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Abstract 

The symptomatology of Multiple Sclerosis (MS) includes cognitive impairment which 

can have a major impact on quality of life, particularly on social and occupational 

competency. Memory disturbance is the most consistently reported cognitive 

irnpaim1ent in MS with an estimated incidence of 40-60%. Despite its frequent 

occurrence and serious implications, memory disturbance in MS cannot be reliably 

predicted by disease course or duration, neurological disability status, or neuroimaging. 

Further, there is little agreement about the underlying cause or causes of memory 

dysfunction, as well as great individual variability in the severity and progression of 

memory disturbance. The purpose of the present investigation is to understand better the 

nature of MS memory dysfunction. This was attempted by addressing the serious 

methodological inconsistencies and inadequacies which have contributed to previous 

inconclusive memory findings. The key design features of the present study were the use 

of: a) a longitudinal design with an adequate control group; b) Lublin and Reingold's 

(1996) improved MS diagnostic classifications; c) Magnetic Resonance Imaging (MRI) 

measures to investigate possible neuroimaging/memory correlations; d) statistical means 

to control the effects of demographic variables on MS memory; and e) subject exclusion 

criteria to avoid the confounding effects on memory of factors such as depression, pre

existing or concurrent neurological conditions, and drng treatments. 

An equally important reason for previous inconclusive MS memory findings is the 

inadequacy of conventional definitions of memory impairment. To address this problem, 

Jacoby's (1991) model of memory was used. It assumes that independent conscious and 

automatic memory processes both contribute to performance in any memory task. This 

contrasts with conventional memory measures which assume that explicit tests measure 

conscious processing and implicit tests measure automatic processing. In addition to 

using this novel measure of memory, MS metamemory (knowledge about one's own 

memory) and executive skills were also investigated. It was argued that because 

metamemory and executive skills rely especially on conscious processing, and previous 

MS studies have documented impairment in both types of skills, that these variables 

would be significant in the development of a predictive model of MS conscious memory 

performance. 
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The addition of information about brain lesion location was also expected to contribute 

to the predictive power of the model, because recent studies have found significant 

relationships between MRI variables and neuropsychological test performance. The best 

variables from the areas of metamemory, executive skill, and neuropathology were to be 

combined in a model which predicts conscious memory performance. 

Forty-six MS patients diagnosed according to Lublin and Reingold's (1996) criteria 

were compared with 40 control subjects matched on age, sex, and education. There were 

3 testing occasions at 12 monthly intervals over 24 months. The MS group were 

impaired in conscious memory estimates, metamemory judgments, and in several tests 

of executive skills compared to controls when averaged over 24 months. In the MS 

group, neuropathology most typically featured lesions in the periventricular regions of 

the brain. MS and control groups did not differ on automatic memory estimates or on 

executive tests that relied on well rehearsed skills. In general, MS cognitive 

performance (in conscious memory, metamemory, and executive skills) did not 

deteriorate over 24 months in relation to controls. The exception to this was a significant 

deterioration in MS group performance in executive control (as measured by the Stroop 

test), and deterioration over 24 months in conscious memory for a sub-group of 4 MS 

patients. These 4 MS patients generally had high automatic memory estimates, high total 

and periventricular lesion loads and increasing subcortical frontal/parietal loads over 24 

months, deteriorating Stroop scores, and were typically female, aged 40, with a 

secondary progressive disease course, and an average of 13 years of formal education. 

Significant correlations were found between conscious memory estimates and all the 

metamemory variables (except 'judgment of learning' accuracy), and between conscious 

memory and most of the executive tests used. No significant correlations were found 

between conscious memory and any of the MRI brain lesion regions. Peri ventricular and 

total, rather than exclusively subcortical frontal lesion areas were related to performance 

on several executive tests. The metamemory measure 'feeling of knowing' was related 

to subcortical temporal lesion area. 
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Most importantly, the findings from the present study culminated in the formulation of a 

memory model. By year 3, the best model developed in the study combined information 

about the strongest executive and metamemory predictors, and explained 36.7% (Adj. R2 

= 31.8%) of memory variance. Executive control (measured by colour-words named in 

the Stroop test) and metamemory (feeling of knowing) magnitude together accounted 

for a unique 21.0 % of conscious memory variability. The control variables age, sex, and 

years of formal education accounted for 14% of the variance. Because brain 

neuropathology measures were not significantly correlated with MS conscious memory, 

they were not included in the memory model. Yet, in several sub-groups of the most 

impaired MS patients, high total and periventricular lesion areas were more consistently 

prominent than subcortical frontal lesions, compared with the total MS group. 

The major implications from the research findings for this MS group are discussed. 

First, from the practitioner's perspective, the study has produced a brief initial screen for 

the accurate prediction of conscious memory performance in MS patients at any point in 

time. Second, the memory model can be further developed using normal control subjects 

because group differences in memory performance were qualitative. Control subjects 

generally performed at the less impaired end of the range in tests of conscious memory, 

metamemory, and executive skills. This has significant consequences for the future 

development of the model. Most importantly, however, the rehabilitation implications of 

greater accuracy in MS memory and metamemory measurement are examined. Finally, 

the benefits of a shift in understanding which conceptualises MS cognitive dysfunction 

in terms of impaired conscious, intentional processing and intact automatic processing 

are discussed. 
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Chapter I: Memory Introduction 

Chapter 1 

An Introduction to Memory in Multiple Sclerosis 

Great is the power of memory, a fearful thing .... a deep and boundless 

manifoldness; and this thing is the mind, and this am I myself 

(The Confessions of St. Augustine, Augustine, c.398-400). 

Introduction 

The ability to retain and to bring to mind information and experience is something we 

aJI take for granted. It influences our capacity to engage in social converse and 

occupational endeavours. Serious impediments to this power of remembering can 

ultimately reforge our very sense of self. Impairments in memory function are 

increasingly being recognised as a frequently occurring symptom of Multiple Sclerosis 

(MS), the most common neurological condition in young adults. People with MS may 

have to contend not only with the more obvious physical manifestations of the disease, 

but may also experience unpredictable cognitive and memory loss (Rao, Reingold, Ron, 

Lyon-Caen & Comi, 1992). This is despite the fact that the hippocampus, which is 

usually implicated in the amnesias (Schacter, 1996), is generally spared in MS (Comi et 

al., 1995). Accordingly, research into MS memory impairment promises to expand our 

understanding of why memory is affected in so many of the different neurological and 

psychological conditions which afflict humanity. Most importantly, for people with MS, 

it is only with a better understanding of what aspects of memory are impaired, that 

cognitive rehabilitation can focus on the most pertinent issues. Of pressing concern, 

then, is the need for a more sophisticated understanding of MS memory, and for a model 

that can predict when MS memory impairment is most likely. 

Chapter One begins with a brief overview of the disease. This is followed by an analysis 

of previous MS memory research, leading to the rationale for why the present study 

investigated MS memory using a relatively novel measure of memory. The subsequent 

subsections of Chapter One detail why the present study also obtained measures of 

metamemory, executive skill, and neuropathology. The general hypotheses pertaining to 

each of these key variables and MS memory are outlined at the end of each respective 
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subsection of Chapter One. Specific hypotheses are detailed at the commencement to 

each of the five results chapters (Chapters Three to Seven inclusive). 

1.1 Multiple Sclerosis: An overview of the disease 

MS is the most common, non-traumatic neurological illness affecting young and 

middle-aged adults (Johnson et al., 1979). The French neurologist Charcot (1868) is 

credited with being the first to describe this chronic disabling condition which attacks 

the brain and spinal cord. It is characterised by scar-like lesions or plaques which 

develop in areas where the fatty covering (myelin sheath) of the nerve fibres (axons) has 

become inflamed or bruised, or has degenerated or been destroyed. It is primarily a 

subcortical, white matter neurological disorder in which sclerotic plaques disrupt the 

pathways between the subcortical gray nuclei (thalarnic nuclei, marnillary bodies) and 

the cortical mantle. This causes blocking or distortion of nerve impulses to various parts 

of the brain and spinal cord. Physical, cognitive and affective (emotional) symptoms 

result from the multiple areas of patchy scarring or sclerosis of the myelin sheath. 

1.1.1 MS Etiology 

Despite the recognition of MS as a clinical and pathological entity since the time of 

Charcot ( 1868), the precise pathogenesis and underlying immunological mechanisms of 

MS demyelination are still not fully understood. However, there are three main 

theoretical explanations for the cause of MS. First, MS is thought to be due to a virus 

attack. This can take the form of either a slow acting virus which enters the body, but 

remains dormant for months or years before triggering illness ( e.g., Souberbielle, 

Szawlowski & Russell, I 995). Alternately, MS may be a delayed reaction to a common 

virus. Second, other researchers suggest MS might involve an autoimmune reaction in 

which the body attacks its own tissue by mistake. Almost all the treatments tested in 

recent years in MS patients are based on the assumption that MS is an immune-mediated 

disorder. There are several observations which support this interpretation, but definite 

proof is still lacking (Comi & Rovaris, 1999). Third, MS may involve both viruses and 

an autoimmune reaction in which the body defence system becomes confused because 

some viruses take over parts of cells, and the body may attack both host cells and the 

virus (e.g., Monteyne, Bureau & Brahic, 1998). 
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In addition, there is evidence from epidemiological studies that both genetic 

susceptibility and environmental influences affect MS prevalence and its clinical 

manifestations (Poser, 1994). The importance of environmental factors is supported by 

geographic variation in MS prevalence and incidence, and alteration of MS 

susceptibility by migration. Australia provides a particularly dramatic example of a 

'latitudinal gradient' of MS, as demonstrated in surveys conducted in 1961 and 1981 

(Hammond et al., 1987; Hammond et al., 1988). It was found that MS was 7 times more 

prevalent in Tasmania than in Northern Queensland in 1981, with intermediate values in 

'middle' latitudes such as Newcastle (New South Wales), Adelaide, and Perth. 

Moreover, McLeod, Hammond, and Hallpike (1994) claimed that the increased 

frequency in MS prevalence with southern latitude in Australia could not be explained 

by genetic factors, as there was no evidence that the proportion of, for example, Scottish 

migrants in Australia increased with increasing south latitude. 

Evidence that supports the role of genetic disposition includes the higher risk for MS in 

white Northern Europeans and in relatives of MS patients, and the existence of MS

resistant ethnic groups, e.g., Eskimos, Lapps, Maori, and Aborigines (Hogencamp, 

Rodriguez & Weinshenker, 1997). In particular, MS occurs in relatives of people with 

MS at a rate 10- to 50-fold greater than in the general population. On average the 

absolute risk to a first-degree relative of a person with MS is 2% to 5%, depending on 

the exact degree of relatedness. Nonetheless, a majority of monozygotic twins are 

discordant for MS, suggesting that a major component of MS susceptibility is due to 

non-genetic factors (e.g., the environment) (Weinshenker, 1996). 

1.1.2. MS Prevalence (number of MS cases in a given population at any one time) 

The prevalence of MS in the Australian Capital Territory (ACT) in 1996, standardised 

to the Australian population was: 

70.6 per 100,000 (95% confidence interval, 58.4 - 85.3) for females; 

28.0 per 100,000 (95% confidence interval, 20.3 - 37.8) for males, and 

49.5 per 100,000 (95% confidence interval, 42.2 - 58.2) for all persons with MS 

when using Poser et al.'s (1983) criteria for definite and probable MS diagnosis 

(Simmons et al., submitted). The diagnostic criteria used are described in Appendix 1.1. 
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This represents a female to male ratio of 2.5: 1. However, using the same diagnostic 

criteria for MS as was used in previous prevalence surveys in 1981 in surrounding New 

South Wales (NSW), the 1996 ACT prevalence was 56% higher than expected 

(Simmons et al., submitted). Furthermore, there was evidence from the relatively short 

duration of disease in the ACT sample that some persons with longstanding MS had 

been missed in the 1996 survey and that, therefore, the prevalence of 49.5 per 100,000 

for the ACT was an underestimate. 

1.1.3 MS diagnosis, disease course, and symptoms. 

As yet, there is no reliable specific laboratory test for the diagnosis of multiple 

sclerosis. Almost without exception, diagnoses are made from clinical indications 

(Poser et al., 1983). In general, it is important to document dissemination of white 

matter lesions in time and space in patients who fall within the appropriate age range. 

Other illnesses that may simulate the disease must also have been excluded (most 

notably, acute disseminated encephalomyelitis [ADEM], or its multiple separate lesions 

which usually occur within a few weeks). Typically, the clinical investigation of MS 

includes the following methods (in their approximate order of importance): (1) history 

taking, (2) neurological examination, (3) Magnetic Resonance Imaging (MRI) scan, (4) 

evoked potential testing, and (5) an examination of the cerebrospinal fluid (Sibley, 

1990). 

Given the difficulty frequently associated with diagnosing MS, considerable attention 

has recently been given to specifying the necessary criteria for inclusion of patients in 

MS studies. Most frequently, the Poser et al. (1983) criteria for definite and probable 

MS are recommended for research. To optimise the validity of findings, the current 

research was even more stringent and included only those MS patients with definite MS. 

Appendix 1. 1 describes Poser et al. 's (I 983) criteria for the diagnosis of definite MS. 

These criteria include evidence of CNS lesions as detected by: a) clinical, b) paraclinical 

(e.g., Computerised Tomography, evoked potential studies, urological studies), and/or c) 

laboratory (e.g., Magnetic Resonance Imaging, cerebro-spinal fluid changes) procedures. 

The clinical disease course of MS is highly variable (Silberberg, 1977). Nonetheless, 

MS individuals have been characterised, typically, as having either a relapsing-remitting 
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(RR) or a chronic progressive (CP) disease course. According to an Australian study by 

McLeod et al. (1994), about 80% of MS patients had a RR (unpredictable attacks 

followed by improvements) clinical course in the early stages of their disease, and the 

remaining 20% had a progressive course (CP) from onset. These findings for 

Australians with MS are similar to those generally reported where, typically, CP MS is 

reported to be present in 10-20% of cases (Jennekens-Schinkel, Laboyie, Lanser & van 

der Velde, 1990). Also, some 5-10% of people with MS experience a benign course in 

which successive attacks may be separated in time by more than 20 years (Rao, 1986). 

Lublin and Reingold ( 1996) more recently described four different types of MS disease 

course, established from an international survey of relevant professionals. This 

classification system is based on the presence or absence of relapses and remissions, or 

progressions of neurological deficits, but is more precise that the conventional system. 

The clinical course types are: relapsing remitting (RR), primary progressive (PP), 

relapsing progressive (RP), and progressive relapsing (PR) (a rare disease course). There 

is a progression of the disease in all but the RR type (the definitions are detailed in 

Appendix 1.2). Large-scale, population-based, multicentre collaborative investigations 

of MS cognitive function, which use Lublin and Reingold's (1996) diagnostic 

classifications, are required. Such research would enable the findings from studies 

which use these more recent diagnostic classifications (e.g., Comi et al.'s [1995] study 

of 14 PP and 17 SP MS patients), to be assessed for their generalisability. 

MS symptoms also vary considerably between people with MS, but most commonly 

initially include: extremity weakness ( 40% ), sensory symptoms ( 18% ), optic neuritis 

(20%), diplopia (13%), vestibular symptoms (7%), urinary symptoms (4%), and 

hemiplegia, trigeminal, neuralgia or facial palsy (3%) (Rao, 1986). Cognitive and 

affective change has not typically been reported in most large epidemiological studies. 

This is not surprising, because the brief mental status examination used by neurologists 

is not as sensitive as neuropsychological testing in detecting cognitive impairment 

(Peyser, Edwards, Poser & Filskov, 1980). 

Nonetheless, cognitive symptoms were first noted as a feature of MS by Charcot ( 1877). 

He described "marked enfeeblement of the memory" with "conceptions [that] formed 
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slowly" as typical of MS. But it was not until the late 1940s that individually 

administered psychological tests of intelligence were used to assess cognitive 

impairment. Since the 1980s, numerous studies have used neuropsychological tests of a 

wide range of cognitive functions to better delineate individual MS cognitive 

symptoms. 

The present study claims to further advance the considerable recent progress in our 

understanding of how and when MS affects thinking ability, and in particular memory 

function. In a long-standing disease like MS, where the life span is normal for most 

people (Cavallo, 1990), and the average age of symptom onset is 34 years (Baum & 

Rothschild, 1981 ), advancement in the assessment and rehabilitation of memory 

performance is a priority. 

What follows in the next section is a description and evaluation of the current status of 

MS memory research. 

1.2. Measurement of Memory in Multiple Sclerosis - Previous studies 

1.2.1. Explicit memory performance 

Memory is one of the most consistently impaired cognitive functions in MS 

(Brassington & Marsh, 1998). It is reported to occur in 40-60% of those diagnosed with 

MS, when compared with control groups (Rao et al., 1993). However, despite also being 

the most frequently studied of MS cognitive functions (Rao, 1995a), the precise nature 

of the memory impairment continues to be a matter of considerable debate (DeLuca, 

Barbieri-Berger & Johnson, 1994). Not only has no convincing explanation yet been 

offered for the neuropathological basis of MS memory impairment, but no current 

theoretical model of memory provides a clear explanation of the mechanism(s) of the 

impairment in MS memory (Litvan, Grafman, Vendrel & Martinez, 1988). 

Yet there is a consensus from cross-sectional studies that explicit memory (what we 

remember when we try) is frequently impaired. Memory deficits are found whether MS 

patients are recruited from clinical settings (Armstrong et al., 1996; Carroll, Gates & 

Roldan, 1984; Grant, McDonald, Trimble, Smith & Reed, 1984; Rao, Hammeke, 
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McQuillan, Khatri & Lloyd, 1984), or community based registries (Beatty et al., 1996; 

McIntosh-Michaelis et al., 1991; Rao, Leo, Bernardin & Unverzagt, 1991; Rao, Leo & 

St. Aubin-Faubert, 1989). However, prevalence rates for cognitive impairment tend to 

be lower in community based studies (40%) (Brassington & Marsh, 1998), and even 

lower (10%) where memory is assessed by MS patients themselves (e.g., metamemory 

reports) and relative report, rather than by neuropsychological testing (Richardson, 

1996). This indicates a need for more large-scale, population-based studies to provide 

accurate prevalence rates of MS memory disturbance which are generalisable to the total 

population of people with MS (Brassington & Marsh, 1998). 

1.2.2. Retrieval vs. acquisition explanation 

Explicit memory impairment is reported in numerous cross-sectional studies where MS 

patients remember fewer details of a story (Caine, Bamford, Schiffer, Shoulson, & Levy, 

1986), though retain memory for important story ideas (Goldstein, McKendall & Haut, 

1992); recall fewer words on a list in multi trial learning tasks ( e.g., in the free verbal 

recall test: (Rao et al., 1984); and the California Verbal Learning Test (CVLT): 

(Diamond, DeLuca, Johnson & Kelley, 1997; Kessler, Cohen, Lauer & Kausch, 1992); 

recall fewer words in the selective reminding test (Beatty et al., 1996); but have 

comparable performance to controls on memory span (Rao, Leo & St. Aubin-Faubert, 

1989) and verbal recognition memory tasks (Diamond et al., 1997; Rao, Leo & St. 

Aubin-Faubert, 1989). Virtually identical results were found in studies that used 

nonverbal stimuli in their memory tasks ( e.g., Caine et al., 1986; Grant et al., 1984; Rao 

et al., 1984). Typically, conclusions from such data have been that encoding/acquisition 

is intact in MS, but retrieval is impaired (Rao et al., 1993). 

However, other studies claim that initial acquisition is defective (Beatty, Goodkin, 

Monson, Beatty & Hertsgaard, 1988; Carroll et al., 1984; Diamond et al., 1997), and 

that this could be due to impaired memory span (DeLuca et al., 1994; Fischer, 1988; 

Rao, Leo, Bernardin et al., 1991); slowed information processing speed (Beatty et al., 

1988; Kajula, Portin, Revonsuo & Ruutianen, 1994); impaired working memory 

capacity (Litvin, Grafman, Vendrel, Martinez, Junque et al., 1988; Pelosi, Geesken, 

Holly, Hayward & Blumhardt, 1997); or poor initial learning (van den Burg, van 

Zomeren, Minderhoud, Prange & Meijer, 1987). Also, the only previous study of 
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performance on the CVL T that used a control group found impaired MS acquisition 

(recall of the total number of words over five trials); greater use of serial clustering by 

the MS group than controls; but no group difference in recognition, or in the use of 

semantic clustering (Diamond et al., 1997). By contrast, Raymond, Stern, Authelet, and 

Penney ( 1987) reported that MS patients were impaired on CVL T recall, recognition, 

and in the use of semantic clustering; however, no control group was used for 

comparison. DeLuca et al. (1994) also reported deficiencies in initial learning in MS in a 

multitrial memory task. In a recent review of MS memory, Brassington and Marsh 

(1998) agreed with DeLuca et al.'s (I 994) claim that because previous MS memory 

studies have not controlled for initial acquisition, impaired retrieval could be 

confounded with deficient acquisition. 

Other researchers propose that disturbances in both encoding and retrieval may best 

explain MS memory deficits (Beatty, 1993a; Thornton & Raz, 1997). This has been 

demonstrated in a subset of CP MS patients with severe memory impairment (Rao et 

al., 1984), and in a group of 38 CP MS patients investigated by Beatty et al. (1988). 

Also, a recent study has identified differential verbal and visual memory effects, 

claiming that MS verbal memory impairment is due to poor encoding, and visual 

memory impairment to deficits in both encoding and storage (DeLuca, Gaudino, 

Diamond, Christodoulou & Engel, 1998). 

In summary, most reviews and studies of MS memory have proposed that impaired 

retrieval constitutes the primary memory deficit in MS (Brassington & Marsh, 1998; 

Rao, 1995a), but other studies and reviews are now disputing this (DeLuca et al., 1994; 

Hutchinson, Burke & Hutchinson, 1996; Thornton & Raz, 1997). Clearly, a continuing 

exclusive focus on the acquisition versus retrieval explanation is unlikely to 

significantly advance our understanding of MS memory impairment. After decades of 

such research, the key mechanism(s) responsible for MS memory impairment remains a 

matter of considerable controversy. For this reason, the present study was designed to 

use the relatively novel measure of memory developed by Jacoby (1991) and Jacoby, 

Toth, and Yonelinas (1993), with the aim of adding fresh insights into our 

understanding of MS memory impairment. Jacoby's (1991) memory model is discussed 

and analysed in section 3 of this chapter. However, prior to that discussion, the findings 
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from previous studies of other aspects of MS memory which have influenced the design 

of the present study, are analysed. These previous studies have explored the physical 

illness, demographic, and affective ( emotional) correlates of explicit memory function, 

and MS memory performance over time. 

1.2.3 MS Physical illness, demographic variables; and memory function. 

The variable most consistently reported to be related to MS memory function is the MS 

disease course: frequently characterised until very recently as RR or CP. However, in 

this area also the findings to date are equivocal. Several studies report that MS memory 

impairment is more marked in those with a CP than a RR disease course (Heaton, 

Nelson, Thompson, Burks & Franklin, 1985; Mahler, 1992; Rao, 1995b). Consistent 

with these findings, a longitudinal study of cognitive symptoms in patients with early 

signs of MS found that 4.5 years after initial testing, all 35 patients with clinically 

isolated lesions (CIL) had visual memory impairment. Of the 19 MS patients who 

developed a clinically definite disease course, the 7 CP patients had more severe 

attention and verbal memory impairment than the 12 RR and 16 CIL groups (Feinstein, 

Kartsounis, Miller, Y oul & Ron, 1992). 

However, recent reviews of the neuropsychological aspects of MS have cited several 

studies which have found conflicting results (Brassington & Marsh, 1998; Wishart & 

Sharpe, 1997). For example, Rao et al. (1984) reported that not all CP patients have 

impaired memory. They found that 35 or 80% of their 44 CP MS patients had either 

mildly impaired (n = 19) or normal (n = 16) memory performance compared to age and 

education matched controls. Only 20% of the CP patients had severe memory 

impairment (n = 9), and this was characterised by both encoding and retrieval deficits. 

Also Amato et al. (1995) concluded that the type of MS disease course had little 

predictive value for cognitive and memory performance over time. They found memory 

did not deteriorate in either 44 RR or 6 CP patients over four years, although verbal 

recall was impaired for both groups of patients at initial testing. Moreover, a CP course 

was correlated with higher scores on verbal memory after 24 hours. However, 4/6 of the 

CP patients suffered from spastic paraparesis and had minimal cerebral involvement. 

Probably their better memory is related to the relative absence of lesions at the cerebral 
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level despite significant spinal cord damage. Also Bernardin et al. (1993) found memory 

deterioration over 3 years in 84 RR MS patients compared to 86 controls. They also 

found that the cognitive (including memory) changes appeared to be independent of 

disease course, illness duration, or changes in physical disability. 

These varied findings about the importance of MS disease course in cognition may, in 

part, be due to a lack of consensus about disease course definitions (Brassington & 

Marsh, 1998). Future research (the present study included) has the advantage of using 

Lublin and Reingold's (1996) MS disease classifications which differentiate between a 

RR course and a progressive course which may take one of three forms (PP, RP, or PR). 

A general usage of these categories as defined will increase the validity of future 

research claims about the role of disease course. From past studies it seems, however, 

that, although a CP disease course is more frequently associated with memory 

impairment, not all CP patients exhibit memory loss; and, when they do, it is not 

necessarily either more severe or more likely to deteriorate than for RR patients. 

By comparison, there is more consistent agreement that neurological disability status 

and disease duration are not related to the degree of MS cognitive impairment 

(Maurelli et al., 1992; Penman, 1991; Rao, Leo, Bernardin, et al., 1991). Against these 

findings Beatty, Goodkin, Hertsgaard, and Monson (1990) reported a strong association 

between disease course, neurological disability status, and disease duration: they 

concluded that a CP course, greater physical disability, and a longer disease course 

indicated poorer cognitive performance. The more common finding is of an absence of 

any correlation between physical and cognitive functioning in MS (Brasssington & 

Marsh, 1998; Thornton & Raz, 1997), which highlights the importance of 

neuropsychological testing in detecting MS cognitive impairment. 

Despite these equivocal findings, in the present study the physical illness variables 

disease course and duration of illness were included to enable comparisons with 

previous MS studies. Unfortunately, it was not possible to obtain neurologist 

assessments of physical disability. However, given the above research findings and 

reviews, it was not regarded as a serious omission. 
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By contrast, demographic variables are frequently correlated with performance on MS 

memory measures (Rao et al., 1984). However, not all studies guard against the effects 

of age, education, and sex differences in determining cognitive deficits, making 

comparisons between these and adequately controlled studies questionable (Hutchinson 

et al., 1996). This is despite, for example, the documented effects of age on memory 

performance in normal elderly groups (Botwinick, 1981 ). Also Vowels ( 1986) reported 

greater cognitive and memory impairment in female than male MS patients, although 

most MS memory studies have tended not to investigate the role of gender. More recent 

MS memory studies typically have included age and education matched control samples 

(e.g., Coolidge, Middleton, Griego & Schmidt, 1996). In the present study, a potential 

methodological weakness was avoided by including data on age, sex, and years of 

formal education. This ensured that any contribution to the prediction of conscious 

memory from these demographic variables could be identified. 

In summary, most studies have found no consistent relationship between MS memory 

performance and the physical aspects of the disease. (Brain MRI/cognitive and memory 

associations are investigated in a subsequent section of this chapter). Yet, given that 

physical disability is typically associated with brain stem and spinal cord damage, 

whereas cognitive/memory function is not, the poor correlations between physical and 

cognitive manifestations of the disease are not surprising. By contrast, because the 

demographic variables age, sex, and education have been more consistently related to 

MS memory performance, their effects on memory will be controlled in the present 

study. 

1.2.4 Affective state and memory 

Another variable frequently reported in relation to cognitive changes in MS is mood 

state, in particular, depression (Feinstein, 1995). A high incidence of depression in MS 

compared to control subjects is frequently cited, with multiyear prevalence rates ranging 

from 42-62% (Schiffer & Babigian, 1984). Also, 25-33% of MS patients are thought to 

be depressed at any particular time (Whitlock & Siskind, 1980). 

However, recent researchers claim these prevalence and incidence figures for MS 

depression are inflated. Studies of MS affective state often used self-report inventories, 
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such as the Beck Depression Inventory (BDI) (Beck, Rush, Shaw & Emery, 1979), in 

which the total score includes physical symptoms which may be MS-disease rather than 

depression related (Nyenhuis et al., 1995). In support of their claim, Nyenhuis et al. 

( 1995) found that MS and control subjects did not differ on mood disturbance subscale 

scores which reflect the most critical aspect of the DSM-IV (American Psychiatric 

Association, 1994) depression definition. 

Nonetheless, some research claims to have identified a relationship between depression 

and MS cognitive function (including memory) (Goldstein & Shelly, 1974; Weingartner 

& Silberman,1982). Also, depression has frequently been associated with problems of 

attention in non-MS groups (Lezak, 1983), and it is claimed attention is necessary for 

conscious recall and recognition memory performance (Jacoby, Woloshyn & Kelley, 

1989). Most researchers, however, claim that depression and cognitive function are 

independent in MS patients (Good, Clark, Oger, Paty & Klonoff, 1992; Krupp, 

Sliwinsky, Masur & Friedberg, I 994; Moller, Weidemann, Rohde, Backmund & 

Sonntag, 1994). Others specifically claim that MS memory dysfunction is not related to 

depression (Minden, Moes, Orav, Kaplan & Reich, 1990). 

The effects of depression were controlled in the present study because depression is 

frequently cited as important in MS cognitive and memory function: all subjects 

identified as depressed by the BDI were excluded. The BDI was chosen to enable 

comparison with previous MS studies in which it is one of the most frequently used 

affective inventories (Brassington & Marsh, 1998). Both total scale and non-physical 

symptom BDI scores were calculated, given recent findings that the total BDI mood 

score can be confounded by disease related physical symptoms (Nyenhuis et al., 1995). 

Appendix 2.1 describes how the BDI was used to decide whether or not to exclude an 

MS or control subject on the basis of depression. 

1.2.5 Longitudinal MS studies 

Longitudinal studies of MS memory also provide important information about whether 

MS memory impairment is stable or progressive over time. Unfortunately, there has 

been a relative dearth of longitudinal research into MS memory, highlighted recently in 

several MS memory reviews (Brassington & Marsh, 1998; Hutchinson et al., 1996). 
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Nonetheless, several researchers have found that the pattern and severity of MS memory 

disturbance is highly variable between MS patients; it does not appear to have a 

characteristic progression (Peyser, Rao, LaRocca & Kaplan, 1990; Rao, 1995a; Rao, 

Leo & St. Aubin-Faubert, 1989; Thornton & Raz, 1997). 

Yet, of the few studies undertaken, most have reported a deterioration in memory 

function over time, at least for some MS patients. Bernardin et al. (1993) reported 

significant memory deterioration over 3 years in 84 RR MS patients compared to 86 

controls. Also, as already cited, Feinstein et al. (1992) found that after 4.5 years, half 

their 35 MS patients who presented with early signs of MS (clinically isolated lesions) 

had developed clinically definite MS. Over time, the whole patient group deteriorated in 

visual memory, and the 7 CP patients significantly deteriorated in auditory-verbal 

attention and memory (story recall) tasks, compared with the RR and the clinically 

isolated lesion groups. However, the small group size and absence of a control group 

raise the question of whether or not these selectively identified deficits represented a 

Type II error (Hutchinson et al., 1996). 

By contrast, MRI lesion score, rather than a CP disease course, predicted memory loss in 

a study by Feinsten, Ron, and Thompson (1993). They reported cognitive deterioration 

in a period of 6 months for the 3 (2 RR; 1 SP) out of 10 MS patients who had a 

deteriorating MRI lesion score. These results are consistent with the considerable 

individual variation in MS memory deterioration reported by Jennekens-Schinkel et al. 

(1990). They found that although their group of 33 MS patients was impaired in the 

auditory-verbal learning of word lists compared to controls, after 4 years they 

maintained performance level, whether the information was aurally or visually 

presented. However, four patients (2 RR, and 2 RR who became CP) deteriorated, and 

one RR patient who became CP improved in verbal recall over time. 

Also Rao, Bernardin, Leo, et al. (submitted) found that only 15 (19%) of their 77 

community based MS patients deteriorated in cognitive function over a three year 

period. At the time of writing, information about the patient disease course was not yet 

available. By contrast Amato et al. (1995) found that 10-minute and 24-hour delay 

verbal recall was impaired in 44 RR and 6 CP MS patients at initial testing compared to 
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70 controls, but memory did not deteriorate further on retest 4 years later. Similarly, 

Passafiume, Pozzilli, Bernardi, and Fieschi (1993) found no significant decline in MS 

memory over 43 months. Moreover for a group of 19 MS patients with a RR course, 

Mariani et al. (1991) found no cognitive or memory deterioration, no changes in MRI 

lesion load, and no correlation between cognitive performance and lesion load after 24 

months. 

In summary, some longitudinal studies have implicated a CP disease course, and others, 

MRI lesion load, in MS memory deterioration; yet others found no deterioration over 

time for their sample investigated. Given previous equivocal findings concerning MS 

memory change over time, the present study used a longitudinal design, classified MS 

patients according to Lublin and Reingold's (1996) definitions, and obtained MRI lesion 

loads for each subject. 

1.2.6 Implicit memory test performance 

By contrast with the above findings of explicit memory impairment, MS performance is 

typically intact on a range of implicit memory measures. These measures include 

semantic and lexical priming, and tests of perceptual and motor (procedural) learning 

(Rao, 1995a). For example Beatty and Monson (1990) found semantic priming was 

intact in 18 CP and 9 RR MS patients: patients rated pairs of words for relatedness, and 

were then given the first word of each pair as a cue for an immediate response. Similarly 

20 CP and 13 RR MS patients had normal associative retrieval from semantic memory 

when they were presented with stimulus words, and asked to give a response (Pijpers

Kooiman, van der Velde & Jennekens-Schinkel, 1995). Beatty, Goodkin, Monson, and 

Beatty (1990) reported intact lexical priming in a stem completion task, even in those 

MS patients with naming deficits. MS patients also had normal pursuit rotor learning 

(motor skill). In a perceptual learning task, Carroll et al. (l 984) found that MS patients 

remembered the physical or perceptual properties of objects on a slide, just as well as 

controls, whether the mode of presentation was perceptual or semantic, and when not 

directed to do so. 
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Other implicit studies found intact MS performance on a lexical priming task (reading 

degraded words), mirror reading (priming and skill learning) (Rao et al., 1993), and in 

estimating the frequency of presentation of a given word stimulus (Grafinan, Rao, 

Bernardin & Leo, 1991). It seems MS performance is intact in the priming of visual and 

verbal material whether the stimuli are presented in lexical/perceptual or semantic form. 

Grafinan et al. (1991) and Rao et al. (1993) also claim that MS patients appear to be 

unimpaired on tests which rely on automatic memory only. Grafinan et al. ( 1991) 

designed a study to compare automatic (monitoring frequency and modality) versus 

effortful (free and cued recall) memory processes in 41 MS and 45 controls. They found 

that MS patients were significantly impaired on memory tests requiring effort, but 

performed normally on automatic measures compared to controls. Beatty and Monson 

(1990) agreed with this interpretation, by suggesting that MS semantic priming is intact 

because the requirements for active processing in such a task are minimised. Contrary to 

these suggestions of intact MS automatic processing is a study which found some 

slowing in automatic visual processing in a sample of 45 MS patients which included 

23 with preserved cognition (Kajula et al., 1994). 

1.2. 7 The conventional explicit vs. implicit dissociation 

All the MS memory research described to date has used the conventional means of 

measuring explicit memory via explicit task performance, and implicit memory via 

implicit task performance. According to its critics, such conventional memory research 

assumes that performance on explicit memory tasks is associated with conscious, 

explicit memory processes, and implicit test performance with automatic memory 

processes (e.g., Merikle & Reingold, 1991; Reingold & Toth, 1996). The critics of this 

approach describe it as the task dissociation approach (TDA), because the approach 

assumes that memory dissociations (conscious/automatic) can be inferred on the basis 

of task dissociations (explicit/implicit task performance). However, equating memory 

tasks and memory processes in this way creates the serious problem of producing 

inflated values of actual memory performance (Jacoby et al., 1993). Because of the 

persuasive arguments of these critics (to be detailed in the next section), and the 

apparent inadequacy of the current explanations of MS memory impairment using the 
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encoding/retrieval distinction, a different way of understanding and measuring memory 

was sought. 

1.2.8 Section Summary - Measurement of Memory in MS - Past studies. 

The conclusions typically drawn from past MS studies of explicit and implicit memory 

using the task dissociation approach have been twofold. First, that explicit or conscious 

memory is manifest in explicit tasks and is impaired in MS patients. However, 

controversy persists about which information processing stage is central to MS memory 

impairment: is attention, encoding, storage, or retrieval of information the critical 

impaired process stage? Second, that automatic memory is manifest in implicit tasks and 

is unimpaired. That is, remembering performance is intact when the subject is instructed 

to focus on an incidental aspect of the material to be remembered. Clearly there is 

agreement about the demonstration of MS memory impairment in explicit tasks. The 

controversy is about the mechanisms responsible for this impairment, and about why 

these mechanisms apparently operate successfully in implicit tests. In addition, 

generalisation about MS memory impairment is extremely difficult because the pattern 

and severity of the memory disturbance is highly variable within and between MS 

patients. Also, several methodological and design weaknesses have contributed to 

previous inconclusive MS memory findings about the role of encoding and retrieval 

failure. These include: the lack of large population-based longitudinal studies with 

adequate control groups; inconsistencies in patient disease course definitions; a lack of 

information about the amount and location of MS patient lesion load; and inadequate 

control of potentially confounding demographic variables, and affective (mood) 

variables, such as depression. The present study was designed to address each of these 

potential weaknesses. 

An equally important reason for these inconclusive MS memory findings, is that it is 

claimed that the conventional method of equating memory processes with explicit and 

implicit tasks, overestimates how much information is actually consciously remembered 

(Jacoby et al., 1993). This is a serious criticism. It is especially important that memory 

strengths and weaknesses in neurologically impaired groups, such as people with MS, 

are properly assessed. Otherwise MS rehabilitation programs could be fundamentally 

flawed because they are based on inaccurate expectations of memory ability. 
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1.3 Measurement of Memory in MS - A novel approach 

1.3 .1 Introduction 

17 

Because of the inadequacies m MS memory investigations using the information 

processing and task dissociation frameworks, the present research adopted a novel 

approach to the conceptualisation and measurement of memory: Jacoby's ( 1991) 

memory process dissociation model and procedure (PDP). Use of the PDP produces a 

more precise measure of actual memory performance than that conventionally reported 

(Jacoby, 1991; Jacoby et al., 1993). Yonelinas and Jacoby (1996) consider that a more 

exact measure of memory is crucial to the development of the improved assessment and 

treatment of different memory deficits (e.g., Jacoby, Jennings & Hay, 1996). In addition, 

accurate detection of MS memory impairment has important implications for 

occupational and general social functioning (e.g., Beatty, 1993b; Rao, Leo, Ellington, et 

al., 1991) and for the evaluation of therapeutic effectiveness (e.g., Smits et al., 1994). 

Jacoby's (1991) model conceptually defines, and then derives mathematical equations 

for, the measurement of two key memory processes that operate to produce 

remembering: consciously controlled (intentional) and unconscious (automatic) 

processes. 

1.3 .2 Conscious and automatic memory 

The role of conscious and unconscious processes is an important theme in modem 

cognitive psychology (Mulligan & Hirshman, 1997). Moreover use of these concepts to 

understand memory impairment is not novel. Warrington and Weiskrantz (1982) and 

Moscovitch (1989) suggested that amnesics' impaired retrieval from explicit memory 

was due to a selective impairment in the active and conscious manipulation of 

information in a mediational memory system, with automatic memory unimpaired. 

Further, Moscovitch (1989) stressed that one component of this selective impairment, 

an inability to consciously evaluate the source of automatically available behaviour, 

could account for the confabulation observed in some amnesics. 

Also, as already cited, Grafman et al. ( 1991) found patients with MS were significantly 

impaired on memory tests requiring effort (e.g., explicit search and strategy procedures), 

but performed normally on automatic measures (e.g., encoding and retrieving the task

defined, less salient aspects of a stimulus). These authors postulate that one possible 
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explanation for the intact performance of MS patients on automatic processmg 

measures, despite impaired effortful memory, is that their memory deficit may primarily 

involve th~ conscious, effortful strategic aspects of searching long-term memory, 

rather than an encoding/retrieval deficit. 

1.3.3 The Process Dissociation Procedure {PDP) 

However, it was not until Jacoby (1991) and Jacoby et al. (1993) that these ideas were 

tested in a model. Recognising that both memory with, and memory without awareness, 

can affect performance in most tasks, Jacoby (1991) developed the process dissociation 

procedure (PDP). It is a quantitative means of isolating the influences of conscious and 

automatic memory in any task (Hirshman, 1998). The foundation of the process 

dissociation framework is built on a rejection of the 'process purity' assumption of the 

task dissociation approach (TDA) (Jacoby, 1991; Merikle & Reingold, 1991; Reingold 

& Merikle, 1988, 1990; Reingold & Toth, 1996). Rather than equating tasks with 

memory processes as in the TDA, in the PDP, all tasks are seen as manifestations of 

concurrent but independent conscious and unconscious processes (Wainwright & 

Reingold, 1996). The PDP has been used in a variety of memory paradigms to separate 

out processes that supply conscious control in the task from processes that do not. These 

paradigms include using cued recall (stem completion and paired associates) and 

recognition (Kelley & Jacoby, 1998). 

1.3.4 The inclusion and exclusion conditions 

The PDP uses instructions and a design that places into opposition the processes of 

conscious and unconscious remembering at the retrieval stage. It also more tightly 

controls the intention of the subject at the study and retrieval stages, compared with the 

instructions in the conventional TDA. In the PDP, subjects are given two memory tests 

referred to as the inclusion and exclusion conditions. Initially, subjects are requested to 

try to remember the words presented. 

Under inclusion test instructions, subjects are then instructed at the recall phase to use a 

(supplied) word stem as a cue to remember a previously studied word, and to guess if 

remembering fails. Implicit and explicit memory are hypothesised to work together to 

produce studied words (Hirshman, 1998). Exclusion instructions at the recall phase 
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direct the subject to use the word stem as a cue for recall of an old word, but to then 

reject the old word and replace it with a new word instead (Toth, Reingold & Jacoby, 

1995). Explicit memory is hypothesised to oppose the tendency of implicit memory to 

produce studied words (Hirshman, 1998). In fact in the exclusion condition, the subject 

is trying (intending) to exclude studied words and to produce new, unstudied ones. 

Instead, what happens is that subjects also produce words seen at study, and they are not 

aware of having done so. 

This exposes the incorrect assumption of the task dissociation approach (TDA) that 

explicit task performance is purely the product of intentional, conscious remembering: 

intentional remembering in the exclusion condition can produce 'correct' old words of 

which the subject is not conscious, as well as the new words requested. That is, 

consciously intending to remember a word does not guarantee awareness/consciousness 

at recall about whether the word was studied or not. Instead, a correct word may be 

produced automatically in an explicit task, with the subject unaware that the word is 

correct. 

Similarly, implicit task performance can be due to the operation of both intentional, 

conscious processes as well as automatic processes (Jacoby, 1991; Jacoby et al., 1993): 

subjects cannot be relied upon to not to try to remember, because conventional implicit 

task instructions are not sufficiently constraining of intention (Reingold & Merikle, 

1990; Richardson-Klavehn & Bjork, 1988). 

1.3.5 Key assumptions of the PDP 

A critical assumption of the PDP is that these memory processes operate independently 

but not exclusively, although overlap or concurrence is possible. However, the 

independence assumption has not gone unchallenged, and has been the focus of much of 

the controversy about this new paradigm (Curran & Hintzman, 1995, 1997; Gardiner & 

Java, 1993; Joordens & Merikle, 1993; Wainwright & Reingold, 1996). Curran and 

Hintzman (1995, 1997) question this assumed independence specifically as it applies to 

word stem completion tasks. They claim that correlations between mean estimates of 

conscious and automatic processing constitute a serious problem for the independence 

assumption. Jacoby and Shrout (1997) argue that process independence between 
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conscious and automatic estimates on any particular memory trial is the crucial level at 

which the independence assumption should be tested. They reject Curran & Hintzman's 

(1995, 1997) claims that the independence assumption should be tested by correlating 

conscious and automatic estimates averaged over all items or subjects. Further, Jacoby 

and Shrout ( 1997) claim that the strongest evidence for this independence, is the 

consistent finding of memory process dissociations using the PDP, such as those 

reported in Jacoby, Begg and Toth's (1997) Table 1. Consistent with these claims, 

recent electrophysiological evidence suggests that recollection across a range of memory 

tasks, including stem completion, is functionally and neurologically dissociable (Allan, 

Wilding & Rugg, 1998). 

More importantly, it is argued that this central independence assumption is valid 

provided that the critical boundary conditions for the PDP are not violated (Jacoby, 

1998; Jacoby et al_., 1997). These conditions specify the avoidance of floor and ceiling 

effects in the inclusion and exclusion conditions. Otherwise, extreme values can 

artificially inflate or deflate estimates of automaticity. Another critical condition is that 

subjects should use direct retrieval rather than a generate-recognise strategy in recall. 

Use of a generate-recognise strategy would violate the independence assumption 

because it requires that a word be generated before it can be recognised. This would 

establish a dependence between the automatic influences involved in generating a 

completion, and conscious recognition memory (Jacoby, 1998). Direct retrieval, it is 

argued, will ensure a lack of response bias across inclusion and exclusion conditions, 

most easily verified by equivalent baseline (guessing) rates across conditions (Toth et 

al., 1995). 

In fact, Jacoby and colleagues do not claim that independence always holds. Rather, they 

stipulate that researchers closely emulate their experimental designs which aim to satisfy 

the assumption of independence (e.g.,Yonelinas & Jacoby, 1996). Once these boundary 

conditions defining instructions and design are satisfied, it is argued there is substantial 

support for the independence assumption as it relates to stem completion performance 

(e.g., Cowan & Stadler, 1996; Jacoby, Yonelinas & Jennings, 1997). In summary, the 

strategies of specifying direct retrieval in test instructions, and the avoidance of floor 

and ceiling effects in inclusion and exclusion conditions, build independence. 
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Consequently, the likelihood of meeting the assumptions of the PDP is increased 

(J.P.Toth, personal communication, May 13, 1996). 

1.3.6 Algebraic estimates of conscious and automatic memory 

When the key assumptions of the PDP have been met, Jacoby et al. (1993) claimed 

conscious and automatic memory processing can be estimated algebraically. The 

probability of conscious remembering can be estimated as: the probability of the subject 

remembering a studied word in the inclusion condition, minus the probability of 

responding with a studied word in the exclusion condition. Then automatic influences 

can be estimated as: the probability of responding with a studied word in the exclusion 

condition, divided by one minus the probability of conscious remembering, minus the 

baseline rate of completion across the inclusion and exclusion conditions. 

However, as previously noted, if baseline rates do differ across inclusion and exclusion 

conditions (e.g., Komatsu, Graf & Uttl, 1995), valid estimates of conscious and 

unconscious processing can be made for recognition tasks by employing one of a 

number of correction models that have been tested ( e.g., Buchner, Erdfelder & 

Vaterrodt-Plunnecke, 1995; Yonelinas & Jacoby, 1996). Data from experiments using 

such correction models for stem completion tasks have yet to be reported (Wainwright 

& Reingold, 1996). Baseline rates of responding in the inclusion and exclusion 

conditions were not equivalent in the present study, even when they were calculated 

using individual subject, as opposed to group average, base rates. Therefore, conscious 

and automatic estimates calculated in the present study need to be treated with some 

caution. 

1.3.7 Involuntary conscious processes 

Other critics claim that the PDP is seriously flawed because the exclusion condition 

underestimates automatic process effects by not including the effects of involuntary 

conscious processes (Curran & Hintzman, 1995, 1997; Richardson-Klavehn, Gardiner, 

& Java, 1994; Richardson-Klavehn & Gardiner, 1995). This argument misrepresents the 

PDP. The PDP claims the exclusion condition demonstrates the operation of automatic 

influences, not that it measures them (Reingold & Toth, 1996). Jacoby et al. (1993) 

claim quantitative estimates of conscious influences, whether intentional or involuntary, 
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can be made usmg their theoretically derived equations. In the present research, 

automatic influences will be demonstrated in the exclusion condition, and preliminary 

estimates of automatic and conscious processing also calculated. 

1.3.8 Section Summary- Advantages of the PDP over the TDA 

In summary, Jacoby's (1991) process dissociation procedure (PDP) was used to measure 

memory performance in the present study, because of the serious inadequacies of the 

conventional task dissociation approach (TDA). The TDA has been shown by its critics 

to be inaccurate because it relies on the central assumption that performance on explicit 

tasks is a pure measure of conscious memory, and that performance on implicit tasks is 

a pure measure of automatic memory. Integral to this false assumption, the TDA ignores 

the effect of the response bias on automatic memory performance, which is introduced 

by subjects trying to remember in implicit tasks. The TDA is also unable to identify 

what, if any, component of conscious memory performance may be contributed by 

involuntary conscious processing. 

By contrast, it is claimed the PDP is a superior framework for understanding the role of 

intention and automaticity in conscious and unconscious remembering in any type of 

task, for any subject group. The critics of the PDP particularly question its assumption 

that conscious and automatic memory processes are independent. Proponents of the PDP 

argue that the independence assumption is met when: a) the specified critical boundary 

conditions (avoidance of floor and ceiling effects), and b) direct retrieval instructions, 

are adhered to. Further, the PDP can accommodate the possibility of involuntary 

conscious processing. In short, the PDP acknowledges the assumptions on which it is 

based, and sets conditions to avoid potential problems. Instead, the TDA ignores its 

assumptions, as well as any problems these may create for the accuracy of memory 

measurement. 

1.3.9 Main Memory Hypotheses to be tested in the present research 

Taking together past studies of explicit and implicit MS memory, and non-MS memory 

research that has adopted the process dissociation procedure, the main memory 

hypotheses to be tested are that: 
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• Conscious (intentional) memory estimates will be impaired in the MS group, and will 

deteriorate over 24 months compared with controls. 

• By contrast, unconscious (automatic) memory will be unimpaired in the MS group, 

and will not change over time compared to controls. 

1.4 Metamemory in Multiple Sclerosis 

1.4.1 Introduction 

The present study investigates metamemory, or awareness of memory function, because 

knowledge about memory ability plays a vital role in the smooth and efficient operation 

of the basic memory system (Hart, 1967; Moscovitch, 1989). Metamemory has been 

operationally defined variously as memory knowledge in general, memory knowledge 

about future task-specific performance, and memory knowledge about the strategies 

employed (O'Shea, Saling & Baldin, 1994). In the range of metamemory paradigms 

used, the subject serves as a measuring device for his or her own memory (Nelson, 

1984). Also, of particular interest in an investigation of conscious memory processes, 

metamemory has been described as a cognitive process that entails an active, conscious 

evaluation of memory capabilities (Moscovitch, 1989). However, there is a high 

reported incidence of MS memory impairment, and so the critical question is whether 

this difficulty is compounded in MS by a flawed self-appraisal of memory ability. 

Clearly, accuracy of self-knowledge about memory has important ramifications for the 

rehabilitation of people with MS, and for their adjustment to the disease. Yet despite its 

importance, there is only one other study of MS metamemory (Beatty & Monson, 1991 ). 

This contrasts with the considerable volume of MS memory research. In the present 

study, metamemory information was obtained about conscious and automatic 

remembering on a specific task of word stem completion. 

Hart (1965) was the first to demonstrate experimentally that metamemory, as measured 

by feeling of knowing (FOK) judgments, can be used as a relatively accurate indicator 

of stored memory. Since Hart's (1965) pioneering experimental studies with FOK, a 

number of metacognitive measures have been developed and tested with a range of 

subject populations. Experimental metamemory measures reported have included: ease 
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of learning, judgment of learning, confidence judgments, and feeling of knowing 

(Nelson & Narens, 1990). Everyday metamemory questionnaires and questionnaires 

about the memory strategies adopted have also been used, particularly, in clinical 

settings (Schacter, 1991 ). Irrespective of the metamemory measure used, normal control 

subjects are generally found to be accurate in monitoring their knowledge (Koriat, 

Lichtenstein & Fischoff, 1980). There is evidence, however, that some MS patients have 

impaired metamemory, in that they are more likely to overestimate their ability to 

remember (Beatty & Monson, 1991). 

1.4.2 Previous MS and non-MS metamemory research 

The only previous study of MS metamemory was reported by Beatty and Monson 

( 1991 ). They found that MS patients who had both memory and conceptual processing 

impairment had low FOK magnitude for sentence recognition, and low prospective 

metamemory magnitude for free-word recall, ( compared with controls and MS patients 

with intact memory and conceptual ability). Also a self-report memory questionnaire 

identified that many of the MS patients with memory deficits tended to overestimate 

their ability to recall everyday life events. Further, metamemory for the more difficult 

task of sentence recognition required MS patients to have intact memory and conceptual 

abilities. By contrast, metamemory for prospective word recall was not impaired, 

provided either memory or conceptual ability was intact. Beatty and Monson (1991) 

concluded from their findings that MS metamemory impairment is most likely in those 

patients with both memory and conceptual processing deficits. 

Beatty and Monson's (1991) metamemory hypothesis about MS patients is consistent 

with findings for amnesic patients with alcoholic Korsak.offs syndrome. These patients, 

who are impaired on both memory tests and tests of executive skills, are impaired in the 

ability to predict their own free recall (Bauer, Kyaw & Kilbey, 1984) and recognition 

(Shimamura & Squire, 1986) performance. By contrast, amnesic patients without the 

frontal/subcortical involvement typical of Korsak.offs syndrome (e.g., hypoxia, ECT) 

had accurate FOK judgments, even though their memory was as severely impaired as 

the Korsak.off patients (Shimamura & Squire, 1986). Similarly, patients with 

impairments to the frontal lobes but intact memory made accurate FOK judgments, 

unless their memory was weakened by imposing a recognition delay of 1-3 days 



Chapter I: Memory Introduction 25 

(Janowsky, Shimamura & Squire, 1989). Further, in a related study, FOK judgments in 

the temporal ordering of words with high, medium and low semantic relatedness in 

patients with frontal lesions were impaired: judgments did not correlate with 

performance when compared to controls (Jurado, Junque, Vendrell, Treserras & 

Grafman, 1998). 

Taken together, these various findings are consistent with the views of Nelson, Gerler 

and Narens (1984) and Mayes and Daum (1997) that metamemory can be conceived of 

as requiring the efficient operation of two mechanisms: a) the evaluation of what 

knowledge is held in memory (which requires inferential mechanisms that use 

contextual knowledge, e.g., strategic planning, involving the frontal lobes), and the 

retrieval of information (via trace-access mechanisms) within a knowledge-based 

context (not involving the frontal lobes). 

However, although MS metamemory was shown to be impaired in Beatty and Monson's 

(1991) study, the assumption that such impairment was related to frontal lobe 

impairment, inferred from impaired Wisconsin Card Sorting test (WCST) performance, 

is not necessarily valid. Anderson, Damasio, Jones, and Tranel (1991) have 

demonstrated that the WCST is sensitive not only to frontal lobe but also to posterior 

brain impairment. Nonetheless in subsequent studies, Beatty and Monson (1996) found 

that MS patients frequently have a specific impairment in conceptualisation, as 

measured by the California Card Sorting Test (CCST), or the Shipley Abstraction Test 

(Beatty, Hames, Blanco, Paul & Wilbanks, 1995). These studies have argued that either 

of these tests is more sensitive than the WSCT in identifying the fundamental 

impairment in MS problem solving: a difficulty in forming concepts. Accordingly, the 

aspects of Beatty and Monson's (1991) study that required verification, are the claims 

that frontal lobe impairment and conceptual impairment are implicated in poor MS 

metamemory. The present study addresses both of these questions through the use of the 

similarities (WAIS-R) (Wechsler, 1955, 1981) subtest to measure semantic clustering 

/conceptualisation ability, and MRI scanning to detect the extent of MS frontal lobe 

impairment. 
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Despite the lack of clear evidence in Beatty and Monson's (1991) study of a link 

between MS metamemory impairment and the frontal lobes, there is, nevertheless, 

evidence in non-MS brain impaired groups that reduced metamemory is related to 

damage to the frontal lobes or their connections (McGlynn & Schacter, 1989; Schacter, 

1991). These findings for non-MS groups (including those cited above) are important 

for the present study given that impairment to the frontal connections is typical of MS 

(BrowneJI & Hughes, 1962; Francis, Evans & Arnold, 1995). It might be expected then, 

that metamemory will be most impaired in those MS patients with impaired memory, 

impaired conceptualisation, and higher lesion loads in the frontal periventricular and 

subcortical frontal regions. 

1.4.3 Metamemory measures used in the present study 

The present study investigated MS metamemory by obtaining prospective and 

retrospective judgments about memory performance in the specific task of word stem 

completion. Metamemory judgments were obtained for words that were consciously 

remembered and also for those automatically remembered in word stem completion. 

The metamemory measures used were derived from Nelson and Narens' (1990) 

metamemory framework and self-directed memory theory. Specifically these measures 

were prospective judgment ofleaming (JOL) and feeling of knowing (FOK) appraisals, 

and retrospective confidence judgments. These metamemory measures will now be 

described separately because they have been shown to be different types of metamemory 

judgments that are only weakly correlated with each other (Leonesio & Nelson, 1990). 

1.4.3.1. Judgments of Leaming (JOLs) 

A JOL is made during or after acquisition, and is a prediction about future memory 

performance on items (e.g., words) which can potentially be currently recalled (Nelson 

& Narens, 1990). JOLs are prospective estimates of future recall performance, and are 

reported to reliably predict the percentage of correctly recalled items in intellectually 

impaired (Comoldi & Vianello, 1992) and normal subjects (Maki & Berry, 1984; 

Shaddock & Carroll, 1997). Further, Maki and Berry (1984) found that better students 

(those who scored above the median in the recall test) were more accurate at predicting 

recall than poorer students (those with below median recall). In other words, the higher 
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the recall, the higher the JOL magnitude and accuracy; the lower the recall, the lower the 

JOL magnitude and accuracy. 

The focus of most JOL research in the past two decades has been on normal subjects, 

and identifying the conditions that optimise the accuracy of their prospective judgments. 

The preferred methods for establishing JOL performance are the JOL magnitude, which 

gives an average value of the subjects' expectations about recall for all items, and JOL 

accuracy, determined using gamma correlations. A gamma correlation is computed for 

each subject by relating the continuous variable of the 'probability of the JOL response', 

to the dichotomous variables of correct or incorrect recall. This measure gives more 

precise metamemory information than a JOL magnitude, because it computes a mean 

value for the fit between expected and actual recall for each item. Nelson and Dunlosky 

(1991) were the first to report that JOL accuracy (measured using gamma) was nearly 

perfect if the JOL was made several minutes after study, rather than immediately: this is 

referred to as the delayed JOL effect. Subsequently they added a further condition for 

this high degree of accuracy - the cue for JOL must be the stimulus alone (in studies of 

stimulus-response paired associates) (Dunlosky & Nelson, 1992, 1997; Weaver & 

Kelemen, 1997). JOLs in the present study were made several minutes after study, and 

the cue used for making the JOL judgment was the word stem, not the total word 

response. 

Several other studies have identified additional variables known to affect metacognitive 

accuracy including the type of material, item difficulty, the amount of learning, and the 

study-test retention interval (Shaddock & Carroll, 1997). The purpose of the present 

research was not primarily to identify conditions of maximum MS metamemory 

accuracy, but rather to compare MS with control performance when metamemory 

judgments were made under the same conditions. Therefore, not all the above variables 

identified as important for metamemory accuracy were included in the design. 

However, given the above findings (in particular from the only MS metamemory study), 

and given expected lower MS recall, the present research predicts: lower JOL 

magnitude, lower JOL accuracy (gamma correlations), and a deterioration in JOL 
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magnitude over time, in MS compared to control groups. Also for both groups, lower 

JOL is expected as conscious memory decreases. 

1.4.3.2. Confidence judgments 

A confidence judgment is described as a retrospective memory monitoring process in 

Nelson and Narens' (1990) theoretical metamemory framework. Specifically, 

confidence judgments are made after production or recognition of the studied item. They 

give information about after-test accuracy in the ability to discriminate between correct 

and forgotten words (Nelson & Narens, 1990). However, Nelson, Gerler, and Narens 

(1984) claim that because confidence ratings are made after testing has occurred, their 

interpretation is necessarily different to that of prospective ratings, such as JOLs and 

FOK which are made before the actual test is attempted. 

Typically, however, metamemory studies using cognitive tasks report an 

overconfidence phenomenon: the magnitude of confidence ratings usua1ly exceeds 

memory performance (Keren, 1991; Lichtenstein, Fischhoff & Phillips, 1982; Wallsten 

& Budescu, 1983; Yates, 1990). Also self and other (college room-mate) confidence 

judgments about the likelihood of future persona1/social behaviour has been reported to 

be inaccurate (Vallone, Griffin, Lin & Ross, 1990). However, underconfidence is 

frequently identified in sensory tasks (Bjorkman, Juslin & Winman, 1993; Peirce & 

Jastrow, 1984). For example, Stankov and Crawford (1996) reported correlations 

between performance and subjects' expressed confidence of 0.32 for the line-length 

perceptual task, considerably lower than the performance/confidence correlation of 0.62 

for the cognitive vocabulary (WAIS-R) test. Such findings prompted Juslin and Olsson 

(1997) to propose a separate model for confidence judgments for sensory than for 

cognitive tasks. 

An overconfidence about recall of cognitive items is found across a wide variety of 

conditions. For example, the degree of overconfidence about recall is approximately the 

same for normal and memory impaired alcohol-intoxicated people (Nelson, McSpadden, 

Fromm & Marlatt, 1986). Although sometimes near-perfect confidence and recall 

matching can occur, correlations of around 0.50 between performance and confidence 

are more typical (Koriat et al., 1980). Particularly given Nelson et al.' s (1986) findings 
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of unimpaired confidence judgments for memory impaired patients, the present research 

predicts the MS group will have a similar level of overconfidence about prior recall as 

the control group; and that there will be no change in confidence over time compared 

with control groups. However, for both groups, lower confidence is expected when 

conscious memory decreases. 

1.4.3.3 Feeling of Knowing (FOK) 

The third metacognitive variable described in Nelson and Narens' (1990) framework is 

feeling of knowing (FOK). FOK judgments are made during or after acquisition, and are 

judgments about whether a given currently forgotten item is known and/or will be 

remembered on a subsequent recognition test (Nelson & Narens, 1990). It concerns the 

rating about future likelihood of success in recognition of the correct answer from a 

number of alternatives. Predictions may be absolute, for example, "I will/will not 

recognise the correct answer later" (Hart, 1965); or a relative response, for example "I 

will be more likely to recognise the answer to question (1) than to question (2)" (Nelson 

& Narens, 1980); or a graded response, for example, "I am 60% sure that I will 

recognise the answer" (Butterfield, Nelson & Peck, 1988). Further, Leonesio & Nelson 

(1990) found that JOL and FOK judgments are not highly related, and concluded that 

these prospective judgments do not tap memory in the same way. 

Hart (1965) was the first to show that FOK judgments can be used as relatively accurate 

indicators of stored memory. Hart (1965) claimed that FOK judgments are an important 

memory monitoring process, because they identify that what cannot be recalled may still 

be stored in the memory, and so this prompts a continuing memory search. Accordingly, 

the FOK is an important metamemory judgment for someone wanting to learn new 

information. It may determine how long a memory search is efficiently continued. If 

these judgments are accurate, a high FOK would prompt a continued search rather than 

premature termination. A low FOK would suggest a termination of searching and an 

acceptance that retrieval is unlikely (Nelson et al., 1984). 

Modifications of Hart's (1965) procedure have been used in numerous FOK 

experiments using a variety of items ( e.g., general information, new learning of paired 

associates) and with a range of subject populations (Nelson et al., 1984). 
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Several studies have shown that FOKs in normal subjects are moderately (above

chance) predictive of actual memory performance (Hart, 1965; Koriat, 1993; Leonesio 

& Nelson, 1990; Metcalfe, 1993; Nelson, Leonesio, Shimamura, Landwehr & Narens, 

1982; Nelson & Narens, 1990). Moreover, in a comprehensive review of the FOK 

literature, Nelson (1988) reported that Korsakoff patients and deaf children were the 

only two groups out of 10 populations studied that had below-chance FOK accuracy. 

The populations with above-chance FOK included amnesic patients (Shimamura & 

Squire, 1986), and mentally retarded children (Brown & Lawton, 1977). 

However, the degree of fineness in FOK measures varies between studies, and this can 

limit the extent to which such studies can be compared (Nelson, 1988). The present 

study required subjects to use a 6-place rating scale (0, 20, ... , 100), to ensure a high 

degree of specificity in JOL, confidence, and FOK discriminations. By contrast in the 

MS metamemory study by Beatty and Monson (1991), the FOK magnitude scale was 

collapsed to only 2 points: high and low FOK. Accordingly it could be misleading to 

directly compare quantitative metamemory measures from Beatty and Monson's (1991) 

and the present study. The inclusion of a matched control group in the present study will 

at least permit a direct comparison of MS and normal control metamemory judgments 

for the present samples. 

In addition Koriat (] 993) claimed that FOKs should generally increase with increases in 

memory strength. Consistent with this claim, Carroll and Nelson (] 993) found a clear 

effect of within-subject overlearning on FOK. FOK magnitude was higher for 

overleamed material (52%) than for material learned to a criterion of two correct 

responses ( 45% ), even when this overleaming had taken place two or six weeks before. 

Further, as already noted, out of IO different populations studied, Nelson (I 988) 

identified inaccurate FOKs only for Korsakoff patients and deaf children. However, in 

the only reported study of MS metamemory, Beatty and Monson (1991) found low FOK 

magnitude ratings were more likely in MS patients who were impaired on both memory 

and conceptual reasoning tasks. In the light of the above findings and expected MS 

memory impairment, the present research predicts lower FOK magnitude, and 

deterioration in FOK magnitude over time in MS compared to control groups. Also for 

both groups, lower FOK is expected as conscious memory decreases. 
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1.4.4 Metamemory and conscious processing 

There is evidence to suggest that monitoring of memory behaviour reqmres the 

operation of conscious processes (Metcalfe, 1993 ). This is consistent with the cognitive 

model of metamemory of Nelson et al. (1984) which proposes that both access to 

specific items in memory, and inferential or conceptual mechanisms contribute to 

accurate judgments about the state of one's own memory. Metamemory seems to require 

both memory and conceptual abilities (Beatty, 1993a); and conceptual abilities such as 

inferential judgments have also typically been associated with purposeful, conscious 

thinking processes. In contrast, metamemory judgments reliant on unconscious 

processes such as a) intuition about the state of one's knowledge (Nelson & Narens 

1994), orb) feelings of warmth (intuition) about problem solving ability (Metcalfe & 

Wiebe 1987), are generally inaccurate. 

It seems reasonable to expect that accurate judgments about memory performance in 

specific tasks will rely predominantly on conscious inferential, and other conscious 

conceptual and memory processes. The present study predicts lower MS JOL magnitude 

and accuracy as conscious memory decreases. As well, lower MS confidence and lower 

FOK magnitude is expected with lower conscious memory functioning. Automatic 

processing is not expected to be related to metamemory magnitude or accuracy in any of 

the measures used. 

1.4.5. Section Summary and Metamemory Hypotheses 

In summary, the present research has developed a novel design to investigate the 

relationship between metamemory judgments and conscious/automatic memory. The 

procedure required subjects to make separate metamemory judgments for words 

remembered consciously, versus those remembered automatically. Applying Metcalfe's 

( 1993) proposal that monitoring of memory requires the operation of conscious 

processes, it is expected that both groups will be able to prospectively and 

retrospectively monitor words consciously remembered (under the inclusion condition). 

By contrast, they will be unable to prospectively monitor words remembered 

unconsciously (under exclusion). That is, if subjects are unconsciously remembering 

items, they should be less able to accurately monitor such material in advance. 



Chapter 1: Memory Introduction 32 

Should the expected metamemory differences be found for both groups between words 

remembered via conscious and automatic memory processes, it would support claims 

that the PDP procedure demonstrates the existence of separable, distinctive memory 

processes ( e.g., Reingold & Toth, 1996). 

More importantly, given the above findings from previous studies and the expected 

MS memory impairment, the present research predicts impaired MS metamemory 

compared with controls. Further for both groups, metamemory will be significantly 

related to conscious memory, such that metamemory magnitude and accuracy will 

decrease as conscious memory estimates decrease. Also, the relationship between 

metamemory and conscious memory could be expected to be even stronger for those 

MS patients with high frontal lesion loads as detected on conventional MRI. Finally, it 

is expected metamemory variables will predict a significant amount of the variance in 

conscious memory processing in hierarchical regression analysis. 

1.5 Neuropathology of MS and Magnetic Resonance Imaging (MRI) 

1.5.l Introduction 

Another important avenue for MS memory investigation is the measurement of brain 

pathology and its relationship to memory performance. Previous researchers claim to 

have evidence that MS cognitive impairments are associated with the location of white 

matter brain lesions identified by MRI (Arnett et al., 1994; Comi et al., 1995; Rao, Leo, 

Haughton, St. Aubin-Faubert & Bernardin, 1989; Swirsky-Sacchetti et al., 1992). 

Because, however, the typical site implicated in the amnesias, the hippocampus 

(Schacter, 1996), is generally spared in MS (Comi et al., 1995), but brain pathology is 

generally widespread, the assertion of brain/behaviour correlates in MS is particularly 

fascinating and risky. 

What is the nature of the brain pathology in MS? The hallmark pathologic lesion of MS 

is demyelinated plaque in the central nervous system, with 90% of these plaques 

occurring in the white matter (Mikulis & Kuhn, 1992). Demyelination refers to the 

selective loss of myelin, leaving axons denuded but generally intact. MRI is the most 

sensitive imaging modality for the diagnosis of MS, demonstrating bright focal lesions 
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that correspond to MS plaques (van Buchem et al., 1998). MS lesions occur 

predominantly in the white matter surrounding the ventricles, within the deep white 

matter of the frontal lobes, and within the corpus callosum, although they can appear 

throughout the central nervous system (Brownell & Hughes, 1962). Consistent with this, 

pathological findings at autopsy have demonstrated that the frontal and periventricular 

regions are the most vulnerable to plaque formation (McAlpine, Lumsden & Acheson, 

1972). These demyelinated axonal foci (plaques) typically are approximately 0.2 cm3 in 

size (Filippi et al., 1994), but eventually reach grossly visible diameters in the brain, 

sometimes 2-3 cm wide and several centimetres long (Raine, 1990). 

1.5.2 MRI - The best MS diagnosis and lesion load measure 

Magnetic Resonance Imaging (MRI) was the chosen measure of MS brain 

neuropathology because standard MR imaging gives the best available measure of brain 

lesion load. MRI is also acknowledged as the most sensitive imaging test for the 

differentiation of white and gray matter (Beatty, 1993b ), and for the detection of 

demyelinating plaques in the cerebral white matter (Yetkin, Haughton, Papke, Fischer & 

Rao, 1991 ). Diagnosis of MS with MRI also has a high degree of specificity, provided 

age and sex information is used, and questionable cases are considered negative. This is 

despite a high incidence (2-4%) of nonspecific cerebral white matter abnormalities in 

healthy subjects (Yetkin et al., 1991). For these reasons, MRI has become established as 

the most important paraclinical tool for: a) diagnosing MS, b) understanding the natural 

history of the disease, and c) monitoring the efficacy of experimental treatments (Comi 

& Rovaris, 1999). 

How does an MRI identify brain plaques? MR images are obtained by measuring 

changes in radio signals received from protons (positively charged hydrogen nuclei) in 

tissue that is placed within a strong magnetic field, and then subjected to a radio 

frequency pulse. These signals can be manipulated to create images (Francis et al., 

1995). In the present study images were obtained using an axial dual echo T 2 sequence, 

and an axial fluid attenuated inversion recovery (FLAIR) sequence. T 2-weighted images 

are considered sufficient when measuring non-discriminatory lesion burden or lesion 

volume (but cannot differentiate between chronic and active lesions). Moreover they are 

helpful in the delineation of MS lesions which frequently occur around the lateral 
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ventricles, and also in the identification of equivocal lesions, particularly juxtacortical 

lesions (Horsfield, 1999). FLAIR sequences have been used in clinical trials, such as the 

North American Linomide study (Wolinsky & Narayana, 1999) where FLAIR images 

were used in combination with images from other pulse sequences to establish lesion 

volumes. Also the reproducibility of FLAIR lesion burden for a single site has been 

shown to be very good provided the same scanner is used throughout the study (Filippi, 

Yousry, Baratti, et al., 1996). (This was the case in the present study). For these several 

reasons, T2-weighted and FLAIR images were the ones chosen to achieve the goal of 

reliably detecting brain lesion burden in the locations most typically expected in people 

with MS. 

1.5.3 MRI and MS physical symptoms 

However, only modest correlations are reported between standard clinical measures 

such as Kurtzke's (1983) Expanded Disability Status Scale (EDSS), or relapse rate, and 

the extent of white matter lesions in both cross-sectional (Filippi et al., 1995; Miller, 

1994 ), and longitudinal studies (Thompson et al., 1991 ). This could be primarily related 

to the inability of conventional MRI to give information about spinal cord involvement 

and the amount of demyelination and/or axonal loss within lesions: two of the 

potentially more disabling aspects of MS (Filippi, Rovaris & Comi, 1996). The absence 

of such information is significant, because it is likely that persistent functional disability 

in MS is due to demyelination and axonal loss (Gass et al., 1994). However, MRI 

cannot discriminate between lesions that are demyelinating, or represent axonal loss 

(chronic plaques), from those that are acute (edematous, inflammatory, gliotic or 

scarred), or age related. In fact on standard T2-weighted images, a lesion that is 

completely devoid of myelin, and one that is just edematous without myelin loss could 

appear identical (Grossman, 1994).That is, standard MR imaging has high sensitivity 

and specificity for MS diagnosis, and gives the best available measure of lesion load. 

However, it has an equivocal relationship with physical disability outcomes, perhaps in 

part because of its poor specificity in lesion characterisation. 

Apart from limitations in MRI technology, inadequacies in the disability measures used 

are another important reason for the poor MRI/disability relationship. Typically, studies 

have measured disability according to Kurtzke's DSS (I 955) or subsequent EDSS 
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(1983), both of which are relatively subjective and locomotion-weighted (Evans, Frank, 

Antel & Miller, 1997). It was not possible in the present study to obtain neurologist 

assessments of physical disability. However, the above MRVdisability findings indicate 

that this was not a serious omission in a study primarily about MS memory. 

However, serial brain MRI scanning is widely used for assessing multiple sclerosis 

disease activity and progression in the evaluation of new therapies (Lee, Smith, Palace 

& Matthews, 1998). In the past decade a considerable amount of research has been 

directed towards improving the sensitivity of brain MRI in the detection of MS lesion 

load changes (e.g. Rovaris, Rocca, Capra, et al., 1998). Because it is a sensitive 

objective measure of MS disease activity, drug treatment trials prefer MRI to clinical 

rating scales such as Kurtzke's EDSS and DSS. Yet there is a recognition that for MRI 

to become the primary outcome measure, a better correlation must be shown between 

MRI and clinical measures (Evans et al., 1997). 

1.5.4 MRI and MS cognitive and memory symptoms 

By contrast several studies report strong correlations between MRI lesion areas and 

cognition as detected by neuropsychological testing, with more severe cognitive 

impairments related to more extensive brain lesions (Beatty 1993b). Some studies report 

that reduced total brain lesion area as measured on MRI is a robust predictor of general 

cognitive impairment, with correlations in the range of r = 0.3, tor= 0.5 (e.g., Franklin, 

Heaton, Nelson, Filley & Seibert, 1988; Huber et al., 1992; Rao, Leo & St. Aubin

Faubert, 1989; Swirsky-Sacchetti et al., 1992). 

There are also reports of MRI correlations with performance on tests of memory and 

executive skills, two cognitive abilities of specific interest in the present research. 

Jambor (1969) initially postulated that memory impairments in MS may be associated 

with plaques in the periventricular white matter. Similarly, more recent studies suggest 

that explicit memory impairment is positively related to total lesion area (Rao, Leo, 

Haughton, et al., 1989), and, in particular, to extensive periventricular demyelination 

(Anzola et al., 1990; Izquierdo, Campoy, Mir, Gonzalez & Martinez-Parra, 1991; 

Maurelli et al., 1992; Pozzilli et al., 1991 ). Furthermore, Anzola et al. (1990) consider 

that their findings support Rao's (1986) hypothesis that the memory and executive skill 
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deficits in MS could result from subcortical periventricular lesions which cause 

disruption of the white matter fiber pathways between prefrontal and subcortical 

structures (such as the thalamus and basal ganglia). Anzola et al. (1990) found that MS 

patients with extensive periventricular demyelination (compared to those with discrete 

lesions) had inferior performance on concept formation, non-verbal reasoning, and 

verbal memory tests. Consistent with Rao's (1986) explanation, Swirsky-Sacchetti et al. 

(1992) reported that demyelination of the bilateral frontal regions was the best predictor 

of several memory measures, abstract/conceptual reasoning, and word fluency in MS 

patients. Add to these findings studies of non-MS groups with damage to the frontal 

lobes which report impairment in metamemory, and a case for the correlation between 

frontal lobe lesions or their connections, and impaired MS memory, metamemory and 

executive skills, seems compelling. 

Against such an hypothesis for MS memory at least, another study found verbal recall 

was related to lesions in the deep white matter of the left parietal lobe (that is, the 

posterior rather than the frontal subcortical area) (Ryan, Clark, Klonoff, Li & Pacy, 

1996). Other researchers argue that a clear-cut anatomical explanation has yet to be 

found for the memory deficit which is a hallmark of MS cognitive impairment (Paulesu 

et al., 1996). 

In a similar vein to the majority of MRI/memory findings, several studies have found 

that executive skill impairment is related to focal frontal (e.g., Arnett et al., 1994), 

subcortical periventricular (e.g., Anzola et al., 1990), or diffuse brain impairment (e.g., 

Reitan & Wolfson, 1994). These studies of MRI /executive performance correlations are 

discussed in more detail in the next section. 

However, the absence of a strict correlation between cognitive (in particular memory 

and executive) performance and cerebral lesion areas is not surprising. First, most 

cognitive tests tap several skills. Second, edema and inflammation cannot be 

distinguished from severe demyelination and axonal loss by the usual non-quantitative 

TI or T 2 MRI examinations, and each of these processes has different effects on nerve 

fibre function (Comi et al., 1993). Comi et al., (1995) cautiously conclude from their 

extensive research into brain-behaviour relations in MS that, on balance, the total 
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amount of brain lesion load serves as a reasonable index of the complexity of the 

underlying impairment in MS. 

Also correlations between MS emotional/affective symptoms and MRI variables are 

infrequently reported. Also, those findings that are available are equivocal. One study of 

a group of 16 MS patients with comorbid depression found worsening depression in 

those with increasing lesion loads in the left cortex (George, Kellner, Bernstein & 

Goust, 1994 ). However, researchers in another study reported that MRI findings failed 

to differentiate between the MS patients who were depressed, and those who were not 

(Moller, Wiedemann, Rohde, Backmund & Sonntag, 1994). Despite the lack of 

consistent evidence of a relationship between depression and memory impairment in 

MS, the present study excluded any subjects who were identified by the BDI as being 

depressed (Beck & Beamesderfer, 1974; Beck et al., 1979). 

There are fewer longitudinal than cross-sectional studies of MRI variables and 

cognitive correlates. One such longitudinal study, cited by Rao (1995b ), investigated 77 

community based MS patients, and found that the 15 (19%) patients who demonstrated 

cognitive deterioration over three years, also had an increase of nearly 15 cm2 in MRI 

lesion load (Rao, Bernardin, Leo, et al., submitted). By contrast, the cognitively stable 

group had less than a 5 cm2 increase in MRI lesion load, and the group differences in 

lesion load were statistically significant (p <.003). A study by Feinstein et al. (1993) of a 

sample of 5 RR and 5 benign MS patients found that 3 patients (2 RR, 1 benign) had an 

increased number of lesions and/or lesion area after six months, and deterioration in 

cognitive performance. This contrasted with the remaining 3 RR and 4 benign patients 

who had both stable MR and cognitive scores over time. These studies suggest 

increasing MS lesion load over time may be associated with deteriorating cognitive 

performance. 

Also some researchers claim a CP is more likely than a RR course to be associated with 

increased lesion load and decreased cognitive function over time. Hohol et al. (1997) 

found that the 4/44 MS patients who deteriorated cognitively over a 12 month period 

also had an increased lesion load. Although the 4 cognitively impaired patients all had a 

CP course, the sample studied comprised 14 RR, 12 RRP, 13 CP and 5 stable MS 
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patients, indicating that the majority of the CP group, 9/13, were not cognitively 

impaired. In a study including 19 MS patients, the 7 CP patients performed worse than 

either the 12 RR or the control subjects in auditory-verbal memory tests. However, the 

CP and RR groups had similar lesion loads as detected on MRI (Feinstein et al., 1992). 

In a study of 44 MS patients with an initial benign course, 2 out of the 1 1 who had high 

lesion loads developed a SP course after 20 months (Filippi, Campi, Martinelli, et al., 

1996). Further, in a cross-sectional study, other researchers argued that both 

neuropsychological and brain MRI abnormalities are more extensive in MS patients 

with SP MS than PP MS (Comi et al., 1995). 

However, the majority of studies cited have found that increasing lesion load rather 

than disease course is more consistently related to cognitive deterioration, and that such 

decline occurs only for a small percentage of MS patients. Accordingly, the present 

study predicts specific memory decline will be associated with increasing lesion load 

over 24 months, and that memory decline will be detected only for a small sub-group of 

MS patients, and will not necessarily be related to their disease course. 

1.5.5 MRI variables and conscious memory 

Currently there are no reported studies of MS conscious or automatic memory estimates 

and MRI correlates. The only study of MRI and conscious estimates (calculated using 

Jacoby's [ 1991] procedure) found a near-significant group difference in conscious 

memory estimates between 15 frontal, 15 diencephalic, 14 temporal and 20 control 

patients in stem completion (Kopelman & Stanhope, 1997). Conscious memory 

estimates were 0.62 for controls, higher but not significantly higher than 0.44 for the 

diencephalic, 0.43 for the temporal, and 0.56 for the frontal groups (F(3,59) = 2.47,p < 

.075). However, with larger patient numbers, a significant main effect for group may 

have emerged. 

The present research expects that conscious memory estimates will be corre1ated with 

MRI lesion load. Further, in the light of past research of explicit memory and MRI 

correlates, increased periventricular and subcortical frontal lesion loads are expected in 

those MS patients with lower conscious estimates, than for those with higher conscious 

estimates when averaged over time. It is also predicted that reduced conscious estimates 
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will be more strongly correlated with lesions in the periventricular than with the cortical 

areas of the brain. In addition as previously stated, specific memory decline over time 

will be associated with increasing lesion load, and will be detected only for a small sub

group of MS patients. 

1.5 .6 Rationale for the choice of the MRI brain lesion regions 

In the present study, information was obtained about lesion loads in the cortical/ 

subcortical frontal, temporal, parietal, occipital, and lateral periventricular regions. An 

estimate of the total lesion area (TLA) was computed by combining the lesion loads 

from all these regions. These 9 ( 10 including TLA) regions were chosen on the basis of 

which brain regions were identified as the most important by previous MRI research 

(e.g., Comi et al., 1995), and having regard for what information the radiologist was 

able to provide. 

1.5.7 Automatic processing and MRI correlates in non-MS groups 

Previous studies of automatic processing and MRI correlates have found that reduced 

automatic estimates have been related to extensive cortical temporal or cortical frontal 

damage compared to controls (Kopelman & Stanhope, 1997). Consistent with these 

findings for frontal impairment, word stem completion with implicit instructions was 

also significantly reduced in elderly institutionalised subjects who were impaired on 

two tests of frontal lobe function (WCST and the Word Fluency Test), when compared 

to community elderly and controls (Winocur, Moscovitch & Stuss, 1996). However, 

when performance in the exclusion condition was used as a measure of automatic 

processing, increased automatic processing was related to subcortical, diencephalic 

damage in Korsakoff patients compared to controls (Cermak, Verfaellie, Sweeney & 

Jacoby, 1992). The present study expects no change in MS automatic estimates 

compared to controls, as the typical pattern of MS neuropathology differs considerably 

from that of diencephalic patients. Furthermore, when frontal impairment occurs in MS, 

it is subcortical rather than cortical frontal as typically found in the institutionalised 

elderly. 
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1.5.8 Section Swnmary and MRI Hypotheses 

MRI is the most sensitive and the most frequently available MS diagnostic tool and 

biological marker of MS disease activity and progression. Studies typically report that 

MRI variables are not related to current measures of MS physical disability, disease 

duration, and diagnostic categories of disease course. This is in contrast with reports of 

significant relationships between MRI variables and MS cognitive, including memory 

and executive skill, performance. These studies suggest that TLA, extensive 

periventricular, and especially frontal lobe lesion area, is critical in MS memory, 

executive, and metamemory impairment. Moreover, past studies found that deterioration 

in explicit MS memory over time was related to increasing total MRI lesion load for a 

small number of MS patients in some studies. 

However, the present research expects to improve on the magnitude of previous MRI/ 

memory correlations by using the conscious memory estimate, rather than explicit 

memory performance, as the measure of memory function. It predicts MS conscious 

memory estimates, metamemory, and executive skills will be related to total lesion area, 

and in particular to extensive periventricular and frontal lesion load when averaged over 

time. It predicts reduced memory over time will be related to increasing total lesion load 

for a small number of patients. Disease course is not expected to be related to MS 

conscious memory or MRI lesion load either when averaged over time, or across time. 

1.6 Multiple Sclerosis and Executive Skills 

1.6.1 Introduction 

Why include executive skills in a study of MS memory? Cognitive impairment in MS is 

heterogenous, although impairments in both memory and executive skill domains are 

frequent (Beatty, 1993a). This suggests that an examination of the relationship between 

these areas could lead to a better understanding of MS memory deficits. Also frontal 

lobe damage, which is common in MS, is frequently related to both memory deficits and 

impairment in executive skills (Baddeley, 1986). This may be pertinent to the memory 

and executive dysfunction in MS, because neural pathways to the frontal lobes are those 

most typically damaged because of subcortical periventricular impairment (Swirsky

Sacchetti et al., 1992). That is, both memory and executive skills are frequently 
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impaired in MS, and reduced competence in both types of skills has been related to the 

same locus of brain pathology. 

1.6.2 Executive skills: What are they? 

The term executive function, only recently added to neuropsychological terminology 

(Lezak, 1982), encompasses a diverse and complex group of higher-order cognitive 

functions (Gold, Berman, Randolph, Goldberg & Weinberger, 1996). Executive 

disturbances are generally assumed to be associated with impairment to frontal, mainly 

pre-frontal regions, but they may also occur with subcortical damage (Goldberg & 

Bilder, 1987; Lezak, 1994) or dysfunction to other brain regions (Lezak, 1995; Luria, 

1966), or with generalised cerebral impairment, as in closed head injury (Reitan & 

Wolfson, 1994). These executive or 'supervisory functions', as defined by Shallice and 

Burgess (1991 ), are considered among the more complex of cognitive functions, relying 

on the integrity of neural structures that emerge late in the course of ontogenetic 

development (Hanes, Andrewes, Smith & Pantelis, 1996). Further, it is becoming 

increasingly evident that there could be several different executive functions (Baddeley, 

1996). 

However, different components of executive function share the common feature that 

they all entail control over other cognitive processes and behaviour (Baddeley, Della 

Sala, Papagno & Spinnler, 1997). Executive functions include: abstract and conceptual 

reasoning and behavioural fluency (Beatty, 1993a); planning, organization and self 

monitoring (Stuss & Benson, 1986); error correction, overcoming strong habitual or 

automatic responses (Foong et al., 1997); and working memory, particularly dual-task 

performance (Baddeley et al., 1997). 

1.6.3 Executive skills in MS - previous studies 

Those MS executive skill deficits most frequently studied are: a) conceptual and abstract 

reasoning/problem solving, using the WCST and Raven's Progressive Matrices (e.g., 

Arnett, et al., 1997; Beatty, Hames, Blanco, et al., 1995; Beatty & Monson, 1996; Rao, 

1986; Rao, Leo, Bernardin, et al., 1991); and b) verbal fluency, using the FAS test (e.g., 

Beatty, Hames, Blanco, et al., 1995; Beatty & Monson, 1996; Foong et al., 1999; 

Troester et al., 1998). Impaired MS abstraction/concept formation has also been 
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detected using the similarities subtest of the WAIS-R (Rao, 1986; Ryan, 1993), the 

Shipley Abstraction Test (Beatty, Hames, Blanco, et al., 1995), and the CCST (Beatty & 

Monson, 1996). 

In addition, MS performance is frequently reduced in tests of sustained attention and 

information processing speed (Peyser et al., 1990; Rao, 1995b), and in working memory 

as tested by the WAIS-R digit-span back (Beatty, Paul, Blanco, Hames & Wilbanks, 

1995; Paul, Beatty, Schneider, Blanco & Hames, 1998; Rao, Leo, Bernardin, et al., 

1991 ). Less consistent are reports about MS ability to use semantic encoding or 

clustering strategies in recall. Carroll et al. (1984) found impaired MS utilisation of 

semantic encoding strategies in recognition memory, whereas other researchers reported 

mild (Troyer, Fisk, Archibald, Ritvo & Murray, 1996), or no impairment (Coolidge et 

al., 1996), in semantic clustering in the CVLT. MS studies have also found impaired 

performance (longer time to complete) on Trails B, a test sensitive to visual attention, 

conceptual flexibility and visuomotor speed, when compared to controls (Caine et al., 

1986; Franklin et al., 1988). More recently, additional compromised MS executive skills 

have been reported. These include reduced control over strong habitual responses in the 

Stroop test (Foong et al., 1999; Rao, Leo, Bernardin, et al., 1991; Rovaris, Filippi, 

Falautano, et al., 1998); impaired planning in the Tower of Hanoi task (Arnett et al., 

1997; Foong et al., 1999); and reduced working memory, using a range of measures 

(Pelosi et al., 1997), when compared to controls. 

1.6.4 Longitudinal studies of MS executive function 

As already noted, there are few longitudinal studies of MS cognitive function, and only 

a selection of executive ski1ls were tested in those studies. In one longitudinal study of 

33 MS and 18 controls, the MS group did not deteriorate after 4 years, although MS 

impairment was identified at initial testing in problem solving (Raven's Progressive 

Matrices), behavioural flexibility (WCST), and conscious control over automatic 

responses (Stroop test) (Jennekens-Schinkel et al., 1990). In a study of 48 patients with 

early signs of MS, sustained attention (auditory attention task) and conceptual reasoning 

(WCST) did not change over 4.5 years (Feinstein et al., 1992). 
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Similarly, in a three year folJow-up study of 84 MS and 86 control patients, Bernardin et 

al. (1993) found that performance in tests of attention/concentration and conceptual 

reasoning did not change over time. Also Feinstein et al. (1993) found that of the 3/10 

MS patients with increased MRI lesion load after 6 months, only one deteriorated over 

time on the Stroop test. Amato et al. (1995) reported MS executive performance 

deteriorated in 4 out of 13 cognitive variables. However, though abstract reasoning 

(Raven's Progressive Matrices) was impaired compared to controls on initial testing, 

there was no deterioration over time. Also, although Bernardin (1992) reported 

deterioration over three years in MS verbal fluency (FAS), Mariani et al. (1991) found 

no such change in verbal fluency over time. Accordingly, for those MS executive skills 

investigated in the present study, there is little evidence from previous studies of 

deterioration over time. 

1.6.5. MS executive skills and MRI correlates (total, periventricular, frontal) 

Despite the frequent reference to executive skill deficits in MS, there is debate about the 

specific neuroanatomical correlates of impaired MS performance in executive, as well 

as memory functions. This complexity is in part due to the fact that test performance 

suggestive of regional dysfunction may be associated with actual damage to cortical 

tissues in that area, or to a disconnection of that region from the rest of the brain through 

sub-cortical disruption. As already mentioned in the MRI section of this chapter, some 

researchers hypothesise that the memory and executive function impairment in MS is 

mainly attributable to subcortical white matter pathology resulting in a disconnection 

between prefrontal and subcortical structures (Anzola et al., 1990; Maurelli et al., 1992; 

Rao, 1986). In opposition, Beatty (1993a) considered that, at that time, there was 

inadequate correlational evidence to link any of the MS cognitive deficits with 

disruption of frontal-subcortical circuits. A few years later, Paulesu et al. (1996) claimed 

their own research suggested there are at least clearer correlations between executive 

dysfunction and MS lesion patterns than there are for memory dysfunction. 

Consistent with Paulesu et al.' s (1996 claim), several researchers have reported that the 

frontal lobes are at least part of the neuropathology implicated in some MS executive 

impairment. For example in MS patients, impairment in executive functions such as 

conceptual reasoning have been related to total lesion area (Rao, Leo & St. Aubin-
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Faubert, 1989) and to lesions in the frontal lobe white matter (Arnett et al., 1994). 

Impaired verbal and non-verbal reasoning has been related to extensive periventricular 

damage (Anzola et al., 1990). Furthermore, the bilateral frontal regions were identified 

by Swirsky-Sacchetti et al. (1992) -as the best predictors of abstract/conceptual 

reasoning, word fluency, and several memory measures in MS patients. In addition, 

Arnett et al. (1994) found that amongst MS groups with the same extent of white matter 

pathology (measured by total lesion area), the MS group with more prefrontal lesions 

made more perseverative errors and errors of conceptual reasoning, than those with 

fewer frontal lesions. 

Nonetheless, more recent studies advise caution in attempting to attribute specific 

cognitive abnormalities such as memory and executive impairment to focal brain 

pathology, given the widespread nature of MS neuropathology (Comi et al., 1995; 

Foong et al., 1997; Rovaris, Filippi, Falautano, et al., 1998). Moreover, it should be 

emphasised that the neuroanatomical loci of structural brain impairment can be inferred 

from MRI data, but not from executive function neuropsychological test results. 

1.6.6. Executive skills and conscious memory correlates 

However, particularly apposite to Jacoby's (1991) memory model is evidence from non

MS brain impaired groups that the frontal lobes are crucial in memory and other 

cognitive tasks that rely on consciously controlled (intentional) processing (e.g., Luria, 

1966; Stuss & Benson, 1986; Walsh, 1991). Also, executive function is generally 

associated with conscious, effortful processes such as the organisation of relevant, and 

the inhibition of irrelevant information (Baddeley, 1986; Phillips, 1997; Stuss & 

Benson, 1986). Consistent with this conceptualisation, Mangels ( 1997) found that 

deficits in memory for temporal order in patients with frontal lobe lesions were 

secondary to deficits in (conscious) effortful processes, rather than the result of 

impaired automatic encoding of temporal information. These conscious, intentional 

processes included the use of organisational strategies and the control of interference. 

Taken together, these findings suggest that impairments in both MS memory and 

executive function may be better understood in terms of reduced conscious (intentional) 

processing. Similarly, (as already reported in the metamemory section of this chapter), 
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metamemory judgments, which require a conscious evaluation of memory performance, 

have also been related to the integrity of the frontal lobes or their connections (McGlynn 

& Schacter, 1989; Schacter, 1991). Because the frontal lobes are compromised in MS 

(Beatty, 1993a; Beatty & Monson, 1991), MS metamemory impairment could be 

expected. 

1.6. 7 Neuropsychological measures of executive skills. 

For the present research, neuropsychological tests of executive skills were chosen that 

best enabled: a) An examination of the broad range of executive skills; b) The use of 

tests previously found to detect MS executive impairment, and to be related to MRI 

lesion burden; c) The use of reliable and valid tests that were readily available at the 

commencement of testing in 1996; and d) Test brevity, having regard for MS patient 

fatigue. Also, because of the primary interest in MS verbal memory, tests that were 

predominantly verbal, and that minimised sensitivity to sensorimotor impairment, were 

selected. 

However, given the diversity of executive functions and the complexity of brain

behaviour relationships, Luria's framework (I 969, 1973a, 1973b) for organising 

executive functions into three components according to their possible pre-frontal lobe 

neuroanatomical correlates was adopted. Those tests were selected which best reflected 

each of Luria's components, while meeting the above criteria. The question of practice 

effects also needed to be considered because of the longitudinal design of the study. In 

general, alternate forms of the executive tests were not used, since the control group was 

also tested at each year to provide a basis of comparison for any MS practice effects. 

The exception to this was use of the CVLT alternate form in the second year of testing. 

Luria's ( 1969, 1973a, 1973b) three executive function components included: 

(a) problem-solving, planning, and cognitive flexibility which he associates with the 

integrity of the dorso-lateral area (the cortical or outer surfaces) (Lezak, 1995) of the 

frontal lobes; (b) initiation and persistence of behaviour, associated with the medial 

frontal area (or lesions on the sides of the lobes between or just under the hemispheres) 

(Lezak, 1995); and ( c) intentional control over automatic responses, associated with the 

basal-medial frontal (the middle and base) (Lezak, 1995, p. 94) of the brain. 
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Finally, D'Esposito et al. (1995) have proposed that working memory also has a 

possible frontal localisation of its central executive which controls the various working 

memory subsystems described by Baddeley (1992). More specifically, PET and fMRI 

studies suggest the dorsolateral prefrontal cortex is a key cite of activation during 

working memory tasks (e.g., Petrides, Alivisatos, Meyer & Evans, 1993). 

The neuropsychological tests chosen to test each of Luria's (1969, 1973a, 1973b) three 

components of executive function are grouped accordingly, and were as follows: 

A. Tests chosen for their sensitivity to the executive functions of problem solving, 

abstraction, conceptual flexibility, planning ability, and working memory respectively 

were: the Word Finding Test (Reitan, 1972), similarities (WAIS-R), Trail Making 

Test (Partington & Leiter, 1949), and the CVLT semantic cluster (Delis, Kramer, 

Kaplan, & Ober, 1987a, 1987b), and the planning score (Stem et al., 1994) for the 

Rey-Osterrieth Complex Figure (Osterrieth, 1944; Rey, 1941 ). Working memory was 

tested using the digit-span back from the WAIS-R. 

The above tests are thought to particularly reflect the executive functions associated 

with the dorso-lateral pre-frontal region of the brain, although all are complex tests that 

require the coordinated activity of several neuroanatomical areas (Luria, 1972). 

B. Tests sensitive to initiation and persistence in behaviour, and particularly reflecting 

medial frontal brain function, were the Word Fluency Test (FAS) (Benton & 

Hamsher, 1976, 1989); and the Five-Point Test, a test of visual fluency (Regard, 

1991; Regard, Strauss & Knapp, 1982). Impaired verbal fluency performance has 

been associated with frontal lobe damage (Janowsky, Shimamura, Kritchevsky & 

Squire, 1989), as have increased perseverative errors on structured design fluency 

tests such as the Five-Point Test (Levin, Goldstein, Williams & Eisenberg, 1991 ). 

C. Thirdly, The Stroop Colour-Word Test ( Stroop, 1935; Trenerry, Crosson, De Boe & 

Lebar, 1989), a test of conscious control over automatic reading responses, was 

chosen as a test of basal-medial frontal function, although Stroop performance is also 

sensitive to diffuse neurological impairment (Reitan & Wolfson, 1994). 
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It was predicted that reduced performance on these neuropsychological tests would be 

related to impaired conscious memory processing in the MS, compared to the control 

group. The rationale for the selection of each particular executive test is given m 

Chapter Two, and the test administration and scoring procedures are detailed m 

Appendices 2.7 to 2.14. 

1.6.8. Section Summary and Executive skill Hypotheses 

Consistent with previous cross-sectional studies, impaired MS performance is predicted 

in the range of selected neuropsychological tests of executive skills compared to 

controls, when averaged over time. However, MS deterioration over time is not 

expected, based on the longitudinal findings outlined above. 

Further it is predicted that performance on executive tests will be related to conscious 

memory estimates for both groups at each year. In particular, for the MS group, when 

executive skills are impaired, this will be related to reduced MS conscious memory. 

Also, although all are complex tests which tap many different functions, it is expected 

that those executive skill tests that especially rely on conscious (intentional) 

processing, will have the strongest correlations with conscious memory performance, 

and will be the most important in predicting conscious memory estimates in regression 

analysis. 
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1. 7 Chapter Summary of the two main Hypotheses to be tested 

Taking together past studies of explicit and implicit MS memory, and. non-MS memory 

research that has adopted the process dissociation procedure, the two main hypotheses to 

be tested are that: 

• Conscious (intentional) memory will be impaired in the MS group, and will 

deteriorate over the 24 months of testing compared with controls. By contrast 

unconscious (automatic) memory will be unimpaired in the MS group and will not 

change over time compared to controls. 

• Regression analyses will demonstrate that impairment in MS conscious memory 

estimates is predicted by lower metamemory (lower self appraisal of memory ability), 

lower executive skill performance (as measured by neuropsychological tests), and 

increased brain lesion area ( as measured by MRI), even when the effects of age, sex, 

years of formal education and depression are controlled. 
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Methodology of the Study 

2.1 Preliminary considerations 
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A longitudinal design was considered an essential feature of this memory research for 

two main reasons. First, because of the high variability between MS patients in the 

pattern and severity of memory disturbance (Rao, Leo & St. Aubin-Faubert, 1989; 

Thornton & Raz, 1997). Second, due to the relatively sparse and varied findings of 

within-subject memory change over time (Brassington & Marsh, 1998; Hutchinson et 

al., 1996). The present study also capitalised on recent MS diagnostic refinements, by 

ensuring that all MS patients included in the study were classified by neurologists 

according to the four clinical subgroups recommended by Lublin and Reingold (1996). 

To maximise the power of statistical analyses, the MS and control subjects were all 

administered the same tasks, and were retested 12 and 24 months later using tasks of 

high test-retest reliability. In addition, variability accounted for by the examiner was 

kept to a minimum because the author administered and scored all tests. The exception 

to this was the MRI data which was provided by a radiologist at The Canberra Hospital. 

However, it was not possible to select a random sample of MS patients for the present 

study because of the comparatively small pool of MS persons in the ACT combined 

with the inclusion/exclusion criteria considered necessary from past MS research. Care 

was taken in the recruitment of control subjects to exclude anyone who was genetically 

related to a person with MS because research suggests there is a significant genetic 

component to MS disease development (e.g., Haegert & Marrosu, 1994). Given the 

longitudinal design of the study, the question of practice effects also needed to be 

considered. In general, alternate forms of the neuropsychological executive tests 

administered were not used. Instead, the control group was tested at each year to 

provide a basis of comparison for any MS practice effects. The exception to this was 

use of a new word list in the stem completion task (using Jacoby's [1991] PDP) and 

use of the CVL T alternate form in the second year of testing. Also the potentially 

confounding effects on MS memory of age, sex, years of formal education, and 
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depression were controlled for, and information about brain neuropathology from MRI 

scans was obtained. Using this range of methods, it was anticipated accuracy in 

predicting memory impairment and progression in MS would be optimal. 

2.2. Subjects 

2.2.1 MS patients 

In the first year, 50 MS patients with a diagnosis of clinically definite or laboratory 

supported definite MS (Poser et al., 1983) ( see Appendix I. I) were recruited after 

referral from the three neurologists at The Canberra Hospital, and from the ACT MS 

Society. MS patients were excluded if they satisfied any of the following exclusion 

criteria: 

1) Insufficient stamina or physical ability (as determined by neurologist or patient) to 

sit at a table engaging in reading, memory, thinking, and drawing tasks for a maximum 

of 2.5 hours (including breaks); 

2) Patients with a known psychiatric condition, for example schizophrenia, or 

depression as indicated by scores on the non-physical items of the Beck Depression 

Inventory (BDI) (Beck et al., 1979) and clinical assessment (see Appendix 2.1 ); 

3) Patients with a prior head injury (which included concussion), stroke, or brain 

tumor; 

4) MS patients treated with immunosuppressants, or cytotoxic or immunomodulatory 

drugs, other than those subjected to brief courses of pulsed corticosteroids for 

exacerbations, for which it is claimed there is little effect on cognitive functioning 

(c.f., Miki et al., 1998); 

5) Patients with a history of drug or alcohol abuse as determined by the neurologist; 

6) Those insufficiently literate to read common five letter words; 

7) Obese patients if undertaking an MRI would pose a practical difficulty. 
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Table 2.1 
Demographic data on age, sex, and years of formal education for MS and control groups 
in each year; and time since first MS symptoms and disease diagnosis. 

Measure Group 

Age MS 
(years) 

Controls 

Sex. MS 
(female/male) 

Controls 

Education MS 
(Years) 

Controls 

Years since MS 
first symptoms 

Years since MS 
diagnosis 

Year I 

(MS n = 50) 
(Control n = 41) 

43.18 

39.15 

37 (t) 13 (m) 

26 (f) 15 (m) 

14.03 

15.39 

13.68 

7.77 

2.2.1.l MS demographic and illness data 

Year2 

(MS n = 49) 
(Control n = 40) 

44.41 

40.41 

36 (f) 13 (m) 

25 (f) 15 (m) 

14.05 

15.50 

13.68 

7.76 

Year 3 

(MSn=46) 
(Control n ~ 40) 

45.67 

41.39 

35 (f) 11 (m) 

25 (f) 15 (m) 

14.25 

IS.SO 

14.17 

8.09 

Demographic data on. age, sex, and years of fonnal education for MS and control 

groups in each year, and time since first MS symptoms and disease diagnosis is 

reported in Table 2.1. Of the 50 MS patients who met the inclusion and exclusion 

criteria and were retained for the study in the first year, 37 (74%) were female and 13 

(26%) were male, representing a female to male ratio of 2.8: 1. Given that the female/ 

male proportion in most epidemiological surveys is 1.5: 1 (Jennekens-Schinkel et al., 

1990), it could be argued that females were over-represented in the present study. 

However, 1996 prevalence rates for the ACT were 2.5 females for every male with MS, 

indicating that the present sample is generally representative for the ACT region of 

Australia with respect to gender (Simmons et al., submitted). 

Sixty-nine percent, or 35 MS patients had relapsing remitting (RR), 24% (12) had 

secondary progressive (SP), and 6% (3) had primary progressive (PP) disease courses, 

according to the diagnostic categories reported in Lublin and Reingold (1996). 
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(See Appendix 1.2 for a description of the category characteristics). Generally, chronic 

progressive (CP) ( compared with RR) MS is reported to be present in 10-20% of cases 

(Jennekens-Schinkel et al., 1990). Using Lublin and Reingold's (1996) definitions, at 

entry to the present study, 3 (6%) had a CP course from the outset (i.e., PP), and 

another 12 (24%) had developed SP subsequent to a period of a RR course. 

Accordingly, to the extent that comparability with studies using different disease 

definitions is possible, the present study has a similar disease course mix of progressive 

(approximately 30%) versus non-progressive (70%) disease course to that reported in 

the general MS population. 

MS patient ages ranged from 20 to 65 years with a mean age of 43.18 years (SD= 

9.86), and average of 14.03 years (SD= 3.36) formal education. The number of years 

since MS diagnosis by a neurologist ranged from 0.1 to 24 years with a mean of 7.77 

years (SD= 6.53). MS patients' retrospective estimation of the time since occurrence of 

the first symptoms ranged from 1.5 to 48 years with a mean of 13.68 years (SD= 9.90). 

In the second year, 1 female MS patient (RR) withdrew as she was on extended 

overseas travel. Thus of the 49 MS patients retained in the second year, 36 (73%) were 

female and 13 (27%) were male. MS patients' ages ranged from 21 to 66 years with a 

mean age of 44.4 years (SD = 9.82), and average of 14.l years (SD = 3.39) formal 

education. In the third year, another 3 MS patients withdrew, in each case for 

significant social/emotional reasons (1 male and 1 female RR, and 1 male SP). 

However, as shown in Tab]es 2.1 and 2.2, the MS totaJ samp]e characteristics were not 

significantly altered from those at year 1 entry. Of the 46 MS patients retained in year 3 

35 (76 %) were female and 11(24%) were male, with a mean age of 45.67 (SD = 

10.04), and average of 14.25 (SD= 3.4) years formal education. By year 3, the RR 

group were reduced from a year 1 level of 69% to 57% of MS patients. This was due 

more to the loss of 3 RR patients from the study, than to a significant movement by 

patients from RR to progressive disease categories over the 24 months of the study. 
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Table 2.2 
MS patients classified according to Lublin and Reingold's (1996) diagnostic categories 

Diagnostic Year 1 Year2 Year 3 
Category (n = 50) (n = 49) (n = 46) 

Relapsing Remitting 35 (69%) 34 (67%) 29 (57%) 

Secondary Progressive 12 (24%) 12 (24%) 13 (26%) 

Primary Progressive 3 (6%) 3 (6%) 3 (6%) 

Relapsing Progressive 0(0%) 0(0%) I (2%) 

2.2.2 Control subjects 

The control subjects were identified by the MS patients as persons of similar age, 

education, and sex as themselves, who might be prepared to participate in the study, 

and provided they were not blood relatives. Forty-two control subjects were recruited 

who were friends, acquaintances, or non-blood relatives of the MS patients. In the first 

year of the study, 1 control subject was unable to undertake the MRI scan and was 

excluded. Of the 41 control subjects who satisfied the exclusion criteria for MS 

patients, 26 subjects (64%) were female, and 15 subjects (36%) were male. Control 

subjects ages ranged frorn 20 to 64 years with a mean age of 39.2 years (SD= 13.2), 

and average of 15.4 years (SD = 2.98) formal education. In the second year, 1 control 

subject withdrew. Thus of the 40 retained in year 2, 63% (25) were female and 37% 

(15) were male. Control subjects ages ranged from 21 to 65 years with a mean age of 

40.4 years (SD= 13.3), and average of 15.5 years (SD= 2.88) formal education. 

In the third year, 6 of the control subjects who had completed 2 years of testing were 

unable to undertake the final year of testing because they had vacated the ACT for 

employment reasons. To retain adequate power for analyses, the year 2 results for these 

subjects were entered as their missing year 3 results (c.f., Tabachnick & Fidell, 1996). 

Given that each year the control group (with the 6 controls considered as missing data) 

either maintained scores on each variable, or improved due to practice effects, this 

decision was considered both conservative and appropriate (Tabachnick & Fidell, 1996, 

pp. 68-72). However, because of the unpredictable nature of MS performance over time, 
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the 3 MS patients who similarly completed only the first 2 years of testing were 

excluded from all analyses. One control and 1 MS patient who completed only the first 

year of testing were also excluded. 

There were no significant group differences in the demographic variables age, sex, or 

years of formal education (see Table 2.1) at any year as demonstrated by statistical 

analyses. Written informed consent was obtained from all MS and control subjects 

included in the study (see Appendix 2.2). 

2.3 Materials and Procedure 

2.3.1 Introduction: Procedure Overview 

Before signing the consent form, all subjects were encouraged to discuss any questions 

or concerns they may have about the study. In particular, it was emphasised that the 

purpose of the study was not to trial any MS treatment procedure. Rather it was to 

improve our ability to assess thinking and memory strengths and weaknesses in people 

with MS, as a necessary prelude to improved rehabilitation and treatment methods. 

Also all subjects were told that group rather than individual findings would be reported. 

Although, if individual data pertaining to any subject was requested by a professional 

person, it would be provided with that subject's permission. All subjects were assured 

that they were free to withdraw from the study at any stage. For the MS patients, it was 

emphasised that such a decision would not jeopardise their relationship with their 

neurologist, or any other professionals involved in their management. 

Once recruited to the study, all subjects provided demographic data on age (in years), 

sex (male or female), and years of formal education (in years). Appropriate general 

illness data was obtained to ensure the 6 exclusion criteria outlined above were 

evaluated for each subject. MRI data for all subjects was provided by an experienced 

radiologist at The Canberra Hospital. For the MS patients, additional illness data on 

years since neurologist diagnosis and years since first symptoms was also obtained. 

Diagnostic disease category information was provided by the patient's neurologist. 
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Each subject was then administered cognitive and neuropsychological tests for 

approximately 2-2.5 hours (including breaks) during the one session. Typically MS 

patients requested a morning session when they were less likely to be fatigued. At each 

year, 2-3 MS patients required an additional session which was arranged as close to the 

initial one as was possible. The cognitive/neuropsychological tests administered are 

listed in Table 2.3. 

Table 2.3 
Tests administered to all subjects at each year. 

Stem completion and Metamemory tasks (inclusion and exclusion conditions) 

CVLT (Delis et al., 1983, 1987a; 1983, 1987b) 

Reitan Word Finding Test (Reitan, 1972) 

Similarities test (WAIS-R) (Wechsler, 1955, 1981) 

Trail Making Test Part B (Partington & Leiter, 1949) 

Rey-Osterrieth Complex Figure (Osterrieth, 1944; Rey, 1941) planning score (Stem et 

al., 1994) 

Digit-span back test (WAIS-R) (Wechsler, 1955, 1981). 

The Word Fluency Test (FAS) (Benton & Hamsher, 1976, 1989) 

The Five-Point Test (Regard, 1991; Regard et al., 1982) 

The Stroop Colour-Word Test ( Stroop, 1935; Trenerry et al., 1989) 

Implicit stem completion task 

The same general order of test administration was repeated for all subjects to ensure 

that the most demanding tests (the memory and metamemory tasks) were given first in 

the testing session when subjects were less likely to be fatigued. This decision was 

made because memory performance was the prime research interest, and fatigue is 

known to be a problem for people with MS (Matthews, 1991): in particular mental 

rather than physical fatigue (Ford, Trigwell & Johnson, 1998). 

After the memory and metamemory tasks and a IO minute break, the conventional 

explicit CVLT memory task was given. This was followed by the tests of executive 

skills, with the conventional implicit stem completion task given last. 
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Once the memory and metamemory tests had been completed, the order of 

administration of the executive tests was varied depending on individual subject 

capabilities and endurance as determined by the examiner. This flexibility was 

considered appropriate because test order has not been found to influence MS cognitive 

results (Vowels, 1979), and it had the advantage of allowing sensitivity to individual 

subject needs. 

Given the novelty of administering both word stem completion and metamemory tasks 

under inclusion and exclusion conditions, the procedure and materials (words) used 

will be given below in detail. Because the CVL T and executive tests are standard and 

frequently used tests, instruction and scoring details for the CVLT and CVLT (alternate 

form) are given in Appendices 2.3 to 2.4. Similarly, executive test instructions are 

detailed in Appendices 2.7 to 2.14. Instructions for the conventional implicit test are 

given to enable a direct comparison with Jaco bys' (1991) PDP stem completion 

instructions. 

As repeated measures were to be obtained on each variable and for each group, 

considerable planning effort was expended in ensuring the time interval between the 

three testing occasions was as close to 52 weeks as possible. For the MS patients, the 

average intertest period was 51.8 weeks (SD= 1.6) between years 1 and 2, and 53.9 

weeks (SD= 1.8) between years 2 and 3. MRI scans were obtained within an average 

of 2.04 weeks (SD = 1.2) of psychological testing. For the control subjects, the 

average intertest period was 50.6 weeks (SD= 1.4) between years 1 and 2, and 49.8 

weeks (SD= 1.7) between years 2 and 3. MRI scans were obtained within an average 

of 2.53 weeks (SD= 1.2) of cognitive/neuropsychological testing. 

2.3.2 Materials for word stem completion under inclusion/exclusion, and implicit 

conditions 

Materials used for the stem completion tasks in year one were 120 five letter nouns 

(see Appendix 2.5) of medium to high frequency, with an average frequency of 141 per 

million (Kucera & Francis, 1967). Each word had at least two possible completions of 

its stem (the first three letters), but each stem used was unique within the experiment. 

The words were divided into five sets of 24 words. These sets were rotated through 
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each of five experimental conditions: inclusion, exclusion, and new (for the process 

dissociation task procedure), and primed and unprimed (new) for the conventional 

implicit task, after Jacoby et al. (1993). Words were printed in lower case with dark 

blue texta in the centre of white cards of size 76 by 125 mm. The character size of the 

stimuli was approximately 25mm by 10mm. Word stems were presented as the first 

three letters of a word followed by two dashes. 

Twelve and 24 months later, the stem completion task was readministered to all 

subjects under all five conditions. However, a new set of five letter nouns was used at 

year 2 to avoid the possibility of carryover learning effects. Such long term priming 

was found by Kolers (1976) who reported a familiarity effect after 12 months, evident 

in an increased rate of reading upside-down text. Though 120 novel words were sought, 

only 72 five letter nouns (see Appendix 2.6) were identified that could satisfy the two 

critical requirements. First, all word stems had to have at least two completions. 

Second, words needed to have an average Kucera and Francis (1967) word frequency 

that was sufficiently high to avoid floor effects in automatic estimates when Jacoby et 

al.' s ( 1993) equations were applied. Jacoby et al. ( 1993) reported that a floor effect was 

likely for the automatic estimates in their Experiment 1 a, because the words used had a 

low base completion rate of 0.14. This problem was avoided in their Experiment 1 b 

because more familiar words were used (base rate of 0.35). 

The words identified for year 2 of this study were selected from a pool used by 

J.P. Toth (personal communication, March 13, 1997) that had not been used in year 1, 

and had an average Kucera and Francis (1967) word frequency of 33 per million 

(compared with 141 per million in year 1) (see Appendix 2.6). This is still considered 

sufficiently high to avoid automatic estimate floor effects. It produced base completion 

rates within the range of 0.29 to 0.37 for MS and control groups. In year 2, these 72 

words were divided into three sets of 24 words and rotated through each of three 

experimental conditions: inclusion, exclusion, and new (process dissociation task 

procedure). A separate pool of 48 new five letter words with at least two completions 

and an average frequency of 6 per million (Kucera & Francis, 1967) was rotated 

through the old and new conditions for the conventional implicit task (see Appendix 

2.15). In year 3, the original set of 120 words were reused because it was not possible 
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to find a third set of 72 new five-letter words of medium to high frequency with at least 

two completions. 

2.3.3 Procedure for stem completion and metamemory tasks under inclusion/exclusion 

conditions 

At any stage of the procedure, instructions were repeated or rephrased if subjects were 

not absolutely clear about what was required. 

Study Phase 

First, subjects were asked to read the complete word on each card out loud, and to try 

to remember it for a later memory test. Each of the 48 words was presented for 1.5 

seconds. (These are typical explicit memory test instructions). 

Judgment of Learning (JOL) Phase 

Subjects were then asked to give a judgment of learning (JOL) rating for each of the 

words just studied. JOLs were made about the likelihood of remembering the word, 

though at this stage they did not know whether they would later be asked to recall the 

word (as in inclusion instructions) or to exclude it at recall (exclusion instructions). 

That is they were simply instructed to "estimate how well you think you will remember 

each individual word in a memory test in a few minutes time. For example, if one of 

the words you just read was BEACH, how well do you predict you will remember 

'beach' in a few minutes when I give you BEA--?" For each word, subjects were asked 

to use the rating scale provided to estimate their likelihood of remembering the word 

read. The scale ranged from 0% (I will not be able to remember the word) through to 

100% (I will certainly remember the word), with 5 intervals of 20%. Subjects were 

encouraged to make an estimate for each word stem. The JOL phase took 

approximately 10 minutes. 

Recall Phase 

Ten minutes after the study phase, subjects were then presented stems of the 48 studied 

(old) and 24 new words and asked to complete each stem. Inclusion condition 

instructions were applied to 24 of the old words and 12 new words, randomly 

interspersed with exclusion instructions for 24 old words and 12 new words. 
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Instructions for the inclusion condition were as follows: "Now I want you to do the 

memory test. I will give you the first three letters of a word, and I want you to use the 

stem to try to remember the word you just read. If you cannot remember what the old 

word was, just finish off the three letters to make any five letter word you can think of. 

Plurals and proper nouns are not accepted". Exclusion instructions were randomly 

interspersed with inclusion instructions and were as follows: "For this stem, I still want 

you first to try to remember the old word. Then I want you to give me a new word 

instead. Try to give me a word even if you are not sure about your answer. If you 

cannot think of any word, say pass". 

Confidence Phase 

Immediately after the recall phase, subjects were asked to give retrospective judgments 

of confidence in their remembering of words (given under inclusion, exclusion and new 

conditions). For each individual word stem, subjects were asked to say how confident 

they were that their response was correct. That is, for words given under inclusion 

instructions, they were asked how confident they were they had completed the stem 

with an old (studied) word. For words given under exclusion instructions, they were 

asked how confident they were they had completed the stem with a new word, that is 

one they had not just read. As for the JOL phase, possible ratings ranged from 0% to 

I 00% with five 20% intervals. 

Feeling of Knowing phase 

Immediately after confidence judgments were made, subjects were informed that they 

had incorrectly completed some of the words they were asked to try to remember (in 

the inclusion condition). For those stems only, they were asked to rate their feeling that 

they would know or recognise the word studied, if given a choice of three five letter 

words to choose from which included the studied word. (The recognition task was not 

actually given). Subjects were told that all three choices had the same initial three 

letters as the forgotten word. Possible ratings ranged from 0% to I 00% with five 20% 

intervals. 

After a 10-15 minute break, subjects were then administered the CVLT, followed by 

the executive tests, and lastly, the implicit stem completion task. 
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2.3.4 California Verbal Leaming Test (CVLT) (Delis et al., 1983, 1987a; 1983,1987b). 

The CVL T is an explicit memory test which was given to enable comparisons between 

the MS group in the present research and those from previous MS memory studies. 

Furthermore, it provides both quantitative and qualitative information about verbal 

learning. The CVL T was administered at each year according to the standard 

procedures (Delis et al., 1983, 1987a) which are detailed in Appendix 2.3. To minimise 

practice effects, the words used in year 2 were those of the CVLT alternate form II (see 

Appendix 2.4) which was published by Delis et al. (1983, 1987b). The CVLT alternate 

form is parallel to the original in every respect (Delis et al., 1991 ). Like the original, the 

alternate test consists of a list of 16 words presented over five trials, followed by an 

intervening new list, immediate and 20 minute delay recall of the initial list, and a 

recognition task. 

Raw scores were obtained using the CVL T computer scoring program (Fridlund & 

Delis, 1987). In Chapter Three, only a selection of the several possible CVL T scores is 

reported. These include: a) the raw score for the total number of words recalled over 

five trials, which is a global indicator of learning performance (Delis, Cullum, Butters 

& Cairns, 1988); and b) the discriminability index, a measure of recognition corrected 

for false positives (Diamond et al., 1997). In addition, in Chapter Four, CVLT semantic 

and serial cluster index results are reported with the other tests of executive skills. In 

year 3, the CVL T words presented at year 1 were readministered. 

2.3.5 Tests of Executive Skills 

Nine tests of executive skills were then administered at each year to all subjects 

according to the relevant standard procedures and scoring systems, as detailed in 

Appendices 2. 7 to 2.14. The rationale for the selection of each individual test follows: 

• The Reitan Word Finding Test (Reitan, 1972) is a test of verbal problem solving 

(Reitan, 1972) which includes requirements of (intentional) abstraction, reasoning 

and logical analysis (Reitan, Hom & Wolfson, 1988). Correlations of the Word 

Finding Test with generalised rather than specific neuroanatomical areas are 

expected given findings by Pendleton, Heaton, Lehman, Hulihan, and Anthony 

(1985). The examiner instructions and test sheet are shown in Appendix 2.7. 
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• Similarities (WAIS-R) (Wechsler, 1955; 1981) is a test of verbal concept formation 

in which the subject must explain what each of a pair of words has in common 

(Lezak, 1995). It also requires efficient selection and retrieval of verbal information 

from long term memory. Performance is associated with frontal, particularly left 

frontal lobe impairment (Milner, 1964; Shallice, 1995). Lower similarities scores 

have also been associated with left temporal and frontal involvement (Mcfie, 1975; 

Newcombe, 1969), and with bilateral frontal lesions (Rao, 1990). Examiner 

instructions and the test sheet are shown in Appendix 2.8. 

• Trails B is one of the several neuropsychological tests that can detect frontal lobe 

dysfunction (Sandyk, 1994). The Trail Making Test (Partington & Leiter, 1949) is a 

test of complex visual scanning, attention, visual sequencing and mental flexibility 

(Lezak, 1995) with motor speed and agility making a strong contribution to success 

(Schear & Sato, 1989). Because Part B is regarded as requiring the mental flexibility 

to switch from numbers to letters, only Trails B (not Trails A) results will be 

reported. Several studies have linked slowed performance on the Trails B test to 

frontal lobe impairment (Lezak, 1983; Reitan, 1971) or frontal lobe activation 

(Segalowitz, Unsal & Dywan, 1992). However, more recently, Reitan and Wolfson 

(1995) found that patients with comparable frontal and nonfrontal lesion loads had 

similarly reduced performance times on Trails B. A similar finding was reported by 

Anderson, Bigler, and Blatter (1995). Examiner instructions and test sheet are 

shown in Appendix 2.9. 

• The CVLT semantic cluster ratio reflects the extent to which an active and efficient 

learning strategy is used in the encoding of a word list (Bousfield, 1953; Delis, 

Freedland, Kramer & Kaplan, 1988; Klatzky, 1980). An effective strategy for the 

learning of both verbal and visuospatial material involves the use of organizational 

features inherent in the stimuli (Kaplan, 1983, 1989). In this case, it is the ratio of 

CVL T List A words from the same semantic category recalled together, divided by 

chance. Research in healthy individuals suggests that semantic (by category) 

clustering is a more effective strategy than serial (by position) clustering, which 

employs a passive learning style (Klatzky, 1980). Semantic clustering is markedly 

deficient in amnesic patients such as those with the subcortical diencephalic damage 
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(especially to the thalamus and mamillary bodies) typified by Kosak.offs syndrome 

(Cermak & Butters, 1972). According to Walsh (1991), the conceptual difficulties 

seen with the alcoholic form of Korsak.offs syndrome may be due to associated 

pathology in the frontal system. Raw score indices were obtained using the CVL T 

computerised scoring software (Fridlund & Delis, 1987). The examiner instructions 

and test sheet for the CVL T and CVL T alternate form memory test are shown in 

Appendices 2.3 and 2.4. 

• The Rey Complex Figure Test (CFT) (Osterrieth, 1944; Rey, 1941), and planning 

score (Stern et al., 1994). This test was chosen because its perceptual clustering 

component (so described by Delis, 1989), provides the visuo-spatial counterpart to 

verbal encoding strategy indices such as the CVLT semantic cluster ratio (Shorr, 

Delis & Massman, 1992). 

The CFT is a measure of incidental visual memory (Stern et al., 1994). In addition it 

assesses a variety of cognitive processes including planning, organizational skilJs, 

and problem solving strategies, as well as perceptual and motor functions (Waber & 

Holmes, 1986; Meyers & Meyers, 1995). The CFT was devised by Rey (1941) and 

subsequently standardised by Osterrieth (1944). Of particular interest for the present 

research was Stern et al.' s (I 994) planning score which assesses the overall 

organisation of the figure production, including such aspects as the order in which 

particular elements are drawn, and the placement on the page of the entire 

production. Delis (1989) coined the term 'perceptual clustering' to describe this 

visuospatial analog to semantic clustering. Shorr et al. (1992) found that subjects 

who used perceptual clustering to copy the Rey figure (by drawing the large 

rectangle, side triangle, and diagonal lines as units), had better recall of the figure 

than those who copied it in a piecemeal, disorganised manner. 

Several other perceptual clustering or visual planning scoring systems have been 

devised (e.g., Bennett-Levy, 1984; Hambly, Wilkins & Barry, I 993; Waber & 

Holmes, 1985). Stern et al.' s ( 1994) system was chosen because it best reflects the 

organisational/planning process by which a subject copies the figure, while retaining 

ease of application, when compared to other scoring systems. MRI studies have 
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reported impaired planning in patients with lesions located in the frontal lobes (e.g., 

Messerli, Serron & Tissot, 1979; Pillon, 1981 ), with markedly improved 

performance once given a plan to guide their approach to the copy task (Pillon, 

1981 ). However, a poor planning score on the Rey could also reflect visuo

construction difficulties, which tend to be associated with damage to the parieto

occipital regions (Pillon, 1981 ). Because recall of the Taylor Figure (Taylor, 1969, 

1979) alternate version is easier than the RCF (Hambly et al., 1993), it was decided 

to use the CFT at each year of testing to ensure that a repeated measures design 

could validly be used for data analyses. The examiner instructions, test stimulus, and 

criteria for the four planning scores are detailed in Appendix 2.10. 

• Digit-span back (WAIS-R) (Wechsler, 1955; 1981 ). 

The digit-span back is a test of divided attention that requires controlled, rather than 

automatic processing (Paul et al., 1998). As noted, D'Esposito et al. (1995) have 

proposed a possible frontal localization of a central executive which controls 

Baddeley's (1992) various working memory subsystems. In addition, numerous PET 

and several fMRI studies of the human brain support the role of the dorsolateral 

prefrontal cortex as a key site of activation during performance of working memory 

tasks (Cohen et al., 1994; Petrides et al., 1993). The examiner instructions and test 

sheet are shown in Appendix 2.11. 

• The FAS test (Benton & Hamsher, 1976; 1989) requires the efficient selection, 

retrieval and generation of verbal information from long term memory. Performance 

has been associated with frontal lobe dysfunction, particularly of the left hemisphere 

(Milner, 1964; Shallice, 1995). In fact verbal generation tasks such as the FAS have 

been found to consistently activate left pre-frontal cortical regions during Positron 

Emission Tomography studies in normal participants (Tulving, Kapur, Craik, 

Moscovitch & Houle, 1994). The examiner instructions and test sheet are shown in 

Appendix 2.12. 

• Five-Point Test (Regard, 1991; Regard et al., 1982). 

Figural/design fluency tests have been developed as nonverbal analogues to word 

fluency tasks (Spreen & Strauss, 1998). Design generation is receiving increasing 
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attention as an effective way of exploring executive functioning (Lezak, 1995), and 

there is some evidence (e.g., Lee et al., 1997) that figural fluency is superior to word 

fluency in detecting frontal lobe impairment. In non-verbal fluency tests such as the 

Five-Point Test (Regard, 1991; Regard et al., 1982), patients with right frontal 

lesions are the least productive of designs within the designated time (Levin et al., 

199 l ). The examiner instructions, and test response sheet are shown in Appendix 

2.13. 

• The Stroop Colour-Word Test ( Stroop, 1935; Trenerry et al., 1989) measures the 

ease with which a person can shift his/her perceptual set to conform to changing 

demands and suppress a habitual response in favor of an unusual one (Spreen & 

Strauss, 1998, p.213 ). The Stroop requires the subject to intentionally suppress an 

automatic word reading response through volitional control (Golden, 1976). This 

measure of selective attention and cognitive flexibility was originally developed by 

Stroop (1935), although several formats have been developed since that time. 

Trenerry et al. 's (1989) two-trial format was used. In this Stroop version, the first 

trial focuses on reading color words printed in ink of different colors. The second 

trial requires naming of the colors in which the words are printed (interference trial). 

The time taken to name the colour in which each word was printed, and to suppress 

reading the words denoting names of the colours, was significantly longer for MS 

than for control subjects (Foong et al., 1999). Patients with left frontal (Perret, 1974; 

Regard, 1981 ), and those with either left or bilateral frontal lobe lesions (Holst & 

Vilkki, 1988) have been reported to make slowed responses, particularly in the 

interference trial. The examiner instructions, test stimuli, and response sheet are 

shown in Appendix 2.14. 

2.3.6 Stem completion - Implicit task procedure 

The materials used for this task are as described above in section 2.3.2. Finally, at the 

end of 2-2.5 hours of testing, subjects were instructed that the last task was a test of 

word pronunciation. Subjects were told that remembering was not required in this 

test because all subjects would be expected to be quite tired by this stage. First they 

were asked to read aloud the words on the cards, enunciating as clearly as possible. 

Each subject was presented 24 five-letter words that they had not seen presented on that 
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testing occasion under inclusion, exclusion or new conditions. Then immediately after 

presentation, stems of the 24 just presented (primed) words and 24 new (unprimed) 

words were mixed by the examiner, and given with instructions to complete the stem 

with the first five-letter word that came to mind. 

Given the time elapsed (2 to 2.5 hours) since the process dissociation stem completion 

task, and the final implicit instructions that "remembering was not required", it was 

anticipated that conscious attempts by subjects to remember would be minimised, and 

the implicit nature of the test preserved. (It should be noted, however, that a major 

reason for the present study was the reported inability of such conventional implicit 

tests to measure 'pure' automatic (unintentional) processing [Jacoby, 1991; Reingold & 

Merikle, 1990, Richardson-Klavehn & Bjork, 1988] ). The implicit test was given to 

enable comparison with previous research. The pool of words used for the process 

dissociation and implicit stem completion tasks in years 1 and 3 are given in Appendix 

2.5. The words used for the implicit task in year 2 are shown in Appendix 2.15. 

2.3. 7 MRI measures 

Each year within an average of 2.04 (SD = 1.2) weeks from cognitive testing for the 

MS group and 2.54 (SD = 1.2) weeks for the control group, MS and control subjects 

undertook an MRI scan of the brain. This was performed on a Siemens Magnetom 

Vision 1.5 Tesla magnet. (Although all subjects had endeavoured to undertake MRI 

scans each year, a range of factors intervened which resulted in only 38/46 of the MS 

patients undertaking all three scans at 12 monthly intervals. Also one control subject 

was unable to complete all scans). Images were obtained using an axial dual echo T2 

sequence (TR 2800, TE 16/98) with 5 mm slice thickness and 1 mm interslice gap, and 

an axial fluid attenuated inversion recovery (FLAIR) sequence (TR 7000, TE 2200) 

with a 5 mm slice thickness and 1.5 mm interstice gap. Scans were examined by an 

experienced radiologist at The Canberra Hospital who did not meet the subjects, and 

was unaware of whether the subject was from the MS or the control group. Lesions 

were counted and sized for 9 anatomically defined locations (the lateral periventricular 

area, and the cortical and subcortical areas of the frontal, parietal, temporal, and 

occipital lobes separate from the ventricles). A grid overlay was used to count plaque 

numbers and assess relative plaque areas for the region of interest. A similar manual 
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tracing method has been used in several previous studies ( e.g., Arnett et al., 1994; 

Rovaris, Filippi, Falautano, et al., 1998; Swirsky-Saccheti et al., 1992). No attempt 

was made to differentiate chronic lesions from active plaques. The MRI data record 

sheet used by the radiologist is shown in Appendix 2.16. 

2.4 Data Analysis 

2.4.1 Data Screening 

Prior to analyses, all variables were examined through various programs of the 

Statistical Package for the Social Sciences (SPSS) (Nie, Hull, Jenkins, Steinbrenner & 

Bent, 1975) for accuracy of data entry, missing values, and fit between their 

distributions and the assumptions of multivariate analysis. 

2.4.2. Analyses 

All data were analysed using a mixed model repeated measures design, with group (MS 

/control) as a between subjects variable, and time (Years 1, 2, 3) as a within subjects 

variable. Additional within-subject variables were analysed depending on the tests 

administered and the questions of interest. These within-subject variables are specified 

in the introductory sections to each results chapter where appropriate. Typically, 

contrast analyses were performed using a Bonferroni correction. Also, the 

intercorrelations of interest were examined with Pearson product-moment correlations. 

The exception to this was in correlations involving MRI variables where the Spearman 

Rank Correlation Coefficient (SRCC) was used because the MRI variable distributions 

were not normal. Finally, the memory model, which represents the culmination of our 

study, was built using a series of regression analyses. 
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2.5. Chapter Summary 

Chapter Two has detailed the methods and procedures used in the present study and the 

rationale for the choices made. The principal aim guiding these methodological 

decisions was to maximise the reliability, accuracy and validity of MS memory and 

cognitive measures obtained. The procedures for selection and recruitment of MS 

patients classified according to Lublin and Reingold's (1996) MS disease course 

definitions were described, as were those for the recruitment of a matched control 

group. The structure of the present longitudinal study was described as spanning 24 

months, with all subjects in the MS and control groups being tested three times, on all 

tasks, and at 12 monthly intervals. The several means used to minimise extraneous 

sources of variability were outlined. These included the use of repeated measures to 

minimise within-subject variability. This permitted the variance attributable to being in 

the MS or the control group to be maximised. Further, all testing and scoring was done 

by the author, thereby avoiding the possibility of any variability in scores being due to 

different examiner styles. The potential problem of practice effects in any longitudinal 

design was addressed by including a matched control group. This enabled the specific 

effects of group membership over time to be identified without the confounding 

contribution of practice. In addition, other variables with potentially confounding 

effects on memory and cognition, such as the demographic variables age, sex, and years 

of formal education, and the affective variable depression, were measured and their 

effects controlled. 

Another source of the apparent confusion in the MS memory literature is the 

inadequacy of conventional memory test procedures. For this reason, a comparatively 

novel procedure for measuring memory was adopted in the present study, i.e., Jacoby's 

( 1991) process dissociation procedure. The relevant materials and instructions of this 

procedure were described in some detail. 

The total test procedure, including the gathering of demographic and illness data, the 

cognitive and neuropsychological tests, and the MRI procedure was described, as were 

the average inter-test periods for MS and control groups. A brief outline of the design 

for the data analyses concluded the chapter. 
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Chapter 3 

Memory and Metamemory Results 

3.1 Introduction and Hypotheses 

Chapter Three presents the memory and metamemory results for the MS and control 

groups at years I, 2, and 3 of testing. Group differences in memory and metamemory 

performance, and correlations between conscious memory and metamemory variables 

over time will be reported. Finally, the strongest metamemory predictor of conscious 

memory will be identified through regression analysis. First, though, the important 

hypotheses are restated: 

• Explicit and implicit memory hypotheses 

In the California Verbal Learning Test (CVLT), a conventional explicit test, the MS 

group are expected to recall significantly fewer words than controls, and MS recall 

will reduce over time. By contrast, there will be no group difference in CVL T 

recognition at each year or over time. However, when conventional implicit 

instructions are used, there will be no significant difference between MS and control 

groups in the number of word stems completed, and no effect over time. 

• Process dissociation procedure hypotheses 

The MS group will use significantly less conscious memory to remember word stems 

at each year, and MS conscious memory estimates will deteriorate over time 

compared to controls. By comparison, there will be no difference between the groups 

in automatic memory estimates at each year, and no change over time. 

• Metamemory hypotheses for stem completion under PDP instructions 

The three main metamemory hypotheses included predictions about a) aspects of 

metamemory where group similarities were expected, b) those for which group 

differences were predicted, and c) the expected relationship between metamemory 

and conscious memory. 

A) Both groups are expected to correctly differentiate in their metamemory 

judgments between words remembered ( old, studied words) and words forgotten 

(new words) under inclusion instructions in stem completion, whether 
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monitoring is prospective or retrospective. This will be demonstrated by higher 

judgment of learning (JOL) and confidence magnitudes for old than for new 

words, reflecting the expected higher old versus new word remembering. By 

contrast under exclusion instructions, both groups will be unable to differentiate 

in their metamemory judgments between old words wrongly produced and new 

words correctly produced. This is because, by definition, subjects will not know 

in advance that they will subsequently automatically produce old words, despite 

being asked for new ones. Accordingly, unlike in the inclusion condition, it is 

expected that the ratio of old to new words remembered will not be reflected in 

the ratio of JOL magnitudes about old words to JOL magnitudes about new 

words. Retrospective (confidence) monitoring under exclusion conditions of 

automatically remembered words will then be examined for both groups a 

posteriori. All the metamemory hypotheses rely on the assumption that 

conscious memory rather than automatic memory is integral to the ability to 

accurately monitor what is remembered. 

B) Most importantly, given the predictions of MS reduced conscious memory, 

group differences are expected in three of the four metamemory variables used. 

That is, lower JOL and FOK magnitudes, and lower JOL accuracy (gamma 

correlations) are predicted for the MS group compared to controls, but 

retrospective confidence magnitudes are not expected to differ between the 

groups. Further, over time it is expected that JOL and FOK magnitudes, and JOL 

accuracy will decrease in the MS group, while control metamemory performance 

will stay relatively constant. MS confidence magnitudes are not expected to 

decrease over time. 

C) It is also predicted that MS conscious memory will be significantly correlated 

with metamemory judgments: such that reduced conscious processing will be 

related to reduced JOL, confidence, and FOK magnitude, and JOL accuracy. 

Finally, the best metamemory predictor of conscious memory at each year for the 

pooled group will then be identified through hierarchical regression analysis. 
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3.2 Memory Results 

Memory data analyses 
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All data were analysed using a mixed model repeated measures design, with group (MS/ 

control) as a between subjects variable and time (Year 1, 2, 3) as a within subjects 

variable. In the stem completion task the inclusion/exclusion conditions were also 

treated as within subjects variables. Although a new set of five-letter words was used for 

the stem completion tasks in year 2, a repeated measures design was considered 

appropriate because the test was the same in every other respect. Similarly, because the 

alternate CVL T words (Delis et al., 1983, 1987b) used in year 2 are parallel to the 

original in every respect (Delis et al., 1991 ), a mixed model repeated measures design 

was also employed for data analysis. Where contrast analyses were performed, P values 

were adjusted using a Bonferroni correction. 

3 .2.1 Explicit remembering in the CVL T 

The CVL T was administered to establish whether this MS sample would be classified as 

impaired according to conventional explicit memory testing, and to enable comparison 

with other MS memory studies. Only a selection of the CVL T measures obtained are 

reported below: total words recalled over five trials (recall), and the discriminability 

index (recognition). The CVLT semantic and serial cluster ratio results are reported with 

the other executive test results in Chapter Four. 

Figure 3 .1 shows the mean CVL T total recall score for MS and control groups at each 

year. As expected, there was a significant main effect of group (MS/control) (F(l,84) = 

16.497, p <.001) indicating that the MS group remembered significantly fewer words 

than controls when averaged over 24 months. There was also a significant main effect of 

time (F(2,83) = 3.758, p = .027), and more particularly a significant Group x Time 

interaction effect (F(2,83) = 8.582, p <.001 ). Contrast analysis indicated that the Group 

x Time interaction effect resulted from a reduction in MS learning between initial and 

12 month delay testing (t(48) = 3.850,p <.0001). Consistent with predictions, these data 

indicate that the MS group was memory impaired when compared with controls, and 

deteriorated 1 year later, with no further decline over the following 12 months (i.e., by 

year 3). 
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Figure 3.1 
Mean CVL T recall total for MS and control groups at each year 
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Figure 3.2 shows the mean CVL T recognition percentage for MS and control groups 

over time. Contrary to expectations, there was a significant main effect of group 

(F(l,84) = 10.517, p = .002) indicating that the MS group recognised fewer words than 

controls (M = 95 vs. M = 98) when averaged over time. There was also a significant 

main effect of time (F(2,83) = 8.950, p <.001), but no significant Group x Time 

interaction (F<l ). Contrast analysis indicated that the significant effect of time resulted 

from an increase in recognition from year 1 to year 2 (t(88) = 3.810, p < .0001 ), but then 

a reduction from year 2 to year 3 (t(85) = -2.935, p = .004) for the pooled group. This 

suggests the pooled group in the present study found the CVL T alternate (year 2) 

recognition task easier than the original CVLT: a result contrary to that reported by 

Delis et al. ( 1 991) in their investigation of the psychometric properties of both CVL T 

forms. However, the power of the group difference in CVL T recognition was less than 

for the group difference in learning impairment (power = 0.89 vs. 0.98 respectively). 

This is consistent with findings using other memory tests: if MS recognition is reduced, 

typically it is not to the extent of the MS recall or learning impairment (Caine et al., 

1986; van den Burg et al., 1987). 
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Figure 3.2 
Mean CVLT recognition scores for MS and control groups over time. 
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In summary, as expected, MS recall in the CVLT was impaired compared to controls, 

and deteriorated from the first to the second year. To a lesser extent, but nonetheless 

contrary to predictions, MS recognition using the CVL T was impaired compared to 

controls when averaged over time, but there was no deterioration over time. These 

findings of impaired performance on a conventional explicit memory test suggest the 

MS group are not an atypical sample. 

3.2.2 Implicit remembering (priming) in a stem completion task 

Mean priming scores for MS and control groups at each year are reported in Table 3.1. 

Priming was calculated by subtracting the probability for new words from the 

probability for old words for each subject at each year (Weldon, Roediger & Challis, 

1989). There was a significant main effect of time, showing that both groups had a 

reduced priming rate over 24 months (F(2,83) = 5.693, p = .005). Contrast analysis 

indicated that this significant time effect resulted from a reduction in priming from year 

2 to year 3 (1(85) = 3 .368, p < .001 ). This result was contrary to expectations of no 
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change in priming rate for either group. However, as predicted, there was no significant 

group effect in priming or Group x Time interaction. 

One possible unverifiable explanation for the decrease in priming rate is that by year 3, 

subjects were closely following instructions, and were just pronouncing the words: that 

is they were using predominantly automatic processing and were not trying to remember 

(contrary to instructions), as perhaps they had done in the previous years. The difficulty 

in directing subject intention in this conventional implicit task is an important reason 

why Jacoby's (1991) procedure was subsequently used. Most importantly, however, as 

expected there was no group difference in the priming rate when instructions at study 

were simply to pronounce the words given. 

Table 3.1. 
The mean (SD) probability of an old (correct) word completion in a conventional implicit 
task for MS and control groups at each year. (MS: n = 46, Control: n = 40). 

Group Word Status 
and Amount of Priming 

Year 
Primed Unprimed 

MS .67 (.16) .38(.12) .29 (.17) 
Year l 
Control .74(.12) .45 (.11) .29 (.16) 

MS .58 (.12) .27 (.13) .31 (.17) 
Year2 
Control .65 (.13) .32(.11) .34(.17) 

MS .66 (.20) .43 (.17) .23 (.20) 
Year3 
Control .70(.11) .48 (.13) .22(.16) 
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3.2.3 Conscious and Automatic remembering in word stem completion 

3.2.3.1 Proportion of stems completed 
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Table 3.2 shows the mean probability of an old (studied) word completion under 

inclusion and exclusion conditions for each group at each year. Analysis of the inclusion 

and exclusion conditions revealed, as expected, that inclusion scores were higher than 

exclusion scores for both groups (F(l,84) = 535.39,p < .000). More importantly, Figure 

3.3 shows the significant Group x Condition interaction (F(l ,84) = 4.483, p = .037) 

indicating, as predicted, that the MS group remembered significantly fewer words than 

controls under the inclusion condition. By contrast, there was no group difference in 

words remembered under exclusion instructions. Also there was a significant Time x 

Condition interaction (F(2,83) = 8.115, p = .001) suggesting that the number of old 

word completions under exclusion reduced over time for the pooled group. However, 

contrary to predictions, the Group x Condition x Time interaction was not significant, 

indicating that change in the two conditions across 24 months was the same for the two 

groups. It had been expected that inclusion condition old word completions would 

reduce across time only for the MS group. 

Table 3.2 
Mean (SD) probability of an old (studied) word completion under implicit, inclusion and 
exclusion conditions, and conscious and automatic memory estimates at each year. 

Test Condition Memory estimates• 

Group Implicit Inclusion Exclusion Conscious Automatic 

MS .29 (.17) .65(.14) .28 (.14) .37 (.22) .16 (.16) 
Year 1 
Control .29 (.16) .70(.13) .29(.17) .41 (.23) .09 (.18) 

MS .31 (.17) .63 (.17) .30(.15) .32 (.23) .12 (.16) 
Year2 
Control .34 (.17) .71 (.13) .28(.13) .43 (.19) .16 (.21) 

MS .23 (.20) .67(.19) .26 (.15) .42 (.20) .08 (.02) 
Year 3 
Control .22 (.16) .75(.11) .25 (.14) .51 (.17) .08 (.18) 

• Conscious memory estimates= Pr (old word under inclusion) - Pr (old word under exclusion) 
Automatic memory estimates= Pr (old word exclusion)/ (1 - conscious memory estimates) - baseline 
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Most importantly, as predicted, the MS group completed fewer correct words than 

controls under inclusion conditions when averaged over time; although contrary to 

predictions, the MS group did not deteriorate across time. Also as expected, there was 

no group difference in old (incorrect) word completions in the exclusion condition when 

averaged over time; but contrary to expectations, exclusion completions reduced for the 

pooled group across time. 

Figure 3.3 
Mean old (studied) word completions under inclusion and exclusion conditions for MS 
and control groups averaged over time 
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Table 3.2 shows the mean conscious and automatic memory estimates for each group at 

each year which were calculated using Jacoby et al. 's (1993) theoretically derived 

equations. Jacoby et al. (1993) claimed that conscious memory can be estimated as the 

probability of responding with an old (studied) word in the inclusion condition minus 

the probability of responding with an old word in the exclusion condition. Automatic 

memory can be estimated as the probability of responding with an old word in the 

exclusion condition, divided by one minus the probability of conscious memory, minus 

the baseline rate of completion across the inclusion and exclusion conditions. 
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Figure 3 .4 shows the mean conscious memory estimates for MS and control groups at 

each year. As expected there was a significant main effect of group in conscious 

memory (F(l ,84) = 5.083, p = .027) indicating that MS patients used less conscious 

memory processing than controls averaged over time. There was a significant effect of 

time for the pooled group, indicating higher conscious estimates across time, perhaps 

due to practice effects (F(2,83) = 9.582, p < .0001). Contrary to predictions, there was 

no significant Group x Time interaction, suggesting no deterioration in MS conscious 

memory across time. Most importantly, however, and consistent with predictions, the 

MS group used less conscious processing than the controls when averaged over time: 

but contrary to predictions, MS conscious processing did not deteriorate over time. 

Figure 3.4 

Mean conscious memory estimates for MS and control groups at each year 
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As expected, there was no group difference in automatic memory (MS M = .12, control 

M = .11) (F < 1 ), and there was no change in automatic memory over time for the 

pooled group, or any Group x Time interaction effect (F < 1 in each case). 
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However, the absolute values of the estimates of conscious and automatic memory are 

open to question: Jacoby et al. 's (1993) requirement of equal completion rates 

(baselines) for new word stems under both inclusion and exclusion conditions was not 

met. This was demonstrated by analysis of baseline completion rates using a mixed 

model repeated measures design. There was a significant main effect of condition for 

new word stems indicating that word completion was higher for inclusion than 

exclusion across the groups, when averaged over time (F(l,84) = 85.09, p <.0001). 

Further there was no significant Group x Condition interaction, suggesting the unequal 

baselines for inclusion and exclusion conditions were not confined to one group. To 

address this problem, estimates of automatic processing were calculated using the 

average inclusion/exclusion baseline value for each subject, rather than the group value. 

Therefore the calculated estimates of conscious and automatic processing remain 

arguably valid. 

3.2.3.3 MS hie;h versus MS low conscious processing 

The finding that MS conscious memory estimates did not deteriorate over time could 

have been due to greater variability in conscious memory in the MS group compared to 

controls at year 2 (MS SD = .23 vs. control SD = .19) and year 3 (SD = .21 vs. SD = 

.17). Nonetheless, the respective group variances were not significantly different (p > 

.05 in each case). This was investigated by performing a median split in MS conscious 

memory estimates at each year, and by comparing the high and low conscious memory 

subgroups with memory performance as measured on the CVLT. Conscious memory 

was related to recall in the CVLT at each year (year I: r = .41,p = .03; year 2: r = .522, 

p = .004; year 3: r = .457, p = .04) for those MS patients with less than the median value 

of conscious memory for the respective year. The pattern of correlations was not as clear 

for those MS patients with higher than the median value of conscious memory. In year I 

there was no relationship between the variables. By year 2, if MS conscious memory 

was higher than the median, conscious memory and CVLT recall were related (r = .601, 

p >.001). At year 3 the relationship was just significant for a mean (not median) split (r 

= .429, p = .05). However, the pattern of correlations does suggest that low CVL T recall 

was associated with low (lower than the MS median) conscious memory, and high 

CVL T recall with high conscious memory estimates. One interpretation of this finding is 
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that conscious memory estimates may be more subtle than the CVL T in detecting 

individual differences in MS memory. 

3.3 Metamemory Results 

Metamemory data analyses 

Metamemory judgments about word stem completion under inclusion and exclusion 

conditions were then analysed using a mixed model repeated measures design, with 

group as the between subjects variable for each measure. The within subjects variables 

in the case of JOL and confidence magnitudes were condition (inclusion/exclusion), 

word response ( old/new), and time ( years 1, 2, 3). Within subject variables for JOL 

accuracy were condition and time (and did not include response). This is because JOL 

accuracy (gamma correlations) scores are a composite of the fit between JOLs and 

subsequent old or new completions. The onJy FOK magnitude within subject variable 

was time, because FOK judgments were made only for forgotten or incorrect (new) 

words in the inclusion condition, as is the convention ( c.f., Hart, 1965). Also, it was 

considered too confusing to ask subjects to make FOK judgments in the exclusion 

condition. This would have required subjects to rate their FOK for correctly recognising 

a new word in the midst of two new words, and the one old word they (unconsciously 

and incorrectly) gave under exclusion conditions. Also, their chance rate of successful 

recognition would have been 2/3, where it was only 1/3 for the inclusion condition. 

• Pearson product-moment correlation analyses were subsequently used to examine 

the relationship between conscious memory and the metamemory variables for both 

groups. 

• Finally regression analysis was employed to identify the metamemory variable that 

was the best predictor of conscious memory for both groups. 

3.3.1 Judgments of Learning (JOLs) 

JOL metamemory magnitudes 

Table 3.3 shows the mean JOL% magnitudes (or expectations about remembering) for 

old (studied) and new words, under inclusion and exclusion conditions for both groups 

at each year. As expected, there was a significant main effect of remembering response 

(old/new) for JOL magnitudes (F(l ,84) = 329.962, p < .0001). Figure 3.5 shows that the 
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significant effect of remembering response was modified by a significant Condition x 

Response interaction (F(l,84) = 150.882, p < .0001), and a significant Condition x 

Response x Group interaction (F(l,84) = 8.732, p = .004). To facilitate clarity in 

reporting, a description of results for JO Ls made under inclusion conditions for MS and 

control groups will precede the JOL results for exclusion instructions. 

Table 3.3 
Mean JOL and confidence % magnitudes, JOL accuracy, and proportion of stems 
completed for old (studied) and new words under inclusion/exclusion conditions, for both 
groups at each year. 

Condition 

Inclusion Exclusion 
Measure Group Year Type of Response 

Old New Old New 

JOL% MS Yrl 77 (.47) 8 49 67 (.19) 62 

magnitudes Yr2 77 (.61) 54 67 (.24) 58 

Yr3 75 (.43) 56 72 (.36) 65 

Control Yr 1 82 (.69) 52 71 (.13) 67 

Yr2 79 (.64) 51 64(-.03) 64 

Yr3 84 (.71) 53 72 ( .16) 68 

Proportion MS Yrl .65 .35 .28 .72 

of stems Yr2 .63 .37 .30 .70 

completed Yr3 .67 .33 .26 .74 

Control Yr 1 .70 .3 .29 .71 

Yr2 .71 .29 .28 .72 

Yr3 .75 .25 .25 .75 

Confidence % MS Yrl 81 50 41 75 

Magnitudes Yr2 80 58 44 77 

Yr3 77 54 38 74 

Control Yr 1 86 52 46 83 

Yr2 82 52 36 82 

Yr3 86 54 37 86 

a JOL accuracy proportions are in brackets 
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Figure 3.5 
Mean JOL magnitude for old (studied) and new words under inclusion and exclusion 
conditions for MS and control groups averaged over time 
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3.3.1.1 JOL magnitude inclusion condition results 

The significant Condition x Response interaction shown in Figure 3.5 indicated, as 

expected, that JOLs for remembered old (studied) words were higher than JOLs for 

incorrect (new) words in the inclusion, but not the exclusion condition for both groups. 

Moreover Figure 3.6 shows that both groups could differentiate old (studied) (MS M 

JOL = 77: control M JOL = 82) from new (incorrect) (MS M JOL = 53: control M= 52) 

words in their metamemory judgments under inclusion conditions. Figure 3.6 also 

shows that this differentiation was reflected in the higher number of old words (MS M 

recall = .65: control M = .72) than new words (MS M recall = .35: control M = .28) 

subsequently produced by each group, when averaged over time. 

However, contrast analysis indicated, contrary to predictions, that there was no group 

difference in JOL magnitudes for old words in the inclusion condition. The MS group 

JOL magnitude (M = 77) was not significantly less than the mean JOL for controls (M = 

82) (p > .05). Further Figure 3.6 shows that both groups were overconfident in their 

judgments about subsequent recall of old words. However, the MS group were more 

overconfident than controls because the MS group remembered significantly fewer old 

(studied) words than controls when averaged over time (MS recall M = .65 vs. control 

recall M = . 72). This result for the inclusion condition suggests impaired MS 

metamemory, because it indicates that the MS group believed they would remember as 

many old (studied) words as controls, when in fact they remembered significantly fewer. 

Further, the absence of a significant Group x Timex Condition interaction suggests that 

there was no group difference in JOL magnitude for the conditions over time; although a 

reduction in JOLs for old words in the inclusion condition across time was expected. 

In summary, under inclusion conditions, both groups made metamemory judgments 

that demonstrated an ability to prospectively differentiate old (correct) from new 

(incorrect) word completions. By contrast MS metamemory impairment was suggested 

by a greater over-confidence in relation to old word recall in the MS group relative to 

the control group. MS metamemory did not deteriorate over time. 
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3.3.1.2 JOL magnitude exclusion condition results 

The significant Group x Condition x Response interaction shown in Figure 3.5 indicated 

that in the exclusion condition both groups had the same JOL magnitudes for old 

(studied) words, but the MS group had lower JOLs for new words correctly produced 

relative to controls (M = 62 vs. M = 66) (F(I,84) = 8.732, p = .004). The group 

difference identified in JOL magnitudes for new words under exclusion conditions is 

not of central interest. Although it does suggest that compared with controls, the MS 

group were under-confident about the similar number of new words (MS M = . 72, 

control M = .73) they correctly produced when asked for them (new words). More 

importantly, Figure 3.6 shows that under exclusion conditions, the JOL magnitudes for 

old versus new words in the MS (M = 69 vs. M = 62) and control group (M = 69 vs. M = 

66) had little resemblance to the percentage of old versus new words remembered for 

either the MS (M = .28 vs. M = .72) or the control group (M = .27 vs. M = .73). That is, 

under exclusion instructions old words were produced automatically (and incorrectly), 

and so not surprisingly both groups were unable to distinguish them in their JOL 

judgments from new words. 

In summary, under the inclusion condition, both groups were able to prospectively 

discriminate between old words they would later remember, and words they would not 

remember (these latter word stems were completed with new words). By contrast in the 

exclusion condition, neither group could prospectively distinguish between old words 

automatically produced when asked for new words, and new words correctly given. 

However, under both inclusion and exclusion conditions there was evidence to suggest 

that the MS group were less able than controls to discriminate between words 

remembered and those forgotten. This claim can be more rigorously tested by now 

comparing JOL accuracy scores for the MS and control groups. 

3 .3 .1.3 JOL accuracy results (inclusion and exclusion conditions) 

Table 3.3 shows the mean JOL accuracy scores for word stem completion, as measured 

by gamma correlations, between the JOL and the remembering response for each word. 

There was a significant main effect for condition (F(l ,84) = 101.318, p <.0001 ); 

although this was modified by a significant Condition x Group (F(l,84) = 17.287, p < 

.0001) interaction, as shown in Figure 3.7. Contrast analyses indicated that, as expected, 
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this significant Condition x Group interaction was due to lower JOL accuracy in the MS 

than the control group under inclusion, when averaged over time (M = .51 vs. M = .68), 

(t(84) = - 4.032, p <.0001), and to higher MS accuracy in making errors than controls 

under exclusion conditions (M= .26 vs. M= .097), (t(84) = 2.594,p = .011). That is, the 

MS group gave lower JOLs than controls to old ( correct) words, and higher JOLs to new 

(forgotten) words under inclusion, but gave higher JOLs than controls to old words 

incorrectly produced under exclusion instructions. Accordingly MS JOL accuracy was 

impaired whether recall instructions were to include or exclude studied words when 

averaged over time. However, there was no significant Group x Condition x Time 

interaction, indicating no deterioration in MS JOL accuracy over time. 

Figure 3.7 

Mean JOL accuracy scores for word stem completion under inclusion and exclusion 
conditions, for MS and control groups averaged over time 
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Accordingly, the predicted MS metamemory impairment was indicated by greater over

inflation in MS JOL magnitude compared to actual remembering, than for controls in 

the inclusion condition. Most importantly, impaired MS metamemory was confirmed by 

impaired JOL accuracy (gamma correlations) under inclusion and exclusion conditions 
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when averaged over time, compared to controls. No significant deterioration in MS 

accuracy or magnitude over time was evident. 

3.3.2 Retrospective confidence magnitude judgments 

Table 3.3 shows the mean confidence percent magnitudes for both groups under 

inclusion and exclusion conditions, for old (studied) and new words remembered at each 

year. As expected, there was a significant main effect for word response (old/new) 

(F(l,84) = 27.239, p < .0001) and condition (inclusion/exclusion) (F(l ,84) = 25.741, p 

<.0001). However, Figure 3.8 shows these effects were modified by a significant 

Condition x Response interaction (F(l,84) = 505.989, p < .0001), and a significant 

Condition x Response x Group interaction (F(l ,84) = 7.495,p = .008). 

Figure 3.8 
Mean confidence magnitudes of old/new words under inclusion/exclusion conditions, for 
MS and control groups averaged over time. 
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3.3.2.1 Confidence judgment inclusion condition results 

The significant Condition x Response interaction indicated that under inclusion 

instructions, confidence (CON) was higher for old (correct) than new (forgotten) words 
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for the both groups. Further, Figure 3.9 shows that both groups could retrospectively 

differentiate old (studied) words (MS M CON= 79: control M CON= 85) from new 

(incorrect) words (MS M CON = 54: control M CON = 53) in their metamemory 

judgments under inclusion conditions. Figure 3.9 also shows that this differentiation was 

reflected in the higher proportion of old words (MS M = .65: control M = . 72) than new 

words (MS M = .35: control M = .28) previously remembered by each group, when 

averaged over time. 

Figure 3.9 
Mean confidence (CON) and percentage recall for old and new words for the inclusion 
and exclusion conditions, in MS and control groups when averaged over time. 
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Contrast analysis indicated, according to predictions, that confidence magnitudes did not 

differ between the MS (M = 79) and control groups (M = 85) (p > .05) in the inclusion 

condition. Yet figure 3.9 shows that both groups were over-confident in their 

judgments about prior remembering of old words. Importantly though, the MS group 

were more overconfident than controls because they remembered significantly fewer 

old (studied) words than controls, when averaged over time (MS recall M = .65 vs. 

control M= .72). As for JOL magnitudes, this result for the inclusion condition suggests 
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impaired metamemory: it indicates that the MS group were more over-confident about 

their metamemory judgments than controls, because they believed they had previously 

remembered as many old words as controls, when MS actual remembering was 

significantly less. 

Accordingly under inclusion instructions, both groups made metamemory judgments 

that demonstrated an ability to retrospectively discriminate old ( correct) from new 

(forgotten) word completions. A comparison of confidence judgments and prior recall 

for each group, however, indicated that the MS group was more overconfident in their 

subsequent judgments about old word remembering than controls. 

3.3.2.2 Confidence judgment exclusion condition results 

The significant Group x Condition x Response interaction indicated that under 

exclusion instructions, the MS group had lower confidence magnitudes for new 

(correct) words than controls (M = 75 vs. M = 84) (F(l,84) = 7.495, p = .008). This 

group difference identified in confidence magnitudes for new words is not of prime 

interest, although it does suggest the MS group were retrospectively underconfident 

compared with controls, about the similar number of new words (MS M = .72: control 

M = . 73) they had correctly produced when asked for new ones. More importantly, 

Figure 3.9 shows that under exclusion conditions, the fewer old than new words 

remembered for MS (M= .28 vs. M= .72) and control groups (M= .27 vs. M= .73) was 

reflected in the confidence magnitudes for old versus new words in MS (M = 41 vs. M = 

75) and control groups (M = 40 vs. M = 84). That is, under exclusion instructions where 

old words were produced automatically, both groups were able, after remembering, to 

distinguish old (studied) from new words. Further, as expected, there was no 

deterioration in MS confidence magnitudes over time, as indicated by the absence of a 

significant Group x Condition x Time interaction. 

Accordingly under inclusion and exclusion conditions, both groups were able to 

retrospectively discriminate between old words remembered and new words they had 

not remembered. However, under both conditions, the MS group was less able than 

controls to retrospectively discriminate in their metamemory judgments between words 

remembered and those forgotten. 
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3.3.3 Feeling of knowing (FOK) judgments 

Table 3 .4 shows the mean values of feeling of knowing (FOK) ratings for new 

(incorrect) responses under the inclusion condition for each group. There were no 

significant effects for time (F(2,83) = 1.093, p > .05) or group (F(l ,84) = .004, p > .05), 

and no Group x Time interaction (F(2,83) = 2.047, p > .05). 

That is, both groups had the same degree of FOK about words forgotten (new words) in 

the inclusion condition, when averaged over time (MS M = 62 vs. control M = 62). 

However, it is not known whether this represents an impairment in the MS group or not, 

because a recognition test was not used due to examiner concerns that a further test 

within the time-frame of the preceding process dissociation tests would be burdensome 

to subjects. Yet contrary to predictions, MS FOK did not deteriorate over time, as 

indicated by the absence of a significant Group x Time interaction. Nonetheless, the 

power for the Group x Time interaction was comparatively low at 0.411 suggesting a 

significant effect may have been detected with larger samples. 

Table 3.4 
FOK % magnitudes and proportion of words completed for new (incorrect) words in the 
inclusion condition, for both groups at each year, 

Group Year FOK% Words completed 

MS Yrl 62 .65 

Yr2 61 .63 

Yr3 63 .67 

Control. Yrl 57 .70 

Yr2 66 .71 

Yr3 63 .75 
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3.4. Summary of Memory and Metamemory group differences 

As no change over time was detected in the key memory and metamemory variables 

of interest, a brief swnmary of results for these variables, when averaged over time, 

may assist the reader. Table 3.5 shows mean values, averaged over time, of the 

metamemory judgments made in relation to word stem remembering, and conscious 

and automatic memory estimates for inclusion and exclusion conditions in the MS 

and control groups. Inspection of Table 3.5 shows that the two key results were that: 

• The MS group remembered significantly fewer words, and had significantly lower 

conscious memory estimates in word stem completion than controls in the inclusion 

condition (when averaged over time). By contrast, automatic memory estimates in 

stem completion were the same for both groups. 

• The MS group had significantly impaired metamemory accuracy, when measured by 

JOL accuracy compared to controls in either condition (averaged over time). 

Consistent with this result, JOL and confidence magnitudes suggested over

confidence in relation to actual remembering in the inclusion condition, compared to 

controls. 

Table 3.5 
Mean (SD) JOL accuracy, JOL, confidence, and FOK % magnitude (mag.), and 
proportion of stems completed for old (studied) words under inclusion and exclusion 
conditions, for both groups averaged over time. 

Group 

MS 

Control 

Group 

MS 

Control 

Inclusion condition 

Metamemory measures Recall 
JOL accuracy/ JOL mag. / Confidence mag./ FOK mag. proportion 

.50 (.20) 76 (18) 79 (17) 62 (22) .65 (.12) 

.68(.19) 82(13) 85(10) 62 (16) .72 (.09) 

Exclusion condition 

Metamemory measures Recall 
JOL accuracy/ JOL mag. / Confidence mag. / FOK mag. proportion 

.26 (.32) 69 (20) 41 (19) NIA .28(.12) 

.09 (.27) 69 (17) 40 (19) NIA .27 (.09) 

Conscious Memory 
estimate 

.37 (.16) 

.45(.16) 

Automatic Memory 
estimate 

.12 (.10) 

.II (.12) 
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3.5. Conscious memory and metamemory correlations 

In order to investigate the relationship between conscious memory and metamemory, 

Pearson product-moment correlations were then computed. Table 3.6 shows the 

correlations for the pooled group (the MS group is in brackets) between conscious 

memory, the memory control (nuisance) variables, and the four metamemory measures 

at each year. Given that the pattern of correlations between the predictor variables and 

conscious estimates was qualitatively similar for both groups (although of smaller 

magnitude for the controls), the groups were pooled. This had the advantage of ensuring 

sufficient power to use regression analysis to test the relevant hypotheses about 

conscious estimates at each year. Because of the relatively large number of correlations, 

the level of significance was set at .0 I (I-tailed). 

Amongst the control variables, age and sex were not related to conscious memory 

estimates. However, years of formal education and group were related, such that 

increases in conscious memory were related to increases in years of formal education (in 

years l and 3 ), and to being a member of the control group (in year 2, with year 3 near

significant at the .014 level). The magnitude of most of the metamemory correlations 

with conscious memory estimates was moderate, with the exception of JOL accuracy, 

which was not significantly related to conscious estimates for either group at any year. 

Specifically, significant positive correlations were found between conscious memory 

and JOL, confidence, and FOK magnitudes for old (studied) words under inclusion 

instructions at each year. The only exception to this was a near significant correlation 

for JOL magnitude and conscious estimates in year 2 (p = .019) (near significant 

because of the decision to set the level at .01 ). However, FOK magnitude had the 

strongest and most consistent correlations with conscious estimates for both groups. 

Also of importance, automatic memory estimates were not positively related to any of 

the metamemory variables for either group. 
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Table 3.6 
Pearson product-moment correlations between conscious memory estimates, and control 
and metamemory variables for the pooled group (and MS group only in brackets) at each 
year. 

Predictor Variables Year I Year2 Year3 

Age -.009 (-.032) -.200 (-.215) .083 (.196) 

Sex -.192 (-.110) .045 (.124) -.106 (.042) 

Education .256* (.211) .207 (.172) .380* (.328) 

Group -.083 -.257* -.238 

JOL magnitude .335* (.439*) .221 (.291 *) .256* (.472*) 

JOL accuracy .064 (-.068) .144 (.105) -.105 (-.278) 

Confidence magnitude .232 (.375*) .266*(.158) .325* (.397*) 

FOK magnitude .385** (.408*) .290* (.344*) .373** (.454*) 

* p <.01. ** p < .001. 

3.5.1 Intercorrelations amongst metamemory variables 

To enable interpretation of subsequent regression analyses, the degree of overlap 

between the metamemory variables was investigated. Significant intercorrelations 

between metamemory variables were not expected based on previous research. For 

example Leonesio and Nelson (1990) claimed that JOL and confidence judgments are 

not highly related, and confidence judgments have been shown to tap different aspects 

of metamemory. However, in the present study this was not the case as can be seen from 

Table 3.7, which shows the correlations amongst the 'control' and metamemory 

variables for the pooled group. Predictor variable intercorrelations are also shown in 

brackets for the MS group for year I, demonstrating that, as for the correlations with 

conscious memory estimates, they were qualitatively similar for both groups. Because 

this was also generally the case for years 2 and 3, Tables 3.8 and 3.9 respectively show 

the predictor intercorrelations for the MS group only. 

That is, JOL and confidence magnitudes for old words were significantly correlated at 

each year for both groups (MS r = .740, .625, .788 vs. control r = .618, .568, .429), as 

were confidence and FOK, with JOL and FOK significantly correlated in the MS group 

only. JOL accuracy was not related to any of tlie other metamemory variables. The 

exception to this was in year 2 where it was related to both JOL and confidence 
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magnitudes in the MS group. There was no evidence of multicollinearity on inspection 

of the collinearity statistics. 

Table 3.7 
Pearson product-moment correlations among age, sex, years formal education, group and 
the metamemory variables for the pooled group (and MS group only) at year 1. 

Variable 2 

1 Age 

2 Sex .124(.142) 

3 Educ. .010(.110) -.169(-.132) 

4 Group .174 .114 

5 JOL m . . 035(-.007) .219*( .262) 

6 JOL a. -.253 *(-.214) .068(-.070) 

7 CON .161(.184) .099(.135) 

8 FOK .100(.210) .032(.178) 

3 4 5 6 7 

-.209 

.048(.018) -.084 

.148(-.056) -.261 * .201(.162) 

.072(.096) -.105 .740**(.795) .200(.142) 

.003(.080) .065 .428**(.487) .041(.025) .375**(.438) 

Note. MS correlations are in brackets and in bold. 
Educ.= Years offormal education. JOL m.= JOL magnitude. 
*p < .01. ** p < .001. 

Table 3.8 

JOL a. = JOL accuracy. 

Pearson product-moment correlations among age, sex, years formal education and the 
metamemory variables for MS patients at year 2. 

Variable 2 3 4 5 6 7 

I Age 

2 Sex .109 

3 Educ. .025 -.145 

4 Group .172 .101 -.212 

5 JOLmag. .032 .194 .110 -.017 

6 JOL acc. -.062 -.004 .230* -.048 .526** 

7CON .083 . I I 0 .096 -.058 .625** .337* 

8FOK . I I 0 .081 .046 -.115 .461 ** .110 .499** 

Note. JOL mag.= JOL magnitude JOL acc.= JOL accuracy CON = confidence 
* p < .01. **p < .001. 
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Table 3.9 
Pearson product-moment correlations among age, sex, years formal education and the 
metamemory variables for MS patients at year 3. 

Variable 2 3 4 5 6 7 

I Age 

2 Sex .081 

3 Educ. .012 -.178 

4 Group .183 .131 -. 184 

5 JOL mag. .122 .227* .052 -.202 

6 JOL acc. -.229* -.146 -.086 -.334* .099 

7CON .082 .095 .046 -.241 .788** .108 

8FOK .251 * .134 .105 -.008 .551 ** -.097 .592** 

Note. JOL mag.= JOL magnitude JOL acc.= JOL accuracy CON = confidence 
•p < .01. ••p < .001. 

3.6 Regression Analyses 

Hierarchical regression analyses were then performed to identify the best metamemory 

predictor of conscious memory, while controlling for the effects of established correlates 

of memory. Tables 3.10, 3.11 and 3.12 show the multiple regression of conscious 

memory estimates on age, sex, years formal education, group and the four metamemory 

variables at each year. 

Inspection of Table 3.10 reveals that in year 1 age, sex, and years formal education 

accounted for a modest but significant 8.8% (Adj.R2 = 5.7%) of the variance in 

conscious memory estimates. In years 2 and 3, these variables explained a comparable 

9.5% (Adj.R2 
= 6.3%) and 15.3% (Adj.R2 

= 12%) of conscious memory variance. At the 

second step in year 1, group did not account for any conscious memory variance. 

However, Table 3.11 shows that by year 2, group accounted for a significant 13 % 

(Adj.R2 
= 8.9%), and in year 3, 18.7% (Adj.R2 

= 14.7%) of the variance in conscious 

estimates (as shown in Table 4.9). At the third step in year 1, JOL, confidence, and 

FOK magnitude, and JOL accuracy accounted for an additional significant 21 % of 

conscious memory variance. Similarly, in year 2, 22.3% (Adj.R2 = 14.4%) of variance 
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was explained by the metamemory variables, but this increased to 32% (Adj.R2 = 

24.9%) in year 3. At the final step in year 1, the significant predictors in order of 

importance were JOL magnitude (Beta= .34, p < .05), FOK magnitude (Beta= .29, p < 

.01), sex (Beta= -.228, p <.05), with years formal education (Beta= .21, p < .05) the 

least important significant predictor. In year 2 the significant predictor was age (Beta= 

-.219,p < .05), with FOK (Beta= .211,p = .08) a near-significant predictor. Table 3.12 

shows that in year 3 the most important significant predictor was years of formal 

education (Beta= .282, p < .01), followed by FOK (Beta= .259, p < .05), with a near 

significant effect for group (Beta = -.192, p = .07). That is, FOK magnitude was the 

most consistently important significant metamemory predictor of conscious memory 

estimates at each year. 

However, consistent with its nonsignificant correlation with conscious memory at each 

year, JOL accuracy did not make a significant contribution in its own right at any year 

(Beta= -.05, p >.05 in each case). Also there was evidence of a mild suppressor effect 

for confidence judgments in year 1, and for JOL magnitude in years 2 and 3. Further, by 

year 3, the Beta weight of FOK (.259) was somewhat lower than its zero order 

correlation (r = .373), reflecting its significant correlation with age. 

In summary age, sex, years formal education, group, JOL magnitude and accuracy, and 

confidence and FOK magnitude, accounted for 29.8% (Aqj.R2 = 23%) of the variance in 

conscious memory estimates in the first year. Using the same variables, the variance 

explained reduced to 22.3% (Aqj.R2 = 14.4%) in the second year, but then increased 

slightly compared to the first year, to 32% (Aqj.R2 = 24.9%) by year 3. Moreover after 

age, sex, years formal education, and group were controlled, in the first year the four 

metamemory variables accounted for 21 % of the variance, with the contribution being 

mainly from JOL and FOK magnitude. In year 2, the metamemory variables accounted 

for 9.2%, with the contribution mainly from FOK magnitude. By year 3, 13.3% of the 

variance was explained by the metamemory variables, with FOK the main contributor. 

In summary, FOK for new (forgotten) responses in the inclusion condition predicted a 

significant amount of variance in conscious memory estimates at each year for either 

group, after the effects of age, sex, and years of formal education were controlled. 
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Table 3.10 
Hierarchical multiple regression of conscious memory estimates on age, sex, years formal 
education, group and the four metamemory variables at l'.ear 1. 

Predictor R2 Ad}.R2 R2 .ch. Fch. Final Beta 

Age -.014 

Sex -.228* 

Years Ed. .088 .057 .088 2.81* .211* 

Group .089 .046 .000 .036 -.026 

JOL accuracy -.05 

JOL mag. .344* 

Confidence mag. -.115 

FOK mag. .298 .23 .21 6.12** .293** 

Note. mag. = magnitude 
* p < .05. ** p < .01. (significance tested using two-tailed tests) 

Table 3.11 
Hierarchical multiple regression of conscious memory estimates on age, sex, years formal 
education, group and the four metamemory variables at l'.ear 2. 

Predictor 

Age 

Sex 

Years Ed. 

Group 

JOL accuracy 

JOL mag. 

Confidence mag. 

FOK mag. 

Note. mag. = magnitude 

R2 Ad}.R2 R2 .ch. 

.095 .063 .095 

.131 .089 .036 

.223 .144 .092 

* p < .05. ** p < .01. (significance tested using two-tailed tests) 

Fch. 

2.94* 

3.44 

2.33 

Final Beta 

-.219* 

.076 

.163 

-.16 

.015 

-.001 

.141 

.211 
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Table3.12 
Hierarchical multiple regression of conscious memory estimates on age, sex, years formal 
education, group and the four metamemory variables at year 3. 

Predictor 

Age 

Sex 

Years Ed. 

Group 

JOL accuracy 

JOL mag. 

Confidence mag. 

FOK mag. 

Note. mag.= magnitude 

R2 

.153 

.187 

.32 

Adj.k R2 ch. 

.121 .153 

.147 .035 

.249 .133 

• p < .05. •• p < .01. (significance tested using two-tailed tests). 

3.7 Chapter Summary 

Fch. 

4.87** 

3.41 

3.72** 

Final Beta 

.015 

-.095 

.282 

-.192 

-.146 

-.035 

.164 

.259 

First, consistent with the main prediction, the MS group used significantly less 

conscious memory processing and remembered fewer word stems in the inclusion 

condition than controls when averaged over time. Contrary to predictions, there was no 

evidence of deterioration in MS conscious memory in word stem completion compared 

to controls, averaged over time. Second, as expected, there was no group difference in 

the amount of automatic processing used in remembering word stems, and no change 

over twenty-four months. Given the heterogeneous nature of the MS group studied, the 

stable MS group conscious memory performance over time is not surprising. In fact the 

additional analyses reported suggest that although the total MS group would be regarded 

as memory impaired on account of their CVL T recall, it is only those with low 

conscious memory values that have low CVL T recall and are memory impaired. 

Third, as expected, MS metamemory was impaired compared to controls. However, 

both groups were able to prospectively (JOL) and retrospectively (confidence) 
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discriminate old from new words in their metamemory (magnitude) judgments about 

recall, when under inclusion instructions and asked to "try to remember". Nonetheless, 

under inclusion conditions the MS group were more overconfident in their prospective 

and retrospective metamemory (magnitude) judgments when compared with actual old 

word remembering, relative to controls. Consistent with this, when JOL accuracy was 

computed using individual gamma correlations between JOL judgments and 

remembering for each word, the MS group were less accurate than controls in their 

prospective metamemory judgments. 

By contrast under the exclusion condition, neither group could prospectively distinguish 

old (studied) from new words in their metamemory judgments: although both groups 

could distinguish them retrospectively. However, as for the inclusion condition, the MS 

group demonstrated less ability to discriminate old (studied) from new words in the 

exclusion condition than controls, whether metamemory magnitudes or accuracy 

measures were used. 

Most importantly therefore, the predicted MS metamemory impairment was suggested 

by overinflated JOL and confidence magnitudes when compared to actual recall in the 

inclusion condition, and clearly demonstrated by significantly impaired MS JOL 

accuracy (gamma) measures relative to controls. However, none of the metamemory 

measures identified MS metamemory deterioration over time compared with controls. 

Finally, as expected, there was a significant positive correlation between conscious 

memory and JOL, confidence, and FOK magnitudes for both groups: such that increases 

in conscious memory was related to increases in each of these metamemory variables. 

Surprisingly, JOL accuracy was not correlated with conscious memory for either group. 

However, FOK magnitude had the strongest and most consistent correlations with 

conscious memory for both groups across time. Consistent with this, regression analyses 

indicated that FOK was the best significant metamemory predictor of conscious 

memory at each year for either group when the effects of age, sex, and years of formal 

education were controlled. 
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Chapters Four and Five will present results for executive skills and brain lesion load 

respectively, and will identify the strongest predictor of conscious memory from each of 

these domains. It is then expected that the combination of differences in the strongest 

predictors of metamemory performance, executive function, and brain lesion load as 

detected on MRI in regression analysis, will best account for the considerable variability 

in conscious memory estimates in the MS group as a whole, and identify those with 

memory impairment. 
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Chapter 4 

Executive Skill Results 

4.1 Introduction and Hypotheses 

98 

Chapter Four presents the results for the MS and control groups on neuropsychological 

tests of executive skills at years I, 2, and 3. The significant differences in performance 

between MS and control groups in executive skills and correlations between conscious 

memory and executive test variables are reported. Next, hierarchical regression analyses 

were used to identify the strongest predictor of conscious memory estimates from 

amongst the executive tests. First, though, the important hypotheses are restated: 

• It is expected that MS performance in tests of executive skills will be impaired 

compared to controls when averaged over time. However, no deterioration in the MS 

group over time is expected compared to controls. 

• Further it is predicted that performance on executive tests will be related to conscious 

memory estimates, such that lower executive test performance will be related to 

lower conscious memory estimates at each year. 

• The best executive test predictor of conscious memory for the pooled group for each 

year will then be identified through hierarchical regression analysis. 

4.2 Results 

Data Analyses 

As in Chapter Three, these hypotheses were investigated in the following stages: 

• Group differences at each year and over time were analysed separately for each test 

of executive function using repeated measures ANOV As, with one within factor of 

time ( years l, 2, 3) and one between factor of group (MS/control). 

• Correlations were then performed between each test of executive function and 

conscious memory estimates for both groups at each year. Intercorrelations between 

select executive tests were also calculated for each year. Because of the relatively 

large number of correlations, the level of significance for was set at 0.01 ( one-tailed). 
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• Regression analyses were then used to identify the best executive-test predictors of 

conscious memory estimates for each year for the pooled group. 

Table 4.1 
Mean (SD) performance on tests of executive skills for MS and control groups, averaged 
over time. 

Test MS Control F(l,83) 
or groups 

Trails B 
(time) 97.26 (53.49) 56.08 ( 15 .22) 29.47*** 

Stroop 
(colour words named) 96.82 (25.85) 115.48 (20.21) 16.485*** 

Reitan Word Finding 
(problem solving) 36.57 (8.69) 42.37 (6.48) 15.97*** 

Regard visual fluency 
(designs completed) 35.11 (7.56) 39.20 (2.12) 12.62** 

Regard (errors) 0.727(1.11) 0.333 (0.68) 7.31** 

Rey Figure 
(visual planning) 2.68 (1.23) 3.19(.919) 7.25** 

Similarities (WA[S-R) 
(verbal abstraction) 21.29 ( 4.28) 22.85 (I. 90) 5.70* 

FAS verbal fluency 
(words produced) 39.82 (13.28) 44.39 (10.04) 3.577 

(p = .06) 

FAS (errors) 0.459 (.969) 0.192 (.450) 5.094* 

Digit-span back 
(WAIS-R) 6.812 (2.3 7) 7.558 (2.14) 2.813 

(p = .09) 

CVLT 
(semantic clustering) 2.567 (1.01) 2.889 ( 1.04) 2.657 

(p = .10) 

• p < .05. up < .0 l O • •up < .00 I. 
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4.2.1 Group differences in executive skills 

Table 4.1 summarises performances by both groups on the eleven measures of executive 

skills. MS patients were significantly impaired on the Trails B, Stroop, Reitan Word 

Finding, Regard visual fluency, Rey Figure planning, and similarities (WAIS-R) tests, 

relative to controls when averaged over time. The MS group also made more errors on 

the Regard visual fluency and FAS verbal fluency tests than controls, and there was a 

near significant group difference for the FAS verbal fluency (number of words 

produced) and digit span back (W AIS-R) tests, when averaged over time. However, a 

significant deterioration in MS executive skills over time was detected only in 

performance on the Stroop test and in CVLT semantic clustering by year 3. For the 

remaining tests, the MS group did not deteriorate in performance over time compared 

with controls. This was demonstrated by non-significant Group x Time interactions for 

each test score. In fact both groups improved on average over time, probably due to 

practice effects in the Trails B, Reitan Word Finding, Rey Figure planning, and FAS 

word fluency tests. Both groups reduced in Regard visual fluency errors, as 

demonstrated by a significant effect for time for each of these tests (p < .05 in each 

case). Neither group changed significantly in performance over time in the similarities 

(W AIS-R), Regard visual fluency, FAS errors, or digit-span back (W AIS-R) tests. 

A deterioration in MS executive skills was indicated by significant Group x Time 

interactions for the Stroop ( F(2,82) = 3.25, p = .04), and CVLT semantic clustering 

index (F(2,83) = 7.254, p = .001) respectively. In both tests, MS performance was 

unchanged over time compared to an improvement over time (practice effects) for the 

controls (Stroop: MS M [years 1, 2, 3] = 95, 95, 100 vs. control M = 108, 118, 121 and 

CVLT clustering index: MS M= 2.7, 2.4, 2.6 vs. control M= 2.7, 2.8, 3.2). 

That is, as expected from previous studies (e.g., Beatty, 1993a; Foong et al., 1997; Rao, 

1995a), the MS group demonstrated impaired executive function when determined by 

performance on a range of neuropsychological tests compared with controls and 

averaged over time. MS impairment relative to controls was evident in tests of verbal 

problem solving (Reitan), verbal abstraction (similarities), speed and flexibility of 

information processing (Trails B), visual planning (Rey Figure planning), visual fluency 

(Regard visual fluency), and control of automatic reading responses (Stroop test). There 
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was a near-significant impairment in tests of verbal fluency (FAS), working memory 

( digit-span back), and verbal clustering (CVL T semantic ratio). Error detection and 

utilization were also impaired in tests of visual fluency (Regard) and verbal fluency 

(FAS). Also consistent with predictions based on previous studies (e.g., Amato et al., 

1995; Jennekens-Schinkel et al., 1990), in general there was no evidence of 

deterioration in MS performance in tests of executive function over time compared to 

controls. The exceptions to this were the significant deterioration in the MS group in the 

control over automatic reading responses (Stroop test), and a deterioration in the MS 

group in the use of verbal clustering (CVL T) by year 3 relative to controls. 

4.2.2 Correlations between conscious memory and executive skills at each year. 

However, MS executive skills were measured primarily because of their expected 

relationships with conscious memory function. Accordingly, Pearson product-moment 

correlations between performance on tests of executive skill and conscious memory 

were performed for MS and control groups at each year. Table 4.2 summarises 

correlations between conscious memory and performance on executive tests for the 

pooled group (and MS group in brackets) at each year. The groups were pooled because 

the pattern of correlations between the executive predictor variables and conscious 

memory estimates was qualitatively similar for both groups (but of smaller magnitude 

for the controls). Also the pooling of data ensured sufficient power to later test the 

relevant hypotheses at each year using regression analyses. 

As already reported in Table 3.3 (Chapter Three), amongst the control variables, age and 

sex were not related to conscious memory estimates. However, years of formal 

education and group were related, such that increases in conscious memory were related 

to increases in years of formal education (in years 1 and 3), and to being a member of 

the control group (in year 2, with near-significance in year 3). 

Three executive skill tests were significantly correlated with conscious memory at each 

year for both groups: the Trails B, Stroop, and the digit-span back (W AIS-R) tests. That 

is, increases in conscious memory estimates were related to increases in: speed and 

flexibility of information processing (Trails B), conscious control over automatic 

reading responses (Stroop), and working memory (digit-span back), at each year. 
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By years 2 and 3, conscious memory was also significantly related to tests of verbal 

problem solving (Reitan), verbal fluency (FAS), and verbal clustering (CVL T semantic 

cluster ratio) (p < .0 I in each case). By the third year, in addition, conscious memory 

estimates were significantly related to visual planning (Rey Figure). Conscious memory 

estimates were not significantly related to tests of visual fluency (Regard), verbal 

abstraction (similarities), or error detection and utilization (Regard visual fluency and 

FAS verbal fluency), (p >.OJ in each case). 

Table 4.2 
Pearson product-moment correlations between conscious memory estimates and executive 
test variables for the pooled group (and MS group only) at each year. 

Test Variables 

Trails B {time) 

Stroop ( words named) 

Reitan (problem solving) 

Regard ( visual fluency) 

Regard ( errors) 

Rey Figure (planning) 

Similarities (WAIS-R) 

FAS ( verbal fluency) 

FAS (errors) 

Digit-span back (WAJS-R) 

CVLT (semantic planning) 

Year I 

n = 86 (46) 

-.320• (-.362) 

_252• (.282) 

.180(.214) 

.210 (.296) 

-.153 (.023) 

.129 (.139) 

.282 (.262) 

.208 (.245) 

-.268• (-.3 I 3) 

.3 I I • ( .29 I) 

.157 (.210) 

Year2 

n = 86 (46) 

-.331 • (-.298) 

.489• (.425) 

.353*(.319) 

.357* (.338) 

-.234 (-.193) 

.244 (.085) 

.429• (.413) 

.431 * (.467) 

-.170 (-.128) 

.339* (.417) 

.423* (.471) 

Note. MS scores are in brackets and MS correlations at p < .01 are in bold 

• p <.01, one-tailed. 

Year 3 

n = 86 (46) 

-.287* ( -.258) 

.438• (.449) 

.322*(.214) 

.130(.258) 

-.217 (-.214) 

.257• (.036) 

.245 (.211) 

.428* (.459) 

-.020 (.094) 

.347* (.464) 

.258* (.372) 

Because of the large number of executive tests administered, the three tests with 

significant conscious memory correlations at each year were selected for regression 

analysis to determine which was the best conscious memory predictor. However, to 

facilitate interpretation of these analyses, first, the three significant executive skill 

variables and the control variables were intercorrelated at each year. 
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4.2.3 Intercorrelations between significant executive test variables 

Tables 4.3, 4.4, and 4.5 show the intercorrelations between the three significant 

executive test correlates of conscious memory, and the control variables for the pooled 

group at each year. The respective correlations for the MS group are also included to 

demonstrate the similar pattern of correlations to the pooled group. 

Table 4.3 
Pearson product-moment correlations among age, sex, years formal education, group, and 
the executive test variables for the pooled group (and MS group only) at year 1. 

Variable 2 3 4 5 6 

1 Age 

2 Sex .124 (.136) 

3 Educ. .010(.118) -.169 (-.125) 

4 Group .174 .114 -.209 

5 Trails B .193(.144) .060(-.032) -.354**(-.348) .458** 

6 OS back -.013(.086) -.087(-.033) .555**(.581) -.200 -.397(-.382) 

7 Stroop -.045(-.089) .129(.274) .192(.189) -.350** -.568 * *(-.575) .371 **(.455) 

Note. MS values are in brackets and MS correlations at p < .01 are in bold. DS back= Digit-span back 

p•• < .001, one-tailed. 

Table 4.4 
Pearson product-moment correlations among age, sex, years formal education, group, and 
the executive test variables for the pooled group (and MS group only) at year 2. 

Variable 2 3 4 5 6 

1 Age 

2 Sex .098(.126) 

3 Educ. .024(.105) -.150(-.133) 

4 Group .181 .118 -.211 

5 Trails B .134(.120) .044(.019) -.285 *(-.299) .429** 

6 OS back .025(-.045) -.093(-.084) .325*(.245) -.103 -.321 *(-.342) 

7 Stroop -.171(-.112) .064(.162) .245(.220) -.475** -.731 **(-.739) .356**(.375) 

Note. MS values are in brackets and MS correlations at p < .01 are in bold. DS back = Digit-span back 

p* < .01, p .. < .001, one-tailed. 
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There was no evidence of multicollinearity among predictors at any year as revealed by 

inspection of the tables and the collinearity statistics. The significant correlations for 

each year between the control and executive test variables were between years of formal 

education and the digit-span back (WAIS-R) and Trails B tests. Also, group was 

significantly related to the Stroop and Trails B tests. Age and sex were not correlated 

with any of the three executive tests. All three executive test variables were interrelated, 

but the strongest and most consistent overlap at each year was between the Stroop and 

the Trails B tests. 

Table 4.5 
Pearson product-moment correlations among age, sex, years formal education, group, and 
the executive test variables for the pooled group (and MS group only) at year 3. 

Variable 2 3 4 5 6 

1 Age 

2 Sex .081(.079) 

3 Educ. .012(.072) -.178(-.186) 

4 Group .183 .131 -.184 

5 Trails B .128(.081) -.172(-.363) -.154(-.117) .515** 

6 OS back .032(.075) -.107(-.239) .352**(.343) -.203 -.227(-.123) 

7 Stroop -.164(-.196) .043(.043) .l 70(.060) -.360** -.458**(-.367) .402**(.373) 

Note. MS values are in brackets and correlations at p < .01 are in bold. . DS back= Digit-span back 

p** < .001, one-tailed. 

4.2.4 Regression Analyses 

Tables 4.6, 4.7, and 4.8 show the hierarchical multiple regression on conscious memory 

estimates of age, sex, years formal education, group and the three executive test 

variables at each year respectively. These analyses were performed to identify the best 

predictor of conscious memory estimates from amongst the executive tests, when 

controlling for the effects of established correlates of memory. 
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Inspection of Table 4.6 reveals that in year 1 age, sex, and years formal education 

accounted for a near significant 8.3% (Adj.R2 = 5.1 %) of the variance in conscious 

memory estimates. In years 2 (Table 4.7) and 3 (Table 4.8), these variables explained a 

significant 9.5% (Ad_J.K = 6.3%) and near-significant 8.3% (Ad_j.R2 = 5.1 %) respectively 

of conscious memory variance. At the second step in year 1, Table 4.6 shows that 

group did not account for any conscious memory variance. Tables 4. 7 and 4.8 show that 

group accounted for a near-significant additional 3.8% (R2 ch.) in year 2, and 3.5% (R2 

ch.) in year 3. These analyses identify that none of the control variables was 

consistently important at each year in explaining conscious memory variance. 

However, by years 2 and 3, group explained a near significant unique 3.8% and 3.5% of 

variance, and by year 3, years of formal education was an important predictor in its own 

right. 

Table 4.6 
Hierarchical multiple regression of conscious memory estimates on age, sex, years formal 
education, group, and the three executive test variables at year 1. 

Predictor R2 

Age 

Sex 

Years Ed. .083 

Group .083 

Trails B 

Stroop 

OS back .180 

Note. DS back = Digit-span back 

• p < .05, •• p < .OJ, two-tailed. 

Adj.It Keh. FCh. 

.051 .083 2.61 

.040 .000 .017 

.110 .096 3.20* 

Final Beta 

.046 

-.188 

.066 

.120 

-.186 

.147 

.146 
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Table 4.7 
Hierarchical multiple regression of conscious memory estimates on age, sex, years formal 
education, group, and the three executive test variables at year 2. 

Predictor 

Age 

Sex 

Years Ed. 

Group 

Stroop 

OS back 

Trails B 

R2 

.095 

.133 

.304 

Note. DS back = Digit-span back 

• p < .05, ** p < .01, two-tailed. 

Table 4.8 

.063 

.091 

.243 

Ifch. FCh. 

.095 2.92* 

.038 3.593 

.171 6.472** 

Final Beta 

-.143 

.066 

.072 

-.049 

.434** 

.200 

.112 

Hierarchical multiple regression of conscious memory estimates on age, sex, years formal 
education, group, and the three executive test variables at year 3. 

Predictor R2 

Age 

Sex 

Years Ed. .083 

Group .187 

Stroop 

Trails B 

OS back .328 

Note. DS back= Digit-span back 

* p < .05, ** p < .01, two-tailed. 

Adj. If ifch. FCh. 

.051 .083 2.61 

.147 .035 3.41 

.267 .141 5.37** 

Final Beta 

.157 

-.094 

.258* 

-.018 

.339** 

-.099 

.077 
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At the third step in year 1, the Stroop, digit-span back (WAIS-R), and Trails B tests 

accounted for an additional significant 9.6% of conscious memory variance. This 

increased to I 7. I% by year 2 and 14. I% in year 3. At this third and final step in year 1, 

when entered together, no executive test predictors were significant. Their order of 

importance was Trails B (Beta = -.186, p = .17), Stroop (Beta = .14 7, p = .25), and 

digit span back (Beta= .146,p = .25). By year 2, the Stroop (Beta= .434,p < .005) was 

a significant predictor, followed by digit-span back (Beta = .200, p = .06), and Trails B 

(Beta= .112, p = .428) which were not significant. Then in year 3, again the Stroop was 

the significant predictor (Beta= .339, p = .004), followed by Trails B (Beta= -.09, p = 

.415) and digit-span back (Beta= .077,p = .481) which were not significant. Therefore, 

the Stroop was the most consistently important executive test predictor of conscious 

memory at each year, and made a significant contribution in its own right by the second 

and third years. 

However, the Trails B and digit-span back tests, despite significant correlations with 

conscious memory at each year, were not significant predictors in their own right when 

combined with the Stroop test. Their reduced Beta values compared with zero-order 

correlations in years 2 and 3 are partly explained by the magnitude of the significant 

correlations between digit-span back and years of formal education, and Trails B and 

group, in those years. By contrast, the Stroop was not significantly related to education, 

and its significant correlations with group were of lesser magnitude than for Trails B in 

years 2 and 3. Also the emergence of the Stroop as the significant predictor by years 2 

and 3 is confirmed by inspection of the partial and semipartial correlations and tolerance 

values for those years. 

In summary, in the first year age, sex, years formal education, group, and the Stroop, 

Trails B and digit-span back tests accounted for 18% (Adj.R.2 = 11 %) of the variance in 

conscious memory. Using the same variables, the variance explained increased to 30.4% 

(Adj.R.2 = 24.3%) in the second year, then to 32.8% (Adj.R2 = 26.7%) by the third year. 

Moreover, in the first year, after age, sex, years formal education and group were 

controlled, the three executive test variables accounted for a significant 9.6% of the 

variance. By year 2, these test variables accounted for 17. I% of the variance, with the 

contribution mainly from the Stroop test. 
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In year 3, 14.1 % of conscious memory variance was explained by the executive test 

variables, with the Stroop test again the main contributor. The Stroop test predicted a 

significant amount of variance in conscious memory by years 2 and 3 for either group, 

even after the effects on conscious memory of age, sex, and years of formal education 

were controlled. 

4.3 Chapter Summary 

The MS group were impaired in their performance in a range of tests considered 

sensitive to executive skills relative to controls when averaged over time. There was, 

however, no evidence of MS deterioration in executive skill performance over a 24 

month period, as detected by the neuropsychological tests used. Deterioration in the MS 

group on the Stroop test and the CVLT semantic clustering index were the exception to 

this pattern. Not surprisingly then, consistent with the magnitude of the significant 

correlations between the Stroop and conscious memory (at each year, for both groups), 

and the deterioration in Stroop performance over time in the MS group, the Stroop test 

emerged as the strongest executive test predictor of conscious memory. The digit-span 

back and Trails B tests were next in importance as executive test predictors of conscious 

memory. However, they were not significant predictors when the contributions to 

conscious memory of years of formal education and group were taken account of. The 

other control variables, age and sex, were not significant contributors to conscious 

memory. It should be noted that the FAS, Trails B, Stroop, and digit-span back tests all 

had significant correlations with conscious memory of at least a moderate degree. 

However, their mild to moderate level of intercorrelation suggests these tests were 

competing for the same variance when predicting conscious memory estimates. The 

Stroop emerged as the best unique conscious memory predictor. 

In Chapter Five, the best brain lesion load variable predictor of conscious memory will 

be explored. Chapter Six will then report on the total conscious memory variance 

explained by combining the best metamemory (feeling of knowing) and executive skill 

(Stroop test) predictor variables. 
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Chapter 5 

Magnetic Resonance Imaging (MRI) Results 

5.1 Introduction and Hypotheses 

Chapter Five presents the median brain lesion areas in 6 regions for the MS and control 

groups, at years 1, 2, and 3. Differences between MS and control groups in lesion loads 

for the regions at each year will be reported, as will changes in MS lesion load over 

time. Further, correlations between brain lesion regions and conscious/automatic 

memory estimates will be reported for the total MS group, and for the MS group when 

subjected to a median (conscious memory) split. Finally, correlations between brain 

lesion loads and the key predictor variables of FOK magnitude and the Stroop test will 

be reported for the MS group at each year, as will MRI variable correlations with the 

non-key executive variables tested. First, though, the important hypotheses are restated: 

Hypotheses 

• It is expected that brain lesion load will be significantly greater for the MS than for 

the control group when averaged over time. However, past studies suggest a 

significant increase in total lesion load over time for only a small sub-group of MS 

patients, with no significant increase for the total MS group over time expected. 

• Furthermore, within the MS group, it is expected that conscious memory estimates 

will be related to brain lesion area, at least for those MS patients with impaired 

conscious memory. In particular, for those MS patients with impaired conscious 

memory, it is expected that TLA, lateral periventricular area, and subcortical frontal 

area will be significantly correlated with conscious memory estimates, such that 

increases in the lesion loads in these regions will be related to decreases in conscious 

memory. 
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5.2 Results 

MRI data analyses 

Throughout the MRI analyses the median lesion areas for each region were used in 

comparing populations, since lesion loads were relative not absolute measures, and the 

lesion load areas were not normally distributed. 

The hypotheses were investigated in the following stages: 

• Differences between the median brain lesion loads of the MS and control groups 

were investigated at each year (for each of the 6 brain regions) using the Mann

Whitney test. 

• Changes over time in median lesion load for the MS group were investigated for each 

of the brain regions. Separate repeated measures ANOVAs with one factor of time 

(years 1, 2, 3) were employed for each region using Friedman's test for non

parametric data. A posteriori contrasts were tested using the appropriate formulae for 

non-parametric data (Siegel & Castellan, 1988). 

• The Spearman rank correlation coefficient (SRCC) was calculated to evaluate: 1) the 

intercorrelations between the brain lesion regions, and 2) the relationships between 

lesion load regions and the key variables of interest: conscious memory estimates, 

FOK, and the Stroop test, for the MS group at each year. 

5.2.1 MRI differences between MS and control groups 

Table 5.1 shows the median (interquartile range) OQR) brain lesion loads for the MS 

group at each year, for the 6 main regions investigated. (The median brain lesion loads 

for the control group are not included because they were zero for each region). At each 

year, most MS patients were found to have widespread lesions, especially in the lateral 

periventricular and subcortical frontal regions. For example in the first year, a mean 

proportion of approximately 52% of total lesion load for the MS group was in the lateral 

periventricular area, 25% in the subcortical frontal, 17% in the subcortical parietal, and 

3% in each of the subcortical temporal and occipital areas, with an insignificant lesion 

load ( < 1 % ) detected in any cortical area. Similar mean relative proportions were found 

in years 2 and 3. 
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As expected, Mann-Whitney tests indicated that MS patients had significantly higher 

median MRI lesion loads than controls in each brain region (p<.0001 in each case). 

However, the control group had some evidence of white matter brain lesions (mainly 

located in the subcortical frontal and parietal regions) as indicated by ranges of 0-25 for 

these regions. Yet the interquartile ranges (IQR)s for the frontal and parietal regions 

were zero for the control group. 

Table 5.1 
Median (IQR) MRI brain lesion loads and regions for the MS group at each year. 

Regions Year 1 Year2 Year3 Chi2(2) 

TLA 260 (100-415) 260 (105-420) 265 (98-420) 30.154*** 

Lat. peri. 70 (50-190) 80 (50-190) 80 (50-190) 6.50* 

Frontal 50 (30-93) 55 (37-105) 60 (38-113) 26.64*** 

Parietal 35 (20-85) 37 (21-89) 36 (22-104) 7.787* 

Temporal 0 (0-10) 0 (0-15) 0 (0-15) 2.55 n.s. 

Occipital 0 (0-15) 0 (0-15) 0 (0-15) 2.00 n.s. 

Note. IQR = ]nter-quartile range, TLA = total lesion area. Lat. per.= lateral periventricular area. 

Frontal, Parietal, Temporal, and Occipital areas are all subcortical. 

*p<.0S. **p<.01. •••p<.0001. 

5.2.2 Changes in MS lesion load over time 

Also, as shown in Table 5.1, there was a significant increase in the MS median lesion 

load over 24 months in TLA, and in the subcortical frontal, subcortical parietal, and 

lateral periventricular regions. Separate a posteriori comparisons for each of these 

regions indicated that the significant increase in median lesion loads occurred from 

years I to 3 (p <.05 in each case). 

5.2.3 Inter-correlations between brain lesion regions 

Table 5.2 shows that there were significant intercorrelations between all the MS brain 

lesion regions in the first year. The only exceptions to this pattern were non-significant 

correlations between the periventricular, and the subcortical temporal and occipital 

regions. 
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The pattern of corre]ations suggests that consistent with their re]atively low median 

values, lesion loads in the subcortical temporal and occipital regions tended to be Jess of 

a feature of MS neuropathology than the other brain regions. The large magnitude of the 

correlations between TLA and the remaining regions suggests caution in making claims 

that any one region (e.g., subcortical frontal) may be critical in MS brain behaviour 

relationships. Because the MRI inter-correlation results were similar for years 2 and 3, 

they are not reported in detail. 

Table 5.2 
Intercorrelations (Spearman Rank Correlation Coefficients) (SRCC) between brain lesion 
region loads in the MS group at year 1. 

Region TLA Lat. peri. Frontal Parietal Temporal Occipital 

TLA .867*** .624*** .754*** .472** .339* 

Lat. peri. .867*** .303* .455** .167 .103 

Frontal .624*** .303* .801 *** .552*** .376* 

Parietal .754*** .455** .801 *** .588*** .531 *** 

Temporal .472** .167 .552*** .588*** .287* 

Occipital .339* .103 .378** .531 *** .287* 

Note. TLA = total lesion area. Lat. per. = lateral periventricular area. Frontal, Parietal, Temporal, and 

Occipital areas are all subcortical. 

*p<.05. ••p<.01. ·••p<.0001. 

5.2.4 Correlations between MS brain lesion regions and the key variables of interest 

5 .2.4.1 MRI : Conscious/automatic memory estimate correlations 

MS conscious memory estimates were not significantly related to any of the brain lesion 

load regions at any year. However, it is of interest to report that if one MS patient 

(subject 35) with a significantly higher lesion load than the MS group was not included 

in the analyses, by year 3, conscious memory estimates wou]d be significantly related to 

TLA (Pearson r = .-.337, p = .02). This result suggests that with a ]arger MS group, or 

with an absolute measure of brain lesion area, significant conscious memory and MRI 

correlations would be evident. In year I, automatic estimates were significantly related 

to lateral periventricular area, such that decreases in automatic estimates were related to 
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increases in lateral periventricular area (SPMC r = -.283, p = .035). This result is not of 

significance, however, because no such relationship was evident in year 2 and/or year 3. 

That is, for the total MS group in the present study, conscious and automatic memory 

estimates were not related to brain lesion loads, as measured by a relative MRI measure 

of lesion area. 

5.2.4.2 MRI: High versus low MS conscious memory 

To further investigate the relationship between conscious memory and MRI variables, 

MS conscious memory estimates were subjected to a median split and correlated with 

MRI variables at each year. At the first year, there was a near-significant correlation 

between TLA and MS patients with low (less than the median) conscious memory 

(SRCC = -.345,p = .06). By year 3, TLA (SRCC = -.558,p < .0001) and periventricular 

lesion area (SRCC = -.451, p = .01) were each significantly related to low conscious 

memory estimates: such that increases in brain lesions in those regions were related to 

decreases in conscious memory estimates in the low MS memory group (n = 22). These 

correlations were not significant for the high (higher than the median) MS conscious 

memory group. Although by year 3, the subcortical frontal lesion area was related to 

conscious memory (SRCC = -.363, p = .05), such that increases in subcortical frontal 

load were related to decreases in conscious memory for the high memory group (n = 

22). 

In summary, for those MS patients with low (lower than the median) conscious memory 

estimates, worsening conscious memory performance was related to increases in TLA 

and periventricular lesion area by year 3, with increasing subcortical frontal lesion load 

related to decreasing conscious memory estimates for the high (higher than the median) 

MS memory group. 

5.2.4.3 MRI: FOK and Stroop test correlations 

It was also of interest to investigate whether performance on the two key predictor 

variables in the memory model developed was related to any of the brain lesion regions. 

At years 2 and 3, MS FOK was significantly related to the subcortical temporal lesion 

load, such that increases in temporal load were related to decreases in FOK magnitude at 

year 2 (r = -.385, p <.0 1) and year 3 (r = -.432, p > .01 ). In year 2, FOK magnitude was 



Chapter 5: MRI Results 114 

also related to the subcortical parietal region lesion area (r = -.287, p <.05). By contrast, 

performance on the Stroop test was related to brain lesion loads in several regions at 

each year. In year I, the Stroop test was significantly related to the following four 

regions: TLA (r = -.331, p <.05), lateral periventricular (r = -.215, p <.05), subcortical 

frontal (r = -.295, p < .05), and subcortical temporal (r = -.429, p <.0 1 ). In years 2 and 3, 

a similar pattern of correlations was evident, suggesting that MS Stroop performance is 

sensitive to lesions in both periventricular and subcortical non-periventricular regions, 

and is not localised exclusively to the frontal region. 

5.2.5 Correlations between MS brain lesion regions and illness/demographic variables 

No significant correlations were identified at any year between any of the brain regions 

studied and a) disease classifications (i.e., RR, SP, PP, RP), b) years since diagnosis, or 

c) years since first MS symptoms. Nor were any significant correlations evident between 

the MRI variables and the demographic variables age, sex, and years of formal 

education (p > .05 in each case). 

5.2.6 Correlations between MS brain lesion regions and executive variables not included 

in the model 

Consistent significant correlations at each year between executive test performance and 

brain lesion load were found only for the Stroop (as already reported), Trails B test, and 

the CVLT semantic cluster ratio. For the Stroop and Trails B tests, although frontal 

subcortical lesions were important, TLA and periventricular regions were also 

significantly related to executive performance. The CVL T semantic cluster ratio was 

related to TLA and the periventricular (but not frontal) region for years I and 3. 

Accordingly in the present study, TLA and the periventricular region were the most 

consistently implicated regions in executive test performance, with the subcortical 

frontal region also important in 2/3 of these executive tests. Further, as was the case for 

CVL T semantic clustering, CVL T recall at years l and 3 was related to TLA and lesion 

load in the periventricular region (CVL T recall SRCCs for these regions averaged 0.3 7). 

However, these significant correlations with MRI variables for the CVL T in years I and 

3 may be due ( at least in part ) to impairment in the conceptual component of the CVL T 

(for which there were also significant brain lesion area correlations). 
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5.2.7 MRI variables and the conscious memory model 

Because the distributions of all the lesion load regions were not normal for the MS 

group or the pooled group ( even when transformed), it was inappropriate to include 

these MRI variables in the conscious memory regression model. However, given none 

of these lesion locations was significantly correlated with conscious memory estimates, 

addition to the model would not have increased conscious memory variance explained. 

5.3 Chapter Summary 

MRI information about regional brain lesion loads did not add to the ability to predict 

conscious or automatic memory performance for the total MS group. However, for those 

MS patients with low (lower than the median) conscious memory, increases in TLA and 

periventricular lesion area were related to decreases in conscious memory by the third 

year. This finding is consistent with previous studies reporting a relationship between 

memory function and MRI variables, at least for those with impaired general cognition 

and/or memory (e.g. Rao, 1995b). By contrast none of the brain lesion regions was 

related to any of the MS illness or demographic variables measured. Yet, TLA and 

periventricular load was related to performance in the Stroop test (at each year), and 

subcortical temporal lesion load was related to FOK magnitude (in years 2 and 3). The 

executive tests Trails B and CVLT semantic clustering were also related to TLA and 

periventricular lesions, with subcortical frontal lesions of importance in the Stroop and 

Trails B performances, but not in CVL T semantic clustering. These findings support 

those studies (e.g., Reitan & Wolfson, 1994) that caution against the assumption that all 

executive tests are specifically sensitive to frontal lobe impairment. 
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Chapter 6 

The Best Conscious Memory Predictors in the Present Study 

6.1 Introduction and Hypotheses 

Chapter Six presents the regression analyses of the combination of the strongest 

conscious memory predictors from amongst the metamemory (Chapter Three) and 

executive skill (Chapter Four) variables for the pooled group at each year. It is expected 

that more variance in conscious memory estimates will be explained at each year when 

the most important variables from each area are combined, than when the best predictor 

or predictors from any single area is regressed on conscious memory. This would 

demonstrate the superiority of a multivariate rather than a single domain approach in 

predicting current conscious memory functioning for any person with MS. 

6.2 Results 

6.2.1 Conscious memory variance explained by FOK and the Stroop test 

Tables 6.1, 6.2, and 6.3 show the regression on conscious memory estimates of the 

control variables age, sex, years of formal education and group, and of the best predictor 

variables from the metamemory and executive skill domains: FOK magnitude and 

Stroop test performance, at each year. 

Inspection of Tables 6.1 and 6.2 reveals that in years 1 and 2 at the first step, age, sex, 

and years of formal education accounted for a non-significant 7.9% (Adj.R2 = 4.5%) and 

8.9% (Adj.R2 = 5.6%) respectively of the variance in conscious memory. Table 6.3 

shows that by year 3 these three control variables explained a significant 15.3% (Adj.R2 

= 12.1 %) of variance in conscious memory, mainly due to years of formal education. At 

the second step, group did not account for any conscious memory variance at any year. 

Inspection of the final beta weights for the four control variables indicates that years of 

formal education was the only control variable that was significant in its own right, and 

this did not occur until the third year. 
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At the third step in year 1, FOK magnitude and the Stroop test accounted for 16.4% of 

conscious memory variance: this increased to 18.8% in year 2, and further increased to 

a substantial 21 % by year 3. 

Table 6.1 
Hierarchical multiple regression on conscious memory of age, 
education, group, and FOK magnitude and the Stroop test at :1:ear 1. 

Predictor if Adj.if if ch. FCh. 

Age 

Sex 

Years ed. .079 .045 .079 2.33 

Group .091 .046 .012 .011 

FOK 

Stroop .254 .198 .164 8.664** 

* p< .05, ** p < .01, two-tailed. 

Table 6.2 
Hierarchical multiple regression on conscious memory of age, 
education, group, and FOK magnitude and the Stroop test at :1:ear 2. 

Predictor 

Age 

Sex 

Years ed. 

Group 

FOK 

Stroop 

if 

.089 

.089 

.277 

* p < .05, * * p < .01, two-tailed. 

Adj.if if ch. FCh. 

.056 .089 2.65 

.044 .000 .000 

.221 .188 10.125 

sex, years formal 

Final Beta 

-.010 

-.194 

.204 

.095 

.346"'* 

.169 (p=.09) 

sex, years 

Final Beta 

-.153 

.070 

.114 

-.047 

.144 

.361 ** 

formal 
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Table 6.3 
Hierarchical multiple regression OD conscious memory of age, sex, years formal 
education, group, and FOK magnitude and the Stroop test at 1:ear 3. 

Predictor R2 Adj.Ir R2ch. FCh. Final Beta 

Age .084 

Sex -.105 

Years ed. .153 .121 .153 4.865** .264** 

Group .157 .115 .004 .393 -.091 

FOK .242* 

Stroop .367 .318 .210 12.94** .337** 

* p < .05, ** p < .01, two-tailed. 

At this third and final step in year 1 when entered with the Stroop test, FOK was the 

only significant predictor (beta= .374, p < .01), with the Stroop test (beta= .169, p = 

.09) a near-significant predictor of conscious memory, although significantly correlated 

with conscious memory (r = .227,p <.05). 

In year 2 at the third step, the Stroop test was the only significant unique predictor (beta 

= .374,p < .01) with FOK not significant in its own right (beta= .144,p > .05), despite 

a significant zero-order correlation (r = .272, p <.0 1 ). Perhaps this was partly a result of 

the moderate correlation between FOK and the Stroop (r = .371, p < .0001 ). However, 

by year 3, both the Stroop test and FOK were significant predictors of conscious 

memory, with the Stroop test (beta= .337, p < .01) of marginally greater importance 

than FOK (beta = .242, p < .05). The Stroop test was the most consistently important 

predictor of conscious memory at each year, making a significant contribution in its own 

right by the second and third years. FOK magnitude was a significant predictor in the 

first and third years. 
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In summary, age, sex, years formal education, group, FOK magnitude and the Stroop 

test accounted for 25.4% (Adj.R2 =19.8%) of the variance in conscious memory in the 

first year, 27.7% (Adj.R2 = 22.1 %) in year 2, and 36.7% (Adj. R2 = 31.8%) by year 3. 

Moreover after age, sex, years formal education, and group were controlled, FOK and 

the Stroop test accounted for 16.4% of conscious memory variance in year 1, 18.8% in 

year 2, and 21 % in year 3, with the main contribution being from the Stroop test. 

6.2.2 Confirmation of the best conscious memory predictive model 

Table 6.4 shows five possible predictive models of conscious memory variance using 

the key predictor variables of interest. The models are arranged according to the average 

percentage of conscious memory variance explained over 24 months, beginning with the 

model which explains the most variance in conscious memory. The models were 

extracted a posteriori by using all the predictor variables from any one domain (e.g., the 

four metamemory variables from the cognitive domain), or by using the key predictor 

variable from any one or two of the key chosen domains (e.g., FOK from the cognitive 

domain and the Stroop test from the neuropsychological domain). 

Table 6.4 
Hierarchical multiple regression on conscious memory of age, sex, years formal 
education, group, and of variables from the metamemory and executive skill domains at 
each year. 

R2 % (Adj. R2 %) 

Variables Year 1 Year2 Year 3 

FOK and Stroop 24.5% ( 19.8%) 27.7% (22.1%) 36.7% (31.8) 

JOL, CON, FOK, 29.7% (22.4%) 22.3% (14.4%) 32.0% (24.90/o) 
JOL accuracy 

Stroop, Trails B, 18.0% (11%) 30.0 % (24%) 32.8% (26.7%) 
Digit-span back 

FOK only 24.3% (19.8%) 20.7% (15.9%) 29.4% (24.9%) 

Stroop only 14.4% (9.4%) 26.9% (23.9%) 31.7% (27%) 

Note. FOK= feeling of knowing magnitude. JOL = judgment of learning magnitude. CON= confidence 
magnitude. JOL accuracy= judgment of learning accuracy 
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As expected, inspection of Table 6.4 indicates that across 24 months, more total 

variance in conscious memory is explained by the multivariate model (in bold) which 

combines the best conscious memory predictors from the cognitive (metamemory) and 

neuropsychological (executive) areas, than by using the key predictor or all predictors 

from any one of the domains chosen. That is, the proposed multivariate memory 

model explains the most conscious memory variance for the 24 months of the study. It 

combines the best metamemory and the best executive test variables, and accounts for 

25.4% (Adj. R2 
= 19.8%), 27.7% (Adj. R2 

= 22.l %), and 36.7% (Adj. R2 
= 31.8) of 

conscious memory variance at each respective year. The four metamemory variables 

constitute the next best model, followed by the model that uses the three best executive 

variables. The least powerful models for predicting conscious memory used either FOK 

magnitude only, or the Stroop test only, and by year 3 explained 29.4% (Adj. R2 = 

24.9%) and 31.7% (Adj. R2 = 27%) of conscious memory variance respectively. 

6.2.3 Comparison of the variance explained in 4 different dependent memory variables 

It was argued in Chapter One that the conscious/automatic memory distinction is more 

precise on theoretical grounds than the explicit/implicit dichotomy, and that Jacoby's 

(1991) procedure for memory measurement was superior to conventional ones. 

Subsequently a predictive model of conscious memory was developed, drawing on 

theoretical and experimental research about MS memory, metamemory, executive 

function and neuropathology. At this juncture, it is important to provide some 

quantitative evidence for the assertion that the conscious memory conceptualisation is 

superior to the explicit memory paradigm. 

One means of achieving this is to compare the variance explained by the conscious 

memory key predictors, for four different dependent memory variables: a) conscious 

memory, b) automatic memory, and the explicit memory tests of c) word stem 

completion (inclusion condition), and d) the CVLT. 

Table 6.5 shows the regression on conscious memory, automatic memory, words 

recalled in inclusion, and words recalled in the CVLT, of age, sex, years formal 

education, group, and FOK magnitude and the Stroop test at each year. The results of 

such a comparison are limited because there is not the same weight of experimental or 

theoretical evidence to link the key predictor variables with the alternate dependent 
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variables as there is when usmg 'conscious memory' as the dependent variable. 

Nonetheless as seen in Table 6.5, the validity of the multivariate model for conscious 

memory is enhanced by the finding that it is not predictive of automatic memory. At 

each year, the combined key predictor variables from each domain accounted for a non

significant amount of automatic memory variance, and none of the key or the control 

variables was significant in its own right. Moreover at each year, multiple R was not 

significantly different from zero, indicating that all correlations between automatic 

memory and the predictor variables and all regression coefficients were zero 

(Tabachnick & Fidell, 1996). 

Table 6.5 
Hierarchical multiple regression on four different memory measures, of age, sex, years 
formal education, group, and FOK magnitude and the Stroop test at each year. 

Dependent memory R2 Adj. R2 R2 ch.. FCh.. 
measures 3 key predictors 3 key predictors 

year 1 25.4 19.8 16.4 8.66** 

year2 27.7 22.1 18.8 10.12** 

year 3 6.7 31.8 21.0 12.94** 

Automatic memory 

year 1 12.9 6.2 7.5 3.39* 

year 2 16.4 9.9 0.4 0.37 

year 3 7.9 0.8 0.7 0.31 

Words recalled (inclusion) 

year 1 10.5 3.7 6.1 2.71 

year2 31.1 25.8 14.7 8.32** 

year 3 33.7 28.6 31.9 18.78** 

Words recalled (CVLT) 

year 1 23.8 18.0 10.1 5.24** 

year 2 44.2 39.9 15.8 I I.OS** 

year 3 39.1 34.4 14.2 9.07** 

* p < .OS, ** p < .01, two-tailed. 
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Further, as Table 6.5 shows, on average over the 24 months of the study, the two key 

predictor variables explain more unique variance (K change) in conscious memory 

than they explain of variance in automatic memory or words recalled in the CVL T. By 

year 3, FOK magnitude and the Stroop test explained a unique 21 % of conscious 

memory estimates, 0. 7% of automatic memory estimates, 31. 9% of words recalled under 

inclusion, and 14.2 % of words recalled in the CVLT. Words recalled under inclusion 

was used to derive conscious memory estimates, and so its apparent superior 

performance to the derived conscious memory estimates is not a serious challenge to the 

conscious memory dependent measure. 

It should also be noted that although 39.1 % (Adj. R2 = 34.4%) of variance in the CVLT 

was explained by FOK and the Stroop by year 3, a considerable portion (23.4%) of this 

was contributed by the control variables. This is consistent with FOK magnitude and the 

Stroop test accounting for more unique variance in conscious memory (21 % ) than in the 

CVLT (14.2%) by the third year, and indicates that conscious memory is a superior 

dependent memory variable to the CVL T for the memory model developed. 

6.3 Chapter Summary 

The most powerful model for predicting memory variance in individuals with MS is one 

which combines information about memory as estimated by Jacoby's (1991) conscious 

memory variable, metamemory performance as measured by FOK magnitude, and 

executive skill performance as measured by the Stroop test. In the present study, by the 

third year of testing, 36. 7% (Adj. R2 = 31.8%) of conscious memory variance was 

explained by the multivariate model developed: 15.3% (Adj.R2 = 12.1%) of which was 

contributed by age, sex, and years education, and a substantial 21 % by the variables 

derived from cognitive and neuropsychology. 
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Chapter 7 

Individual Differences in MS Patients 

7.1 Introduction 

Chapter Seven identifies those MS patients who differed significantly from the MS 

group in one or several of the main variables of interest: Conscious and automatic 

memory, FOK magnitude, and Stroop test performance, and describes their diagnostic, 

demographic, and neuropathological (MRI) characteristics. In particular, those MS 

patients who deteriorated in conscious memory over time are discussed, and those MS 

patients who increased in automatic memory over time. Next, the cluster of MS patients 

who were the most impaired on both conscious memory estimates and on the two key 

variables identified from cognitive and neuropsychological areas are identified. Also, 

the MRI characteristics of MS patients with below the median conscious memory, 

conceptualisation (similarities [W AIS-R] ) and metamemory (FOK) are detailed. 

Lastly, correlations between conscious memory estimates and the key variables studied, 

and diagnostic category, years since MS diagnosis and first symptoms, and laterality are 

described for the MS group, at each year. That is, more specifically: 

• The MS group as a whole were expected to deteriorate in conscious memory across 

time. This was not found, although conscious memory in the total MS group was 

significantly lower than for the control group. Instead, for the present sample, only 4 

of the 46 MS patients were identified as deteriorating significantly in conscious 

memory over the 24 months of the study. The metamemory, executive skill, brain 

lesion load, diagnostic and demographic features of these 4 MS patients are 

described. Further as expected, automatic memory processing in the MS group was 

unimpaired compared to controls, and did not change over time. However, it was of 

interest to identify which MS patients had the highest automatic memory estimates, 

and to ascertain whether these patients also deteriorated in conscious memory over 

time or were amongst the most generally impaired MS cluster. 
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• Cluster analyses were then used to identify those MS patients who, when averaged 

over 24 months, were the most impaired in both conscious memory and also on the 

key predictor variables identified by regression analyses in Chapters Three and Four. 

Because brain lesion load variables were not consistently related to conscious 

memory across time, they were not used in the cluster analyses. Rather, once the 

most impaired cluster had been identified, brain lesion load characteristics were 

described for those individual MS patients. Such a use of the multivariate model to 

describe the characteristics of the most impaired MS patients highlights the way in 

which the model can be applied in clinical practice. 

• Finally, correlational analyses were used for the MS group to investigate whether 

conscious memory, FOK, and Stroop performance were related to diagnostic 

category, years since MS diagnosis and first symptoms, or laterality, at each year. The 

effects of age, sex, and years of formal education on conscious memory estimates 

and on the key predictor variables have already been reported in Chapters Three to 

Six inclusive and so will not be repeated in detail. Those previous analyses found that 

years of formal education was a significant predictor of conscious memory estimates 

by the third year, but that age and sex were not significant predictors at any year. 

7.2 Results 

7.2.1 Characteristics of the MS patients with deterioration in conscious memory 

The pooled group was used to identify MS patients with statistically significant 

deterioration in conscious memory over the 24 months of the study. It was considered 

appropriate to use the pooled group because no group differences in conscious memory 

across time were identified by repeated measures ANOVA, as reported in Chapter 

Three. Further, MS and control groups had equal variances of conscious memory 

change, as indicated by a non-significant F value for the Levene test for homogeneity of 

variance (p > .05). Four MS patients (ss 13, 14, 36, 41) were identified with a 

deterioration in conscious memory estimates that was greater than 2 standard deviations 

less than the pooled mean conscious memory change from years 1 to 3. Figure 7.1 

shows the detrended normal Q-Q plot of change in conscious memory over 24 months 

for the pooled group. The four MS patients who deteriorated significantly in conscious 
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memory estimates are depicted in the lower left-hand quadrant of the plot. These 4 

patients were from the lowest extremity of the normal distribution of conscious memory 

change. Further, examination of the MS automatic memory estimates (averaged over 

24 months) identified 5 MS patients with high (more than one standard deviation above 

the MS group mean) automatic memory estimates in stem completion. These patients 

included 3 of the 4 MS patients who deteriorated in conscious memory over time (ss 13, 

36, 41). However, the 4th MS patient (s 14) with deteriorating conscious memory had an 

average automatic estimate of 0.10, or equal to the MS group mean (MS M= .119, SD= 

.10). Nonetheless one of the MS patients (sl9) with near-significant conscious memory 

deterioration, as shown in Figure 7 .1, was amongst the 5 MS patients with high 

automatic memory estimates. It seems that MS patients who deteriorate in conscious 

memory tend also to use a high (higher than the mean) level of automatic memory 

processing compared to the group mean, in word stem completion. Larger numbers of 

MS patients are required to investigate this trend further. 

Figure 7.1 
Detrended normal Q-Q plot of change in conscious memory over 24 months (pooled 
group), identifying the four MS patients with memory deterioration (ss 13, 14, 36, 41). 
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Table 7.1 
Mean conscious and automatic memory estimates, mean Stroop (words read) and FOK%, 
and diagnostic and demographic characteristics of the four MS patients who deteriorated 
in conscious memory across time (ss 13, 14, 36, 41) 

MS Subject numbers 

Variable 13 14 36 41 

Conscious memory estimates 

year 1 .66 .58 .66 .42 

year2 -.05 .29 .08 .03 

year 3 .25 .00 .21 .01 

year 3-1 change -.41 -.58 -.45 -.42 

Automatic estimates• .26 .JO .28 .31 

Stroop (words read) 
year 1 89 99 91 56 

year 2 94 88 88 43 

year 3 95 112 88 41 

FOK% 
year 1 40 97 64 33 

year 2 60 88 30 40 

year 3 60 100 78 00 

Diagnosis RR SP SP SP 
(each year) 

Age (average years) 30 44 43 41 

Sex F F F M 

Years Education 12 15 10 16 

Note. RR= relapsing remitting SP = secondary progressive 
• averaged over 24 months 

Table 7. I details information about the 4 MS patients with significant deterioration in 

conscious memory. Inspection of Table 7.1 indicates that only one MS patient with 

significant deterioration in conscious memory ( s 41, a SP male, aged 41 years) also 

deteriorated significantly in the Stroop test over 24 months. None of the 4 MS patients 

deteriorated in FOK over time. 
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However, Table 7.2 shows that the 3 out of 4 patients who undertook MRI scans had 

total lesion and periventricular load areas that were above the seventy-fifth percentile of 

the median for the total MS group. These 3 patients' lesion loads were above the fiftieth 

percentile in the subcortical frontal and parietal regions, but less than the fiftieth 

percentile in the temporal and occipital regions at each year. That is, MS patients with 

deteriorating conscious memory estimates were more likely to have high (higher than 

the MS group seventy-fifth percentile) TLA and high periventricular lesion distributions 

at each year, compared to the total MS group. 

Table 7.2 
Lesion loads at each year for the 4 MS patients who deteriorated in conscious memory 
estimates. 

MS Subject numbers 
Brain 
Region 13 14 36 41 

TLA 

year 1 *a 495 445 520 

year2 • 515 490 530 

year 3 • 530 515 550 

Lat. peri. 

year 1 • 270 200 360 

year2 • 270 200 360 

year 3 • 270 200 360 

Frontal 

year I • 95 130 80 

year 2 • 100 145 90 

year 3 • 115 165 90 

Parietal 

year 1 • 120 105 40 

year 2 • 135 105 40 

year 3 • 135 135 50 

Note. TLA = total lesion area. Lat. per. = lateral periventricular area. Frontal and Parietal areas are both 
subcortical. 
"MRI data not available for this MS patient 
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Yet as Table 7.2 shows, periventricular lesion area remained stable over time for each of 

these 3 MS patients, although TLA increased. The TLA increase was due mainly to 

increases in subcortical frontal and parietal lesions. However, the total MS group 

increased over time in TLA, and in periventricular, frontal, and parietal lesions, but did 

not deteriorate in conscious memory. Clearly, deterioration in conscious memory (in the 

4 MS patients identified) cannot necessarily just be attributed to increases in lesion 

loads in the subcortical frontal and parietal areas. The lesion load of the total MS group 

also increased over time in those regions, and conscious memory did not deteriorate. 

A more plausible explanation is that deteriorating conscious memory occurred both 

because a threshold of TLA had been reached, and because TLA continued to increase 

over time. This explanation is consistent with findings from previous studies, even 

though absolute lesion areas were not computed for the present study. Rao, Leo, 

Haughton, et al. (1989) proposed that a threshold of 30cm2 in brain lesion area was 

necessary before MS cognitive impairment was detected, but that an increase of 15 cm2 

in total lesion load over a three year period was needed before generalised MS cognitive 

deterioration was evident (Rao, 1995b ). 

Further, the 4 MS patients who deteriorated in conscious memory included 3 females 

and one male, with a mean age of 39.5 years on entry to the study and 13 years formal 

education. Three MS patients had a SP, and one had a RR disease course: none of these 

3 MS patients' diagnoses altered throughout the 24 months of the study. 

Clearly the multivariate model of memory described requires further development 

before it can be used to predict those with MS who are likely to deteriorate in 

conscious memory over time. The model predicts conscious memory performance at any 

given point in time when information about FOK magnitude and Stroop test 

performance is available. By contrast, deterioration in conscious memory is not 

necessarily related to deterioration in FOK and Stroop performance. Instead for the MS 

patients with deteriorating conscious memory, the MRI variables were the ones that 

were important for conscious memory estimates. Those MS patients with high TLA and 

high periventricular lesion loads at entry to the study and increasing TLA over time 

(particularly in the subcortical frontal and parietal regions), deteriorated in conscious 
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memory. Future studies with considerably larger MS samples are needed to determine 

whether conscious memory deterioration is more likely, as is indicated by combining 

the above results, in those MS patients with a high TLA and high initial periventricular 

lesion area, and increasing subcortical frontal and parietal lesion loads, a secondary 

progressive disease course, high automatic memory processing, and a deteriorating 

Stroop colour naming score over time. 

7.2.2 The most impaired MS cluster 

7.2.2.1 Cluster analyses 

Cluster analysis is one statistical method for differentiating subjects into homogenous 

subtypes (Morris, Blashfield & Satz, 1981). It was considered an appropriate method in 

the present study because several previous MS memory researchers have used it to 

understand and characterise the complexity and variability of MS memory (e.g., Beatty 

et al., 1996; Rao et al., 1984; Ryan et al., 1996). 

For the present sample, clinical usefulness appeared to be optimised with a two, rather 

than three or four cluster solutions when using the key variables identified for the 

multivariate model in Chapter Six: conscious memory estimates, FOK magnitude, the 

Stroop, and the demographic variables. Cluster solutions were generated using 

standardised residual, rather than raw conscious memory scores. Recommended by Rao 

et al. (1984), this statistical manipulation was introduced to minimise the impact of 

demographic variables on conscious memory scores. Accordingly, standardised residual 

conscious memory scores were generated by regressing the average conscious memory 

score over time with the demographic variables age, sex, and years of formal education. 

Using the mean value over time of the variables FOK, Stroop, age, sex, years of formal 

education and the standardised residual conscious memory scores, two, three and four 

cluster solutions were generated for the MS group alone, and for the combined MS and 

control groups. A between-groups linkage method was used to identify the clusters, and 

all descriptor variables were standardised to z scores. The between-groups linkage 

method is recommended by Drew and Bishop (1999) as generally the preferred method, 

because it uses information from all elements to combine clusters (Diekoff, 1992). The 

standardisation procedure avoids the possibility of distorted proximity estimates from 
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descriptor variables measured on different scales. The various cluster solutions were 

further inspected and compared by undertaking multiple discriminant analyses (MDA) 

to determine whether significant differences existed between the 2 and 3 cluster 

solutions on each of the descriptor variables. The grouping variables used in these 

MDAs were the cluster membership variables created by each respective cluster 

analysis. 

A two cluster solution was considered optimal for this sample for several reasons. First, 

the same 5 MS patients were identified as forming the impaired cluster when either the 

MS group alone, or the pooled MS and control group were investigated. Second, 

inspection of the agglomeration schedules for both the MS and the pooled group 

identified a significant jump in the values of the coefficients between the last two 

clustering stages in each case, suggesting a two cluster solution (Diekoff, 1992). The 

third reason for preferring a two cluster solution was that a three cluster solution for the 

MS group alone identified the mentioned 5 MS patients as the most impaired, with 3 

MS patients forming a middle group and the majority (n = 38) clustering as a non

impaired group, indistinguishable from controls. Inspection of the characteristics of the 

3 MS patients in the middle group identified that years of formal education was 

contributing significantly and disproportionately to the number and composition of the 

separate clusters, as indicated by the significant difference between the cluster mean 

values of years of formal education. This occurred despite the statistical manipulation 

to minimise its impact on conscious memory. Mean values for years of formal education 

were 14 years for the unimpaired cluster, 12 years for the impaired cluster, and a high 22 

years for the middle cluster. Moreover a three cluster solution for the pooled group 

included 8 MS and 6 control subjects in a middle group, with age, years of formal 

education, and to a lesser extent sex contributing significantly to the cluster solution 

despite the statistical manipulation to reduce their import. The disproportionate 

influence of demographic variables was exacerbated further in four cluster solutions for 

the MS and pooled groups. 

Also, in the two cluster solutions for the MS and pooled groups, the cluster means for 

the variables conscious memory (standardised residual scores), FOK, and Stroop were 

significantly different for the impaired cluster compared with the rest of the MS and 
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pooled subjects who formed the second cluster. Notably, years of formal education, sex 

and age were unimportant in determining cluster composition (as was the intention). 

Moreover, Box's M was not significant (p > .001) for the two and three cluster pooled 

group solutions, but was significant for the four cluster solutions (p < .001 ), indicating 

that the pooled group two and three cluster, but not the four cluster solutions met the 

homogeneity of variance-covariance matrices assumption for the discriminant function 

analyses. 

7.2.2.2 Characteristics of the most impaired MS cluster 

Table 7.3 shows the mean conscious memory, Stroop, and FOK values, and 

demographic characteristics of the five MS patients identified by a two cluster solution 

as the most impaired when averaged over time. Diagnostic and MRI lesion load 

characteristics are included in Table 7.3, although they did not form the basis of the 

cluster analyses because of their non-significant relationships with conscious memory in 

this study. Conscious memory scores for 3 of the 5 MS patients (ss 22, 27, 34) were 

greater than 2 standard deviations less than the pooled mean conscious memory scores, 

with 2 MS patients (ss 41 and 10) one standard deviation from the mean. Four of the 5 

MS patients were less than 2 standard deviations below the pooled mean in their FOK. 

Moreover, 3 of the 5 MS patients were more than 2 standard deviations below the 

pooled mean in their Stroop scores, although all were at least one standard deviation 

below the mean. 

Four MS patients had a RR course. The fifth MS patient, who was also amongst the four 

who deteriorated in conscious memory across time (subject 41), had a SP disease 

course. Further, the impaired cluster comprised 2 females and 3 males, which was a 

lower female to male ratio (0.66:1) than for the total sample (2.8:1). The average age of 

the cluster was 45 years, slightly but not significantly higher than the mean of 42 years 

for the pooled group, with 12 years of formal education, mildly but not significantly 

lower than the pooled group average of 14.9 years. 

Four of the 5 MS patients had TLAs of greater than the MS median at each year, and 3 

of these ( ss 22, 27, 41) had TLAs above the seventy-fifth percentile of the median for 

the total MS group. One MS patient (s 10) had less than the median TLA, but also less 
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than the MS group median lesion areas in the periventricular and subcortical frontal, 

temporal, parietal, and occipital regions. Two out of 4 MS patients with high TLAs (ss 

27, 41), were above the seventy-fifth percentile of the median for the total MS group in 

the periventricular area. The other two MS patients with high TLAs (ss 22, 34), were 

above the seventy-fifth percentile of the median for the total MS group in the subcortical 

frontal, temporal, and parietal regions. That is, 4 out of 5 of the impaired MS cluster had 

high (higher than the seventy-fifth percentile of the MS group median) TLAs, and their 

plaques were either distributed in the periventricular or in the non-periventricular 

subcortical regions of the brain. Clearly the general MRI variable, TLA, is the most 

appropriate descriptor variable of neuropathological status for the most impaired MS 

cluster. 

Table 7.3 
Mean conscious memory estimates, mean Stroop words named, FOK%, and brain lesion 
areas averaged over 24 months, and demographic characteristics of the five most 
impaired MS patients identified by a two cluster solution (ss 10, 22, 27, 34, 41) 

Variables Subject numbers 

IO 22 27 34 41 

Conscious memory .24 .05 -.03 -.04 .14 

FOK% 7 6 50 24 24 

Stroop (words read) 50 66 68 58 33 

TLA 86 412 442 310 533 

Lat. peri. IO 40 37 0 360 

Frontal 41 202 42 140 87 

Parietal 31 135 20 110 43 

Temporal 4 25 10 40 0 

Occipital 0 10 0 20 40 

Diagnosis RR RR RR RR SP 

Age 48 45 47 45 41 

Sex M F M F M 

Years education 11 12 10 10 16 

Note. TLA = total lesion area. Lat. peri. = lateral periventricular area. Frontal, Parietal, Temporal, and 
Occipital lesion areas are all subcortical. 
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Accordingly, cluster analysis identified a small group of 5 MS patients which had 

significantly lower group conscious memory, FOK, and Stroop scores than the 

remainder of the pooled group. Age, sex and years of formal education were 

successfully statistically manipulated in the two cluster solution, thereby reducing the 

importance of these demographic variables in determining group membership. 

Inspection of individual variable means for the MS patients in the impaired cluster 

identified that the majority were significantly impaired on conscious memory, FOK, and 

the Stroop, and had a larger TLA than for the total MS group. Men tended to be over

represented compared to the total MS group. However, as in the total MS group, the 

majority of the most impaired MS cluster had a RR disease course, and on average were 

aged 42 years, and had undertaken 12 years of formal education. 

7 .2.3 MRI characteristics of MS patients with low conscious memory, low 

conceptualisation, and low metamemory (FOK) 

Previous non-MS studies have implicated the frontal lobes as the critical 

neuropathological site in impairment to metamemory performance ( e.g., McGlynn & 

Schacter, 1989; Schacter, 1991 ). Taking together several findings from the present 

study, it was considered that impaired performance on conscious memory, 

conceptualisation, and FOK would be a sensitive means of identifying metamemory 

impairment. The present study identified 9 MS patients with low conscious memory, 

low conceptual ability, and low FOK magnitude where low refers to less than the MS 

mean for these variables. Five out of 8 of these MS patients who undertook MRI scans 

had total lesion and periventricular lesion loads that were greater than the seventy -

fifth percentile of the median lesion loads for the total MS group at entry to the study. 

Against the findings of previous studies implicating the frontal lobes in metamemory 

impairment, high subcortical frontal lesions were not a feature of this 'low 

metamemory' MS subgroup identified in the present study. 
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7.2.4 Conscious memory: Diagnostic category, laterality, and years since diagnosis and 

first symptoms 

Finally, the relationships between diagnostic category, laterality, and years since MS 

diagnosis and first symptoms, and conscious and automatic memory were investigated 

for the MS group at each year. Point biserial and Pearson product-moment correlations 

were used. Given the number of correlations conducted, a 0.01 significance level was 

adopted. No significant correlations with conscious or automatic memory estimates 

were identified at any year. This was also the case for the control and the pooled group. 

Similarly laterality, diagnostic category, and years since MS diagnosis or first symptoms 

were not related to any of the metamemory, executive, or MRI variables (p > .05 in each 

case). However, it should be noted that repeated measures ANOVA identified a 

significant group difference in conscious memory estimates across time between right

handed MS (n = 37/46) and right-handed control subjects (n = 41/41), with MS 

conscious memory (M =.37) significantly lower than for controls (M = .45), (F(l,76) = 

4.74,p = .03). 

Also t tests identified a near-significant group difference between males, with the 11 MS 

males (M = .39) using less conscious processing than the 15 control group males (M = 

.49) (p = .06) averaged across time. By contrast, the females from the MS (n = 35) and 

control (n = 25) groups had similar conscious memory estimates (M = .3 7 vs. M = .43) 

(p = .23) averaged over time. These preliminary findings suggest male right-handed MS 

patients may be more likely to be impaired compared to male right-handed controls than 

is the case for their female counterparts. Clearly future studies with larger numbers of 

right-handed males and left-handed subjects of both sexes are needed to further explore 

the possible contribution of sex and laterality in MS conscious memory estimates. 
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7.3 Chapter Summary 

Four MS patients were identified with statistically significant deterioration in 

conscious memory estimates over 24 months. These MS patients generally had high 

automatic memory estimates, high total brain and periventricular lesion loads, and 

increasing loads in the subcortical frontal and parietal regions, and deteriorating Stroop 

scores. They were also more likely to be female, aged 40, to have a SP disease course, 

and an average of 12 years of formal education. One of these MS patients, a male with 

secondary progressive course, was amongst the 5 MS patients identified by cluster 

analysis as constituting the most impaired cluster for both the MS and the pooled group. 

The most impaired MS cluster of 5 MS patients had significantly lower conscious 

memory, Stroop, and FOK scores than the majority cluster in the MS and pooled groups, 

even when the impact of demographic variables was manipulated. These MS patients 

tended to have high total brain lesion loads and a RR disease course, to be male, aged 

43, and to have had 12 years of formal education. Finally for the total MS group, 

individual differences in diagnostic disease category, years since MS diagnosis and first 

symptoms, and laterality were not significantly related to conscious or automatic 

memory estimates at any year. 

Accordingly, with information about MS conscious memory performance on stem 

completion from testing occasions 24 months apart, a clinician can ascertain whether or 

not a person with MS is deteriorating in conscious memory on that task. Or more 

parsimoniously, if an MS person's Stroop colour naming score deteriorates over 24 

months and this cannot be attributed to physical causes, it is highly likely that conscious 

memory is also deteriorating and so memory assessment is strongly recommended. Also 

at any point in time, if a person with MS has a low performance on conscious memory, 

the Stroop, and FOK, and a high total brain lesion load and high automatic memory 

estimates, according to the model developed they are more likely to demonstrate 

impairment on any cognitive tasks that require conscious, intentional, controlled 

processing. 
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Discussion 

8.1 Summary of the Main Findings 

To assist the reader, a brief summary of the main findings is presented below. 

136 

The present longitudinal study found that the MS group were significantly impaired 

compared to matched controls when averaged over 24 months, on: 

• conscious memory estimates in word stem completion, 

• prospective metamemory (JOL) accuracy, 

• prospective and retrospective metamemory (JOL and confidence) magnitudes when 

compared with actual remembering, 

• these tests of executive skills: 

verbal problem solving (Reitan Word Finding Test) 

verbal abstraction/conceptualisation (similarities test [WAIS-R] ), 

speed and flexibility of information processing (Trails B), 

perceptual clustering/visual planning (Rey Figure planning score), 

visual fluency (Regard visual fluency), and 

intentional control of automatic reading responses (Stroop test). 

• Further, in the MS group, the largest brain lesion areas were diffusely spread around 

the lateral ventricles. The next most prominent lesion areas were located in the 

subcortical frontal region, folJowed by the subcortical parietal, occipital, and 

temporal regions, with insignificant involvement of any cortical area. 

However, the MS and control groups did not differ on: 

• automatic memory estimates in word stem completion, 

• executive tests that relied on well rehearsed skills - e.g., verbal fluency (the FAS), 

• change over time in memory, metamemory, or executive test performance. The 

exceptions to this were a deterioration over 24 months in the MS group in: 

a) intentional control over automatic reading responses in the Stroop test, and in 

b) semantic clustering in the CVLT by year 3. 
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.· • Also, there were significant correlations between conscious memory estimates and 

all the metamemory variables (except JOL accuracy), and between conscious 

memory and the majority of the executive tests: Trails B, Stroop, Reitan, FAS, digit

span back (W AIS-R) and CVL T semantic planning. Automatic memory estimates 

were not related to any test variables, and MRI brain lesion regions were not 

significantly correlated with conscious or automatic memory estimates. 

However, by year 3, conscious memory was correlated with brain lesion area for 

those MS patients with low conscious memory estimates (less than the MS group 

median). Decreases in conscious memory were related to increases in TLA and 

periventricular brain lesion loads. High (above the seventy-fifth percentile of the MS 

group median) total and periventricular lesion areas were also a feature of the 4 MS 

patients who deteriorated in conscious memory over 24 months. Yet high TLA alone 

characterised the 5 MS patients, identified by cluster analysis, who were the most 

impaired on the memory, metamemory, and executive tests. Nonetheless, even in 

these three more impaired MS subgroups, there was no evidence that the subcortical 

frontal lesion area alone was critical in either conscious memory, metamemory, or 

executive skill performance. Rather, generally, the TLA and lateral periventricular 

lesion areas were the MRI variables that were the most consistently elevated. 

• Finally, the best predictive model for conscious memory in the present study was 

obtained by combining the strongest predictors from the metamemory and executive 

skill areas. The MRI variables could not be included in the model because the 

MRI/conscious memory correlations did not reach significance for the total MS 

group. 

The optimal memory model explained 36.7 % (Adj. R2 = 31.8%) of conscious 

memory variance by the third year, using information about executive skills ( colour 

words named in the Stroop test) and metamemory (FOK magnitude). Moreover, the 

Stroop test and FOK magnitude accounted for 21.0 % of conscious memory 

variability after controlling for the effects of age, sex, education, and group. The 

control variables age, sex, and group were not important at any year, but by year 3, 

years of formal education accounted for 14% of conscious memory variance. 
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8.2 A comparison of the present results with previous research 

8.2.1 Memory 
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Previous studies of MS memory have typically reported impaired performance in 

explicit, but intact performance in implicit memory tasks (Beatty, 1993a). However, 

there has been considerable controversy about the essential mechanism of the memory 

disturbance in MS. Disagreement continues about whether MS memory impairment (as 

measured by explicit memory tests) can be attributed to poor encoding, poor retrieval, a 

combination of encoding and retrieval problems, or reduced speed of cognitive 

processing (Brassington & Marsh, 1998). Furthermore, intact encoding and retrieval of 

material in MS implicit test performance cannot be explained by an information 

processing approach. Finally, the few longitudinal memory studies conducted have 

produced inconsistent conclusions about the deterioration of this functioning in MS. 

The present study asserts that the dispute over the central mechanism in MS memory 

disturbance cannot be resolved using conventional memory tests, because the claims 

about the superiority of competing explanations (e.g., encoding vs. retrieval) are made 

on the basis of confounded measures of memory. What is the evidence for such 

confounding of measures? Common descriptions of conventional explicit and implicit 

memory equate explicit memory task performance with conscious recall, and implicit 

performance with the non-conscious effects of previous experience , on memory 

performance (Schacter, 1995). Moreover, conventional memory measures assume that 

explicit memory tasks provide a pure measure of explicit or conscious memory, and 

implicit tasks, a pure measure of unconscious or automatic memory (Reingold & Toth, 

1996). However, contrary to these conventional descriptions and measures of memory, 

recent studies using the process dissociation procedure (PDP), have demonstrated that 

conscious memory processing contributes to implicit remembering (e.g., Reingold & 

Merikle, 1990) and automatic memory contributes to explicit recall (e.g., Jacoby et al., 

1993 ). The present study confirmed the latter findings by demonstrating that conscious 

and automatic memory estimates both contribute to word stem completion under 

conventional explicit instructions (inclusion condition). Taken together, these studies 

demonstrate the fallacy of the 'pure-process' assumption and, therefore, raise questions 

about the accuracy of memory research based on the conventional task dissociation 

approach. 
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If, as is argued, the conventional memory measures are confounded, then competing 

theoretical explanations for MS memory loss based on such measures may be not only 

unhelpful, but quite misleading. 

Instead the present study shifted the focus to one which understands MS memory 

disturbance in terms of impaired conscious but intact automatic memory processes. 

Using Jacoby's (1991) procedure of memory measurement it tested claims (e.g., by 

Grafman et al., 1991; Moscovitch, 1989) that memory dysfunction may be due to 

reduced effortful conscious processing leaving automatic memory unimpaired. The PDP 

assumes that separate, but concurrent, conscious and automatic memory processes 

contribute to remembering in any task, and has derived mathematical formulae for their 

estimation. This gives a more valid measure of memory processes than the conventional 

task dissociation approach. Moreover the PDP can be used to estimate conscious and 

automatic memory in any task (e.g., driving a car, remembering a doctor's 

appointment), rather than being confined to investigating memory in laboratory devised 

( and confounded) explicit or implicit tasks. 

By adopting Jacoby's (1991) redefinition of explicit memory, the present study found 

that MS conscious memory in a word stem completion task was significantly impaired 

compared to controls when averaged over 24 months. Importantly, conscious memory 

did not deteriorate over time for this MS sample. However, automatic memory in the 

MS group was the same as that for controls and did not change over time. By contrast, 

according to the conventional memory measures used there was a deterioration in MS 

explicit memory (CVL T) over 24 months relative to controls. Furthermore, MS implicit 

memory also deteriorated over this time, but in both groups. Nonetheless, while explicit 

memory measured by cued recall (stem completion under inclusion instructions) did not 

deteriorate, it was impaired relative to controls when averaged over time. 

8.2.1.1 MS conscious memory impairment (averaged over time) 

The finding of impaired MS conscious processing (averaged over time) in the present 

research is consistent with those of numerous previous studies which have measured 

MS memory using conventional explicit memory tests ( e.g., Beatty et al., 1996; Caine et 

al., 1986; Diamond et al., 1997). 
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More importantly, the finding that MS conscious memory is impaired, adds empirical 

weight to claims (e.g., by Grafman et al., 1991; Moscovitch, 1989; Rao et al., 1993) that 

memory dysfunction may be due to reduced effortful conscious processing, with 

automatic memory unimpaired. 

However, neither Rao et al. (1993) nor any other researchers have used a method to 

quantify conscious processing contributions to explicit learning in MS. This limits any 

direct comparison of the present findings with previous MS research. Furthermore, 

studies using Jacoby's (1991) PDP with neurologically impaired groups are few in 

number. Also, those groups that have been so investigated have different 

neuropathological profiles to those typically observed in MS patients: these studies 

involved patients with Alzheimer's disease (Christensen, Kopelman, Stanhope, Lorentz 

& Owens, 1998), diencephalic impairment (Cermak et al., 1992), and patients with 

either diencephalic, extensive cortical frontal, or temporal lobe brain damage 

(Kopelman & Stanhope, 1997). Yet, impaired conscious processing relative to controls 

was found in the above studies for those patient groups whose neuropathology included 

(but was not necessarily restricted to) the frontal lobes or their subcortical connections 

(c.f., Christensen et al., 1998; Cermak et al., 1992). This is consistent with claims by 

previous researchers (e.g., Swirsky-Sacchetti et al., 1992) that the memory impairment 

in MS may be related to impairment in the subcortical connections to the frontal lobes. 

The MRI data from the present study could not confirm this specific claim for the 

frontal lobes, although the most extensive MS brain lesions were in the subcortical 

regions around the lateral ventricles which include subcortical connections to the frontal 

lobes. Instead, the present study supported previous findings that brain lesion load in the 

more general periventricular area is positively related to impairment in MS memory 

(e.g., Maurelli et al., 1992; Pozzilli et al., 1991). 

Clearly, further research into MS conscious memory estimates (measured using the 

PDP) and MRI correlates is warranted, especially given Kopelman and Stanhope's 

( 1997) finding of a near-significant group difference in conscious memory for patient 

groups with significantly different neuropathologies. In their study, reduced conscious 

memory estimates appeared to be related more to diencephalic and to extensive cortical 

and subcortical temporal damage than to cortical frontal impairment. That is, the patient 



Chapter 8: Discussion 141 

groups who were the most impaired in conscious memory compared with controls, had 

the closest similarity in neuropathology to MS patients (i.e., the groups whose 

neuropathology included subcortical damage). This provides some concurrent validity to 

the present study findings that those MS patients with the most impaired conscious 

memory estimates (identified by a median split) were among those with the highest 

periventricular and total lesion brain areas. 

Nonetheless, Christensen et al.' s ( 1998) findings of impaired conscious memory in 

Alzheimer's disease caution against exclusively attributing the variability in conscious 

memory to subcortical over cortical impairment because Alzheimer's disease is 

characterised by extensive cortical, not subcortical neuropathology. 

8.2.1.2 Did MS conscious memory deteriorate across time? 

It was of considerable interest to explore why memory deterioration across time was not 

detected in the present study by Jacoby's (1991) more sensitive memory measure, when 

according to the CVLT (a frequently used neuropsychological test of memory) there was 

evidence of explicit memory deterioration over 24 months. 

One explanation for this apparent discrepancy in memory findings within the present 

study concerns the differing cognitive demands of the two memory tests. The CVL T is 

not just a memory test, but one that relies both on memory and on the specific ability to 

conceptually organise (Delis, 1989; Lezak, 1995) or cluster (Bousfield, 1953) material 

for the purpose of recall. To investigate the relevance of this claim to the present study, 

additional analyses for the MS group were conducted. CVL T recall for those with low 

(below the mean) conscious memory estimates, or low (below the mean) conceptual 

ability as measured by similarities (WAIS-R), or low memory and conceptual ability, 

was compared with CVL T recall in the total MS group. 

Findings from these analyses revealed that, averaged over time, those with less than the 

mean conscious memory estimates in stem completion recalled less than the MS group 

CVLT mean (M = 48.65, SD= 13.69 vs. MS group CVLT M = 54.33, SD= 11.20). 

Similarly, low CVLT recall was identified in those with less than the mean performance 

on either similarities (CVLT M= 46.43, SD= 10.97) or the CVLT semantic cluster ratio 
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(CVLT M= 44.87, SD =13.69). Further, those in the MS group with less than the mean 

conscious memory estimates and less than the mean in either similarities (WAIS-R) (n 

= 10) (CVLT M = 41.87, SD = 11.25) or the CVLT semantic cluster ratio (n = 14) 

(CVLT M = 42.27, SD = 9.7), recalled more than one standard deviation below the 

mean MS group CVLT recall (MS group CVLT M= 54.33, SD= 11.20). 

These additional results indicate that MS CVL T recall was impaired (less than the 

mean) if either memory (as measured by conscious estimates in stem completion) or 

conceptual ability ( as measured by similarities or the CVL T semantic cluster ratio) was 

impaired. However, CVL T recall was even worse when both memory and conceptual 

skills were impaired, than with only memory or conceptual impairment. As well, in the 

MS group, even if conscious memory was higher than the mean, when conceptual 

ability (similarities) was lower than the mean, then CVLT recall was less than the group 

mean (M = 52.95, SD= 6.84 vs. MS group CVLT M = 54.33, SD= 11.20). These 

analyses suggest that for the present MS sample at least, explicit memory deterioration 

in the CVL T may be due in part to the confounding effects of conceptualisation on 

CVL T recall. 

Another reason why memory deterioration was identified in the CVLT, but not in stem 

completion conscious memory estimates, might be the differing cue conditions at recall 

for the two tests. Stem completion under inclusion instructions provides the subject with 

a word stem cue at test, and instructions to complete the stem with a previously studied 

word. Subjects find it easier to remember if recall is tested by presenting a cue that 

tightly constrains the response, such as the first three letters of the studied word, than if 

there is no cue (Shallice, 1995). This finding has been reported in both amnesic 

(Warrington & Weiskrantz, 1970) and normal subjects (Schacter, 1996). Such findings 

are consistent with the 'encoding specificity principle': that the likelihood of later recall 

depends on the extent to which a retrieval cue reinstates or matches the original 

encoding (Tulving & Thomson, 1973). In the case of stem completion the degree of 

similarity between encoding and the retrieval cue is very high. Nonetheless, in the 

present study, stem completion under explicit (inclusion) instructions was still impaired 

in the MS group relative to controls when averaged over time, although no deterioration 

was evident. Similarly, conscious memory estimates in stem completion (which were 
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mathematically derived from stem completion inclusion and exclusion results) were 

impaired when averaged over time, yet did not deteriorate across time. These results are 

consistent with performance on such tasks (as word stem completion) by patients with a 

range of neuropathologies ( c.f., Graf, Squire & Mandler, 1984). 

By contrast, the CVL T is a test of free recall of 16 words presented 5 times in which no 

cues were provided by the examiner at the recall stage (in the present study). Instead, to 

maximise recall, the subject needed to identify clusters of words of similar meanings 

during study, and thereby generate his/her own cues for remembering. As already 

discussed, this requires intact clustering ability in the subject because the 'extra list cue' 

is not given by the examiner. That is, the CVLT is sensitive to conceptual impairment 

(frequently found in MS) and requires subject generation of conceptual cues as well as 

memory ability. On the other hand, stem completion (under inclusion instructions) is 

simply a memory test and one that provides cues at retrieval that closely match the 

encoded material. Consequently, it is not surprising that the present MS sample 

deteriorated on one measure (CVLT) but not on the other (stem completion). 

Unfortunately, there are no previous longitudinal studies of MS performance on the 

CVL T to provide a direct comparison with the present study findings. 

For the present MS group at least, it is argued that there is no clear evidence of explicit 

or conscious memory deterioration over 24 months. Rather, as reported in Chapter 

Seven, only a small subset of 4 MS patients had significant conscious memory 

deterioration over time. A similar finding has been reported in several previous MS 

longitudinal studies (e.g., Feinsten et al., 1993; Jennekens-Schinkel et al., 1990; Rao, 

Bernardin, Leo, et al., submitted). In these studies, memory was assessed by 

conventional explicit memory tests, across time periods ranging from 6 months to 4.5 

years 

The 4 most memory impaired MS patients in the present study deteriorated by more than 

2 standard deviations below the pooled group mean change in conscious memory. Of 

some interest, 3 of these patients were also among the 5 patients who made the greatest 

use of automatic memory processing to complete word stems. Conscious and automatic 

estimates are not assumed to be additive (Jacoby, 1991). However, those MS patients 
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who are less able to utilise conscious processing may rely more on automatic processing 

than controls. Future studies with larger groups of MS patients are needed to ascertain 

whether this trend can be generalised. 

Further, our failure to find deterioration in MS conscious memory estimates is 

consistent with no deterioration in performance in any of the four metamemory tests, as 

well as no deterioration in 6 out of 8 tests assessing executive skills, combined with no 

MS group increase in automatic memory estimates. Had deterioration been identified in 

the explicit recall of word stems (inclusion condition) or in several of the metamemory 

or executive tasks, then memory deterioration as one expression of cognitive decline 

might have been expected. Instead, the present study found that conscious memory 

deteriorated across time for only a small sub-group of MS patients. 

8.2.1.3 MS automatic memory 

As predicted in the present study, MS automatic memory processes were unimpaired 

relative to controls at each year. Christensen et al. (1998) also reported no group 

differences in automatic memory estimates for 15 Alzheimer patients compared to 15 

normal controls. However, Kopelman and Stanhope (1997) found their diencephalic 

group used significantly more automatic processing in stem completion than the control 

group or patient groups with extensive cortical frontal, or extensive cortical and 

subcortical temporal brain damage. This result was mirrored in Cermak et al.'s (1992) 

finding of a significantly higher word stem completion rate (under instructions to 

exclude studied words) for diencephalic amnesic patients compared with alcoholic 

controls. As previously stated, MS and Korsakoff patients have some common elements 

(i.e., subcortical involvement) in their neuropathology profiles. Nonetheless, their 

considerable differences are consistent with the present study finding of intact MS 

automatic memory estimates, when such estimates are reportedly elevated in Korsakoff 

patients. 

The finding of intact automatic memory in word stem completion was also consistent 

with the relative absence of MS brain lesions in the cortical occipital region in the 

present study. This is of relevance because there is some evidence that groups with 

impairment of the posterior associational cortex of the brain have reduced visual word 
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priming (implicit memory) (Gabrieli, Fleischman, Keane, Reminger & Morrell, 1995). 

(The posterior associational cortex is presumed to be the storehouse of lexical and 

semantic representations [Shimamura, Gershberg, Jurica, Mangels & Knight, 1992] ). 

Consistent with this claim, Positron Emission Tomography (PET) studies have 

suggested that metabolic activity in posterior cortical areas may be related to 

performance on the word stem completion test (Squire et al., 1992). Further studies are 

needed that build on these and the present findings to establish the brain areas that are 

critical for intact automatic processing. 

Taking these results together, automatic processing (as measured by the PDP) is intact 

in MS and in several other neurologically impaired groups. These include: patients with 

Alzheimer's disease, and patients with focal cortical frontal, and focal cortical temporal 

impairment. This stands in contrast to evidence that automatic memory processing is 

significantly elevated in diencephalic (Korskoffs) groups, and reduced in patients with 

damage to the posterior associational cortex. 

8.2.1.4 Did MS automatic memory deteriorate across time? 

The apparent reduction in implicit memory across time in the present study was most 

likely a reflection of limitations in the conventional implicit instructions, than a 

deterioration in automatic memory in both groups. Implicit instructions do not 

consistently promote automatic word completions and suppress intentional remembering 

(as in the PDP exclusion instructions). Using Jacoby's (1991) PDP, MS automatic 

memory processing was intact and did not deteriorate over time. Although there are no 

previous longitudinal reports of MS implicit or automatic memory function, the present 

PDP findings for automatic memory are consistent with previous cross-sectional studies 

that have used either conventional or PDP measures. Using conventional implicit 

memory measures, no difference has been found between amnesic and control groups 

(Graf, Shimamura & Squire, 1985; Graf et al., 1984), nor between MS and control 

groups (Beatty & Monson, 1990; Grafman et al., 1991; Rao et al., 1993). Of more 

specific relevance, as already discussed, previous non-MS studies of neurologically 

impaired patients, which have used the PDP measure of automatic memory, have 

generally reported intact automatic memory estimates. Taking these results together with 

the present findings, automatic processing (as measured by the PDP) was intact in MS 
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and did not change over time. Most importantly, however, the use of a longitudinal 

design in the present study was the means of exposing the poor test-retest reliability of 

conventional implicit instructions in elicting purely automatic responses. 

8.2.1.5 Summary 

The present study is the first to measure conscious and automatic memory estimates in 

an MS and a matched control group. It was found that MS conscious estimates were 

impaired compared to controls, but automatic estimates were the same as controls. 

Neither conscious nor automatic memory estimates decreased over 24 months. This 

suggests that the reasons MS patients are remembering less than controls in both the 

CVLT and in the cued recall stem completion task (inclusion instructions), is because of 

a reduced contribution from conscious, intentional processes, while remembering from 

automatic processes is the same as for controls. It is argued that the memory results 

derived from the PDP have greater validity and accuracy than the results derived from 

conventional measures used in the present and previous studies. Of similar importance 

is the claim in the present study that the cognitive impairment typically reported in MS 

may be understood as a reduced ability to apply conscious awareness, intention and 

effort to the performance of cognitive tasks. Further support for this new insight into 

MS cognition is provided in the metamemory results over the 24 months of the study. 

8.2.2 Metamemory 

Under recall instructions to include (or to try to remember) studied words, MS and 

control groups made metamemory judgments that indicated they had an ability to 

prospectively and retrospectively differentiate between old (studied) and new (incorrect) 

word completions. However, although both groups were successful in making this 

distinction, both made exaggerated claims about expected word stem remembering. This 

was demonstrated by higher JOL and confidence magnitudes than was warranted by 

actual recall in either group. This over-confidence phenomenon is not uncommon, and 

has been reported in previous metamemory studies using cognitive tasks (Keren, 1991; 

Lichtenstein et al., 1982; Wallsten & Budescu, 1983; Yates, 1990). 

Most importantly, however, the MS patients were more overconfident than controls in 

their judgments about recall because they remembered significantly less, but expected to 
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recall just as well as controls. This apparent trend was confirmed by the finding of 

significantly impaired JOL accuracy (determined by gamma correlations) compared 

to controls, whether recall was under inclusion or exclusion conditions. FOK judgments 

about the expected ability to recognise forgotten words were of the same magnitude for 

both groups. This was consistent with the trend in the present study for the MS group to 

rate expected recall with the same magnitude of JOL, or confidence, as the control 

group. However, as recognition was not tested in the present study, it is not known 

whether MS FOK was inflated relative to recognition performance in the control group. 

Future studies need to further explore the finding of similar FOK magnitudes for each 

group, to determine whether MS FOK accuracy (using gamma correlations) is impaired 

in recognition memory tests. 

By contrast, when instructions at recall were to exclude old (studied) words, neither 

group distinguished old (automatically produced) words from new words prospectively 

in their metamemory judgments, as predicted. However, both groups could distinguish 

between old and new words retrospectively, suggesting that after recall, subjects were 

aware that they had given old words (incorrectly), instead of excluding them. However, 

the MS group had impaired JOL accuracy (determined by gamma correlations) under 

exclusion instructions relative to controls, demonstrating even less ability than controls 

to prospectively discriminate between old and new words remembered. 

Therefore the predicted MS metamemory impairment was indicated by greater over

confidence in MS JOL and confidence magnitudes compared to actual recall, than was 

the case for controls under either inclusion or exclusion conditions. Most importantly, 

disturbance in MS metamemory was confirmed by the finding of significantly lower 

accuracy (gamma correlations) in prospective judgments about remembering relative to 

controls in both inclusion and exclusion conditions. However, none of the metamemory 

measures identified deterioration in MS metamemory over time with respect to controls. 

The present study is the first to detail dysfunction in MS patients' self appraisals about 

word stem remembering under the inclusion and exclusion recall instructions of the 

PDP. 
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8.2.2.1 Previous metamemory research 

The present finding for the MS group of impaired metamemory in the context of 

memory impairment is consistent with previous findings of a relationship between 

metamemory accuracy and recall level. Most of these studies are based on findings from 

normal subjects (frequently separated into high vs. low memory performers) (e.g., Maki 

& Berry, 1984; Shaddock & Carroll, 1997; Shaughnessy, 1979), with one study 

involving intellectually impaired children (Comoldi & Vianello, 1992), and another, MS 

patients (Beatty & Monson, 1991 ). 

Shaughnessy ( 1979) found that poorer students were less accurate in predicting the 

correctness of test answers than were better students. Similarly, Maki and Berry ( 1984) 

found that when recall was tested 24 hours after study, subjects who scored below the 

median in recall, had a poorer match between metamemory predictions and actual recall, 

than subjects who scored above the median. Shaddock and Carroll (1997) found that in 

a group of undergraduate students, overleaming increased the magnitude of JOL and the 

magnitude of recall itself. Also Comoldi and Vianello (1992) found that metamemory 

accuracy improved in intellectually impaired children, who had poor recall and 

inaccurate metamemory, when they were taught strategies to both improve recall and to 

improve monitoring ability. Consistent with these findings for non-MS subjects, the 

present study found that metamemory is impaired when memory is impaired (e.g., the 

MS group) and metamemory is not impaired when memory is intact (e.g., the control 

group). 

However, the relationship between memory and metamemory is more complex than 

suggested by the above studies. Amnesic patients with hippocampal damage are 

memory impaired but have intact metamemory (Shimamura & Squire, 1986). Yet other 

studies of brain impaired patients with memory dysfunction suggest that when the 

frontal lobes are damaged, patients are found to also have impaired metamemory 

(Mayes, 1988), and specifically inaccurate feeling of knowing (Shimamura, Janowski & 

Squire, 1991). Similarly, metamemory is impaired in Korsakoffs disease where fronto

limbic system dysfunction is typical (e.g., Bauer et al., 1984; Janowsky, Shimamura, 

Kritchevsky, et al., 1989). Clearly, memory impairment is not a sufficient explanation 

for metamemory impairment, but rather only one necessary component. 
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8.2.2.2 Previous MS metamemory research 

Of considerable interest were Beatty and Monson's (1991) findings of impaired 

metamemory in the only previous MS metamemory study. Although Beatty and Monson 

(1991) did not investigate metamemory for word stem completion, they reported the 

metamemory judgments of 45 MS patients for 3 different memory tests, and of patients' 

self appraisals of memory using a questionnaire. Beatty and Monson (1991) found the 

MS group had impaired metamemory magnitude when both memory and conceptual 

ability were impaired. They also found that MS patients tended to overestimate their 

ability to recall everyday life events. By contrast, MS metamemory was intact when 

measured by FOK accuracy (gamma correlations), or by questionnaire self-appraisals of 

general knowledge. Decisions about metamemory impairment were made in relation to 

controls and MS patients with intact memory and conceptual ability. 

Beatty and Monson's (1991) results demonstrate that metamemory findings for MS 

patients vary depending on the metamemory measure being used and on the nature of 

the memory task being appraised. An equally important consideration when comparing 

results between different studies, is that the degree of fineness within the same type of 

metamemory measure can also vary (Nelson, 1988). Direct comparisons between the 

present and Beatty and Monson' s (1991) metamemory findings are, therefore, limited. 

The present study required subjects to use a 6-place rating scale (0, 20, ... , 100) to ensure 

a high degree of precision in three metamemory measure discriminations: JOL, 

confidence, and FOK. By contrast, Beatty and Monson (1991) used a FOK magnitude 

scale that was collapsed to only 2 points, high and low FOK, and measured prospective 

metamemory magnitude by the number of words the subject expected to recall. 

Nonetheless, Beatty and Monson's (1991) preliminary findings are of considerable 

importance because they suggest that identification of MS metamemory impairment is 

most likely in those with both memory and conceptual processing deficits. 

In summary, previous non-MS studies have suggested metamemory impairment is more 

likely in the memory impaired. However, studies of brain impaired groups have 

indicated that memory impairment is not sufficient for metamemory to be compromised, 

but that impairment to the frontal lobes is the hallmark of impaired metamemory 

judgments. Beatty and Monson's (1991) study with MS patients extend that finding, 
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suggesting that MS patients are vulnerable to metarnemory impairment, not only if they 

are memory impaired, but also if conceptual ability (frequently associated with frontal 

lobe damage) is compromised. Further, they concluded that metarnemory impairment 

was most likely if both memory and conceptual processing are impaired. 

Further analyses were conducted to test the relevance of this hypothesis for the present 

MS sample. These analyses indicated that of the subset of 9 MS patients identified with 

below the MS group mean scores (averaged over time) on conscious memory and 

conceptual ability (measured by the similarities test [WAIS-R] ), 7/9 MS patients or 

78% had lower than the MS group mean metarnemory scores. This was the case 

whether metarnemory was measured by JOL, confidence, or FOK magnitudes, or by 

JOL accuracy. When MS memory, but not conceptual ability was impaired, 13/21 or 

62% of MS patients had metarnemory impairment. Fifty-six percent, or 9/16 MS 

patients had metarnemory disturbance if memory was intact but conceptualisation 

impaired. This indicates that, consistent with Beatty and Monson's (1991) findings, MS 

metarnemory impairment is more likely in the present sample if both memory and 

conceptual abilities are impaired, than if either one or the other is compromised. 

It is also important to note that of these 9 MS patients with low conscious memory, low 

conceptual ability, and low metamemory (FOK), 5/8 had total lesion and 

periventricular lesion loads that were greater than the seventy-fifth percentile for the 

total MS group at entry to the study. (MRI results were not available for one patient). 

Contrary to expectations based on previous non-MS research (e.g., Mayes, 1988; 

McGlynn & Schacter, 1989; Schacter, 1991) high subcortical frontal lesions were not an 

exclusive feature of this low metarnemory MS subgroup. 

In summary, the present findings that memory and conceptual ability are important in 

the accuracy of MS metarnemory are consistent not only with the findings of Beatty and 

Monson (1991), but also accord with the views of Nelson et al. (1984) and Mayes and 

Daum ( 1997). These researchers all claim that metarnemory can be regarded as the 

evaluation of what knowledge is held in memory, as well as depending on memory 

itself. Results from the present study, however, indicate that contrary to non-MS studies 

which implicate the frontal lobes in metarnemory disturbance, TLA and periventricular 
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lesion areas are more relevant than subcortical frontal lesions in MS metamemory 

performance. 

8.2.2.3 Conscious memory correlations with metamemory 

Since a major aim of the present study was to develop a predictive model of MS 

memory performance, correlations between the metamemory indices and conscious 

memory were computed for the total MS group. Subsequently, correlations for the 

pooled group were reported because the relationships between memory and 

metamemory were similar for MS and control groups. 

As expected, the present study found significant correlations between conscious 

memory estimates and metamemory at each year for both groups. Specifically, each year 

there were significant positive correlations between conscious memory and JOL 

magnitude, conscious memory and confidence magnitude, and conscious memory and 

FOK magnitude, but not between conscious memory and JOL accuracy, for old 

(studied) words under inclusion instructions. However, FOK magnitude had the 

strongest correlations with conscious estimates over time, for both groups. Consistent 

with these findings, FOK was the best metamemory predictor of conscious memory 

estimates, contributing most of the 13.3% of memory variance explained by the four 

metamemory variables by year 3. By contrast, automatic memory estimates were not 

significantly related to any of the metamemory variables for either group. 

These findings suggest that increases in JOL, confidence, and FOK magnitudes are 

related to increases in conscious memory estimates, but identify FOK magnitude as the 

most pertinent metamemory variable for conscious memory. Automatic memory 

estimates were not related to any of the metamemory indices. This result is consistent 

with understanding MS memory and metamemory impairment in terms of impaired 

conscious processes but sparing of automatic processes. However, it was expected that 

the achievement of JOL accuracy would require a considerable degree of conscious, 

intentional processing. It was further expected that JOL accuracy would increase with 

increasing conscious memory levels, and would be a significant predictor of conscious 

memory. Instead, even for those MS patients with less than the mean conscious memory 

estimates, JOL accuracy and conscious memory were not related. 
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Future studies need to investigate metamemory accuracy with memory tests other than 

word stem completion, because it may be that on a more demanding memory test, the 

expected relationship might emerge. 

8.2.2.4 Why might FOK be related to conscious memory processing ? 

FOK was found to be the strongest predictor of conscious memory performance. That is, 

conscious memory estimates increased with increases in the magnitude of subjective 

feeling of knowing judgments that forgotten words would be recognised from a choice 

of three possible answers. However, FOK magnitude bore no relationship to automatic 

memory estimates. The importance of FOK in predicting conscious but not automatic 

memory performance is consistent with FOK being a conscious judgment, rather than an 

automatic, intuitive judgment. As well, the finding that a FOK judgment is related to 

both conscious memory and the intentional cognitive process of conceptualisation 

(similarities [WAIS-R] ) provides further support for its status as a conscious 

metamemory judgment. 

There is also evidence from previous studies showing that effective monitoring is 

associated with conscious processes, while automatic processes are difficult to monitor 

because they are outside of awareness and intentional control. For example, Gardiner 

(1996) argues that use of the 'remember-know' paradigm identifies a relationship 

between experimenter-measured conscious recall and subject reports of conscious 

remembering. On the other hand, the paradigm also identifies a relationship between 

indirect remembering and subject reports of automatically knowing the word item. 

Metamemory judgments reliant on automatic processes such as intuition about the state 

of one's knowledge (Metcalfe & Shimamura, 1994) are also generally not accurate. 

Similarly, 'feelings of warmth' (intuition) about problem solving ability (Metcalfe & 

Wiebe 1987) are generally not related to actual performance. It is argued that in contrast 

to automatic intuitive judgments, explicit (conscious) processes lead to more deliberate 

and systematic decision making and hypothesis testing, thereby encouraging more 

accurate cognitive appraisals (Lee, 1995). 

Consistent with the above research, the present study found that when metamemory 

judgments were about automatically remembered words, predictions about memorability 
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bore little resemblance to what was remembered. This suggests that the minimal 

requirement for accurate metamemory judgments is that the material to be monitored is 

consciously remembered and that the monitoring process is intentional and conscious. 

Yet the monitoring accuracy of consciously remembered material is rarely perfect. 

Clearly other factors additional to its intentional nature are important in accurate 

metamemory judgments. 

At this juncture, it is useful to refer again to Nelson and Narens' (1990) claim that 

metamemory judgments (e.g., FOK) need to be understood as part of a complex 

metacognitive system of monitoring and control to account for its properties. According 

to their theoretical framework, FOK judgments are one of several monitoring 

components of memory, and FOK judgments relate to particular stages of the learning 

process (acquisition and retrieval). Also FOK judgments are interrelated with 

(conscious) control mechanisms (e.g., the allocation of study time and termination of 

study). For example, Nelson and Leonesio (1988) found that FOK judgments made after 

failed attempts at recall of general information items were positively correlated with the 

subsequent intentional process of allocation of self-paced study time on those items. 

However, it seems that additional mechanisms to FOK judgments underlie the person's 

allocation of study time, because the magnitude of the correlation was only small. 

Nonetheless, the monitoring mechanisms (e.g., FOK) postulated by Nelson and Narens 

(1990) seem to require conscious cognitive activity. Similarly, several authors have 

argued that FOK requires explicit and deliberate (conscious) attention (e.g., Lachman & 

Lachman, 1980). 

8.2.2.5 Implications of the present metamemory findings for Jacoby's memory model 

Metamemory judgments were also used in the present research to investigate Jacoby's 

(1991) claim that his procedure identifies separate memory processes, one of which is 

conscious and the other automatic. The present study found that prospective 

metamemory judgments about words consciously remembered in the inclusion condition 

reflected actual memory performance. Providing a clear contrast, prospective 

metamemory judgments about words automatically produced did not reflect 

performance. This emerged in both groups and gives support to Jacoby's (1991) claim 

that two independent memory processes contribute to recall. The finding that one 
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memory process is conscious and the other automatic, is consistent with a subject being 

able to monitor studied words consciously produced at recall (inclusion), but being 

unable to monitor studied words that are automatically produced at recall (under 

exclusion instructions). One can only monitor words of which one is aware. By contrast, 

10 minutes after recall, both groups demonstrated retrospective awareness that they had 

automatically (and incorrectly) produced studied words when asked to exclude them. 

This awareness after the event contrasts with the lack of awareness that at the time of 

recall, studied words had been given automatically. Accordingly these metamemory 

findings for both MS and control groups provide concurrent validity to Jacoby's ( 1991) 

claim that his PDP produces distinctive and measurable conscious and automatic 

memory processes. 

8.2.3 Executive skills 

The present study investigated MS performance on executive or higher-order cognitive 

skills for two main reasons. First, despite considerable variability in MS cognitive 

disturbance, past studies have tended to report both memory and executive skills are 

compromised (e.g., Beatty, 1993a). Second, damage to the frontal pathways, which is 

common in MS (c.f., Swirsky-Sacchetti et al., 1992), has been frequently related to both 

memory deficits and impairment in executive skills (Baddeley, 1986). Given MS 

memory and executive skills share these important features, it was anticipated that 

investigation of MS performance on a range of executive tests could shed further light 

on MS memory functioning. 

The present study found impairment in a range of tests examining executive function in 

the MS group relative to controls when averaged over time. Specifically, significant 

impairment was evident in tests of verbal problem solving (Reitan Word Finding Test), 

verbal abstraction (similarities [WAIS-R] ) speed and flexibility of information 

processing (Trails B), visual clustering (Rey Figure planning), visual fluency (Regard 

visual fluency), and control of automatic reading responses (Stroop test). Also MS 

impairment in tests of verbal fluency (FAS), working memory (digit-span back [WAIS

R]) and semantic clustering (CVLT semantic cluster ratio) just failed to reach 
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significance. Error detection and utilisation were impaired in tests of visual fluency 

(Regard visual fluency) and verbal fluency (FAS). 

Previous studies have similarly reported impairment in this range of executive skills 

including: problem solving (e.g., Beatty & Monson, 1996), conceptualisation (e.g., Rao, 

1986), conceptual flexibility (Caine et al., 1986), working memory ( e.g., Paul et al., 

1998), and control over automatic reading responses (Foong et al., 1999). The present 

study extended these past findings by also reporting disturbance in MS visual fluency 

and perceptual clustering, although some earlier studies have reported visuo-spatial 

perceptual difficulties (e.g., Rao, Leo, Bernardin, et al., 1991). Unlike previous studies, 

however, MS impairment in tests of verbal fluency (FAS) and working memory (digit

span back [W AIS-R] ) failed to reach significance relative to controls. In the case of 

verbal fluency, this could be partly because test performance relies to some extent on 

long term (remote) memory store (typically unaffected in MS), and years of formal 

education (which was relatively high for the present MS sample). Previous findings for 

MS working memory using the digit-span back (W AIS-R) test have been equivocal 

(Maurelli et al., 1992). 

Consistent with predictions based on previous studies (e.g., Amato et al., 1995; 

Jennekens-Schinkel et al., 1990), there was no evidence in the present study of a general 

deterioration in MS performance in tests of executive function over time relative to 

controls. There were two exceptions to this: a) a significant reduction over time in 

conscious control over automatic reading responses (Stroop test) in the MS group, and 

b) a significant reduction in verbal planning (CVL T semantic clustering) in the MS 

group by year 3 compared with controls. 

Application of Luria's (1969, 1973a, 1973b) framework for relating brain lesion 

locations and executive test performance to the present MS sample suggests that the 

frontal regions of the brain, whether dorsolateral, medial, or basal medial ( or the 

connective pathways to these regions) are all potentially important in understanding MS 

executive skill performance. On the contrary, the present study found that where 

executive test performance was related to the location of neuropathology, the 

periventricular and total lesion areas were the most critical. 
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As already discussed, the periventricular and total lesion areas were similarly central in 

memory and metamemory disturbance in MS patients. 

5.2.3.1 Executive skills and Conscious memory 

As predicted, the present study identified a significant relationship between conscious 

memory and executive skills including: intentional control of automatic reading 

responses (Stroop), speed and flexibility of infonnation processing (Trails B), working 

memory ( digit-span back), and verbal fluency (FAS). All had significant correlations of 

at least a moderate degree with conscious memory, but the Stroop had the strongest 

correlations at the three testing occasions for MS and control groups. Not surprisingly 

then, in regression analyses, the Stroop emerged as the best executive test predictor of 

conscious memory. Nonetheless, the mild to moderate level of intercorrelation between 

perfonnance on these four executive tests suggests they were all competing for the same 

variance when predicting conscious memory estimates. After the Stroop, the digit-span 

back and Trails B tests were next in importance as executive test predictors of conscious 

memory. Moreover, the Stroop test retained its significance when the contribution to 

conscious memory of years of fonnal education was taken into account, whereas the 

digit-span back and Trails B tests did not. 

5.2.3.2 The Stroop test and conscious memory 

The present study found that the Stroop test was the best predictor of variance in 

conscious memory from the range of executive tests administered. In other words, the 

best indicator of low conscious memory estimates was fewer correct colour naming 

responses in the Stroop test (within the test time constraint of I 20 seconds). The next 

closest executive test contenders were the digit-span back (working memory) and Trails 

B tests (speed and flexibility of infonnation processing), which both also appear to rely 

on conscious processing. The elevation of the Stroop test seems especially apposite in a 

study which proposes that MS cognitive disturbance is attributable to reduced 

intentional processing. 

The appropriateness of the Stroop as the outstanding executive predictor of conscious 

memory is underscored by several explanations of the Stroop interference effect. Cattell 

(1886), or more recently Golden (1976), and Schneider and Shiffrin (1977) explain the 
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Stroop interference effect as due to competing voluntary (conscious) and automatic 

cognitive processes. Stroop's (1935) original work in developing the Stroop test was 

based partly on earlier research conducted by Cattell (1886) who explained the 

interference effect evident in colour naming as follows: "In the case of words and 

letters, the association between the idea and name has taken place so often that the 

process has become automatic, whereas in the case of colours and pictures, we must by 

a voluntary effort choose the name" (p. 65). Schneider and Shiffrin (1977) have argued 

that Cattell's (1886) explanation of the Stroop interference effect in terms of competing 

voluntary and automatic processes remains particularly relevant to current 

understandings of the Stroop effect. Similarly, Golden (1976) claims that the essential 

task in this test is to intentionally suppress an automatic word reading response through 

volitional control. That is, to perform the task of 'naming the colour of the ink' the 

subject is required to intentionally suppress the interfering automatic response of 

reading the word. 

By contrast, other researchers argue that the Stroop effect is due to the competing 

strengths of automatic processes, and not to opposing voluntary and automatic processes 

(c.f., MacLeod, 1991; Trainham, Jacoby & Lindsay, 1997). In a comprehensive review 

of the literature on interference in the Stroop effect from the past 50 years, MacLeod 

( 1991) claims that in the Stroop test, the automatic response of reading interferes with 

the less automatic response of naming. In a similar vein, Trainham et al. (1997) argue 

that an automatic word reading response dominates over the required colour naming 

response which is less automatic in strength. However, neither of these explanations 

seems able to explain what it is that activates the less automatic response of colour 

naming to dominate over, or interfere with, the more automatic reading response. 

Although Trainham et al. (1997) do attribute to 'attentional resources' the role of 

suppressing the colour-word, attention is not discussed within any broader theoretical 

context. Besides, the present study found that automatic memory estimates did not vary 

between MS and control groups, whereas Stroop performance did. MacLeod (1991) or 

Trainham et al.'s (1997) approach cannot explain group differences in the Stroop in the 

face of equivalent automatic processing. There is a better explanation for the robust 

relationship between variability in conscious memory processing and variability in 

Stroop colour naming responses: MS patients with lower conscious memory estimates 
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will be less able to voluntarily suppress automatic reading responses, than subjects with 

higher conscious memory estimates. Consistent with this was the finding in the present 

study that the 4 MS patients with deteriorating conscious memory across time, all had 

impaired and deteriorating Stroop naming scores, and were among those with the 

highest automatic memory estimates. 

It might be argued that impairment and deterioration across time in Stroop performance 

in the MS group could be attributed partly to physical symptoms (e.g., difficulty reading 

due to visual problems or aphasia). To minimise the possibility of such confounding 

effects, Cox et al. 's (1997) criteria - that single Stroop word readings be at least equal to 

the person's full scale IQ - were applied to all subjects. As a consequence, the Stroop 

scores for one MS patient were excluded from all data analyses. 

8.2.4 MRI 

As expected, the MS group had a significantly higher lesion load than the control group. 

Consistent with previous studies (e.g., Fazekas, 1989; Gerard & Weisberg, 1986), 

evidence of some white matter brain lesions was found in the control group. However, 

the lesion areas were of insignificant magnitude relative to the MS group. At the 

commencement of the study, the MS group had a mean proportion of approximately 

52% of total lesion load in the lateral periventricular area. Of the remaining 48% of 

TLA, 25% was in the subcortical frontal, 17% in the subcortical parietal, and 3% in each 

of the subcortical temporal and occipital areas. There was no significant lesion load 

(<1 %) detected in any cortical area. Similar mean relative proportions were found in 

years 2 and 3 in the MS group. The prominence of lateral periventricular and subcortical 

frontal lesions has also been frequently reported in other MS studies (Brownell & 

Hughes, 1962; McAlpine et al., 1972), suggesting the location of plaques in the present 

MS group was not atypical. 

8.2.4.1 MRI correlations with the key variables of interest 

In the MS group, there were significant correlations between TLA and all brain regions 

studied, with the exception of the subcortical temporal and occipital regions. This 

indicates that in terms of the amount of lesion load in the MS group, the TLA, lateral 
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periventricular, and subcortical frontal and parietal regions were all important. By 

contrast, the lesion loads in all the cortical, and in the subcortical occipital and 

subcortical temporal regions were smaller and featured less frequently. However, none 

of the lesion locations was significantly correlated with either conscious or automatic 

memory estimates. Consequently, none of the MRI variables were added to the 

regression memory model. 

Yet, when a median split was performed on conscious memory estimates in the MS 

group, by year 3, conscious memory was related to TLA and periventricular lesion area. 

This finding was consistent with that of previous researchers who have reported that 

memory impairment (as measured by explicit tests) is positively related to TLA (Rao, 

Leo, Haughton, et al., 1989) and, particularly, to extensive periventricular demyelination 

(Anzola et al., 1990; Izquierdo et al., 1991; Maurelli et al., 1992; Pozzilli et al., 1991). 

By contrast, MS Stroop performance was related to both periventricular and subcortical 

non-periventricular regions (not exclusively the frontal region), such that fewer colour 

words were named as lesion area increased. Performance on the executive tests - Trails 

B and CVL T semantic clustering - were also related to TLA and periventricular lesions. 

Subcortical frontal lesions were related to performance on the Stroop and Trails B, but 

not to CVL T semantic clustering. These Trails B and Stroop test results are consistent 

with those reported by other researchers. For example, Anderson et al. (1995) and 

Reitan and Wolfson (1995) found that patients with lesion loads of comparable size in 

the frontal and nonfrontal regions had similarly reduced performance times on Trails B. 

Other researchers have claimed that the Stroop test is sensitive to diffuse neurological 

impairment (Reitan & Wolfson, 1994). That is, rather than implicating the frontal 

lobes in MS executive test performance, the present study found instead, that TLA and 

periventricular lesion areas were the locations most consistently related to MS executive 

skills as measured by the Stroop, Trails B and CVL T semantic cluster ratio. 

MS FOK magnitude was related to the lesion load in the subcortical temporal region in 

years 2 and 3. Specifically, as lesion area increased, FOK magnitude decreased. 

However, for a small subgroup of 9 MS patients with low metamemory when defined 

by low conscious memory, low conceptual ability, and low FOK magnitude (where low 
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refers to less than the MS mean for these variables), total lesion and periventricular 

lesion loads were greater than the seventy-fifth percentile of the median lesion loads for 

the total MS group at entry to the study. This is inconsistent with the findings of 

previous studies which specifically implicated the frontal lobes in metamemory 

impairment (e.g., McGlynn & Schacter, 1989; Schacter, 1991 ). The present study found 

that high subcortical frontal lesions were not a feature of low MS metamemory 

performance. This finding emerged whether metamemory was measured by FOK 

magnitude alone, or when MS patients with low metamemory were more sensitively 

identified as those with low conscious memory, ]ow conceptual ability and low FOK 

magnitude. 

8.2.4.2 MS group lesion load change over time 

A significant increase over time was found for the MS group in the median TLA, and 

median subcortical frontal, subcortical parietal, and lateral periventricular areas, from 

year I to year 3. This result is surprising given that general cognitive performance (as 

measured by conscious memory, executive skills, and metamemory) did not deteriorate 

for the total MS group over time. Yet similar to previous findings (e.g., Pozzilli et al., 

1991; Maurelli et al., 1992) cognitive performance was related to the extent of 

neuropathology for the most cognitively impaired subgroups of MS patients. 

8.2.4.3 Lesion load characteristics of the most impaired MS sub-groups 

For the 4 MS patients with statistically significant memory deterioration, initial MRI 

screening revealed that the most substantial lesion loads were in the periventricular 

regions where the average lesion area was above the seventy-fifth percentile (for the 

total MS group). Of note, however, was the finding that subsequent increases in lesion 

load for this subgroup were in the subcortical frontal and parietal regions, with the 

periventricular load remaining constant over 24 months. 

Further, for the most cognitively impaired cluster of 5 MS patients, identified by 

cluster analysis as significantly impaired on conscious memory, metamemory, and 

executive skills, TLA was above the seventy-fifth percentile of that for the total MS 

group when averaged over 24 months. However, periventricular and subcortical lesions 

both featured in this subgroup. This indicates TLA is the best MRI neuropathology 
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variable to characterise the most cognitively impaired MS cluster. These results are 

consistent with those of previous researchers who found that TLA, as measured on MRI, 

is a robust predictor of general cognitive impairment (e.g., Franklin et al., 1988; Huber 

et al., 1992; Rao, Leo, St. Aubin-Faubert, 1989; Swirsky-Sacchetti et al., 1992). 

In summary, the importance of MRI variables in the present study was more apparent in 

the most impaired subgroups, than in the total MS group. High periventricular and TLA 

were consistently found in those MS patients with low performance in either conscious 

memory (n = 23), metamemory (n = 9), or executive skills (n = 46). Yet high TLA was 

important when all three cognitive areas were impaired, as in the most impaired cluster 

of 5 MS patients. Also the 4 MS patients with memory deterioration over 24 months 

had higher initial lesion loads in the periventricular regions, and subsequent increases in 

subcortical frontal and parietal lesions, compared to the MS group. 

8.2.5 The Best Model for Memory Prediction identified by the present study 

A synthesis of all the findings for the present study revealed that the most powerful 

model for predicting MS conscious memory was one which combined metamemory (as 

measured by FOK) and executive skill (as measured by the Stroop test) information. By 

year 3 of testing, the multivariate model developed explained 36.7% (Adj.R2 = 31.8%) 

of conscious memory variance: 14% (Adj.R2 = 11 %) of which was explained by age, 

sex, and years education, and 21.0 %, by the variables derived from cognitive 

neuropsychology. Those MS patients identified by the model as memory impaired are 

more likely to have low FOK magnitudes, low Stroop colour-naming scores, and will 

tend to have high total and high periventricular lesion loads. The most impaired MS 

cluster identified in the present study (according to performance on the variables 

identified by the memory model developed) were more likely to have a RR disease 

course, to be male, aged 42 years, and to have had 12 years of formal education. 

Expressed in summary equation form the model developed is as follows: 

Conscious memory ¢.age, sex, years education I FOK + Stroop 
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8.3 Limitations of the present study 

The main limitations of the present study are related to issues about the design and 

measurement characteristics employed. Notwithstanding these limitations, the present 

research has made substantial improvements over previous studies in both its design, 

and in the measurement of the key variables. 

8.3.1 Design features 

Although a reasonable sample size was employed in the present study, the ideal would 

be to have access to MS patients from large-scale, population-based, multi-center 

collaborative investigations. This would increase the available pool of MS patients, and, 

in particular, meet the need for larger numbers of left handed MS patients of either sex. 

The present study was generally representative of the population of MS patients in the 

Australian Capital Territory and surrounding New South Wales countryside with respect 

to age, sex, and mix of diagnostic categories, but not for laterality. There were only 5 

left handed MS patients, all of whom were female, and 3 left-handed control subjects (2 

female, l male). These small numbers of left handed subjects precluded investigation of 

the possible role of the combination of laterality and gender in MS memory and general 

cognition (e.g., as in Goldberg, Podell, Harner, Lovell & Riggio, 1994). Nonetheless, 

the present study findings are generalisable to MS patients whose scores fall within the 

range of the present MS sample on the measures used. 

A second design issue pertains to the length of time over which MS patients were 

studied. MS longitudinal studies of cognitive status continue to be significantly 

outnumbered by cross-sectional studies (Brassington & Marsh, 1998). Within this 

context, the 24 month span of the present study is at least a modest contribution to MS 

longitudinal investigations of cognition. At this stage in MS research on cognition, it is 

not clear what period of time should be employed in tracking performance. For example, 

in a study of 84 MS and 86 control subjects, Bernardin et al. (1993) reported significant 

deterioration in the MS group, after 3 years, in 8 of the 29 cognitive measures used. 

Conversely, after 3.5 years, Passafiume et al. (1993) found no significant cognitive 

decline in 14 MS patients. It would be highly beneficial to advancements in the study of 

MS cognition if drug treatment studies, which tend to be longitudinal and more 
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nuinerous than investigations of other aspects of MS, more frequently included 

cognitive assessment data (as is recommended by Comi and Rovaris, 1999). 

8.3.2 Measurement features 

As already noted, one of the main strengths of the present study is its use with MS 

patients of more precise measures of MS disease classification, memory, and 

metamemory than were used in previous MS studies, and its inclusion of MRI measures 

of MS neuropathology. Nonetheless, further improvement is invariably possible and 

necessary. The strengths and limitations of each of these measures will be discussed in 

turn. 

Although there has been considerable improvement in definitions of the disease course 

in MS, those proposed by Lublin and Reingold (1996) remain inadequate. This is due to 

the fact that they are based solely on clinical and temporal characteristics of the disease 

(Bashir & Whitaker, 1999). Preferably, laboratory markers which can reliably 

differentiate the subtypes of MS, and hence serve as surrogate markers of disease 

progression, should be used. Very recently Bashir and Whitaker ( 1999) claimed that 

urine-myelin basic protein-like material (MBPLM) could be used as a potential marker, 

and that this would help in assessing responsiveness to therapeutic interventions. 

Continuing refinements in disease course definitions will increase the reliability of any 

future research into MS, irrespective of the particular aspect of the disease under 

investigation. 

By using the PDP measure of conscious memory the inadequacies of conventional 

memory measures with their 'process purity' assumptions were avoided. However, a 

potential problem arose in the present study in the application of the PDP. The baseline 

values for word stem completion in the inclusion and exclusion conditions were not 

equal. This was a requirement for using Jacoby et al.' s ( 1993) mathematical equations to 

estimate conscious and automatic processing. However, the impact of the problem was 

minimised by calculating individual baseline values for each subject, and using these 

values (rather than the mean group baseline) in the equations to estimate individual 

conscious and automatic memory estimates. 
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It is important to note that a different word list was used in the second year - not only to 

minimise practice effects, but also to ascertain whether a different word set would give 

the desired equal baselines under inclusion and exclusion instructions. It was 

disappointing that the use of a different word set in year 2 did not promote equal base 

rates of responding under both conditions. On the positive side, however, had a word 

effect been identified, repeated measures analyses could not have been used, as planned, 

for the three testing occasions. Nonetheless, the estimates obtained were not claimed to 

be absolute values. Rather they provide a valid basis for comparison of conscious versus 

automatic memory processes used by the MS group in contrast to that used by the 

controls. 

Future research needs to apply the PDP to the CVLT and to other memory tests such as 

the WMS-R stories and paired associates (WMS-R), the Rey Auditory Verbal Memory 

Test (RA VLT), and recall of everyday social and employment-related information. Such 

applications of the PDP would increase information about the levels of conscious and 

automatic memory estimates used by MS patients in a range of memory tests that are 

typically used by neuropsychologists. 

MRI scans are a crude measure of current MS neuropathology because they do not 

give any information about the pathology of MS lesions. Typically, the stages of 

pathological progression in MS lesions commence with inflammation, then 

demyelination (recoverable deficits), progressing to axonal loss, gliosis and tissue loss 

(Horsfield, 1999). These different stages affect the neurologic outcome of MS patients, 

but conventional MRI imaging is insufficiently sensitive to differentiate between them 

(Rovaris, Filippi, Falautano, et al., 1998). Consequently, conflicting findings between 

studies of MRI and cognitive performance correlations are possible. 

Magnetization Transfer (MT), however, appears sensitive to myelin loss and may offer 

the best alternative in quantification of myelin as a relatively easy to perform, high 

resolution technique (Biehle et al., 1994). It provides the added advantage over MRI of 

being able to discriminate between lesions that are acute or inflammatory and those that 

represent myelin and/or axonal loss (Paty & Li, 1999). A recent study reported 

significant correlations between MS brain lesion load as detected by MT and cognitive 
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performance as measured by neuropsychological testing (e.g., van Buchem et al., 1998). 

Unfortunately, because MT technology was not available at The Canberra Hospital at 

_the time of this study, it was not possible to obtain such data. Future studies that have 

access to MRI and MT may detect stronger and more consistent relationships between 

MS brain pathology and cognitive performance than were identified in the present study. 
, 

Although information about the subcortical frontal and the general lateral periventricular 

lesion loads was obtained, unfortunately, it was not possible to differentiate between 

frontal periventricular and posterior periventricular lesion loads with MRI. Ideally, 

information about diffuse frontal periventricular lesion area, as well as the lesion area in 

the more discrete subcortical frontal region would be needed before Rao's (1986) 

hypothesis of the central importance in MS cognition of the connective pathways 

between prefrontal and subcortical structures could be more rigorously tested. Also, 

Goldberg and Podell's (1995) hypotheses about the laterality of cognitive function could 

not be tested because the relevant MRI information was not available. 

Further, a direct comparison of findings in the present study with MRI studies where an 

absolute measure of brain lesion volume was used were not possible because a relative 

measure was used in the present study. Also, more powerful statistics could have been 

used in MRI analyses, had absolute lesion areas been obtainable. Future studies would 

benefit from access to technologies that produced an absolute lesion area measure. 

In addition to making these suggested refinements to brain pathology measures, the 

present findings for impaired sub-groups of MS patients indicate that robust correlations 

between MS neuropathology and cognitive performance may be more likely in larger 

numbers of patients than were used in either Kopelman and Stanhope's (1997) or the 

present study. 
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8.4 Implications of the present findings 

8.4.1 Introduction 

166 

The findings for this MS sample have several implications. First, the study has produced 

a brief initial screen for the accurate prediction of MS conscious memory performance. 

Second, future developments of the model can legitimately be undertaken in the first 

instance using normal control groups. Most importantly though, are the implications 

for appropriate, individualised rehabilitation programs of: a) greater accuracy in MS 

memory and metamemory measurement, and b) understanding MS cognitive 

disturbance in terms of intact automatic, but impaired intentional, conscious processing. 

8.4.2 Clinical utility of the memory model 

From the practitioner's viewpoint, the memory model developed will be a useful, brief 

screening device for the identification of current MS conscious memory impairment, 

provided patients do not have reading or aphasic impairments. The validity of this claim 

is based on the argument that memory measurement using the process dissociation 

procedure produces a more accurate assessment of the preserved and impaired 

components of MS memory, than conventional explicit and implicit memory measures. 

The claim is also based on the success of the multivariate predictive memory model 

which explained 37% of conscious memory variance. Moreover, the viability of the 

model gives credibility to its central proposition: that general cognitive impairment in 

MS (whether in memory, metamemory, or executive skills) is more effectively 

characterised as impairment in conscious, controlled and intentional cognitive 

processes, with automatic processes remaining intact. 

This central proposition was tested by building a model of memory which identified the 

best metamemory and executive skill predictors of conscious memory estimates. 

Consistent with this new understanding of the essential nature of MS cognitive 

impairment, MS automatic memory estimates were not impaired, and were not related to 

conscious memory, metamemory, or executive skills. However, the model will require 

further testing of MS patients over a more extensive time span than 24 months before it 

is able to predict memory deterioration over time. 
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The model could be applied to individual MS patients as an initial memory screen, and 

the results interpreted in the following way: It can be predicted that the lower the 

conscious control over automatic reading responses ( executive control measured by the 

Stroop), together with the lower the expectation of memory performance ( determined by 

feeling of knowing judgments), and the fewer the years of formal education then the 

lower conscious memory estimates and general conscious (intentional) processing is 

likely to be. 

8.4.3 Future model development using normal control groups 

The model developed indicates that, for the present MS sample at least, memory 

differences between MS and control groups are quantitative, not qualitative. This makes 

future development of the model more viable because normal control subjects, who are 

comparatively easy to access, can legitimately be used. This is due to the fact that the 

same variables that predicted conscious memory estimates in the MS group also 

predicted conscious memory in normal control subjects. However, as expected, control 

subjects generally performed at the less impaired end of the range for the pooled group 

in the relevant measures: conscious memory, metamemory, and executive skills. 

The present study also has implications for the advancement of memory theory and 

measurement in normal control subjects, because it adds to our understanding of the 

conscious and automatic memory processes that the PDP identifies. This was achieved 

by the novel procedure of obtaining from subjects separate metamemory judgments 

about word stems remembered consciously (which subjects monitored in advance of 

recall) and those produced automatically (which subjects were unable to monitor). 

This finding adds weight to Jacoby's (1991) claim that conscious and automatic 

memory processes are separable and distinct, and that subjects are (consciously) aware 

of remembering achieved through conscious processes, but are not aware of 

remembering achieved automatically. Also the predictor variables of the model can be 

used to screen normal control subjects for possible memory impairment in a more 

comprehensive manner than is achievable through conventional memory test results 

alone. 
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8.4.4 The memory model and rehabilitation 

Refinements in the accuracy of measurement of memory strengths and weaknesses 

are critical for improved management of memory impaired people (Jacoby et al., 1996; 

Yonelinas & Jacoby, 1996). In addition, accurate detection of MS memory impairment 

has important implications for occupational and general social functioning (Beatty, 

1993b; Rao, Leo, Ellington et al., 1991) and for evaluation of therapeutic effectiveness 

(Smits et al., 1994). Of specific interest are the rehabilitation implications of the MS 

memory and metamemory findings which are now discussed. 

8.4.4.1 Improved memory accuracy and rehabilitation 

The present study found that conscious memory was impaired for the total MS group 

when averaged over time, but this impairment was not to the extent of a deterioration 

across time (as was found using the CVLT). One implication of these results is that, 

although MS conscious memory estimates were significantly lower than controls, MS 

patients were not as impaired as their performance on the CVLT (memory impairment 

and deterioration across time) might suggest. 

Contrary to what the CVL T results might imply, the PDP procedure gave no indication 

that the present MS group were incapable of new learning, a process that requires 

conscious, intentional. effort and awareness of what was learnt. Rather, if the model is 

applied to individual MS patients as an initial memory screen (with additional testing as 

required), the extent of impairment in conscious memory can be determined. Using this 

information one can also make inferences about their ability to engage in general 

conscious cognitive activity, such as might be required in metamemory and higher 

level executive skills, or in any purposeful activity. 

In other words, the learning goals and expectations of the MS patient should be tailored 

to match their ability to engage in conscious cognitive activity. A global 

understanding of their cognition in this way would produce challenging but achievable 

rehabilitation goals, rather than objectives which could underestimate what a person 

with MS is capable of achieving (a potential outcome if using the CVLT test). 
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8.4.4.2 Improved metamemory accuracy and rehabilitation 

The present study also found that MS metamemory was impaired relative to controls. 

This suggests that a lack of awareness of memory impairment is what needs to be 

targeted to facilitate metamemory improvement in people with MS. However, as 

Schacter (1991) points out, "awareness of memory deficit may not be a monolithic, all

or-none entity that a subject either has or lacks: it is entirely conceivable that there are 

different aspects or components of awareness that can be tapped by different measures 

and tasks" (p. 141 ). Perhaps, then, the present metamemory findings demonstrate that 

MS patients may be appropriately aware in a general sense that they have a memory 

impairment. Support for this notion is provided in the significant positive correlations 

between JOL, confidence, and FOK magnitudes, and conscious memory estimates. As 

actual or object-level memory decreased, so did the magnitude of the expectations about 

remembering. To this extent MS metamemory tracked remembering (although MS 

metamemory magnitudes were overinflated with respect to actual memory). 

However, if memory awareness is measured by metamemory accuracy (JOL gamma 

correlations), MS patients were relatively more inaccurate in their judgments about 

remembering. In other words, metamemory judgments were poor for specific items 

because MS patients were not able to discriminate between those items they would 

remember and those items they would forget. Generally speaking, these findings 

indicate that MS patients are aware when they have memory deficits; but that they are 

not aware of the specifics of what they have successfully remembered and what they 

have forgotten. This suggests that a fruitful approach to improving memory awareness 

in people with MS could be to give itemised feedback about whether recall was 

correct, and about the corresponding expectation for remembering a particular item. 

Such an approach was used successfully by Comoldi and Vianello (1992) who found 

that metamemory accuracy improved in intellectually impaired children (with poor 

recall and inaccurate metamemory) when they were given feedback about memory and 

metamemory accuracy, and were taught strategies to improve both memory and 

metamemory ability. A cognitive rehabilitation approach that encompasses both 

memory and metamemory improvement would be relevant whether the ultimate goal 

for the MS patient is to learn new computing skills, or to learn compensatory strategies 

for memory loss (e.g., using a diary, making lists, or taking notes). 



Chapter 8: Discussion 170 

Although a program to improve memory and metamemory accuracy using itemised 

feedback and strategies might be successful with the majority of patients in the present 

MS group, patients with extensive damage to the prefrontal area or its connections, 

would be unlikely to benefit from such an approach. According to Zaidel (1987) these 

patients tend to have global error monitoring deficits, "resulting in a general lack of 

appreciation of, and concern about, their diminished position in life and their 

devastating cognitive, vocational, and personal handicaps" (Goldberg & Barr, 1991, p. 

157). There was no clinical or experimental evidence of such a total breakdown of 

awareness, or error monitoring, in the present MS group at least. For MS patients with 

such global monitoring impairments, some compensatory memory strategies may still 

be effective, provided awareness of what was learnt was not required. 

By usmg several measures of metamemory, the present study has advanced our 

understanding of those aspects of MS metamemory ability that are comparatively intact 

(the ability to make an appraisal of general memory performance) and those that are 

impaired (knowledge of which specific items are remembered or forgotten). Future 

memory rehabilitation programs would benefit from making such a distinction in their 

individual assessments of MS metamemory ability. 

8.4.4.3 Past MS rehabilitation and treatment programs 

The implications of the present findings for MS rehabilitation need to be understood 

within the context of existing MS rehabilitation research. Unfortunately, however, very 

few studies on the treatment of cognitive deficits in MS patients have been reported 

(Rao, 1993). This contrasts with the considerable amount of research into the 

development of cognitive retraining programs for patients with stroke and traumatic 

brain injury (Ben-Yishay & Diller, 1983). The majority of reported treatment 

interventions for people with MS have entailed pharmacological trials, none of which 

can claim definitive success at this stage in providing sustained cognitive improvement. 

Clearly, the therapeutic era for MS has only just begun (Filippi, Grossman & Comi, 

1999). Any cognitive treatment studies that have been conducted have assumed that 

compensatory strategies can be effectively taught to people with MS to assist them in 

dealing with specific cognitive deficits (e.g., Foley et al., 1994; Minden & Moes, 1990; 

Roessler & Rumrill, 1994). 
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By contrast, efforts at restoring lost functions have not been very successful (Jonsson, 

Korfitzen, Heltberg, Ravnborg & Byskov-Ottosen, 1993; LaRocca, 1990). 

8.4.4.4 Integration of the present findings with MS rehabilitation studies 

Although these refinements to understanding MS cognitive impairment should assist in 

maximising treatment effects, they cannot claim to assist with any restoration of lost 

memory function. Rather, the contribution of the present research is within the current 

general cognitive rehabilitation approach which aims to improve adaptive or 

compensatory ability. 

For example, to the extent that conscious memory processing is impaired in any 

learning situation, a person with MS will remember more effectively if distractions are 

minimised, if new material is presented slowly and repeated, and when regular feedback 

about what has been presented is requested (Minden, 1992). These are the typical 

methods used to assist any person with memory impairment (e.g., Wilson, 1995), which 

could be understood as providing a learning structure to compensate for the lack of 

intentional control of the learner. Other effective strategies may include helping the 

MS patient put into context something he/she is trying to remember, or restructuring a 

situation into a recognition rather than a free recall task. Typically, benefit is also gained 

from repetition of new information to be remembered, and from reinforcement after the 

initial learning period (Minden, 1992). Nonetheless, if MS conscious memory estimates 

are severely compromised, even under ideal learning conditions, little information will 

be remembered. 

Further, a de-emphasis on activities and tasks which place high demands on conscious 

processing may be a useful general approach. Intentional cognitive processing would 

be expected to require more energy than automatic processing, and people with MS are 

sensitive to fatigue. Instead, activities that rely mainly on automatic processing should 

be encouraged. This is appropriate whether the person with MS has conscious memory 

impairment or not. Automatic remembering is typically unaffected in MS, and so people 

with MS can gain satisfaction from learning procedural sequences (for example) where 

conscious intentional memory is less important (e.g., tai chi, art and craft activities). 
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Clearly, as with any rehabilitation intervention, the choice of activity and procedures to 

be learnt needs to be modified according to the interests of the person with MS, and the 

limitations imposed by physical symptoms and general fatigue or endurance levels. 

8.5 Conclusions 

The present study has argued that the memory disturbance in MS primarily involves the 

conscious aspects of cognition with automatic processing unimpaired. This new way of 

thinking about MS memory was developed by using Jaco by' s (1991) procedure to 

measure conscious and automatic memory, and by investigating the contribution to 

conscious memory of metamemory and executive performance. Metamemory and 

executive skills both rely on conscious processing, and both are frequently impaired in 

MS. The result has been the development of a model that provides an inexpensive, brief 

screening device for the prediction of current memory performance in MS patients who 

do not have reading or aphasic impairments. It was found that combining information 

about memory self appraisals (FOK) and intentional control over automatic reading 

responses (Stroop) is superior to information about illness characteristics ( e.g., disease 

course, disease duration, brain lesion load) and demographic factors, in accounting for 

current memory performance. Moreover, further development of the model need not be 

hampered by the expense incurred in accessing large numbers of MS patients. It can be 

refined in the first instance with normal control subjects (e.g., undergraduate students), 

especially given that it does not rely on information about brain lesion distribution. The 

model will then require further testing with MS patients over a more extensive time 

span than 24 months before it can be used to predict deterioration in MS memory across 

time. However, the usefulness of the metamemory and executive skill variables as 

predictors of current conscious memory estimates has been established. Most 

importantly, once an MS patient's conscious memory ability has been estimated, it can 

form the basis for planning individualised memory, cognitive, and social skill 

rehabilitation. 



173 

References 

Allan, K., Wilding, E.L., & Rugg, M.D. (1998). Electrophysiological evidence for 
dissociable processes contributing to recollection. Acta Psychologica, 98, 231-252. 

Amato, M.P., Ponziani, G., Pracucci, G., Bracco, L., Siracusa, G., & Amaducci, L. 
(1995). Cognitive impairment in early-onset multiple sclerosis. Patterns, predictors, and 
impact on everyday life in a 4-year follow-up. Archives of Neurology. 52, 168-172. 

American Psychiatric Association. (1994). Diagnostic and statistical manual of mental 
disorders (4th ed.). DSM-IV. Washington, D.C: Author. 

Anderson, C.V., Bigler, E.D., & Blatter, D.D. (1995). Frontal lobe lesions, diffuse 
damage, and neuropsychological functioning in traumatic brain-injured patients. Journal 
of Clinical and Experimental Neuropsychology. 17, 900-908. 

Anderson, S. W., Damasio, H., Jones, R. D., & Tranel, D. (1991). Wisconsin card 
sorting test performance as a measure of frontal lobe damage. Journal of Clinical and 
Experimental Neuropsychology. 13 (6), 909-922. 

Anzola, G.P., Bevilacqua, L., Cappa, S.F., Capra, R., Faglia, L., Farina, E., Frisoni, G., 
Mariana, C., Pasolini, M.P., & Vignoli, L.A. (1990). Neuropsychological assessment in 
patients with relapsing-remitting multiple sclerosis and mild functional impairment: 
Correlation with magnetic resonance imaging. Journal of Neurology. Neurosurgery. and 
Psychiatry. 53, 142-145. 

Armstrong, C., Onishi, K., Robinson, K., D'Esposito, M., Thompson, H., Rostami, A., 
& Grossman, M. (1996). Serial position and temporal cue effects in multiple sclerosis: 
Two subtypes of defective memory mechanisms, Neuropsychologia, 34, 853-862. 

Arnett, P.A., Rao, S.M., Bernardin, L., Grafman, J., Yetkin, F.Z., & Lobeck, L. (1994). 
Relationship between frontal lobe lesions and Wisconsin Card sorting Test performance 
in patients with multiple sclerosis. Neurology. 44, 420-425. 

Arnett, P.A., Rao, S.M., Grafman, J., Bernardin, L., Luchetta, T., Binder, J., & Lobeck, 
L. (I 997). Executive functions in multiple sclerosis: An analysis of temporal ordering, 
semantic encoding, and planning abilities. Neuropsychology, 11 (4), 535-544. 

Baddeley, A. (1986). Working memory. Oxford, England: Clarendon Press. 

Baddeley, A. (1992). Working memory. Science, 25, 556-559. 

Baddeley, A. ( 1996). Exploring the central executive. Quarterly Journal of Experimental 
Psychology. 49A, 5-28. 

Baddeley, A., Della Sala, S., Papagno, C., & Spinnler, H. (1997). Dual-task 
performance in dysexecutive and nondysexecutive patients with a frontal lesion. 
Neuropsychology. 11 (2), 187-194. 



References 174 

Bashir, K., & Whitaker, J.N. (1999). Clinical and laboratory features of primary 
progressive and secondary progressive MS. Neurology, 53, 765-771. 

Bauer, R.H., Kyaw, D., & Kilbey, M.M. (1984). Metamemory of alcoholic Korsak.off 
patients. Society for Neuroscience Abstracts, 10, 318. 

Baum, H.M., & Rothschild, B.B. (1981 ). The incidence and prevalence of reported 
multiple sclerosis. Annals of Neurology, 10, 420-428. 

Beatty, W. (1993a). Memory and frontal lobe dysfunction in multiple sclerosis. Journal 
of the Neurological Sciences, 115 (Suppl.), S38-S41. 

Beatty, W.W. (1993b), Cognitive and emotional disturbances in multiple sclerosis. 
Neurologic Clinics, 11 ( 1 ), 189- 204. 

Beatty, W.W., Goodkin, D.E., Hertsgaard, D., & Monson, N. (1990). Clinical and 
demographic predictors of cognitive performance in multiple sclerosis: Do diagnostic 
type, disease duration, and disability matter? Archives of Neurology, 47, 305-308. 

Beatty, W.W., Goodkin, D. E., Monson, N., & Beatty, P.A. (1990). Implicit learning in 
patients with chronic progressive multiple sclerosis. International Journal of Clinical 
Neuropsychology. 12, 166-172. 

Beatty, W.W., Goodkin, D.E., Monson, N., Beatty, P.A., & Hertsgaard, D. (1988). 
Anterograde and retrograde amnesia in patients with chronic progressive multiple 
sclerosis. Archives ofNeurology. 45, 611-619. 

Beatty, W.W., Hames, K.A., Blanco, C.R., Paul, R.H., & Wilbanks, S.L. (1995). Verbal 
abstraction deficit in multiple sclerosis. Neuropsychology, 9 (2), 198-205. 

Beatty, W.W., & Monson, N. (1990). Semantic priming in multiple sclerosis. Bulletin 
of the Psychonomic Society, 28, 397-400. 

Beatty, W.W., & Monson, N. (1991). Metamemory in multiple sclerosis. Journal of 
Clinical and Experimental Neuropsychology, 13 (2), 309-327. 

Beatty, W.W., & Monson, N. (1996). Problem solving by patients with multiple 
sclerosis: Comparison of performance on the wisconsin and california card sorting tests. 
Journal of the International Neuropsychological Society, 2, 134-140. 

Beatty, W.W., Paul, R.H., Blanco, C.R., Hames, K.A., & Wilbanks, S.L. (1995). 
Attention in multiple sclerosis: correlates of impairment on the WAIS-R digit span test. 
Applied Neuropsychology, 2, 139-144. 

Beatty, W.W., Wilbanks, S.L., Blanco, C.R., Hames, K.A., Tivis, R., & Paul, R.H. 
(1996). Memory disturbance in multiple sclerosis: Reconsideration of patterns of 
performance on the selective reminding test. Journal of Clinical and Experimental 
Neuropsychology, 18 ( 1 ), 56-62. 



References 175 

Beck, A.T., & Beamesderfer, A. (1974). Assessment of depression: The depression 
inventory. In P. Pichot (Ed.), Modem problems in pharmopsychiatry (pp. 151-169). 
Basel, Switzerland: Karger. 

Beck, A.T., Rush, A.J., Shaw, B.F., & Emery, G. (1979). Cognitive therapy of 
depression. New York: Guilford Press. 

Bennett-Levy, J. (1984). Determinants of performance on the Rey-Osterrieth Complex 
Figure Test: An analysis and a new technique for single-case assessment. British Journal 
of Clinical Psychology, 23, 109-119. 

Benton, A.L., & Hamsher, K. deS. ( 1976; 1989). Multilingual aphasia examination. 
Iowa City, Iowa: AJA Associates. 

Ben-Yishay, Y., & Diller, L. (1983). Cognitive rehabilitation. In M.Rosenthal, 
E. R.Griffith, M.R. Bond, et al. (Eds.), Rehabilitation of the head injured adult (pp.367-
380). Philadelphia, PA: FA Davis. 

Bernardin, L.J. (1992). A prospective long-term study of cognitive dysfunction in MS. 
Presented at: Workshop on Neurobehavioural Disorders in MS. Diagnosis. Underlying 
Pathology, Natural History, and Therapeutic Intervention. Bergamo, Italy. 

Bernardin, L.J., Rao, S.M., Luchetta, T.L., Ellington, L., Unverzagt, F., Swanson, S., & 
Leo, G.J. (1993). A prospective, long-term, longitudinal study of cognitive dysfunction 
in MS (abstract). Journal of Clinical and Experimental Neuropsychology, 15, 17. 

Bjorkman, M., Juslin, P., & Winman, A. (1993). Realism of confidence in sensory 
discrimination: The underconfidence phenomenon. Perception and Psychophysics, 54, 
75-81. 

Bousfield, W. A. (1953). The occurrence of clustering in the recall of randomly arranged 
associates. Journal of General Psychology. 49, 229-240. 

Botwinick, J. (1981). Neuropsychology of aging . In S.B. Filskov & T.J. Boll (Eds.), 
Handbook of clinical neuropsychology (Vol.I, pp. 135-171). New York: Wiley. 

Brassington, J.C., & Marsh, N.V. (1998). Neuropsychological aspects of multiple 
sclerosis. Neuropsychology Review, 8 (2), 43-77. 

Brown, A.L., & Lawton, S.C. (1977). The feeling of knowing experience in educable 
retarded children. Developmental Psychology, 13, 364-370. 

Brownell, B., & Hughes, J. F. (1962). The distribution of plaques in the cerebrum in 
multiple sclerosis. Journal of Neurology, Neurosurgery, and Psychiatry, 25, 315-20. 

Buchner, A., Erdfelder, E., & Vaterrodt-Plunnecke, B. (1995). Toward unbiased 
measurement of conscious and unconscious memory processes within the process 
dissociation framework. Journal of Experimental Psychology: General, 124, 137-160. 



References 176 

Butterfield, E.C., Nelson, T.O., & Peck, V. (1988). Developmental aspects of the feeling 
of knowing. Developmental Psychology, 24 (5), 1-10. 

Caine, E.D., Bamford, K.A., Schiffer, R.B., Shoulson, I., & Levy, S. (1986). A 
controlled neuropsychological comparison of huntington's disease and multiple 
sclerosis. Archives of Neurology, 43, 249-254. 

Carroll, M., Gates, R., & Roldan, F. (1984). Memory impairment in multiple sclerosis. 
Neuropsvchologia, 22 (3), 297-302. 

Carroll, M., & Nelson, T.O. (1993). Effect of overlearning on the feeling of knowing is 
more detectable in within-subject than in between-subject designs. American Journal of 
Psychology, 106 (2), 227-235. 

Cattell, J.M. (1886). The time it takes to see and name objects. Mind, ii, 63-65. 

Cavallo, P .F. (1990). Introduction. Part 1 V. Management of Neurobehavioral 
Dysfunction. In S.M. Rao (Ed.), Neurobehavioral aspects of multiple sclerosis (p. 213). 
New York: Oxford University Press. 

Cermak, L.S., & Butters, N. (1972). The role of interference and encoding in the short
term memory of korsakoff patients. Neuropsychologia, 10, 89-95. 

Cermak, L.S., Verfaellie, M., Sweeney, M., & Jacoby, L.L. (1992). Fluency versus 
conscious recollection in the word completion performance of amnesic patients. Brain 
and Cognition, 20, 367-37. 

Charcot, J.M. (1868). Histologie de la sclerose en plaques. Gazette des hopitaux et 
militaires (Paris), 41, 554-66. 

Charcot, J.M. (1877). Lectures on the diseases of the nervous system (English 
translation by G. Sigerson). London: New Sydenham Society. 

Christensen, H., Kopelman, M.D., Stanhope, N., Lorentz, L., & Owens, P. (1998). Rates 
of forgetting in alzheimer dementia. Neuropsvchologia, 36 (3), 1-11. 

Cohen, J.D., Forman, S.D., Braver, T.S., Casey, B.J., Servan-Schreiber, D., & Noll, 
D.C. (1994). Activation of prefrontal cortex in a non-spatial working memory task with 
functional MRI. Human Brain Map, 1, 293-304. 

Comi, G., Filippi, M., Martinelli, V., Campi, A., Rodegher, M., Alberoni, M., Sirabian, 
G., & Canal, N. (1995). Brain MRI correlates of cognitive impairment in primary and 
secondary progressive multiple sclerosis. Journal of the Neurological Sciences, 132, 
222-227. 

Comi, G., Filippi, M., Martinelli, V., Sirabian, G., Visciani, A., Campi, A., Mammi, S., 
Rovaris, M., & Canal, N. (1993). Brain magnetic resonance imaging correlates of 
cognitive impairment in multiple sclerosis. Journal of the Neurological Sciences, 115 
(Suppl.), S66-S73. 



References 177 

Comi, G., & Rovaris, M. (1999). Clinical and paraclinical outcomes for treatment trials 
in multiple sclerosis. In M. Filippi, R.I. Grossman, & G. Comi (Eds.), Topics in 
neuroscience. Magnetic resonance techniques in clinical trials in multiple sclerosis (pp. 
3-20). Italia, Milano: Springer-Verlag. 

Coolidge, F., Middleton, P.A., Griego, J.A., & Schmidt, M.M. (1996). The effects of 
interference on verbal learning in multiple sclerosis. Archives of Clinical 
Neuropsychology, 11 (7), 605-611. 

Cornoldi, C., & Vianello, R. (1992). Metacognitive knowledge, learning disorders and 
mental retardation. Advances in Leaming and Behavioural Disorders, 7, 107-134. 

Cowan, N., & Stadler, M.A. (1996). Estimating unconscious processes: Implications of 
a general class of models. Journal of Experimental Psychology: General, 125, 195-200. 

Cox, C.S., Chee, E., Chase, G.A., Baumgardner, T.~ .• Scheurholz, L.J., Reader, M.J., 
Mohr, J., & Denkla, M.B. (1997). Reading proficiency affects the construct validity of 
the stroop test interference score. The Clinical Neuropsychologist, 11, 105-110. 

Curran, T. & Hintzman, D.L. (1995). Violations of the independence assumption in 
process dissociation. Journal of Experimental Psychology: Leaming, Memory and 
Cognition, 21, 531-547. 

Curran, T., & Hintzman, D.L. (1997). Consequences and causes of correlations in 
process dissociation. Journal of Experimental Psychology: Leaming, Memory, and 
Cognition, 23, 496-504. 

Delis, D.C. (1989). Neuropsychological assessment of learning and memory. In F. 
Boller & J. Grafman, (Eds.), Handbook of neuropsychology (Vol. 3, pp.3-33). 
Amsterdam: Elsevier. 

Delis, D. C., Cullum, C. M., Butters, N., & Cairns, P. (1988). Wechsler Memory Scale -
Revised and California Verbal Leaming Test: Convergence and divergence. The 
Clinical Neuropsychologist, 2 (2), 188-196. 

Delis, D. C., Freedland, J., Kramer, J. H., & Kaplan, E. (1988). Integrating clinical 
assessment with cognitive neuroscience: Construct validation of the california verbal 
learning test. Journal of Consulting and Clinical Psychology, 56, 123-130. 

Delis, D.C., Kramer, J.H., Kaplan, E., & Ober, B. (1983,1987a). California verbal 
learning test - research edition. New York: The Psychological Corporation. 

Delis, D.C., Kramer, J.H., Kaplan, E., & Ober, B. (1983,1987b). California verbal 
learning test. Form II - research edition. New York: The Psychological Corporation .. 

Delis, D.C., McKee, R., & Massman, P.J., Kramer, J.H., Kaplan, E., & Gettman, D. 
(1991 ). Alternate form of the California Verbal learning Test: Development and 
reliability. The Clinical Neuropsychologist, 5, 154- 162. 



References 178 

DeLuca, J., Barbieri-Berger, S., & Johnson, S. K. (1994). The nature of memory 
impairments in multiple sclerosis: Acquisition versus retrieval. Journal of Clinical and 
Experimental Neuropsychology. 16 (2), 183-189. 

DeLuca, J., Gaudino, E.A., Diamond, B.J., Christodoulou, C., & Engel, R.A. (1998). 
Acquisition and storage deficits in multiple sclerosis. Journal of Clinical and 
Experimental Neuropsychology. 20 (3),376-390. 

D'Esposito, M., Detre, J., Alsop, D., Shin, R., Atlas, S., & Grossman, M. (1995). The 
neural basis of the central executive system of working memory. Nature. 378 (6554), 
279-281. 

Diamond, B. J., DeLuca, J., Johnson, S. K., Kelley, S. M. (1997).Verbal learning in 
amnesic anterior communicating artery aneurysm patients and in patients with multiple 
sclerosis. Applied Neuropsychology. 4 (2), 89-98. 

Diekhoff, G. (1992). Statistics for the social and behavioural sciences: Univariate. 
bivariate. multivariate. Dubuque, Indiana: WMC. Brown. 

Drew, N., Bishop, B. (1999). Cluster analysis. In S.J. Coates, L.G. Steed (Eds.), SPSS 
analysis without anguish. versions 7.0. 7.5. 8.0 for windows ( pp. 243-257). Brisbane: 
John Wiley and Sons. 

Dunlosky, J., & Nelson, T.O. (1992). Importance of the kind of cue for judgments of 
learning (JOL) and the delayed-JOL effect. Memory and Cognition. 20 (4), 374-380. 

Dunlosky, J., & Nelson, T.O. (1997). Similarity between the cues for judgments of 
learning (JOL) and the cue for test is not the primary determinant of JOL accuracy. 
Journal of Memory and Language. 36 (1), 34-49. 

Evans, A.C., Frank, J.A., Antel, J., & Miller, D.H. (1997). The role of MRI in clinical 
trials of multiple sclerosis: Comparison of image processing techniques. Annals of 
Neurology. 41, 125-132. 

Fazekas, F. (1989). Magnetic resonance signal abnormalities in asymptomatic 
individuals: their incidence and functional correlates. European Journal of Neurology. 
29, 164-168. 

Feinstein, A. (1995). Depression associated with multiple sclerosis: An etiological 
conundrum. Canadian Journal of Psychiatry. 40, 573-576. 

Feinstein, A., Kartsounis, L.D., Miller, D.H., Youl, B.D., & Ron, M.A. (1992). 
Clinically isolated lesions of the type seen in multiple sclerosis: a cognitive, psychiatric, 
and MRI follow up study. Journal of Neurology. Neurosurgery. and Psychiatry. 55, 869-
876. 

Feinstein, A., Ron, M., & Thompson, A. (1993). A serial study of psychometric and 
magnetic resonance imaging changes in multiple sclerosis. Brain. 116, 569-602. 



References 179 

Filippi, M., Campi, A., Martinelli, V., Colombo, B., Scotti, G., & Comi, G. (1996). 
Brain and spinal chord MR in benign mu1tiple sclerosis: a fol1ow-up study. Journal of 
the Neurological Sciences, 143, 143-149. 

Filippi, M., Grossman, R.I., & Comi, G. (1999). Magnetization transfer imaging in 
multiple sclerosis. Introduction. Neurology. 53 (Suppl. 3): S l-S2. 

Filippi, M., Horsfield, M.A., Morrissey, S.P., MacManus, D.G., Rudge, P., McDonald, 
W.I., & Mi11er, D.H. (1994). Quantitative brain MRI lesion load predicts the course of 
clinical1y isolated syndromes suggestive of multiple sclerosis. Neurology, 44, 635-641. 

Filippi, M., Horsfield, M.A., Toft, P.S., Barkhof, F., Thompson, A.J., & Miller, D.H. 
(1995). Quantitative assessment of MRI lesion load in monitoring the evolution of 
mu1tiple sclerosis. Brain, 118, 1601-1612. 

Filippi, M., Rovaris, M., & Comi, G. (1996). Magnetic resonance in monitoring the 
natural history of mu1tiple sclerosis and the effects of treatment. Italian Journal of 
Neurological Science, 17, 385-391. 

Filippi, M., Yousry, T., Baratti, C., Horsfield, M.A., Mammi, S., Becker, C., Voltz, R., 
Spuler, S., Campi, A., Reiser, M.S., & Comi, G. (1996). Quantitative assessment of 
MRI lesion load in multiple sclerosis. A comparison of conventional spin-echo with fast 
fluid-attenuated inversion recovery. Brain, 119, 1349-1355. 

Fischer, J. S. (1988). Using the Wechsler Memory Scale-Revised to detect and 
characterize memory deficits in multiple sclerosis. The Clinical Neuropsychologist, 2, 
149-172. 

Foley, F.W., Dince, W.M., Bedel1, J.R., LaRocca, N.G., Kalb, R., Caruso, L.S., Smith, 
C.R., & Shnek, Z.M. ( 1994). Psychoremediation of communication skil1s for cognitively 
impaired persons with multiple sclerosis. Journal of Neurologic Rehabilitation, 8, 165-
176. 

Foong, J., Rozewicz, L., Davie, C.A., Thompson, A.J., Mil1er, D.H. & Ron, M.A. 
(1999). Comelates of executive function in multiple sclerosis: The use of magnetic 
resonance spectroscopy as an index of focal pathology. Journal of Neuropsychiatry and 
Clinical Neurosciences. 11 ( 1 ), 45-50. 

Foong, J., Rozewicz, L., Quaghebeur, G., Davie, C.A., Kartsounis, L.D., Thompson, 
A.J., Miller, D.H., & Ron, M.A. (1997). Executive function in multiple sclerosis. The 
role of frontal lobe pathology. Brain, 120, 15-26. 

Ford, H.,Trigwel1, P., & Johnson, M. (1998). The nature of fatigue in mu1tiple sclerosis. 
Journal of Psychosomatic Research, 45 (1), 33-38. 

Francis, G.S., Evans, A.C., & Arnold, D.L. (1995). Neuroimaging in multiple sclerosis. 
Multiple Sclerosis, 13 (10), 147-171. 



References 180 

Franklin, G.M., Heaton, R.K., Nelson, L.M., Filley, C.M., & Seibert, C. (1988). 
Correlation of neurospychological and MRI findings in chronic/progressive multiple 
sclerosis. Neurology, 3 8, 1826-1829. 

Fridlund, A. J., & Delis, D. C. (1987). CVLT administration and scoring software. New 
York: The Psychological Corporation. 

Gabrieli, J.D.E., Fleischman, D., Keane, M., Reminger, S., & Morrell, F. (1995). 
Double dissociation between memory systems underlying explicit and implicit memory 
in the human brain. Psychological Science, 6, 76-82. 

Gardiner, J.M. (1996). On consciousness in relation to memory and learning. In M. 
Velmans (Ed.), The science of consciousness: Psychological, neuropsychological and 
clinical reviews (pp. 47-62). London: Routledge. 

Gardiner, J.M., & Java, R.I. (1993). Recognizing and remembering. In A. Collins, M.A. 
Conway, S.E. Gathercole, & P.E. Morris (Eds.), Theories of Mind (pp.163-88). 
Erlbaum, Hillsdale, NJ. 

Gass, A., Barker, G.J., Kidd, D., Thorpe, J.W., McManus, D., Brennan, A., Tofts, P.S., 
Thompson, A.J., McDonald, W.I., & Miller, D.H. (1994). Correlation of magnetization 
transfer ratio with clinical disability in multiple sclerosis. Annals of Neurology, 36, 62-
67. 

George, M.S., Kellner, C.H., Bernstein, H., & Goust, J.M. (1994). A magnetic 
resonance imaging investigation into mood disorders in multiple sclerosis: A pilot study. 
Journal ofNervous and Mental Disease, 182, 410-412. 

Gerard, G., & Weisberg, L.A. (1986). MRI periventricular lesions in adults. Neurology, 
36, 998-1001. 

Gold, J.M., Berman, K.F., Randolph, C., Goldberg, T.E., & Weinberger, D.R. (1996). 
PET validation of a novel prefrontal task: Delayed response alteration. 
Neuropsychology, 10 (1), 3-10. 

Goldberg, E., & Barr, W.B. (1991). Three possible mechanisms of unawareness of 
deficit. Clinical and theoretical issues. In G.P. Prigatano & D.L.Schacter (Eds.), 
Awareness of deficit after brain injury. Clinical and theoretical issues (pp.152-175). 
New York, Oxford: Oxford University Press. 

Goldberg, E., & Bilder, R.M. Jr. (1987). The frontal lobes and hierarchical organization 
of cognitive control. In E. Perecman (Ed.), The frontal lobes revisited. New York: The 
IRBN Press. 

Goldberg, E., & Podell, K. (1995). Lateralization in the frontal lobes. In H.H.Jasper, S. 
Riggio, & P.S. Goldman-Rakic, P.S. (Eds.), Epilepsy and the functional anatomy of the 
frontal lobe (pp. 85-96). New York: Raven Press 



References 181 

Goldberg, E., Podell, K., Harner, R., Lovell, M., & Riggio, S. (1994). Cognitive bias, 
functional cortical geometry, and the frontal lobes: Laterality, sex, and handedness. 
Journal of Cognitive Neuroscience, 6 (3), 276-296. 

Golden, C. J. (1976). Identification of brain disorders by the Stroop Colour and Word 
Test. Journal of Clinical Psychology, 32, 654-658. 

Goldstein, F.C., McKendall, R.R., & Haut, M.W. (1992). Gist recall m multiple 
sclerosis. Archives of Neurology, 49, 1060-1064. 

Goldstein, G., & Shelly, C. (1974). Neuropsychological diagnosis of multiple sclerosis 
in a neuropsychiatric setting. Journal of Nervous and Mental Disorders, 158, 280-290. 

Good, K., Clark, C.M., Oger, J., Paty, D., & Klonoff, H. (1992). Cognitive impairment 
and depression in mild multiple sclerosis. Journal of Nervous and Mental Disorders, 
180, 730-732. 

Graf, P., Shimamura, A. P., & Squire, L. R. (1985). Priming across modalities and 
priming across category levels: Extending the domain of preserved function in amnesia. 
Journal of Experimental Psychology: Learning. Memory and Cognition 11, 386-396. 

Graf, P., Squire, L.R., & Mandler, G. (1984). The information that amnesic patients do 
not forget. Journal of Experimental Psychology: Learning. Memory and Cognition. 10, 
164-178. 

Grafinan, J., Rao, S., Bernardin, L., & Leo, G. L. (1991). Automatic memory processes 
in patients with multiple sclerosis. Archives of Neurology, 48, 1072-1075. 

Grant, I., McDonald, W.I, Trimble, M.R., Smith, E., & Reed, R. (1984). Deficient 
learning and memory in early and middle phases of multiple sclerosis. Journal of 
Neurology. Neurosurgery. and Psychiatry. 47, 250-255. 

Grossman, R.I. (1994). Magnetization transfer in multiple sclerosis. Annals of 
Neurology. 36, S97-99. 

Haegert, D.G., & Marrosu, M.G. (1994). Genetic susceptibility to multiple sclerosis. 
Annals of Neurology. 36 (Suppl. 2), 204-210. 

Hambly, S.L., Wilkins, J.W., & Barry, N.S. (1993). Organizational quality on the rey
osterrieth and taylor complex figure tests: A new scoring system. Psychological 
Assessment. 5 (1), 27-33. 

Hammond, S.R., de Wytt, C., Maxwell, I.C., Landy, P.J., English, D., McLeod, J.G., & 
McCall, M.G. (1987). The epidemiology of multiple sclerosis in Queensland, Australia. 
Journal of Neurological Science. 80 (2-3), 185-204. 

Hammond, S.R., English, D., de Wytt, C., Maxwell, I.C., Millingen, K.S., Stewart
Wynne, E.G., McLeod, J.G., & McCall, M.G. (1988). The clinical profile of MS in 
Australia: A comparison between medium- and high-frequency prevalence zones. 
Neurology. 38, 980-986. 



References 182 

Hanes, K.R., Andrewes, D.G., Smith, D.J., & Pantelis, C. (1996). A brief assessment of 
executive control dysfunction: Discriminant validity and homogeneity of planning, set 
shift, and fluency measures. Archives of Clinical Neuropsychology, 11 (3), 185-191. 

Hart, T.J. (1965). Memory and the feeling of knowing experience. Journal of 
Educational Psychology, 56, 208-216. 

Hart, J.T. (1967). Memory and the memory monitoring process. Journal of Verbal 
Learning and Verbal Behavior, 6, 685-691. 

Heaton, R.K., Nelson, L.M., Thompson, D.S., Burks, J.S., & Franklin, G.M. (1985). 
Neuropsychological findings in relapsing-remitting and chronic-progressive multiple 
sclerosis. Journal of Consulting and Clinical Psychology, 53, 103-110. 

Heinrichs, R.W., & Bury, A. (1991). Copying strategies and memory on the Complex 
Figure test in psychiatric patients. Psychological Reports, 69, 223-226. 

Hiehle, J.F., Leninski, R.E., Grossman, R.I., Dousset, V., Ramer, K.N., Schnall, M.D., 
Cohen, J.A., & Gonzalez-Scarano, F. (1994). Correlation of spectroscopy and 
magnetization transfer imaging in the evaluation of demyelinating lesions and normal 
appearing white matter in multiple sclerosis. Magnetic Resonance Medicine, 32, 285-
293. 

Hirshman, E. (1998). On the logic of testing the independence assumption m the 
process-dissociation procedure. Memory and Cognition, 26 (5), 857-859. 

Hogencamp, W.E., Rodriguez, M., & Weinshenker, B.G. (1997). The epidemiology of 
multiple sclerosis. Mayo Clinic Proceedings, 72 (9), 871-878. 

Hohol, M.J., Guttman, C.R.G., Orav, J., Mackin, G.A., Kikinis, R., Khoury, S.J., Jolesz, 
F.A., & Weiner, H.L. (1997). Serial neuropsychological assessment and magnetic 
resonance imaging analysis in multiple sclerosis. Archives of Neurology, 54, 1018-
1025. 

Holst, P., & Vilkki, J. (1988). Effect of frontomedial lesions on performance on the 
Stroop test and word fluency tasks. Journal of Clinical and Experimental 
Neuropsychology, 10, 79 (Abstract). 

Horsfield, M.A. (1999). Standardization, optimisation and organisation of magnetic 
resonance imaging for monitoring clinical trials. In M. Filippi, R.I. Grossman, & G. 
Comi (Eds.), Topics in neuroscience. Magnetic resonance techniques in clinical trials in 
multiple sclerosis (pp. 145-167). Italia, Milano: Springer-Verlag. 

Huber, S.J., Bornstein, R.A., Rammohan, KW., Christy, J.A., Chakeres, D.W., & 
McGhee, R.B. (1992). Magnetic resonance imaging correlates of neuropsychological 
impairment in multiple sclerosis. Journal of Neuropsychiatry and Clinical 
Neurosciences, 4, 152-158. 

Hutchinson, J., Burke, T., & Hutchinson, M. (1996). Neuropsychological assessment in 
multiple sclerosis: methodological issues and concerns. Multiple Sclerosis, 2, 57-65. 



References 183 

Izquierdo, G., Campoy, F., Mir, J., Gonzalez, M., & Martinez-Parra, C. (1991). Memory 
and learning disturbances in multiple sclerosis. MRI lesions and neuropsychological 
correlation. European Journal of Radiology. 13, 220-224. 

Jacoby, L. L. (1991). A process dissociation framework: Separating automatic from 
intentional uses of memory. Journal of Memory and Language, 30, 513-541. 

Jacoby, L. L. (1998). Invariance in automatic influences of memory: Toward a user's 
guide for the process-dissociation procedure. Journal of Experimental Psychology: 
Leaming, Memory, and Cognition, 24 (1), 3-26. 

Jac9by, L.L., Begg, I.M., //l, Toth, J.P. (1997). Independent automatic and controlled 
influences. In defense of functional independence: Violations of assumptions underlying 
the process-dissociation procedure? Journal of Experimental Psychology: Leaming, 
Memory and Cognition, 23, (2), 484-495. 

Jacoby, L.L, Jennings, J.M., & Hay, J.F. (1996). Dissociating automatic and consciously 
controlled processes: Implications for diagnosis and rehabilitation deficits. In D.J. 
Herrmann, C. McEvoy, C. Hertzog, P. Hertel, & M.K. Johnson (Eds.), Basic and 
applied memory research theory in context, Vol. l .(pp.161-193). Mahwah, New Jersey: 
Lawrence Erlbaum Associates, Publishers. 

Jacoby, L.L., & Shrout, P.E. (1997). Toward a psychometric analysis of violations of the 
independence assumption in process dissociation. Journal of Experimental Psychology: 
Leaming. Memory, and Cognition, 23 (2), 505-510. 

Jacoby, L.L., Toth, J.P., & Yonelinas, A.P. (1993). Separating conscious and 
unconscious influences of memory: Measuring recollection. Journal of Experimental 
Psychology: General, 122 (2), 139-154. 

Jacoby, L.L., Woloshyn, V., & Kelley, C.M. (1989). Becoming famous without being 
recognized: Unconscious influences of memory produced by dividing attention .. 
Journal of Experimental Psychology: General, 118, 115-125. 

Jacoby, L.L.,Yonelinas, A.P., & Jennings, J. (1997). The relation between conscious and 
unconscious (automatic) influences. A declaration of independence. In J.Cohen, & J.W. 
Schooler (Eds.), Scientific approaches to the question of consciousness (pp.13-47). 
Hillsdale, NJ: Erlbaum. 

Jambor, K.L. ( 1969). Cognitive functioning in multiple sclerosis. British Journal of 
Psychiatry, 115, 765-775. 

Janowsky, J.S., Shimamura, A.P., & Squire, L.R. (1989). Memory and metamemory: 
Comparisons between patients with frontal lobe lesions and amnesic patients. 
Psychobiology. 17, 3-11. 

Janowsky, J.S., Shimamura, A.P., Kritchevsky, M., & Squire, L.R. (1989). Cognitive 
impairment following frontal lobe damage and its relevance to human amnesia. 
Behavioral Neuroscience. 103, 548-560. 



References 184 

Jennekens-Schinkel, A., Laboyie, P.M., Lanser, J.B.K., & Van der Velde, E.A. (1990). 
Cognition in patients with multiple sclerosis after four years. Journal of the 
Neurological Sciences, 99, 229-247. 

Johnson, R.T., Katzman, R., McGeer, E., Price, D., Shooter, E.M., & Siberberg, D. 
(1979). Report on the panel on inflammatory, demyelinating and degenerative disease 
(Report No. 79-1916).Washington, DC: U.S. Department of Health, Education, and 
Welfare. 

Jonsson, A., Korfitzen, E.M., Heltberg, A., Ravnborg, M.H., & Byskov-Ottosen, E. 
(1993). Effects of neuropsychological treatment in patients with multiple sclerosis. Acta 
Neurologica Scandinavica, 88, 394-400. 

Joordens, S., & Merikle, P.M. (1993). Independence or redundancy? Two models of 
consious and unconscious influences. Journal of Experimental Psychology: General, 
122. 462-467. 

Jurado, M.A., Junque, C., Vendrell, P.,Treserras, P., & Grafman, J. (1998). 
Overestimation and unreliability in "feeling-of-doing" judgments about temporal 
ordering performance: Impaired self-awareness following frontal lobe damage. Journal 
of Clinical and Experimental Neuropsychology, 20 (3), 353-364. 

Justin, P., & Olsson, H. (1997). Thurstonian and brunswikian origins of uncertainty in 
judgment: A sampling model of confidence in sensory discrimination. Psychological 
Review, 104 (2), 344-366. 

Kajula, P., Portin, R., Revonsuo, A., & Ruutianen, J. (1994). Automatic and controlled 
information processing in multiple sclerosis. Brain, 117, 1115-1126. 

Kaplan, E. (1983). Process and achievement revisited. In S.Wapner & B. Kaplan (Eds.), 
Toward a holistic developmental psychology (pp.143-156). Hillsdale, NJ: Erlbaum. 

Kaplan, E, (1989). A process approach to neuropsychological assessment. In T. Boll & 
B.K. Bryant (Eds.), Clinical neuropsychology and brain function: Research, 
measurement and practice (pp.129-167). Washington, DC: American Psychological 
Association. 

Kelley, C.M., & Jacoby, L.L. (1998). Subjective reports and process dissociation: 
Fluency, knowing, and feeling. Acta Psychologia, 98, 127-140. 

Keren, G. (1991). Calibration and probability judgments: Conceptual and 
methodological issues. Acta Psychologica, 77, 217-273. 

Kessler, H.R., Cohen, R.A., Lauer, K., & Kausch, D.F. (1992). The relationship between 
disability and memory dysfunction in multiple sclerosis. International Journal of 
Neuroscience, 62, 17-34. 

Klatzky, R. L. (1980). Human memory: Structure and processes. San Francisco: 
Freeman. 



References 185 

Kolers, P. A. (1976). Reading a year later. Journal of Experimental Psychology: Human 
Learning and Memory, 2, 554-565. 

Komatsu, S., Graf, P., & Uttl, B. (1995). Process dissociation procedure: Core 
assumptions fail, sometimes. European Journal of Cognitive Psychology, 7, 19-40. 

Kopelman, M.D., & Stanhope, N. (1997). Rates of forgetting in organic amnesia 
following temporal lobe, diecephalic, or frontal lobe lesions. Neuropsychology, 11, 343-
356. 

Koriat, A. (1993). How do we know that we know? The accessibility model of the 
feeling of knowing. Psychological Review, 100 (4), 609-639. 

Koriat, A., Lichtenstein, S., & Fischoff, B. (1980). Reasons for confidence. Journal of 
Experimental Psychology: Human Learning and Memory, 6, 107-118. 

Krupp, L.B., Sliwinsky, M., Masur, D.M., & Friedberg, F. (1994). Cognitive 
functioning and depression in patients with chronic fatigue syndrome and multiple 
sclerosis. Archives of Neurology, 51, 705-710. 

Kucera, H., & Francis, W. N. (1967). Computational analysis of present - day American 
English. Providence, Rhode Island: Brown University Press. 

Kurtzke, J.F. (1955). A new scale for evaluating disability m multiple sclerosis. 
Neurology, 5, 580-583. 

Kurtzke, J.F. (1983). Rating neurological impairment in multiple sclerosis: An 
expanded disability status scale (EDSS). Neurology, 33, 144-1452. 

Lachman, J.L., & Lachman, R. (1980). Age and the actualization of world knowledge. 
In L.W. Poon, J.L. Fozard, L.S. Cermak, D. Arenberg, & L.W. Thomson (Eds.), New 
directions in memory and aging (pp.285-311 ). Hillsdale, NJ: Erlbaum. 

LaRocca, N.G. (1990). A rehabilitation perspective. In S.M. Rao (Ed.), Neurobehavioral 
aspects of multiple sclerosis (pp. 215-229). New York: Oxford University Press. 

Lee, Y.S. (1995). Effects of learning contexts on implicit and explicit learning. Memory 
and Cognition, 23, 723-734. 

Lee, M.A., Smith, S., Palace, J., & Matthews, P.M. (1998). Defining multiple sclerosis 
disease activity using MRI TI-weighted difference imaging. Brain, 121, 2095-2102. 

Lee, G.P., Strauss, E., Loring, D.,W., McCloskey, L., Haworth, J.M., & Lehman, 
R.A. W. (1997). Sensitivity of figural fluency on the five-point test to focal neurological 
dysfunction. The Clinical Neuropsychologist. 11 (1), 59-68. 

Leonesio, R.J., & Nelson, T.O. (1990). Do different metamemory judgments tap the 
same underlying aspects of memory? Journal of Experimental Psychology: Learning, 
Memory and Cognition, 16(3), 464-470. 



References 186 

Levin, H.S., Goldstein, F.C., Williams, D.H., & Eisenberg, H.M. (1991). The 
contribution of frontal lobe lesions to the neurobehavioral outcome of closed head 
injury. In H.S. Levin, H.M. Eisenberg, & A.L. Benton, (Eds.), Frontal lobe function and 
dysfunction. New York: Oxford University Press. 

Lezak, M.D. (1982). The problems of assessing executive functions. International 
Journal of Psychology, 17, 281-297. 

Lezak, M.D. (1983). Neuropsychological Assessment. (2nd ed.). New York: Oxford 
University Press. 

Lezak, MD. (1994). Domains of behaviour from a neuropsychological perspective: The 
whole story. In W. Spaulding (Ed.), 41st Nabraska Symposium on Motivation, 1992-
1993. Lincoln, NE: University ofNabraska Press. 

Lezak, M.D. (1995). Neuropsychological Assessment. (3rd ed.). New York: Oxford 
University Press. 

Lichtenstein, S., Fischhoff, B., & Phillips, L.D. (1982). Calibration of subjective 
probabilities: The state of the art up to 1980. In D. Kahneman, P. Slovic, & A. Tversky 
(Eds.), Judgments under uncertainty: Heuristics and biases (pp. 306-334). New York: 
Cambridge University Press. 

Litvan, I., Grafman, J., Vendrell, P., & Martinez, J.M. (1988). Slowed information 
processing in multiple sclerosis. Archives of Neurology, 45, 281-285. 

Litvin, I., Grafman, J.,Vendrell, P., Martinez, J.M., Junque, C., Vendrell, J.M. & 
Barroquer-Bordas, J.L. (1988). Multiple memory deficits in patients with multiple 
sclerosis: Exploring the working memory system. Archives of Neurology, 45, 607-610. 

Lublin, F.D. & Reingold, S.C. (1996). Defining the clinical course of multiple sclerosis: 
Results of an international survey. Neurology, 46, 907-911. 

Luria, A. R. (1966). Higher cortical functions in man. New York: Basic Books. 

Luria, A.R. (1969). Frontal lobe syndromes in man. In P.J. Vin.ken, & G.W. Bruyn 
(Eds.), Handbook of Clinical Neurology, Vol 2. North-Holland, Amsterdam. 

Luria, A.R. (1972). Neuropsychology and the study of higher cortical functions. In A. 
Christensen (Ed.). Luria's neuropsychological investigation (2nd Ed.), (pp.15-21 ). 
Denmark: Munksgaard. 

Luria, A.R. (1973a). Towards the mechanisms of brain disturbance. Neuropsychologia, 
11, 417-421. 

Luria, A.R. (1973b). The working brain. London: The Penguin Press. 

Macleod, C.M. (1991). Half a century of research on the stroop effect: An integrative 
review. Psychological Bulletin, 109 (2), 163-203. 



References 187 

Mahler, M.E. (1992). Behavioral manifestations associated with multiple sclerosis. 
Psychiatric Clinics of North America, 15, 427-438. 

Maki, R.H., & Berry, S. L. (1984). Metacomprehension of text. Journal of Experimental 
Psychology:Leaming. Memory, and Cognition, 10, 663-679. 

Mangels, J.A. (1997). Strategic processing and memory for temporal order in patients 
with frontal lobe lesions. Neuropsychology, 11 (2), 207-221. 

Mariani, C., Farina, E., Cappa, S.F., Anzola, G.P., Faglia, L., Bevilacqua, L., Capra, R., 
Mattioli, F, & Vignolo, L.A. (1991). Neuropsychological assessment in multiple 
sclerosis: A follow-up study with magnetic resonance imaging. Journal of Neurology, 
238, 395-400. 

Matthews, W.B. (1991). Symptoms and signs. In W.B. Matthews (ed.), McAlpine's 
multiple sclerosis (2nd ed.) ( pp. 50-51). London: Churchill Livingston. 

Maurelli, M., Marchioni, E., Cerretano, R., Bosone, D., Bergamaschi, R., Citterio, A., 
Martelli, A., Sibilla, L., & Savoldi, F. (1992). Neuropsychological assessment in MS: 
Clinical, neurophysiological, and neuroradiological relationships. Acta Neurologica 
Scandanavica, 86, 124-128. 

Mayes, A.R. (1988). Human organic memory disorders. Cambridge: Cambridge 
University Press. 

Mayes, A.R., & Daum, I. (1997). How specific are the memory and other cognitive 
deficits caused by frontal lobe lesions? In P. Rabbitt (Ed.), Methology of frontal and 
executive function (pp.155-175). East Sussex, U.K: Psychology Press. 

McAlpine, P., Lumsden, L.E., & Acheson, E.D. (1972). Multiple sclerosis: A 
reappraisal. Livingstone, Edinburgh, (2nd Ed.). 

McFie, J. (1975). Assessment of organic intellectual impairment. London: Academic 
Press. 

McGlynn, S. M., & Schacter, D. L. (1989). Unawareness of deficits in 
neuropsychological syndromes. Journal of Clinical and Experimental Neuropsychology, 
11, 143-205 

McIntosh-Michaelis, S. A., Roberts, M, H., Wilkinson, S. M., Diamond, I. D., 
Mclellan, D. L., Martin, J. P., & Spackman, A. J. (1991 ). The prevalence of cognitive 
impairment in a community survey of multiple sclerosis. British Journal of Clinical 
Psychology, 30, 333-348. 

McLeod, J.G., Hammond, S.R., & Hallpike, J.F. (1994). Epidemiology of multiple 
sclerosis in Australia. With NSW and SA survey results. The Medical Journal of 
Australia, 160, 117-122. 



References 188 

Merikle, P .M. & Reingold, E.M. (1991 ). Comparing direct ( explicit) and indirect 
(implicit) measures to study unconscious memory. Journal of Experimental Psychology: 
Learning, Memory, and Cognition, 17, 224-33. 

Messerli, P., Serron, X., & Tissot, R. (1979). Quelques aspects des troubles de la 
programmation dans le syndrome frontal. Archives Suisse de Neurologie, 
Neurochirurgie et de Psychiatrie, 125, 23-35. 

Metcalfe, J. (1993). Novelty monitoring, metacognition, and control in a composite 
holographic associative recall model: Implications for korskoff amnesia. Psychological 
Review. I 00, (I), 3-22. 

Metcalfe, J., & Shimamura, A.P. (1994). Metacognition: Knowing about knowing. 
Cambridge, MA: MIT. 

Metcalfe, J. & Wiebe, D. (1987). Intuition in insight and noninsight problem solving. 
Memory and Cognition, 15, 238-46. 

Meyers, J.E., & Meyers, K.R. (1995). Rey complex figure test under four different 
administration procedures. The Clinical Neuropsychologist, 9, 63-67. 

Miki, Y., Grossman, R.I., Udupa, J.K., Wei, L., Kolson, D.L., Mannon, L.J., Grossman, 
M. (I 998). Isolated U-fiber involvement in MS. Preliminary observations. Neurology. 
50, 1301-1306. 

Mikulis, D., & Kuhn, M. (1992). Multiple Sclerosis. In J.M. Taveras, et al., (Eds.), 
Radiology: Diagnosis, imaging, intervention (pp. I-I I). Philadelphia: Lippincott. 

Miller, D.H. (1994). Magnetic resonance in monitoring the treatment of multiple 
sclerosis. Annals of Neurology, 36, S91-S94. 

Milner, B. (1964). Some effects of frontal lobectomy in man. In J.M. Warren & K. 
Akert (Eds.), The frontal granular cortex and behaviour (pp.64-82). New York: 
McGraw-Hill. 

Minden, S.L. (1992). Psychotherapy for people with multiple sclerosis. 
Neuropsychiatric Practice and Opinion, 4 (2), 198-213. 

Minden, S.L., & Moes, E. (1990). A psychiatric perspective. In S.M. Rao (Ed.), 
Neurobehavioral aspects of multiple sclerosis (pp.215-229). New York: Oxford 
University Press. 

Minden, S.L., Moes, E.J., Orav, J., Kaplan, E., & Reich, P. (1990). Memory impairment 
in multiple sclerosis. Journal of Clinical and Experimental Neuropsychology, 12 (4), 
566-586. 

Moller, A., Wiedemann, G., Rohde, U., Backmund, H., & Sonntag, A. (1994). 
Correlates of cognitive impairment and depressive mood disorder in multiple sclerosis. 
Acta Psychiatrica Scandinavica, 89, 117-121. 



References 189 

Monteyne, P., Bureau, J.F., & Brahic, M. (1998). Viruses and multiple sclerosis. Current 
Opinion in Neurology, 11 (4), 287-291. 

Morris, R., Blashfield, R., & Satz, P. (1981). Neuropsychology and cluster analysis: 
Potentials and problems. Journal of Clinical Neuropsychology, 3, 79-99. 

Moscovitch, M. (1989). Confabulation and the frontal systems: Strategic versus 
associative retrieval in neuropsychological theories of memory. In H. L. Roediger, & F. 
I. M. Craik (Eds.), Varieties of Memory and Amnesia. Hillsdale, NJ: Lawrence 
Erlbaum. 

Mulligan, N.W., & Hirshman, E. (1997). Measuring the bases of recognition memory: 
An investigation of the process-dissociation framework. Journal of Experimental 
Psychology: Leaming, Memory, and Cognition, 23, (2) 280-304. 

Nelson, T.O. (1984). A comparison of current measures of the accuracy of feeling-of
knowing predictions. Quantitative methods in psychology. Psychological Bulletin, 95 
(1), 109-133. 

Nelson, T.O. (1988). Predictive accuracy of the feeling of knowing across different 
criterion tasks and across different subject populations and individuals. In M.M. 
Grunberg, P.E. Morris, & R.N. Sykes (Eds.), Practical aspects of memory: Current 
research and issues (Vol. 1). New York: Wiley. 

Nelson, T.O. & Dunlosky, J. (1991). When people's judgment of learning (JOLs) are 
extremely accurate at predicting subsequent recall: The delayed JOL effect. 
Psychological Science, 2 (4), 267-270. 

Nelson, T. 0., Gerler, D., & Narens, L. (1984). Accuracy of feeling-of-knowing 
judgments for predicting perceptual identification and relearning. Journal of 
Experimental Psychology (General), 113: 282-300. 

Nelson, T.O., & Leonesio, R.J. (1988). Allocation of self-paced study time and the 
"labor-in-vain effect". Journal of Experimental Psychology: Leaming, Memory, and 
Cognition, 14 (4), 676-686. 

Nelson, T.O., Leonesio, R.J., Shimamura, A.P., Landwehr, R.F., & Narens, L. (1982). 
Overleaming and the feeling of knowing. Journal of Experimental Psychology: 
Learning, Memory and Cognition, 8( 4) 279-288. 

Nelson, T.O., McSpadden, M., Fromme, K., & Marlatt, G.A. (1986). Effects of alcohol 
intoxication on metamemory and on retrieval from long-term memory. Journal of 
Experimental Psychology: General, 115, 247-254. 

Nelson, T.O. & Narens, L. (1980). A new technique for investigating the feeling of 
knowing. Acta Psychologica, 46, 69-80. 

Nelson, T.O. & Narens, L. (1990). Metamemory: A theoretical framework and new 
findings. The Psychology of Leaming and Motivation, 26, 125-173 



References 190 

Nelson, T.O. & Narens, L. (1994). Why investigate metacognition? In J. Metcalfe, & 
A.P.Shimamura (Eds.), Metacognition. Knowing about knowing (pp.1-25). Cambridge, 
London: The MIT Press. 

Newcombe, F. (1969). Missile wounds of the brain. London: Oxford University Press. 

Nie, N.H., Hull, C.H., Jenkins, J.G., Steinbrenner, K., & Bent, D.H. (1975). Statistical 
Package for the Social Sciences ( 2nd ed.). New York: McGraw-Hill. 

Nyenhuis, D.L., Rao, S.M., Zajecka, J.M., Luchetta, T., Bernardin, L., & Garron, D.C. 
( 1995). Mood disturbance versus other symptoms of depression in multiple sclerosis. 
Journal of the International Neuropsychological Society, 1, 291-296. 

O'Shea, M.F., Saling, M.M., & Baldin, P.F. (1994). Can metamemory be localized? 
Journal of Clinical and Experimental Neuropsychology, 16 (4), 640-646. 

Osterrieth, P.A. (1944 ). Le test de co pie d 'une figure complexe. Contribution a I' etude 
de la perception et de la memoire. Archives de Psychologie, 30, 206-356. 

Partington, J.E., & Leiter, R.G. (1949). Partington's Pathway Test. The Psychological 
Service Centre Bulletin, I, 9-20. 

Passafiume, D., Pozzilli, C., Bernardi, S., & Fieschi, C. (1993). Cognitive abilities in 
multiple sclerosis: A longitudinal study (Abstract). Journal of Clinical and Experimental 
Neuropsychology, 15, 104. 

Paty, D.W., & Li, D.K.B. (1999l, Magnetic resonance imaging techniques in phase III 
clinical trials in multiple sclerosis. In M. Filippi, R.I. Grossman, & G. Comi (Eds.), 
Topics in neuroscience. Magnetic resonance techniques in clinical trials in multiple 
sclerosis (pp. 134-145). Italia, Milano: Springer-Verlag. 

Paul, R.H., Beatty, W.W., Schneider, R., Blanco, C., & Hames, K. (1998). Impairments 
of attention in individuals with multiple sclerosis. Multiple Sclerosis, 4, 433-439. 

Paulesu, E., Perani, D., Fazio, F., Comi, G., Pozzilli, G., Martinelli, V., Filippi, M., 
Bettinardi, V., Sirabian, G., Passafiume, D., Anzini, A., Lenzi, G.L., Canal, N., & 
Fieschi, C. ( 1996). Functional basis of memory impairment in multiple sclerosis: A 
[18F] FDG PET study. Neuroimage, 4(2), 87-96. 

Peirce, C.S., & Jastrow, J. (1984). On small differences of sensation. Memoirs National 
Academy of Sciences, 3, 73-83. 

Pelosi, L., Geesken, J.M., Holly, M., Hayward, M., & Blumhardt, L.D. (1997). Working 
memory impairment in early multiple sclerosis. Evidence from an event-related 
potential study of patients with clinically isolated myelopathy. Brain, 120, 2039-2058. 

Pendleton, M. G., Heaton, R. K., Lehman, R. A. W., Hulihan, D., & Anthony, W. Z. 
( 1985). Word finding test performance: Effects of localization of cerebral damage, level 
of neuropsychological impairment, age, and education. Journal of Clinical Psychology, 
41, 82-85. 



References 191 

Penman, M.F. (1991). Assessing the prevalence of cognitive impairment in multiple 
sclerosis: Implications for patient management. AXON, pp. 45-59. 

Perret, E. (1974). The left frontal lobe of man and the suppession of habitual responses 
in verbal categorical behaviour. Neuropsychologia, 12, 323-330. 

Petrides, M., Alivisatos, B., Meyer, E., & Evans, A.C. (1993). Functional activation of 
the human frontal cortex during the perf onnance of verbal working memory tasks. 
Proceedings of the National Academy of Science USA 90, 878-882. 

Peyser, J.M., Edwards, K.R., Poser, C.M., & Filskov, S.B. (1980). Cognitive function in 
patients with multiple sclerosis. Archives of Neurology, 37, 577-579. 

Peyser, J. M., Rao, S. M., LaRocca, N. G., & Kaplan, E. (1990). Guidelines for 
neurological research in multiple sclerosis. Archives of Neurology, 47, 94-97. 

Phillips, L.H. (1997). Do "frontal tests" measure executive function? Issues in 
assessment and evidence from fluency tests. In P. Rabbit, (Ed.), Methodology of frontal 
and executive function (pp. 191-213). UK: Psychology Press. 

Pijpers-Kooiman, M.J., van der Velde, E.A., & Jennekens-Schinkel, A. (1995). 
Retrieval from semantic memory may be nonnal in multiple sclerosis patients: A study 
of free word association. Journal of the Neurological Sciences. 132, 65-70. 

Pillon, B. (1981 ). Troubles visuo-constructifs et methodes de compensation: Resultats 
de 85 patients atteints de lesions cerebrales. Neuropsychologia, 19, 375-383. 
Lee et al., 1996). 

Poser, C.M. (1994). The epidemiology of multiple sclerosis: A general overview. 
Annals of Neurology, 36 (S2), S 180-S 193. 

Poser, C.M., Paty, D.W., Scheinberg, L., McDonald, I., Davis, F.A., Ebers, G.C., 
Johnson, K.P., Sibley, W.A., Silberberg, D.H., & Tourtellotte, W.W.(1983). New 
diagnostic criteria for multiple sclerosis: Guidelines for research protocols. Annals of 
Neurology. 13 (3), 227-231. 

Pozzilli, C., Passafiume, D., Bernardi, S., Pantano, P., Incoccia, C., Bastianello, S., 
Bozzao, L., Lenzi, G.L., Fieschi, C. (1991). SPECT, MRI and cognitive functions in 
multiple sclerosis. Journal of Neurology. Neurosurgery, and Psychiatry. 54, 11 0-115. 

Raine, C.S. (1990). Neuropathology. In S.Rao (Ed.), Neurobehavioural aspects of 
multiple sclerosis. Oxford University Press. 

Rao, S.M. (1986). Neuropsychology of multiple sclerosis: A critical review. Journal of 
Clinical and Experimental Neuropsychology. 8 (5), 503-542. 

Rao, S.M. (1990). Neuroimaging correlates of cognitive dysfunction. In S.M. Rao (Ed.), 
Neurobehavioural aspects of multiple sclerosis. New York: Oxford Universty Press. 



References 192 

Rao, S.M. (1993). Cognitive and neuroimaging changes in Multiple Sclerosis. In U. 
Halbreich (Ed.), Multiple Sclerosis: A neuropsychiatric disorder. Progress in Psychiatry, 
No.37, (pp.55-71). Washington DC: American Psychiatric Press, Inc. 

Rao, S.M. (1995a). Neuropsychology of multiple sclerosis. Current Opinion m 
Neurology, 8, 216-220. 

Rao, S. M. (1995b). Assessment of cognitive impairment in multiple sclerosis. MS 
Management, 2 (1), 31-35. 

Rao, S.M., Bernardin, L.J, & Leo, G.J. et al. (1995). Cognitive dysfunction in multiple 
sclerosis. 111. Longitudinal changes after 36 months. Manuscript submitted for 
publication. 

Rao, S. M., Grafman, J., DiGiulio, D., Mittenberg, W., Bernardin, L., Leo, G. J., 
Luchetta, T., & Unverzagt, F. (1993). Memory dysfunction in multiple sclerosis: Its 
relation to working memory, semantic encoding, and implicit ]earning. 
Neuropsycho]ogy, 7 (3), 364-374. 

Rao, S. M., Hammeke, T. A., McQui11an, M. P., Khatri, B. 0., & Lloyd, D. (1984). 
Memory disturbance in chronic progressive multiple sclerosis. Archives of Neurology, 
41, 625-631. 

Rao, S.M., Leo, G.J., Bernardin, L., & Unverzagt, F. (1991). Cognitive dysfunction in 
multiple sclerosis. I. Frequency, patterns, and predictions. Neurology, 41, 685-691. 

Rao, S.M., Leo, G.J., Ellington, L., Nauertz, T., Bernardin, L., & Unverzagt, F. (1991). 
Cognitive dysfunction in multiple sclerosis: II. Impact on employment and social 
functioning. Neurology, 41, 692-696. 

Rao, S.M., Leo, G.J., Haughton, V.M., St. Aubin-Faubert, P., & Bernardin, L. (1989). 
Correlation of magnetic resonance imaging with neuropsychological testing in multiple 
sclerosis. Neurology, 39, 161-166. 

Rao, S. M., Leo, D. 0., & St. Aubin-Faubert, P. (1989). On the nature of memory 
disturbance in multiple sclerosis. Journal of Clinical and Experimental 
Neuropsycho]ogy, 11, 699-712. 

Rao, S.M .. , Reingo]d, S.C., Ron, M.A, Lyon-Caen, 0., & Cami, G. (1992). Workshop 
on neurobehaviora] disorders in Multiple Sclerosis, Archives of Neurology, 50, 658-
662. 

Raymond, P.M., Stern, R.A., Authe]et, A.M., & Penney, D. (1987). A comparison of 
California Verba] Learning Test performance among patients with multiple sclerosis, 
right hemisphere vascular lesions, and normal controls. Paper presented at the 15th 
Annual meeting of the International Neuropsychologica] Society, Washington, DC. 

Regard, M.(1981 ). Cognitive rigidity and flexibility: A neuropsychological study. 
Unpublished doctoral dissertation, University of Victoria. 



References 193 

Regard, M. (1991). The perception and control of emotions: Hemispheric differences 
and the role of the frontal lobes. Habilitationsschrift. Zurich: University Hospital 
Department of Neurology. 

Regard, M., Strauss, E., & Knapp, P. (1982). Children's production of verbal and non
verbal fluency tasks. Perceptual and Motor Skills, 55, 839-844. 

Reingold, E.M. & Merikle, P.M. (1988). Using direct and indirect measures to study 
perception without awareness. Perception and Psychophysics, 44, 563-75. 

Reingold, E.M. & Merikle, P.M. (1990). On the inter-relatedness of theory and 
measurement in the study of unconscious processes. Mind and Language, 5, 9-28. 

Reingold, E.M. & Toth, J.P. (1996). Process dissociation versus task dissociations: a 
controversy in progress. In G. Underwood (Ed.), Implicit cognition (pp.160-202). 
Oxford University Press: Oxford, England. 

Reitan, R.M. (1971). Trail Making test results for normal and brain-damaged children. 
Perceptual and Motor Skills, 33, 575-581. 

Reitan, R. M. ( 1972). Verbal problem solving as related to cerebral damage. Perceptual 
and Motor Skills, 34, 515-524. 

Reitan, R. M., Hom, J., & Wolfson, D.(1988). Verbal processing by the brain. Journal of 
Clinical and Experimental Neuropsychology, 10 (1), 400-408. 

Reitan, R.M., & Wolfson, D. (1994). A selective and critical review of 
neuropsychological deficits and the frontal lobes. Neuropsychology Review, 4 (3), I 61-
198. 

Reitan, R.M., & Wolfson, D. (1995). Category test and trail making test as measures of 
frontal lobe functions. Clinical Neuropsychologist, 9, 50-56. 

Rey, A. (1941). L'examen psychologique dans les cas d'encephalopathie traumatique. 
Archives de Psychologie, 28, 286-340. 

Richardson, J.T.E. (1996). Memory impairment in multiple sclerosis: Reports of 
patients and relatives. British Journal of Clinical Psychology, 35, 205-219. 

Richardson-Klavehn, A., & Bjork, R.A. (1988). Measures of memory. Annual Review 
of Psychology, 39, 475-543. 

Richardson-Klavehn, A., & Gardiner, J. M. (1995). Retrieval volition and memorial 
awareness in stem completion: An empirical analysis. Psychological Research, 57 (3-4), 
166-178. 

Richardson-Klavehn, A., Gardiner, J. M., & Java, R. I. (1994). Involuntary conscious 
memory and the method of opposition. Memory,£ (1), 1-29. 



References 194 

Roessler, R., & Rumrill, P. (1994). Strategies for enhancing career maintenance self
efficacy of people with multiple sclerosis. Journal of Rehabilitation, 60, 54-59. 

Rovaris, M., Filippi, M., Falautano, M., Minicucci, L., Rocca, M.A., Martinelli, V., & 
Comi, G. ( 1998). Relation between MR abnormalities and patterns of cognitive 
impairment in multiple sclerosis. Neurology. 50, 1601-1608. 

Rovaris, M., Rocca, M.A., Capra, R., Prandini, F., Martinelli, V., Comi, G., Filippi, M. 
(1998). A comparison between the sensitivities of 3-mm and 5-mm thick serial brain 
MRI for detecting lesion volume changes in patients with multiple sclerosis. Journal of 
N euroimaging. 8 (3 ), 144-7. 

Ryan, L. (1993). Patterns of cognitive impairment in multiple sclerosis and their 
relationship to neuropathology on magnetic resonance imaging. Unpublished doctoral 
dissertation. University of British columbia. Vancouver, Canada. 

Ryan, L., Clark, C.M., Klonoff, H., Li. D., & Paty, D. (1996). Patterns of cognitive 
impairment in relapsing-remitting multiple sclerosis and their relationship to 
neuropathology on magnetic resonance images. Neuropsychology. 10, 176-193. 

Sandyk, R. (1994). Improvement in word-fluency performance in patients with multiple 
sclerosis by electromagnetic fields. International Journal of Neuroscience, 79, 75-90. 

Schacter, D. L. (1991). Unawareness of deficit and unawareness of knowledge in 
patients with memory disorders. In G. P. Prigatano & D. L. Schacter (Eds.), Awareness 
of deficit after brain injury: Clinical and theoretical issues (pp. 127-151). New York: 
Oxford University Press. 

Schacter, D.L. (1995). Implicit memory: A new frontier for cognitive neuroscience. In 
M.S. Gazzaniga (Ed.), The cognitive neurosciences. Massachusett: Bradford 

Schacter, D.L. (1996). Searching for memory. The brain, the mind, and the past. New 
York: Basic Books. 

Schear, J.M., & Sato, S.D. (1989). Effects of visual acuity and visual motor speed and 
dexterity on cognitive test performance. Archives of Clinical Neuropsychology, 4, 25-
32. 

Schiffer, R.B., & Babigian, H.M. (1984). Behavioral disorders in multiple sclerosis, 
temporal lobe epilepsy and amyotrophic lateral sclerosis: An epidemiologic study. 
Archives of Neurology. 41, 1067-1069. 

Schneider, W., & Shiffrin, R.M. (1977). Controlled and automatic human information 
processing: I. Detection, search, and attention. Psychological Review, 84, 1-66. 

Segalowitz, S.J., Unsal, A., & Dywan, J. (1992). CNV evidence for the distinctiveness 
of frontal and posterior neural processes in a traumatic brain-injured population. Journal 
of Clinical and Experimental Neuropsychology. 14, 545-565. 



References 195 

Shaddock, A. & Carroll, M. ( 1997). Influences on metamemory judgments. Australian 
Journal of Pfil:chology, 49 (1), 21-27. 

Shallice, T. (1995). From neuropsychology to mental structure. Cambridge, England: 
Cambridge University Press. 

Shallice, T., & Burgess, P. (1991). Higher order cognitive impairments and frontal lobe 
lesions in man. In H.S. Levin, H.M. Eisenberg, & AL. Benton (Eds.), Frontal lobe 
function and dysfunction (pp.125-38). New York: Oxford University Press. 

Shaughnessy, J.J. (1979). Confidence-judgment accuracy as a predictor of test 
performance. Journal of Research in Personality. 13, 505-514. 

Shimamura, AP., Gershberg, F.B., Jurica, P.J., Mangels, J.A, & Knight, R.T. (1992). 
Intact implicit memory in patients with frontal lobe lesions. Neuropsychologia. 30 (10), 
931-937. 

Shimmamura, AP., Janowsky, J.S., & Squire, L.R. (1991). What is the role of frontal 
lobe damage in memory disorders? In H.D. Levin, H.M. Eisenburg, & A.L. Benton 
(Eds.), Frontal lobe functioning and dysfunction. New York: Oxford University Press. 

Shimamura, A.P., & Squire, L.R. (1986). Memory and metamemory: A study of the 
feeling-of-knowing phenomenon in amnesic patients. Journal of Experimental 
Psychology: Learning. Memory, and Cognition, 12, 452-460. 

Shorr, J.S., Delis, D.C., & Massman, P.J. (1992). Memory for the rey-osterrieth figure: 
Perceptual clustering, encoding, and storage. Neuropsychology, 6 (1), 43-50. 

Sibley, W.A (1990). Diagnosis and course of multiple sclerosis. In S. Rao (Ed.), 
Neurobehavioural aspects of multiple sclerosis. Oxford: Oxford University Press. 

Siegel, S., & Castellan, N.J. (1988). Nonparametric statistics for the behavioral sciences 
(2nd ed.). New York: McGraw-Hill Book Company. 

Silberberg, D.H. (1977). Multiple sclerosis. In E.S. Goldensah, & S.H. Appell (Eds.), 
Scientific approaches to clinical neurology. Vol. 1 (pp. 299-324). Philadelphia: Lea & 
Febiger. 

Simmons, R.D., Hall, C.A, Gleeson, P., Everard, G., Casse, R.F., & O'Brien, E.D. A 
prevalence survey of multiple sclerosis in the Australian Capital Territory. (Manuscript 
submitted for publication). 

Smits, R.C.F., Emmen, H.H., Bertelsmann, F.W., Kulig, B.M., van Loenen, A. C., & 
Polman, C.H. (1994). The effects of 4-aminopyridine on cognitive function in patients 
with multiple sclerosis: A pilot study. Neurology, 44, 1701-1705. 

Souberbielle, B.E., Szawlowski, P.W., & Russell, W.C. (1995). Is there a case for a 
virus aetiology in multiple sclerosis? Scottish Medical Journal, 40 (2), 55-62. 



References 196 

Spreen, 0., & Strauss, E. (1998). A compendium of neuropsychological tests. 
Administration, norms, and commentary (2nd ed.). New York: Oxford University Press. 

Squire, L.R., Ojemann, J.G., Miezin, F.M., Petersen, S.E., Viedeen, T.O., Raichke, M.E. 
(1992). Activation of the hippocampus in normal humans: A functional anatomical 
study of memory. Proceedings of the National Academy of Sciences, USA, 89, 1837-
1841. 

Stankov, L. & Crawford, J.D. (1996). Confidence judgments in studies of individual 
differences. Personality and Individual Differences, 21(6), 971-986. 

Stern, R.A., Singer, E.A., Duke, L.M., Singer, N.G., Morey, C.E., Daughtrey, E.W., & 
Kaplan, E. (1994). The boston qualitative scoring system for the rey-osterrieth complex 
figure: Description and interrater reliability. The Clinical Neuropsychologist, 8 (3), 309-
322. 

Stroop, J.R. (1935). Studies of interference m serial verbal reactions. Journal of 
Experimental Psychology, 18, 643-662. 

Stuss, D.T., & Benson, D.F. (Eds.) (1986). The frontal lobes. New York: Raven Press. 

Swirsky-Sacchetti, T., Mitchell, D.R., Seward, J., Gonzales, C., Lublin, F., Knobler, R., 
& Field, H.L. ( 1992). Neuropsychological and structural brain lesions in multiple 
sclerosis: A regional analysis. Neurology, 42, 1291-1295. 

Tabachnick, B.G., & Fidell, L.S. (1996).Using multivariate statistics {3rd Ed.). 
California State University, Northridge: Harper Collins College Publishers. 

Taylor, L.B. (1969). Localization of cerebral lesions by psychological testing. Clinical 
Neurosurgery, 16, 269-287. 

Taylor, L.B. (1979). Psychological assessment of neurosurgical patients. In T. 
Rasmussman & R Marino (Eds.), Functional neurosurgery. New York: Raven Press. 

Thompson, A.J., Kermode, A.G., Wicks, D., MacManus, D.G., Kendall, B.E., Kingsley, 
D.P.E., McDonald, W.I. (1991). Major differences in the dynamics of primary and 
secondary progressive multiple sclerosis. Annals of Neurology, 29, 53-62. 

Thornton, A. E., & Raz, N. (1997). Memory impairment in multiple sclerosis: A 
quantitative review. Neuropsychology, 1 1 (3), 357-366. 

Toth, J.P., Reingold, E.M., & Jacoby, L.L. (1995). A response to Graf and Komatsu's 
critique of the process dissociation procedure: When is caution necessary? European 
Journal of Cognitive Psychology, 7 (2), 113-130. 

Trainham, T.N., Jacoby, L.L., & Lindsay, D.S. (1997). Stroop process dissociations: 
Reply to Hillstrom and Logan (I 997). Journal of Experimental Psychology: Human 
Perception and Performance, 23 (5), 1579-1587. 



References 197 

Trenerry, M. R., Crosson, B., De Boe, J., & Lebar, W. R. (1989). Stroop 
Neuropsychological Screening Test. Psychological Assessment Resources Inc., U.S.A. 

Troester, A.I., Fields, J.A., Testa, J.A., Paul, R.H., Blanco, C.R., Hames, K.A., Salmon, 
D.P., & Beatty, W.W. (1998). Cortical and subcortical influences on clustering and 
switching in the performance of verbal fluency tasks. Neuropsychologia, 36 (4), 295-
304. 

Troyer, A.K., Fisk, J.D., Archibald, C.J., Ritvo, P.G., Murray, T.J. (1996). Conceptual 
reasoning as a mediator of verbal recall in patients with multiple sclerosis. Journal of 
Clinical and Experimental Neuropsychology, 18 (2), 211-219. 

Tulving, E., Kapur, S, Craik, F.I.M., Moscovitch, M., & Houle, S. (1994). Hemishperic 
encoding / retrieval asymmetry · in episodic memory: Positron emission tomography 
finding. Proceedings of the National Academy of Science, 91, 2016-2020. 

Tulving, E., & Thomson, D.M. (1973). Encoding specificity and retrieval processes in 
episodic memory. Psychological Review, 80 (50), 353-373. 

Vallone, R.P., Griffin, D.W., Lin, S., & Ross, L. (1990). Overconfident prediction of 
future actions and outcomes by self and others. Journal of Personality and Social 
Psychology, 58 (4), 582-592. 

van Buchem, M.A., Grossman, R.I., Armstrong, C., Polansky, M., Miki, Y., Heyning, 
F.H., Boncoeur-Martel, M.P., Wei, L., Udupa, J.K., Grossman, M., Kolson, D.L., 
McGowan, J.C. (1998). Correlation of volumetric magnetization transfer imaging with 
clinical data in MS. Neurology, 50, 1609-1617. 

van den Burg, W., van Zomeren, A.H., Minderhoud, J.M., Prange, A.J.A., & Meijer, 
N.S.A. (1987). Cognitive impairments in patients with multiple sclerosis and mild 
physical disability. Archives of Neurology, 44, 494-501. 

Vowels, L.M. (1979). Memory impairment in multiple sclerosis. In M. Molloy, G.V. 
Stanley, & K.W. Walsh, (Eds.), Proceedings of the 1978 Brain Impairment Workshop 
(pp. I 0-22). University of Melbourne, Parkville Victoria. 

Vowels, L.M. ( 1986). A longitudinal investigation of the neuropsychological aspects of 
multiple sclerosis. Unpublished doctoral dissertation, University of Melbourne, 
Australia. 

Waber, D.P., & Holmes, J.M. (1985). Assessing children's copy production of the rey
osterrrieth complex figure. Journal of Clinical and Experimental Neuropsychology, 7, 
264- 280. 

Waber, D.P., & Holmes, J.M. (1986). Assessing children's memory productions of the 
Rey-Osterrrieth Complex Figure. Journal of Clinical and Experimental 
Neuropsychology, 8, 565-580. 



References 

Wainwright, M.J. & Reingold, E.M. (1996). Response bias correction in the process 
dissociation procedure: Approaches, assumptions, and evaluation. Consciousness and 
Cognition, 5, 232-254. 

198 

Wallsten,T.S., & Budescu, D.V. (1983). Encoding subjective probabilities: A 
psychological and psychometric review. Management Science, 29, 152-173. 

Walsh, K. W. (1991). Understanding brain damage. A primer of neuropsychological 
evaluation. Singapore: Longman Singapore Publishers Ltd. 

Warrington, E.K, & Weiskrantz, L.(1970). Amnesic syndrome: Consolidation or 
retrieval? Nature, 228, 628-630. 

Warrington, E. K., & Weiskrantz, L. (1982). Amnesia: A disconnection syndrome? 
Neuropsychologia, 12, 233-248. 

Weaver, C.A. 111., & Kelemen, W.L. (1997). Judgments of learning at delays: Shifts in 
response patterns or increased metamemory accuracy? Psychological Science, 8 (4), 
318-321. 

Wechsler, D. (1955). Weschler Adult Intelligence Scale (WAIS) Manual. New York: 
The Psychological Corporation. 

Wechsler, D. (1981). Weschler Adult Intelligence Scale-Revised. New York: 
Psychological Corporation. 

Weingartner, H., & Silberman, E. (1982). Models of cognitive impairment: Cognitive 
changes in depression. Psychopharmacology Bulletin, 18, 27-42. 

Weinshenker, B.G. (1996). Epidemiology of multiple sclerosis. Neurologic Clinics, 14 
(2), 291-308. 

Weldon, M.S., Roediger, H.L., & Challis, B.H. (1989). The properties of retrieval cues 
constrain the picture superiority effect. Memory and Cognition, 1, 95-105. 

Whitlock, F.A., & Siskind, M.M. (1980). Depression as a major symptom of multiple 
sclerosis. Journal ofNeurology, Neurosurgery, and Psychiatry, 43, 861-865. 

Wilson, B.A. ( 1995). Management and remediation of memory problems in brain
injured adults. In A.D. Baddeley, B.A Wilson, & F.N. Watts (Eds.), Handbook of 
memory disorders (pp. 451-479). Chichester: John Wiley. 

Winocur, G., Moscovitch, M., & Stuss, D.T. (1996). Explicit and implicit memory in 
the elderly: Evidence for double dissociation involving medial-temporal and frontal-lobe 
functions. Neuropsychology, 10 (1), 57-65. 

Wishart, H., & Sharpe, D. (l 997). Neuropsychological aspects of multiple sclerosis:A 
quantitative review. Journal of Clinical and Experimental Neuropsychology, 19 (6), 
810-824. 



References 199 

Wolinsky, J.S., & Narayana, P.A. (1999). Phase 3 North American trial of roquinimex 
(linomide) in relapsing-remitting (RR) and secondary progressive (SP) multiple 
sclerosis (MS): MRI findings. Neurology, 50, 4004 (abstract). 

Yates, J.F. (1990). Judgment and decision making. Englewood Cliffs, NJ: Prentice Hall. 

Yetkin, F.Z., Haughton, V.M., Papke, R.A., Fischer, M.E., & Rao, S.M. (1991). 
Multiple sclerosis: Specificity of MR for diagnosis. Radiology, 178, 44 7-451. 

Yonelinas, A.P., & Jacoby, L.L. (1996). Response bias and the process-dissociation 
procedure. Journal of Experimental Psychology: General, 125 (4), 422-434. 

Zaidel, E. (1987). Hemispheric monitoring. In D. Ottoson (Ed.), Duality and unity of 
the brain. London: Macmillan. 



Appendices 



Appendix 1. 1 

Poser et al.'s (1983) criteria for the diagnosis of definite and probable MS 

1. Clinically Definite Multiple Sclerosis: 

1. Two attacks and clinical evidence of two separate lesions. 

2. Two attacks; clinical evidence of one lesion and paraclinical * evidence of 

another, separate lesion. 

201 

(The two attacks must involve different parts of the CNS, must be separated by a 

period of at least one month, and must each last a minimum of 24 hours.) 

* "Paraclinical evidence of CNS lesions may be elicited by a variety of means, including 

induced hyperthermia, evoked potential studies, CT and NMR scans, or special 

urological studies" (p. 229). 

2. Laboratory-Supported Definite Multiple Sclerosis: 

1. Two attacks; either clinical or paraclinical evidence of one lesion; and CSF 

oligoclonal bands or increased lgG (serum levels of either must be normal). 

2. One attack; clinical evidence of two separate lesions; and CSF oligoclonal 

bands or increased lgG. 

3. One attack; clinical evidence of one lesion and paraclinical evidence of 

another, separate lesion; and CSF oligoclonal bands or increased IgG. 

3. Clinically Probable Multiple Sclerosis: 

1. Two attacks and clinical evidence of one lesion 

(The two attacks must involve separate p~ of the the CNS. Historical 

information cannot be considered as a substitute for the clinical evidence). 

2. One attack and clinical evidence of two separate lesions. 

3. One attack; clinical evidence of one lesion and paraclinical evidence of 

another, separate lesion. 

4. Laboratory Supported Probable MS 

1. Two attacks and CSF OB/lgG 

(The two attacks must involve different parts of the CNS, must be separated by a 

minimum of one month, and must each have lasted at least 24 hours). 



A 

B 

Appendix l .2 

Lublin and Reingold's (1996) MS disease classification 

- Figwes from blblin, F.D. and Rcingold, S.C.: Ne~logy 46 907-911 (1996), 
~produced with permission. -
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Appendix 2.1 

BDI (Beck et al., 1979) 

The effects of depression were controlled by excluding any MS or control subject with a 

total BO1 score of greater than 18, where 10-18 in a range of 0-63 is defined as mild to 

moderate depression (Beck & Beamesderfer, 1974). However, if the MS subject had a 

total BDI score of greater than 10, the decision to include or exclude from the study was 

made on the basis of both the BDI score contributed from physical symptoms and 

clinical presentation. 



BDI score sheet 

-Bil
,,. 

Date: 

Name: _________________ Marital Btatua: _____ Ap: ____ eex: ___ _ 
Oooupadon: _______________ Eduoauon: ________________ _ 

Thia q'Ue8tionnaire ~ta of 21 grouJ;III of ■tatementa. After reeding each poup of atatemanta ON'efully, 
olrole the number (0, 1 , 2 or 3) next to the one lltatement In each group wbiob IIN\ dNoribee the way )'OU 
bavebeenfeelingtbe,-t--.baobad1Dtrwcia7-If.everalatatementawit.blnagroup-toapplyequally 
well, o1role each one. Be INN ktl'ead ■JI the -.wmenw lneaab poup WosoeDlillkllatJ J011raboila. 

0 

2 0 

2 0 

a 

4 0 

• 

i 0 

' 0 

7 0 

I do not feel ■ad. 
Iteel■-d. 
I am ■ad all tbo Ume and I can't ■nap out of it. 
I am., ■-d or unhappy that I can't ■tand it. 

I ■m not pu-Uoularly d1■oourapd about the 
future. 
I feel di■oourapcl about the tut\ll'8. 
I reel I have nothing to look forward to. 
I feel that tbe future I.■ bopelet1■ ■l'.ld that 
thins■ cannot Improve. 

I do not feel like a tailv.re. 
I feel I have tailed more than the 
avwaae peraon. 
All I look back.on my life, all I oan -1.■ 
a lot of failure■. 
I feel I am a oomplete failure as a peraon. 

I get as much ■ati.■taotion out of thinga aa I 
uaedto. 
I don't enjoy t.hinp the way I uaed to. 
I don't 89t real aatl■taotlon out of anything 
■D)'IDO?'e. 

I am diaaati.tled or bored with everything. 

I don't feel partloularly IJU!lt;y. 
I feel guilty a good part of the time. 
I feel quite guilty moet of the tune. 
I feel IJU!lty all of the time. 

I don't feel I am being puni.■hed. 
I feel I m.;y be puni.■hed. 

I ezpeot to be punished. 
I feel I am being puniahed. 

I don't feel dl■appolnted in myeelf. 
I amdlaappointed In myself. 
I am diagUated with myself. 
I hate myself. 

I o 

I o 

11 0 

11 0 

12 0 

12 ° 

I don't feel I am ao,y worae than 
anybodyolae. 
I amoriuoalof ~for my-icnea
ormistakea. 
I blame~ all the t.imofor my faulta. 
I blame m_yaelfforever;ytb!nablld 
that happen.. 

I don't have NlY though ta of killing m_yaelf. 
lbavethoughtaofklWDg~lf. butl 
would not oarr:y them out. 
I would like to kill~. 
I would kill ~lf if I had the obanoe. 

I don't ocy ao,y more than uaual. 
I or;y more now than I uaed to. 
I ocy all the time now. 
I uaed to be able to or;y, but now I oan't ocy 
even though I want to. 

I am no more irritated now than I ever am. 
I pt anno)'8(1 or irritated more eully than 
luaedto . 
I feel irritated all tho time now. 
I don't pt irritated at all by the thing■ that 
ueed to irritate me. · 

I have not lo■t intereat 1n other people. 
I am lea11 interested In other people than 
lulled to be. 

I have loet mo■t of myln~ in 
other people. 
I have loet all of my intereat In other people. 

I make deciaione about ae well aa 
leveroould. 
I put ott making deol■lona more than 
Iuaedto. 
I have greater dlttloulty in i:naking 
deol■ion.e than before. 
I oan't make deoieiona at all anymore. 

Subtotal Page 1 CONTINUED ON BACK 

llffiTHE PS~OLOGICAL CORPORATION• 
W HARCOlJl(l' BRACE JO'#,NCWICH, INC. 

Copyrtghl © 1978 by AAron T. S-. All riutrt- ,. __ Printed In the U.S.A. 

80t la e 1,,o.m.M ot Th• Pl't'(ftOloglcat ~-

NOTIC£: 11 ie agalnet the law to pllo1ocopy or Ol1NttWIM ~ 
1h11 qu1111onna1re Without the publlahef's written pe,m1M1on. 0·018359 
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14 o I don'tfeel I look any woraethan I uaed to. 
I am worried that I am looking old or 
unattraotive. 

a I feel that there are permanent ohangee 
inmy appearance that make me look 
unattractive. 

a I believe that I look ugly. 

1i o I can work about as well as before. 
It takell an extra effort to get started at 
doing something. 

a I have to push myself very hard to do 
anything. 

a loan'tdoanyworkatall. 

11 o I can Bleep u well u Wlual. 
I don't sleep 88 well 881 used to. 

a I wake u~ 1-2 hours earlier than usual 
and find 1t hard to get back to sleep. 

a I wake up several hours earlier than I 
used to and cannot get back to sleep. 

17 o I don't get more tired than usual. 

I get~ more easily than I used to. 
2 I get tired from doing almost anything. 
a I am too tired to do anything. 

11 o My appetite is no worse than uaual. 
My appetite is not 88 good as it used to be. 

2 My appetite is much worse now. 
a I have no appetite at all anymore. 

11 o I haven't loet muoh weight, if any, lately. 
1 I have lost more than 6 pounds. 
a Ihaveloetmorethan lOpounds. 
a lhaveloetmorethan 15pounds. 

I am purpoeely trying to lose weight by 
eating leas. Yell __ No __ 

21 o I am no more worried about my health 
thanuaual. 
I am worried about phyaioal problems 
BUCh 88 aches and paina; or upset 
stomach; or oonstipation. 

a I am very worried about pbyaioal 
problems and it's hard to think of 
muohelse. 

a I am ao worried about my~ 
problems that I cannot think about 
anything else. 

21 o I have not noticed any recent change 
in my interest in sex. 
I am leu interested in sex than I used 
tobe. 

2 I am much less interested in sex now. 
I have lost interest in Bex completely. 

__ Subtotal Page 2 

__ Subtotal Page 1 

__ 'lbtal Soore 

TPC 0628-002 22 23 24 26 28 27 28 29 30 B C D E 
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Appendix 2.2 

CONSENT FORM 

MEMORY AND MULTIPLE SCLEROSIS RESEARCH. 

206 

This is a joint research project between the ACT Multiple Sclerosis Society, The 

University of Canberra, and Woden Valley Hospital (ACT Health). It has the approval 

of the ethics committees of both ACT Health and the University of Canberra, which 

have examined closely the question of preserving confidentiality. The researcher is an 

experienced clinical neuropsychologist employed at Woden Valley Hospital. 

The purpose of this research is to better understand strengths and weaknesses in memory 

and thinking ability in Multiple Sclerosis. It will also look at how these abilities may 

change over time. Tests will include an MRI (Magnetic Resonance Imaging) as well as 

reading, thinking, and remembering tasks. 

Participation is entirely voluntary, and testing will stop at any time a participant wishes. 

Testing will also cease if a participant tires or becomes distressed for any reason. 

It is intended that the findings from this research will be reported in scientific forums 

(such as journals, conferences), but that the identity of individual participants will 

remain absolutely confidential. No person other than the researcher for the project and 

doctors and therapists directly involved in a participant's treatment will have access to 

his/ her results. 

You should feel assured that your current treatment will not be affected should you 

decide not to participate in this research. 

I HA VE READ THE ABOVE INFORMATION AND I ................................................. . 

.................................... (name of participant) CONSENT TO TAKING PART IN THE 

MEMORY AND MULTIPLE SCLEROSIS RESEARCH PROJECT. 

Date ................................................. . 
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Appendix 2.3 

CVL T (Delis et al., 1983, 1987a) 

The CVL T paper and pencil record form was used. The examiner read aloud the 

instructions, stimulus words, and then recorded and summarised the subject's oral 

responses using the CVL T computerised scoring software (Fridlund & Delis, 1987). The 

test uses items that make up two shopping lists, presented to the subject as the 

"Monday" and "Tuesday" lists (Spreen & Strauss, 1998). Each of the 16 items in each 

list belongs to one of four categories of "shopping list" items. For example, the first -

"Monday's" list - contains four names of fruits, of herbs and spices, of articles of 

clothing, and of tools (Lezak, 1995). 

The instructions were read as in the standard CVL T research edition. Although the 

entire CVL T was administered, only those sections of the test relevant to the measures 

reported in the present study are reproduced. The reported measures were: the CVL T 

total recall (Trials 1-5) and percent recognition (discriminability) scores, and the 

semantic and serial clustering ratios. The semantic and serial cluster ratios were 

obtained using the CVL T computer scoring program (Fridlund & Delis, 1987). 



¥LT 
ADULT VERSION 

CALIFORNIA 
VERBAL 
LEARNING 
TEST~ 
Pl'!IJl!AJlCH zomON 

Dean C. Deli■, Joel H. Knuner, Edith Kaplan, and Bath A. Ober 

E:s:-mbtee l.nfon:oatioa: 

Namt1 ________________________ 1DN0. ___________ _ 

SeJ< ___ AIJ9 ____ Raoe ____ Eduoat!on __________________ _ 

Date or Birth _________ Oooupalion _____________________ _ 

Familial 
Handodi>Ma ________ _ Lert-handedn.,.a? 

CurrcntModioationa _____________________________ _ 

Date or Ona.et 

!. __________________ ______________________ _ 

2. ___________________________________ _ 

3. ___________________________________ _ 

<!. ________________________________________ _ 

6. --------------------------------------

6. ------------------------------------
•o.._ohou141ncl-htotocyor, l)...,.rololtoal 4,Jucyor-. ")""'4lcal ~•. a) ~41-,.....,,.. 4) ""'"°' 

oonooio ..... - Md d..,.tlon ot .-.,, &) ou"°""""' •-• &Adlo•6)d""111opmenl&I i.e.rniJ>11 dJ8oblUcy. 

Dateot Exe.miner ___________________ Adminietr■tion __________ _ 

Ml\ THE PSYCHOLOGICAL CORPORATION 
WHARCOURT BRACE JOVANOVICH, INC. 

Copy,isht O 19&'1, 19,N by flt• hyDl\-O-lo•lca.l Corporation. AU ri1hu -..,rw,d., NQ ~•f1. DI tht• publir...Uan m!IY Ml raf!rod~c.d ,o~ ljlllnatl'll,ud 
jri, .,., (offl\ cir h,1 any m.-.._, •l-.-it! or 1a11ehan~al, ind~in.11 photoc~~)', ~A.I- W" 1.11,1 jl\f~tion .t.ora•• all.d Nth•Y•I 1,-.tem, 
w\tha1.1t ~~1;1n ir\ writl.11• Clem l.h• pub).!•h-N'. C•li/Wrikl V,r,i,111 ~rr,in, n.i, C\1'1.,r. T,-. P~~i.t.llA C~km. and ~he P91 lotu, 
U1II r••Ul'-tr.d. l.r°■~'flft..,:11:e Q{ Th• F,,-cl,ol,t,l'iOlll (::i;,,rpo~t~. Prinwd in I h• Un.ited Sta.~ of A.marice. 
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I TrWl 

I 
-J:IOZ'M'I 

r,r 
21 
3 
4 - ----- ·-·· 
6 

e 
7 

8 

9 
lO 
l I 

12 

13 

14 

l& 
16 

17 

18 

19 

20 

Ufl!l' A: Immediate Free Recall, TrlaJAJ 1-3 
~c:o,Jr:xerntoe.· 

T.rW l: 

.(..(It.,,. ~l>J)(),N Jou ""e.nt goln(I <sl)cppmff <>rt M'Qnd.\¥, 1 'R> pn.g to nir.ad a 
IiArf: o/ Jwms tor 1ou ea ~y, .Luirten oaretul(y. &ad wlum I'm t.hrou.8:h- I 
1WJ:ttYQ\,tf.OtMJlbd.4keaman.,yctlht>l'toe.m4._.J'OuOa.t'l.ltd~'imAf:Ul.r 
wn•i old8r JoCIU 1MY e.hom 1n -Jw.tt C()LJ ~ &a mNl,Y as ;ou can. ~ JIOV 
rN<(),? 

Trials.: 

1-.,, going t<> repoae ~"' IJlo~ li••· A811,(n, J ...,,, ,><>v t-c, "'IY 
baak as maqy it.&ms aa ~ oao, In &QY' order. Be au.n, to QJ.so .a..}' e,he 
i.U!:DJllon theU1t tbatJ,t>u fOldme chetu:&t Clme, 

I 

ntolta-4: 
I'm 8""'8 u, ropoet Mond&,Y'.< MllPf'U'#/ 141, Aea'a, l ......,t JOV iq "")' 

beak ea maoy ltamsaa ,..,.u oen, UJ &nJ'Orde.r. inaludln.g Jee.ma ,ou m-,y 
l'ui.c>o ~told mb, 

KET FOIi. CODING 
IUl:8l'ONflE T'IP2 

C•Oornot. 
P•~~!on 
1 • 1Ab'u${oD 

J 
g I 

Tria12 

~ 

I -
2 

3 

I I J 
i I 

Trials 
a.,..,.,..... 

! 
1 

2 
3 

I 
l 

··-
4 4 -· - 6 5 

e e -- 7 
.,. 

8 8 

9 9 
10 10 

11 11 

12 12 

- 13 ··- 13 

l4 14 

16 l6 

18 ~ --- ·-----l? 17 

18 ,,a 
·- -

191 19 

I 20 I 20 
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List A: drill, plums, ves1, parsley, grapes, paprika, sweater, wrench, chives, tangerines, chisel, 
jacket, nutmeg, apricots, pliers, slacks. 



LIST A: Immediate~ Recall. 
Trial.a 4 & 6 I • 

I 
I 

Tria1 4 6 

Beepouea ! j 
Trial 6 

Beeponaea 

1 1 
2 2 

3 8 

4 4 

5 5 

8 8 

7 7 

8 8 

9 9 

10 10 

11 11 

12 12 

13 13 

14 14 

16 16 

18 16 

17 17 

18 18 
19 19 

20 20 

Summary Table: LIST A (Monday List) 
Immediate Free Recall 

'l'IIIA1. 

t 

.., 
y 

~lhaallll&lalnlho 
111-,,'Dl.llleot 8-II ~ IP-Ill 

., 

! 

• : 
! 

J 

Table of 
Free-Recall 
\'bdOrder 

LISTA 

I = oluater I I I I I I I I 
Table of Serial Poeltion Recall: 
LIST A lmrnedlate Free Recall. 

Trlalal-6 
.,_ -1141m - .,,_ 

""-""1 

Mlddlo 

_,,,, --,onu. ·-
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.. 

LISTA: 
Long-Delay Recognition 

Inatructlona: I 'm going to read a list of 
shopping items. Alter I read each it.em, 88.Y 

"Yes"tlcbeitem was from tbeMondaylist. 
andsa.Y "No" if it was not. 

(Note: For each "Yes" response. place 
a (..,) in the one blank apace to the right 
of the word; ror each "No" response, leave 
the space blank.) 

A • J.w.A-con.:t (Hl1<ol 
BS • IM18-Sband 
8N • I.lat B Nomlulnid 
NP • Nmlhff L'"l Pnlt41Y!lie&I 
PS • Nouh01' LIIL·Phonon11c,,1J7 Sllullar 
UN • No1U11r Lil< IJnrolauol 

Discriminabllity: 

---·--
( 

~tbriLIYa ~ 
1 ------) X 100 .. 
=(l - _ )x 100::: --'

Responae Bias: 

--------- ---- = _..;___ 

---·--

Not.e: [f F\i.lsePoaitives • Oor 
Misses • 0, substitute a 
valueof l when computing 
Response Bias. 

Total number ot blla; __ _ 

Total number of fa1ae p09lt1ve,; __ _ 

MiNea = 18 - Rita= ---

10 
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Appendix 2.4 

CVLT Alternate Form (Delis et al., 1983, 1987b) 

FORMil 

s CALIFORNIA 
VERBAL 
LEARNING 
TESTs 
RBSl:ARCRll:DfflON 

Dean C. Delia, Joel H. Kramer, Edith Kaplan, and Beth A. Ober 

E:s•rntnee Intormatton.: 

Name ______________________ IDNo. __________ _ 

Sex ___ Age ____ Raoe ____ Eduoation ________________ _ 

Date of Birth ________ Oooupation _______ _ 

Handedneall _______ _ Familial 
Left-handedne11B? 

Current Medications _____________________________ _ 

Diagnoeea• Date of Onaet 

l. ______________________________ _ 

2. ______________________________ _ 

3. ____________________________________ _ 

4. ____________________________________ _ 

6. _________________________________ _ 

6. ____________________________________ _ 

•Dlajplo- llhould include hletory of: l) neurologioal injury or~. 2) medloal ~. 3) ~ dlaorder. 4) loM ot 
coMoiowlne. and duration of epieode.11) aubatance abuae. and/or 6) developmental learnina diaabilit;y. 

Date of Examiner _________________ Adminiatration _________ _ 

flm THE PSYCHOLOGICAL CORPORATION 
WHARCOUITT BRACE JOVANOVICH, INC. 

Copyri1ht C 1981, 1983 by The Poycholo■ical Corporation. All rishte ..-rved. No pert ol thla publication may be reproduc.d or tranunitted 
in any Corm or by an7 111ND91 elecwonic or mechanical, inoludins photocopy, recordin1, or any information atonp and retrieval ■ywtem, 
without permi.-i.on in writin1 from the publi1her. CalifornUJ Vubal IAornua,/ 7ul, CVLT, TJa. Pe),clao~al Corporo&ion, ancl the PSJ loSO, 
are ro■i,awnd tradomarb or Tho Peycholo■ical Corporation. Printed in tho United Statoo ol America. 

9-030503 
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stapler 
cabbage 

skis 
·pudding · ·· ··- -

broccoli 

bi•cuita 

baseball 
glue 

cupcakes 

lettuce 
ruler 
s~orkel 

muffin• 

cduy 

envelopu 

racquet 

Trial 1 
Responses 

l I 
2! 
3 
4 

5 

61 
7 

8 

9 

-10 

11 

112 
113 

14 

~15 
; 16 

17 

: 18 

19 

~o 

-·- ......... ""······ ..... -·-"""' ,J,. ... """'-' ... """-~:, , i.. ...... ~.;, .J. . 0 
Insttucu4~s to El<.:l.mlnee: 

Trial l : 

Lee -:S suppose you were going shopping on Wednesday. J"r.: .;c-.:ng to rel.:!·& 
list of jtemir tor you to buy. Lnten carefully. and when I'm through, I 
want you to say back a., many of £he items 415 you can. le doesn't mac ter 
11"/lat order you say chem ln -jus: tell me as lJlllnY&S.\t>U con. A.tt you 
ready? 

Trla.12: 

I"m going to repeat Wednesdays shopping list. Ag2i.-i, I w•nt you· to sa;.
back as many items as you can, in any order. Be .sure to al.so say the 
items on the Ji.st that you told me thelirst time. 

TTiaJs 3 -5: 

I'm going to ri:peac Wednesday 's .shopping list. Ap.in. I want you to say 
back as many items as j"OU Cllll, in any order. including items you ma.v 
ha~·e already told me. 

I 
I 

KEY FOR CODING l 
RESPONSE TYPE 

C .. Correct 
P • Perseveration 
I ., lntrwiion 

1.l 
i ii 

Trial2 
Responses 

I l 

I 2 

I a 
4 

51 

' ~ 
Tria13 J Responses 

1- \ 

l I I 
2 I 
a ' I 

I • I I 
I sl I 

e I 6 I I I 

7 I I 7 \ ' 
8 I 8 I 
9 I 9 I I 

10 10 I 
I ll ll I 

12 12. I , 
I 13 13 I 

14 I 14 I 
15 15 I 
16 ~ 16 I 
17 17 i I I 

18 18 I 
19 19 I 
20 20 I 

4 
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______ ._._ ... __ ._ - ... _._. __ .._. _, __ , 
Trials 4 & 5 1 ; 

! 
i 

Trial 4 Q 
l 

Responses i 

! l 

' 

Trial 5 
Responses 

1 l 

:.! 2 

31 I 3 
4 4 

5 5 . 
"I o, 6 

7 1 I 7 
s' 8 

9 9 

0 I 10 

l 11 

. :? 12 

3 13 

.41 14 

15 15 

:sl 16 

17 17 

18 18 

19 I 19 
20 I 20 

Summary Table: LIST A (Wednesday List) 
Immediate Free Recall 

..... v" 
J\eoonl \t\H• I01,a.la tn lb■ 

s..ooma.,,~lll•of Jl«all Enoro (p.S) 

! 

I I 
I 

I I 
I 

I 

I 
I 
I 
I 

I 

i Table of I 
Free-Recall ' i 

1 
,I 

Word Order 

l LISTA 

(Wednesday) Jmmedfate 

List l 2 3\4 !5 
stapler I I 
cabbage I 
akis I I 
pudding · I ! 
broccoli I ! 
st\erbet ·1 I 
baseball i 
glut I I 
cupc:alu:s I 
lettuce I 
ruler I 
snorkel 1 I 
brownies I I I 
celery I 
envelop«es I I 
racquet I 1 

Table of Serial Position Recall: 
LIST A Immediate Free Recall, 

Trials 1-5 

., -... .:,· .. 
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I .. . 
~ .. 
~ 

I 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
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Long-Dcl::ty ncco~::ition 

Instructions: I'm going to read a list of 
shopping items. Alter I read each item, say 
"Yes" il the item was from the Wednesday list, 
and s:t.\' "No" if it w-1!s not. 

(Note: For each "Yes" response, place 
a(.,.) in the one blank space to the right 
or the word; for each "No" response, leave 
the space blank.) 

A • LIil A•Corrcct(Hlta, 
BS • Llot B·Shorad 
B~ • Li1: B-Non11h:..rad 
1'P • 1'=•h!\er Llu-Prolol)"\)tc~I 
PS • :,.;tither Ll11.-PnonemM:ally Simlla.r 
u:,,.; • :--:chher LIH•UnnlAu~ 

Discriminabi.lity: 

-----·--
(l 

_,...,_ .• _._ .. _ .. _.i_._ .. __ ..,_ ... _'_} X l 00 ... 
= (l - _) X 100 = __ _ 

Response Bl.as: 

-----·--
Na•~•lll ... ~• 

Note: ll False Positives • 0 or 
Misses • 0, substitute a 
value or 1 when co1I1puting 
Response Bias. 

FALSE POSITIVE.S 

clarinet 

rsoinach 
bracket 
anorl<el 
~hrud 
ruler 
vallcc 
.shoe: 

Tot.al number of hits: ___ _ 

Tot;t.l number of fa.be poslUvcs: ___ _ 

Mlsses m 16 - Hits = ___ _ 

215 

~] 
I 
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Appendix 2.5 

The 120 five letter words used in years 1 and 3 for the PDP and implicit memory 

tasks (72 words were used for the PDP task and 48 words for the implicit task). 

wheel board shift blind snake death sleep grass month doubt class piece 

share table given event swmg catch earth march clear angle shore heart 

truth scale trend faith north dance still scene cover basis offer wagon 

trial score force horse space point skill flesh touch chair serve paper 

aside beach depth match sheet check glass party taste child coast phone 

range water field place being house whole stock total young close frame 

drama study smile union final sweet moral guess smoke crowd peace least 

great right blood drive south brush mouth river world front thing value 

title round birth minor brain music human trade dress spite press floor 

price state court wrong proud night steel queen break reach group brief 
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Appendix 2.6 

The 72 words used in year 2 for the PDP memory task 

apple porch wrist fault tower decay troop alien brand slope clown craft 

glory honey chill coach pnze reply quick truck radio clean creek devil 

wheat eager grill boost lever knock spray twist cause fluid flash cabin 

panic motel ranch crime guilt shift block stone drift dream probe visit 

smart verse teeth fruit quest steam sauce plate widow lunch route limit 

pilot delay couch blank candy brick mercy sweat rigid crown slide shout 



Appendix 2.7 

The Reitan Word Finding Test (Reitan, 1972). 

UNIVERSITY OF MELE JURNE 

DEPARTMENT PE PSVCHQLOGV 

Reitan'• Word Finding Int 

lnguctlOQI 

Examiner records S's responses on a test form which consists of 15 items 
wilh five answer spaces for each item. 

The final table is filled In thus; 

Item 1 2 3 

When correct. 

to gauge S's overall test performance. 

S is told that he will be read out 15 items, each consisting of five sentences, 
and that a misalng word (Identified by the nonsense •Grobnlc:k") wtll appear In 
each sentence. His task is to guess the meaning of the nonsense word, 
making his judgement In terms of overall context of the sentence. Each 
succeeding sentence wtll give additional information with regard to the 
meaning of the nonsense word. S is further told that he is required to make 
a guesa during the 5-sec, interval between sentences, and no guess will be 
recorded for a particular item unless the response la begun during this 
Interval. (Examiner should record Ill responses, noting If they are beyond 
the time limit.) 

Item 1. (Cata) 

1. Most grobnicks have long tails. 
2. Grobnlcks of a certain breed have very short tails. 
3. Grobnlcks cen climb trees. 
4. Birds are afraid of grobnicks. 
5. Grobnicks are said to have nine lives. 
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Item 2. (Ties) 

1. Most men wear grobnicks 
2. Grobnicks are more ornamental than useful. 
3. Grobnicks come in many colours. 
4. A knot is usually employed to fix the grobnick in place. 
5. Gravy spots are often found on grobnicks. 

Item 3. (Holidays) 

1. Grobnicks are supposed to be fun. 
2. However, recovery from a grobnick may take some time. 
3. The summer months are the most frequent time for grobnicks. 
4. Often times people try to cram too much into their grobnicks. 
5. Many husband and wives argue about going to the seashore or the 

mountains for their grobnicks. 

Item 4. (Light bulb) 

1. The grobnick is a very useful invention. 
2. Without electricity the grobnick would not operate. 
3. The grobnick has no moving parts. 
4. The grobnick is especially useful at night 
5. Thomas Edisen invented the grobnick. 

Item 5. (Sun) 

1. Without the grobnick we would not live very long 
2. The grobnick is very big 
3. The grobnick is very far frtNay. 
4. We cannot see the grobnick at night 
5. The grobnick is hot and bright. 

Item 6. (Diamonds) 

1. Most women are particularly fond of grobnicks. 
2. Grobnicks are very ornamental. 
3. Considering their size, grobnicks are very expensive 
4. Grobnicks are cut so they will sparkle. 
5. A song from a musical comedy was titled "Grobnicks are a 

girl's best friend". 
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Item 7. (Toenails) 

1. 
2. 
3. 
4. 

5. 

Almost everyone has 1 O grobnicks. 
Other people don't see our grobnicks very often 
We realty don't need grobnicks at all. 
Although grobnicks are not very functional, women sometimes paint 
them to make them look pretty. 
Unless we keep them trimmed, grobnicks are apt to make holes in 
our socks. 

Item 8. (Fire) 

1. Grobnick is a very useful thing. 
2. When not controlled, grobnick can be a very harmful thing. 
3. Grobnick is used to keep us warm. 
4. The first grobnlck known to man was probably caused by lightning. 
5. Children who play with matches often cause grobnicks. 

Item 9. (Trees) 

1. Some grobnicks are very old and very large. 
2. Grobnicks are useful as well as ornamental. 
3. Many grobnicks have fruit. 
4. Some grobnicks have needles and some have leaves. 
5. There is a song which begins •1 think that I shall never see 

a poem as lovely as a grobnick". 

Item 10. (Laps) 

1. Cats like to sleep on grobnicks. 
2. A Great Dane would hardly be a suitable occupant for your grobnick. 
3. Because of her dress or apron, a woman's grobnick is usually more 

functional 
4. You have a grobnick only when you are sitting down. 
5. Your grobnick disappears when you stand up. 

Item 11. (Point) 

1. A grobnick can be defined only with respect to it's position 
2. A grobnick has no dimensions and, therefore, cannot be seen. 
3. If a grobnick were able to cast a shadow, the shadow would have only 

one dimension and it would be called a line. 
4. A grobnick tells you where something is and that's all. 
5. There's not much grobnick in trying to visualise a grobnick. 
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Item 12 (Name) 

1. Everyone has a grobnick 
2. Sometimes people change their grobnicks. 
3. Grobnicks are one means of identification. 
4. A woman legally acquires her husband's grobnick when she marries 
5. h's always best to sign your own grobnick to a cheque. 

Item 13. (Thirteen) 

1. A grobnick is often considered to be unlucky 
2. A few people maintain that grobnick is lucky for them 
3. By actual count, there are grobnick full moons each year 
4. You still hear grobnick referred to as a ·bakers dozen• 
5. Except for misdeals, you will receive grobnick cards in a bridge 

hand. 

Item 14. (Roof) 

1. Every house has a grobnick 
2. Grobnicks are constructed in different shapes, but the purpose is the 

same. 
3. It would be quite uncomfortable to live in a house which did not have 

a grobnick. 
4. A leak in a grobnick is usually detected during a heavy rain. 
5. Some people are very happy if they have food in the stomachs and a 

grobnick over their head. 

Item 15. (Money) 

1. Some people would rather have grobnick than anything else. 
2. The grobnick you have may not always be evident. 
3. They say the more grobnick you have the more grobnick you can get. 
4. There is nothing about being poor that a little grobnick won't fix. 
5. "If you've got the grobnick, honey, I've got the time·. 
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Appendix 2.8 

Similarities (W AIS-R) (Wechsler, 195S, 1981) 

The instructions were as follows: 
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"Now I want you to tell me in.what way the following two words are alike". Start with 

item I and say: "In what way are an orange and a banana alike?" If the subject replies 

that they are both fruit, say, "Good" and proceed to the next item. If the subject gives a 

1-point answer to Item 1, give an example of a 2-point response. For example, if the 

subjects answers "You eat them both", say, That's right, you do eat them both. Also, 

they are both fruit." Then go on to the next item. If the subject fails to respond to Item 1 

or gives an incorrect answer (a 0-point response), say "They are both fruit, you eat them 

both," and go on to the next item .. Item 2 and subsequent items should be phrased in the 

same way as the first item. For Item 2 say, "In what way are a dog and a lion alike?" 

Give no further help on this or any subsequent item. However if a response is unclear or 

ambiguous, say, "What do you mean?" or "Tell me a little more", or make a similar 

neutral inquiry. Record verbatim, the subject's response to each item in the appropriate 

space on the Record Form. Discontinue after 4 consecutive failures . Each item is scored 

2, 1, or 0, with a maximum raw score of 28 (W AIS-R, p. 86). 

Similarities (W AIS-R) Record Sheet 

11 • ... ILARfflES 
oi.c~ --·- ··--.. 

..... 
I, t , orO 

· 1. Orange-banana 

2 Dog-llon 

3. ~t-■tit 

4. Boat-a.' 

5. Eye-ear 

6. Button-zip 

7. Nor1h--.t 

8. Egg-,eed 

9. Table-chair 

10. Air-water 

11. Poem-s1atue 

12. 'Nork-play 

13. Fly-tree 

14. Pralte-punlshment ...... 
.,_, 
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Appendix 2.9 

The Trail Making Test, Part B (Partington & Leiter, 1949). 

Both Part A and B were administered using the standard forms. The Part A sample test 

sheet was placed in front of the subject, who was also given a pencil, with the following 

instructions: "On this page (point) are some numbers. Begin at number l (point to '1 ') 

and draw a line from one to two (point to '2 '), two to three (point to '3 '), three to four 

(point to '4') and so on, in order, until you reach the end (pointing to the circle marked 

'END'). Draw the lines as fast as you can. Do not lift the pencil from the paper. Ready! 

Begin! If the subject completes the sample correctly, say "Good! Let's try the next one". 

Tum the page and give Part A of the test. "On this page are numbers from l to 25. Do 

this the same way. Begin at number one (point) and draw a line from one to two (point 

to '2'), two to three (point to '3'), three to four (point to '4') and so on, in order, until 

you reach the end (point). Remember, work as fast as you can. Ready! Begin! Start 

timing, recording the time in seconds when completed. If the subject makes an error, 

call it to his/her attention immediately and have the subject proceed from the point 

where the mistake occurred. 

Then proceed immediately to Part B, sample, using the standard form shown in Figure 

2. Place the test sheet for Part B, sample side up, on the table in front of the subject, in 

the same position as the sheet for part A was placed. Point to the sample and say: "On 

this page are some nwnbers and letters. Begin at number one (point), and draw a line 

from one to A (point to 'A'), A to two (point to '2'), two to B (point to 'B'), B to three 

(point to '3 '), three to 'C' (point to 'C'), and so on, in order until you reach the end 

(point to circle marked 'END'). Remember, first you have a number (point to '1 '), then 

a letter (point to 'A'), then a number (point to '2'), then a letter (point to 'B'), and so on. 

Draw the lines as fast as you can. Ready! Begin! If the subject makes a mistake on 

sample B, point it out and explain it. When the subject succeeds, go on to Part B of the 

test. Tum the page over and proceed immediately to Part B and say: "On this page are 

both numbers and letters. Do this the same way. Begin at number one (point), and draw 

a line from one to A (point to 'A'), A to two (point to '2'), two to B (point to 'B'), B to 

three (point to '3'), three to 'C' (point to 'C'), and so on, in order until you reach the end 

(point to circle marked 'END'). Remember, first you have a number (point to 'l '), then 
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a letter (point to 'A'), then a number (point to '2'), then a letter (point to 'B'), and so on. 

do not skip around, but go from one circle to the next in the proper order. Draw the lines 

as fast as you can. Ready! Begin! Start timing. If the subject makes an error, 

immediately call it to his/her attention and have the subject proceed from the point at 

which the mistake occurred. Do not stop timing. If the subject completes Part B without 

error, remove the test sheet, and record the time in seconds. Errors count only in the 

increased time of performance (Spreen & Strauss, 1998, pp. 534-53 5). 
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TRAIL MAKING 

Part B 

SAMPLE 

·@ End @ @ 
B•gin ® CD ® 

® @ 
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Appendix 2.10 

Planning score (Stern et al., 1994) for the Rey-Osterrieth complex figure 

(Osterrieth, 1944; Rey, 1941). 
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The test material consists of a reproduction of the complex figure (shown on p. 224), A4 

paper, and 5 or 6 coloured pens or pencils. The subject is first instructed to copy the 

figure, which has been so set out that its length runs along the subject's horizontal plane. 

The plane white sheet of paper is also placed horizontally and the subject is not allowed 

to rotate either the design or the paper so that rotational errors and difficulties working 

with the unrotated material will be clearly apparent. The examiner watches the subject's 

performance closely. Each time the subject completes a section of the drawing, the 

examiner provides a different coloured pencil, and notes the order of the colours (Lezak, 

1995, p. 569). The subject is told they will not be timed. A three minute delay intervenes 

prior to recall, as suggested by Osterrieth ( 1944). How the subject goes about copying 

the complex figure will bear a significant relationship to how well the figure is recalled 

(Bennett-Levy, 1984; Heinrichs & Bury, 1991 ). Several scoring systems have been 

devised to evaluate the strategy employed to undertake the copy. 

Of particular interest for the present research was Stem et al.' s (1994) planning score, 

which assesses the overall organization of the figure production, including such aspects 

as the order in which particular elements are drawn, and the placement on the page of 

the entire production. This score is derived from a set of specific criteria, as well as from 

comparison to several example productions representing each of the five possible 

planning scores (Stem et al., l 994). The five scores range from the maximum possible 

score of four, representing a well planned and organised copy, to a score of zero which 

represents little or no appreciation of the organization or structure of the figure. The 

criteria for obtaining each of these scores are detailed in the following pages of 

Appendix 2.10 (pp. 225-230). 
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The Boston Qualitative Scoring;·_Systen:J 
for the Rey-Osterrieth-Complex Figure 
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Configural Elements, Clusters, and Details 

COMPLETE FIGURE 

CLUSTERS 1 - 9 .. 

• 

CONFIGURAL ELEMENTS A - F 

. 
- T -

' 

D 

A 

' ' ' I• - • - • ,., 

'. I , '.., 

DETAILS (a) - (f) 

Robert A. Slam, Ph.D., et al. 1994 



I 

Unlike the scoring crherla for previous sections, which include detailed and quantitative 
anchor points, the scoring criteria for Planning are meant to provide a qualhative summery 
of the overall p/annlng and organizational approach employed by the patient or subject. 
Tb, PIBnnfnq scorer should be consldw;ed ind1a1mt,ntlv from scores for Presence, 
Accuracy. and fr,qmentat{Qn. 

P1ennlng ahauld b• 1corad b..-d on the toUDWfng crtt,rla: 

(4) NO PLANNING DEFICITS: The antire production 1hould mNt th• following crltarl1: 

1 I Conflgur■I Ractangl1 A la drawn flrlt ; or Clu1t1r 6 ■nd D■t■II •d· er• drawn fl11t, with Conflgur■I 
Rect1ngl1 A drawn Immediately following. 

21 Configural Elements 8-E are drawn before eny Cluatll't or Dtt■ils (except Cluster 6 and Detail 
"d"), unle11 Dettlla •c•, •,•, ■ndlor the 11ft tdg1 of Clumr 3 are dn1wn aa 1xtenaion1 of Configural 
Elements C ■nd B. 

31 Awarene11 of txttt'NI '11'Ucturt ahould bt demonltrllted. That la, the figure la produced within 
the boundartu of the page, and 1pproxlm1tely centered. C.re 11 taken wheo producing Conflgural 
Rectangle A to lllow IPICI on the page for Conf,gural Triengle F, Clusters 2 , 3 , 4 , 6 , and 7, and 
o.c.111 b , c , d , and • . 

41 Awaranua of Internal 1tructura ahould ,r,o be demonatratad. Within 11ch quadram, there la 
adequate apace to fit the ac,propriate Clu1t1ra and Dtt1il1. fillll · If th• quadrant ia too amall due to 
rneccurecv of Conflgural Elemenu, die Planning acore ahould not bt pen■llied. 

199'-lllobon " · Stetn, Ph.0., ..... 
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(3) MILD PLAN~INJ! D~f.1fn1JS: The figure appears to be drawn in II divergent but loglcal 
uquence, tak ng e w o e nto account. Such II strategy stlll preservas II general aenae of the 
Importance of Configural Rectangle A, and does not break Conflgural Rectangle A down into 
aeparate quadranu. 

Below are some axamplea of divergent strategies that would be scored as "mlld planning deficits.• 

1) The entire outline of the figure Is drawn (including Clusters 2 and 3) before completing 
Conflgural Rectangle A; OR 

2) Aher Conflgural Rectangle A 11 complete, NO MORE THAN A COMBINED TOTAL 
OF 3 external and/or Internal Clusters and/or Details may be completed prior to fllUng in 
Conflgural Elements B-E; OR 

3) Configural Rectangle A 11 completed first, but then its Interior is completed quadrant by 
quadrant, resulting In fragmentation of Conflgural Elements B-E. Conflgural Triangle F Is not 
completed until the Clusters and Details inside Configural Rectangle A are drawn; OR 

4) The drawing is placed significantly off-center, but still fits within the boundaries of the 
page. 

1994-Robon A. Stom, ~h.D., ot ol. 
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(2) MODERATE PLANN)NG DEFICITS: Th. production ahould ba c:l\aracttrl2ad by one of the 
fotlowing: 

11 Any ti.~rd approach to th• drawing, where 4 OR MO~ Internal and/or el<temal Clu.,•rs 
and/or Dauila ■ra randomly lntaraperllld between compl9tion of Conflgural El■ments, yllt the b■alc 
atruGtl.ln, ot the flguni la not distorted; OR 

21 Any •tr9UIIY thet treats Conflgunl Rtc:tangle A and Conflgural Elemem. B•E in a plec .. meal 
fHhlon, but do" not d1111Joy th• ov■rall awctura of th• figure. Elcempl .. of IJllch 1tr1tsglea would 
be 1■ft•to-r1ght. top-to-bot1om, and drawing th1 flgure one quadrant at a time; OR 

3) More than on1 criteria of "mild plannlng dtflr:1t1• 11 met. yet 1here are no ltnJctural/organlzatlonal 
problem• which would r11QUlr1 a "significant planning deficite" ,core of • 1 •. 

1 tlM-RolMl'l A. Stom, Ph.D., et II. 
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( 1 l SIGNIFICANT PLANNING DEFICITS: The production must exhibit one of the following 
characterliilca: 

1 I Any approach outlined in "moderate planning deficit■" in which the figure "spread•" off the page 
or In which Items are cramped In a small area of the page In order to compenute for the poor 
placement of the overall figure; OR 

21 Any approach with algnlflcant atructural/organizational problem• In which the existing or implicit 
Configural Rectangle A 11 atlll recognizable. 

rim· If both of the above criteria are met, the production should receive a Planning Score of •o•. 

11114-llobert A, Stem, Ph.D., et al. 
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(Q) EXTREME PLANNING DEFICITS: T1\e production lhould be characterized by poor planning 
to auch I profound extant thit iii, drawing 1how1 no appreciltlon for th• overall 1tructufl and 
organlutlon of thl orlglnal ltlmulua, and thl order of drawing 1p1>11r1 to be c:ompl11t1ly hlphalrd. 

• C:opy~ght 1194-lloben A. Stam, Ph.D., ot ■I, 
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Appendix 2.11 

Digit-span back (W AIS-R) (Wechsler, 1955, 1981) 

Although the results are not included in the present study, digit-span forward was 

administered prior to digit-span back, to ease subjects into the task requirements of the 

test of interest. 

Digits Forward 

Start with item 1 and say, "I am going to say some numbers. Listen carefully, and when 

I am through, say them right after me". The digits should be given at the rate of one per 

second. Let the pitch of the voice drop on the last digit of each trial. Administer both 

trials of each item, even if the subject passes Trial 1. Discontinue after failure on both 

trials of any item. Each item is scored 2, 1, or 0, as follows: 

2 points if the subject passes both trials 

1 point if the subject passes only one trial 

0 points if the subject fails both trial . 

The maximum score is 14 points on digits forward. 

Digits Back 

Start with Item 1 and say, "Now I am going to say some more numbers, but this time 

when I stop I want you to say them backwards. For example, ifl say 7-1-9, what would 

you say?" Pause for the subject to respond. If the subject responds correctly (9-1-7), say, 

"That's right" and proceed to Item 1. As with Digits Forward, read the digits at the rate 

of one per second, and administer both trials of each item, even if the subject passes 

Trial 1. However if the subject fails the example, say, "No, you would say 9-1-7. I said 

7-1-9, so to say it backwards, you would say 9-1-7. Now try these numbers. Remember, 

you are to say them backwards. 3-4-8. Whether the subject succeeds or fails with the 

second example (3-4-8), proceed to Item 1. Give no help on this second example or on 

any of the items that follow. Discontinue after failure on both trials of any item. Each 

item is scored 2, 1, or 0, as for Digit Span Forward. The maximum score on digit-span 

back is 14 points (WAIS-R, p.66). 
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Score sheet for Digit-span back (WAIS-R) 

3. DIGITIMN D1ea•••--..._.•IIOlll1111AUat-,i.a. 
~ IIOTH TIIIALI at_.....,_, ...... ..-1111111111. 

DIGITS FORWARD Pae- -- DIGITS BACKWARD* 
.,._ --Fall 1,1,.0 Fall I, 1, •O 

1. 1-1-2 1. 2-4 
1-1-4 1-1 

2. 
•-•-1-1 

2. 
1-2-1 

7-1-1-1 4-1-S 

a. 4-2-7-1-1 a. 1-2-1-1 
7-1-1-1-1 4-1-1-1 

4. 
1-1-1-4-7-1 

4. 
1-1-2-1-1 

1-1-2-4-1-7 1-1-1-4-1· 

•• 1-1-1-7-4-2-1 
I. 

1-1-1-4-1-1 
4-1-7-1-1-1-1 7-2-4-1-1-1 .. 1-1-1-1-2-1-4-7 .. 1-1-2-1-1-1-1 
a-1-1-1-1-1-1-4 •-1-a-1-1-2-1 

7. 1-1-1-1-1-1-1-1-4 
7. 1-4-1-1-1-2-1-1 

1-1-1-1-4-2-1-1-1 1-2-1-1-1-1-1-a 
lla-14 --14 lblll,,__,,, 'IM■l8HftMld 

-
•~ DIGml IIACKWAAD- If IUbjlal-0 on DIGIT8 fOAWAIIO. 
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Appendix 2.12 

The Verba] F]uency or FAS Test (Benton & Hamsher, 1976, 1989). 

Subjects were asked to recite as many words as he / she could think of that began with a 

given letter of the alphabet over a one minute period (Benton & Hamsher, 1976, 1989). 

The letters F, A, and S were used, and the total number of words generated for the three 

letter conditions were recorded (Rao et al., 1989). 

Subject no.: __ 
Date: -----

60 sec: Total F: 

F 

FAS record sheet 

A I s 

----- ····---- .. - ·,---

Total A: Total S: 
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Appendix 2.13 

The Five-Point Test (Regard, 1991; Regard, Strauss & Knapp, 1982) 

The Five Point Test (Regard, 1991; Regard, Strauss & Knapp, 1982) consists of a page 

on which are printed 40 contiguous squares in a 5 x 8 array, each square containing five 

symmetrically and identically arranged dots, identical to the five-dot arrangement on a 

dice (see Figure 1). The examiner asks the subject to make "as many different patterns 

as possible within 5 minutes by connecting [any number] of the dots with straight lines" 

without repeating any figure (Lezak, 1995, p. 669). It was emphasised that artistic 

ability was not important. 
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Stimulus sheet for Regard's test of visual fluency 

Name ___________ _ Date _____ _ Teated by ___________ _ 

Total Designs ___ Total Unique Designs ___ % Correct __ _ Repetitions __ _ 

• • • • •· • • • • • 
• • • • • 

• • • • • • • • • • 
• • • • • • • • • • 

• • • • • 
• • • • • • • • • • 
• • • • • • • • • • 

• • • • • 
• • • • • • • • • • 
• • • • • • • • • • 

• • • • • 
• • • • • • • • • • 
• • • • • • • • • • 

• • • • • 
• • • • • • • • • • 
• • • • • • • • • • 

• • • • • 
• • • • • • • • • • 
• • • • • • • • • • 

• • • • • 
• • • • • • • • • • 
• • • • • • • • • • 

• • • • • 
• • • • • • • • • • 

Figure 8-6. Five-Point Test 
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Appendix 2.14 

The Stroop Colour-Word Test ( Stroop, 1935; Trenerry et al., 1989). 

In Part l, the colour plate marked "Form C Stimulus sheet" is placed in front of the 

subject. It may lie on the table or be held by the subject. The instructions are as follows: 

"I want you to begin here" (point to the first word on the first line) "and read these 

words as quickly as you can, going down the columns until you get to the end" (point to 

the bottom right hand comer). "Just read the words, ignoring the colours in which they 

are printed. So, for example, you would say 'Blue, green, tan, red', as fast as you can" 

(read these words quickly to get across the idea of speed). "Do you have any questions?" 

(proceed after all questions are answered). "Ready, go". 

In Part 11 place the colour plate marked "Form C-W Stimulus Sheet" in front of the 

subject and say: "Now I want you to do this again. But this time, I want you to tell me 

the colours in which the words are printed and to ignore the words themselves. You see, 

now you would say, 'red, blue, green, blue'. (Begin this sample slowly to be sure the 

subject understands, and then increase your rate of speech near the end of the sample to 

convey the idea of speed). Again, do it as quickly as you can. If you make a mistake, 

correct yourself and carry on. Do you have any questions?" (Proceed after all questions 

are answered). "Ready, go!" (Start the stopwatch, time for 2 minutes and then say stop!). 

If the subject makes an error but then produces a correct response, mark it as correct. 

Because the degree of automaticity of the reading response is also a critical factor, Cox 

et al. ( 1997) recommended that interpretation of the interference score as a measure of 

response inhibition be restricted to those subjects whose single word readings are at 

least equal to their full scale IQs. This recommendation was adopted in the present 

study. Scoring was the total number of colours named correctly from the second "C-W" 

sheet in 2 minutes. Score maximum is 112. 
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Appendix 2.15 

The 48 words used in year 2 for the implicit memory task. 

relic gland sting brute thief batch stamp arrow slump snack scrap chore 

fraud spear spoon tumor scent salad rebel quote medal linen knock hello 

bulge click clump slang glide spank scalp being tribe freak spice greed 

swamp quart chalk crust chess filth bleed broth flick torch strap blush 



Subject number: 

Date: 

Cortical frontal 

Subcortical frontal 

Cortical parietal 

Subcortical parietal 

Cortical temporal 

Subcortical temporal 

Cortical occipital 

Subcortical occipital 

Lateral periventricular 

Appendix 2.16 

Radiologist MRI lesion area record sheet 

Year 1 

Plaque Area 

Year2 

242 

Year 3 
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