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ABSTRACT 

This project examined the efficacy of using a combination of complementary screening 

tools to detect cognitive impairment in persons over 65 years old. Using data from the 

Canadian Study of Health and Aging, we examined whether the addition of the Clock 

Test components of Clock Drawing, Clock Setting, and/or Clock Reading (Tuokko, 

Hadjistavropoulos, Miller, Horton, & Beattie, 1995) to the Modified Mini-Mental State 

Examination (3MS; Teng & Chui, 1987) resulted in increased sensitivity and/or 

specificity when identifying persons with cognitive impairment. The verification bias in 

the sample was adjusted. Then each screening tool was compared over all possible cut-off 

points. The results indicated that the use of the Clock Drawing, Clock Setting, and/or 

Clock Reading tasks in combination with the 3MS did not improve the identification of 

persons with and without cognitive impairment over the 3MS alone. Equivalent results 

were found for different age, education level, and sex groups. 
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Two-Step Screening for Cognitive Impairment: The Clock Test and the 3MS 

CHAPTER 1 

Introduction 

Aging and age-related health care issues are becoming increasingly important as 

the population gets older. In 1999, Canadians 65 years of age and older comprised 12% 

of the population (Statistics Canada, 1999a ), and the number of older Canadians is 

expected to increase; 16.5 % of the population by 2016 and 21.4% of the population by 

2026 will be over 65 years of age (Statistics Canada, 1999b ). This changing age 

distribution raises a number of serious questions relevant to geriatric research. For 

example, in Canada in 1991 , one quarter of a million people 65 years of age and older 

suffered from dementia, a degenerative syndrome that involves cognitive impairment in 

two or more domains and interferes with daily activities of living. The probability of 

suffering from dementia rises with age; for example, 2.4% of those 65-74 years old, 

11. 1 % of those 75-84 years old, and 34.5% of those 85 years old and over have dementia 

(Canadian Study of Health and Aging Working Group, 1994). Given this finding and the 

continued growth of the oldest segments of the population, issues concerning this 

vulnerable group are particularly relevant. 

Accurate detection of cognitive impairment and dementia has implications for 

clinical management of patients and their families and can result in more efficient and 

effective use oflimited health care resources. Early, accurate detection of dementia is of 

particular concern because current pharmacological treatments for dementia are 

recommended as an early intervention. Although current pharmacological treatments for 
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dementia are not useful for many people, some individuals demonstrate improvements or 

stability in their cognitive abilities, and these benefits are best realized with early 

intervention (van Reekum, Simard, & Farcnik, 1999). Consequently, the earlier that 

dementia is diagnosed, the earlier that intervention can be contemplated. Identifying 

persons with dementia, however, is costly and time-consuming. Screening tools that 

identify cognitive impairment are a cost-effective means of identifying persons who 

require the time-consuming intensive neurological and neuropsychological assessment in 

order to diagnose dementia. This study examines the effectiveness of using a combination 

of complementary screening tools for detecting dementia in persons over 65 years of age 

in an attempt to increase the accuracy of screening for dementia. I had hypothesized that 

the addition of components of the Clock Test (Tuokko, Hadjistavropoulos, Miller, 

Horton, & Beattie, 1995) to the Modified-Mini Mental Status (3MS) examination (Teng 

& Chui, 1987) would result in a more accurate screening tool for cognitive impairment. 

Chapter 2 begins with an overview of the purpose of screening and discusses 

characteristics of screening tools, such as their ability to distinguish diseased persons 

from non-diseased persons. The psychometric issues relevant to screening tools for 

cognitive impairment due to dementia are discussed. Then a review of the psychometric 

properties of screening tools for cognitive impairment is provided. Mental status exams 

and clock tests, with particular emphasis on the 3MS (Teng & Chui, 1987) and the Clock 

Test (Tuokko et al ., 1995) are the screening tools reviewed. The rationale for using the 

components of the Clock Test (i .e ., Clock Drawing, Clock Setting, and Clock Reading) in 

combination with the 3MS is discussed. Finally, the research hypotheses are articulated. 
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Chapter 3 describes the methods used to investigate the efficacy of combining the 

3MS (Teng & Chui, 1987) and the components of the Clock Test (Tuokko et al. , 1995). 

The characteristics of the participants from the Canadian Study of Health and Aging - I 

(CSHA - I) are described. The procedure involved first, the investigation of the influence 

of age, education, and sex on the 3MS. Then, the 3MS was adjusted for the influences of 

age, education, and sex, and the accuracy of the adjusted-3MS was compared to the 

original 3MS. Next, the verification bias was corrected and a graph that represented the 

hit rate of the screening tool ( corrected and non-corrected) was constructed. Then, the 

two areas under the curves of these graphs were compared as this comparison is a 

determination of which screening tool (i .e., corrected or non-corrected) was better at 

distinguishing cognitively impaired from cognitively normal persons. Finally, because 

the two screening tools were given to the same individuals, the correlation between the 

two tests was accounted for before comparing the areas. 

The 3MS was combined separately with each component (i.e., Clock Reading, 

Clock Setting, and Clock Drawing) to determine whether the combined screening tools 

were more accurate than any screening tool alone. In addition, the 3MS was combined 

with the total Clock Test score. Finally, the 3MS was combined with Clock Drawing and 

Clock Setting based on the results of logistic regression, which suggested that Clock 

Drawing and Clock Setting contributed unique prediction above the 3MS alone. The 

methods for comparing the accuracy was performed as described above. Finally, the 

ability of the combined (i.e., Clock Drawing/3MS, Clock Setting/3MS, and Clock 

Reading/3MS) versus single screening tools to identify cognitive impairment was 

investigated for different age, education, and sex groups to see if the combination of 
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complementary screening tools would aid in the detection of cognitive impairment for 

particular demographic groups. 

Chapter 4 presents the results of the analyses. To summarize, I found that the 

attempt to improve the accuracy of the 3MS by adjusting for the effects of age, 

education, and sex was unsuccessful: the original 3MS was more accurate than the 

adjusted-3MS at discriminating between participants with and without cognitive 

impairment. Further, adding each component of the Clock Test to the 3MS did not 

increase the accuracy above the 3MS alone. Due to the relatively low sensitivity and 

specificity of the components of the Clock Test, any addition of the 3MS to the 

Clock Test resulted in increased accuracy over each component of the Clock Test 

alone. When assessed separately for different demographic groups, the results were 

similar: the addition of single components of the Clock Test to the 3MS resulted in 

equivalent accuracy to the 3MS alone. Finally, for each age, education, and sex 

group, any addition of the 3MS to the Clock Test resulted in increased accuracy 

over each component of the Clock Test alone. 

Chapter 5 provides a summary and integration of the results, and discusses the 

consistency of these results with the hypotheses, which were presented in Chapter 2. In 

addition, the limitations of the current procedure and their impact on some of the findings 

are discussed. Suggestions for future research are presented. Subsequently, the clinical 

conclusions that can be drawn from this study are discussed. 
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CHAPTER 2 

Literature Review 

The present chapter reviews the purpose of screening and the characteristics of 

screening tools which are relevant to understanding the literature on screening tools for 

cognitive impairment. In addition, the present chapter discusses psychometric properties 

specifically related to screening for cognitive impairment, followed by a literature review 

of screening for cognitive impairment using mental-status assessment tools, with specific 

attention to the 3MS (Teng & Chui, 1987). The rationale and success of screening for 

cognitive impairment with clock tasks will be discussed. In addition, properties of the 

Clock Test (Tuokko et al. , 1995), a screening tool for cognitive impairment will be 

discussed, followed by the hypotheses of this study. 

Purpose of Screening 

To save time and money, screening tests are used to identify persons who require 

further testing. Persons who screen positive on the screening tool are referred for a 

diagnostic investigation, whereas persons who screen negative are not referred (Ferrer, 

1968; Wilson & Jungner, 1968). Screening tools do not constitute a diagnosis, but the 

screening procedure is helpful in that it minimizes the number of persons who require a 

full medical and psychological investigation, which is a more costly process than the 

screening procedure (Essex-Sorlie, 1995). In order to be effective, screening tools should 

be accurate (Zweig & Campbell, 1993). In addition, screening tools should be efficacious 

or have practical value. To be efficacious, screening tools should be easy and quick to 

administer, inexpensive, and acceptable to health professionals and the public (Ferrer, 

1968; Zweig & Campbell, 1993 ). The accuracy of a screening tool is essential, but 
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accuracy alone is not sufficient to ensure a screening tool is effective and efficacious 

(Zweig & Campbell, 1993). This study investigates the accuracy (i .e., effectiveness) of 

using a combination of two efficacious screening tools. 

Screening for Cognitive Impairment 

Screening for dementia is important for secondary prevention and planning 

of health care services (Ganguli, 1997). Dementia is a degenerative syndrome that 

involves cognitive impairment in two or more domains. In addition, for a diagnosis 

of dementia, the degree of cognitive impairment must be severe enough to have 

interfered with the daily activities of living. A positive result on a screening tool for 

cognitive impairment does not constitute a diagnosis of dementia. Screening tools 

only help clinicians decide whether an individual ' s level of cognitive functioning 

warrants further investigation (Baker, 1989) . 

One of the difficulties with using cognitive impairment as an indication of 

the dementing process is differentiating cognitive change due to age from 

pathological cognitive impairment (Ritchie, 1988). It is difficult to determine when 

cognitive change constitutes cognitive impairment. For instance, a clinician may 

assume that an individual is impaired if they are unable to perform an ' easy' task, 

which they would normally be expected to perform with little effort (Tuokko & 

Hadjistavropoulos, 1998); however, many persons with mild cognitive impairment 

will likely be able to perform these ' easy' tasks . 

Many screening tools for cognitive impairment include only ' easy' items that 

measure extreme impairment (Ritchie, 1988) . Most people are able to perform each 

task with relative ease and very few people are not able to perform most of the tasks 
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(i.e., the distribution is negatively skewed and demonstrates a ceiling effect) . 

Consequently, most screening tools for cognitive impairment are not able to identify 

persons with mild cognitive impairment (Mitrushina & Fuld, 1996; Tuokko & 

Hadjistavropoulos, 1998). The inclusion of items that are more difficult in an 

attempt to identify persons with mild cognitive impairment, however, is problematic 

if the items are too difficult and persons with intact cognitive abilities are not able 

to correctly perform the tasks (Ritchie, 1988). 

Despite the problems identifying mild cognitive impairment, screening tools for 

cognitive impairment are popular because they have standardized the way clinicians 

assess for cognitive difficulties (Baker, 1989) and have quantified clinical observations 

(Mitrushina & Fuld, 1996). In addition, screening tools for cognitive impairment are brief 

and not overly demanding for patients. An ideal screening tool for cognitive impairment 

can be easily administered by trained paraprofessionals and demonstrates few practice 

effects (Mitrushina & Fuld, 1996). 

Characteristics of Screening Tools 

Sensitivity and Specificity 

The sensitivity of the screening tool is its ability to produce a positive result when 

the person has the disease (i.e., the conditional probability that a person with the disease 

has a positive result on the screen). Conversely, the screening tool should indicate a 

negative result when the individual does not have the disease (i.e., the conditional 

probability that a person without the disease has a negative result on the screen). The 

measure of the ability of the screening tool to correctly identify disease free persons is the 

specificity of the screening tool (Ferrer, 1968; Wilson & Jungner, 1968). The sensitivity 
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and specificity of a screening tool are assessed by applying the screening tool and the 

diagnostic procedure to the same sample of individuals, referred to as the reference 

population. The accuracy (i.e., sensitivity and specificity) of the screening tool is 

determined by its ability to distinguish diseased from non-diseased persons in this sample 

(Essex-Sorlie, 1995); thus, the estimates of the sensitivity and specificity of the screening 

tool are dependent on the characteristics of the reference population. These characteristics 

include the prevalence of the disease in the reference population and the degree of 

impairment of diseased individuals in the reference population (Ritchie, 1988). 

The accuracy of a screening tool is its ability to distinguish between diseased and 

non-diseased states, which are binary or dichotomous (Wilson & Jungner, 1968). 

However, the scores obtained with most screening tools are continuous for diseased and 

non-diseased persons. The cut-off point of the screening tool arbitrarily separates normal 

(i.e., a negative result) from abnormal (i.e., a positive result) for a continuous screening 

tool. A cut-off point on a continuous screening tool determines the sensitivity and 

specificity for that screening tool at that cut-off point (Essex-Sorlie, 1995). It is important 

to remember, however, that cut-off scores are arbitrary, are based on clinical judgement, 

and are externally imposed (i.e., not a property of the test; Dwyer, 1996). The costs and 

benefits of a highly specific or highly sensitive screening tool must be weighed in order 

to determine the cut-off point (Essex-Sorlie, 1995). Assuming that higher scores on the 

screening tool are normal, or indicative of non-diseased states, if the cut-off point is 

lowered, the test will become more sensitive but less specific. This is because sensitivity 

and specificity are inversely related; as one is raised, the other is lowered (Zweig & 

Campbell, 1993). 
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Deciding how to balance the sensitivity and specificity of the screening tool is 

important because there is usually overlap between diseased and non-diseased persons' 

performance on the screening tool; therefore, the sensitivity and specificity are not 

perfectly accurate at distinguishing diseased from non-diseased individuals. In other 

words, false-positive and false-negative results occur. The false-positive proportion is the 

probability that a non-diseased patient will have a positive result on the screening tool. 

The false-negative ratio is the probability that a diseased patient will have a negative 

result on the screening tool (Essex-Sorlie, 1995). The sensitivity of a screening tool is the 

complement of a measure of the false-negative proportion (i .e., false-negative= 1 -

sensitivity), and the specificity is the complement of the false-positive proportion (i.e., 

false-positive = 1 - specificity; Essex-Sorlie, 1995; Wilson & Jungner, 1968). 

False-positives will be identified by further diagnostic investigation, but the 

individuals who have a false-negative result will be 'missed.' Therefore, it is important 

for the false-negative rate to be low (Ferrer, 1968; Wilson & Jungner, 1968). However, 

high numbers of false-positives increase the burden on the health care system through 

unnecessary investigations of persons who are disease-free (Ferrer, 1968). In addition, the 

cost of false-positives includes the psychological harm for the patient (Malm, 1999). A 

good screening tool minimizes error (i.e., false-positive and -negative results) by 

maximizing both sensitivity and specificity. 

Predictive Value 

Sensitivity and specificity are based on the knowledge of the disease status, which 

is identified through further diagnostic investigation or verification. Other useful 

knowledge about a screening tool is the probability that a person has the disease given a 
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positive or negative result on the screening tool (Essex-Sorlie, 1995). The predictive 

value of a screening tool is related to the sensitivity and specificity of the screening tool. 

Predictive value is of greater clinical utility than the sensitivity and specificity alone, 

because it helps the clinician determine the likelihood that the individual being screened 

has the disease for which the individual is being screened, given the result on the 

screening tool. The sensitivity and specificity only determine the accuracy of the 

screening tool, but the predictive value determines the usefulness of a screening tool 

(Zweig & Campbe11, 1993). The positive predictive value of a screening tool is the 

probability that a patient with a positive result on the screen actually has the disease (i.e., 

is a true-positive) . The negative predictive value is the probability that a patient with a 

negative result does not have the disease (i.e., is a true-negative). Predictive values are 

extremely sensitive to the prevalence of the disease in the reference population, which 

limits their utility (i.e., they are not readily generalizable). In addition, predictive values 

are only useful when the prevalence of the disease in the population to be screened is 

similar to the reference population (Essex-Sorlie, 1995). Predictive values are rarely 

reported in the literature on screening tools, partially because of the predictive value's 

limited utility and partially because diseases that are rare will have low predictive values 

even if the sensitivity and specificity are very high (Zweig & Campbell, 1993). For 

example, screening tools for dementia, a disease with a low prevalence in the population 

will have low predictive values. 

Reliability and Validity of Screening Tools for Cognitive Impairment 

The reliability of a screening tool is an estimate of the extent to which 

changes in performance reflect true differences in behavior (Retzlaff & Gibertini, 
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1994). Due to the degenerative nature of dementia, cognitive impairment will 

increase with time, and clinicians want to ensure that the differences in test scores 

over time reflect true differences and not the instability of the measure (Retzlaff & 

Gibertini, 1994). Therefore, the stability of a screening tool for cognitive 

impairment is important . In addition to using a highly reliable screening tool for 

cognitive impairment, clinicians should administer and score the tests in a 

standardized or a uniform way to minimize measurement error (Tuokko & 

Hadjistavropoulos, 1998), thus, ensuring higher reliability (Allen & Yen, 1979). 

The validity of a screening tool for cognitive impairment refers to the test ' s 

utility: does the screening tool measure cognitive impairment associated with 

dementia? Validity is assessed in different ways. Criterion-related validity assesses 

the performance of the screening tool in relation to other measures (Retzlaff & 

Gibertini, 1994). Criterion-related validity of screening tools for cognitive 

impairment can be obtained by comparing the results of the screening tool with the 

gold standard diagnosis of dementia (Ritchie, 1988). For example, at present, the 

only way to confirm a diagnosis of Alzheimer' s dementia, the most common 

dementia, is by autopsy. Consequently, the current gold standard for the diagnosis 

of Alzheimer' s Disease is a consensus diagnosis after medical, neurological, and 

neuropsychological assessments (McKhann et al., 1984). Sensitivity and specificity 

are measures of the criterion-related validity of a screening tool (Tuokko & 

Hadjistavropoulos, 1998). 

When assessing the criterion-related validity of a screening tool for cognitive 

impairment, the scores on the screen should not influence the diagnosis. If the 
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scores do influence the diagnosis, criterion contamination has occurred and the 

results of the assessment will be spuriously high (Tuokko & Hadjistavropoulos, 

1998). Many screening tools for cognitive impairment are very similar to the mental 

status interviews regularly performed by clinicians. The examination of mental 

status was traditionally a crucial portion of the diagnostic interview to diagnose 

dementia. The mental status screening tool may contain many of the same items as 

the diagnostic criteria, which may potentially lead to inflated estimates of the 

criterion validity (Ritchie, 1988). 

In addition, the reference population selected for assessing the criterion­

related validity of a screening tool is important. The reference population should 

resemble the population where the screening tool will be used; for example, the 

reference population might include individuals of all stages of dementia and include 

persons with concomitant disorders (Ritchie, 1988), depending on the setting where 

the screening tool will be used. 

Validity is lessened when factors other than cognitive impairment influence 

the score an individual obtains on the screening tool (Retzlaff & Gibertini, 1994). 

For instance, the validity of screening tool scores are negatively affected by 

insufficient visual and auditory acuity (Paolo, 1998). Age-related factors can 

influence scores on a screening test for cognitive impairment; therefore, it is 

important to compare the results on the screening tools with equivalent age groups 

because the scores may decline with age (Ganguli, 1997). Consequently, older 

persons may appear impaired when compared to younger persons whose 

performance would be expected to be much higher. In addition, some tasks may 
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depend on the level of education attained by the person being screened (Ritchie, 

1988) . 

Screening Tools for Cognitive Impairment 

Modified Mini-Mental Status (3MS) Examination 

The Mini-Mental State Examination (MMSE) is a screening tool that was 

designed to be a quick and easy to administer quantitative assessment of cognitive 

functioning . Items include questions about orientation, memory, attention, naming 

ability, ability to follow written and verbal commands, and the ability to draw a 

figure and write a sentence, and are scored out of a total of 30 points (Folstein, 

Folstein, & McHugh, 1975). 

The Modified Mini-Mental State (3MS) examination (Teng & Chui, 1987) 

was derived from the MMSE in an attempt to decrease the floor and increase the 

ceiling to aid in the identification of individuals with cognitive impairment. The 

3MS allows for graded scoring on previously dichotomously scored responses on 

the MMSE. The scores range from 0-100 and assess the same aspects of cognitive 

functioning as the MMSE (i .e., orientation, memory, attention, naming ability, the 

ability to follow written, and verbal commands, the ability to draw a figure, and the 

ability to write a sentence). The 3MS includes more items than the MMSE and 

assesses temporal and spatial orientation, the ability to see relationships between 

objects, and verbal fluency . In addition, the 3MS includes more items that assess 

different aspects of memory, including cued recall, recognition memory, and 

delayed free and cued recall , and delayed recognition memory. (Teng & Chui, 

1987). 
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Factor analytic study of the 3MS with a sample of nursing home residents 

between the ages of 71 - 97 years (Mage= 84.4, SD= 6.1) indicated that the 3MS 

measures the following five domains: psychomotor skills, memory, identification 

and association, orientation, and, concentration and calculation (Abraham et al., 

1993). Items included in the psychomotor skills domain were the ability to read and 

obey a command, to write a sentence, to copy pentagons, and to follow a three-stage 

command. Recall of three words after a delay (e.g., first recall after one intervening 

task, and second recall after 12 intervening tasks) and naming of four-legged 

animals comprised the memory factor. The identification and association factor was 

comprised of naming, the ability to see how two things are similar, and the ability to 

repeat sentences. The orientation factor was composed of orientation to birth, time, 

and space. Finally, the concentration and calculation factor included the ability to 

register new words and the ability to count backward and to spell backward (i.e., 

mental reversal; Abraham et al. , 1993). It appears from Abraham et al. ' s factor 

analysis, that the 3MS samples a wide range of cognitive domains. In addition, the 

3MS had moderate to high correlations with neuropsychological tests that assess 

similar domains, which was evidence of its construct validity (Grace et al. , 1995). 

Tombaugh, McDowell, Kristjansson, and Hubley (1996) compared the sensitivity 

and the specificity (i.e., criterion validity) of the 3MS and the MMSE using samples of 

individuals with Alzheimer' s disease and normal individuals (i.e., with no cognitive 

impairment) from CSHA-1 , found that the sensitivity of the 3MS and MMSE were 

similar (with cut-off scores of77 and 18, respectively). The sensitivity of the 3MS was 

92.6% whereas the sensitivity for the MMSE was 90.5%. The difference was not 
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significant at these cut-off points, nor was the difference significant when all possible 

cut-off points were examined. In both the :MMSE and the 3MS the scores varied 

according to age and education level for individuals without cognitive impairment (scores 

for individuals with Alzheimer' s Disease were not correlated with age and education); 

therefore, the authors did not supply an overall estimate for the specificity. They found 

that for younger persons (i .e., ages 65-79 years) with nine or more years of education, the 

specificity of the :MMSE (i .e., 90%) was slightly larger than that for the 3MS (i.e., 81%). 

Similarly, for older individuals (i.e., ages 80-89 years) with nine or more years of 

education, the specificity of the :MMSE (i.e., 90%) was larger than that for the 3MS (i .e., 

72%). The specificity for younger persons with eight or fewer years of education was 

74% with the MMSE and 57% with the 3MS. For older individuals with eight or fewer 

years of education the specificity of the MMSE was 51 % and the specificity of the 3MS 

was 37%. Although the MMSE appeared to have higher specificity than the 3MS, when 

Tombaugh et al. examined the sensitivity and specificity over all cut-off points for the 

whole sample overall, they did not find that the 3MS and MMSE differed significantly. 

However, there appeared to be a trend suggesting that the 3MS was more accurate (i.e., 

had higher sensitivity and specificity) overall than the MMSE. 

The above study by Tombaugh and colleagues (1996) has some methodological 

errors. For example, there was a verification bias in the sample. Although all of the 

individuals who were identified by the screening tool as positive for cognitive 

impairment were asked to participate in a neurological, medical, and neuropsychological 

investigation to diagnose the aetiology of the cognitive impairment, only a portion of 

those who were negative on the screen were investigated and had their diagnosis verified. 
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This procedure leads to a bias in the estimates of the sensitivity and specificity of the 

screening tool, such that the sensitivity is overestimated and the specificity is 

underestimated (Zweig & Campbell, 1993). In addition, the methods used by Tombaugh 

et al . (I 996) to compare the two screening tools over all cut-off points (i .e., by comparing 

the areas under the curves of receiver operating characteristic plots; Zweig & Campbell, 

1993) did not account for the fact that the scores from the two screening tools were 

correlated. The two scores were correlated because both the 3MS and the MMSE scores 

were obtained from the same persons. The statistical tests that account for this covariance 

are more sensitive. Consequently, Tombaugh et al. (1996) may have found a significant 

difference if they had accounted for the covariance between the 3MS and the MMSE. In 

light of these methodological problems, the results of the Tombaugh et al. study should 

be interpreted with caution. 

A study by McDowell, Kristjansson, Hill , and Hebert ( 1997), compared the 

3MS and the MMSE and found the 3MS to be superior to the MMSE because of the 

3MS's extended scoring system. The study by McDowell et al. used a different 

sample from CSHA-1 than the previous study by Tombaugh et al. (1996) . In 

particular, the McDowell et al ( 1996) study consisted of individuals who either 

spoke French or English. McDowell et al. performed analyses for identifying 

cognitive impairment with the following two groups: those with cognitive 

impairment (i .e ., participants with dementia and cognitive impairment but not 

demented) versus normal participants. In addition, they looked at the two screening 

tools' ability to identify persons with and without dementia with the following two 

diagnostic groups: participants with dementia versus those without dementia (i .e., 
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participants with cognitive impairment but not dementia and normal participants). 

After correcting for the verification bias, McDowell et al. compared the sensitivities 

and specificities of the 3MS and MMSE over all possible cut-off points (by 

comparing the areas under the receiver operating characteristic plots; Zweig & 

Campbell, 1993). McDowell et al. (1997) used procedures that accounted for the 

fact that the 3MS and MMSE scores were correlated because both tests were 

administered to the same sample. They found that the 3MS was superior to the 

MMSE at almost all cut-off points. Further, the 3MS was better than the MMSE at 

correctly classifying individuals with and without cognitive impairment when the 

sensitivity of the test was more highly weighted than the specificity of the test . 

Other researchers have compared the criterion validity assessed by sensitivity 

of the MMSE and the 3MS in different populations. For example, the ability of the 

MMSE and the 3MS to differentiate between diagnoses in a general psychiatric 

population (e.g. , organic mental disorder, mood disorder, schizophrenia, anxiety 

disorder, and a personality disorder) was assessed. The results indicated that 

although the sensitivity was low for both tests, the 3MS was superior to the MMSE 

(Lamarre & Patten, 1991 ). In addition, the sensitivity of the 3MS was found to be 

superior to that of the MMSE when identifying persons with cognitive impairment 

due to stroke. Both screening tools, however, were found to be insensitive to the 

localisation of deficits (Grace et al., 1995). 

The above data suggest that the criterion-related validity of the 3MS is superior to 

the MMSE. However, the unique strength of the 3MS may be in its superior reliability. 

Test-retest stability assessed after an interval of over 19 days in a sample of stroke 
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patients indicated that the correlations for the two test administrations was 0.80 for the 

3MS and 0.71 for the MMSE (Grace et al. , 1995). Similarly, the stability of the 3MS (r = 

0.87) was found to be superior to the MMSE (r = 0.78) when tested over various time 

intervals (i .e. , 1 - 419 days) in a sample ofEnglish-speaking community-dwelling older 

persons with and without cognitive impairment. French language versions of the two 

screening tools indicated a similar pattern, with the 3MS (r = 0.81) demonstrating 

superior stability over the MMSE (r = 0.75) in French-speaking older persons with and 

without cognitive impairment (Bravo & Hebert, 1997b). Stability of the 3MS assessed 

over an interval of 36 hours in a sample of general psychiatric patients found that the 

Kappa statistic indicated perfect agreement (i.e. , Kappa value was 1. 0) between the two 

administrations of the test (Lamarre & Patten, 1991). These data suggest that the 

reliability of the 3MS, as measured by test-retest reliability, is high. 

Other measures of the reliability of the 3MS are also high. For example, the 

internal consistency of the 3MS as measured by split-half correlations was 0.82 and 

Cronbach's alpha (which assesses the interrelationships between all of the items on the 

test) was 0.87 in a sample of English-speaking and French-speaking older persons with 

and without cognitive impairment (McDowell et al. , 1997). Additionally, the inter-rater 

reliability of the 3MS, as assessed by a Kappa statistic, was moderate at K = 0.67 

(Lamarre & Patten, 1991). 

Limitations of the 3MS 

Although the reliability and validity of the 3MS appear to be adequate, the 

3MS does have some limitations. The 3MS is affected by age, level of education 

(Bravo & Hebert, 1997a; Tombaugh et al., 1996), and sex (Bravo & Hebert, 1997a). 
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Bravo and Hebert (1997a) found that age and education accounted for 22% (i.e., 

with simultaneous multiple regression, R 2 = 0.22) of the variance in 3MS scores 

using data from the CSHA-1. In addition, Bravo and Hebert found that age, 

education, sex, and language of testing accounted for 27% of the variance in 3MS 

scores. The influence of these demographic characteristics limits the validity of the 

3MS when screening for cognitive impairment. For example, both fewer years of 

education and increased age reduced the specificity of the 3 MS (Tombaugh et al. , 

1996). 

Researchers have attempted to find other tools to screen for cognitive 

impairment that are not as influenced by the demographic characteristics of the 

individual being screened. One such proposed tool is a clock drawing task. Some 

clock drawing tasks are apparently not affected by age (Cahn & Kaplan, 1997) nor 

education level (Sunderland et al. , 1989) . 

In addition to being affected by the age and education of patients, the MMSE 

and 3MS have other limitations that may be improved with the use of clock drawing 

tasks . For example, The MMSE and the 3MS are screening tools that assess 

cognitive impairment in domains which could be characterized as more ' cortical' 

(Royall & Polk, 1998), such as concentration and calculation, psychomotor skills, 

memory, identification and association, and orientation (Abraham et al. , 1993). 

However, the MMSE and 3MS offer little in terms of screening for impairments in 

executive function . Consequently, cognitive impairment that can be characterized as 

' sub- cortical ' will likely be under identified with sole reliance on a screening tool 

like the MMSE or 3MS (Royall & Polk, 1998). The ability to correctly draw a clock 
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after a verbal request requires intact auditory comprehension, a memory of a spatial 

representation of a clock, intact visual perception, intact attentional processes, and 

an intact executive system to oversee motor output (Freedman et al., 1994). In 

addition, clock drawing assesses constructional apraxia, a parietal lobe function 

(Critchley, 1966). The cognitive complexity in clock drawing makes the clock 

drawing task ideal for screening for a wide variety of cognitive impairments (Libon, 

Swenson, Barnoski, & Sands, 1993; Royall & Polk, 1998). 

Finally, the clock drawing task may be particularly sensitive to Alzheimer's 

disease, the most common form of dementia, because clock drawing may assess 

parietal lobe functions (Critchley, 1966). In addition, research suggests that patients 

with Alzheimer' s disease may have an impaired mental representation of a clock 

(Rouleau, Salmon, & Butters, 1996) or, possibly, a deficit in the semantic 

representations of a clock (Rouleau, Salmon, Butters, Kennedy, & McGuire, 1992). 

Consequently, the addition of clock drawing to the 3MS might offer additional 

discriminability of persons with and without cognitive impairment. 

Clock Drawing 

There are many different versions of clock drawing tasks, which are 

commonly used in clinical practice. Typically, a patient is asked to draw the face of 

a clock, usually within a pre-drawn circle. In some versions of the clock test, the 

patients are asked to draw the circle, however, this has disadvantages if the circle is 

drawn too small to accommodate all of the numbers from the clock face (Freedman 

et al. , 1994). 
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In addition, some versions of the clock drawing task ask patients to draw the 

clock hands to indicate a specific time. Successful completion of this task may 

depend on an intact memory if the command to set the time is given before the clock 

face is drawn. Asking the patient to set the clock to different times may involve 

different processes. Asking the patient to set the hands of the clock to indicate 10 

minutes after 11 o'clock requires the patient to put hands on either side (i.e. , left and 

right visual fields) of the clock face; consequently, clock drawing may be sensitive 

to hemi-neglect . In addition, asking the patient to set the clock places a great 

demand on executive functions . For example, in order to set the time to 10 minutes 

past 11 o'clock the '10 after' must be recoded as '2' on the clock face . Further, 

persons with dementia may be more likely to make stimulus bound errors when 

setting the time to 10 minutes after 11 o ' clock and be 'captured' by the '10 ' on the 

clock face next to the ' 11 ' ; consequently, they may set the time to 10 minutes to 11 

(Freedman et al. , 1994). 

Different researchers and clinicians use different versions of clock drawing. 

Some researchers present the pre-drawn circle and some do not . Some researchers 

require that the hands be drawn to represent specific times, although no one time is 

universally used. In addition to different versions of the task, there are different 

scoring techniques for the clock drawing task. Scoring techniques include, the 

clinician's ratings of clock drawings (Cahn-Weiner et al, 1999; Sunderland et al., 

1989), comparison of the clock drawn by the patient and a template (Wolf-Klein, 

Silverstone, Levy, Brod, & Breuer, 1989), and deciding where on the clock face an 

error occurs (Watson, Arfken, & Birge, 1993). Other scoring methods assess the 
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qualitative errors made while drawing the clock face and the hands of the clock 

(Kozora & Cullum, 1994; Shulman, Shedletsky, & Silver, 1986). In addition, some 

methods of scoring quantitatively assess the quality of the drawing and qualitatively 

assess the errors ( e.g., Rouleau et al. , 1992; Tuokko, Hadjistavropoulos, Miller, & 

Beattie, 1992; Tuokko et al. , 1995). 

Various versions of the clock drawing task are useful for screening for persons 

with cognitive impairment due to dementia (e.g. , Cahn et al. , 1996; Lam et al. , 1998; 

Shulman et al ., 1986; Tuokko et al., 1992; Wolf-Klein et al. , 1989). The estimated 

sensitivity of the clock drawing task when screening for dementia ranges from 83% to 

92% and the specificity ranges from 72% to 92. 7% (Cahn et al. , 1996; Lam et al., 1998; 

Shulman et al. , 1986; Tuokko et al. , 1992; Wolf-Klein et al., 1989). The wide range in the 

estimated sensitivity and specificity of the clock drawing task is due, in part, to the 

different scoring techniques used in each of these studies. One study, which compared the 

Shulman et al. (1986), Tuokko et al. (1992), Watson et al. (1993) and Wolf-Klein et al. 

(1989) scoring procedures, found that the Shulman et al. (1986) and Tuokko et al. (1992) 

techniques had superior sensitivity, the Wolf-Klein et al. (1989) technique had superior 

specificity, and the Watson et al. (1993) technique had inferior sensitivity and specificity 

(Tuokk:o, Hadjistavropoulos, Rae, & O'Rourke, 2000). 

It has been suggested that the clock drawing task may be useful for differentiating 

between Alzheimer' s disease and multi-infarct/vascular dementia (Libon, Malamut, 

Swenson, Sands, & Cloud, 1996; Wolf-Klein et al. , 1989), and Alzheimer's disease and 

the dementia due to Huntington's disease (Rouleau et al ., 1992). However, other studies 

have not found the clock drawing task useful for differentiating between types of 
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dementia (Lam et al. , 1998). Consequently, it is unclear whether clock drawing is 

sensitive to different types of cognitive impairment due to different dementias. 

Clock drawing has been correlated with other screening tools for cognitive 

impairment. Specifically, the clock drawing task and the MMSE are highly correlated 

(Juby, 1999), clock drawing performance can predict MMSE scores (Death, Douglas, & 

Kenny, 1993), and clock drawing is useful in identifying cases of Alzheimer' s disease 

categorized as mild based on MMSE scores above 23 or 24 (Esteban-Santillan, 

Praditsuwan, Ueda, Geldmacher, 1998; Manos, 1999), partially because clock drawing 

performance is reportedly not affected by normal aging (Cahn & Kaplan, 1997). 

However, many mildly demented persons draw normal clocks; consequently, the 

sensitivity is poor in samples of mildly demented persons. The estimates of the sensitivity 

and specificity in samples of mildly demented persons range from 67% to 73% for the 

sensitivity and 77% to 97% for the specificity, depending on the scoring system (Lee, 

Seanwick, Coen, & Lawlor, 1996). 

In addition to the diminished validity in screening for mild dementia, the clock 

drawing task might be affected by education level. Ainslie and Murden (1993) showed 

that a clock drawing task was affected by education level. However, Rouleau et al. (1996) 

and Ferrucci et al. ( 1996) found clock drawing to be independent of education. The 

complexity of the relations between clock drawing and education is evident in Lam et 

al. ' s (1998) finding that a clock drawing task was correlated with education level for 

demented individuals but not correlated for normal elderly controls (there were no 

differences in education level between the control and demented groups). Other research 

has indicated that the clock drawing task is not as affected by education level or language 
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difficulties as the MMSE is (Borson et al. , 1999). As a result, the clock drawing task may 

be more useful than the MMSE and, potentially, the 3MS in identifying cognitive 

impairment due to dementia in individuals who have low levels of education (Borson et 

al. , 1999). 

Other Clock Tasks 

Some clock tasks include not only clock drawing ability but also measure 

clock reading and clock setting (i.e., Lam et al. , 1998; Tuokko, Hadjistavropoulos, 

Miller, & Beattie, 1992). Clock reading involves the reading of a pre-set clock, and 

clock setting involves drawing hands on a pre-drawn clock to indicate a specific 

time. 

Inclusion of a pre-drawn clock in the setting task has an advantage over 

setting the clock time after drawing the clock face as is done in some clock drawing 

tasks. When a pre-drawing clock is not used in the setting portion of the clock 

drawing task, the ability to set the clock may be affected by a poorly drawn circle, 

misplacement of the clock numbers, or problems with fine motor coordination. 

Clock setting tasks where the clock face is pre-drawn allows for an untainted 

assessment of the ability to set a clock at a specific time (Freedman et al. , 1994). 

Clock reading tasks may be similarly affected by a poorly drawn clock face. Thus, 

presentation of a pre-drawn clock assesses the ability to read time as presented on a 

clock. 

Assessment of the ability to set time and read time on a clock face is 

important because these tasks are conceptual and involve abstract reasoning 

(Tuokko et al. , 1995). Furthermore, both the ability to read time and the ability to 
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set time on a clock face require spatial thinking, a parietal lobe function (Critchley, 

1966). These tasks may be particularly sensitive to cognitive impairment due to 

Alzheimer' s disease. Evidence suggests that Alzheimer' s disease affects the parietal 

lobes (Critchley, 1966) and may be associated with a disturbance in the 

conceptualization oftime (Tuokko et al. , 1992). 

Scoring practices for clock tasks which combine clock reading, clock setting, 

and clock drawing have used techniques which look at both the degree of 

impairment and the type of errors made by patients (Lam et al. , 1998; Tuokko et al. , 

1992). Lam et al. (1998) found that clock reading and clock setting added to the 

predictive value of the clock drawing task when screening for dementia (i .e., 

combined predictive value of 98%). The authors noted that the clock reading and 

clock setting tests were relatively insensitive but highly specific. 

The Clock Test 

The Clock Test is a published test that measures Clock Setting, Clock 

Reading, and Clock Drawing and includes a standardized scoring procedure that 

includes a qualitative and quantitative assessment of errors made for Clock Drawing 

and the number of correct responses for Clock Reading and Clock Setting (Tuokko 

et al., 1995). Kurzman (1992) found that the components of the Clock Test are 

correlated. Specifically, the Clock Drawing task shows a moderate positive 

relationship with the Clock Setting (r = 0.64) and Clock Reading tasks (r = 0.60), 

and the Clock Setting task shows a strong positive relation with the Clock Reading 

task (r = 0. 79). 
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Tuokko et al. (1992) assessed the sensitivity and specificity of the Clock Test 

in 62 normal elderly people (Mage= 71 .3 years, SD= 8.07) and patients with 

Alzheimer's disease who were diagnosed by consensus after medical, neurological, 

and neuropsychological investigations (Mage= 70.6 years, SD= 7.45). They found 

that Clock Drawing had a sensitivity of 86% and a specificity of 92%, Clock Setting 

had a sensitivity of 97% and a specificity of 87%, and Clock Reading had a 

sensitivity of 85% and specificity of 92%. Contrary to the findings reported by Lam 

et al., ( 1998), Tuokko et al., ( 1992) found that the Clock Reading and Clock Setting 

components of the Clock Test were as valuable as the Clock Drawing task in 

identifying those with dementia. 

Although the Clock Test does not provide a composite score, overall 

performance on the Clock Test may be assessed by using a criteria of positive 

results (i.e., scores below the cut-off point) on two or more of the three Clock Test 

components as an indication of impairment. With this method, the sensitivity of the 

Clock Test was 93% and the specificity was 94%; overall, the Clock Test has a 

correct classification rate of93% (Tuokko et al., 1992). Using the same method 

(i .e., positive results on two or more of the Clock Test components), Tuokko et al. 

(I 995) found that the overall sensitivity was 80% and the overall specificity was 

82% after adjusting cut-off scores on the component tests by age groups (i.e., 65-79 

and 80+ years old). The Tuokko et al. (1995) study used a large population-based 

sample of normal elderly people (N= 1753, Mdn age= 75 years) and a clinical 

sample of Alzheimer's disease patients (N = 269, Mdn age= 73) . The use of a 

population-based sample may explain the lower estimates of the overall 
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discriminability of the Clock Test, because community-based samples are typically 

more heterogeneous than clinic-based samples. 

In addition to the adequate concurrent criterion validity (i .e., sensitivity and 

specificity) of the Clock Test, superior predictive criterion validity has been 

demonstrated. O'Rourke, Tuokko, Hayden & Beattie, (1997) found that Clock Test 

scores from time ' one' differentiated individuals who were diagnosed with dementia 

at time ' two ' from individuals who were not demented at time ' two.' The sample 

was clinic-based and all individuals were without dementia at time ' one.' At time 

one and time two, participants were assessed medically, neurologically, and 

neuropsychologically, and the diagnosis was by consensus. The time interval 

between time ' one' and time ' two' was, on average, 22 months. Using the criteria of 

positive results (i .e., scores below the cut-off point) on two or more of the three 

Clock Test components as an indication of impairment, O'Rourke et al. found that 

the predictive sensitivity was 91 % and the predictive specificity was 95%. 

Other evidence of validity of the Clock Test has been established . In 

particular, the construct validity of the Clock Test was demonstrated by concurrent 

correlations with neuropsychological tests that assessed similar domains. Divergent 

validity was demonstrated by low correlations of the Clock Test components to 

unrelated domains (e.g., mood and social behaviour; Hadjistavropoulos, Tuokko, & 

Beattie, 1991 ; Kurzman, 1992). 

In addition to possessing adequate validity, the Clock Test demonstrated 

reliability. Inter-rater reliability assessed in a clinic sample of patients with 

Alzheimer' s disease and normal elderly persons, was 0.90 to 0.95 for the Clock Test 
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(Tuokko et al. , 1992). Analysis of inter-rater reliability across specific items in each 

component indicated reliabilities of 0.95 to 0.98 for Clock Setting items and 0.99 

for Clock Reading items. Clock Drawing error inter-rater reliabilities ranged from 

0. 73 to 1.00 (Kurzman, 1992). Using a clinic sample and a normal elderly sample, 

the stability of scores on the Clock Test was found to be 0. 70 over a four day 

interval (Tuokko et al. , 1992). The internal consistency for Clock Setting and Clock 

Reading, as measured by Cronbach' s alpha, were 0.95 and 0.86, respectively 

(Kurzman, 1992). Clock Drawing is not suitable for this assessment of reliability as 

scoring involves assessment of different types of errors, and, thus, would not be 

internally consistent. 

Combining the Clock Test and the 3MS 

Two screening tools may be combined in an attempt to increase the sensitivity 

and specificity of screening for a particular disease. In order for this combination to be 

effective, both screening tools must be valid and independently add to the 

discriminability of diseased and non-diseased persons (Lin, 1999). Preliminary evidence 

with simultaneous multiple regression suggests that the Clock Setting component of the 

Clock Test predicts cognitive impairment due to dementia over and above the 3MS 

(Tuokko, 1993 as cited in Tuokko et al ., 1995). Although these results suggest that 

combining Clock Setting with the 3MS may add to the differentiation between 

cognitively normal and cognitively impaired persons, there are no data on whether the 

added sensitivity and specificity is significantly better (i.e., are the hit rate and correct 

rejection rate better?) than with one screening tool alone. Simultaneous multiple 

regression informs about unique prediction but does not inform about whether the added 
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prediction is statistically and/or clinically useful (i.e., is the hit rate better and if so, by 

how much?). 

Alternatively, components of the Clock Test that do not uniquely discriminate 

above and beyond the 3MS in simultaneous multiple regression may offer unique 

discriminability for particular age, education, and/or sex groups. Although the 3MS may 

be affected by age, education level (Bravo & Hebert, 1997a; Tombaugh et al. , 1996), and 

sex (Bravo & Hebert, 1997a), and the Clock Test may be affected by age (Tuokko et al. , 

1995) and education level (Corney, 2000), it is unclear if these two tests are equally 

affected at all age and education levels. Some research suggests that performance on the 

Clock Test appears to be uncorrelated with level of education (Tuokko et al. , 1995), but 

the relation between the Clock Test and education is unclear, as poor performers on the 

Clock Test tend to have a low levels of education (Corney, 2000). In addition, research 

has indicated that clock drawing is not as affected by education level as is the MMSE 

(Borson et al., 1999). If follows, therefore, that the Clock Drawing task may not be as 

affected by education as the 3MS, which was derived from the MMSE. These results 

suggest that adding the other components of the Clock Test (i .e., Clock Drawing and 

Clock Reading) to the 3MS is an appropriate investigation for the different demographic 

groups (i.e., age, education, and sex groups) . 

Hypotheses 

The hypotheses of the proposed study can be divided into three parts. The 

first set of hypotheses addresses the influence of age, education, and sex on the 

3MS. The second set of hypotheses addresses whether the addition of the 

components of the Clock Test to the 3 M S adds to the identification of persons ·with 
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and without cognitive impairment as indicated by greater sensitivity and/or 

specificity. The third set of hypotheses investigates the influence of age, education, 

and sex on the components of the Clock Test and then investigates whether adding 

the components of the Clock Test to the 3MS enhances to the identification of 

cognitive impairment for different groups based on age, education, and sex. 

Effects of Age, Education, and Sex on the 3MS 

Previous research has found that 3MS scores were affected by age, education 

level (Bravo & Hebert, 1997a; Tombaugh et al. , 1996), and sex (Bravo & Hebert, 

1997a). Older persons obtained lower scores on the 3MS (Bravo & Hebert, 1997a), 

and increasing age was found to have reduced the specificity of the 3MS (Tombaugh 

et al. , 1996). Further, 3MS scores were lower for persons with fewer years of 

education (Bravo & Hebert, 1997a); however, lower levels of education affected the 

3MS by reducing the specificity and increasing the sensitivity (Tombaugh et al. , 

1996). Finally, females obtained higher scores on the 3MS than did males (Bravo & 

Hebert, 1997a). Since the influence of these demographic variables likely reduced 

the validity (i .e., sensitivity and/or specificity) of the 3MS, I adjusted for the 

influence of these demographic variables in an attempt to increase the validity in 

terms of increased sensitivity and/or specificity of the 3MS. 

1. I had no reason to expect that age, education, and sex in this sample 

would affect performance on the 3MS any differently than in previous research. 

Specifically, I expected that the performance of younger individuals (i .e., those 

between 65-79 years old) on the 3MS would be superior to the performance of older 

individuals (i.e., those between 80-89 years of age) . In addition, I expected the 3MS 
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to be more accurate, in terms of greater sensitivity and/or specificity, for younger 

than for older persons. I also expected that persons with eight or fewer years of 

education would perform more poorly on the 3MS than would persons with nine or 

more years of education; consequently, I expected the 3MS to be more accurate for 

persons with nine or more years of education than for persons with eight or fewer 

years of education. Finally, I expected that females would obtain higher scores on 

the 3MS than males, and I expected that the 3MS would be more accurate for 

females than for males. 

2. I expected that 3MS scores adjusted for the effects of age, education, and 

sex would be more accurate at identifying persons with and without cognitive 

impairment than 3MS scores not corrected for the effects of age, education, and sex. 

Accuracy of Combined Screening Tools 

I investigated whether the use of two complementary screening tools increased 

the accuracy of identification of persons with and without cognitive impairment as 

indicated by greater sensitivity and/or specificity over any one screening tool alone. 

1. Based on the previous research, which suggested that the Clock Setting 

component of the Clock Test predicted cognitive impairment over and above the 

3MS (Tuokko, 1993 as cited in Tuokko et al. , 1995), I hypothesized that the 

combined Clock Setting/3MS measure would have significantly greater 

discrirninability than the 3MS and Clock Setting measures alone. 

2. I predicted that the accuracy of the combined Clock Drawing/3MS and 

Clock Reading/3MS would be greater than the accuracy of the Clock Test 

components alone (i .e., Clock Drawing and Clock Reading) . However, I predicted 
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that the combined Clock Drawing/3MS and Clock Reading/3MS would be less 

accurate than the 3MS alone. 

Demographic Influences on Components of the Clock Test 

Previous research found that age was correlated with performance on the 

Clock Test (Tuokko et al. , 1995) and that both age and education affected 

performance on the 3MS (Tombaugh et al. 1996). Based on their finding that age 

affected performance on the Clock Task, Tuokko et al. (1995) presented different 

cut-offs for the following five age groups: less than 69 years old, 70-74 years old, 

75-79 years old, 80-84 years old, and over 85 years old . Tombaugh et al. (1996) 

separated their normative data into the following four groups: 65-79 years old with 

eight or fewer years of education, 65-79 years old with nine or more years of 

education, 80-89 years old with eight or fewer years of education, and 80-89 years 

old with nine or more years of education. 

I proposed to investigate two groups that differ with respect to their total 

years of education: persons with eight or fewer years of education and those with 

nine or more years of education. The age groups specified by Tombaugh et al. 

( 1996) were less specific but compatible with the age groups specified by Tuokko et 

al. (1995). Therefore, I proposed to investigate the influences of age on the 

screening measures in persons between 65-79 years of age and those above 80 years 

of age. 

Next, the ability of the combined versus single screening tools to 

discriminate between persons with and without cognitive impairment for specific 

demographic groups (i .e., age, education, and sex groups) was examined. 
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1. I expected that the components of the Clock Test would be affected by age 

such that persons over 80 years of age would perform more poorly than persons between 

65 and 79 years of age; consequently, I expected that the components of the Clock Test 

would be more accurate at identifying persons with and without cognitive impairment for 

younger than for older persons. Consistent with previous research by Tuokko et al. 

(1995), I did not expect performance on components of the Clock Test to be affected by 

education, and I expected that the accuracy of each component of the Clock Test would 

be equivalent for the two age groups. I did not expect the average score of the 

components of the Clock Test to be significantly different for males or females., 

Consequently I did not have any a priori hypotheses about the accuracy of the 

components of the Clock Test for males and females. 

2. Previous research with a clock drawing task and the MMSE indicated that a 

clock drawing was not as affected by education as was the MMSE (Borson et al., 1999). 

Based on this research, I hypothesized that the combination of Clock Drawing and the 

3MS would result in increased sensitivity and/or specificity over any one measure alone 

for individuals who were less educated (i .e. , had eight or fewer years of education). I did 

not have any a priori hypothesis about the superiority of the combined Clock 

Drawing/3MS measure over either measure alone for the two age groups (i.e., 65-79 

years old and 80 years and over) or sex groups. 

3. Based on the hypothesis that education affected the 3MS but not the 

Clock Setting task, I hypothesized that the superiority of the combined Clock 

Setting/3MS measure over either measure alone would be especially pronounced in 

persons with eight or fewer years of education. I did not have any a priori 
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hypotheses about the superiority of the combined Clock Setting/3MS measure over 

either measure alone for the two age groups or sex groups. 

4. Because Clock Reading appeared to be unaffected by education (Tuokko 

et al. , 1995), I hypothesized that the Clock Reading component of the Clock Test 

combined with the 3MS would add to the discriminability of persons with fewer 

years of education (i.e., eight or fewer years of education). I did not have any a 

priori hypotheses about the superiority of the combined Clock Reading/3MS 

measure over either measure alone for the two age or sex groups. 



Participants 

CHAPTER3 

Method 

Two-Step Screening 35 

This study used data collected as part of the Canadian Study of Health and 

Aging (CSHA-1 ), a national, epidemiological study of the health of older 

Canadians, 1990-1991 . This sample consisted of randomly selected community­

dwelling persons and residents of institutions who were 65 years of age and older. A 

sub-sample of the 10,263 persons who took part in CSHA-1 were administered both 

the 3MS and the Clock Test (n = 2071) . Of these, 88 persons either did not complete 

all trials of the Clock Test or had missing data for either age, education level, or 

sex. Consequently, the final sample included 1983 persons. This sample (N = 1983) 

was composed of 883 males and 1100 females who had between zero and 30 years 

of formal education (M = 11 .28, SD= 3.67) and whose ages ranged from 65 to 98 

years (M = 75 .38, SD = 6.95). All persons who tested positive on the 3MS screen 

(i.e., scored below 77 on the 3MS) went on for verification of their diagnosis 

whereas only a random sample of those who tested negative went on for 

verification: in total 309 persons had their diagnosis verified. The different methods 

of sampling based on the results of the screen meant that the sample of participants 

was influenced by a verification bias (corrected as described later) . 

Participants who had their diagnosis verified (n = 309) were assessed by nursing, 

medical, and neuropsychological staff Following this, a case conference was held, and 

after consensus, each participant received one of the following diagnoses: no cognitive 

impairment (n = 181), cognitive loss without dementia (n = 74), probable Alzheimer' s 
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disease (n = 17), possible Alzheimer' s disease (n = 19), vascular dementia (n = 13), other 

dementia (n = 2), or unclassifiable dementia (n = 3). Diagnosis of dementia was based on 

the criteria outlined in the Diagnostic and Statistical Manual of Mental Disorders third 

edition, revised (American Psychiatric Association, 1987). Cognitive loss without 

dementia was diagnosed by clinical judgement when participants had cognitive 

impairment that was not sufficient for a diagnosis of dementia (i.e., impairment was only 

in one cognitive domain). 

For the purpose of this study, participants were either classified as cognitively 

normal (i.e ., no cognitive impairment) or as cognitively impaired, which could be either 

due to dementia or due to cognitive loss without dementia. These two groups (i.e., 

cognitively impaired and not cognitively impaired) were chosen to reflect the diagnostic 

concerns of clinicians who are interested in identifying persons who require a thorough 

examination to elucidate whether or not their cognitive impairment it is due to a 

dementing process. The cognitively impaired group (n = 128) was older (M= 81.64, SD 

= 6.32) and had fewer years of education (M = 9.27, SD_= 4.36) than the cognitively 

normal group (Mage = 79.08, SD= 6.93 ; M years education= 10.53, SD = 3.71 ; t = -

3.32;p = 0.001 , t = 2.74, p = 0.006; respectively). Both groups were comprised of 

equivalent numbers of males (n = 165) and females (n = 144): 53% of the cognitively 

impaired and cognitively normal groups were male (x,\ = 0.500, p > 0.05; x,\ = 0.934, p 

> 0.05; respectively). 

Measures 

The Clock Test and the 3MS were administered to all participants (N = 1983). 

The 3MS is not a copyrighted test and is widely available. The following items were 



Two-Step Screening 3 7 

included in the 3MS: the ability to read and obey a command, write a sentence, copy 

pentagons, follow a three-stage command, register three new words to remember and 

then recall the words after a delay, orientation to birth, time, and space, naming words, 

and naming of four-legged animals, abstract similarities in two things, repeat sentences, 

count backward, and spell backward. All the questions were presented aurally, and the 

answers were given orally for most questions, except for the items that measured the 

abilities to read and follow a written command, write, and copy a design. The scores on 

the 3MS ranged from 0-100 and include a mix of dichotomous right/wrong scores and 

graded scoring (Teng & Chui, 1987). In addition, in an attempt to reduce variability and 

ambiguity during testing, a manual was used for scoring and administration 

(Kristjansson, 1990). See Appendix A for a copy of the 3MS. 

In the Clock Test, the Clock Drawing component was given first. Participants 

were presented with a pre-drawn circle and asked to write all the numbers as they would 

appear on a clock. Then participants were asked to draw in the hands of the clock to make 

it read 10 past 11 . In the Clock Setting component, participants were presented with 

circles with dashes corresponding to where the numbers should be. They were then asked 

to draw the hands of the clock to read the following five times: 1 :00, 11 : 10, 3 :00, 9: 15, 

and 7 :30. In the Clock Reading component, participants were presented with five clocks 

set to the above five times, but in a different order, and were asked to tell the examiner 

the time indicated (Tuokko et al, 1995). 

The Clock Test provided three separate scores: (1) a Clock Reading total 

score, (2) a Clock Setting total score, and (3) a Clock Drawing total score. The 

Clock Reading score was based on the correct response for each time. One point 
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was awarded if either the hour or minute hand was correctly identified, and three 

points were awarded if both the hour and minute hand were correctly identified. The 

Clock Reading component had a maximum of three points for each time and a total 

maximum of 15 points. The Clock Setting total score was based on the correct 

placement of the hands according to a template. One point was awarded for correct 

placement of the hour hand, one point for the minute hand, and one point was 

awarded for the relative lengths of the hour and minute hands where the minute 

hand was sufficiently longer (i.e., by one-half a centimeter) than the hour hand. The 

Clock Setting component had a maximum of three points for each time, and a total 

maximum of 15 points. Finally, the Clock Drawing score was a frequency tally of 

types of errors (i .e., omissions, preservations, rotations, misplacements, distortions, 

substitutions, and additions) . Consequently, higher scores on Clock Drawing 

corresponds with poorer performance (Tuokko et al., 1995). The Clock Test is 

published by and available from Multi-Health Systems. 

In this study, the maximum Clock Drawing score was 50 (i.e., 50 errors). To 

ensure that higher scores indicated better performance, the Clock Drawing score 

was reversed : for each individual, 50 minus the total Clock Drawing score was 

computed. This ensured that lower scores indicated impairment, which was the same 

as the other components of the Clock Test (i .e., Clock Setting and Clock Reading) . 

Consequently, a score of 50 on Clock Drawing - Reversed indicated perfect 

performance on the Clock Drawing task. 
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Procedure 

First Step : Effects of Age, Education, and Sex on the 3MS 

The influence of age, education, and sex on the 3MS was investigated to see if the 

3MS could be improved as a screening tool for cognitive impairment by removing the 

influences of demographic variables. First, the 3MS score was predicted by age, 

education, and sex with simultaneous multiple regression. Next, the simultaneous 

multiple regression weights were used to adjust the 3MS for significant predictors. 

Consequently, the adjusted 3MS score for each individual was their original 3MS score 

minus the effects of age, education, and sex, each weighted according to their regression 

weights. Because it was based on regression weights, the adjusted 3MS score tended to 

be a fraction . In order to reduce the number of possible cut-off points, all fractions were 

rounded to whole numbers (e.g., 98.5 became 99, 99.4 became 99), and the result was the 

adjusted 3MS score. 

Second Step: Correcting the Verification Bias 

The ability of the adjusted-3MS and original 3MS scores to differentiate between 

individuals with a final diagnosis of cognitively normal versus cognitively impaired was 

determined at all possible cut-off points while correcting for the verification bias. 

Because all persons who screened positive were verified by diagnosis, whereas only 

a portion of those who screened negative were verified, there is a bias in the 

estimate of the accuracy of the screening tools for this sample. Unless corrected, the 

verification bias would inflate the sensitivity of a screening tool and underestimate 

the specificity (Begg & Greenes, 1983). 
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Begg and Greenes (1983) proposed a mathematical procedure based on 

Bayes' s probability theorem to correct the bias in the estimate of the accuracy (i .e. , 

sensitivity and specificity) of the screening tool. The probability of a result on the 

screening tool (i .e., positive or negative) given a specific disease status (i .e., 

cognitively impaired or cognitively normal) was mathematically derived from the 

probability of a verified disease status given the result on the screening tool. In 

order to apply Bayes' s theorem, the likelihood of having the disease verified must 

not be dependent on the disease status. The separation between probability of 

having the disease verified and the disease status only occurs when the likelihood of 

having the disease verified depends on the result of the screening tool (i .e., all 

positives were verified and some negatives were verified; Begg & Greenes, 1983). 

These conditions existed in the CSHA- 1 sample. 

If R represents the resulting value of the screening tool and D represents the 

disease status, then the conditional probability of a test result given a disease status would 

be Pr(R ID). Further, V- represents cases not selected for verification of their disease 

status and V+ represents cases selected for verification. In this sample, the only 

information available was the conditional probability of a test result given a disease status 

for the verified sample, Pr(R ID, V+). However, Pr(R ID) does not equal Pr(R ID, V+), 

and there is no information regarding the disease status (D) for the unverified sample (V-). 

Bayes's theorem allows estimation of Pr(R) from all persons (i.e. , V- and V+) using 

Pr(R ID, V+), which is estimated from the verified sample. Bayes' s theorem is shown in 

Equation 1. 
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Pr(RID) = Pr(R) Pr(D I R, V +) 
LPr(R)Pr(D I R,V +) 
R 

Using these proportions, Donald ( 1996) calculated the unbiased sensitivity and 

specificity, where R+ was a positive result on the screening tool and R- was a 

negative result on the screening tool. These values (i.e. , R + and R-) could only be 

obtained when a cut-off point had been established. Consequently, the verification 

bias had to be corrected at each possible cutoff point. The correction for the 

sensitivity is shown in Equation 2. 

S . . . ( I ) Pr(D+ I R+)Pr(R+) ens1tlv1ty = Pr R+ D+ = ---- -----------
Pr(D+ IR+) Pr(R+) + Pr(D+ I R-)Pr(R-) 

(1 ) 

(2) 

In order to calculate the unbiased sensitivity at each cut-off point, the following 

frequencies were required : the number of diseased persons (D+, V+) who scored 

positive on the screen (R + ), and the number of diseased persons (D+, V +) who 

scored negative on the screen (R-), the number who scored positive on the screen 

with a verified diagnosis (R+, V+), the number who scored negative on the screen 

with a verified diagnosis (R-, V+), the total number who scored positive on the 

screen (R+) regardless of whether their diagnosis was verified, the total number who 

scored negative on the screen (R-) regardless of whether their diagnosis was 

verified, and the total number in the sample (N= 1983). See Table 1 for a summary 

of all mathematical symbols and what they represent . 

The calculation of the numerator of the unbiased sensitivity involved three 

steps. First, the number of diseased persons (D+, V+) who scored positive on the 

screen (R +) was divided by the number who scored positive on the screen with a 
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verified diagnosis (R+, V+). This is shown in Equation 3. 

Pr(D+ IR+)= D+R+,V + 
R+,V+ 

Second, the total number who scored positive on the screen (R+) regardless of 

whether their diagnosis was verified was divided by the total number in the sample 

(N). This is shown in Equation 4 . 

R+ 
Pr(R+) = -

N 

(3) 

(4) 

Finally, Equation 3 and Equation 4 were multiplied to provide the numerator of the 

corrected sensitivity. The calculation of the denominator of the corrected sensitivity 

also involved multiple steps. First, the number of diseased persons (D+, V+) who 

scored negative on the screen (R-) was divided by the number who scored negative 

on the screen with a verified diagnosis (R-, V+). This is shown in Equation 5. 

Pr(D+ I R-, V +) = D + R-' V + 
R-,V + 

Second, the total number who scored negative on the screen (R-) regardless of whether 

their diagnosis was verified was divided by the total number in the sample (N). This is 

shown in Equation 6. 

R­
Pr(R-)=-

N 

(5) 

(6) 

Third, Equation 5 and Equation 6 were multiplied and their product was added to the 

product of Equation 4 multiplied by Equation 5 to provide the denominator of the 

equation for the corrected sensitivity. The corrected sensitivity was equal to the 

numerator divided by the denominator (see Equation 2). This procedure was repeated at 

all possible cut-off points separately for the 3MS and the adjusted-3MS. 
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Table 1. Summary of Mathematical Abbreviations used to Calculate Sensitivity and 

Specificity and the Sub-samples that they Represent. 

Abbreviation 

D+, V+ 

D-, V+ 

R+D+, V+ 

R-D+,V+ 

R+ D-, V+ 

R-D-, V+ 

R+, V+ 

R-, V+ 

R+ 

R-

Sub-Sample of Participants 

Number of diseased persons 

Number of disease free persons 

Number of diseased persons who scored positive on the screen 

Number of diseased persons who scored negative on the screen 

Number of disease free persons who scored positive on the screen 

Number of disease free persons who scored negative on the screen 

Total number of persons who scored positive on the screen who 

had their disease status verified, regardless of whether they were 

found to be diseased or disease free 

Total number of persons who scored negative on the screen who had 

their disease status verified, regardless of whether they were found 

to be diseased or disease free 

Total number of persons who scored positive on the screen, 

regardless of whether their disease status was verified or not 

Total number of persons who scored negative on the screen, 

regardless of whether their disease status was verified or not 
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The corrected specificity of the 3MS and adjusted-3MS is shown in 

Equation 7. 

Pr(D- 1 R- ) Pr(R- ) 
Specificity= Pr(R-ID-) = --------------

Pr(D- 1 R - )Pr(R- ) + Pr(D-1 R+)Pr(R+) 
(7) 

The calculation of the unbiased specificity required similar frequencies to those 

required in calculating the unbiased sensitivity. In order to calculate the unbiased 

specificity at each cut-off point, the following frequencies were required : the 

number of disease free persons (D-, V +) who scored positive on the screen (R + ), 

and the number of disease-free persons (D-, V+) who scored negative on the screen 

(R-), the number who scored positive on the screen with a verified diagnosis (R+, 

V+), the number who scored negative on the screen with a verified diagnosis (R-, 

V+), the total number who scored positive on the screen (R+) regardless of whether 

their diagnosis was verified, the total number who scored negative on the screen (R­

) regardless of whether their diagnosis was verified, and the total number in the 

sample (N = 1983). 

The calculation of the numerator of the unbiased specificity also involved 

three steps. First, the number of disease-free persons (D-, V+) who scored negative 

on the screen (R-) was divided by the number who scored negative on the screen 

with a verified diagnosis (R-, V+). This is shown in Equation 8. 

Pr(D-1 R-, V+)= D-R-,V + 
R-,V + 

Second, the total number who scored negative on the screen (R-) regardless of 

whether their diagnosis was verified was divided by the total number in the sample 

(8) 



(N). This is shown in Equation 9 . 

R­
Pr(R-)=-

N 
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(9) 

Finally, Equation 8 and Equation 9 were multiplied to provide the numerator of the 

corrected specificity. To calculate the denominator of the corrected specificity first , 

the number of disease free persons (D-, V+) who scored positive on the screen (R+) 

was divided by the number who scored positive on the screen with a verified 

diagnosis (R+, V+). This is shown in Equation 10. 

Pr(D-1 R+) = D - R+,V + 
R+,V + 

(10) 

Second, the total number who scored positive on the screen (R+) regardless of whether 

their diagnosis was verified was divided by the total number in the sample (N). This is 

shown in Equation 11 . 

R + 
Pr(R+)=-

N 
(11) 

Third, Equation 10 and Equation 11 were multiplied and their product was added to the 

product of Equation 8 multiplied by Equation 9 to provide the denominator of the 

equation for the corrected specificity. The corrected specificity was then equal to the 

numerator divided by the denominator (see Equation 7). This was repeated for all 

possible cut-off points for the 3MS and then for the adjusted-3MS. 

In conclusion, correction for the verification bias changed the sensitivity and 

specificity of each screening tool from their previously distorted proportions. Correcting 

for the verification bias increased the specificity and decreased the sensitivity of each 

screening tool. For example, the corrected 3MS had a higher specificity but lower 
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sensitivity than the uncorrected 3MS (see Figure 1 for an illustration of the differences 

between the 3MS corrected for the verification bias and the biased or uncorrected 3MS). 

Third Step: Calculating the AUCs for the 3MS and Adjusted-3MS 

Once the unbiased sensitivity and specificity of the 3MS and adjusted-3MS were 

obtained for each cut-off point, the results were plotted on a receiver operating 

characteristic (ROC) plot. ROC plots illustrate the screening tool ' s ability to identify 

diseased and disease-free persons over all of the possible combinations of sensitivity and 

specificity (i.e., all possible cut-off points; Zweig & Campbell, 1993). The curve of the 

ROC plot measures the overall accuracy of the screening tool (Swets, 1988). Although in 

clinical practice one must choose a single cut-off point in order to determine whether or 

not someone is cognitively impaired, reporting only one number for the sensitivity and 

one number for the specificity of a screening tool at one cut-off point does not convey the 

overall accuracy of the screening tool. When assessing the effectiveness of a screening 

tool, it is best to look at all possible cut-off points (Zweig & Campbell, 1993). 

A ROC plot is the proportion of true-positives, or sensitivity, versus the 

proportion of false positives ( one minus the specificity; Swets, 1988). In nonparametric 

ROC plots, the raw estimates of the sensitivity and specificity are plotted, which is the 

most appropriate type of ROC plot to use when the scores on the screening tool are 

continuous (Zweig & Campbell, 1993), as they are in this study. Once the ROC plot is 

constructed, the area under the curve (AUC) of the ROC plot can be calculated. The AUC 

is a representation of the accuracy of the screening tool at all possible cut-off points. The 

greater the AUC (and the higher the plot is in the left-hand comer), the more accurate the 

screening tool is. The AUC is one number and, therefore, is an efficient means of 
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Figure 1. ROCs of the biased 3MS and (unbiased) 3MS. 
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communicating the effectiveness of the screening tool at all possible cut-off points 

(Zweig & Campbell, 1993). 

The AUC of a nonparametric ROC plot is irregular and cannot be described by a 

mathematical function . The area under the curve is estimated by adding up the area of the 

unusual rectangles (i.e., trapezoids) that make up the irregularly shaped polygon 

(Bamber, 1975; Hanley & McNeil, 1982). The equation for the AUC is shown in 

Equation 12. 

AUC = ~)I/ 2(sensitivity; + sensitivity;+i )] * [(1- specificity;+i )- (1- specificity;)] (12) 

This was calculated for the 3MS and the adjusted-3MS. 

Due to sampling error, a few of the trapezoids were found to be negative. The 

negative values occurred when the specificity of an earlier cut-off point was higher than 

the specificity for the next cut-off point (i .e., i plus 1). This anomaly occurred at very low 

cut-off points where there were few participants whose scores were similar to these cut­

off points. All negative values were close to zero and, consequently, were rounded to 

zero in the computation of the AU Cs. 

Finally, because the theoretical sampling distribution of an AUC was unknown, 

the standard error of the estimate for each AUC was calculated from a sample of 1000 

AUCs (see Figure 2 for an example of the distribution of AUCs for the original 3MS). 

Similar to the procedure used by Zhou and Higgs (2000), the 1000 AU Cs were computed 

from screening test scores and disease results (i.e. , cognitive impairment, no cognitive 

impairment, or not validated), which were randomly sampled (N = 1983) with 

replacement (i.e., using bootstrapping). The sensitivities and specificities used to 
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3MS Areas 

Figure 2. Sampling distribution of 1000 AUCs for the 3MS. 
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calculate the AUC using Equation 12 were corrected for the verification bias using 

Equation 2 and Equation 7 (as outlined in the Second Step). A custom-made computer 

program written in Visual Basic carried out this computationally intensive procedure. For 

each AUC, the standard error was equal to the standard deviation of the sampling 

distribution of the 1000 AUCs (i .e., for the 3MS and adjusted-3MS). 

Fourth Step: Comparing the AUCs of the 3MS and Adjusted-3MS 

Since the two screening tools were administered to the same person for the same 

disease, the results were likely to be positively correlated (Zweig & Campbell, 1993). 

The results of correlated screening tools have smaller sampling variability than do the 

results of non-correlated screening tools. The comparison of the difference between two 

correlated AUCs can be made more sensitive by taking into account the amount of 

correlation between the two ROC curves (Bloch, 1997; DeLong, DeLong, & Clarke­

Pearson, 1988; Hanley & McNeil, 1983). 

Hanley and McNeil (1983) provided a table that approximates the correlation 

between two tests (r) based the average AUC of the two tests and the average correlation 

between the two tests for the diseased and non-diseased participants. Hanley and 

McNeil's table only provided correlation coefficients for average areas of 0.700 or 

higher; consequently, any two screening tools with average AUCs less than 0. 700 were 

assigned a correlation coefficient of O when calculating the z-value (see below). 

Hanley and McNeil (1983) also provided a modified z-test, which accounted for 

the correlation between the two AUCs (r). Equation 13 for the z-test is shown for two 

AUCs with standard errors, SE1 and SE2, the equation follows: 

AUC1 -AUC2 
z = --;::========= 

✓ SE1 
2 

+ SE/ - 2rSE1 SE2 

(13) 
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The AUC of the 3MS was compared to the AUC of the adjusted-3MS with Equation 13 

to determine whether they were significantly different from each other. In addition, the 

magnitude of this difference was calculated (i.e. , AUC1-AUC2) to investigate how much 

more accurate one test was over the other. This was done to determine whether the 

difference in the accuracy of the two tests was clinically, as well as statistically, 

significant. 

Fifth Step: Combining Screening Tools 

The next step was to combine components of the Clock Test with the 3MS in 

an attempt to make a more accurate screening tool. If the adjusted-3MS was found 

to be more accurate than the 3MS, the adjusted-3MS would have been used in 

combination with the components of the Clock Test. However, if the adjusted-3MS 

was found to be equal to or less accurate than the 3MS (i.e ., smaller or equal 

AUCs), then the 3MS would have been used in combination with the components of 

the Clock Test . 

Next, forward stepwise logistic regression with 3MS in the first block and Clock 

Drawing - Reversed, Clock Setting, and Clock Reading as predictors of disease status in 

the second block was used to determine which components of the Clock Test, if any, 

added discriminative power above the 3MS. Neither a constant nor any higher order 

interactions were included in the model because the goal of the regression was to 

determine which components of the Clock Test added discriminative power above the 

3MS. 

Combined scores were created by adding unweighted scores from components of 

the Clock Test with the 3MS. The following combined scores were computed in this 
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manner: combined Clock Drawing-Reversed/3MS, combined Clock Setting/3MS, and 

combined Clock Reading/3MS. In addition, a Total Clock Test score was computed by 

adding all of the unweighted scores from the components of the Clock Test (i .e., Clock 

Drawing - Reversed, Clock Setting, and Clock Reading). The Total Clock Test score was 

combined with the 3 MS in order to determine whether the combined Total Clock 

Test/3MS was more accurate than any screening test alone. Finally, a combined score 

was computed based on the results of the forward stepwise logistic regression where the 

unweighted Clock Test components were added to the unweighted 3MS to determine 

whether this combined score was better at predicting cognitive impairment than any 

screening score alone. 

Sixth Step: Correcting the Verification Bias for the Combined Screening Tools 

and Components of the Clock Test 

The ability of the single and combined measures to differentiate between 

individuals with a final diagnosis of cognitively normal versus cognitively impaired was 

determined over all possible cut-off points. The corrected sensitivities and specificities 

were calculated as outlined in the Second Step of the procedure for the following 

measures: Clock Drawing - Reversed, Clock Setting, Clock Reading, combined Clock 

Drawing - Reversed/3MS, combined Clock Setting/3MS, combined Clock Reading/3MS, 

and combined Total Clock Test/3MS. 

Seventh Step: Comparing Combined versus Single Screening Tools 

First, ROC plots for the combined and single screening tools were constructed as 

described in the Third Step of the procedure. The AUC of each curve and the standard 

error for each AUC was computed, as described in the Third Step of the procedure. Next, 
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all of the combined screening tools (i.e., Clock Drawing - Reversed, Clock Setting, Clock 

Reading, Clock Drawing - Reversed/3MS, Clock Setting/3MS, Clock Reading/3MS, and 

Total Clock Test/3MS) were compared individually to each single screening tool that 

made up the combination (i .e. , 3MS, Clock Drawing - Reversed, Clock Setting, and 

Clock Reading). The Type 1 Error rate was adjusted for family-wise comparisons. For 

each group of comparisons (e.g., the combined Clock Drawing - Reversed/3MS task 

versus the 3MS and the combined Clock Drawing - Reversed/3MS task versus the Clock 

Drawing-Reversed task), the alpha level of 0.05 was divided by two to equal a critical 

alpha of 0.025 two-tailed for each z-test. 

Eighth Step: Comparing Screening Tools Across Age, Education, and Sex Groups 

One of the goals of this research was to compare the effectiveness of the 

combined versus single screening tools for discrete age, education, and sex groups. 

Consequently, age, education, and sex groups were constructed. First, age, education, and 

sex were used as predictors of each Clock Test component with simultaneous multiple 

regression to determine which demographic variables were related to specific 

components of the Clock Test. Plots of age and education with each component of the 

Clock Test were examined to determine the best groups. If the relations between these 

continuous variables (i.e., age and education) appeared linear, then pre-determined 

groups were constructed. For education level, the two pre-determined groups were those 

with eight or fewer years of education versus those with nine or more years of education. 

For age, the two pre-determined groups were those between 65-79 years old versus those 

aged 80 years and older. 
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The groups compared for each combination depended on whether age, education, 

and/or sex was determined to be related to either of the measures in the combination. The 

specific groups depended on the analysis (as described in the First Step of the procedure). 

For example, if the 3MS were related to age, education, and sex, then the components of 

the Clock Test would be compared with the 3MS for these groups to determine if the 

components of the Clock Test added discriminative power above the 3MS across these 

groups. 

Ideally, the 3MS combined with components of the Clock Test would have been 

compared across the following eight groups: females 65-79 years old with 8 or fewer 

years of education, females 80 years old and over with 8 or fewer years of education, 

females 65-79 years old with 9 or more years of education, females 80 years old and over 

with 9 or more years of education, males 65-79 years old with 8 or fewer years of 

education, males 80 years old and over with 8 or fewer years of education, males 65-79 

years old with 9 or more years of education, and males 80 years old and over with 9 or 

more years of education. However, the number of participants in each group was too 

small ( e.g ., for females 65-79 years old with 8 or fewer years of education, there were 

only 7 with cognitive impairment and 14 who were cognitively normal). Consequently, 

comparisons of the effectiveness of the combined versus single screening tools were 

made separately across sex, age groups, and education groups. For example, the accuracy 

of Clock Drawing-Reversed/3MS was compared to the 3MS and then to Clock Drawing 

- Reversed separately for males and females, then for persons aged 65-79 years old and 

those over 80 years of age, and then for persons with 8 or fewer years of education and 

those with 9 or more years of education. In total, there were six demographic groups 
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created (i.e., 65 - 79 years old, n = 1466; 80 plus years old, n = 517; 8 or fewer years of 

education, n = 451 ; 9 or more years of education, n = 1532; males, n = 883; and females, 

n = 1100). 

Next, the corrected sensitivities and specificities were calculated for the 3MS, 

Clock Drawing - Reversed, combined Clock Drawing - Reversed/3MS, Clock Setting, 

combined Clock Setting/3MS, Clock Reading, and combined Clock Reading/3MS across 

each age, education, and sex group. The calculation of the corrected sensitivities and 

specificities was performed as described in the Second Step of the procedure. Then, as 

described in the Third Step of the procedure, ROC curves were constructed, the AU Cs 

under each curve were computed, and the standard error of each AUC was determined. 

Subsequently, the accuracy of each screening tool was compared across each 

demographic group. Specifically, the ability of the 3MS to identify younger (i .e., 65 - 79 

years old) persons with cognitive impairment was compared to the 3MS' s 

discrirninability with the older age group (i.e., 80 plus years old). Similarly, the accuracy 

of the Clock Drawing- Reversed, Clock-Drawing - Reversed/3MS, Clock Setting, Clock 

Setting/3MS, Clock Reading, Clock Reading/3MS was compared across these two age 

groups. The accuracy of the 3MS, Clock Drawing- Reversed, Clock-Drawing­

Reversed/3MS, Clock Setting, Clock Setting/3MS, Clock Reading, Clock Reading/3MS 

was compared for persons with 8 or fewer years of education and for persons with 9 or 

more years of education. Finally, the accuracy of the 3MS, Clock Drawing - Reversed, 

Clock-Drawing- Reversed/3MS, Clock Setting, Clock Setting/3MS, Clock Reading, 

Clock Reading/3MS was compared for males versus females. Since these analyses 
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involved separate groups, the AUCs were not correlated. Consequently, a z-test for 

differences between independent means was used. The equation is shown in Equation 14. 

AUCI -AUC2 
z = --;:=====-

1 sE 2 +SE 2 "\J 1 2 

(14) 

Finally, the accuracy of the combined versus single screening tools was compared 

as described in the Fourth Step of the procedure. The following analyses were conducted 

for persons 65-79 years of age: 3MS versus Clock Drawing - Reversed/3MS, Clock 

Drawing - Reversed/3MS versus Clock Drawing, 3MS versus Clock Setting/3MS, Clock 

Setting/3MS versus Clock Setting, 3MS versus Clock Reading/3MS, and Clock 

Reading/3MS versus Clock Reading. These analyses were repeated for persons 80 plus 

years old, males, females, persons with 8 or fewer years of education, and persons with 9 

or more years of education. The Type I Error rate was adjusted to account for the fact 

that two z-tests were required to determine whether or not the combination of 

complementary screening tools were more accurate than any of the screening tools alone 

for each demographic group. Therefore, the error rate was 0.025 two-tailed for each z­

test. 

Final Step: Description of a More Effective Screening Tool 

Provided that one or more combinations of complementary screening tools were 

significantly more accurate than any one measure alone, descriptions of the best cut-off 

scores would have been reported, as would the predictive power of the combined 

screening tool. 
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Briefly, the results indicated that the original 3MS was marginally more 

accurate than the adjusted-3MS at identifying participants with and without 

cognitive impairment; consequently, the regression adjustment for the influences of 

age, education, and sex did not improve the accuracy of the (original) 3MS. 

Attempts to increase the accuracy of the identification of participants with and 

without cognitive impairment by adding complementary screening tools did not 

result in increased accuracy over the 3MS alone. In addition, each component of the 

Clock Test combined separately with the ( original) 3MS and the Total Clock Test 

score combined with the 3MS resulted in statistically equivalent accuracy in terms 

of correctly identifying participants with and without cognitive impairment when 

compared to the 3MS alone. Finally, the combination of Clock Drawing - Reversed 

and Clock Setting with the 3MS was found to be less accurate than the 3MS alone at 

identifying participants with and without cognitive impairment. However, because 

of the relatively low sensitivity and specificity of the components of the Clock Test, 

any addition of the 3MS to the Clock Test resulted in increased accuracy over each 

component of the Clock Test alone. 

When assessed separately for different groups based on age, education level, 

and sex, the results were similar: the addition of single components of the Clock 

Test to the 3MS resulted in equivalent accuracy in terms of correctly identifying 

participants with and without cognitive impairment compared to the 3MS alone. 

Finally, for each age, education, and sex group, any addition of the 3MS to the 
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components of the Clock Test resulted in increased accuracy over each component 

of the Clock Test alone. 

Effects of Age, Education, and Sex on the 3MS 

The influence of age, education, and sex on the 3MS were investigated with 

simultaneous multiple regression. The correlation between the 3MS and these 

demographic variables is shown in Table 2. Age, education, and sex together predicted an 

individual's 3MS score (F (3, 1979) = 262.21 , p < 0.001, R2 
= 0.284). Each variable 

uniquely predicted the 3MS score: age (t1979 = -19.97, p < 0.001), education (t1979 = 15 .71 , 

p < 0.001), and sex (t1 979= 5.36,p < 0.001) were significant. On average, for every 

additional year in age, the 3MS score decreased by 0.563 of a point, and, on average, 

every additional year of education increased the 3MS score by 0.836 of a point. On 

average, if the participant was female her score on the 3MS increased by 1 (i.e. , 1.08) 

point. These regression coefficients were used to make the adjusted-3MS as outlined in 

the First Step of the procedure. 

The average 3MS and adjusted-3MS scores were significantly different for 

cognitively normal participants and participants with cognitive impairment (3MS t307 = 

12.02, p < 0.001 ; adjusted-3MS t3o7 = 11.05, p < 0.001). Cognitively normal participants 

scored higher on the 3MS (M = 82.35, SD= 10.62) and the adjusted-3MS (M = 115.01 , 

SD= 9.57) than did participants with cognitive impairment (3MS M = 65.54, SD= 

13.94; adjusted-3MS M = 100.70, SD= 13 .21). Consequently, all further analyses used 

the (unadjusted) 3MS. 
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Table 2. Correlation Matrix of 3MS and Clock Test Components with Demographic 

Variables. 

3MS CD3 cs CRC Sex Age Education 

3MS 1.000 0.339 0.533 0.449 0.078 -0.427 0.368 

CDa 1.000 0.440 0.342 -0.010 -0.231 0.127 

csb 1.000 0.490 -0.098 -0.380 0.281 

CRC 1.000 -0.096 -0.277 0.194 

Sex 1.000 0.078 0.019 

Age 1.000 -0.163 

Education 1.000 

a CD = Clock Drawing - Reversed, CS = Clock Setting, c CR = Clock Reading. 
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The ROC plots (i.e., sensitivity versus 1 minus the specificity at each cut-off 

point) for the 3MS and the adjusted-3MS are shown in Figure 3. The original 3MS (AUC 

= 0.8465, SE= 0.0239) was marginally better than the adjusted-3MS (AUC = 0.8140, SE 

= 0.0280; z = l .93, p = 0.054) at correctly identifying participants with and without 

cognitive impairment. 

The 3MS Combined with the Clock Test 

Forward stepwise logistic regression analysis was performed with disease status 

(i.e., cognitively normal or cognitively impaired) as the outcome measure and with the 

first block with only the 3MS as a predictor. In the second block, the 3MS, Clock 

Drawing - Reversed, Clock Setting, and Clock Reading tasks were entered as predictors. 

There was no constant included in the model and only first-order associations were in the 

model. The final model, the 3MS, the Clock Drawing - Reversed, and the Clock Setting 

tasks, significantly predicted whether individuals were cognitively impaired or 

cognitively normal (x\ = 92.90, p < 0.001 , Cox & SnellR2 = 260). 3MS uniquely 

predicted disease status (Wald statistic= 30.14, p < 0.001), as did Clock Drawing -

Reversed (Wald statistic= 40.94,p < 0.001), and Clock Setting (Wald statistic= 18.07,p 

< 0.001 ). However, in the full model, Clock Reading did not uniquely predict disease 

status (Wald statistic= 0.070, p = 0. 792) above the 3MS, Clock Drawing- Reversed, and 

Clock Setting predictors. These data suggest that the Clock Drawing - Reversed and 

Clock Setting tasks add unique predictability to the 3MS when discriminating persons 

with and without cognitive impairment; therefore, Clock Drawing - Reversed and Clock 

Setting appear to be appropriate to add to the 3MS. Finally, the logistic regression 

weights, which were based on raw scores, were close to 1 for each component of the 
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Figure 3. ROCs of the Adjusted-3MS and the (original) 3MS. 
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Clock Test. In addition, unweighted scores were less complicated and more likely to be 

used clinically. Consequently, unweighted scores for the components of the Clock Test 

and 3MS were used for all subsequent analyses. 

Unweighted scores for Clock Setting, Clock Drawing - Reversed, and the 3MS 

were added together to make a combined Clock Drawing- Reversed/Clock Setting/3MS 

score, which was compared with the accuracy of each screening test score alone. Figure 4 

shows the ROCs for the combined Clock Drawing - Reversed/Clock Setting/3MS, 3MS, 

Clock Drawing - Reversed, and Clock Setting tasks. The Combined Clock Drawing -

Reversed/Clock Setting/3MS (AUC = 0. 7894, SE= 0.0335) was less accurate than the 

3MS alone (AUC = 0.8465, SE = 0.0239, z = 3.29, p < 0.001). Overall, the 3MS alone 

was 5. 7% more accurate than the combined Clock Drawing - Reversed/Clock 

Setting/3MS was at identifying participants with and without cognitive impairment. 

However, the combined Clock Drawing - Reversed/Clock Setting/3MS (AUC = 0.7894, 

SE = 0.0335) was more accurate than both the Clock Drawing - Reversed task alone 

(AUC = 0.4416, SE = 0.0244, z = 8.39, p < 0.001 , with a 34.8% increase in accuracy 

overall) and the Clock Setting task alone (AUC = 0.5583, SE= 0.0288, z = 5.23, p < 

0.001 , with a 23 .1% increase in accuracy overall). 

Finally, the combined Total Clock Test/3MS, which was computed from the 

unweighted addition of the Clock Drawing-Reversed, Clock Setting, Clock Reading, 

and 3MS scores was compared to the 3MS, Clock Drawing - Reversed, Clock 

Setting, and Clock Reading tasks alone to determine whether the combined Total 

Clock Test/3MS score was more accurate than any screening test alone. AUC 

analysis revealed that the combined Total Clock Test/3MS (AUC = 0.8449, SE = 
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Figure 4. ROCs of the 3MS, Combined Clock Drawing - Reversed/Clock 

Setting/3MS, Clock Drawing - Reversed, and Clock Setting tasks. 
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0.0262) was equally accurate as the 3MS alone (AUC = 0.8465, SE = 0.0239, z = -0.12, p 

= 0.904). However, the combined Total Clock Test/3MS (AUC = 0.8449, SE = 0.0262) 

was more accurate than each of the components of the Clock Test alone: the AUCs of 

Clock Drawing-Reversed (AUC = 0.4416, SE= 0.0244, z = 11.26, p <0.001 , with a 

40.3% increase in accuracy overall), Clock Setting (AUC = 0.5583, SE= 0.0288, z = 

7.64, p <0.001 , with a 28. 7% increase in accuracy overall), and Clock Reading (AUC = 

0.0974, SE= 0.0088, z = 27.00, p <0.001 , with a 74.8% increase in accuracy overall) 

were all significantly smaller than the combined Total Clock Test/3MS AUC. Figure 5 

illustrates the AUCs of the total Clock Test/3MS, 3MS, Clock Drawing-Reversed, 

Clock Setting, and Clock Reading tasks. 

Components of the Clock Test added to the 3MS 

The average Clock Drawing - Reversed and combined Clock Drawing -

Reversed/3MS scores were significantly different for cognitively normal participants and 

participants with cognitive impairment (Clock Drawing - Reversed 1307 = 4.82, p < 0.001 ; 

Clock Drawing - Reversed/3MS t307 = 11 .39, p < 0.001 ). Cognitively normal participants 

scored higher on the Clock Drawing-Reversed task (M = 46.13, SD= 4.84) than did 

participants with cognitive impairment scored (M = 42.91 , SD = 6.92). In addition, the 

average score for cognitively normal participants on the combined Clock Drawing -

Reversed/3MS was higher (M = 128.48, SD = 13.42) than the average score for 

cognitively impaired participants (M = 108.45, SD = 17.47). 

In addition, the average Clock Setting and combined Clock Setting/3MS scores 

were significantly different for cognitively normal and impaired participants (Clock 

Setting 1307 = 7.60, p < 0.001 ; Clock Setting/3MS t 307 = 12.14, p < 0.001). Participants 
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with cognitive impairment scored lower on both tests (Clock Setting M = 6.13, SD= 

4.53 ; Clock Setting/3MS M = 92.08, SD= 12.91) than did cognitively normal participants 

(Clock Setting M = 9.73, SD= 3.78; Clock Setting/3MS M = 76.67, SD= 16.63). 

Finally, the average Clock Reading and combined Clock Reading/3MS scores 

were significantly different for cognitively normal participants and participants with 

cognitive impairment (Clock Reading /307 = 6.65, p < 0.001; Clock Reading/3MS 1307 = 

11.99, p < 0.001). Cognitively normal participants scored higher on the Clock Reading 

test (M = 13.25, SD= 2.76) than participants with cognitive impairment (M = 10.66, SD 

= 4 .11 ). In addition, the average score for cognitively normal participants on the 

combined Clock Reading/3MS was higher (M = 95 .60, SD= 12.06) than the average 

score for cognitively impaired participants (M = 76.20, SD= 16.38). 

The components of the Clock Test when combined with the 3MS were equally 

accurate compared to the 3MS alone at identifying persons with and without cognitive 

impairment; however, the combined scores were more accurate than each component of 

the Clock Test alone. Table 3 provides the AUCs, standard errors, z-values, and 

percentage difference (if relevant) for each combined screening tool compared to their 

constituent screening tools alone. The ROC plots of the 3MS, the Clock Drawing­

Reversed task, and the combined Clock Drawing - Reversed/3MS task are shown in 

Figure 6. The ROC plots, which show the ability of the Clock Setting, combined Clock 

Setting/3MS, and 3MS tasks to identify cognitive impairment over all cut-off points, are 

shown in Figure 7. Figure 8 shows the ROC plots of the combined Clock Reading/3MS, 

Clock Reading, and 3MS. 
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Table 3. The AUCs, Standard Errors (SEs), z-values, and Differences in Percent (Diff in 

%) for the Combined and Single Screening Tools. 

Screening Tool AUC SE z-Value Diffin % 

3MS 0.8465 0.0239 
-0.27 NIA 

Clock Drawing - Reversedl3MS 0.8499 0.0257 
11.54* 40.8% 

Clock Drawing - Reversed 0.4416 0.0244 

3MS 0.8465 0.0239 
-0.97 NIA 

Clock Setting/3MS 0.8585 0.0243 
13 .67* 30.0% 

Clock Setting 0.5583 0.0288 

3MS 0.8465 0.0239 
-0.47 NIA 

Clock Reading/3MS 0.8522 0.0240 
29.54* 75 .5% 

Clock Reading 0.0974 0.0089 
* p < 0.001 two-tailed. 
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Figure 6. ROCs of the 3MS, Clock Drawing - Reversed, and Combined Clock 

Drawing - Reversed/3MS tasks. 
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Effects of Age, Education, and Sex on the Components of the Clock Test 

Refer to Table 2 (p. 57) for a correlation of the components of the Clock Test with 

age, education, and sex. All components of the Clock Test were predicted by a 

combination of age, education, and sex (Clock Drawing - Reversed F c3, 1919) = 43 .22, p < 

0.001 , R2 = 0.61; Clock Setting F c3, 1919) = 164.13, p < 0.001 , R2 = 0.199; Clock Reading 

F (3, 1919) = 78.29, p < 0.001 , R2 = 0.106). Clock Drawing - Reversed was uniquely 

predicted by age (11979 = -9.77, p < 0.001) and education (11979 = 4.15, p < 0.001). Sex did 

not predict Clock Drawing- Reversed scores (11979 = 0.25, p = 0.802). All demographic 

variables uniquely predicted the Clock Setting score: age (11979 = -16.47, p < 0.001), 

education (11979 = 11.15, p < 0.001), and sex (11979 = -3 . 75, p < 0.001) were significant. 

Similarly, for Clock Reading, all demographic variables uniquely predicted the total 

score: age (11979 = -11.38, p < 0.001 ), education (t1979 = 7.23, p < 0.001), and sex (119 79 = -

3.73 , p < 0.001) were significant. Analysis of the plots of age (see Figure 9) and 

education (see Figure IO) versus components of the Clock Test revealed that the relations 

were relatively linear; consequently, pre-determined age and education groups were 

constructed. Two age groups were formed : persons aged 65 - 79 years old and persons 80 

years and over. Two education groups were also formed: persons with 8 or fewer years of 

education and those with 9 or more years of education. Finally, the previously existing 

sex groups (i.e., males and females) were used for comparisons. 

Accuracy of Screening Across Age Groups 

The average 3MS, Clock Drawing- Reversed, Clock Setting, and Clock Reading 

scores were significantly greater for participants aged 65 - 79 than for those aged 80 

years and over (3MS 1307 = 16.55, p < 0.001 ; Clock Drawing - Reversed 1307 = 8.18, p < 
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Clock Setting, and Clock Reading tasks. 
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0.001 ; Clock Setting t 307 = 14.31 , p < 0.001 ; Clock Reading 1307 = 10.73 , p < 0.001 ). 

Similarly, the average combined scores were significantly greater for participants aged 65 

- 79 years old than for those 80 years and over (Clock Drawing - Reversed/3MS 1307 = 

16.571 , p < 0.001 ; Clock Setting/3MS t307 = 17.90, p < 0.001 ; Clock Reading/3MS t307 = 

17.13, p < 0.001). The means and standard deviations of the performance of younger (i .e., 

65 - 79 years old) and older (i.e., 80 and over years old) participants on each screening 

test are presented in Table 4. 

The Clock Reading - Reversed, Clock Setting, and Clock Reading tasks were 

more accurate for older than for younger participants. However, the 3MS, and the 

combined screening tools were equally accurate for older and younger participants. The 

accuracy of each of the screening tests (i.e., AUCs with standard errors) for each age 

group, and the z-values and, if applicable, the difference in accuracy across age groups 

are summarized in Table 5. 

Figure 11 illustrates the ROC plots of the 3MS for both age groups, and Figure 12 

shows the ROC plots of the Clock Drawing - Reversed task for both age groups. Figure 

13 illustrates the ROC plots for the combined Clock Drawing - Reversed/3MS tests for 

both age groups. The ROC plots of the Clock Setting task for each age group are shown 

in Figure 14. Figure 15 shows the ROC plots for the combined Clock Setting/3MS for 

younger and older age groups. Figure 16 illustrates for the ROC plots of Clock Reading 

for both age groups. Finally, Figure 17 shows the ROC plots of the combined Clock 

Reading/3MS for each age group. 
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Table 4. Mean Scores (Ms) and Standard Deviations (SDs) of the Screening Tools for 

each Age Group. 

3MS 

Clock Drawing - Reversed 

Clock Drawing - Reversed/3MS 

Clock Setting 

Clock Setting/3MS 

Clock Reading 

Clock Reading/3MS 
····· ·••.•••,•• •.•.•.•.•.•.•.•-•.· -•-•.•. • · ··· 

65 - 79 Years Old 

(n = 1466) 

M SD 

89.49 8.55 

47.14 4.40 

136.63 10.68 

10.97 3.26 

100.46 10.49 

13.82 2.24 

103 .3 1 9.60 

80+ Years Old 

(n = 517) 

M SD 

81.45 11.76 

45 .12 5.85 

126.57 14.72 

8.38 4.24 

89.83 14.32 

12.39 3.43 

93 .84 13.67 
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Table 5. The AUCs, Standard Errors (SEs), z-values, and the Difference in Percent (Diff 

in%) of Each Screening Tool for Each Age Group . 

........... 

. ~C.~~eili11g M~'1.stl~e ... AUC SE z-Value Diffin % 
. . ·················· ··· .................... ······· · ·················· .. ····· ··· ··· ................... ~ .... 

3MS 

65-79 Years Old 
0.8390 0.0366 

0.09 NIA 

80+ Years Old 0.8330 0.0304 

Clock Drawing - Reversed 

65-79 Years Old 
0.4089 0.0338 

-2.37* 12.6 % 

80+ Years Old 0.5353 0.0413 

Clock Drawing - Reversed/3MS 

65-79 Years Old 
0.8367 0.0401 

-0.01 NIA 

80+ Years Old 0.8370 0.0296 

Clock Setting 

65-79 Years Old 
0.4965 0.0438 

-2.38* 14.4 % 

80+ Years Old 0.6403 0.0416 

Clock Setting/3MS 

65-79 Years Old 
0.8455 0.0349 

0.01 N/A 

80+ Years Old 0.8451 0.0311 

Clock Reading 

65-79 Years Old 
0.0831 0.0101 

-3.47* 8 .2% 

80+ Years Old 0.1651 0.0213 

Clock Reading/3MS 

65-79 Years Old 
0.8397 0.0378 

-0.01 N/A 

80+ Years Old 0.8400 0.0266 
·· ·.·.·-·.·.-.·.··.·.·.··.·•.·-·-·.·.·.·.·.·.········ ·············-·.·.·.·.· .·.···.·.·-···-·.·-·.·.·-·-·.·-·.·-·-·-·-·-·.·-·-·-·.·.·.·.·-·•-•.•.•.•.··•-•.•-··.·.·.••,•-•.•,•.··-·-· 

* p < 0.02 two-tailed. 
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Figure 11. ROCs of the 3MS for each age group 
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Figure 12. ROCs of the Clock Drawing-Reversed task for each age group. 
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Figure 13. ROCs of the Combined Clock Drawing - Reversed/3MS task for each 

age group. 
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Figure 14. ROCs of the Clock Setting task for each age group. 
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Figure 15. ROCs of the combined Clock Setting/3MS task for each age group. 
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Figure 16. ROCs of the Clock Reading task for each age group. 
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Figure 17. ROCs of the combined Clock Reading/3MS task for each age group. 
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Accuracy of Screening Across Education Groups 

The average 3MS, Clock Drawing - Reversed, Clock Setting, and Clock Reading 

scores were significantly greater for participants with 9 or more years of education than 

for participants with 8 or fewer years of education (3MS 11979 = 16.18, p < 0.001 ; Clock 

Drawing - Reversed 11 979 = 5.51, p < 0.001 ; Clock Setting 11979 = 9.56, p < 0.001 ; Clock 

Reading t 1979 = 7. 6 7, p < 0.001). Similarly, the average combined scores were 

significantly greater for participants with 9 or more years of education than for 

participants with 8 or fewer years of education (Clock Drawing - Reversed/3MS t1979 = 

15.09,p < 0.001; Clock Setting/3MS t1 979 = 16.04,p < 0.001; Clock Reading/3MS t1979 = 

16.00,p < 0.001). The means and standard deviations of the performance on each 

screening test for participants with 8 or fewer years of education and those with 9 or more 

years of education are presented in Table 6. 

The AUCs, standard errors (SEs), z-values, and if relevant, percent difference in 

accuracy of the screening tools for the two education groups are presented in Table 7. 

Clock Setting and Clock Reading were significantly more accurate for participants with 

eight or fewer years of education than for participants with nine or more years of 

education. All other measures were equally accurate for both education groups. Figure 18 

illustrates the ROC plot of the 3MS for both education groups. Figure 19 shows ROC 

plots for the Clock Drawing - Reversed and Figure 20 shows the ROC plots of the 

combined Clock Drawing- Reversed/3MS tests for each education group. Figure 21 

shows the Clock Setting ROC plots and Figure 22 shows the ROC plots of the combined 

Clock Setting/3MS for both education groups. Figure 23 illustrates the ROC plots of 
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Table 6. Means (Ms) and Standard Deviations (SDs) of the Screening Tools for Each 

Education Group. 

Screening Measure 
0 - 8 Years Education 9+ Years Education 

(n = 451) (n = 1532) 

M SD M SD 

3MS 81 .02 12.22 89.27 8.57 

Clock Drawing - Reversed 45.51 5.24 46.94 4.75 

Clock Drawing - Reversed/3MS 126.52 15.09 136.21 10.91 

Clock Setting 8.86 4.18 10.72 3.46 

Clock Setting/3MS 89.87 14.94 99.99 10.67 

Clock Reading 12.61 3.27 13 .70 2.43 

Clock Reading/3MS 93 .63 14.12 102.97 9.75 
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Table 7. The AUCs, Standard Errors (SEs), z-values, and the Difference in Percent (Diff 

in%) of Each Screening Tool for Each Education Group. 

Screening Measure AUC SE 1-Value Diffin % 
3MS 

0-8 Years Education 
0.8524 0.0412 

0.11 NIA 

9+ Years Education 0.8469 0.02968 

Clock Drawing - Reversed 

0-8 Years Education 
0.4864 0.0477 

0.05 NIA 

9+ Years Education 0.4413 0.0291 

Clock Drawing-Reversedl3MS 

0-8 Years Education 
0.8416 0.0372 

-0.19 NIA 

9+ Years Education 0.8508 0.0320 

Clock Setting 

0-8 Years Education 
0.6865 0.0424 

3.21 * 18.6 % 

9+ Years Education 0.5001 0.0396 

Clock Setting/3MS 

0-8 Years Education 
0.8485 0.0335 

-0.26 NIA 

9+ Years Education 0.8600 0.0300 

Clock Reading 

0-8 Years Education 
0.1586 0.0229 

2.91 * 7.3 % 

9+ Years Education 0.0858 0.0101 

Clock Reading/3MS 

0-8 Years Education 
0.8364 0.0424 

-0.41 NIA 

9+ Years Education 0.8578 0.0306 

* p < 0.005 two-tailed. 
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Figure 18. ROCs of the 3MS for each education group. 
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Figure 20. ROCs of the combined Clock Drawing-Reversed/3MS task for each 
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Figure 21. ROCs of the Clock Setting task for each education group. 
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Figure 22. ROCs of the combined Clock Setting/3MS task for each education 

group. 
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Figure 23. ROCs of the Clock Reading task for each education group. 
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Clock Reading and Figure 24 illustrates the ROC plots of the combined Clock 

Reading/3MS for both education groups. 

Accuracy of Screening Across Sex Groups 

The average 3MS, combined Clock Drawing - Reversed/3MS and combined 

Clock Reading/3MS scores were significantly greater for female participants than for 

male participants (3MS 11979 = 3.47, p < 0.001; Clock Drawing - Reversed/3MS 11979 = 

2.62, p = 0.009, Clock Reading/3MS 11 979 = 2.06, p = 0.040). However, the average 

Clock Setting and Clock Reading scores were significantly greater for males than for 

females (Clock Setting 11 979 = 4.40, p < 0.001 ; Clock Reading 11979 = 4.27, p < 0.001). 

Finally, the average Clock Drawing - Reversed and combined Clock Setting/3MS scores 

were equivalent for males and females (Clock Drawing - Reversed 11979 = 0.42, p = 

0.672; Clock Setting/3MS 11 979 = -1 .52, p = 0.128). The means and standard deviations of 

the performance on each screening test for males and females are presented in Table 8. 

The Clock Drawing - Reversed was more accurate at identifying participants with 

and without cognitive impairment for females than males. The 3MS, combined Clock 

Drawing/3MS, and combined Clock Reading/3MS were marginally more accurate for 

females than for males. All other measures were equally accurate at identifying 

participants with and without cognitive impairment for males and females. The AUCs, 

SEs, z-values, and % differences (if applicable) for each screening measure are presented 

in Table 9. Figure 25 illustrates the ROC plots of the 3MS for males and females. Figure 

26 shows ROC plots for the Clock Drawing - Reversed and Figure 27 shows ROC plots 
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Figure 24. ROCs of the combined Clock Reading/3MS task for each education 

group. 
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Table 8. Mean Scores (Ms) and Standard Deviations (SDs) of Screening Tools for Each 

Sex Group. 

Screening Measure 
Males Females 

(n = 883) (n = 1100) 

M SD M SD 

3MS 86.51 10.37 88.10 9.87 

Clock Drawing - Reversed 46.67 5.06 46.57 4.77 

Clock Drawing - Reversed/3MS 133.18 12.57 134.67 12.69 

Clock Setting 10.70 3. 57 9.97 3.80 

Clock Setting/3MS 97.21 12.63 98 .07 12.41 

Clock Reading 13 .741 2.33 13 .22 2.91 

Clock Reading/3MS 100.25 11.59 101.32 11 .55 
·-·-·-·-··.·.·,·.·.·.·.·.-,·.-.·.·-·-·-·.·.-.-.-.-.-.-. 
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Table 9. The AUCs, Standard Errors (SEs), z-values, and the Difference in Percent (Diff 

in%) of Screening Tool for Each Sex Group. 

__ ~~re.elli11g Jyte.c:ts~~e. AUC SE z-Value Diffin % 
.... . .......... ······················· ·········· ............ · ·· ······· .. ·················· ··········· -~---

3MS 

Males 
0.8107 0.0374 

-1. 76a 7.8% 

Females 0.8885 0.0235 

Clock Drawing - Reversed 

Males 
0.3925 0.0332 

-2.29b 11.2% 

Females 0.5045 0.0359 

Clock Drawing - Reversedl3MS 

Males 
0.8109 0.04065 

-1. 73c 8.4% 

Females 0.8946 0.0262 

Clock Setting 

Males 
0.5449 0.0377 

-0.31 NIA 

Females 0.5642 0.0482 

Clock Setting/3MS 

Males 
0.8273 0.0371 

-1.36 NIA 

Females 0.8929 0.0307 

Clock Reading 

Males 
0.0842 0.0115 

-1.36 NIA 

Females 0.1083 0.0134 

Clock Reading/3MS 

Males 
0.8163 0.0379 

-1. 70d 7.7% 

9+ Years Education 0.8932 0.0247 
. . . . ....... . . '6 . . . .. .. . ··.···.· ·······.· ·· ··.· . . ·· .. .... . .. ..... . ....... . ··--·,r· . . . .. 
a p = 0.078 two-tailed. p = 0.022 two-tailed. cp = 0.084 two-tailed. p = 0.092 two-

tailed. 
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Figure 25. ROCs of the 3MS for each sex group. 
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Figure 26. ROCs of the Clock Drawing- Reversed task for each sex group. 
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Figure 27. ROCs of the combined Clock Drawing - Reversed/3MS task for each sex 

group. 
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plots for Clock Setting and Figure 29 shows ROC plots for the combined Clock 

Setting/3MS for males and females. Figure 30 shows ROC plots for the Clock Reading 

task and Figure 31 shows ROC plots for the combined Clock Setting/3MS for both sex 

groups. 

Combined Versus Single Screening Tools for Age Groups 

I wanted to know if components of the Clock Test added to the accuracy of the 

3MS for persons from different age groups. However, the results were similar for both 

age groups: the combined Clock Drawing - Reversed/3MS was equally accurate as the 

3MS task alone but more accurate than the Clock Drawing task alone. Similarly, the 

combined Clock Setting/3MS was equally accurate to the 3MS alone but more accurate 

than the Clock Setting task alone for both the younger and the older age groups. Finally, 

the combined Clock Reading/3MS was more accurate than the Clock Reading task alone 

but equally accurate to the 3MS alone. The AUCs, SEs, z-values, and percent difference 

(if applicable) of the combined versus single screening tools are shown in Table 10. 

Figure 32 shows the ROC plots for the younger age group and Figure 33 shows the ROC 

plots for the older age group for the 3MS, the Clock Drawing - Reversed task, and the 

combined Clock Drawing - Reversed/3MS tasks. Figure 34 shows the ROC plots for the 

younger age group and Figure 35 shows the ROC plots for the older age group for the 

3MS, the Clock Setting task, and the combined Clock Setting/3MS tasks. Finally, Figure 

36 shows the ROC plots for the younger age group and Figure 37 shows the ROC plots 

for the older age group for the 3MS, the Clock Reading task, and the combined Clock 

Reading/3MS. 
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Figure 28. ROCs of the Clock Setting task for each sex group. 
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Figure 29. ROCs of the combined Clock Setting/3MS task for each sex group. 
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Figure 30. ROCs of the Clock Reading task for each sex group. 
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Figure 31. ROCs of the combined Clock Reading/3MS task for each sex group. 
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Table JO. The AUCs, Standard Errors (SEs), z-values, and, Difference in Percent (Diff¾) 

of the Screening Tools for Each Age Group. 

Screening Tool AUC SE z-Value Diff¾ 
65 - 79 Years Old 

3MS 0.8372 0.0366 
0.03 NIA 

Clock Drawing - Reversedl3MS 0.8367 0.0401 
8.17* 42.7% 

Clock Drawing - Reversed 0.4089 0.0338 

80+ Years Old 

3MS 0.8330 0.0304 
-0.26 NIA 

Clock Drawing-Reversedl3MS 0.8370 0.0296 
5.94* 30.1% 

Clock Drawing - Reversed 0.5353 0.0413 

65 - 79 Years Old 

3MS 0.8372 0.0366 
-0.45 NIA 

Clock Setting/3MS 0.8455 0.0350 
6.23 * 34.9% 

Clock Setting 0.4965 0.0438 

80+ Years Old 

3MS 0.8330 0.0304 
-0.77 NIA 

Clock Setting/3MS 0.8451 0.0311 
6.51 * 20.5% 

Clock Setting 0.6404 0.0416 

···••.•.·-·.·.·.·-·.·.-.-.-.-.·.--·-···· ··••.·.·.·-·.·.·.·.·.·.·-·.-.-.-.·.·.·.-.-·-.--.··-·-·-·-·.·-·,•,-.· ···-

Table continues. * p < 0.001 two-tailed. 
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... Scr~~lling.l:'C>C>l ... AUC SE z-Value Diff¾ 
65 - 79 Years Old 

3MS 0.8372 0.0366 
-0.13 NIA 

Clock Reading/3MS 0.8398 0.0378 
19.35* 75 .7% 

Clock Reading 0.0831 0.0101 

80+ Years Old 

3MS 0.8330 0.0304 
-0.47 NIA 

Clock Reading/3MS 0.8400 0.0266 
19.80* 67.5% 

Clock Reading 0.1651 0.0213 

...... ................. .. ........... ......... .... ..... ......... ..... .... . ···················· · ·········· ·•· ·••····· · 

* p < 0.001 two-tailed. 
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Figure 32. ROCs of the 3MS, Clock Drawing-Reversed, and Combined Clock 

Drawing - Reversed/3MS tasks for 65-79 year olds. 
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Figure 33. ROCs of the 3MS, Clock Drawing-Reversed, and Combined Clock 

Drawing-Reversed/3MS tasks for 80+ year olds. 
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Figure 34. ROCs of the 3MS, Clock Setting, and Combined Clock Setting/3MS 

tasks for 65-79 year olds. 
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Figure 35. ROCs of the 3MS, Clock Setting, and Combined Clock Setting/3MS 

tasks for 80+ year olds. 
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Figure 36. ROCs of the 3MS, Clock Reading, and Combined Clock Reading/3MS 

tasks for 65-79 year olds. 
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Figure 37. ROCs of the 3MS, Clock Reading, and Combined Clock Reading/3MS 

tasks for 80+ year olds. 
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Combined Versus Single Screening Tools for Education Groups 

I wanted to know if components of the Clock Test added to the accuracy of the 

3MS for persons with different levels of education. However, the results were similar for 

both education groups: the combined Clock Drawing - Reversed/3MS was equally 

accurate as the 3MS task alone but more accurate than the Clock Drawing task alone. 

Similarly, the combined Clock Setting/3MS was equally accurate to the 3MS alone but 

more accurate than the Clock Setting task alone for both education groups. Finally, the 

combined Clock Reading/3MS was equally accurate to the 3MS alone but more accurate 

than the Clock Reading task alone. The AUCs, SEs, z-values, and percent difference (if 

applicable) of the combined versus single screening tools are shown in Table 11 . Figure 

38 shows the ROC plots for the group with eight or fewer years of education and Figure 

39 shows the ROC plots for the groups with nine or more years of education for the 

combined Clock Drawing- Reversed/3MS versus the Clock Drawing - Reversed and 

3MS tasks. Figure 40 shows the ROC plots for the group with fewer years of education 

and Figure 41 shows the ROC plots for the group with more years of education of the 

3MS, the Clock Setting task, and the combined Clock Setting/3MS tasks. Figure 42 

shows the ROC plots for the group with few years of education and Figure 43 shows the 

ROC plots for the group with more years of education for the 3MS, the Clock Reading 

task, and the combined Clock Reading/3MS tasks. 

Combined Versus Single Screening Tools for Sex Groups 

I was interested in whether components of the Clock Test added to the accuracy 

of the 3MS for males or females. However, the results were similar for males and 

females : the combined Clock Drawing - Reversed/3MS was equally accurate as the 3MS 
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Table 11. The AUCs, Standard Errors (SEs), z-values, and, Difference in Percent (Diff 

%) of the Screening Tools for Each Education Group. 

········ ·· · •· ··· · ··· · ········•· · ·· 

Screening Tool AUC SE z-Value Diff¾ 
0 - 8 Years Education 

3MS 0.8524 0.0412 
0.01 NIA 

Clock Drawing - Reversedl3MS 0.8416 0.0342 
5.87* 35.5% 

Clock Drawing - Reversed 0.4864 0.0477 

9+ Years Education 

3MS 0.8469 0.0297 
-0.00 NIA 

Clock Drawing - Reversedl3MS 0.8508 0.0320 
9.48* 41.0% 

Clock Drawing - Reversed 0.4413 0.0291 

0 - 8 Years Education 

3MS 0.8524 0.0412 
0.00 NIA 

Clock Setting/3MS 0.8485 0.0335 
5.48* 16.2% 

Clock Setting 0.6865 0.0424 

9+ Years Education 

3MS 0.8469 0.0297 
-0.86 NIA 

Clock Setting/3MS 0.8600 0.0300 
7.25* 36.0% 

Clock Setting 0.5001 0.0396 

·-·-·.·-·,·.·.·.-.-.·.-.-.-.-.· ·· · 

Table continues. * p < 0.001 two-tailed. 
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3MS 

Clock Reading/3MS 

Clock Reading 

9+ Years Education 

3MS 

Clock Reading/3MS 

Clock Reading 

* p < 0.001 two-tailed. 
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........ ······-·· .. ·.·-·-··.-.·-·-·-·.·.·.·.·-·.-. ·.·.· ·-·-·-·.·.·.·.---.·-·.·-·.·.-. -.-.·.·-·-··-·.·.·.·,·-·-·-·-·.·.-.·.·.--·.··· · 

AUC SE z-Value Diff% 

0.8524 0.0412 
0.75 NIA 

0.8364 0.0424 
14.07* 67.8% 

0.1586 0.0229 

0.8469 0.0297 
-0.01 NIA 

0.8578 0.0306 
23 .92* 77.2% 

0.0858 0.0101 



Two-Step Screening 116 

• 

0.9 

0.8 

0.7 

c 0.6 

·::; 
·.p 
'cil 
i::: 
Q) 

C/J 

0.5 

0.4 • 

0.3 

0.2 

0.1 

0 

0 0.1 0.2 0.3 

--3MS 

- - Clock Drawing - Reversed/3MS 

--Clock Drawing 

0.4 0.5 

I-Specificity 

0.6 0.7 0.8 0.9 

Figure 38. ROCs of the 3MS, Clock Drawing-Reversed, and combined Clock 

Drawing - Reversed/3MS tasks for individuals with 0-8 years of education. 
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Figure 39. ROCs of the 3MS, Clock Drawing-Reversed, and combined Clock 

Drawing -Reversed/3MS tasks for individuals with 9+ years of education. 
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Figure 40. ROCs of the 3MS, Clock Setting, and combined Clock Setting/3MS 

tasks for individuals with 0-8 years of education. 
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Figure 41. ROCs of the 3MS, Clock Setting, and combined Clock Setting/3MS 

tasks for ilndividuals with 9+ years of education. 
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Figure 42. ROCs of the 3MS, Clock Reading, and combined Clock Reading/3MS 

ff asks for individuals with 0-8 years of education. 
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Figure 43. ROCs of the 3MS, Clock Reading, and combined Clock Reading/3MS 

tasks for individuals with 9+ years of education. 
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task alone but more accurate than the Clock Drawing task alone. Similarly, the combined 

Clock Setting/3MS was equally accurate to the 3MS alone but more accurate than the 

Clock Setting task alone for both education groups. Finally, the combined Clock 

Reading/3MS was more accurate than the Clock Reading task alone but equally accurate 

to the 3MS alone. Table 12 shows the AUCs, SEs, z-values, and, if applicable, percent 

difference between the combined and single screening tools for males and females. 

Figure 44 shows the ROC plots for males and Figure 45 shows the ROC plots for females 

of the 3MS, the Clock Drawing - Reversed task, and the combined Clock Drawing -

Reversed/3MS tasks. Figure 46 shows the ROC plots for males and Figure 47 shows the 

ROC plot for females of the 3MS, the Clock Setting task, and the combined Clock 

Setting/3MS tasks. Figure 48 shows the ROC plots for males and Figure 49 shows the 

ROC plots for females of the 3MS, the Clock Reading task, and the combined Clock 

Reading/3MS tasks. 
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Table 12. The AUCs, Standard Errors (SEs), z-values, and Differences in Percent (Diff 

%) of the Screening Tools for Each Sex Group. 

Screening Tool AUC SE z-Value Diff¾ 
Males 

3MS 0.8107 0.0374 
-0.00 NIA 

Clock Drawing - Reversedl3MS 0.8109 0.0407 
7.97* 41.8% 

Clock Drawing - Reversed 0.3025 0.0332 

Females 

3MS 0.8885 0.0236 
-0.01 NIA 

Clock Drawing - Reversedl3MS 0.8946 0.0262 
8.79* 39.0% 

Clock Drawing - Reversed 0.5045 0.0359 

Males 

3MS 0.8107 0.0374 
-0.87 NIA 

Clock Setting/3MS 0.8273 0.0371 
5.34* 28 .2% 

Clock Setting 0.5449 0.0377 

Females 

3MS 0.8885 0.0236 
-0.00 NIA 

Clock Setting/3MS 0.8929 0.0307 
5.75* 32.9% 

Clock Setting 0.5642 0.0482 

··.•·-·-·-·-·-•-•,•-·-•-•,•-·-·-·-·-·.·.·.-.-.·-·-·--.-.-.·-·,·-·-· .. •.-.---- ·· ····••.·-•.·.--·-·-·-·-·-·.·.·-·-·-·-·,·.--·-·.·.·-·-·-·.•.•-·.·,·-·.·.·-·-·. -.·.·-·-·.·.•-·.·.-.·.·.·.·.·.·.·.·.·-.... -.•.-.-.·.•-·.·-·,··· · 

Table continues. * p < 0.001 two-tailed. 
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Screening Tool AUC SE z-Value Di.ff¾ 
Males 

3MS 0.8107 0.0374 
-0.29 NIA 

Clock Reading/3MS 0.8163 0.0379 
18.49* 73 .2% 

Clock Reading 0.0842 0.0115 

Females 

3MS 0.8885 0.0236 
-0.32 NIA 

Clock Reading/3MS 0.8932 0.0247 
27.91 * 78 .5% 

Clock Reading 0.1083 0.0134 

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

* p < 0.001 two-tailed. 
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Figure 44. ROCs of the 3MS, Clock Drawing - Reversed, and combined Clock 

Drawing - Reversed/3MS tasks for males. 
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Figure 45. ROCs of the 3MS, Clock Drawing-Reversed, and combined Clock 

Drawing - Reversed/3MS tasks for females. 
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Figure 46. ROCs of the 3MS, Clock Setting, and combined Clock Setting/3MS 

tasks for males. 
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Figure 47. ROCs of the 3MS, Clock Setting, and combined Clock Setting/3MS 

tasks for females. 
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Figure 48. ROCs of the 3MS, Clock Reading, and combined Clock Reading/3MS 

tasks for males. 
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Figure 49. ROCs of the 3MS, Clock Reading, and combined Clock Reading/3MS 

tasks for females . 
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CHAPTER 5 

Discussion 

The aim of this study was to find the most accurate screening tool for cognitive 

impairment. To this end, I attempted to improve the accuracy of the 3MS by adjusting it 

for the influence of age, education, and sex. In addition, I combined the 3MS with other 

screening tools for cognitive impairment to see if a combined test increased the accuracy 

(i.e., increased the sensitivity and/or specificity) of screening for cognitive impairment. 

The effects of demographic influences on the accuracy of screening for cognitive 

impairment were also investigated. 

Review of Results 

3MS Versus Adjusted-3MS 

Consistent with previous findings, the 3MS was significantly influenced by age, 

education (Bravo & Hebert, 1997a; Tombaugh et al. , 1996), and sex (Bravo & Hebert, 

1997a). In this study, the 3MS was adjusted for the influence of these demographic 

influences in an attempt to make a more accurate mental status screening tool for 

cognitive impairment. When the original 3MS and the adjusted-3MS scores were 

compared, the AUC analysis indicated that the original 3MS was marginally more 

accurate than the adjusted-3MS in identifying participants with and without cognitive 

impairment. This finding was contrary to my hypothesis, because, based on previous 

research, I expected that validity (i.e., as measured by the sensitivity and specificity) 

would be compromised when factors other than cognitive impairment influenced the 

score an individual obtains on the screening tool (Retzlaff & Gibertini, 1994). However, 

the use of regression adjusted scores for the 3MS was less accurate than the original 3MS 
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scores. Previous research found a similar result when using simultaneous multiple 

regression to adjust MMSE scores for the effects of age and education: the adjusted 

MMSE was less accurate than the original MMSE (Kraemer, Moritz, & Yesavage, 1998). 

From these data, it appears that the portion of the 3MS score that predicts 

cognitive impairment is not predicted by age, education, and sex; consequently, 

adjustment for these demographic influences does not increase the predictive validity 

(i.e., accuracy) of the 3MS. Alternatively, the use of regression weights, which are based 

on the average influence of each demographic variable on the 3MS, are too gross of an 

adjustment for each individual's score. Therefore, the adjustment based on the average of 

the degree of influence marginally diminishes the predictive value of the 3MS for each 

individual. However, the averages are the best estimates available for the whole sample. 

The use of age and education corrected cut-off scores, a commonly used procedure in 

clinical practice, is also based on the average performance. The implications that these 

findings have on the use of age and education corrected cut-off scores for the 3MS are 

discussed later in the Future Research section of the discussion. Finally, it is possible that 

the adjusted-3MS was marginally less accurate than the original 3MS because the relation 

between demographic influences and validity in screening is contrary to the assumption 

that demographic influences reduce validity in screening, which is discussed further in 

the next section. 

Effects of Age, Education, and Sex on Screening Tools 

The relation between the influence of demographic variables on screening tools 

and the effect on the accuracy of these tools was investigated as a corollary of pursuing 

the main thesis, which was to attempt to create a more accurate screening tool for 
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cognitive impairment. Previous research assumed that lower scores for a particular 

demographic group translated into a less accurate screening tool for that group, in that 

persons who obtained lower scores were more likely to be misclassified as cognitively 

impaired (Jagger et al ., 1992). For instance, if education were to influence scores on the 

screening tool such that persons with eight or fewer years of education would obtain 

significantly lower scores than persons with nine or more years of education, the 

assumption is that persons with eight or fewer years of education would be more likely to 

appear spuriously impaired on the screening tool. This has been shown with the MMSE 

(e.g., Anthony, LeResche, Niaz, von Korff, & Folstein, 1982; Marcopulos, McLain, & 

Giuliano, 1997) and the 3MS (Tombaugh et al. 1996). 

Consistent with the hypotheses of this study, the 3MS was greater for individuals 

with nine or more year of education; however, contrary to the hypotheses, the 3MS was 

equally accurate for both education groups. Consequently, participants with fewer years 

of education were not more likely to be misclassified by the 3MS as cognitively impaired 

than were participants with more education. I also hypothesized that the 3MS would be 

greater, and more accurate, for younger than older participants, and these data suggest 

that, although the average 3MS raw score was greater for younger than for older 

participants, the 3MS was equally accurate for each age group. In this study, females 

obtained greater scores on the 3MS, which was consistent with my hypothesis and 

previous research (Bravo & Hebert, 1997a). Additionally, the results suggested that the 

3MS was marginally more accurate for females than for males, which was also consistent 

with my hypothesis that the 3MS would be more accurate for females than for males 

because males were more likely to obtain lower scores on the 3MS. These data suggest 



Two-Step Screening 134 

that lower scores by a older participants or participants with few years of education did 

not translate into diminished accuracy when screening for cognitive impairment with the 

3MS for these demographic groups, which raises questions about assumptions that 

particular demographic groups are more likely to be misclassified as impaired because 

they tend to obtain lower scores on the screening tool for cognitive impairment. 

In fact, examples from components of the Clock Test suggested that lower scores 

by a particular demographic group translated into increased accuracy when identifying 

cognitive impairment for that demographic group. All scores on components of the Clock 

Test were significantly higher for younger participants (i .e., 65-79 years old) than for 

older participants (i .e., 80+ years old), which was consistent with the hypotheses of this 

study and previous research (Tuokko et al. , 1995). Specifically, Clock Setting scores 

were higher for younger than for older persons, but the Clock Setting task was 

significantly more accurate for the older age group than for the younger age group. 

Similarly, the Clock Reading scores were significantly higher for younger than for older 

persons; however, the Clock Reading task was significantly more accurate for older 

persons than for younger persons. 

Similar results were seen with education groups and components of the Clock 

Test. Contrary to the hypotheses and previous research (Tuokko et al., 1995), all 

components of the Clock Task were affected by education level. For example, average 

scores on the Clock Setting task were significantly higher for participants with nine or 

more years of education than for participants with eight or fewer years of education. 

However, when the accuracy of the Clock Setting task was examined, Clock Setting was 

more accurate for participants with eight or fewer years of education than for participants 
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with nine or more years of education. Similarly, the average Clock Reading score was 

higher for participants with nine or more years of education than for individuals with 

eight or fewer years of education, but the Clock Reading task was more accurate for 

participants with eight or fewer years of education than for participants with nine or more 

years of education. 

These results raise questions not only about the assumption that persons of a 

particular demographic group who score lower on a screening tool are more likely to be 

mislabelled as cognitively impaired, but also about the use of demographically corrected 

cut-off scores for screening tools. The rationale behind the use of demographically 

corrected cut-off scores is based on the above-mentioned assumption that persons who 

tend to obtain lower scores on the screening tool are more likely to appear impaired when 

compared to persons who tend to obtain higher scores on the screening tool. These data 

indicated that screening tools for cognitive impairment could, in fact, be more accurate 

for individuals who tend to obtain lower scores on the screening tool. Therefore, the use 

of demographically corrected cut-off scores could, potentially, reduce the accuracy in 

some instances. For example, the use of age corrected cut-off scores for the Clock Setting 

task, which was more accurate for older than for younger participants might diminish its 

superior accuracy at identifying cognitive impairment in older persons. Future research 

could help elucidate the relation between lower scores on a screening tool by particular 

demographic groups and the screening tool ' s accuracy (i.e., validity) for that particular 

demographic group. Future research could also address if the use of demographically 

corrected cut-off scores either reduce validity or have no influence on the validity of 

screening for cognitive impairment. 
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Combining Components of the Clock Test with the 3MS 

Components of the Clock Test (i .e., Clock Drawing-Reversed, Clock Setting, 

and Clock Reading) were added to the 3MS in an attempt to increase the discrirninability 

of persons with and without cognitive impairment (i .e., increase the accuracy) . Forward 

stepwise logistic regression suggested that Clock Drawing - Reversed and Clock Setting 

predicted disease status above the prediction provided by the 3MS. Consequently, these 

three tasks were added together (i .e., Clock Drawing- Reversed with Clock Setting and 

the 3MS) and compared to each screening tool alone. Although the combined Clock 

Drawing - Reversed/Clock Setting/3MS was more accurate when compared to the Clock 

Drawing - Reversed and Clock Setting tasks alone, it was less accurate when compared 

to the 3MS alone. Finally, a combined total Clock Test/3MS score was computed by 

summing the three components of the Clock Test and the 3MS together. The combined 

total Clock Test/3MS was equal in accuracy when compared to the 3MS alone, but the 

combined score was more accurate than each of the components of the Clock Test alone. 

Previous research with simultaneous multiple regression (Tuokko, 1993 as cited 

in Tuokko et al., 1995) suggested that only the Clock Setting task predicted cognitive 

impairment over and above the 3MS. In this study, forward stepwise logistic regression 

suggested that Clock Setting and Clock Drawing - Reversed were found to predict 

cognitive impairment over and above the 3MS. However, when compared using AUC 

analysis, the addition of Clock Setting and Clock Drawing - Reversed to the 3MS did not 

improve prediction of participants with and without cognitive impairment. The disparate 

findings from the regression analyses is likely due to the fact that the regressions were 

based on different samples. Tuokko (1993 as cited in Tuokko et al. , 1995) investigated 



Two-Step Screening 137 

normal elderly and those diagnosed with dementia, whereas this study investigated 

cognitively normal elderly participants and participants with cognitive impairment, which 

was either dementia or cognitive impairment without dementia. It is plausible, therefore, 

that in a sample of cognitively normal versus demented participants, only the Clock 

Setting task would have added uniquely to the 3MS. Further, the types of regression 

differed (i.e. , simultaneous multiple regression versus forward stepwise logistic 

regression) . Finally, in this study a constant was not used in the regression equation 

because I was interested only in whether components of the Clock Test added to the 3MS 

in terms of identifying participants with and without cognitive impairment. I did not use 

the constant ( which would have been based on the chance levels or average of the 

number of participants who were normal and cognitively impaired) because I was not 

interested in whether or not components of the Clock Test added to the 3MS and to 

chance levels of predicting cognitive impairment. 

In addition, this study found that, although forward stepwise multiple regression 

suggested that the Clock Drawing - Reversed and Clock Setting tasks added unique 

prediction of participants with and without cognitive impairment above the 3MS, the 

AUC analysis did not find any improved prediction from adding the Clock Drawing -

Reversed and Clock Setting tasks to the 3MS. The AUC and logistic regression both 

indicate the correct classification rate of a screening tool and AUC analysis and stepwise 

logistic regression both indicate if the correct classification rate for two screening tools is 

significantly different. However, this study found that the results of the forward stepwise 

logistic regression differed from the results of the AUC analysis. These differing results 

could have occurred for a variety of reasons, the fact that the logistic regression model 



Two-Step Screening 138 

did not include a constant. In addition, the difference in the results from the logistic 

regression and the AUC analysis likely occurred, at least in part, because the two 

analyses were computed on different samples. The logistic regression was, by necessity, 

only computed on the sub-sample with a verified diagnosis, and the AUC analysis was 

based on the whole sample. Further, the AUCs used in the AUC analysis had the 

verification bias corrected for, which increased the specificity and decreased the 

sensitivity. It is possible that the changes in sensitivity and specificity that resulted from 

the correction for the verification bias eliminated the predictive advantage, which 

appeared in the logistic regression analysis, of the components of the Clock Test above 

the 3MS. Finally, logistic regression did not combine the screening tools in an 

unweighted manner, as was done in the AUC analysis. The use of the logistic regression 

weights may have altered the contribution of the components of the Clock Test to the 

3MS in such a way that led to a more accurate composite score. 

Combining Single Components of the Clock Test with the 3MS 

I combined single components of the Clock Test with the 3MS to see if these 

combined tests had increased sensitivity and/or specificity when identifying cognitive 

impairment. I found that when the components of the Clock Test were combined with the 

3MS, the combined score was equally accurate at identifying cognitive impairment when 

compared to the 3MS alone, but the combined score was more accurate than each 

component of the Clock Test alone. The finding that the combined Clock Setting/3MS 

was equally accurate to the 3MS was contrary to my hypothesis. I had hypothesized that 

the combined Clock Drawing - Reversed/3MS and combined Clock Reading/3MS would 

not be more accurate than the 3MS alone, which was consistent with the results. 
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I also hypothesized that the components of the Clock Test combined with the 

3MS would be predominantly helpful at identifying cognitive impairment in participants 

of particular demographic groups. However, the results did not change when the 

combined screening tools were compared to the 3MS for different age, education, and sex 

groups. The combined screening tools were not more accurate than the 3MS alone for 

any demographic group. 

I hypothesized that the components of the Clock test when combined with the 

3MS would be particularly helpful at identifying cognitive impairment in persons who 

were poorly educated. These hypotheses were partially based on previous findings with a 

study of a clinic and. population based sample, which showed that the Clock Test was not 

affected by education level (Tuokko et al., 1995). In addition, although recent research 

suggested that the Clock Test may be affected by education (Corney, 2000), other 

research suggested that a clock drawing task was not as affected by education as was the 

MMSE, which is a screening tool on which the 3MS is based (Borson et al., 1999). 

Consequently, I hypothesized that the components of the Clock Test would not be as 

affected by education level, if affected at all, as is the 3MS. However, in this study the 

components of the Clock Test were affected by education level Although, the Clock 

Setting and Clock Reading tasks were more accurate for participants with eight or fewer 

years of education than for participants with nine or more years of education, this 

advantage for the poorly educated group apparently diminished when the screening tools 

were combined with the 3MS. 

I also hypothesized that persons with eight or fewer years of education would 

perform more poorly on the 3MS but assumed that this would mean that the 3MS would 
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be less accurate for persons with eight or fewer years of education than for persons with 

nine or more years of education. However, this assumption proved to be wrong. Although 

persons with eight or fewer years of education obtained lower average scores on the 3MS 

than persons with nine or more years of education, the 3MS was no less accurate for 

persons with eight or fewer years of education. 

Limitations 

This study attempted to provide useful information for clinical practice in 

screening for cognitive impairment by endeavoring to find the most accurate screening 

tool for cognitive impairment. However, the methods used in this study did not mirror 

those used in clinical practice; consequently, the results of this study are limited in their 

generalizability to clinical practice. In this study, the raw unweighted scores were 

combined and then these combined scores were analyzed to determine how well they 

were able to differentiate cognitively normal participants from cognitively impaired 

participants, whereas in clinical practice, the results of the two screening tools are 

typically assessed separately. This study did not assess the utility of the clinical 

information obtained from each screening measure and how this information 

corresponded with the final diagnosis. Future research could address the usefulness of 

adding components of the Clock Test to the 3MS when the 3MS score was apparently 

normal (at a particular cut-off point) but one or more of the components of the Clock Test 

were indicative of cognitive impairment. This would more closely resemble clinical 

practice and, therefore, would be generalizable for clinical practice when screening for 

cognitive impairment. 
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Another limitation of this study also impacts the ability to generalize these results 

in a way that may be clinically useful. The sample used in this study was population­

based. Although this population based sample included persons who would have been 

seen in clinical practice, it differs greatly from the samples commonly seen by clinicians. 

Typically, clinicians see people who are having some sort of difficulties. This population­

based sample included healthy older adults who were randomly selected (but restricted by 

self-selection bias). It is unclear how this population-based sample would differ from a 

typical clinical sample, and these results may vary greatly if the procedure were applied 

to a clinic-based sample of older adults. 

Another limitation of this the fact that the AUC analysis as performed in this 

study, which does not appear to be wholly appropriate for all types of screening tools. 

AUC analysis involves comparing the AUCs of two screening tools to determine whether 

one screening tool is more accurate over all possible cut-off points. Because the upper 

left hand comer of the ROC space represents 100% specificity and 100% sensitivity (i.e. , 

0% for I-specificity), it is assumed that the greater the AUC, the higher the plot is in the 

left-hand comer, and the more accurate the screening tool (Zweig & Campbell, I 993). 

This assumption appears to be problematic, at least for the AUC calculated with the 

trapezoidal method over all possible cut-off points (e.g. , Bamber, 1975; Hanley & 

McNeil, 1982). 

Potential problems appear to exist especially when the AUC analysis, as 

performed in this study at least, is applied to screening tools whose ROC plots do not 

converge on the coordinate of 1, 1 (i.e., 1.0 for sensitivity and 1.0 for I-specificity). This 

lack of convergence occurs when there is a ceiling effect for the screening tool; 
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consequently, the sensitivity and specificity do not vary between O and I 00%. In these 

situations, the value of the AUC may be misleading. For example, the AUC analysis of 

the Clock Drawing - Reversed task for each education group indicated that the test was 

more accurate for persons with fewer years of education (i .e., AUC = 0.4864) than for 

persons with more years of education (AUC = 0.4413). Figure 19 (on page 86) clearly 

shows that the Clock Drawing - Reversed task for persons with nine or more years of 

education approaches the upper left hand comer of the plot, however, the screening tool 

with the highest area was not the screening tool that extended further toward the upper 

left hand corner of the plot. The AUC for Clock Drawing - Reversed was larger for the 

group with eight or fewer years of education because this plot extended further to the 

right (i .e., its range extended to lower levels of specificity and higher levels of 

sensitivity). Similar results occurred with Clock Drawing - Reversed for age groups (see 

Figure 12) and with Clock Reading for education groups (see Figure 23). In these cases 

the screening tool with the higher AUC did not represent the most accurate in terms of 

maximum sensitivity and specificity. In these three cases (i.e., Clock Drawing - Reversed 

for age groups, Clock Drawing - Reversed for education groups, and Clock Reading for 

education groups), the curve with the highest AUC was not the curve closest to the point 

of 100% sensitivity and 100% specificity. However, the curve with the highest AUC did 

have higher sensitivity, which may be clinically meaningful, and it could be argued that 

the difference in AUCs reflects this clinically useful information. 

These results highlight a limitation of AUC analysis when used for screening 

tools that have a ceiling effect. Zweig and Campbell (1993) warn that, although the AUC 

is a useful way to communicate the accuracy of a screening tool, it can be misleading 
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when interpreted in the absence of the ROC plot. Zweig and Campbell cite an example of 

two ROC plots that have the same AUC but are different in shape. Clearly the results 

from this study show that the AUC can be misleading if the ROC plot were not 

investigated, particularly if the screening tools have a ceiling effect as is shown in the 

example discussed of Clock Drawing - Reversed for the two education groups. 

Future Research 

Future research could address the limitations of this study. For example, the 

results of the addition of components of the Clock Test to the 3MS could be replicated 

with different samples. A clinic-based sample may differ from a population-based 

sample; consequently, I cannot generalize these results to a clinic sample. Future research 

could investigate whether the addition of components of the Clock Test add to the 3MS 

in terms of correctly identifying persons with and without cognitive impairment in a 

clinical sample. However, clinic-based samples differ depending on the referral base and 

referral sources; therefore, many types of clinic-based samples are required to address 

whether the results found here are generalizable to clinical practice. 

In addition, future research could add the components of the Clock Test to the 

3MS in a different manner than was done in this study to see if it resulted in a more 

accurate screening tool for cognitive impairment. Specifically, future research could 

address if the addition of components of the Clock Test to the 3MS is particularly useful 

when the 3MS score was normal at a particular cut-off point but when one or more of the 

components of the Clock Test were indicative of cognitive impairment. Further, Tuokko 

et al. (1995) found that the Clock Test was most accurate at identifying persons with and 

without dementia when using a criterion of two out of three the components indicate 
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impairment, based on age-corrected cut-off scores. Future research could impose cut-off 

scores for the 3MS and the Clock Test to see if positive results on the 3MS and two 

components of the Clock Test are better able to identify persons with and without 

cognitive impairment than solely using the cut-off score for the 3MS only. 

These results would have likely been different had I investigated only cognitively 

normal versus demented older adults. The variability added by including the cognitively 

impaired but not demented sample likely decreased the sensitivity and the specificity of 

the screening tools in this study. It is unclear whether the addition of components of the 

Clock Test to the 3MS would have resulted in different findings when trying to identify 

cognitively normal versus demented older adults. Future research could address this 

question. Further, future research could investigate whether the addition of components 

of the Clock Test added to the 3MS when screening for Alzheimer' s disease. Research 

suggests that clock tasks might be particularly sensitive to Alzheimer' s disease (Rouleau 

et al ., 1992; Rouleau et al., 1996; Tuokko et al., 1992); therefore, the Clock Test may be 

particularly useful when added to the 3MS when screening for Alzheimer' s disease. 

Future research could investigate different scoring techniques for clock drawing 

to see whether the 3MS when combined with different versions of the clock drawing task 

result in greater identification of cognitively normal and cognitively impaired older 

adults. Based on research by Tuokko et al. (2000) which suggested the Tuokko et al. , 

(1995) and Shulman et al., (1986) scoring techniques for clock drawing were most 

specific and sensitive than to other scoring techniques for clock drawing, future research 

could investigate whether different results are found when combining clock drawing 

scored using the Shulman et al. (1986) scoring technique combined with the 3MS. 
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Future research could also investigate if components of the Clock Test add to the 

MMSE when identifying persons with and without cognitive impairment because the 

MMSE the most widely used mental status screening tool for cognitive impairment. 

Future research could address the implications of correcting the 3MS for age, 

education, and sex. The use of simultaneous multiple regression to adjust the 3MS for the 

effects of age, education, and sex resulted in significantly lower predictive validity than 

the original 'biased' 3MS. This may have implications for using age and education 

corrected cut-off scores for the 3MS. This empirical question could be investigated by 

comparing the sensitivity and specificity of percentile scores obtained from age and 

education cut-offs with percentile scores based on the overall average, providing the 

result obtained by using percentiles was equivalent to using raw scores. 

Finally, future research might help elucidate the relation between lower scores for 

a particular demographic group and accuracy for that demographic group. The results 

from this study raise questions about the assumption that a person from a particular 

demographic group who scores lower on a screening tool is more likely to be 

misclassified as cognitively impaired. In addition, the results from this study raise 

questions about the use of demographically corrected cut-off scores because the use of 

these corrected cut-off scores are based on the above-mentioned assumption. Future 

research could address whether or not the use of demographically corrected cut-off scores 

are appropriate when screening for cognitive impairment. 

Conclusions 

In conclusion, adjusting the 3MS to correct for the effects of age, education, and 

sex did not result in a more accurate screening tool for cognitive impairment, possibly, 
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because the portion of the 3MS score that predicts cognitive impairment is not 

affected by age, education, and sex. Consequently, adjustment for these 

demographic influences did not alter the predictive validity (i .e., sensitivity and or 

specificity) of the 3MS. This has implications for the use of age and education 

corrected cut-off scores for the 3MS. 

Another important finding, which was a corollary to the main thesis, was that 

lower scores for a particular demographic group did not always translate into diminished 

accuracy for that demographic group. For instance, participants with eight or fewer years 

of education obtained lower average scores on the Clock Setting task than participants 

with nine or more years of education but the Clock Setting task was more accurate for 

participants with fewer years of education. Previous assumptions held that cognitively 

normal persons with eight or fewer years of education would be more likely to appear 

impaired when compared to cognitively normal persons with nine or more years of 

education. However, these data found that for a few measures, like Clock Setting for 

example, the measure was more accurate for persons with eight or fewer years of 

education than for persons with nine or more years of education. 

Finally, the results of this study suggested that the addition of components of the 

Clock Test to the 3MS did not result in increased accuracy when identifying persons with 

and without cognitive impairment when compared to the use of the 3MS alone. 

Equivalent results were found when comparing across age, education, and sex groups: the 

components of the Clock Test when combined with the 3MS did not add predicative 

accuracy better than the 3MS alone. Based on the results of adding the unweighted 

components of the Clock Test to the unweighted 3MS, I recommend against 
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administering the components of the Clock Test in combination with the 3MS, because 

the additional time and effort required to administer the components of the components 

of the Clock Test did not appear improve the predictive value. However, this 

recommendation is moderated by the fact that the methods used in this study do not 

mirror the methods used in clinical practice. 
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Appendix 

The Modified Mini-Mental State (3MSJ 

3M$ MMS 

l. DATE AND PLACE OF BIRTH 
5 

2. 
3 3 

3. 
7 5 

"What ha you, birthdate?" (1 point for_ea.ch) 

Day_, Month ___ . Year_ 

··Where were you born r 11 point for ea<:h to maximum of 2 if th~ $eme as 
gi\len for qutnlfon 1 G) 

Town ___ , Provinca _ 
Country (lf born oubld.e of Canada) 

REGISTRATION 

· rem going to HY 3 WQ4'~s for you to rerMmber. Rep&c1t them after I hav~ 
sai.d all 3 words: SHfRT ... BROWN .•. HONESTY. 

S~ the words at l Pe!'. sew!'ld, Give 1 point fo1 each cQrre,ct answer on t.hs 
fit!!t fecaU attempt. Repeat the wo!ds up to 3 more times 1,JntU the client mis 
te-arn~d all three. 

SHIRT_, BROWN-' HONESTY 

Nvrnber of presentations 1 2 3 4 

MENTAL REVERSAL 

·Ple-ase count from 1 to 5"' Count forward C~m Cannot 

lf the client cannot CO{lch once then ask them lo count backward. 

·now c-ount backwosd from 5 to ·r (SCQ<rt for 3M.$ qnly) 

Ac.curate 
1 or 2 errors/mis"" 
More th.an 2 errorsfmiH~!J 

i 
1. 
0 

"Nowt want you to speU th• word WQRlD."' Sp,ell fQ:ward: Can_ Can't_ 
If the client cannot coach a~~ tllen il$k them to spelt backward, 

.. Spell WQRlD ba~~ward. '" Score the , of 1Jlements in the com,-ct position. 

R~s.ponH _ 
~9.sponse in reverse ____ _ 

Score 1 2 3 4 
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3MS MMS 
4. FtAST RECALL 

9 3 

15 5 

'"What are the thr-ee wordo I Hkt4 yQu to remember? • 

If client gives th& word "world" as a response say ~it was ~fQre wort~"'. 
Mow :3 5:econds tor a new rHpoflie before proce-ding with c.ves.. 

For each word not recalled p<ovide a category cue (e.g., ·.something to we~r"> 
and the: muUipfe choice cue if category re.sponff il[I. incorr~t. If diem ~n still 
not provide the correct answer glvt ttu, oorrsict an~wer. 

Spontaneous r1M;~l1 
Another word for "$01Mthin9 to wear" 
Was it SHOES, SHIRT, o, SOCKS? 

Spontaneous recall 
Anqther word foe "A colour"' 
Wzti It· BL.OE, BLACK, or BROWN? 

Spont!it™JQ\l~ f(H,:an 
Another word for » A good penonel quality~ 
Was tl HON.~STY, CHARITY. or MODESTY? 

TEMPORAL. ORIENTATION 

Accurate 
Mlss.ed by 1 yea:r 
Missea by 2-5 yeacrs 
Missed by more than S year$ 

Accurate or within one month 

Accurate o, within 5 days 
Missad by 1 month 
MisHd by more than on-e month 

Accurate 
Missed by 1 • 2 days 
Missed by 3 • 5 days 
Missed by more t;han 5 days 

" Wll~ day of th~ week is thisr 

Accwate 

3MS 
3 
2 
O or 1 

3 
2 
0 Qr 1 

3 
2 
Oor 1 

3MS 
8 
4 
1 
Q 

MMS 
1 

1 

1 

MIMS 
1 

0 or 1 1 

2 
l 
0 

3 
a 
1 
0 

1 

0 or 1 l 



3MS MMS 
6, 

6 5 

7. 
5 2 

e. 
to 
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SPATIAL ORIENTATION 3MS MMS 

·Wh!lll ~ t:hs ad.dreu heire.?· 

Stroot fl\lmber 1 
StrfHt name 1 
City qr town Q 9r l 1 
Pr()vince 0 Qr 1 , 
Country 0 or 2' 1 

"An, we in a b.c$pital fdlnlcJ .• store, Of home7 .. 0 ot 1 

NAMING 

S<:lore O if the ci.i:en~ c.annot fl,Sffie tt within 2 s~con4! or givt$ an incon4lct 
ntffl41, Oo not repeat the qv,es.iion. 

for~ 
Chin 
Shoulder 
Bbow 
Knuclde 

Show the cfient IJ Ilm! aoo ask '"What ls this?• 
Point to a wat~IJ end ask "What Is. this.? .. 

FOUR-LEGGED ANIMAi:..$ 

3MS 
Q Qt 1 
0 or 1 
0 or l 
0 or l 
0 Qt 1 

MMS 
t 
1 

Attow 30 secorun f~ \he iesponse. If the s.ub,ject gives no fe$poru.e in 10 
ioc:o.nd$, r~•t the question once. T~ fir,t time an in(::Qfrect, answer is 
JMQV!ded, $try, .. , w.mt fou,•lsgged eoJmah,. ~ If the client has aw-ted to nwcr 
and ~~pped betwe lO fmim~$;, and 10 H<:orn:!s have pesa@d since the ,~st 
name and 10 se(;¢oi;j$ rern11in ~s.k, "Wfl.et oth« animal• havo foyr leg:!t." Oo 
not co1rect subsllt,q,u .. nt orror$. Scwe to, the numer of eorreet responses, 1JP 
to 10. 
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~MS MM~ 
9. SIMI LA"ITH!S 

6 
Say '"In what; way ar• an~ aild a l•g ali"ke7" 
If the cfumt failit to gl.ve ao enli'wor that Is worth 2 point$ on the hr; pan {arm 
& leag.) euign the appropriato $0Qte. and coach tbem by pr,owfing th& 2 point 
&nlwet'. Oo not coach fQI oth•t ~tem.a. 

"Arm and Leg'" 
Correct concept (i .e., limb, extf~~s) 2 
less e<>rrect answ01 (i.e .• bodv p.aru, ml,l,~s) 1 
fnconee1 answer 0 

'"laughing end Cf'{loge 
Correcc concept ft.e., feeling. emotion) 2 
le.ss. correct answoc ft,e.~ use yollr mouth> l 
lnc-om,ct answer () 

.. £.ating end S!eeplnsf 
Couee\ concept fl..e,. nflcessary fl)t life) 2 
l$U. cou:ect answer fi.e., bodv n.1t.eds, rela.xingl 1 
Incorrect eoswer Q 

10. REPETITION 
5 1 

Si,y "Repeat what I s:ay·. •t woold liik! tog~ h2Qla/~1-" 
Usa ·out· m the sootence if the clitnt if living &t home. 

3MS. MMS 
Accurate 2 
l o, 2 missed/wrong words 1. 
> 2 mined/wrong wOfcf<S 0 

Say ·Now rQPe~; no ifs, ~ or~-'" 

fntire phrase &ccura.te- 3 1 
1 error 2 0 
2 lffOfl 1 0 
3 e.rrora 0 0 

11. READ ANO 08EY (le.st pose> 
3 1 

Hold up the paper on whicil th& c-ommand la pri,nted end say ~Ple.aH de> this ... 

U the client does not 1espond by closing his/hef oyH in ~ 11£2nds womp,t him 
01 her by· poinOng to tbe sentence a~d aying ""ReM lh.l.li end do wh..J\ tt says .. • 
Allow 5 $:9(,0nds for the re-.sponse. At soon es 1ho di~t closes l'M$/h$f eyes 
ny. •Pt~ open them nqw." 

3MS MMS 
Oboys without pt0mpti~ 3 l 
Obeys 3;fter prof'fU>ting 2 Q 

Reads at<>ud only Oot l 0 
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3MS MMS 
12. WR.cTING (°'ck Qf last paget 

5 1 

13. 
10 

14. 
3 3 

Provide the cfient with a blank sheet of paper, and a pencil with an eras~. Teft 
the client. •1 would lilce to h21ve a aemple of your handwriting.~ •Please write, 
J would fflce t2 go hom.2/out.'" 

Repeat the sentence, but altow a maximum of 1 minute afte, the first reading 
for a response. The wor(j ·1· is exduded from. the scoring. 

3MS MMS 
Entire phrase cocrect 5 1 
1 word missed/wrong 4 0 
2 wo1ds missed/wrong 3 0 
3 words missed/wron9 2 0 
4 or 5 words miHed/wron,g 0 or t 0 

COPYING TWO PENTAGONS m,n p~l 

Give the clf~nt the puge with tha pentagon df &wings and say, "Ple4Se copy thb 
figur• exac'tfy ~ it ~,.. AUQw 1 ~i!_l\l.18. MMS is s.cored as l tt the who!~ 
fi91,ma i$ <;Qffo@Ct. 

5 approximately equsl sides 
5 unequal Q 2, 1 sld,e,s} 
Other e:nclo!!ied figure 
2 or more lines 
1 line only 

4 corne.r ~ncio~vre 
Enclo.\!'vt~ with < 4 corners 
1mersectio11 lacking eoclosure or no inte-rsection 

lliREE-ST AGE COM MANO 

3MS 
f;ach {!t)nfagon 
4 4 
3 3 
2 2 
1 l 
0 0 
lnterHption 

2' 
1 
0 

Hold a piece of pap~r in viBw oi the client b--ut out of his/her reach and HY, 
"'Take- this pnper in your lek hiJnd• (for left•handed persons say "right bond•), 
"fold it in half, and hand it pw;:k to me.• After S-Sying the whole cornmMd, 
hotd the paper within react. of the clienl. Do not reeeat MY part of-1b.! 
command. Do not give visual CUI§ (t.t., mQving the paper towatd a specific 
hand o.r tHeh for h btlifora it ii offered}. 

Tal(e this paper with your leftfright (nondominet&} hand 
Fold il in half 
Hand it back to me 

Oor 1 
Oor 1 
Oor 1 



15. 
3MS 

9 
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If cUen-t g~ves the wcn<t "'work1'" u • ,-espon~ •ay ·n was b,$fore workt'" , 
A.low lJ:,coods fOf 1:1 f.lflw f0$pooM bof~o pn)QOdl!lQ witt. wu.~ 

Fqt •~ wo.ct, ~tr~ pro~• e•t~ ~ (e.~ .• ·""'e\hiOQ to w~ar '" t 
Jnd the rout~ dlQke ~ . if ~toSIOtY t~ it ~'l~ 

$ponl~${~ 
Anothu w«d. for •sOflir&fhlnt co WN.f,. 

Was ft SHOES .. SHlftT. o, SOCKS.t 

Sp,on,~us re.can 
Another w01d for "A col~ .. 
WN lt BLUE, 81.ACK, qc 9flOYIN1 

Spont11Mo-vs fe<:~tl 
Aoothw WOfd fQf "A good petUnel qu.Uty" 
Wu It HONSSTY. CHARfTY. or M00E$TY7 

3 
2 
0 Of 1 

3 
2 
Oor 1 

3 
2 
0 or 1 
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