

worthwhile to consider how think-aloud methods can be structured to 

encourage verbalisation in future, especially in populations that may 

have difficulty with word-finding. 

Due to COVID-19 restrictions on in-person interviews, we 

conducted all Phase II cognitive interviews over video conferencing. 

This suggested that all participants had a basic understanding of IT 

systems and participation may have excluded those who have less 

experience, who may also have difficulties with the cognitive screening 

technology. Upon completion of the first two video conference 

interviews, it became apparent that participants did not necessarily 
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need to use a desktop or laptop computer and could use a device (e.g., 

a tablet to conduct the interview), whilst using an alternate device (e.g., 

a smartphone) to complete the screening. However, this still assumed 

access to multiple devices. It is also possible that the people with MS 

who participated in this research had an interest in technology 

development, and indeed two participants described their strong 

technological backgrounds. Therefore, insights into how participants 

less comfortable with technology may be missing from this analysis. 

This is particularly true for older people with MS, who may not have 

access to their own technology, and might be aided by a family member 

to complete cognitive assessments. Once it is feasible to recruit and 

collect data in-person with participants, it may be necessary to conduct 

further interviews with participants who are less confident with 

technology to ensure that the platform is accessible to them. 

A further limitation with remote interviews was the inability to 

watch how participants interacted with the technology and relying on 

verbal descriptions of their interactions. During the first interviews 

conducted through Microsoft Teams, we asked participants to show the 

interviewer the device’s display by holding their smartphone or tablet to 

the webcam or posing their webcam down. This presented difficulties 

as the screens were too small to view fully, and there are difficulties 

viewing screens through webcams due to the power frequency, causing 

flickering. Through discussions within the research team, we decided to 

rely on descriptions from the participants rather than trying to view how 

they were using the technology. With the hybrid model of cognitive 

interviewing integrating concurrent questioning, we found that 

participants were able to describe the process of interacting with the 

platform well. Despite these limitations, we collected important user 

feedback that will inform both the next iteration of the platform, and 

future technology development for self-administered cognitive 

assessment platforms deployed on individuals’ own devices.  
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6.7 Conclusions 

The qualitative interviews described in Chapter 5 found that 

people with MS were willing to complete mobile assessments, and the 

cognitive interviews confirmed this conclusion. O’Connor et al. (2016) 

emphasised that this indication of engagement provides evidence for 

which digital health approaches are successful. As such, this platform 

and test can be used with confidence that people with MS perceive the 

value and are motivated to undergo routine assessment. However, the 

SST is still considered a new test (Bauer et al., 2012), and further 

evidence of its psychometric properties is needed. Its utility is also 

limited without normative data with which to compare scores against. 

The next chapter details a protocol to determine the validity and 

reliability of the developed cognitive screening technology, and aims to 

collect normative data from control participants." 
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Chapter 7 Protocol for the Validation of a Digital 

Cognitive Assessment for Use in MS 

 

7.1 Chapter overview 

This chapter presents a protocol that was devised and granted 

ethical approval in February 2020. However due to delays in the 

technological development of the assessment platform and tests 

caused by the COVID-19 pandemic, this research could not be 

conducted. The utility of the cognitive assessment platform described in 

earlier chapters could be furthered from the inclusion of an additional 

task alongside the symbol digit substitution test, a Stroop test. The two-

task battery requires evidence of validity and reliability, as well as the 

collection of new normative data. This chapter provides justification for 

this approach, the methodology, and analysis proposed for this study. 

This chapter is presented in future tense, as it is a planned protocol of 

work 

7.2 Introduction 

Previous research on cognitive assessment for people with MS 

has largely used assessments which required a trained technician to 

administer in clinic, even for electronic versions (Wojcik et al., 2019). 

Proof of concept work (Patel et al., 2019) has reported that both people 

with MS and neurologically healthy participants have shown a 

preference for a self-administered version to the traditional written oral 

administrations of the Symbol Digit Modalities Test (SDMT). As 

described in Chapters 5 and 6, people with MS confirmed that a digital, 

self-administered symbol substitution task (named the SST) was 

acceptable and feasible to complete. However, this is a single test that 

has limited capability of assessing the range of cognitive impairment. 

The inclusion of other brief tests can broaden the assessment to add 

further insight to cognitive dysfunction in MS. 
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An inclusion criteria was formulated to choose additional tasks to 

include in the assessment battery. Choosing tests that fulfil these 

criteria may support implementation within clinical practice by 

confirming tests are relevant, simple to administer and complete, and 

can thus prevent burden on both people with MS and clinicians. The 

criteria are as follows: 

1. Relevant to the condition and cognitive impairment present in MS. 

2. Adaptable to a small-screen digital modality. The task needs to be 

clearly displayed on a small screen, and easy to respond to, to prevent 

manual errors. 

3. Acceptable to patients and clinicians. To avoid undue anxiety and 

ensure willingness to complete assessment, tasks should have been 

evaluated for acceptability and usability. This will ensure that the 

assessment is straight-forward to complete without the intervention of a 

technician. 

4. Automated scoring to prevent the need for a technician 

 

For the inclusion of a second task to the battery, the Stroop test 

was chosen as it meets the four criteria. The Stroop task was presented 

to participants (as described in Chapter 5), and both clinicians and 

people with MS felt that it was an acceptable assessment for use in MS. 

Additionally, the Stroop task has also been recommended as a 

sensitive measure for assessing complex attention in people with MS, 

and research has suggested that administering the Stroop test 

alongside the SDMT may make cognitive screening efficient at 

detecting subtle changes in impairment in individuals with RMMS 

(Prakash et al., 2008). During the interviews as part of the first stage of 

the usability testing (presented in Chapter 6), Patient and Public 

Involvement (PPI) group members completing the Stroop task reported 

that it was acceptable, usable on mobile devices, and some 

respondents reported preferring the task to the SST. On the basis of 

this evidence, the Stroop test has been integrated into the Discrete and 

Ellipse-based Response Capture System (DECSYS) platform. This 
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chapter details the background and use of the Stroop in MS, and the 

research needed to assess the validity and reliability of the SST and the 

Stroop test together as a multidomain assessment. 

 Inclusion of the Stroop task 

Stroop tasks were first developed in 1935 and have been used 

frequently in psychological research. In the original administration, there 

were two control trials – word reading (reading colour words in a black 

text) and naming of colours (naming colours of squares or symbols), 

and an experimental interference trial of colour-word in which 

participants read the colour of the words, as opposed to the text of the 

word which are incongruent (Stroop, 1935). The Stroop effect is the 

interference of what the word says (e.g., blue) on respondents’ naming 

the colour of the word (e.g., red ink). There are several different 

administrations and versions of the Stroop test, differing on the 

assessment procedures, stimuli used (types, amounts, sizes, 

presentation), scoring, and therefore their validity and reliability. Some 

of these different versions are the Comalli and Kaplan Stroop (Comalli 

et al., 1962); Golden Stroop (Golden, 1978), Dodrill Stroop (Dodrill, 

1978), the Victoria Stroop test (Regard, 1981), and the Trenerry Stroop 

(Trenerry et al., 1989). 

The Stroop test has been frequently used in MS research, 

accounting for 5% of all neuropsychological tests, as reported in 

Chapter 2. It also forms a part of some commonly used 

neuropsychological batteries such as the Delis Kaplan Executive 

Function System (Delis et al., 2001). A meta-analysis showed that the 

Stroop test had a higher effect size (g=−0.79) than other tests 

measuring attention, such as the Paced Auditory Serial Addition Test 

(PASAT), suggesting that it may be more sensitive, and the authors 

recommended its inclusion in a cognitive assessment battery for people 

with MS (Prakash et al., 2008). 

One of the benefits of the Stroop test is that it can be easily 

modified to a digital administration, which can improve the 
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measurement of response speed and accuracy with automated scoring. 

A recent systematic review found that digital administrations of the 

Stroop were largely valid and reliable, although such administrations 

are used in research without stating which version of the test has been 

used and the psychometric properties of the test, and therefore 

extrapolation is contentious (Din & Tat Meng, 2019). A smartphone 

native application version of the Stroop, the EncephalApp, has been 

developed for use in Minimal Hepatic Encephalopathy (MHE; Bajaj et 

al., 2013), and consists of two trials. In the first trial, there are multiple 

runs in which 10 coloured hash symbols (####) appear and participants 

are required to categorise them based on their colour by pressing one 

of three colour names at the bottom of the screen. The second trial 

uses incongruent coloured names of colours. Validation of the test 

found good specificity (81%), and test-retest reliability (r=0.941, 

p<0.0001; Bajaj et al., 2015). Although these results are promising, the 

integration of a similar version of the Stroop into the DECSYS platform 

still requires further evidence due to potential discrepancies in formats. 

 Psychometric validation 

Guidance states the necessity to consider newly developed digital 

cognitive assessments as new assessments, due to the difference in 

administration to a device, and changes such as the presentation of 

stimuli and response modality (Bauer et al., 2012). This includes 

evidence of validity (such as equivalence to their traditional 

administrations) and the collection of new normative data to establish 

benchmarks for clinical scores. 

Studies have shown that there is good validity and reliability 

between traditional verbal administrations and newly developed 

digitised adaptations with people with MS. Convergent validity of 

symbol substitution tests deployed on mobile devices have strong, 

positive correlations (r>0.7) with results on the written and oral SDMT, 

confirming its convergent validity (Middleton et al., 2020; Pham et al., 

2020; Rao et al., 2017; van Dongen et al., 2020). Similarly, test-retest 

reliability of digital symbol substitution tests is consistently high (r>0.8) 
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over a period of (Middleton et al., 2020; Pham et al., 2020; Rao et al., 

2017). We would therefore expect that the mobile tasks in the current 

study would have similarly good validity and reliability. Test-retest 

reliability will use an interval of 14 days based on recommendations 

(Polit, 2014) and similar studies (e.g., Lam et al., 2021; Pham et al., 

2021). 

7.3 Aims 

There are three sub-studies in the proposed research, and the 

aims of each are as follows: 

Study I: Ascertain the validity of the mobile, self-administrations of the 

SST and Stroop. This includes equivalence to their traditional verbal 

administrations and construct validity.  

Study II: Collect UK-based normative data for both tasks to enable 

regression-based analyses to provide benchmarks for clinical scores.  

Study III: Examine the test-retest reliability of the SST and the Stroop 

after a period of 14 days. 

7.4 Methods 

 Ethical considerations 

The Division of Psychiatry and Applied Psychology at the 

University of Nottingham granted ethical approval for the three sub-

studies, and all study materials on 27/04/20 (REC reference DPAP-

2020-1517-3; Appendix 15). 

A relevant Participant Information Sheet (PIS) will be provided to 

all participants in all studies, which will explain the background and 

rationale of the research, why they are being invited to take part, what 

will happen to their data, and provide contact details for the researcher 

should they wish to be in touch after their participation or have any 

concerns about the study. Participants will be informed that taking part 

is their choice, and they are free to withdraw before or during the 

assessments. All participants will be given sufficient time to decide if 
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they wish to take part and required to give their consent, either verbally 

or digitally to proceed with the study.  

Participants taking part in Studies II and III will be given a unique 

identifier to match their data. These will be kept in a password protected 

file, and once matched, the data will be fully anonymised.  

 Participants 

We will recruit two groups of participants: those with MS and those 

without MS. Neurologically healthy participants will be eligible to take 

part in all studies if they are aged 18 years old or over, able to provide 

consent, can communicate in English, have their own mobile device 

(smartphone or tablet) and are willing to use it in the study. In Study I, 

they will require access to a computer and a webcam. Participants with 

MS will be eligible to take part if they fulfil the above inclusion criteria 

and have a diagnosis of MS. Neurologically healthy participants will be 

excluded from taking part if they have any neurological conditions or 

other pre-existing conditions that may impact cognition, and people with 

MS will be excluded if they have any co-morbid neurological conditions 

that may impact cognition. 

 Materials  

 Symbol Substitution Task 

The digital adaptation of the SDMT, the SST, (the development of 

which has been described in Chapter 6) is one of the two tests hosted 

on the DECSYS platform. This test is modelled on both the traditional 

written version of the SDMT (Smith, 1982) and digital adaptations that 

have been developed (e.g. Middleton et al., 2020; Rao et al., 2017). 

Responses are scored by the number of correct responses within the 

90-second period, and the number of incorrect responses is also 

recorded.  

 Oral administration of the Symbol Digital Modalities Test  

In Study I, a researcher will administer the oral SDMT to the two 

groups of participants to assess the equivalence between this test and 

the conceptually similar SST. The oral administration is recommended 
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and more frequently used in MS than the written version, due to 

removing the motor element of completing the test (Rao, 1990). During 

the test, respondents view the response sheet, which displays a key of 

symbols at the top of the page, and a full page of symbols. They have 

90 seconds to say aloud the number associated with the symbols using 

the key. Responses are scored on the number of correct responses.  

 The oral SDMT was chosen because it is more feasible to 

conduct remotely during COVID-19 restrictions on research that 

requires in-person contact. A remote, oral administration of the SDMT 

has been found to be strongly correlated with in-person administration 

(Eilam-Stock et al., 2021). In this validation study, participants accessed 

the test materials through a website, and completed the test via a 

telephone call with a technician. Therefore, this is the administration 

that will be used in the current study to administer the SDMT remotely. 

A link to a website with a static image of the SDMT response sheet will 

be sent to participants, who will be asked to access it during the test 

session conducted on their computer. 

 Digital Stroop  

The digital development of a Stroop task will be closely aligned 

with existing digital applications of the Stroop (for example, Bajaj et al., 

2015), which have been optimised to work on mobile devices but still 

retain aspects of original Stroop tests that have been used to identify 

cognitive impairment in people with MS.  

The digital Stroop will consist of two trials: a neutral colour naming 

trial and an incongruent word trial, each consisting of 100 stimuli. The 

number of incorrect responses made for each trial, and the times taken 

for each trial will be recorded. The scoring of the two trials within the 

digital Stroop will be calculated as follows: 

a. Number of incorrect responses on the incongruent word trial 

compared to incorrect responses on the colour naming trial. 

b. Time taken to respond to all stimuli on the incongruent trial – 

time taken to complete all stimuli on the neutral colour trial. 
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 Golden Stroop  

In Study I, a researcher will administer the verbal administration of 

the Golden version of the Stroop task (Golden, 1978), which will be 

used to examine the equivalence to the digital Stroop. The Golden 

Stroop uses three trials presented in the same order for each 

administration, and each trial consists of 100 items that participants 

must respond to by reading the word, or the colour aloud to the 

researcher. All items in a trial are presented on a single side of page. 

The trials are as follows: 

1. A neutral word naming trial with names of colours in black ink. 

2. A neutral colour naming trial with coloured Xs. 

3. An incongruent colour naming trial consisting of words of colours 

presented in incongruent colours. 

The stimuli will be presented by the researcher, and participants 

say the words (Trial 1 and 3) or the colour (Trial 2) of the stimuli aloud. 

Incorrect responses are corrected by the technicians, and participants 

are scored on how many items they can complete within 45 seconds.  

 Study I 

 Design  

This study will use a within-subjects, counterbalanced and 

randomised design to control for practice effects. This will determine the 

equivalence of the SST to previously validated written administration of 

these tests with neurologically healthy participants.  

 Participants 

A sample size of 66 neurologically healthy participants has been 

chosen based on a previous study examining the equivalence of 

neuropsychological assessments for use with people with MS (van 

Dongen et al., 2020) and a sample size calculation using a minimum 

Intraclass Correlation coefficient of 0.3 and a power of 80% (Cohen, 

2013). A pilot sample of 10 people with MS (n=10) will be recruited to 
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demonstrate whether these two participant samples are comparable in 

examining equivalence between the two administrations. 

 Procedure 

Upon interest in taking part, participants will be sent the PIS. 

During the test session, a researcher will briefly explain what the 

participant will be asked to do as part of the study, and participants will 

be asked several questions based on the eligibility criteria to ensure 

they are eligible to take part. The researcher will take verbal consent 

and ask the participant a series of questions to collect demographic 

data.  

The participant will then be individually randomised to either 

Condition 1 or Condition 2. As the order of the tests hosted on the 

assessment platform will remain the same, the same order will be used 

for both administrations. Participants in Condition 1 (n=38) will complete 

the oral SDMT, and Stroop followed by the digital SST and Stroop. 

Participants in Condition 2 (n=38) will complete the digital tasks 

followed by the oral tasks. 

The link to the test materials and the digital platform will be sent 

by email, and all participants will be asked to use their computer to 

access the test materials, and their handheld devices to access the 

DECSYS platform.  

Participants in Condition 1 will access the test material website 

through their computer and complete the SDMT, followed by the 

Stroop. The researcher will present the cards from the Golden Stroop 

described in Section 7.4.3.4, and participants read the words or colours 

aloud. Once participants have finished the verbal tasks, they will then 

be asked to pick up their handheld device and access the platform 

using a unique identifier, and complete both digital tests.  

Participants in Condition 2 will be asked to complete the digital 

tasks first, followed by the verbal tests. 
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 Study II 

 Design 

Study II is a cross-sectional study of cognitively unimpaired, 

neurologically healthy participants.  

 Participants 

Approximately 200 cognitively unimpaired neurologically healthy 

participants in the UK will take part in Study II. Previous psychometric 

literature has identified that a sample size of 200 is the minimum for 

normative data collection (Nunally & Bernstein, 1994), and similar 

research has used similar sample sizes (for example, n=236 in van 

Dongen et al., 2020). Samples that are representative of the gender 

and age of the population of the UK will be recruited, and the 

demographics of the sample will be regularly reviewed, so that specific 

groups can be targeted if necessary. Educational attainment will also 

be collected as part of the demographics, and reviewed to ensure that a 

range of years of education is collected. If when reviewed the sample is 

not representative of a range of demographics, further recruitment will 

target these in particular, for example by approaching and advertising 

to specific groups and in communities that are underrepresented. 

 

 Procedure 

Participants will be able to directly access the tests on their mobile 

device using a weblink from recruitment materials or the researcher. 

Participants will be given the PIS upon indicating their interest to the 

researcher, or upon access to the system, and asked to read and 

confirm their consent. They will then answer questions about the device 

they are using and their demographic information (including their age, 

gender, highest educational attainment, ethnicity and socioeconomic 

status), before moving on to the tests. On completion of these, 

participants will be asked if they wish to take part in Study III after 14-

days. If interested, participants will provide their email address to 

receive further information. 
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 Study III 

 Design 

Study III is a repeated-measures, within-subjects, test-retest 

reliability study.  

 Participants 

This study uses participants from Study II who consented to 

participating in this study will be. All participants will be invited, with the 

aim to include 27 participants who express their interest, allowing for a 

randomisation of participants, and to account for any attrition of those 

who are not able or willing to participate in Study III. This sample size is 

based on the correlation between the two administrations to be >0.6, 

using a power of 80% and a significance level of 0.01 (Cohen, 2013). 

 Procedure 

A researcher will send a reminder email one week prior to the 14-

day timepoint to participants to confirm they are still able and willing to 

take part in the study and are able to complete the tests on the 

specified day. At 14 days after their first assessment, they will be 

emailed the link to the assessment platform, and a unique identifier and 

asked to complete it that day using their own mobile device.  

7.5 Patient and public involvement 

PPI members have provided their feedback and ‘sense-checked’ 

the findings of the qualitative study in Chapter 5, as well as confirming 

that the Stroop task was acceptable to include as a further assessment. 

A PPI group which included people with MS and their family members 

were asked to review all participant-facing documents to ensure they 

were clear and easy to understand. PPI members confirmed the 

appropriateness of research materials, methodology, and recruitment 

strategies within each study, and thought that the research would have 

acceptable potential outcomes for people with MS.  
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7.6 Recruitment 

All participants will be invited to take part in the research using 

fliers and information posted on social media (including Facebook and 

Twitter) and snowballing techniques. We will also approach MS 

charities and organisations to publicise the research. Additionally, we 

will approach the PPI research network of the University of Nottingham 

to contact people with MS and their family members to participate. 

For the normative data collection, we will recruit a sample that is 

representative of the gender, age, education, ethnicity, and 

socioeconomic status of the population of the UK, and this will be 

regularly reviewed to target specific groups if necessary. 

7.7 Analyses 

The analyses proposed in this section have been guided by 

previous validation studies, and literature on psychometric evaluations. 

An overview of psychometric considerations for neuropsychological 

assessments is provided in the Introduction chapter, in section 1.4.2. All 

analyses will be conducted using IBM’s Statistical Package for the 

Social Sciences (SPSS) 26th edition. Statistical significance will be set 

at p<0.05. 

The data will be presented as frequencies (gender, ethnicity, 

socioeconomic status, and device used) and descriptive statistics (age, 

educational attainment, raw scores on each test). The raw scores for all 

tasks are described in the materials section 7.4.3. Histograms and 

normal probability plots, and results of Kolmogorov-Smirnov tests will 

assess the normality of the distribution of test scores and will inform 

which statistical tests will be used.  

 Convergent validity 

Equivalence provides an indication of convergent validity by 

determining if the scores on the digital tests are analogous to those on 

the verbal tests, and a high correlation between the two versions will 

evidence that they are measuring the same construct. As the digital 
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assessments use different stimuli presented randomly, this will mitigate 

practice effects by producing alternate versions. Using the tasks’ raw 

scores from both neurologically healthy participants and people with MS 

groups, a Pearson’s product-moment or Spearman’s rho correlation will 

measure the association between the digital and verbal modalities. 

Convergent validity can be confirmed through a strong positive 

correlation (r>0.7) between the two scores (Cohen, 2013). A systematic 

review reported strong correlations between traditional and digital 

administrations of processing speed and attention (r>0.7; Wojcik et al., 

2019). 

 Construct Validity 

The construct validity will examine the relationship between 

scores on a test measuring a similar construct that we would expect to 

be correlated. The SST and Stroop tests are hypothesised to have a 

positive relationship, due to both measuring facets of cognition. 

Previous studies assessing the associations between Stroop and 

symbol substitution tests have found positive correlations between the 

two (r=0.3-0.5; Hughes et al., 2013; Morrow, 2013; Periáñez et al., 

2021). Again, Pearson’s product-moment correlation or Spearman’s rho 

will measure the correlation between the two test scores collected as 

part of Studies I and II. A medium positive correlation (r>0.4) indicates 

construct validity.  

 Cross modality differences 

An analysis of the mean difference in scores between the types of 

devices used will be examined. Participants in Study II will have the 

choice of a tablet or a smartphone to complete the assessments. 

Descriptive statistics of how many participants in Study II choose to use 

each different device will be reported, and the difference in scores on 

both tasks will be examined using a one-way ANOVA. Significant 

differences between scores and device used indicates that the device 

type may need to be adjusted for in comparison with norming data. 
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 Reliability 

 Test-retest reliability 

Test-retest reliability indicates the stability of the assessment over 

time in a sample of participants. Depending on the normality of data, a 

Pearson or Spearman’s correlation coefficient of scores on the digital 

tasks between the two time periods will indicate if the tests have 

achieved test-retest reliability by reaching a medium to strong positive 

association (r>0.6; Cohen, 2013), demonstrated in similar research with 

associations of r>0.7 in digital assessments (Wojcik et al., 2019). 

 Internal consistency 

The correlation between scores on each digital test can assess 

internal consistency. A minimum Cronbach’s alpha value of 0.70 will 

suggest that the battery of the two tests is internally consistent 

(Cronbach, 1951; Nunally & Bernstein, 1994).  

 Normative data analysis 

Regression-based normative data have been found to be more 

sensitive in detecting cognitive impairment in MS than discrete 

approaches (Burggraaff et al., 2017; Parmenter et al., 2010), and 

therefore will be used in this analysis. 

A regression analysis will examine the predictive value of any of 

the demographic variables on scores on the Stroop and SST. Entering 

the variables of age, gender, education, socioeconomic status, and 

device used will assess the relative contribution of each variable on 

each test score, and devise formulae that can adjust for these variables 

if they are found to significantly predict test performance, as described 

in Fellows and Schmitter-Edgecombe (2019). Based on previous 

research, we would expect age and educational attainment to be 

associated with performance on cognitive assessments (van Dongen et 

al., 2020). The directions of any relationships will be evaluated using 

scatterplots. Regression-based corrections based on significant 

relationships can be applied to the data before raw scores are 

converted to z-scores using means and SDs. These corrections can be 
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implemented in the DECSYS platform to provide adjusted scores and 

interpretations for clinical scores. 

7.8 Discussion 

This chapter describes a protocol of work to be completed as the 

next phase of development of the assessment platform. It was devised 

and was granted ethical approval in early 2020 to be conducted in-

person sessions. An amendment based on the data collection 

described in this chapter was then submitted to consider COVID-19 

restrictions on in-person contact. Due to the delays in the technology 

development of the platform, it was not feasible to conduct this study. 

There are potential limitations of the proposed research that must 

be acknowledged; administering traditional verbal tests over video call 

could be problematic. Whilst the SDMT has been validated for remote 

administration through participants accessing the test sheet through a 

website (e.g., Eilam-Stock et al., 2021), such evidence for the Golden 

Stroop is not available. A meta-analysis of remote cognitive 

assessment over video conferencing found small, insignificant effect 

sizes between remote and in-person administrations (Brearly et al., 

2017). However, the included studies did not involve any version of a 

Stroop tests, and results of visually mediated tests were more likely to 

differ from their in-person administrations.  

The APA has provided guidance on teleneuropsychological 

assessments in light of the pandemic (American Psychological 

Association, 2020), but acknowledges its limitations. These include 

technological impediments, such as poor Wi-Fi connections. Indeed, 

when using time-limited tasks (as described in this protocol), a slow 

internet connection could impact results of the verbal tests, and any 

technological delays should be observed, and their impact assessed 

during the data collection. 

Interruptions in the technology development due to COVID-19 

caused further delays in the usability study described in Chapter 6. The 

usability study was conducted in December 2020 and January and 
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2021; the results of which were used to inform further development of 

the DECSYS platform and SST, however the Stroop task is still under 

development as of September 2021. Due to these delays, this 

proposed study was not feasible to conduct during my period of PhD 

registration. As part of the NIHR-funded programme, the 

Neuropsychological Evaluation and Rehabilitation in Multiple Sclerosis 

(NEuRoMS), the validation and collection of normative data will begin in 

Winter 2021 by another researcher.  
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Chapter 8 Discussion 

8.1 Summary of the research 

The overall aim of this research was to explore, critically appraise, 

and develop an assessment for detecting and monitoring cognitive 

impairment for people with MS. There have been multiple 

recommendations that have acknowledged the practical difficulties that 

may hinder uptake of assessment with people with MS in clinical 

practice (Kalb et al., 2018; Sumowski et al., 2018). These have 

advocated for the implementation of routine brief screening of cognitive 

problems in MS clinical practice, followed by a full neuropsychological 

examination if needed. Consensus approaches to assessment and 

screening have not consider the preferences and practical limitations in 

using cognitive assessment. 

The systematic review described in Chapter 2 established the 

breadth of the assessments used in MS research. The most popular 

individual test, the Symbol Digit Modalities Test (SDMT), is also 

recommended as a minimal screening assessment in MS (Kalb et al., 

2018). The next chapters focused on the utility of the SDMT for use with 

people with MS. The scoping review in Chapter 3 determined the 

different methodologies employed for interpreting results of this 

individual cognitive test. This review highlights the diverse approaches 

by summarising the most common methods of categorising cognitive 

function, with examples of these. I also highlight some of the potential 

opportunities that digital administration and scoring of the SDMT.  

I then examined the association of processing speed (as 

measured by the SDMT) with other variables in Chapter 4. Using data 

from the Cognitive Rehabilitation for Attention and Memory in Multiple 

Sclerosis (CRAMMS) Randomised Controlled Trial, I determined the 

domain structure of the self-report form of the Multiple Sclerosis 

Neuropsychological Questionnaire (MSNQ-P), to ascertain whether 

different domains could predict processing speed deficits. During the 

development of the MSNQ-P, an a priori factor structure was used with 
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the intention of a unidimensional structure. However, studies have 

found mixed results with regards to its relationship to objective 

measures of cognition (e.g. Benedict et al., 2004; Migliore et al., 2021), 

and similarly to its latent factor structure implying a multidimensional 

scale, which may be of greater utility in detecting cognitive impairment 

(Konstantinopoulou et al., 2018; Migliore et al., 2021). The results of the 

principal components analysis showed that the MSNQ-P may consist of 

five components relating to various aspects of cognition. Two of these 

components, related to complex attention and prospective memory, 

were significantly, negatively correlated with SDMT scores in the whole 

sample of people with MS. This suggests that a component-based short 

form of the MSNQ-P could be administered as an alternative method of 

assessing cognition of people with MS who may not want to complete 

an objective assessment. There is also potential for the individual 

domains to be used to explore subjective experiences of other aspects 

of cognition. 

Having established the attributes of the SDMT, I proceeded to 

conduct two qualitative studies determining how cognitive assessment 

would operate in clinical practice. The interviews and a focus group with 

people with MS, family members, clinicians and healthcare 

commissioners confirmed that the SDMT was an acceptable task to 

administer in a clinical context within the NHS from the perspectives of 

both people with MS and clinicians. Participants showed a preference 

for a digital assessment that can be completed remotely and deployed 

on individual’s own mobile devices. This would fit into existing 

resources in NHS clinical care, and potentially increase the uptake in 

assessment, ensuring it could be routinely provided to all people with 

MS. This guided the development of a digital platform for hosting 

cognitive tasks in collaboration with MindTech and the Digital Research 

Service at the University of Nottingham.  

Once the platform was developed, I determined the technical 

usability of this test and the platform it would be hosted on, as well as 

identifying other mechanisms of use, including enablers and barriers. 
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Establishing that these factors are frequently not assessed in the 

development of user-facing technology, and these studies highlighted 

how important it is to integrate the end user in the development 

process. These interviews with people with MS highlighted technical 

issues that needed to be addressed, confirmed that the platform was 

usable and accessible on a range of mobile devices, and evidenced 

that the platform and a digitised symbol substitution task was 

acceptable and well received.  

The next phase of the development would be quantitative data 

collection. As described in the protocol of research in Chapter 7, an 

additional task, a version of the Stroop Colour and Word Task, could be 

added to the platform to expand its capacity for identifying cognitive 

impairment. The research proposed in Chapter 7 would evaluate the 

validity and reliability of these tests and sets out the importance of 

normative data to interpret scores. Due to the COVID-19-related delays 

in the technology development, it was not possible to conduct this 

research as part of this PhD, however the task development, validation, 

and normative data collection is being completed as part of 

Neuropsychological Evaluation and Rehabilitation in Multiple Sclerosis 

(NEuRoMS). 

8.2 General discussion 

Despite consensus recommendations for cognitive assessment in 

MS, it is not widespread (Klein et al., 2019). The interviews with people 

with MS and clinicians described in Chapter 5 confirmed that cognition 

is not discussed or assessed routinely but would be a valuable addition 

to clinical care. Within the NHS, lack of resources hinders clinicians’ 

ability to implement assessment. The lack of time, staff, specific 

expertise, the private space to conduct an assessment, and financial 

constraints all contribute to this issue. There have been mixed results 

regarding the value that a full cognitive assessment (including chart 

reviews, interviews and other methodologies alongside cognitive tests 

and batteries) adds to clinical practice (Donders, 2020). Therefore, brief 

screening offered to all people with MS in their routine care, followed by 
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a full neuropsychological battery if required, can optimise limited 

resources, while providing input to more patients. Whilst research and 

recommendations emphasise the importance of routine assessment for 

people with MS (Foley et al., 2012; Hansen & Lautenbacher, 2017), 

they often do not consider the practical difficulties. For example, the 

Brief International Cognitive Assessment for MS (BICAMS) promotes 

the use of three separate tests, all of which are appropriate for 

assessing cognition in MS (Corfield & Langdon, 2018). However, 

accessing these tests requires clinicians to approach three different test 

publishers to purchase three different sets of test materials, whilst 

ensuring that the technician administering these tests understands the 

procedures of each, and how to score and interpret the results. One of 

the tests within the BICAMS, the SDMT is emerging as a gold-standard, 

single assessment to screen for cognitive impairment in people with MS 

(Kalb et al., 2018; Schependom et al., 2014), however is still subject to 

some of the same barriers in its implementation in clinical practice due 

to being a proprietary test. 

Another potential barrier is a reluctance to complete objective 

cognitive tests. Cortés-Martínez et al. (2019) highlighted that people 

with MS with greater cognitive impairment were less willing to complete 

the PASAT, however in the qualitative interviews some participants 

expressed a dislike of all objective cognitive tests. Therefore, provision 

of an alternative method of assessment may ensure greater inclusion of 

people with MS. Previous research has recommended the MSNQ-P to 

be administered alongside the SDMT (Benedict et al., 2008), however 

its use has been contentious, often showing a greater association with 

mood than cognition measured by objective tests (Benedict et al., 2003; 

Benedict et al., 2004). The secondary data analysis described in 

Chapter 4 used a Principal Components Analysis to determine a 

potential factor structure, and showed promise in a reduced eight-item, 

or a two-subscale version of this questionnaire. Questionnaires such as 

the MSNQ-P are simple to digitise, and do not require the stringent 

evidence of equivalence that digital objective cognitive tests are subject 
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to. This analysis highlights the opportunity of domain-based self-report 

cognitive assessments, but further development and validation is 

needed.  

In focusing on the feasibility and how assessment can fit into the 

existing structure of clinical care, the research in this thesis has 

identified factors to the implementation of brief screening. The barriers 

and enablers identified in Chapter 5 were considered and put at the 

centre of the model of assessment described in this thesis. This person-

centred approach provides a framework that can inform clinical 

practice, through a proof of concept that digitised assessments, 

administered remotely, on a patient’s own devices enables routine 

monitoring.  

 How the research relates and adds to the literature 

While there are recommendations for routine cognitive 

assessment in MS (Kalb et al., 2018), and many digital assessments 

are emerging (e.g., Lam et al., 2021; Middleton et al., 2020; Pham et 

al., 2021 amongst others), there has been limited research into patient 

and clinician preference in cognitive assessments in MS. Mortensen et 

al. (2020) explored attitudes to cognitive assessment. This was a small 

sample of people with MS (n=12) who had already completed the 

BICAMS, and so only the tests considered were the SDMT, the 

California Verbal Learning Test (CVLT-II), and the Brief Visuospatial 

Memory Test (BVMT-R), in their pen-and-paper versions. The 

qualitative study described in Chapter 5 supports this research. This 

study explored more cognitive assessments, in different administrative 

modalities, and with more stakeholders (including family members, 

clinicians and commissioners, and people with MS). The results of this 

study showed a need for assessments to operate within limited 

resources, and a clear preference for digitised assessment that can be 

completed in individuals’ own homes. Moore et al. (2017) found good 

validity, reliability, and equivalence between self-administered, mobile 

assessments deployed on smartphones and Personal Digital Assistants 

in a systematic review, demonstrating the feasibility of using such 
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administrations in clinical research. The research described in this 

research supports these findings in the MS population.  

One of the limitations of previous research that has developed 

digitised assessments for use in MS is the lack of user input. A digital 

assessment, the Multiple Screener, detailed some feedback from 

people with MS regarding the clarity and feasibility of the technology, 

and made adjustments on this basis (van Dongen et al., 2020). This 

study used a questionnaire to record difficulties with using the 

technology rather than a qualitative approach such as cognitive 

interviewing. The current research goes beyond this by ensuring the 

usability and acceptability of a cognitive assessment platform from a 

HCI perspective. 

A narrative review (Marziniak et al., 2018) focused on broad 

communication technologies currently used for people with MS, and 

has applicability to more specific digital technologies. This review 

emphasised that digital health initiatives should be secure, unintrusive, 

and carefully implemented, which was echoed in the findings of both 

qualitative studies described in Chapter 5 and Chapter 6. People with 

MS reported a need for reassurance about the safety of their data, and 

the outcomes of the assessment. Both this review and the current 

research showed that telehealth is largely accepted and could lead to 

greater satisfaction of clinical care.  

Whilst the COVID-19 pandemic has encouraged the 

development of teleneuropsychological assessments, these have often 

been developed without end user or expert input. A review of available 

self-administered cognitive assessment uncovered 39 applications 

(apps) and web-based tools that can be easily accessed through 

Google or distribution services such as Google Play (Charalambous et 

al., 2020). During the year in which this review took place, 12 of these 

apps had been removed, and the psychometric details could only be 

ascertained for seven of the assessments left, despite attempts to 

contact the authors. Only two of the assessments offered respondents 

a method to follow up their results; the remaining 19 had no further 
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guidance or support to their users if they were concerned about their 

results. Given how ubiquitous and accessible these apps are to anyone 

with internet access, their quality and safety are questionable. There is 

a need for formal evaluation, to evidence their psychometric properties 

and suitability for assessing cognitive function. The qualitative studies, 

and the protocol described in Chapter 7 attempt to provide a formalised 

approach to the digital development of a multidomain platform of 

cognitive assessments.  

The usability testing discussed in Chapter 6 used Human 

Computer Interaction (HCI) methodology to formally assess usability 

and perceptions of the SST under development. This is the first time 

this approach has been applied to digitised cognitive assessments in 

this manner. This usability research identified aspects of the platform 

and assessment important to the people with MS being interviewed. 

8.3 Limitations of the research 

There are limitations to the research presented in this thesis. 

Firstly, this research concentrated on the setting of how cognitive 

assessment would work in clinical practice within the UK-based NHS, 

and therefore its applicability to different healthcare settings and 

countries may be limited. However, the overall findings of the potential 

for the developed digital cognitive assessment platform could be 

investigated in different settings.  

Having identified the SDMT as the most frequently used measure 

in MS research, this thesis concentrated on its use as an individual test. 

The current SST uses a manual touch response input. In the originally 

developed SDMT, the verbal is preferred in MS to reduce any impact of 

dexterity impairment (Benedict et al., 2017), which may still be a 

problem with the digital SST. Voice recognition technology could be 

implemented, but slowed speech through dysarthria may also 

contribute significantly to low neuropsychological performance on 

verbal tasks (Arnett et al., 2008). 
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Whilst some research has suggested the SDMT is not just a 

measure of information processing speed, it also may involve aspects 

of memory and lexical access speed, its specificity may be problematic 

(Sandry et al., 2021). Similarly, recent approaches using domain-based 

interpretation have suggested that information processing speed may 

not be the most impaired cognitive domain in MS (De Meo et al., 2021; 

Leavitt et al., 2018). Both studies emphasise that memory dysfunction 

may be more common in people with MS and may be the first domain 

of cognitive impairment to become impaired. This challenges recent 

recommendations that information processing speed should be at the 

forefront of neuropsychological assessment for people with MS (Kalb et 

al., 2018; Sumowski et al., 2018). Whilst I have described the 

integration of an additional test, the Stroop task, and its validation, a 

memory task may further increase the capabilities and overcome some 

of the specificity issues suggested of the SDMT (Sandry et al., 2021).  

The usability testing in Chapter 6 demonstrated some of the 

difficulties with developing a device-agnostic technology. For example, 

some participants’ devices did not present the task optimally (for 

example, by pushing response options off the screen), which may 

negatively impact their performance and falsely detect impairment. The 

purpose of the tasks and platform is not diagnostic or comprehensive, 

and its use in clinical practice would need to be managed carefully to 

ensure that false positives are identified. Although most participants in 

both qualitative studies reported being receptive to completing cognitive 

assessments digitally, it is possible that some people with MS would not 

have the capability or willingness to complete the tests on mobile 

devices. This may especially apply to those who have greater disability 

or longer duration of MS, are older, or may not have the devices or 

familiarity with technology, who may not have been willing to participate 

in the interviews. The pilot usability interviews were conducted at the 

university due to the availability of a range of equipment (a tablet, a 

smartphone and a laptop). However, the second phase of the usability 

cognitive interviews with participants’ personal devices were completed 
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remotely over video conferencing due to COVID-19 constraints on in-

person data collection. This precluded those who did not have access 

to at least two devices; one of which to communicate with the 

researcher, and the other on which to complete the test. Therefore, 

people with MS who lacked the equipment were precluded from 

participating. Several of the participants in these interviews had 

experience and interest in technology and user design, which could 

have prompted their interest to take part. 

The usability testing involved the DECSYS platform, using a single 

digital test based on the SDMT. With the integration of more tests in 

future, including the planned Stroop task, further cognitive interviews 

would need to be conducted to ensure that these digital tests are 

acceptable to people with MS. Whilst this research was not able to 

conduct a quantitative validation, or examine the clinical utility of the 

screening assessment, I am hopeful that the initial findings are able to 

have benefits going forward. Providing an acceptable cognitive 

assessment may promote discussion between people with MS and their 

clinicians, and open the opportunity for further assessment and 

intervention, where indicated.  

8.4 Recommendations for future direction 

With the continued development of technology that can be applied 

to cognitive assessment, the self-administered, mobile device approach 

has many potential directions. Moving towards an evidence-based 

consensus could be a principal factor in ensuring uptake. The current 

research has highlighted the importance of patient and clinician 

acceptability, how to implement a screening programme in clinical 

practice, considerations needed for digitisation, and the further 

research required for these. The development of a common framework 

for cognitive assessment in neurological conditions could be helpful in 

establishing how developments should proceed. 

Whilst the protocol detailed further steps that are needed to 

validate the newly developed assessments, there would still need to be 
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further work involved in assessing its clinical utility. Previously 

determined cut-off scores cannot be used between the different 

modalities, and these need to be ascertained for new tests. Future 

research using the digital tests with people with MS could also 

administer a more comprehensive, traditional battery, such as the 

Minimal Assessment of Cognitive Function in Multiple Sclerosis 

(MACFIMS), to categorise participants as cognitively impaired or 

preserved. Examining the potential cut-offs for the digital tests that 

correctly identify cognitively impaired or preserved people with MS 

through assessment of their sensitivity and specificity can allow further 

utility of the scores. This could indicate severity of cognitive impairment 

which could be used to triage people with MS for appropriate treatment. 

Correspondingly, using approaches discussed in Chapter 3 could add 

further insight into scoring and interpretation of the tests.  

There is further potential to expand the utility of the digital 

assessment platform. A memory task could be included in future 

iterations of the platform, as memory is seen as a predominantly 

impaired cognitive domain in MS (as described in section 1.3.2). 

However, there is a difficulty associated with digitising memory tests, 

and was therefore precluded from the next iteration described in the 

protocol Chapter 7. Whilst a figure recognition task was originally 

considered for inclusion in the DECSYS platform, recognition tends to 

largely be intact in MS (Calabrese, 2006). People with MS show more 

deficits in verbal and non-verbal recall (Zakzanis, 2000), however tasks 

often involve replicating figures (such as in the BVMT-R) or recalling 

word lists (such as in the CVLT-II), and these would these present 

distinct obstacles for digitisation of self-administrated tests. I 

established the requirement for automated scoring in the current 

development of the platform, Automated scoring can provide greater 

accuracy of scores, together with different metrics that cannot typically 

be captured by a technician. However, the process of developing these 

technologies is an emerging field (Birchmeier & Studer, 2019), and 

considerably more complex for inputs such as drawing or speech 



Page 186 of 329 

 

recognition. This is particularly challenging for a device-agnostic 

approach that would allow respondents to use their own tablets or 

smartphones. 

Advances in artificial intelligence (AI) which improve automated 

speech recognition could enable the integration of word list learning 

and verbal fluency tests to increase the capability of what can be 

assessed. One digitisation of the SDMT using speech recognition of 

oral responses had promising results with a small sample (Patel et al., 

2019), but recognition of words over numbers may be more difficult to 

implement (for example, there are a greater amount of words possible 

for verbal fluency than digit options for the SDMT). Additionally, 

preferences of digitised verbal input from people with MS should be 

sought – one study found people with MS overwhelmingly chose 

touchscreen over verbal responses in a mobile SDMT (Pham et al., 

2021).  

Additionally, there have been some developments using digitised 

drawing tasks on smartphones. One digital development of a symbol 

substitution task uses symbol drawing, instead of writing the number 

associated with the symbol (Allen et al., 2021). This smartphone-based 

digital test uses a grid of five dots on which respondents draw a 

geometric pattern with their finger, similar to pattern locks for mobile 

devices. This could be used for figure drawing tasks in future but would 

need to be assessed in terms of its acceptance through qualitative 

research, and equivalence and validation against similar pen-and-paper 

tests.  

Re-evaluating the profile of cognitive impairment in MS could also 

lead to greater insight into the range of domains affected. A 

recommendation emerging for a different neurological condition, 

epilepsy, supports the use of the DSM-5 diagnostic divisions for 

cognitive function alongside expert opinion for a common cognitive 

assessment framework (Norman et al., 2021). This is analogous to the 

number of expert consensus recommendations for cognitive 

assessment in MS, however, raises an interesting approach to use of 



Page 187 of 329 

 

the common framework of the DSM-5’s domains to describe cognitive 

profiles in neurological conditions. As explored in the introductory 

chapter, the homogenous cognitive profile of MS is contentious, driven 

by different assessments, interpretations, and inconsistent conclusions. 

This is particularly apparent when considering which domains are 

overlooked in multidomain batteries. For example, more evidence is 

emerging regarding deficits in social cognition (Bora et al., 2016; Cotter 

et al., 2016) and prospective memory deficits in MS (Rouleau et al., 

2018), but tests of these domains are mostly absent from 

recommendations, batteries, and research. Using a top-down approach 

of a common framework of cognitive profiling, more comprehensive 

cognitive assessment can construct a more thorough model of 

impairment. This in turn could standardise how cognition is evaluated in 

MS, and involve previously neglected domains, such as prospective 

and autobiographical memory, and social cognition. The findings of 

Chapter 4 and the potential of a domain-based self-report questionnaire 

could form the basis of the development of a new psychometric tool.  

There is a potential for research to go beyond adapting tests and 

begin to develop tests that are optimised for the digital format. A 

cognitive assessment that uses AI in a visual animal categorisation task 

has shown remarkable promise for use in MS (Khaligh-Razavi et al., 

2020). The authors have reported excellent psychometric properties, 

including high sensitivity and specificity, paired with advantages over 

traditional assessments including no bias through practice, education, 

or language. Pitteri et al.'s (2020) tablet-based game of attentional load 

shows similar psychometric properties. Gamification of tests could 

reduce anxiety that some respondents may feel about 

neuropsychological assessment by appearing less threatening to 

people with MS and may increase engagement with such assessments. 

Whilst these two assessments are deployed on tablets, which may 

significantly reduce the applicability in clinical practice, device-agnostic 

developments and validation could mitigate these challenges. 
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There are opportunities to integrate digitised assessment into 

research and clinical practice, including different measurement 

techniques, different conditions, and the potential for interdisciplinary 

approaches. One of the obstacles to digitisation of neuropsychological 

assessment is that of resources. Development is expensive, time-

consuming, and requires expertise from patient, clinical, 

neuropsychological and software development perspectives. There is 

the risk that platforms will become obsolete with newer devices, and 

futureproofing is an important consideration. For example, tests 

deployed on iPads may only function on one model. 

Digital assessments also necessitate considerable data collection 

for validation and normative comparisons. A solution to these barriers is 

a centralised resource of assessments. There are initiatives, for 

example the Mobile Toolbox initiative, funded by the US National 

Institute on Aging, is developing a collection of validated cognitive 

assessments that can be used on smartphones and have associated 

normative data (Gershon et al., 2021). There is a possibility that 

cognitive assessments could fall under the scope of a medical device, 

and therefore be subject to further regulations, which needs to be 

considered if the assessment is being used for diagnostic purposes.  

Mobile administration also opens the possibility of frequent testing, 

to explore what cognition looks like over the course of everyday life and 

explore variability of daily factors (such as fatigue). However, this could 

be overly onerous on people with MS and lead to attrition as 

experienced in a study of older adults (Valdes et al., 2016). A recent 

review highlighted the advantage that mobile testing has with regards to 

the extra data that can be collected to include context within cognitive 

assessment (Weizenbaum et al., 2020). There may be internal and 

external factors that have an impact on cognitive performance, and 

using mobile devices can attempt to measure these, such as using the 

microphone to measure background noise, or GPS data to capture 

where an individual completed the assessment. There are clear ethical 
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and privacy concerns with this approach, but self-reported contextual 

questions could be integrated into platforms to assess these.  

8.5 Conclusions 

This research has identified the need for routine screening of 

cognitive impairment for people with MS, and explored how this could 

be implemented within NHS MS clinics. Determining the breadth of 

cognitive assessments used in MS research, and demonstrating the 

variability in methods used to score and interpret one of the most 

popular tests, the SDMT, emphasised the inconsistency in current 

research. However, these were the first steps in consolidating the 

prevalent consensus recommendations with a more formal appraisal 

and evaluation of how cognitive assessments could be implemented 

into clinical care. The quantitative and qualitative inquiries have 

examined both subjective and objective aspects of cognitive 

assessments further, and explored the potential for these different 

assessments to be administered to people with MS. 

There are many potential future directions for research. Further 

development of the platform could integrate other tests and provide 

evidence as to the assessments’ clinical utility, as described in Chapter 

7. With a digital deployment, scoring mechanisms can be built into the 

digital platform, allowing for comparisons of clinical data with the 

collected normative data and provide meaningful interpretation of 

scores.  

The research detailed in this thesis describes the first stages 

required to integrate cognitive screening into clinical care, in an 

efficient, acceptable, and efficacious manner. In Chapter 5, participants 

recognised the value of being able to provide cognitive screening for all 

people with MS, which could lead to cognitive problems being identified 

earlier, and support such as rehabilitation being provided when it could 

be most effective. However, this is a complex process, which requires 

further stages to implement and ascertain the feasibility in clinical 

practice. As part of the NEuRoMS programme (www.neuroms.org), a 
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pathway of routine cognitive screening and neuropsychological 

rehabilitation will be evaluated within UK clinical care. This will build 

upon the research described in this thesis. 

Principally, the provision of a brief, screening platform that is easy 

to access and use, and feasible to implement in clinical practice for all 

people with MS, can aid in the identification of cognitive impairment. 

This could be used as an endpoint to evidence the impact that 

rehabilitation may have in treating cognitive problems.  
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Table B: Individual neuropsychological tests used in MS research with adults 

Class 
Examples 
of Tests 

Description Domains 
Time 

Taken to 
Administer 

Advantages Disadvantages 

ST- 
Substitution 
tests 

Symbol 
Digit 
Modalities 
Test (SDMT 
(Smith, 
1982)), 
Digit 
Symbol 
(DS), Letter 
Digit 
Substitution 
Test 

Substitution tests consist of a 
coding key, which can display 
symbols, digits, letters, or 
other stimuli. Respondents 
use the key to match the 
numbers and symbols and 
write down or say aloud the 
corresponding letter/symbol to 
the stimuli as quickly as they 
are able to. It can be scored 
on correct responses, and 
time taken.  

Attention, perceptual 
speed, motor speed, 
and memory 

5 minutes SDMT is one of the strongest 
measures of cognitive 
processing speed in MS 
patients psychometrically. 
Normative data is available, 
test re-test data is adequate 
and equivalent alternate 
versions have been developed 
to moderate practice effects 
(Benedict et al., 2017).  

Age and education can have a 
significant effect this might be 
due to the change in motor 
response and visual acuity 
(Bowler et al., 1992). Gender has 
been shown to have an effect on 
score (with females usually 
scoring higher than males), and 
this variation can be pronounced 
(Smith, 1982). 
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Class 
Examples 
of Tests 

Description Domains 
Time 

Taken to 
Administer 

Advantages Disadvantages 

SAT – Serial 
Addition Test 

Paced 
Auditory 
Serial 
Addition 
Test 
(PASAT), 
Paced 
Visual 
Serial 
Addition 
Test 
(PVSAT) 

Participants are presented 
with a number every few 
seconds and asked to add it 
to the proceeding number. 
The time between numbers 
and presentation of numbers 
(verbally or visually) vary 
between tests.  
 
It can be scored in different 
ways, including number of 
correct answers, time per 
correct response, latency of 
response, number of errors.  

Attention/concentration, 
immediate memory, 
and information 
processing.  

10-15 
minutes 

SAT is relatively simple to 
administer and score. There is 
considerably evidence of 
construct validity, and that the 
PASAT loads onto a range of 
domains and has good internal 
consistency (Macleod & Prior, 
1996). Considerable norming 
data exists for the version 
used in the MSFC. 

SAT was found to cause 
significant anxiety in participants 
and some will not wish to 
complete or participate in the test 
(Aupperle, et al., 2002; Cortés-
Martínez et al., 2019). This 
measure also has significant 
practice effects over repeated 
measures (Barker-Collo, 2005). 
Significant effects of intelligence, 
ethnicity, educational level, age 
and mathematical ability have 
been found (Diehr et al., 1998). 

WLL - Word 
List Learning 

California 
Verbal 
Learning 
Test (CVLT; 
Delis et al., 
2004), 
Hopkins 
Verbal 
Learning 
Test (HVLT; 
Brandt & 
Benedict, 
2001), 
Rey’s 
Auditory 
Verbal 
Learning 

Respondents are shown a list 
of words and asked to recall 
as many as they can when 
the list is taken away. The 
type of word (e.g., nouns, 
semantically similar words), 
the time between being given 
the words and repeating 
them, and the presentation of 
words can vary between 
tests. Some tests may ask 
participants to point out the 
words they remember seeing 
previously on a new list of 
words.  
 
There are brief forms that use 

Memory 15-50 
minutes, 
depending 
on length 
of list and 
time to 
recall  

Normative data exists for 
many of the versions of the 
tests. WLL tests have been 
shown to have good reliability 
and validity. The scoring 
system can give a wealth of 
information related to memory. 
A shorter version can be used, 
which may be more suitable 
for severe cognitive 
impairment. Shown to be one 
of the most sensitive 
measures of memory deficit 
and found to be valid in MS 
(Stegen et al., 2009).  

The longer version especially can 
be quite demanding of the 
participant. There is a lack of 
data on practice effects.  
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Class 
Examples 
of Tests 

Description Domains 
Time 

Taken to 
Administer 

Advantages Disadvantages 

Test 
(RAVLT; 
Rey, 1941) 

fewer words and are suitable 
for severe cognitive 
impairment. 

VFT - Verbal 
Fluency Test 

Controlled 
Oral Word 
Association 
Test 
(COWAT), 
or Word List 
Generation 
(WLG), 
FAS test,  

Patients are asked to name 
as many words as possible 
beginning with a certain letter 
(usually F, A and S), or 
category (e.g., animals or 
professions) and asked to 
name as many words as 
possible in a specified time 
frame.  
 
Scored based on how many 
words the participant can 
name.  

Verbal fluency 5-10 
minutes 

Research has suggested VFTs 
can be sensitive to mild 
cognitive impairment. 
Normative data adjusted for 
age, education, and gender is 
available. Word generation 
tests have high internal 
consistency and good test-
retest reliability (Ruff et al., 
1996). 

Age and education can have an 
effect on the results, and this test 
can be subject to practice effects 
(Barry et al., 2008). 

ST - Stroop 
Test (Stroop, 
1935)  

Color and 
Word Test 

The Stroop Test can have 
multiple formats, but the 
commonly, there are two 
trials. Participants are first 
presented with words of 
colours, written in a different 
colour ink (such as the word 
‘green written in red ink), and 
asked to say the word (i.e., 
green). In the second trial, 
participants are presented 
with words of colours, written 
in a different colour ink (such 
as the word ‘red’ written in 

Attention, processing 
speed, cognitive 
flexibility and working 
memory 

5-10 min The Stroop Test has been 
used extensively in MS 
patients, and seen to be a 
valid measure of processing 
speed (Denney & Lynch, 
2009). Norming data exists but 
can vary between 
administrations. Parallel 
versions can be created and 
administrated with ease.  

No individual standardised 
version exists, and variations can 
include the number and format of 
stimuli, the number of tasks, how 
it is scored. Research suggests 
that the Stroop test is not valid as 
a measure of selective attention 
in MS patients (Denney & Lynch, 
2009). Practice effects on the test 
have been found (Franzen et al., 
1987). Poorer performance is 
correlated with depression, and 
can be influenced by visual acuity 
(Anstey et al., 2001). 
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Examples 
of Tests 

Description Domains 
Time 

Taken to 
Administer 

Advantages Disadvantages 

green ink), and the patient 
must say the word (i.e., 
green). Scoring can vary and 
can include correct responses 
given in the period; to the time 
taken to complete the trials; 
and number of errors.  

TMT - Trail 
Making Test 

Colour 
Trails, Oral 
Trails, 
Making. 
Trails Test, 
Letter 
Number 
Sequencing 

The participant is asked to 
connect a series of stimuli as 
quickly as they can. To start, 
the stimuli are numbers (1, 2, 
3) and they are connected in 
sequential order. In the 
second part, the participant 
alternates between numbers 
and letters in sequential order 
(e.g., 1, A, 2, B).  
 
This test is scored by time 
taken to complete.  
 
Variants exist – including a 
Colour Trails Test and verbal 
administrations (such as 
Letter Number Sequencing). 

Processing speed and 
executive function 

5-10 
minutes 

Different versions can be 
administered to mitigate 
practice effects (Atkinson et 
al., 2011) . Norming data is 
available, stratified by age and 
education levels. It is thought 
to be sensitive to neurological 
impairment and has good 
construct validity (Salthouse, 
2011).  

Motor function may have an 
effect on performance. Education 
and age have a significant effect 
on speed of completion, and 
gender has a small effect (Zec et 
al., 2015) Reliability in clinical 
populations, especially on Part B, 
has been found inadequate 
(Bardi et al., 1995).  
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Time 

Taken to 
Administer 

Advantages Disadvantages 

DS - Digit 
Span 

Digit Span, 
Forward 
Span, 
Backwards 
Span,  

Sequences of numbers are 
presented, beginning with 2 
digits and 2 trials, and 
gradually increasing length, 
and participants are asked to 
recall the sequences. Digit 
span can be measured for 
forward and backward recall 
of sequences. The test ends 
when it cannot be accurately 
recalled, or the longest length 
list is reached. 
 
There are many variations of 
the Digit Span test, such as 
visual or auditory 
presentation, electronic or 
human presentation; length of 
lists and speed of 
presentation.  

Working Memory, 
Attention 

5-10 
minutes 

DS tests have good construct 
validity is and load on multiple 
domains of cognition(Larrabee 
& Curtiss, 1995). Digit Span 
tests have adequate internal 
consistency and test re-test 
reliability. Norming data exists.  

There are concerns that when 
the test is administrated by a 
human, the administration can 
influence performance of 
participants due to emphasis or 
speed of reading the numbers. 
Effects of IQ have been found 
(Ostrosky-Solís & Lozano, 2006). 

CST -Card 
Sorting Test 

Wisconsin 
Card 
Sorting 
Task 
(WCST) 
Modified 
Card 
Sorting, 
Weigl Test 

In CSTs, cards are presented 
with a variety of different 
coloured shapes (e.g., 1 red 
star, 2 green stars, 3 yellow 
crosses, 4 blue circles). 
Participants are then given a 
pack cards with similar 
designs, and they are asked 
to match these cards with the 
key cards. Feedback is given 
as to if the match is correct or 
not, and participants have to 
deduce the rules for sorting 

Executive function 12-20 
minutes 

CSTs are correlated with 
behavioural and cognitive 
deficits as reported by an 
informant and so is thought to 
have ecological validity 
(Burgess et al., 1998). It is a 
relatively simple task. 

Scoring of CST can be confusing 
for the administrator, and errors 
are likely when scoring. 
Reliability has been reportedly 
mixed, especially in healthy 
populations, and warning has 
been given in analysing data on 
an individual basis (Strauss et al., 
2006). 
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the cards. The rule for sorting 
is changed intermittently.  

VR – Visual 
Reproduction 
Test 

ROCFT - 
Rey-
Osterrieth 
Complex 
Figure Test 
(ROCFT; 
Rey, 1941) 
Brief 
Visuospatial 
Memory 
Test 
(BVMT; 
Benedict, 
1997)), 
Figural 
Learning 
Tests, 
Taylor 
Complex 
Figure 
(TCF) 

Visual Reproduction tests 
involve presenting figures, 
and asking participants to 
copy the figure, and then 
recall and reproduce the 
figures from memory. Some 
tests use a recognition trial, in 
which participants identify 
figures they have previously 
seen. The conditions can be 
immediate or delayed.  
 
There are multiple ways to 
score visual reproduction 
tests, including accuracy of 
drawings,  

Visual memory  10-45 
minutes 

VR tests are sensitive and 
specific in people with MS 
(Anstey et al., 2001) and has 
high internal consistency and 
correlates with other measures 
of cognition in people with MS 
(de Caneda et al., 2018). 

These tests rely on visual acuity, 
so may not be appropriate for 
participants with visual 
difficulties. Results can be 
affected by gender, age and IQ 
(Gallagher & Burke, 2007). 
Scoring can be complex and vary 
between administrations and 
could reduce interrater reliability.  
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Table C: Multidomain neuropsychological assessments used in multiple sclerosis research  

Abbreviation Name Description Therapeutic 
classification/ 

population 

Domains Time 
Taken to 

Administer 

Advantages Disadvantages 

BRB-N Brief Repeatable 
Battery of 
Neuropsychological 
Tests 

Designed to measure for 
cognitive impairment in MS 
sensitively, and consists of 
SRT, 10/36 Spatial Recall 
Test (SPART), SDMT, 
PASAT and the Word List 
Generation (WLG).  

Multiple 
sclerosis 

Verbal memory and 
delayed recall, 
visuospatial memory 
and delayed recall, 
sustained attention and 
concentration and 
semantic retrieval.  

30 
minutes 

A sensitive measure of 
impairment in MS and can be 
used for screening in early 
stage MS (Rao et al., 1991) 
Parallel versions exist for test 
re-test ability and to overcome 
practice effects. Can be 
shortened to reduce 
administration time and 
participant burden as some of 
the tests are similar and 
measure similar constructs.  

Studies have shown that the 
difficulty is low, and patterns 
could be easily verbalised. 
Differences in scores were 
found in the parallel 
versions, which could not be 
explained. Age has been 
found to be an important and 
significant factor on many of 
the subtests, and gender 
and education level can 
influence the test scores 
(Boringa et al., 2001).  

MMSE Mini-Mental State 
Examination 

The MMSE is a screen of 
cognitive impairment, 
developed especially to 
screen in an elderly 
population. It contains 
items pertaining to 
orientation, attention and 
calculation, language and 
3-word recall. 
 
Consists of the following 
subscales: orientation of 
time and place, 3-word 
recall, arithmetic, spelling 
backwards, naming test, 
repetition of sentence, 
following commands, write 
a sentence, figure copying. 

Developed for 
geriatric 
population 

Orientation, memory, 
language, visuospatial 
abilities 

10 
minutes 

Norming data available for score 
ranges, test-retest versions 
available for multiple testing of 
patients. Relatively quick, and 
easy to administer and score, 
does not require equipment. 

Not recommended in early 
stages of cognitive 
impairment. The MMSE is 
not sensitive enough to 
detect precisely defined 
cognitive impairment in 
people with MS (Beatty & 
Goodkin, 1990). Research 
has found that the MMSE 
did not detect large changes 
of cognitive impairment in 
MS (Kujala et al., 1997). 
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Abbreviation Name Description Therapeutic 
classification/ 

population 

Domains Time 
Taken to 

Administer 

Advantages Disadvantages 

WAIS Wechsler Adult 
Intelligence Scale 

Consists of 10 subtests: 
Block Design, Similarities, 
Digit Span, Matric 
Reasoning, Vocabulary, 
Arithmetic, Symbol 
Search, Visual Puzzles, 
Information, Coding, Letter 
Number Sequencing, 
Figure Weights, 
Comprehension, 
Cancellation and Picture 
Completion.  

 N/A  Verbal comprehension, 
perceptual reasoning, 
working memory and 
processing speed.  
 
The results of the 
subtests can be scored 
into a full score of 
general intellectual 
ability, or into functioning 
of specific domains.  

75 
minutes 

Comprehensive test that spans 
a range of domains that are 
impaired in people with MS and 
research has found the WAIS to 
be sensitive and specific in 
identifying cognitive impairment 
in RRMS (Ryan et al., 2012). 

Large time burden for test 
administration. The WAIS 
has changed considerably 
over time, so comparing 
results is contentious.  

MACFIMS Minimal 
assessment of 
Cognitive Function 
in MS  

MACFIMS was devised 
through an expert panel of 
neurologists, 
neuropsychologists, and 
psychologists. It consists 
of COWAT, JOL, CVLT-II, 
BVMT-R, PASAT, SDMT, 
and the Sorting Test from 
the Delis‐Kaplan Executive 
Function System (D-
KEFS).  
 
An abbreviated version 
exists which reduces the 
administration time and 
adds a verbal fluency and 
executive function 
measures. 

Multiple 
Sclerosis 

Information processing 
speed, learning and 
memory, executive 
function, visual-spatial 
processing, and word 
retrieval 

90 
minutes 

Research has suggested that 
the MACFIMS has good 
sensitivity and specificity as a 
whole and it is a good measure 
of impairment in MS patients 
and has good validity. MACFIMs 
discriminated between 
employed and unemployed 
patients (Benedict et al., 2006). 
Norming data adjusted for age, 
sex, and education is available. 

At 90 minutes, this is one of 
the longest batteries and 
may induce fatigue effects in 
patients. The length of the 
measure may also mean 
unacceptability to clinicians 
and participants. The 
BICAMS has been found to 
have a higher sensitivity 
compared to the aMACFIMS 
(Gromisch et al., 2018). 
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Abbreviation Name Description Therapeutic 
classification/ 

population 

Domains Time 
Taken to 

Administer 

Advantages Disadvantages 

WMS, 
WMS-III, 
WMS-IV 

Wechsler Memory 
Scale, Wechsler 
Memory Scale 
Fourth Edition 

The WMS is designed to 
be a measure of different 
memory functions. It 
consists of the following 
subtests: 
Information and 
Orientation, 
Logical Memory, Facial 
recognition, Family 
Pictures, Word list 
learning, Letter-Number 
Sequencing, Spatial Span, 
Mental Control, Digit Span, 
Cognitive Status Exam, 
Verbal Paired Associates, 
Visual Reproduction, 
substitution test, Spatial 
Addition. 

N/a Auditory Memory, Visual 
Memory Index, Visual 
Working Memory Index, 
Immediate Memory 
Index, Delayed Memory 
Index 

30-50 
minutes 

Scoring software exists and 
interrater reliability is good. 
Internal consistency is good. 
Test re-test reliability is 
adequate in many of the 
subtests, and it is appropriate 
for evaluating memory in people 
with MS (Spedo et al., 2014). 
Norming data is extensive.  

Scoring and administration 
could be overly complex for 
many settings. The WMS 
only measures aspects of 
memory, and not all aspects 
of cognitive impairment. The 
expense and administration 
burden may be a barrier to 
use in research and clinician 
use in people with MS. 

BICAMS Brief International 
Cognitive 
Assessment for 
Multiple Sclerosis 

BICAMS was developed 
as a practical and brief 
assessment of CI in 
people with MS, and it 
intends to be 
internationally acceptable. 
It consists of the SDMT, 
CVLT-II and the BVMT-R.  

Multiple 
Sclerosis 

Mental processing 
speed and memory 

15 
minutes 

Norms exist for a wide range of 
countries. It is easy to 
administer and does not require 
extensive training. All tests 
within the BICAMS were chosen 
to target cognitive domains that 
are apparent in MS and 
selected as they have good 
psychometric properties, 
feasibility and acceptability 
(Langdon et al., 2012). 

Lack of assessment of 
executive functions and a 
short test means that it may 
not assess the full range of 
cognitive impairment. 
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Abbreviation Name Description Therapeutic 
classification/ 

population 

Domains Time 
Taken to 

Administer 

Advantages Disadvantages 

MOCA  Montreal Cognitive 
Assessment  

Developed to be a brief 
screening tool for mild 
cognitive impairment, 
consists of a number of 
tasks: Word List Learning, 
Clock drawing task, Trail 
Making Task, verbal 
fluency, sentence 
repetition, drawing of a 3d 
cube, digit span, 
orientation, serial 7s, 
similarity between 2 
nouns, target detection 
with tapping. 

Developed for 
detecting mild 
cognitive 
impairment 

Visuospatial, executive 
functions, attention, 
concentration, working 
memory, language, 
orientation 

10 
minutes 

Excellent sensitivity for mild 
cognitive impairment in people 
with MS (Freitas et al., 2016). 
Parallel versions exist and 
electronic version enables 
processing speed metrics and 
improves the reliability of testing 
and retesting, and improved 
scoring. Good construct validity 
and factors load onto speed of 
processing, learning and 
delayed recall, and correlates 
well with the MSNQ-I even with 
patients with mild functional 
disability (Dagenais et al., 
2013). 

A systematic review found 
that the MOCA can produce 
false positives in other 
conditions, and care should 
be taken if utilising as a 
diagnostic tool (Davis et al., 
2015) and further validation 
work should be undertaken. 

TAP Test for Attentional 
Performance  

Computerised test 
consisting of 14 subtests: 
Alertness, Covert Attention 
Shift, Cross-Modal 
Integration, Divided 
Attention, Eye Movement, 
Flexibility, Go/NoGo, 
Incompatibility, Sustained 
Attention, Vigilance, Visual 
Field/Neglect, Visual 
Scanning, Working 
Memory 

 N/A Attention and working 
memory 

100 
minutes  

Computerised scoring can mean 
reduce interrater error and 
increased precision of results. 
Good reliability, and construct 
validity (Zimmermann & Fimm, 
1995). 

PC version only, which may 
be a barrier to use. Limited 
domains and lengthy 
administration time.  
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1. Beier et al. 
(2017). 
Proposed 
cut scores 
for tests of 
the Brief 
International 
Cognitive 
Assessment 
of Multiple 
Sclerosis 
(BICAMS). 
Journal of 
the 
Neurological 
Sciences, 
381, 110–
116. 
https://doi.or
g/10.1016/j.j
ns.2017.08.
019 

USA 703 
people 
with MS 
(626 
complet
ed 
SDMT) 

To derive 
cut-off 
scores 

Battery - 
BICAMS 

Verbal 
in-
person 
administ
ration 

Total 
correct 
response
s said 
aloud in 
90s 

Previou
s 
normati
ve data 
used 

Normative 
data taken 
from SDMT 
manual 

None Impaired/
Non-
impaired 

Total raw 
scores for 
each 
cognitive 
test were 
converted 
to z-
scores 
using 
normative 
data. 
Participant
s were 
then 
categorise
d into 
“impaired” 
vs. 
“unimpaire
d,” using 
two SD 
cut-offs. 
Optimal 
cut-off 
scores 
were 
determine
d using 
ROC. 

Previous 
research 
utilising the 
same SDs  

Using a score 
below 1.5SD 
of the norm 
32% of 
participants 
were 
categorised as 
impaired, and 
2SDs below 
categorised 
22% of 
participants as 
impaired. 
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For 
1.5SDs, a 
cut-off 
score of 
44 was 
determine
d as the 
best score 
balancing 
sensitivity 
and 
specificity. 
For 2SDs, 
a cut-off 
score of 
38 was 
given.  

2.  Deloire et al. 
(2006). How 
to detect 
cognitive 
dysfunction 
at early 
stages of 
multiple 
sclerosis? 
Multiple 
Sclerosis, 
12(4), 445–
452. 

France 58 
people 
with 
RRMS, 
44 
control 
participa
nts 

To evaluate 
psychometri
c 
performance 
of individual 
tests within 
the BRB-N  

Battery - BRB-N BRB-N 
verbal 
in-
person 
version 

No data 
reported 

Collecte
d as 
part of 
study 

Control 
participant 
norming data 
collected as 
part of study 

Matched for 
age, gender, 
and 
education 

Impaired/
Non-
impaired 

Participant
s were 
considere
d 
“cognitivel
y 
impaired” 
if they 
performed 
worse 
than the 
fifth 
percentile 

Not reported 50.88% of 
participants 
scored less 
than the fifth 
percentile of 
matched 
control 
participants on 
the SDMT. 
59.7% of 
people with 
MS were 
cognitively 
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https://doi.or
g/10.1191/1
352458506
ms1289oa 

of control 
participant
s on any 
test, 
adjusted 
for age, 
gender 
and 
education.  

impaired, 
scoring less 
than the fifth 
percentile of 
control 
participants on 
two or more 
tests of BRB-
N. 87.7% 
scored less 
than the fifth 
percentile of 
control data on 
one test, e.g., 
SDMT.  
 
13.6% control 
participants 
were 
considered 
cognitively 
impaired on a 
single test. 

3.  De Meo E, 
Portaccio E, 
Giorgio A, et 
al. 
Identifying 
the Distinct 
Cognitive 
Phenotypes 

Italy 1212 
clinically 
stable 
people 
with MS, 
196 
healthy 
control 

Used as a 
part of a 
battery to 
formulate 
cognitive 
phenotypes 

Battery - BRB-N BRB-N 
verbal 
in-
person 
version 

No data 
reported 

Previou
s 
normati
ve data 
used 

Italian norms 
collected in 
2006 were 
used 

Adjusted for 
age, gender, 
and 
education 

Five 
cognitive 
phenotype
s were 
identified 
using all 
tests. 
Significantl

Total raw 
scores for 
each 
cognitive 
test were 
converted 
to z-
scores 

Previous 
norming 
study, and 
“current 
knowledge 
about test 
interpretatio
n”. 

19.4% people 
with MS had 
no cognitive 
impairment. 
 
29.9% of 
people with 
MS had mild 
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in Multiple 
Sclerosis. 
JAMA 
Neurology. 
Published 
online 
January 4, 
2021. 
doi:10.1001/j
amaneurol.2
020.4920 

participa
nts 

y poorer 
performan
ce on the 
SDMT 
(compared 
to control 
participant
s) 
contribute
d to the 
four 
bolded 
phenotype
s: 
 
1. No 
cognitive 
impairme
nt 
2. Mild 
verbal 
memory/s
emantic 
fluency 
impairme
nt 
3. Mild 
multidom
ain 
impairme
nt 

using 
normative 
data, 
performan
ce below 
<1.5SD 
was used 
as a 
threshold 
to 
distinguish 
between 
performan
ce from 
control 
participant
s. 
 
Latent 
profile 
analysis 
was used 
to identify 
cognitive 
phenotype
s based 
on 
individual 
test 
performan
ce.   

verbal 
memory/sema
ntic fluency 
impairment. 
 
19.5% of 
people with 
MS had mild 
multidomain 
impairment. 
 
13.8% had 
severe 
executive 
function/attenti
on impairment. 
 
17.5% had 
severe 
multidomain 
impairment. 
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4. Severe 
executive 
function/a
ttention 
impairme
nt 
5. Severe 
multidom
ain 
impairme
nt 

4. 
  

Golan et al. 
(2019). 
Validity of a 
multi-domain 
computerize
d cognitive 
assessment 
battery for 
patients with 
multiple 
sclerosis. 
Multiple 
Sclerosis 
and Related 
Disorders, 
30, 154–
162. 
https://doi.or
g/10.1016/j.

USA 81 
people 
with MS, 
15 
control 
participa
nts 

To screen 
participants 
into study, 
and as part 
of a gold 
standard 
neuropsycho
logical 
battery 

Individual to 
screen 
participants into 
study, and as a 
battery 
(MACFIMS) 

MACFIM
S verbal 
in-
person 
version 

No data 
reported 

Previou
sly 
collecte
d norms 

Sheridan's 
(2006) 
community-
based 
sample 

Age  Stratificati
on for 
screening 
into study 
(no 
labels); 
Impaired/
Non-
impaired 

For 
stratificatio
n in the 
study, the 
following 
cut-offs 
were 
used: 
- 1SD 
-1 to -
1.5SD 
-1.51 to 
2.SD 
>2SD 
 
SDMT and 
PASAT 
scores 
were 
grouped 

Original 
manual for 
the SDMT 

In the initial 
screening, an 
equal number 
of people with 
MS in each 
subgroup were 
chosen for the 
sample (n=20) 
using the 
stratification.  
 
Using the 'gold 
standard' 
tests, 72% 
were 
categorised as 
cognitively 
impaired, and 
28% were 
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msard.2019.
01.051 

into a 
'processin
g speed 
and 
working 
memory' 
domain 
and an 
average of 
both was 
reported 
as a z-
score. 
This 
average 
domain z-
score was 
considere
d 
cognitively 
impaired 
at -1.5 or 
lower.  

cognitively 
normal.  

5. Leavitt et al 
(2018). 
Cognitive 
phenotypes 
in multiple 
sclerosis. 
Journal of 
Neurology, 

USA 128 
RRMS 

As a 
measure of 
processing 
speed to 
categorise 
cognitive 
impairment 
compared 

Combined with 
Stroop test to 
form a measure 
of processing 
speed  

Verbal 
in-
person 
administ
ration  

No data 
reported 

Previou
s norms 

MS-COG 
norms were 
used and 
taken from 
personal 
communicatio
n with 
Benedict.  

Age and 
education  

Not 
impaired 
- Memory 
impaired  
- 
Processin
g speed 
and 

A z-score 
of -1SDs 
or lower 
on both 
SDMT and 
Stroop 
was 
considere

Authors 
acknowledg
e that this 
score is 
different 
from the 
suggested z-
score of -

Not impaired 
(56.3%) 
Memory 
impaired 
(18.8%). 
Processing 
speed and 
memory 
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265(3), 562–
566. 
https://doi.or
g/10.1007/s
00415-018-
8747-5 

with a 
battery of 
NP tests 

Norms were 
adjusted for 
age and 
education.  

memory 
impaired  
- 
Processin
g speed 
impaired 

d to be 
processing 
speed 
impaired 

1.5. The z-
score of -1 
was chosen 
as the 
sample had 
a mean pre-
morbid IQ of 
110. 

impaired 
(17.2%). 
Processing 
speed 
impaired 
(7.8%). 

6. López-
Góngora et 
al (2015). A 
one-year 
follow-up 
study of the 
Symbol Digit 
Modalities 
Test (SDMT) 
and the 
Paced 
Auditory 
Serial 
Addition 
Test 
(PASAT) in 
relapsing-
remitting 
multiple 
sclerosis: An 
appraisal of 
comparative 
longitudinal 

Spain 237 
people 
with MS, 
57 
control 
participa
nts 

Comparison 
of scores on 
the SDMT to 
PASAT 

Battery - BRB-N BRB-N 
verbal 
in-
person 
version 

No data 
reported 

Previou
s norms 

Normative 
data taken 
from previous 
study of the 
Spanish 
BRB-N 

None Impaired/
Non-
impaired 

Cognitive 
impairmen
t was 
defined as 
≤1.5 
standard 
deviations 
below 
control 
data.  
 
A cut-off 
score of 
49 was 
thus 
chosen. 

The cut-off 
was chosen 
using 
acceptable 
ROC. 

33.8% were 
classified as 
cognitively 
impaired. 



Page 263 of 329 

 

 
 

Study Properties 
  

Administration  
  

Norming and scoring 
  

Interpretation 

  

R
ef

er
en

ce
 

L
o

c
at

io
n

 

S
am

p
le

 

U
se

 o
f 

S
D

M
T

 

In
d

iv
id

u
al

 
ad

m
in

is
tr

at
io

n
 o

r 
p

ar
t 

o
f 

a 
b

at
te

ry
?

 

F
o

rm
at

 o
f 

T
es

t 

S
co

ri
n

g
 

N
o

rm
s 

D
et

ai
ls

 o
f 

n
o

rm
in

g
 

d
at

a,
 

in
cl

u
d

in
g

 
an

y
 

d
em

o
g

ra
p

h
ic

 

N
o

rm
at

iv
e 

ad
ju

st
m

en
ts

 
m

ad
e 

C
la

ss
if

ic
a

ti
o

n
 c

at
eg

o
ri

es
 

S
D

M
T

 C
u

t-
o

ff
 

Ju
s

ti
fi

ca
ti

o
n

 
fo

r 
cu

t-
o

ff
 

C
la

ss
if

ic
a

ti
o

n
 c

ri
te

ri
a,

 
an

d
 %

 o
f 

p
eo

p
le

 w
it

h
 

M
S

 in
 e

ac
h

 
ca

te
g

o
ry

 

sensitivity. 
BMC 
Neurology, 
15, 40. 
https://doi.or
g/10.1186/s
12883-015-
0296-2 

7.  Parmenter 
et al (2010). 
The utility of 
regression-
based 
norms in 
interpreting 
the minimal 
assessment 
of cognitive 
function in 
multiple 
sclerosis 
(MACFIMS). 
Journal of 
the 
International 
Neuropsych
ological 
Society: 
JINS, 16(1), 
6–16. 
https://doi.or

USA 395 
people 
with MS, 
100 
healthy 
control 
participa
nts 

Establish 
and 
compare 
norming 
data using 
regression-
based model  

Battery - 
MACFIMS 

MACFIM
S verbal 
in-
person 
version 

No data 
reported 

Previou
s norms 

Rao's (1991) 
norms, 
compared 
against norm 
data collected 
as part of 
study.  

Adjusted for 
age, sex and 
education 
using 
regression 
model. 

Impaired/
Non-
impaired 

T scores: 
T >35 
intact 
T ≤ 35 
impaired 

Age, gender, 
and 
education 
adjusted T-
scores were 
determined 
for people 
with MS 
based on 
control data 
collected.  
Predicted 
scores were 
subtracted 
from actual 
scores, and 
this was 
divided by 
the SD of 
the control 
scores.  
 
These t-

33.92% 
impaired on 
SDMT using 
norms. 
54.68% 
impaired on 
SDMT using 
regression-
based norms. 
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g/10.1017/S
1355617709
990750 

scores were 
then 
compared 
against 
published 
norms.  

8. Parmenter 
BA, 
Weinstock-
Guttman B, 
Garg N, 
Munschauer 
F, Benedict 
RHB. 
Screening 
for cognitive 
impairment 
in multiple 
sclerosis 
using the 
Symbol digit 
Modalities 
Test. 
Multiple 
Sclerosis. 
2007;13(1):5
2-57. 
doi:10.1177/
1352458506
070750 

USA 100 
people 
with MS, 
50 
healthy 
control 
participa
nts 

Assess 
performance 
of SDMT 
against a full 
NP battery 

Individual Verbal 
in-
person 
administ
ration 
using 
Rao's 
administ
ration  

No data 
reported 

Collecte
d 

Comparisons 
with control 
data collected 
as part of 
study 

None People 
with MS 
were 
categorise
d into 
cognitively 
impaired 
vs 
cognitively 
normal. 

A z-score 
using -0.5 
or -1.5 or 
lower were 
used to 
examine 
different 
cut-offs.  
 
3 cut-offs 
were 
considere
d, ≤35, 
≤55 and 
≤67 based 
on ROC. 
 
≤55 was 
found to 
be the 
score that 
optimally 
classified 
people 
with MS 

No data 
reported 

55 were 
considered 
impaired 
(55%) at a cut-
off using -
0.5SD as a z-
score.  
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with 
reasonabl
e 
accuracy.  

9. Schependo
m et al 
(2014). The 
Symbol Digit 
Modalities 
Test as 
sentinel test 
for cognitive 
impairment 
in multiple 
sclerosis. 
European 
Journal of 
Neurology, 
21(9), 1219-
e72. 
https://doi.or
g/10.1111/e
ne.12463 

Belgium 359 
people 
with MS 

Assess 
performance 
of SDMT 
against a full 
NP battery 

Individual No data 
reported 

No data 
reported 

Previou
s norms 

Rao's (1991) 
norms 

None No 
classificati
on 

Failure on 
SDMT 
was 
defined by 
scoring in 
the 5th 
percentile 
of Rao's 
(1991) 
norms.  
 
A cut-off 
for the 
SDMT 
was a 
score of 
40. 

Sensitivity 
was 
examined 
using 
comparison 
to a 
comprehensi
ve battery 
(NSBMS). 
 
Participants 
were 
considered 
cognitive 
impaired if 
they failed 
two or more 
tests on the 
battery. 
Using the 
cut-off of 
0.6-0.65, the 
SDMT had a 
sensitivity of 
0.9 as 
determined 

No data 
reported 
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by 
participants 
categorised 
as CI.  

10 Xiang et al 
(2019). 
Single Scan 
Quantitative 
Gradient 
Recalled 
Echo MRI 
for 
Evaluation 
of Tissue 
Damage in 
Lesions and 
Normal 
Appearing 
Gray and 
White Matter 
in Multiple 
Sclerosis. 
Journal of 
Magnetic 
Resonance 
Imaging. 49, 
487–498. 
https://doi.or
g/10.1002/j
mri.26218 

USA 44 
people 
with MS 
complet
ed 
SDMT 
(and 19 
control 
participa
nts who 
did not) 

Correlation 
between 
WM lesions 
and SDMT 
scores 

Individual No data 
reported 

No data 
reported 

N/a N/a None No 
classificati
on 

None used N/a No 
classification, 
results 
reported were 
mean, SD and 
range for 
RRMS, PPMS 
and SPMS. 
Correlation 
was used to 
compare 
results of 
SDMT. 
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11 Burggraaff, 
et al (2017). 
Regression-
Based 
Norms for 
the Symbol 
Digit 
Modalities 
Test in the 
Dutch 
Population: 
Improving 
Detection of 
Cognitive 
Impairment 
in Multiple 
Sclerosis? 
European 
Neurology, 
77(5–6), 
246–252. 
https://doi.or
g/10.1159/0
00464405 

Netherlan
ds 

157 
people 
with MS, 
96 
healthy 
control 
participa
nts 

Psychometri
c evaluation 
of 
regression-
based 
normative 
data for 
SDMT 
amongst 
people with 
MS 

Individual BRB-N 
verbal 
in-
person 
version 

No data 
reported 

Previou
s norms 

Control data 
was matched 
to Dutch 
normative 
data from 
Boringa et al 
(2001) by age 
and gender 

Regression 
model - Age 
and gender 

Impaired/
Non-
impaired 

z-score≤-2 
SD below 
control 
normative 
data were 
considere
d 
cognitively 
impaired 

SDMT 
scores were 
converted to 
z-scores, 
and a 
regression 
model was 
applied. Age 
was found to 
be a 
predictor of 
SDMT 
score. 

Norms 
categorised 
10% of people 
with MS as 
impaired, 
regression-
based norms 
categorised 
20% as 
impaired 

 
List of abbreviations: 
BICAMS - Brief International Cognitive Assessment for MS 
BRB-N - Brief Repeatable Battery of Neuropsychological Tests 
MACFIMS - Minimal Assessment of Cognitive Function in Multiple Sclerosis  
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NP - Neuropsychological 
PASAT – Paced Auditory Serial Addition Test 
SDMT – Symbol Digit Modalities Test 
NSBMS - Neuropsychological Screening Battery For MS 
PPMS - Primary Progressive Multiple Sclerosis 
ROC - Receiver Operating Characteristic  
RRMS - Relapsing-Remitting Multiple Sclerosis 
SPMS - Secondary Progressive Multiple Sclerosis 
WM - White Matter
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Table E: Demographics and MS characteristics of participants with MS 

  Code Used Age Gender Ethnicity Highest Education Employment 
How long 
had MS 
(years) 

Type of MS 

Interview 
Participants 

Person with MS I 01 43 Female White Degree Not employed 4 RRMS 

Person with MS I 02 54 Female White A-Level Not employed 14 RRMS 

Person with MS I 03 62 Male White Degree Retired 41 RRMS 

Person with MS I 04 
51 Female White GCSE Employed Full Time 16 SPMS 

Person with MS I 05 
39 Female White GNVQ Employed Part Time 2 RRMS 

Person with MS I 06 67 Female White A Level Retired 14 Mild MS 

Person with MS I 07 60 Female White GCSE Not employed 11 PPMS 

Person with MS I 08 41 Female White Degree Not employed 19 SPMS 

Person with MS I 09 
37 Female White Higher Degree Employed Part Time 9 RRMS 

Person with MS I 10 
47 Male White  HNC Employed Full Time 10 SPMS 

Person with MS I 11 

47 Female 
Mixed/ Multiple 
ethnic groups 

Higher Degree Retired 28 SPMS 

Person with MS I 12 
52 Female White GCSE Employed Part Time 3 RRMS 

Person with MS I 13 
39 Female White Higher Degree Employed Full Time 6 RRMS 
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  Code Used Age Gender Ethnicity Highest Education Employment 
How long 
had MS 
(years) 

Type of MS 

Person with MS I 14 
36 Female White Degree Employed Full Time 9 RRMS 

Person with MS I 15 
47 Male White Higher Degree Retired 8 RRMS 

Focus Group 
Participants 

Person with MS F 01 
51 Female White Higher Degree Employed Part Time 6 RRMS 

Person with MS F 02 
57 Female White GCSE Employed Full Time 4 RRMS 

Person with MS F 03 
49 Female White GCSE Employed Full Time 14 RRMS 

Person with MS F 04 
38 Male White Higher Degree Employed Part Time 10 RRMS 

Person with MS F 05 
53 Female White BTEC Employed Part Time 26 SPMS 
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Appendix 1. Cognitive Screening Pathway and Rehabilitation Logic Model 
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Appendix 2. Qualitative Interviews – Adverts for 
Participants 
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Appendix 3. Qualitative Interviews – Participant 
Information Sheets 
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Appendix 4. Qualitative Interviews – Consent Forms 
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Appendix 5. Qualitative Interviews – Semi-Structured 
Interview Schedules 
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Appendix 6. Qualitative Interviews – Transcription 
Confidentiality Agreement  
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Appendix 7. Qualitative Interviews – Participant 
Facing Materials 

 

 

  



Page 297 of 329 

 

 



298 

 

Appendix 8. Qualitative Interviews – Ethical Approval 
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Appendix 9. Usability Cognitive Interviews – Advert 
for Participants 
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Appendix 10. Usability Cognitive Interviews – 
Participant Information Sheet 
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Appendix 11. Usability Cognitive Interviews – Verbal 
Consent Form 
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Appendix 12. Usability Cognitive Interviews – Semi 
Structured Interview Schedule 

 

Cognitive Walkthrough Script 

 
Once participant has given consent, and researcher has asked about 
demographics and some preliminary question: 
  
Please could you navigate to the link I sent you in a previous email on 
your smartphone or tablet? I will then give you a user ID to enter to 
access the tasks.  
 
Once the participant has accessed the technology using the ID. If the 
participant had any difficulties accessing the platform, these will be 
noted.  

Whilst you are using the app, I encourage you to say exactly what you 
are thinking as you are thinking it. The purpose of this research is to 
discover exactly what people think about the app whist they are using it, 
so any insights, impressions, or comments you have, no matter how 
unimportant you think they are, will be useful to us. Please just feel free 
to talk aloud, almost as if you are talking to yourself.  

You don’t need to feel under any pressure to perform well. We are not 
testing you, but rather, you are testing the app. So, if something doesn’t 
work the way you expected it to, that is a problem for us to solve rather 
than anything you have done wrong.  

During the time you are using the app, I will try not to interrupt, but you 
can ask for help if you do feel that you are stuck at any point. At various 
points I may also suggest that you try particular things, if I feel there are 
one or two things you might have missed. But I will seek to keep these 
interruptions to a minimum. I might also prompt you to “keep talking” if 
you stop talking. 

In a moment I will start the audio and video recording. Is there anything 
you are unsure about or want to ask about before we begin?  

Great, ok. Then let’s begin”. 

 

 
Probing Questions  
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Demographic/Device/Access Questions  

 Was the link easy to navigate to?  
 What device and browser are you using? 
 Do you have any accessibility options on your phone (e.g., large 

text)?  
 Does this impact the platform at all? (e.g., push everything off 

the screen) 
 Does everything fit on one page?  
 Can you find the 'next' button?  

 

Instructions  

 Were the instructions clear and readable? 
 What did you think about the example? 
 Do you need two examples, or can you understand the task ok 

with one example?  
 What do you think the task was asking you to do?  
 Do you think you need to complete the task accurately or as fast 

as you can?  
 

Practice Task  

 What do you think of the time it took you to complete it?  
 

Real Task  

 Did everything fit on one page?  
 Were you able to tap the buttons ok?  
 What do you think of the time it took you to complete it? 
 What do you think the task is assessing? 
 Would more context about this be helpful?  

 

Finishing Up  

 Having done the task, has your opinion of what the task is 
assessing you changed? 

 Can you give me your general impressions of the platform?  
 Was there anything you particularly liked?  
 Was there anything you particularly disliked or found difficult?  
 You said that “…” could you elaborate on what you meant?  
 If you were required to use this application at annually, or at 

semi-regular intervals, would you feel comfortable using it?  
 Do you think this would be of benefit to you?  
 Is there anything else you wish to say that has not been covered 

that you think could be of use to us?  
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Appendix 13. Usability Cognitive Interviews – Ethical 
Approval 
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Appendix 14. Usability Cognitive Interviews – 
DECSYS Symbol Substitution Task Instructions 

 

 

Figure 7: Symbol Substitution Task instructions – Screen 1 
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Figure 8: Symbol Substitution Task instructions - Screen 2 
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Appendix 15. Validation Study – Ethical Approval 
 

 

 


