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Abstract  

Age is one of the biggest risk factors for the onset of neurodegenerative diseases, such as 

Alzheimer’s disease (AD), and with life expectancy on the rise around the world the prevalence 

of age-related diseases such as AD is likely to increase. With the scarcity of research into this 

disease as well as the socioeconomic burden of AD in South Africa, there is an urgent need for 

local AD research. One promising line of inquiry uses within-person fluctuation of cognitive 

performance, or intraindividual variability (IIV), to try and capture the earliest stages of age-

related cognitive change. The present study used the Paired Associates Learning (PAL) task 

and List Learning task as two such measures and the Mini-Mental State Examination (MMSE) 

and Cambridge Examination for Mental Disorders of the Elderly-Revised (CAMCOG-R) as 

our outcome measures of general cognitive functioning. The aim of this study was to assess 

whether these accuracy-based measures of IIV are useful in identifying and capturing AD. We 

found significant between-group differences in accuracy-based measures of IIV but that they 

were not able to predict clinical group membership or change in cognitive performance over 

time. Overall, accuracy-based measures have significant clinical utility in the identification and 

capture of AD, but accuracy-based measures of IIV in the PAL seem to be less powerful in this 

regard when compared both to list learning recognition and the overall reaction time measures 

of IIV. 

 

Keywords: Alzheimer’s disease; accuracy; intraindividual variability; list learning; paired-

associates learning 
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Life expectancy is on the rise around the world, and with age being the biggest risk 

factor in the onset of dementia, the prevalence of these diseases is likely to increase (De Jager 

et al., 2015; Lopez et al., 2010; Olayinka & Mbuyi, 2014). As of 2015 there were an 

estimated 46-million people living with dementia worldwide with predictions that this 

number will increase to 131.5 million by 2050 (Prince et al., 2016). Dementia is a 

neurological disease caused by the degeneration of brain tissue that impacts various cognitive 

faculties such as memory, language, orientation, and executive functioning. It is usually 

progressive and chronic with Alzheimer’s Disease (AD) being the most commonly diagnosed 

form of dementia (De Jager et al., 2015; Rasmussen & Langerman, 2019). There is a distinct 

poverty of research into dementia and AD in sub-Saharan Africa, especially South Africa, 

which results in a unsurprising lack of understanding of the condition and misattribution of 

symptoms to normal aging (De Jager et al., 2015; Olayinka & Mbuyi, 2014). Dementia 

creates an immense burden on the patient as well as their families due to the loss of 

independence that dementia poses. With the ever-increasing prevalence of age-related major 

neurocognitive disorder such as AD there is a need for accurate measures and robust methods 

that are sensitive to cognitive changes at the earliest stages of the disease process, and that are 

easily implemented and which may supplement existing diagnostic tools (Christ et al., 2018; 

Rasmussen & Langerman, 2019). This will have the benefit of facilitating earlier and more 

informed treatment plans as well as contribute to a deeper understanding of the risk factors 

that facilitate rapid cognitive decline in AD. 

One method, using intraindividual variability (IIV), has been shown to have promise 

in detecting mild cognitive impairment (MCI) (Jackson et al., 2012; Roalf et al., 2016; Troyer 

et al., 2016; Vaughan et al., 2013) and predicting cognitive decline in dementia patients 

(Bangen et al., 2019; Christ et al., 2018; Costa et al., 2019; Holtzer et al., 2008; Vaughan et 

al., 2013). With the majority of research in this area focusing on latency measures of reaction 
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time, there is little research on the utility of accuracy based IIV measures of cognitive 

functioning. Thus, research that helps validate these measures as indicators of IIV in the 

detection of dementia pathology and in the prediction of longitudinal change has significant 

clinical utility (Christ et al., 2018). 

Intraindividual Variability  

IIV can be referred to as the within-person variation in an individual’s cognitive or 

behavioural performance in a given measure (MacDonald et al., 2006). Measures of IIV are 

superior predictors of neuropathological outcomes, when compared to standard 

neuropsychological assessments that rely on mean-level measurement of cognitive 

functioning, as IIV predicts outcome over and above such assessments and provides clinically 

relevant and unique information over and above mean performance (Costa et al., 2019; 

Haynes et al., 2017; Jackson et al., 2012). Furthermore, IIV can be operationalised as either 

inconsistency or dispersion where inconsistency refers to an individual’s performance 

variability within a specific task over several occasions, and dispersion refers to an 

individual’s performance variability across several different tasks on a single occasion 

(Halliday et al., 2018).  

The presence of IIV in cognitive tasks is an early indicator of both healthy and 

pathological aging. As healthy adults age there is increased IIV in cognitive performance 

indicating age-related cognitive decline, and this increase in IIV is more distinct in 

neuropathology such as brain dysfunction, neurodegeneration, and other brain-related 

disorders (Haynes et al., 2017; Lin & McDonough, 2021; MacDonald & Stawski, 2020; 

MacDonald et al., 2006). Research has shown that increased IIV predicts cognitive decline 

(Bielak et al., 2010), functional decline (Bangen, et al., 2019), and the subsequent disease 

progression from normal aging to MCI/dementia/AD (Anderson et al., 2016; Gorus et al., 

2008; Holtzer et al., 2008; Kälin et al., 2014; Roalf et al., 2016; Troyer et al., 2016). With the 
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urgent need for the early detection of AD, studies show that IIV is a sensitive measure of 

MCI/ prodromal AD (Kälin et al., 2014; Roalf et al., 2016) and may contribute to the early 

detection of dementia (Vaughan et al., 2013).  

Reaction (RT) Measures  

Most of the research in IIV has focused on the use of RT measures (e.g. Bielak et al., 

2010; Jackson et al., 2012; MacDonald & Stawski, 2020; Stawski et al., 2019; Tales et al., 

2012). Investigations into IIV using RT measures have established its utility as a marker of 

normal and pathological aging, early cognitive decline, MCI, AD, dementia and the 

associated severity of impairment (Bielak et al., 2010; Gorus et al., 2008; Jackson et al., 

2012; MacDonald & Stawski, 2020; Tales et al., 2012). One of the reasons why research in 

IIV has primarily been focused on RT measures is that correlations between RT measures and 

different variables (e.g., age, clinical group status) would remain significant after controlling 

for mean performance, whereas for accuracy- based measures, correlations would fail to 

remain significant after controlling for the mean (Christ, et al., 2018). This indicates that 

accuracy-based measures of IIV do not have useful predictive power outside of what is 

indicated from an individual’s mean-level of performance. (Salthouse et al., 2006). The most 

likely reason for this is that there is higher temporal resolution of reaction time data 

compared to accuracy-based data due to the larger number of data points that are captured 

from the participant (Christ et al., 2018). This higher temporal resolution captures the 

variance in the participants performance more accurately, and thus facilitates more accurate 

and more powerful predictive modelling of any relevant data being used in IIV research.  

Accuracy-Based Measures  

An alternative to RT measures in IIV research is the use of accuracy-based measures. 

Fewer researchers use accuracy-based measures in IIV due to their lack of predictive power 

(e.g. Christ et al., 2018; Kälin et al., 2014; Murphy et al., 2007; Tractenberg & Pietrzak, 
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2011). Accuracy-based measures in IIV research have been reported to detect memory 

distortions due to aging, cognitive decline and functional decline, and to predict MCI, AD 

and incident dementia (Holtzer et al., 2008; Kälin et al., 2014; Kliegel & Sliwinski, 2004; 

Morgan et al., 2012; Murphy et al., 2007; Tractenberg & Pietrzak, 2011).  

 Accuracy-based IIV measures are most useful as indicators of a specific type of 

cognitive impairment associated with a distinct neurological or cognitive domain that has 

been damaged but are less useful as indicators of diffuse neurological or cognitive 

deterioration (Christ et al., 2018). Such measures are used more widely than RT-based 

measures in everyday clinical routine as part of the patients’ diagnostic and disease 

management process because accuracy-based IIV measures can be calculated without using 

additional tasks or adding multiple trials of the same task to the standard test battery, 

therefore reducing the testing burden on patients (Christ et al., 2018; Kälin et al., 2014). 

Therefore, validating accuracy-based measures of IIV to detect pathology and predicting 

longitudinal change has significant potential clinical benefit (Christ et al., 2018).  

There is a need for sensitive and accurate cognitive measures that can predict 

cognitive decline in AD patients in order to supplement existing clinical diagnostic tools in 

AD’s treatment. Accuracy-based measures of cognitive decline are more widely used for 

diagnostic purposes and in the disease management process, but their usefulness can be 

extended. Most studies in the literature on this topic of cognitive decline have focused on RT 

measures with very few investigating the efficacy of accuracy-based measures to predict 

long-term cognitive change, and this study hoped to bridge that discrepancy in the literature.  

Rationale, Aims and Hypotheses  

With the prevalence of age-related diseases likely to increase as a result of increased 

life expectancy, there is a dire need for the increased study and awareness of such diseases 

(De Jager et al., 2015; Lopez et al., 2010; Olayinka & Mbuyi, 2014). Awareness of AD in 
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South Africa is exceptionally low which can lead to the appropriate preventative measures 

not being sought out. Additionally, at time of writing there is no national plan to deal with 

dementia as a whole in South Africa (De Jager et al., 2015; Prince etal., 2016).  

Hence, this study aimed to contribute to the literature on the overall utility of IIV in 

accuracy-based measures in the identification and capturing of AD. An additional aim was to 

contribute to a better understanding of predictive methods in AD as a supplement to existing 

clinical diagnostic tools in its treatment, specifically in the South African context. 

Furthermore, this study aimed to contribute to the literature on IIV research by expanding our 

understanding of useful measures of IIV through investigating two accuracy-based measures 

that are scarcely mentioned in IIV literature.  

Finally, the central research question that this study intended to answer was whether 

accuracy-based measures of IIV are useful in identifying AD, capturing AD, and predicting 

cognitive decline in AD. Based on this study’s aims and research question, we hypothesized 

that: (H1)  there is a significant difference between the clinical and control groups for 

accuracy-based measures; (H2)  There is a significant difference between the clinical and 

control groups for accuracy-based measures of IIV; (H3)  Clinical group membership can be 

predicted with accuracy-based measures of IIV.; and (H4)  Cognitive decline in AD can be 

predicted by accuracy-based measures of IIV.  

Method 

Design and Setting 

This study was a secondary analysis and was part of a larger ongoing project on the 

utility of using IIV methods to track the trajectory of cognitive decline in the progression of 

AD (see Christ et al., 2018). The parent study employed a measurement-burst design 

(Nesselroade, 1991) which involves every participant undergoing three periods of serial 

testing throughout the course of 15 months. Each testing period involved three testing 
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sessions taken over the course of two weeks. This study employed data from the first testing 

period referred to hereon as interval one.  

Participants  

 The participants in the parent study consisted of a control group (n = 26) that was 

cognitively healthy as well as a clinical test group (n = 26) which consisted of mild-to-

moderate stage possible or probable AD patients, according to NINCDS-ADRDA clinical 

criteria (McKhann et al., 1984; Appendix A). All clinical participants in the parent study 

were recruited by clinicians from the Groote Schuur Hospital Memory Clinic and Geriatric 

Unit following standard international criteria for the diagnosis of AD. The participants 

recruited for the control group were from the surrounding Cape Town area and were 

informed of the study through flyers at seniors’ clubs, retirement villages, old age homes, and 

word of mouth.  

Four sets of inclusion criteria were established for participation in the study: a) access 

to accurate medical history of clinical participants; b) those who were 55 years of age or 

older; c) those with adequate proficiency in English; and d) the availability of someone who 

could elucidate the authors of the parent study about sudden or recent changes in cognitive 

functioning. Additionally, six sets of exclusion criteria were established for participation in 

the study: a) a diagnosis of a condition that would confound results from cognitive measures 

such as HIV/AIDS, uncontrolled diabetes mellitus, uncontrolled hypertension; b) a recent 

diagnosis of a psychiatric illness; c) a score of > 15/30 on the Geriatric Depression Scale at 

any of the testing phases (GDS; Yesavage et al., 1982); d) any major neurological disorder 

being present such as Huntington’s, Parkinson’s disease, or a history of cerebrovascular 

accidents such as a stroke within the last 2 years; e) a smoking (> 20 per day) or alcohol/drug 

abuse history; and f) a score of <12 on the Mini-Mental State Examination at any of the 
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testing phases (MMSE; Folstein et al., 1975). The above criteria applied to participants for 

both the clinical test and control groups.  

Participation did not involve any direct physical, psychological, or social risks. 

However, participants may have been exposed to potential sources of discomfort. For 

instance, participants were required to travel to GSH to attend three testing sessions in each 

testing period, that is if they preferred to be tested at GSH instead of their home. 

Furthermore, the cognitive assessments were burdensome and time-consuming.  

Participants received compensation of R70 at each test session for travelling costs to 

and from GSH. Additionally, participants who displayed potentially treatable illness at the 

screening session were, with consent of the participant, referred to the hospital for treatment.  

Measures 

Participants in the parent study were administered a battery of eleven tests. This study 

used five tests from the original battery: Two tests measured accuracy-based performance in 

both visual and verbal memory, and three tests measured affect and general cognitive 

functioning as part of the study’s screening procedure.  

Accuracy-Based Measures of Memory  

Paired Associates Learning (PAL) Task. This test forms a part of the Cambridge 

Neuropsychological Test Automated Battery (CANTAB; Cambridge Cognition, 2004) and 

evaluates visual memory and learning. Performance on this test is affiliated with ideal 

functioning of the medial temporal lobe (Sahakian & Owen, 1992) (see appendix B). The test 

begins with a blank screen and white boxes on the periphery of the screen, and each box is 

then randomly opened and subsequently closed. A pattern contained in one or more of the 

boxes is displayed when a box containing said pattern is opened. Following all the boxes’ 

‘contents’ being revealed, the patterns that were previously shown to the participant are then 

exhibited in the middle of the screen sequentially. Participants are directed to match the 
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patterns to the specific box from which they originated on the periphery of the screen. If an 

error is made, the patterns are redisplayed to remind the participant of their original 

placements. The test itself is comprised of five different stages that became progressively 

more difficult with the first tweo stages having two boxes, the third stage having three boxes, 

the fourth stage having sex boxes and the final stage having eight boxes. Each stage consisted 

of six trials and only a single block of trials was given to participants. Since only a single 

block of trials was administered, the test took an estimated 10 minutes to complete for each 

participant.  

 Whilst the PAL task is used fairly often in AD research such as in the detection of 

early AD, there is little literature on IIV using the test (Christ et al., 2018). The PAL has been 

shown to have more than adequate test-retest reliability with one month retest with reliability 

correlations in the range of .86 to .88 (Fowler et al., 1995; Low et al., 1998). More recent 

literature suggests that the PAL has moderately acceptable reliability with three-month test-

retest reliability with reliability coefficients of .73 (Karlsen et al., 2016).  

List Learning Task. The battery that this test forms a part of is the RBANS battery 

as was originally constructed to screen for dementia in the elderly (Randolph, 1998). This 

task involved participants being read a list of 10 words who were then told to recall as many 

of them as possible immediately after presentation. This procedure was repeated again four 

additional times and after a 25 to 30 minute delay, recall of the list was prompted once again. 

Following this a recognition task was administered to the participant where they were 

requested to point out the words that were originally on this list from a new list of 20 words. 

There were 10 targets and 10 foils, and the test itself took an estimated 15 minutes to 

complete.  

 Duff et al. (2005) showed that test-retest reliability at a one year follow up of the 

RBANS list learning memory task had reliability coefficients between .53 and .67. The IIV 
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literature reveals that word list-learning and recognition tasks are employed quite frequently 

and are able to discriminate between older and younger adults (Murphy et al., 2007), as well 

as between those with early AD and neurologically intact older participants (Hultsch et al., 

2000).  

Screening Measures  

 The measures described below are the measures of affect and general cognitive 

functioning used in this study.  

The Cambridge Examination for Mental Disorders of the Elderly-Revised 

(CAMCOG-R). As a measure of general cognitive functioning, our study employed data 

collected by the parent study using the CAMCOG-R (Huppert et al., 1999). The original 

CAMCOG was developed by Huppert et al. (1986), revised in 1999, and forms a part of the 

Cambridge Examination for Mental Disorders in the Elderly (CAMDEX) used as an early 

detection tool for elderly dementia (Zeltzer et al., 2009). The CAMCOG-R contains 67 items 

which collectively measure eight different functional domains including perception, 

orientation, memory, language, attention, calculation, praxis, and abstract thinking. The 

measure demonstrates moderate to high test-retest reliability and inter-rater reliability (Lima 

& Lorenco, 2010; O’ Conner et al., 1989). The CAMCOG-R takes an estimated 25-minutes to 

complete and has been shown to be suitable in low-to-middle-income-countries (LMIC’s), 

and whilst the battery overall is sensitive to levels of education, the recent memory and 

learning memory subscales are not affected by levels of education (James et al., 2015). Both 

of these types of subscales are sensitive to picking up MCI and early AD (James et al., 2015). 

Within the CAMCOG-R there are 19 items which form the Mini-Mental State Examination.  

 Mini-Mental State Examination (MMSE). As a measure of screening for dementia 

and identifying participants with severe dementia, our study employed data collected by the 

parent study using the MMSE (Folstein et al., 1975) (see Appendix C). The measure consists 
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of 19 items with each question scored out of 5 except for the recall question which is scored 

out of 3 (Galea, 2005). The questions altogether form seven sub-categories: orientation to 

place, orientation to time, three-word registration, calculation and attention, language, three-

word recall, and visual construction. Overall, the test has shown to have good test-retest 

reliability with correlations between .8 and .95 (Folstein et al., 1975; Tombaugh & McIntyre, 

1992). The MMSE is the popular assessment of cognitive functioning, though its use in a 

South African context is being contested in contemporary literature (Schutte et al., 2021).  

 Geriatric Depression Scale (GDS). To identify participants with clinical levels of 

depression, the GDS was employed in the parent study (see Appendix D). A score greater 

than nine out of 30 is indicative of depression and participants within this range were 

excluded from the parent, and derivatively, this study. The measure itself was developed for 

detecting depression in older adults and is a self-report questionnaire with 30 items. A 

reliability generalization study of the GDS showed that across 338 studies, the average 

reliability coefficient of the GDS is very high at .85 (Kieffer & Reese, 2002).  

Procedure  

The parent study was granted ethical clearance by the Human Research Ethics 

Committee of the Faculty of Health Sciences of the University of Cape Town in 2014 

(HREC/REF: 167/2014) (See Appendix E for the parent study’s approval letter).  

The team involved in the parent study administered the screening measures after 

participants had read and signed an informed consent form (see Appendix F). This document 

explained the parent study’s purpose, procedures, as well as the risks and benefits of 

participation. Clinical participants had a relative or friend present to ensure that consent was 

informed and voluntary. Participants in the control group were assessed individually while 

clinical participants were assessed with a relative or friend present. Participants were either 

assessed in a private examination room in the Geriatric Unit at GSH, or at the participant’s 
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home. The scores of each screening measure were calculated by the test administrator and 

then checked against the eligibility criteria. The participants who did not meet the eligibility 

criteria were excluded from future participation in the study after receiving a valid 

explanation. Individuals who were excluded based on their GDS scores received a note 

stating their score to give to their primary care physician. Individuals who were excluded 

based on a DSM-IV diagnosis of major neurocognitive impairment received a referral to the 

GSH Memory Clinic. Those participants who met the eligibility criteria were scheduled to 

attend their first testing session. 

The testing phase commenced within 30 days of the screening phase. As in the 

screening phase, control group participants were tested individually while clinical 

participants were tested with a relative or friend present. Participants were either tested in a 

private examination room in the Geriatric Unit at GSH, or at the participant’s home. In each 

testing period, data was collected from three testing sessions taken over the course of two 

weeks. Each testing session differed in the order of test administration so as to prevent order 

effects. In order to maintain confidentiality, participants’ medical records were retained at 

GSH, their identities and medical histories were only known by the team involved in the 

parent study, and the data itself was anonymized. All hardcopy data were stored in a secure 

filing cabinet, and all data in digital format were password protected.  

Data Preparation And Statistical Analysis 

Data Preparation  

The collected data from the PAL and List Learning Task measures were prepared by 

calculating the scores for each of the Accuracy formula A, Accuracy formula B, Reaction 

Time, Errors and Recognition variables. We extracted intraindividual standard deviations 

(iSDs) from the scores of each of these variables. The means as well as the iSDs of each of 

these variables were used as predictor variables in our statistical analyses. The collected data 
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from the MMSE and CAMCOG-R measures were prepared by calculating the rate of change. 

The rate of change for both the MMSE and the CAMCOG-R measures as well as their 

baseline measures were used as outcome variables in our statistical analyses.  

Accuracy Scores.  We developed two different formulas for calculating accuracy-

based data on the PAL measure.  

Accuracy A. The formula used to calculate the scores for Accuracy A is as follows: 

∑
𝑆𝑖

√𝐴𝑖
 

S- Stage difficulty 

A-attempts for that stage 

i-Stage number 

 The formula for Accuracy A sums the number of correct responses in a stage divided 

by the square root of number of attempts it took to complete that stage.  

Accuracy B. The formula used to calculate the scores for Accuracy B is as follows: 

∑
𝑆𝑖

𝐴𝑖
 

S- Stage difficulty 

A-attempts for that stage 

i-Stage number 

 

The formula for Accuracy B sums the number of correct responses divided by the 

number of attempts it took to complete the stage.  

Reaction time. To calculate the reaction time scores on data from the PAL measure, 

the reaction times for all the correct responses were averaged. 

Errors. We used the total errors (adjusted) on the data from the PAL measure 

generated by CANTAB software. The total number of errors were adjusted for each stage not 

attempted as a result of failing a previous stage. To calculate the adjustment of the total 

errors, the software summed the number of patterns that were not attempted, and then from 

this amount it subtracted the number of patterns divided by the number of boxes. It then 

multiplied this result by the number of trials allowed per stage, which for this study was six 

trials (Cambridge Cognition, 2004). 
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List Learning Recognition. The List Learning Recognition data is from the List 

Learning Task measure. The recognition scores were obtained from the parent study.  

Rate of change. The rate of change was calculated using data from the MMSE and 

CAMCOG-R measures and were used as output variables. The rate of change is the 

difference between the test scores of participants’ first and last screening sessions, divided by 

the amount of time (months) between those sessions.  

Extraction of iSDs. This study followed the extraction of iSDs method described by 

Christ et al. (2018). Before calculating the iSDs, which are the IIV scores for each of the 

Accuracy A, Accuracy B, Reaction Time, Errors and List Learning Recognition predictor 

variables, it was important to partial out any systematic effects, such as group and time-on-

task effects, that may have had an influence on mean performance (Christ et al., 2018). To 

extract the ISDs, we ran a random intercept model on each of the variables to determine 

which group and time-on-task effects had a significant influence on the means of each of 

these variables. We added session and test order to evaluate the influence of time-on-task 

effects on mean performance, and group, age, sex, years of education, and income to evaluate 

the influence of group effects on mean performance. (Hultsch et al., 2000, 2002, 2008; see 

Christ et al., (2018) for detailed explanation). The random intercept models found the 

following fixed-effects that significantly influenced the mean performance of each predictor 

variable: for Accuracy A, group and age significantly influenced mean performance; for 

Accuracy B, group, age and session significantly influenced mean performance; for Reaction 

Time, group and age significantly influenced mean performance, for Errors, group, age, years 

of education, and session significantly influenced mean performance; for List Learning 

Recognition, group, age and session significantly influenced mean performance. Based on 

these significant main effects, the next step in the extraction of the iSDs involved running 

random coefficient models with random slopes on sessions for each of the predictor variables 
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and their significant fixed effects and included session in each model to test whether it was 

significant or not. These models purify the data of any group and time-on-task effects. We 

saved the residuals from each of the models, converted the residuals to z-scores, converted 

these to t-scores and then to compute the iSDs we calculated the SDs of the t-scores. 

 

Inferential Statistical Analyses 

SPSS (version 28) was used for all statistical analyses in this study, with α set at .05.  

We ensured that all assumptions were upheld before statistical analyses were conducted.  

In the first part of our statistical analysis, we generated a series of independent t-tests 

for parametric continuous variables, Mann-Whitney tests for non-parametric variables, and 

chi-square tests for categorical variables to assess between-group differences in affective, 

cognitive, and sample demographics. The same analyses were done to assess between-group 

differences in the predictor variables. In the second part of our statistical analyses, in 

preparation for regression modelling, we examined the bivariate associations using Pearson’s 

r correlation coefficient between each of the predictor variables and rate of change outcome 

variables. In the final part of our statistical analyses, we generated a logistic stepwise 

regression model to test the hypothesis that clinical group membership can be predicted by 

accuracy-based measures of IIV.  

Our five predictor variables were derived from the PAL and the List Learning task. 

From the PAL our predictors were two formula that we created for the purpose of this study 

(A and B), total adjusted error rate and average reaction time. From the List Learning task our 

fifth predictor variable was recognition of list-learnt words. Participants that had missing data 

for thee predictor variables in any three of the testing sessions for interval one were removed 

as all three sessions were needed for the extraction of IIV. In our calculation for rate of 

change over time for cognitive performance measured with the MMSE and CAMCOG-R, 
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five participants had to be excluded based on individual circumstances between the first 

testing interval (n = 49) and the last interval (n = 43). These included withdrawal from the 

study, significantly lower cognitive scores suggesting their data was no longer valid, 

diagnostic change, or severe health decline. These exclusions were only for the calculation of 

rate of cognitive change over time and for all other analyses the baseline data from interval 

one was used (n = 49).  

Results   

Descriptive Statistics and Hypotheses 

From table 1. we can see that the clinical and control group had largely similar 

distributions for sex with no significant differences. The average difference in age between 

groups was only just significant difference with an average difference of 3.91 years. 

Difference in total years of education were significantly different between groups with an 

average difference of 1.18 years suggesting that most participants in the control group had 

achieved a matric whilst most participants in the clinical group had achieved either a grade 

ten or eleven pass. No significant differences in GDS or income were found between groups. 

Significant differences were found for both measures of cognitive functioning at both the 

baseline first interval of MMSE, final interval of MMSE, first interval of CAMCOG-R,and 

final interval of CAMCOG-R.  

From table 2. We can see that for raw mean scores that precede IIV extraction, AD 

scores were significantly lower than that of controls across the board. The first accuracy 

formula (A), the second formula (B) , the total adjusted error rate, mean reaction time, and 

list learning recognition scores were all significant in their differences between the control 

and AD group (table 2.). 
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Table 1 

Descriptive statistics for between group differences in demographic, affective, and cognitive 

scores.  
  Group    

Variable Total 

Control  

(n = 26) 

AD  

(n = 23) t/u/𝑋2 P Df 

Age 71.76 (6.89) 69.92 (7.27) 73.83 (5.19) -2.05 .046* 47 

Sex (M:F) 14:35 8:20 8:15 .819 .37 1 

Education (years) 10.86 (2.87) 11.58 (2.64) 10.04 (2.95) 1.92 .03* 47 

GDS 5.9(3.29) 5.58 (3.35) 6.26 (3.25) -0.72 .47 47 

Income 
7877.05 

(5392.93) 

9191.81 

(5511.04) 

6390.8 

(4958.82) 
217 .09  

MMSE  

First Interval (n=49) 25.49 (4.32) 28 (1.62) 22.65 (4.68) 90 <.001** - 

Final Interval  

(n = 44) 
24.5 (5.19) 28.48 (1.34) 20.14 (4.22) 9 <.001** - 

CAMCOG-R  

First Interval (n=49) 80.24 (17.48) 91.15 (6.53) 67.91 (17.86) 44.5 <.001** - 

Final Interval 

(n=44) 
93.61 (4.77) 93.61 (4.77) 62.71 (12.14) 10.912 <.001** 25.58 

The second, third, and fourth columns represent means for each variable with standard deviations in brackets. AD is Alzheimer’s Disease, 

GDS is Geriatric Depression Scale, MMSE is the Mini-Mental State Examination, and CAMCOG-R is  the Cambridge Cognitive 

Examination for Mental Disorders of the Elderly-Revised. Education was the highest level attained, and Income was monthly household 

income. Mann-Whitney’s tests were run for non-parametric data (Income, both intervals of the MMSE, the first interval of the CAMCOG-R), 
t-tests were run for parametric data (Age, Education, GDS, and the final interval of the CAMCOG-R), and a Chi-Squared test of 

contingency was run for the categorical Sex variable.  *p<.05, **p<.001.  
 

Table 2. 

Descriptive statistics for between group differences in predictor variables for raw mean 

scores and intra-individual variability (iSD’s) 

  

Group 

   

Variable Total 

Control  

(n = 26) 

AD  

(n = 23) t/u/𝑋2 p df 

Means 

PAL  

Accuracy (A) 5.34 (2.63) 6.97 (2.03) 3.50 (1.93) 73 <.001** - 

Accuracy (B) 2.22 ( .84) 2.74 (.60) 1.64 (.69) 5.945 <.001** 47 

Errors 49.30 (25.42) 33.03 (17.70) 67.70 (19.68) 73.5 <.001** - 

Reaction Time 3048.86 (1686.31) 2153.24 (985.32) 4061.29 (1755.41) 53 <.001** - 

List Learning  

Recognition 

 

16.87 (2.93) 18.86 (1.07) 14.62 (2.74) 41.5 <.001** - 

iSD’s 

PAL  

Accuracy (A) 9.15 (7.09) 11.51 (7.60) 6.50 (5.50) 192 .032* - 

Accuracy   (B)  10.67 (5.13) 10.82 (5.76) 10.52 (4.44) .201 .841 47 

Errors 25.42 (7.23) 11.39 (8.90) 7.12 (3.70) 192 .032* - 

RT 6.33 (9.58) 3.17 (4.33) 9.90 (12.41) 147 .002* - 

List Learning  

Recognition 

 

9.60 (6.73) 7.50 (5.68) 11.99 (7.13) 160 .005* - 
The second, third, and fourth columns represent means for each variable with standard deviations in brackets. PAL refers to 

the Paired Associates Learning Task, Accuracy A and B refer to the two formulas derived for this study respectively. Mann-

Whitney tests were run for non-parametric data (Accuracy A, Total Adjusted Error Rate, Reaction Time, and List learning 

for both iSD’s and raw mean scores), and t-tests were used for parametric data (Accuracy B). *p<.05, **p<.001.  

 

Thus, we can reject our first null hypothesis (H1) that there are no significant 

differences between the clinical AD and control groups for accuracy-based measures. For 
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IIV, all were significant except for the second accuracy formula (B). IIV for the first accuracy 

formula (A), for the total adjusted error rate, for mean reaction time, and for list learning 

recognition were all statistically significant. Interestingly however, IIV for our first accuracy 

formula (A) as well as for total adjusted error rate were higher in the control groups than in 

the clinical AD group. Thus, we can reject our second null hypothesis (H2) that there are not 

significant differences between the clinical AD and control group for accuracy-based 

measures of IIV with the exception of the second accuracy-based formula (B).  

 The third hypothesis (H3) was that accuracy based measures of IIV can predict 

clinical group membership. Forward logistic stepwise regression models were run for the IIV 

predictors that showed statistically significant differences between clinical AD and control 

groups (accuracy formula A, total adjusted error rate, reaction time, and list recognition; see 

table 2). In the first step only the IIV predictor was included in the model, in step two the two 

covariates that showed statistically significant differences between clinical AD and control 

group (age and education) were includes to see if the IIV accuracy measure retained unique 

statistical significance by predicting group membership, and finally step the raw mean score 

for the predictor was added to see if IIV retained significance. This final step was to see if 

accuracy-based measures of IIV could predict clinical group membership over and above the 

mean of that same score.  

The first logistic regression model (table 4.) using the first accuracy formula (A) IIV 

showed that initially our accuracy-based IIV measure could predict group membership quite 

well with statistical significance shown. This significance was retained when significant 

covariates were added , but by the final step only the mean score for the measure had 

significance with the IIV measure retaining none. Variance explained was highest in step 3 

suggesting that raw mean score was the best predictor of group membership and not IIV.  
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Table 4. 

IIV accuracy formula (A) logistic forward stepwise bivariate regression predicting group membership  

             
CI (95%)  

Predictor 𝑅2 β SE p LB UP 

Step 1  .17      

 iSD  -.12 .05 .018* .81 .98 

Step 2  .31      

 iSD  -.1 .05 .047* .82 .999  
Age 

 
.11 .06 .05 .999 1.24  

Education 
 

-.18 .12 .15 .66 1.09 

Step 3  .54      

 iSD  .02 .08 .78 .88 1.19  
Age 

 
.01 .06 .94 .89 1.14  

Education 
 

.04 .16 .8 .76 1.44  
Mean 

 
-.78 .29 .008* .26 .82 

iSD is the measure of IIV. Nagelkerke’s R-squared was used as a measure of variance explained. β is the 

unstandardized beta coefficient. All degrees of freedom for all models were 1. *p<.05 

 

The second logistic regression model (table 5.) using total adjusted error-rate IIV also 

showed initial promise in predicting group membership in step 1, but by step 2 this statistical 

significance was lost with the introduction of the covariates. By step 3 only the raw mean 

score showed statistical significance with the IIV measure showing none. Again variance 

explained was highest in step 3 suggesting that raw mean score was the best predictor of 

group membership and not IIV. 

Table 5 
IIV total error-rate logistic forward stepwise bivariate regression predicting group membership  

Predictor 
    

CI (95%)  

 𝑅2 β SE p LB UP 

Step 1  .155      

 iSD  -.15 .08 .04* .74 1 

Step 2  .307      

 iSD  -.13 .08 .06 .996 1.23  
Age  .1 .05 .06 .996 1.23  

Education  -.2 .12 .1 .65 1.04 

Step 3  .539      

 iSD  -.11 .09 .23 .75 1.07  
Age   .01 .06 .94 .89 1.14  

Education   .1 .18 .58 .78 1.57  
Mean  .08 .02 .001** 1.03 1.13 

.  
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Table 6.  
IIV mean reaction time logistic forward stepwise bivariate regression predicting group membership  

Predictor 
    

CI (95%)  

 𝑅2 β SE p LB UP 

Step 1  .23      

 iSD  .17 .08 .03* 1.01 1.4 

Step 2  .29      

 iSD  .13 .08 .14 .96 1.34  
Age  .07 .06 1.54 .96 1.19  

Education  -.15 .13 .22 .67 1.1 

Step 3  .49      

 iSD  .01 .05 .78 .92 1.11  
Age   .02 .06 .71 .91 1.15  

Education   -.07 .15 .66 .7 1.25  
Mean  .001 <.001 .01* 1 1 

 

The third logistic regression model (table 6.) using mean reaction time IIV also had 

initial predictive power in predicting group membership in step 1 (β = .17, p =.03). However, 

by step 2 this statistical significance was lost with the introduction of the covariates (β= .13, 

p = .14) and by step 3 again only the raw mean score showed statistical significance (β = 

.001, p = .01) with the IIV measure showing none (β = .01, p = .78). Again variance 

explained was highest in step 3 (𝑅2= .49) suggesting that raw mean score was the best 

predictor of group membership and not IIV. 

Table 7.  
IIV list recognition logistic forward stepwise bivariate regression predicting group membership  

Predictor 
    

CI (95%)  

 𝑅2 β SE p LB UP 

Step 1  .16      

 iSD  .12 .06 .03* 1.01 1.13 

Step 2  .29      

 iSD  .1 .06 .09 .94 1.24  
Age  .09 .06 .1 .98 1.22  

Education  -.2 .12 .1 .64 1.04 

Step 3  .72      

 iSD  .02 .08 .84 .88 1.18  
Age   -.07 .09 .42 .78 1.11  

Education   -.06 .17 .73 .68 1.31  
Mean  -1.28 .44 .004* .12 .66 

 

The final logistic regression model (table 7.) using list recognition IIV again also had 

initial promise in predicting group membership in step 1 and again by step 2 this statistical 



22 
 

 
 
 

significance was lost with the introduction of the covariates. By step 3 similarly only the raw 

mean score showed statistical significance with the IIV measure showing no statistical 

significance. Variance explained was once again highest in step 3 suggesting that raw mean 

score was the best predictor of group membership and not IIV.  

With all the logistic forward stepwise bivariate regression models above and the lack 

of statistical significance of our IIV measures in their ability to predict group membership 

above covariates or the associated raw mean score, we failed to reject our third null 

hypothesis (H3) that accuracy-based measures of IIV are able to predict clinical group 

membership.  

Our final hypothesis (H4) was that cognitive decline in AD patients can be predicted 

over time using accuracy-based measures of IIV using a multiple linear regression model. 

The first step in such an analysis is to run a correlation matrix to identify significant 

correlations, and table 3 shows the results from this analysis. 

Table 3. 

Correlations for raw mean and IIV predictors with measures of cognitive change over time 
 Rate of Change  

 CAMCOG-R MMSE 

Mean r p r p 

Accuracy (A) -0.09 0.29 -0.36 0.008* 

Accuracy (B) -0.16 0.21 -0.35 0.009* 

Error 0.11 0.24 0.4 0.003* 

Reaction Time 0.24 0.06 0.34 0.013* 

List Recognition -0.26 0.04* -0.46 <0.001** 

ISD     

Accuracy (A) 0.09 0.28 -0.14 0.19 

Accuracy (B) -0.002 0.5 -0.1 0.26 

Error 0.06 0.36 0.02 0.5 

Reaction Time 0.21 0.08 0.2 0.1 

List Recognition 0.003 0.49 0.08 0.31 
The correlation measure used here (r) was Pearson’s correlation coefficient. The rate of change for the 

CAMCOG-R and MMSE are quantifications of the rate of change in general cognitive functioning between 

baseline scores and the final testing stage for participants where most were measured in interval 3 but some in 

interval 2 and our calculation accounts for this. *p<.05, **p<.001.  

 

The raw mean correlations with CAMCOG-R rate of change for our first accuracy 

formula (A), our second accuracy formula, total adjusted error rate, and mean reaction time 

were not significant with only list recognition showing a significant correlation. However, the 
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raw mean correlations with MMSE rate of change for our first accuracy formula (A), our 

second accuracy formula (B), total adjusted error rate, mean reaction time and list recognition 

were all statistically significant suggesting that accuracy based measures are correlated with 

rate of cognitive change. However, no significant correlations were found between the IIV of 

our predictors and the rate of change in CAMCOG-R and MMSE (refer to table 1) with the 

correlation between IIV reaction time and CAMCOG-R rate of change approaching the 

closest to statistical significance. As a result, the multiple regression analysis was halted and 

as a result we failed to reject our final null hypothesis (H4) that accuracy based measures of 

IIV can predict cognitive change over time.  

Discussion 

The aim of this study was to investigate the overall utility of accuracy based measures 

of IIV in the identification and capture of AD as well as to contribute to a better 

understanding of predictive methods in AD as a supplement to existing clinical diagnostic 

tools in its treatment, specifically in the South African context. The central research question 

asked by this study was whether accuracy-based measures of IIV are useful in identifying 

AD, capturing AD, and predicting cognitive decline in AD. We thus has the following four 

hypotheses: : (H1)  there is a significant difference between the clinical and control groups for 

accuracy-based measures; (H2)  There is a significant difference between the clinical and 

control groups for accuracy-based measures of IIV; (H3)  Cognitive decline in AD can be 

predicted by accuracy-based measures of IIV; and (H4)  Clinical group membership can be 

predicted with accuracy-based measures of IIV.     

It was found in our analyses that there was a significant difference in raw accuracy-

based mean scores between the AD group and control group in all of our predictor variables. 

Our two accuracy-based formula (A & B) for measuring performance on the PAL and the list 

learning recognition scores were all significantly higher in the control group than the AD 
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group suggesting better performance on this task. The control group also had significantly 

lower error rates as well as reaction times than the AD group, further suggesting better 

performance on this task. Thus we were able to reject our first null hypothesis (H1) there is a 

significant difference between the clinical and control groups for accuracy-based measures. 

These findings are in line with what one would expect as these measures capture visual 

memory and learning and are affiliated with ideal functioning of the medial and temporal 

lobe (Sahakian & Owen, 1992) and these are faculties that are distinctly affected in the 

presence of AD (De Jager et al., 2015; Rasmussen &amp; Langerman, 2019). This suggests 

that performance on accuracy-based measures of learning and memory have clinical utility in 

capturing AD at early stages of the disease process.  

Additionally it was found that for all accuracy-based measures of IIV there was a 

significant difference between the clinical AD and control group, but not in an identical 

direction to the raw mean scores of the associated predictor variables. Our first accuracy-

based formula (A) IIV as well as total adjusted error IIV (both derived from the PAL) were 

both statistically higher in the control group than the AD group which was a surprise finding 

since other accuracy-based measures of IIV such as list-learning have been found to be higher 

in AD groups than control groups (Christ et al., 2018). This type of result could be explained 

by the fact that tasks higher in strategic processing could create more IIV and as a result 

variability becomes a function of learning and thinking rather than of neuropathology and 

dysfunction (Christ e al., 2018; Allaire & Masiske, 2005). Reaction time IIV as well as list 

learning recognition were statistically lower in the control group than the AD group which is 

more in line with what we would expect. This is because such differences in IIV are 

indicative of less optimal performance in the given measure which one would expect from the 

AD group over the controls as has been found in previous studies (Holtzer et al., 2008; Kälin 

et al., 2014; Kliegel &amp; Sliwinski, 2004; Morgan et al., 2012; Murphy et al., 2007; 
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Tractenberg &amp; Pietrzak, 2011). We thus were able to reject our second null hypothesis 

(H2) that there were significant differences in accuracy-based measured of IIV between 

control and AD groups. Overall these findings suggests that measures of IIV for reaction time 

in the PAL and list learning recognition have some utility in identifying cognitive impairment 

to a certain degree, but that accuracy-based measures of IIV from the PAL cannot be used to 

identify or capture AD at its earliest stages.  

This determination is congruent with our next finding as neither of these accuracy-

based measures of IIV (formula A or error rate) were able to predict clinical membership 

above the ability of the raw mean score for both these measures. The same was found for all 

other IIV predictor variables suggesting that accuracy-based measures of IIV have no ability 

to predict the presence of AD. Thus we failed to reject our third null hypothesis (H3) that 

accuracy-based measures of IIV are unable to predict clinical group membership. Whilst 

disappointing, this finding is in line with previous research that found that that accuracy-

based measures of IIV lack predictive power (Christ et al., 2018; Kälin et al., 2014; Murphy 

et al., 2007; Tractenberg &amp; Pietrzak, 2011). This can most likely be explained by the 

fact that accuracy-based measured of IIV have inherently less temporal resolution than RT 

measures since far fewer trials are required to produce iSD’s.  

Finally, it was found that accuracy-based measures of IIV were unable to predict 

cognitive decline over time. The initial indicator of any multiple regression’s predictive 

power is correlation between predictor variables and outcome variables, and in our case no 

statistically significant correlations between accuracy-based measures of IIV and rate of 

change in cognitive performance over time were found thus indicating that no predictive 

relationship exists. As a result we failed to reject our final null hypothesis (H4) that accuracy-

based measures of IIV cannot predict cognitive change over time. To our knowledge this was 

the first study that sought to find such a predictive relationship.  
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Limitations 

 There were a number of limitations present in this study. As previously noted, 

this study was a secondary data analysis and part of a larger ongoing study (Christ et al., 

2018). Because this study was a secondary data analysis, we had no control over the sample 

size beyond reducing the number of participants used in the analysis. The parent study’s 

original sample of N =52 was reduced to N = 49 for this study. Due to not having a larger 

sample size, this study may not have had sufficient statistical power to achieve its aims, and 

this may have impacted our ability to find statistically significant results for two of our 

hypotheses. Thus, a smaller sample size could have led to incorrectly accepting the null 

hypothesis. Hence, any future studies that may wish to replicate this study should recruit a 

larger sample size.  

We found a statistical difference between the clinical and control groups for the 

age demographic variable. Age is likely to have been a confounder for the clinical group 

which resulted in this statistical difference between the control and clinical groups in age. It is 

also furthermore impossible to know to what extent this statistical difference in age for 

groups is actually as a result of normal aging related changes or if it is due to AD for the 

clinical group. To overcome this limitation in future studies, the sample for the clinical and 

control groups could be better matched in terms of age. As there was also a significant 

difference between the groups in terms of education, this limitation could be overcome in 

future studies by adequately matching the sample groups in terms of education.  

 

Summary and Conclusion  

Awareness of AD in South Africa is exceptionally low which can lead to the 

appropriate preventative measures not being sought out. There is a need for sensitive and 

accurate cognitive measures that can predict cognitive decline in AD patients in order to 
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supplement existing clinical diagnostic tools in AD’s treatment. Hence, the overall aim of this 

study was to contribute to the literature on the overall utility of IIV in accuracy-based 

measures in the identification and capturing of AD. Statistical analyses detected significant 

between-group differences for both accuracy-based measures, and accuracy-based measures 

of IIV with IIV being higher in two accuracy-measured derived from the PAL, an unexpected 

result to say the least.  

Overall, accuracy-based measures have significant clinical utility in the identification 

and capture of AD, but accuracy-based measures of IIV in the PAL seem to be less powerful 

in this regard when compared both to list learning recognition and the overall reaction time 

measures of IIV. Future research into other accuracy-based measures of IIV should be 

conducted to assess if they are able to predict clinical group membership as well as change in 

cognitive performance over time.  
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Appendix A: 

Clinical Diagnostic Criteria (NINCDS) 

NINCDS / ADRDA (Alzheimer’s Disease) 

 

McKhann G et al. Neurology 1984; 34: 939-944 

 
0. Negative  

 

1. Possible 

  

i) 

 

Presence of a dementia syndrome, in absence of other 

neurological, psychiatric or systemic disorders capable of 

causing dementia, but with atypical features, such as 

variations 

in the onset, presentation or clinical course of the illness. 

 
ii) Presence of a second systemic disease or brain 

disorder sufficient to produce dementia, but not considered to 
be the 
cause of the dementia. 

 
iii) Single, gradually progressive, severe cognitive deficit (eg. 

worsening amnestic syndrome), in the absence of another 

identifiable cause. 

2. Probable 
  

  

i) 

 

Dementia, established by history & clinical examination, and 

documented with, or confirmed by, cognitive or 

neuropsychological tests e.g. MMSE (<23), CAMCOG (<80). 

 
ii) Deficits in 2 or more areas of cognition. 

  

iii) 

 

Progressive worsening of memory and other cognitive 

functions. 

  

iv) 

 

No disturbance of consciousness. 

  

v) 

 

Age of onset > 40; usually > 65. 

  

vi) 

 

Absence of systemic disorders or other brain diseases [or 

psychiatric 

  disorders] that could in themselves account for the progressive 
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  deficits in memory & cognition. 

 

3. Definite 

  

  

i) 

 

Probable AD on clinical criteria. 

 ii) Histopathological evidence (biopsy, autopsy).  
Supportive evidence for the diagnosis of Probable AD: 

 

i) Progressive deterioration of specific cognitive functions such 

as language (aphasia), motor skills (apraxia), and perception (agnosia); 

 

ii) impaired activities of daily living and altered patterns of behaviour; 

 

iii) family history of similar disorders, particularly 

if confirmed neuropathologically; and 

 

 

iv) laboratory results of: 

 

a) normal lumbar puncture as evaluated by standard techniques; 

 

b) normal pattern or non-specific change in EEG, such 

as increased slow wave activity, and 

 

c) evidence of cerebral atrophy on CT with progression 

documented by serial observation. 

 

 

Clinical features consistent with the diagnosis of Probable AD: 

 

i) Plateaus in the course of progression of the illness; 

 

ii) Associated symptoms of depression, insomnia, 

incontinence, delusions, illusions, hallucinations, 

catastrophic verbal, emotional or physical outbursts, 

sexual disorders and weight loss; 

 

iii) Other neurological abnormalities in some patients, 

especially those with more advanced disease, including 

motor signs such as increased motor tone, myoclonus or 

a gait disorder; 

 

iv) Seizures in advanced disease; 

 

v) CT normal for age. 
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Features that make the diagnosis of Probable AD uncertain or unlikely include: 

 

i) Sudden apoplectic onset; 

 

ii) Focal neurological signs such as hemiparesis, sensory 

loss, visual field deficits, and incoordination early in 

the course of the illness; 

 

iv) Seizures or gait disturbances at the onset or very early 

in the course of the illness. 
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Appendix  B: 

 

Paired Associates Learning Task (PAL) 

 

The test begins with a blank screen and white boxes on the periphery of the 

screens border, each of which are then randomly opened and then 

subsequently closed. A pattern is contained in one or more of each of the 

boxes and is displayed when a box containing said pattern is opened. 

Following all the boxes’ ‘contents’ being revealed, the patterns that were 

shown to the participant are then exhibited in the middle of the screen 

sequentially. Participants are directed to match the patterns to the specific box 

from which they originated on the periphery of the screen. If an error is made, 

the patterns are redisplayed to remind the participant of their original 

placements. The test itself is comprised of eight different stages that get 

progressively more difficult with the first seven stages having six boxes and 

the eighth having eight boxes. In the first two stages only one pattern is 

shown, with two being shown in the third and fourth stages, three in the fifth 

and sixth stages, six in the seventh, and finally eight in the final stage. Each 

stage consists of 10 trial
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Appendix C: 

Mini-Mental State Examination (MMSE) 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

 

MMSE scoring 

24-30: no cognitive 

impairment 18-23: 

mild cognitive 

impairment 0-17: 

severe impairment 

One point for each answer   DATE:    

ORIENTATION 
Year Season 

 

Month 

 

Date Time 

  
……/ 5 

 

……/ 5 

 

....../ 5 

Country Town District Hospital Ward/Floor ……/ 5 ……/ 5 ....../ 5 

REGISTRATION 
Examiner names three objects (e.g. apple, table, penny) and asks the 

patient to repeat (1 point for each correct. THEN the patient learns the 3 

names repeating until correct). 

 

 

……/ 3 

 

 

……/ 3 

 

 

....../ 3 

ATTENTION AND CALCULATION 
Subtract 7 from 100, then repeat from result. Continue five times: 100, 

93, 86, 79, 72, 65 (Alternative: spell “WORLD” backwards: DLROW). 

 
……/ 5 

 
……/ 5 

 
....../ 5 

RECALL 
Ask for the names of the three objects learned earlier. 

 

……/ 3 

 

……/ 3 

 

....../ 3 

LANGUAGE 
Name two objects (e.g. pen, watch). 

 

……/ 2 

 

……/ 2 

 

....../ 2 

Repeat “No ifs, ands, or buts”. ……/ 1 ……/ 1 ....../ 1 

Give a three-stage command. Score 1 for each stage. (e.g. “Place index 

finger of right hand on your nose and then on your left ear”). 

 

……/ 3 
 

……/ 3 
 

....../ 3 

Ask the patient to read and obey a written command on a piece of 

paper. The written instruction is: “Close your eyes”. 

 

……/ 1 
 

……/ 1 
 

....../ 1 

Ask the patient to write a sentence. Score 1 if it is sensible and has a 

subject and a verb. 

 

……/ 1 
 

……/ 1 
 

....../ 1 

COPYING: Ask the patient to copy a pair of intersecting pentagons 
 

 

 
……/ 1 

 

 

 
……/ 1 

 

 

 
....../ 1 

TOTAL: ……/ 

30 

……/ 

30 

....../ 30 
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Appendix D: 

Geriatric Depression Scale  

 

NAME: DATE: 

 
1 Are you basically satisfied with your life? No Yes 

2 Have you dropped many of your activities or interests? Yes No 

3 Do you feel that your life is empty? Yes No 

4 Do you often feel bored? Yes No 

5 Are you in good spirits most of the time? No Yes 

6 Are you afraid that something bad is going to happen to you? Yes No 

7 Do you feel happy most of the time? No Yes 

8 Do you often feel helpless? Yes No 

9 Do you prefer to stay at home, rather than going out and doing 
new things? 

 

Yes No 

10 Do you feel you have more problems with your memory than 
most? 

 
Yes No 

11 Do you think it is wonderful to be alive? No Yes 

12 Do you feel pretty worthless the way you are now Yes No 

13 Do you feel full of energy? No Yes 

14 Do you feel that your situation is hopeless? Yes No 

15 Do you think that most people are better off than you are? Yes No 

 

> 5 problems (answers in BOLD) indicates probable depression 

TOTAL: 

 

 
 

THE GERIATRIC DEPRESSION SCALE (GDS) 

 

1. The GDS short form (15 questions) has been derived from the 30 question version. 

It has been designed for the assessment of depressive symptomatology in elderly 

people and excludes any questions relating to the physical symptoms of depression 

common in old age. 

 

2. The GDS is a screening device and should not be used as a diagnostic tool. It can 

be used to monitor the client’s emotional state in relation to treatment or change in 

physical health. The questionnaire can guide further clinical interviews and when 

used this way has been found very acceptable to clients. 

 

3. The questions are read out and the patient is asked how they have felt over the 

past week using a Yes/No response format. No further explanation or interpretation 

should be given to the questions. 

 

4. Each answer indicating depression (bold ‘yes’ or ‘no) counts one point. Scores 

greater than 5 are indicative of probable depression. 

Appendix E: 
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Appendix E:  

 

PARTICIPANT INFORMATION LEAFLET AND 

CONSENT FORM 

 
 

TITLE OF THE RESEARCH PROJECT: Intraindividual Variability in the 

Progression of Alzheimer’s disease: A longitudinal trajectory of cognitive 

decline 

 

PROTOCOL NUMBER: 167/2014 

 

PRINCIPAL INVESTIGATOR: Mr. Bjorn U. Christ 

New text: SECONDARY INVESTIGATORS: Ms Kara 

Engelbrecht and Ms Melinda Simon. 

 

ADDRESS: Department of Psychology, PD Hahn 

Psychology Building, University Avenue, 

University of Cape Town, Rondebosch, 

Cape Town, 7701 

 

CONTACT NUMBER: +27 72 0710 346 

 

I am inviting you to participate in a research project. Please take 

some time to read the information presented here. It explains the 

details of the project. If there are any aspects of the project you do 

not understand, please do not hesitate to ask the study staff or 

doctor. It is important that you are fully satisfied that you clearly 

understand what this research entails and how you could be 

involved. Your participation in the study is entirely voluntary and 

you are free to decline to participate. If you say no, this will not 

affect you negatively in any way whatsoever. It will not affect any 

future medical treatment you may need. You are also free to 

withdraw from the study at any point, even if you did initially 

agree to take part. You do not have to give a reason for 

withdrawing. 

 

This study has been approved by the Research Ethics 

Committee of the Faculty of Health Sciences of the University 

of Cape Town. It will be conducted according to the ethical 

guidelines and principles of the International Declaration of 

Helsinki, the South African Guidelines for Good Clinical 

Practice and the Medical Research Council (MRC) Ethical 

Guidelines for Research. 

 

This trial is being run by the Applied Cognitive Sciences and 

Experimental Neuropsychology Testing (ACSENT) laboratory and 
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the Divisions of Neurology and Geriatric Medicine in the 

Department of Medicine at the University of Cape Town. I aim to 

recruit a total of 90 participants over a period of 18 months. 

 

What is this research study all about? 

 
Some people develop memory problems as they get older. Many 

elderly people have mild memory difficulties.  However, in a few, 

the problem may be more severe. I am interested in finding out 

more about how the difficulties with memory and other higher 

brain functions change over time. In order to do so, I should like to 

investigate the course of these changes using a small number of 

methods. These include questions you would need to answer about 

yourself and tests of memory and other higher brain functions. 

 

I am interested in testing people both with memory difficulties and 

those without, so that we can compare the two groups. In this way I 

might be able to better understand the progression of change in 

brain function associated with memory impairment. My research 

findings may aid in the early detection and treatment of these 

conditions and help improve the design of drug intervention trials 

associated with these conditions in the future. 

 

Procedures 

 

If you agree to take part in the study you will be required to 

partake in a short telephonic interview about your medical history. 

This is done to ensure you meet all the conditions required to 

enter the study. You will then be invited to visit our clinic on three 

separate days over a two week period. At these visits to our clinic I 

shall: 

 

(1) interview your relative/friend (someone who knows 

you well) to find out whether he/she thinks you have 

any memory difficulties. 

 

(2) ask you to complete a short questionnaire about 

your mental and emotional functioning. 

 

(3) perform tests of your memory and other higher mental 

functions. These will be conducted in a quiet, relaxed 

atmosphere. I expect that these tests will be about two 

hours duration. However, there will be opportunities to 

rest in-between tests. 
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The questionnaires and the tests will be administered during the first 

visit, however for the subsequent two visits you will only be 

required to complete the tests. After the three baseline visits I would 

like to re-assess your memory and other higher functions again after 

six months and twelve months, respectively, provided you continue 

to consent to participation in the study. 

 

If I find that you or your relative/friend has a significant memory 

problem that is interfering with your daily living activities, we shall 

refer you to a Memory Clinic. Your permission will always be 

sought first. 

 

What will your responsibilities be? 

 

You will be required to attend the study visit at the appropriate time 

and to participate as fully as you can with the tests and 

questionnaires. You should answer the questions as fully and 

honestly as you can. If there are any questions that you cannot, or 

do not wish to answer, you should tell us so. 

 

Will you benefit from taking part in this 

study? 

 

You will receive little direct benefit from the study. However, 

you will undergo a range of cognitive tests. As previously 

indicated, we shall, with your permission, refer you to the 

appropriate medical services if any treatable abnormalities are 

found. 

 

Are there any risks in your taking part in 

this research? 



44 
 

 
 
 

 

 
 

You may feel uncomfortable about answering some of the 

questions about yourself or your friend/relative. Some people 

don’t like talking, or knowing about, problems related to memory 

or thinking. You should feel free to mention your feelings or 

concerns to any member of the study team. 

 

If you do not agree to take part, what 

alternatives do you have? 

You are free not to participate in the study or to refuse parts of the study. 

 
Who will have access to your medical 

records? 

 
The information collected about you, which includes your Groote 

Schuur Hospital medical history (e.g. the records of the Geriatric 

Unit and the Memory Clinic), will be treated as confidential and 

protected. If it is used in a publication or thesis, your identity will 

remain anonymous. Only the direct study team will have full access 

to the information. If we need to refer you to a clinic for treatment, 

we will provide them with the relevant information needed to treat 

your condition. 

 
Will you be paid to take part in this study 

and are there any costs involved? 

 

You will not be paid to take part in the study but your transport 

costs will be covered for the study visit. You will be reimbursed 

for the sum of R50-00 at each visit to the research site. There will 

be no costs involved for you, if you do take part. 

 

Is there anything else that you should 

know or do? 

• You should inform your family practitioner or usual doctor 
that you are taking part in a research study. 

 

• You can contact me on +27 72 0710 346 if you have any 
further queries or encounter any problems. 

 

• You can contact the Research Ethics Committee of the 
Health Sciences Faculty of the University of Cape Town 
021-4066338 if you have any concerns or complaints that 
have not been adequately addressed by your study doctor. 

 

• You will receive a copy of this information and consent form for your 

own records. 
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Declaration by participant and/or 

friend/relative/guardian 

 
By signing below, I ....................................................................... , hereby agree to 

take part in 

the research study entitled: “Intraindividual Variability in the 

Progression of Alzheimer’s disease: A longitudinal trajectory of 

cognitive decline” 

 

I declare that: 

 

• I have read or had read to me this information and 
consent form and it is written in a language with 
which I am fluent and comfortable. 

• I have had a chance to ask questions and all my 
questions have been adequately answered. 

• I understand that taking part in this study is 
voluntary and I have not been pressurised to 
take part. 

• I may choose to leave the study at any time 
and will not be penalised or prejudiced in any 
way. 

• I may be asked to leave the study before it has 

finished, if the study doctor or researcher feels it is in 

my best interests, or if I do not follow the study plan, 

as                                  agreed to. 

 

Signed at (place) ......................…........…………….. on (date) 2015 

...................................................................... ................................................................... 

Signature of participant   Signature of witness 

...................................................................... ................................................................... 

Signature of relative/friend/guardian Signature of witness Declaration by 

investigator 

I (name)…………………………………………………………………..declare that: 

• I explained the information in this document to ………………………………….. 

• I encouraged him/her to ask questions and took adequate time to answer them. 
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• I am satisfied that he/she adequately understands all aspects of the research, as 

discussed above 

Signed at (place) ......................…........…………….. on (date) 2015 

...................................................................... ................................................................... 

Signature of investigator   Signature of Witness
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