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ABSTRACT 

The purpose of this research was to develop a new test, the Scales of Cognitive and 

Communicative Ability for Neurorehabilitation (SCCAN). The SCCAN is intended to be 

used in the hospital setting to make appropriate treatment and discharge 

recommendations, and to guide more in depth assessment in other contexts. The test was 

designed to; 1) provide an overview of cognitive and communicative abilities in adult 

patients diagnosed with a variety of neurological disorders; 2) provide a measxire of both 

impairment and ftinctional ability; and 3) be administered in approximately 30 minutes. 

20 neurologically healthy young controls and 20 neurologically healthy older controls 

were administered the SCCAN to ensure that these groups could complete the test 

successfully. The SCCAN and six standardized measures of cognition and 

communication were administered to 51 patients diagnosed with either left hemisphere 

stroke, right hemisphere pathology, or probable Alzheimer's disease. The SCCAN was 

re-administered to the patient group after a delay of 7 days. Data was analyzed using 

methods from both classical test theory and item response theory (IRT). The SCCAN 

demonstrated sufficient reliability across test administrations (r=.96), items 

(r=.99), and raters (percent agreement = .97). Findings also support the conclusion that 

this test provides an overview of cognition and communication that is appropriate for a 

broad range of patients. First, the test adequately distinguished the performance of 

separate subject groups (sensitivity = 98%, specificity = 95%). In addition, test scores 

correlated significantly with external measures of the same constructs (r = .41 to .91). 
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Furthermore, a wide range of difficulty was observed among test items (item p-values 

ranged from 0 to 1). The fact that the SCCAN correlated significantly with a measure of 

impairment (r=.90) and functional ability (r=.94) suggests that this test provides a valid 

measure of both impairment and function. Lastly, results support the claim that the test 

can be administered in approximately 30 minutes. This test differs from similar 

instruments in terms of its comprehensiveness, providing a measure of both impairment 

and function, and incorporating a psychometrically validated decision tree to reduce test 

administration time. 



Chapter 1 

INTRODUCTION 

The practice of health care is rapidly evolving. Daily advances in technology, increased 

specialization of training, and development of global communication networks have not 

only created an unprecedented number of health care services but have also brought these 

services to the attention of an ever larger population. One consequence of this growth is 

the escalating cost of providing healthcare. Between 1960 and 1999, the percent of U.S. 

gross domestic product allotted to health care almost tripled, rising from 5.1% 13.1% 

(National Center for Health Statistics, 2002). Similar Figures are reported for other 

industrial countries (World Health Organization, 2002). Various strategies have emerged 

internationally to manage the challenge of providing equitable healthcare to the world's 

population in the context of these rising costs (Basch, 1999). Regardless of the strategy 

or policies that have been adopted, the practice of rationing, or placing 'caps' on the 

provision of healthcare services is becoming increasingly commonplace. 

Rehabilitation is among the most costly of healthcare services and has been particularly 

affected by this trend (Blades & Harley, 1997: Ling & Evans, 1997). One consequence 

of rationing rehabilitation services has been the increasing need for therapists to 

demonstrate and justify the value of services that are provided. This can be seen in the 

growing importance of evidence-based practice (Langhorne, Legg, Pollock & Sellars, 

2002; Christiansen & Lou, 2001; Ottenbacher & Hinderer, 2001; Beck, 2000) and the 

creation of national data banks based on rating scales, such as the Minimum Data Set 



(Williams, Li, Fries, & Warren, 1997, Morris, Havves, Fries, Phillips, Mor, katz. Murphy, 

Drugovich, & Friedlob, 1990), the Functional Independence Measurement Scale 

(Oczkowski & Barreca, 1993; Granger, Hamilton, Linacre, Heinemann, & Wright, 1993; 

Keith, Granger, Hamilton, & Shervvin, 1987), and the Functional Communication 

Measures (American Speech Language Hearing Association, 1993). 

In addition to traditional impairment based assessment, there is an increased emphasis on 

measurement offunctional outcomes. This shift in focus comes from a number of 

sources. Within the field of neurorehabilitation, a number of assessment tools have been 

designed to evaluate the impact of neurological impairments on everyday activities. 

Examples include: Communicative Abilities in Daily Living (Holland, 1980), the 

Rivermead Behavioral Memory Test (Wilson, Cockbum, & Baddeley, 1985), and the 

Naturalistic Action Test (Schwartz, Segal, Veramonti, Ferraro, & Buxbaum, 2002). An 

interest in functional measurement has also been cultivated by international 

organizations, such as, the World Health Organization and its classification of 

functioning, disability and health (World Health Organization, 2001). This shift in focus 

is also heavily driven by insurance companies that pay for rehabilitation services. For 

example, the Functional Independence Measurement Scale is used by these agencies to 

determine whether or not therapy services will be reimbursed and thus provided to 

patients, and furthermore, if therapy is approved, whether this will occur in the hospital, a 

skilled nursing facility, or at the patient's home. 



Another major change affecting the practice of neurorehabilitation is the drastic reduction 

in services provided to patients. The average length of stay in hospitals and the total 

number of therapy hours has decreased dramatically over the last decade. For example, 

the average length of stay in one rehabilitation hospital decreased from 25 to 8 days 

between 1989 and 1999 (Carondelet Health Care Official Records, 1989 & 1999). At 

another facility the average length of stay of head injviry patients decreased by 60 days 

between 1865-1994 (Schatz & Chute, 1995). This reduction in therapy time has had a 

number of effects on assessment procedures. One such effect is that patients are 

frequently evaluated within 48 hours of a change in cognitive status. This means that 

patients are often seen when they are still quite weak and even medically unstable. 

Furthermore patients are often evaluated before any medical diagnosis is established. In 

addition to occurring earlier in the recovery process, there is also less time allotted for the 

evaluation. It is now standard practice for a clinician to have one hour to review a 

medical chart, evaluate language memory and reasoning, make treatment and discharge 

recommendations, and document all of this in a written report. 

In summary, there have been several major changes to the practice of neurorehablitation. 

Therapists are faced with the difficult challenge of providing increasingly comprehensive 

evaluations that address both impairment and functional abilities, and are asked to do this 

in a much shorter timeframe with patients who are in a much earlier and more fragile 

stage of recover)'. The purpose of this research is to develop a valid and reliable 

instrument for screening adults with neurogenic cognitive/communication disorders that 



is specifically suited to these recent changes in the healthcare environment. Specifically, 

the goal is to develop an instrument that: 1) is comprehensive and appropriate for a broad 

range of neurological patients; 2) provides a measure of both impairment and functional 

ability; and 3) can be administered quickly (approximately 30 minutes). The instrument 

is intended to be used to make appropriate treatment and discharge recommendations in 

the hospital setting, and to guide more in depth assessment in other contexts. 
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Chapter 2 

LITERATURE REVIEW 

This chapter begins by reviewing the historical origins of contemporary tests of cognition 

and communication. A description of the assessment areas addressed during a 

cognitive/communication evaluation in the current rehabilitation setting is then provided. 

This is followed by a survey of existing tests. The next section outlines basic principles 

of test development. The chapter concludes by identifying the objectives and specific 

research questions to be addressed in this study. 

BACKGROUND: EARLY TESTS OF COGNITION AND COMMUNICATION 

There is a long, and surprisingly, largely unwritten history associated with the 

development of measures assessing cognition and communication in the healthcare 

setting. This history has been shaped primarily by four theoretical traditions: clinical 

neurology, experimental psychology, intelligence testing, and neurorehabilitation. These 

traditions are discussed below, not only because of their historical interest, and the 

influence that they have had on current tests, but also because of their importance in the 

development of this project. 

Clinical Neurology: Investigating the Relation between Brain and Behavior 

The clinical neurology approach to assessment originated in descriptive case reports of 

patients with impairments affecting particular cognitive areas, including language, visuo-



spatial thinking, intellect, and memory (see for example discussions in Benton & Joynt, 

1960; & Finger, 1994). In the early 19"^ century a number of neurologists elaborated 

upon the idea that these mental functions (and their breakdown) could be directly linked 

to specific brain structures. As the neurologists or 'diagram makers' of the time 

attempted to 'map out' structure-function relations, earlier descriptive case reports gave 

way to more rigorous taxonomic descriptions of the behaviors associated with various 

neuropathologies. In fact, these classification systems, articulated over a century ago, 

still provide the theoretical matrix found in many current tests of language and cognition. 

The legacy of this period is particularly evident in the classification of language disorders 

(see for example, Viets, 1943; Broca, 1869; Jackson, 1868; Bastian, 1869; Wernicke, 

1874; & Lichtheim, 1885). The classic distinction between 'expressive' and 'receptive' 

aphasia, for example, was described by Broca in his 1869 paper, contrasting 'aphemie' 

and 'amnesie verbale'. Sixteen years later, Lichtheim identified eight types of aphasia 

based on a patient's ability to produce fluent speech, understand spoken and written 

language, repeat, read, and write (Lichtheim, 1885). These behaviors became the basis 

for informal assessment of aphasia, and were further elaborated by Henry Head in the 

classic 'Aphasia and Kindred Disorders of Speech" (Head, 1926). In the chapter titled 

'Methods of Examination" Head described speci fic procedures for the assessment of 

language. These procedures continue to be used, with only minor modifications, in most 

current tests of aphasia. 



Behavioral impairments were also observ-ed following lesions to other parts of the 

cerebrum. For example, disorders of visuo-spatial thinking , including impaired 

recognition of faces & places, impaired spatial orientation, left neglect, simultaneous 

extinction, and object integration were reported in patients with right hemisphere lesions 

(Quaglino & Borelli, 1867; Jackson, 1872; Souques, 1928; Brain, 1941). Case reports 

also appeared describing characteristic signs of frontal lobe dysfunction, such as, reduced 

attention and mental control, impaired judgment, mental slowness, reduced initiation and 

reduced mental flexibility (Lanfranc, 1565; Platter, 1614; Harlow. 1868; Starr, 1884). 

These behaviors, however, could not be localized as easily as language functions, and 

were never classified with the same taxonomic rigor. 

Experimental Psychology: Investigating Normal Mental Processing 

While neurologists were exploring the relation between mental activity and neuro

anatomy, experimental psychologists were exploring the relation between mental activity 

and physiology. This early work in experimental psychology influenced both the 

methods and substance of future cognitive tests. Techniques developed by psychologists 

to support experimental control, standardized testing, and statistical analyses of data have 

been adopted (to varying degrees) in most tests of cognition and communication. 

With respect to content, a number of test paradigms can also trace their origins to this 

research. For example, work done by Fechner & Weber in perceptual discrimination (see 

discussion in Hunt, 1993) resurfaced in the perceptual judgment tasks found in later 
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cognitive tests. Research on psychophysical reaction times, conducted by Wundt, 

Galton, Cattell. Kiilpe and members of the Wurzburg school (see Boring, 1950), laid the 

basis for future timed cognitive measures, such as finger tapping and generative naming. 

Ebbinghaus applied these psychophysical measures to the study of memory. In 

particular, Ebbinghaus (1913) studied the acquisition, recall, and recognition of stimuli 

(nonsense syllables) as a function of stimulus length, administration speed, frequency of 

repetitions, and length of time lapse in delay. The procedures and variables used by 

Ebbinghaus continue to provide the template for many current tests of memory. With the 

exception of Ebbinghaus and a few others, most of this early research in experimental 

psychology focused on sensory-motor function and perception. In fact, when the term 

'mental test' was first used by Cattell in 1890, it was used to refer to a series of tasks 

measuring muscle strength, speed of movement, sensitivity to pain, keenness of vision 

and hearing, weight discrimination, reaction times, and memory (Hunt, 1993). In his test, 

Cattell integrated the work of physiological psychologists in Germany with British 

psychologists, such as Galton, who were interested in the psychology of individual 

differences. In spite of its interesting pedigree, Cattell's original test differs considerably 

from later measures, since it focused primarily on sensory-motor and perceptual, rather 

than higher level cognitive abilities (Boring, 1950). 

Intelligence Testing: Measuring Cognitive Impairments 

The development of the first intelligence tests began at the end of the 19^ century. 

Rather than focusing on the behavioral sequalae of specific neurological lesions in adults. 



or the physiology of thought, these tests were originally created for the practical purpose 

of identifying mentally retarded children who needed special services within the school 

system. As a result, these tests were initially designed to be sensitive to such factors as 

age and education. Contrasting further with the neurology and experimental psychology 

traditions, these tests did not attempt to differentiate discrete cognitive abilities, but 

instead, tried to reveal a child's overall or general intellectual ability. Therefore, it was 

desirable that different measures and individual subtests be highly correlated (Stem, 

1914; Pintner, 1923). Since intelligence tests were used on large groups of children, 

another important aspect of these measures was the adoption and further development of 

standardized administration and scoring procedures, and the emergence of the field of 

psychometrics. 

The Binet-Simon scale, first published in 1905, is generally recognized as the first 

precursor of contemporary intelligence tests (Pintner, 1923; Boring, 1950; Hunt, 1993). 

According to Binet, intelligence could be measured by assessing a child's performance 

across several inter-related areas, including; attention, sensory-motor function, memory, 

language comprehension, vocabulary size, knowledge of familiar things, verbal and 

numeric reasoning, and imagination. The list of tasks used to measure these abilities 

looks surprisingly familiar. Some tasks, such as, judgment of line length, eye-hand co

ordination, and digit recall were adopted directly from the experimental psychology 

tradition. New tasks included; design reproduction, memory for items in a picture, 

describing how to unfold a piece of paper, definitions of concrete and abstract terms. 



describing similarities and differences between pairs of abstract terms, sentence 

completion and clock drawing. These were augmented in the 1908 and 1911 revisions 

with additional items, such as: orientation questions, general knowledge questions, 

numeric (change) problems, identifying missing item in a picture, counting backwards, 

reading, generative naming, scrambled sentences, solving daily problems, and explaining 

absurd statements. Significant modifications were also made by Terman in the 1917 

Stanford revision of the scale. One important change was the extension of the scale to 

include adults. New tasks were added again, including, fragmented pictures, digits 

backward, recall of a short passage, fable interpretation, and timed problem solving tests. 

The Stanford revision of the Binet scale remained the dominant intelligence test until the 

first Wechsler Scale was published in 1939 (Wechsler, 1939). 

One limitation of the traditional intelligence tests described above was that they were 

largely language-based and were therefore inappropriate for anyone who did not speak, 

read, or write the relevant language. To address this limitation a number of non-

language-based performance tests were developed to assess the intelligence of foreign, 

deaf, or illiterate individuals. Examples include the Pintner-Patterson Performance Scale 

(Pintner & Patterson, 1925), the Point Scale (Yerkes, Bridges, & Hardwick, 1915), and 

the Herring Scale (Herring, 1922). Although these tests evaluated motor rather than 

verbal responses, they were designed to correlate highly with standard verbal intelligence 

tests. Common tasks included: puzzle assembly, completion of visual sequences, digit-

symbol tests, and imitation of tapped blocks (cube test). Adaptations of these early tests 



continue to be used in many current measures of nonverbal memory and problem solving, 

including the Wechsler scales. 

Neurorehabilitation: 

Measuring the Impact of Neurogenic Cognitive Impairments on Everyday Activities 

The fourth major influence on the development of current tests of cognition and 

communication used in the hospital setting comes from the more recent field of 

neurorehabilitation. Starting in the 1940's, clinical psychologists, neuropsychologists, 

and speech pathologists began treating adults with cognitive disorders resulting from 

neuropathology. Clinicians became interested in understanding not only how cognitive 

impairments related to neural structures and how impairments could be scientifically 

measured, but also how these impairments affected a patient's everyday life. Martha 

Taylor's 'Functional Communication Profile' was among the earliest of these measures. 

In describing its purpose the author wrote; 

They (traditional aphasia tests) are designed to discover and describe whatever language 

residuals a patient may have in each modality and are in many ways similar to standard 

verbal intelligence tests. The results of these tests, however, tell us nothing about what 

the patient does in his attempts to circumvent his verbal impairment. The test results can 

often be extremely misleading. A patient who may not respond to any of the formal test 

comprehension items may respond appropriately when casually asked a question 



Ideally, a functional measure of language usage in everyday life could he obtained if one 

could follow a patient in the course of his everyday life... (Taylor, 1965, pl02-I03). 

As mentioned earlier, the call for greater functional/ecological validity of therapy has 

become a major theme throughout the healthcare world. It has been articulated 

repeatedly by the World Health Organization since the 1970's (Thuriaux, 1995). 

Furthermore, performance on functional rating scales has become the primary criteria 

used by insurance companies to determine whether or not therapy services are warranted 

and therefore reimbursed. It is essential that therapists are able to document the 

functional value of the services that are provided. Surprisingly, there are still only a 

handiiil of functionally oriented measures used to evaluate language and cognition, and 

most of these have been developed only recently. Communication Abilities in Daily 

Living was one of the first functional tests (CADL, Holland, 1980; CADL-2, Holland, 

Frattali. & Fromm, 1999). It departed from earlier measures by organizing assessment 

around naturalistic activities (e.g. shopping, doctor's appointment, driving) rather than 

areas of cognitive impairment. Furthermore, it combined this functional focus with 

attention to psychometric properties such as standardized administration, reliability, and 

validity. Other early functional tests include the Severe Impairment Battery (SIB, Saxton 

& Swihart, 1989) and the Rivermead Behavioral Memory Test (Wilson, Cockbum, 

Baddeley, 1985). Since these instruments are still being used, they are covered in greater 

detail in the discussion of current tests. 
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ASSESSMENT NEEDS IN THE CURRENT REHABILITATION SETTD^G 

Patients in hospitals, skilled nursing facilities, and outpatient clinics are referred for a 

speech-language and/or cognitive evaluation for a variety of reasons. Many of these 

patients have a primary diagnosis of either stroke, dementia, head injury, brain tumor or 

hypoxia. In some cases patients may be admitted with multiple disorders affecting their 

cognitive status. In other cases patients are referred because of a change in status with a 

diagnosis that has yet to be determined. For example, older patients may experience 

some change in their mental status after a surgical procedure. When they are first 

evaluated, it may be unclear whether their current impairment is due to an adverse 

reaction to the anesthesia/current medication(s). an episode of hypoxia, a stroke that 

occurred during surgery, a metabolic disorder, an exacerbation of a still undiagnosed 

dementia, or some other cause. Regardless of the diagnosis, these patients must be 

evaluated in terms of their communication, memory, and problem solving abilities. The 

assessment must be sufficiently thorough in each of these areas to allow clinicians to 1) 

identify the level of impairment, 2) specify the impact that this impairment has on the 

patient's functional independence, 3) determine the amount of assistance that is required 

to perform daily activities, and 4) Make recommendations pertinent to the patient's 

discharge/therapy needs. 

REVIEW OF EXISTING TESTS 

There are numerous tests currently available to evaluate cognition and communication in 

adults (see Lezak, 1995 & Spreen & Strauss, 1998). This discussion will focus 



specifically on tests commonly used in the rehabilitation setting to assess adults with 

recent changes in cognitive status resulting from probable neuropathology. These tests 

may be classified into three categories: 1) tests focusing on particular cognitive areas: 2) 

tests focusing on particular patient populations; and 3) general cognitive tests. 

Tests Focusing on Particular Cognitive Areas 

The vast majority of available tests focus on a particular cognitive area. While it may not 

be practical to administer a comprehensive battery of tests within the 60 minute time slot 

allotted for many rehabilitation evaluations, these tests are reviewed here because they 

identify the basic areas that need to be assessed, and further provide a framework for 

evaluating the comprehensiveness of more general tests. The following sections 

summarize the content coverage for assessment of language, attention, memory, and 

problem solving. 

Assessment of Language 

There are a number of tests available to assess language. Those most commonly used 

continue to follow the classic neurological tradition laid out by Henry Head (1926) and 

his predecessors. These tests evaluate five principal behaviors: auditory comprehension, 

oral expression, repetition, reading, and writing and are concerned with classifying 

patients by severity of the language impainnent and aphasia subtype. The most familiar 

language tests are the Boston Diagnostic Aphasia Examination (BDAE, Goodglass, 

Kaplan, & Barresi, 2001) and the Western Aphasia Battery (WAB, Kertesz, 1982). 
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These tests, however, typically take an hour or more to administer and are therefore not 

appropriate when an assessment must be completed in less time. Several short aphasia 

tests have also been developed; the Screen of Language Modalities Test for Aphasia 

(Wepman & Jones, 1961). Aphasia Screening Test (Heimburger & Reitan, 1961)the 

Aphasia Language Performance Scales (Keenan & Brassell, 1975). the Sklar Aphasia 

Scale (Sklar, 1983), the Abbreviated Screen of Examining for Aphasia (Eisenson, 1994), 

the Aphasia Screening Test-2 (Whurr, 1996), the Boston Assessment of Severe Aphasia 

(BASA, Helm-Estabrooks, Ramsberger, Morgan, & Nicholas. 1989), the Aphasia 

Diagnostic Profile (ADP, Helm-Estabrooks, 1991), and the Bedside Evaluation Screening 

Test (BEST-2, West, Sands, & Ross-Swain, 1998). These tests overlap considerably in 

their content coverage, although the comprehensiveness of these instruments varies in 

relation to their administration time. The most abbreviated test in this category includes 

six tasks: Copying three shapes, naming each shape, spelling the name of each shape, 

repeating a sentence, explaining the sentence, and writing the sentence (Heimburger and 

Reitan, 1961). The ADP provides a more thorough examination that includes assessment 

of auditory comprehension, oral expression, repetition, reading and writing, however, it 

requires 40 to 50 minutes to administer. 

The Psycholinguistic Assessment of Language Processing in Aphasia (PALPA) is another 

impairment-based measure, but departs from the classic neurology tests by following a 

lexical processing model (Kay, Lesser, & Coltheart, 1992). This four volume 

compendium of tests (administered on a "as needed' basis) takes a microscopic look at 



the component processes involved in language comprehension and expression. For 

example, picture naming is analyzed further in terms of the following modules: 'visual 

object recognition system', 'semantic system', & 'phonological ouput lexicon." 

Some impairment-based tests evaluate a particular aspect of language. Since reduced 

ability to remember the names of familiar people, places, and things is often viewed as 

the hallmark sign of aphasia (Helm-Estabrooks & Albert, 1991), as well as being a 

sensitive marker for other neurological disorders, assessment of naming often receives 

special/exclusive attention in an examination of language impairment. The Boston 

Naming test (Kaplan, Goodglass, & Weintraub, 1983) is the most frequently used 

instrument of this sort. It consists of a series of 60 pictures ranging in difficulty from 

familiar items (e.g.'bed') to more unusual items (e.g. 'trellis'). The patient's task is to 

simply name the pictures. Other frequently used domain-specific tests include the Token 

Test (De Renzi & Vignolo, 1962) for auditory comprehension and the Reading 

Comprehension Battery for Aphasia (LaPointe & Horner, 1979). 

A number of functional language tests have also been developed. The purpose of these 

tests is to evaluate how well patients perform everyday communicative behaviors in more 

naturalistic contexts. On these measures, patients are evaluated on their success at such 

things as: communicating basic needs, understanding and referring to familiar people by 

name, participating in conversations, understanding signs, units of measurement, maps, & 

reference materials, signing their name, filling out forms, writing messages, making 
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money transactions, and using the phone. Most of these tests are based on rating 

informal observations, as in the Functional Communication Profile (Taylor, 1965), 
A 

Communicative Effectiveness Index (Lomas, Pickard, Bester. Elbard. Finlayson, 

Zoghaib, 1989), ASHA FACS (Frattali, Thompson, Holland, Wohl, & Ferketic, 1995). 

However, more standardized tests, such as the CADL (Holland, 1980) & CADL-2 

(Holland, Frattali, & Fromm, 1999) have also been developed. 

Assessment of Attention 

Attention is arguably the most amorphous of cognitive domains. Attention is affected by 

most types of brain damage (Cohen, Malloy, & Jenkins, 1998) and overlaps in meaning 

with the constructs of orientation, memory, and problem solving (Lezak, 1995). 

Furthermore, since some minimal level of attention is necessary to complete any 

cognitive test, all cognitive tests are in some sense a measure of attention. The stimuli 

used to measure attention can be linguistic, visuo-spatial, or a combination of the two. 

Attention can be measured in terms of both accuracy and processing speed. In spite of 

the all-encompassing nature of this construct, there is considerable regularity in how 

attention is measured by neuropsychological tests. Typically, attention is assessed by 

evaluating performance on four types of behavior; level of consciousness, vigilance, 

working memory (or span), and mental contol (Lezak, 1995). 

At the most basic level, attention can be used to refer to level of consciousness. When it 

is used at this level, patients are evaluated in terms of their responsiveness to simple 



stimuli. For example, in the well-known 'Glascow Coma Scale' (Teasdale & Jennett, 

1974) patients are evaluated based on their ability to open their eyes, converse, and 

perlbnn simple motor tasks. In another frequently used measure, 'Rancho Los Amigos 

Scale: Levels of Cognitive Functioning' (Hagen, Malkmus, Durham, & Bowman 1979), 

responsiveness is classified in terms of 8 sequential levels: no response, generalized 

response, localized response, confused-agitated, confused inappropriate, confused 

appropriate, automatic-appropriate, and purposeful appropriate. Patients with 

impairments at this level of ability are generally unable to complete other types of 

cognitive tests. 

Vigilance tests measure a patient's ability to sustain focused attention on a fairly 

homogenous set of stimuli, such as numbers, letters, shapes, or words. The majority of 

vigilance tests use visual rather than auditory stimuli, and are therefore sensitive not only 

to general attentional disorders, but also to specific disorders of visuo-spatial neglect. 

The cancellation task is the typical testing paradigm used to measure vigilance. The 

patient is presented with an array of similar stimuli, and is asked to cross out a particular 

target. These tests often provide independent scores for accuracy and performance time. 

Examples of this type of measure include the Digit Vigilance Test (Lewis & Kupke, 

1977), and the 'Bells Test' (Gauthier, Dehaut, & Joanette, 1989). Some visual attention 

tests emphasize perception of all quadrants of visual space, rather than the performance 

of a sustained activity. In the Line Bisection Test (Diller, Ben-Yishay, Gerstman & et. al. 

1974) examinees are simply asked to make a slash indicating the midpoint of a line. 
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Another technique used to ehcit hemi-spatial neglect requires that patients mark three 

squares on a 9x9 grid (Vemea, 1978). While visual stimuli are often used in these basic 

attention tests, auditor}' vigilance tests are also available. In these tests, patients are 

asked to listen to stimuli that are pre-recorded or read aloud, and respond to the 

occurrence of a particular target (see for example the Attentional Capacity Test. Weber, 

1988). 

Many tests of attention attempt to quantify attentional capacity or how much information 

can be managed simultaneously. The span test is the most common format for measuring 

this ability. Span tests are usually administered verbally as in digit span (Wechsler, 

1997) and sentence repetition tests (Benton & Hamsher, 1989). In measures such as the 

Knox Cube Test (Arthur, 1947) and Corsi Block-tapping test (Wechsler, 1997), the span 

paradigm has been adapted for a nonverbal spatial administration. 

Measures of mental control typically involve the use of competing stimuli or processing 

of overleamed/automatic sequences in atypical ways. Some of these tests are based on 

the cancellation tasks described above. For example, in one variation of the cancellation 

task, a constant target is identified but under variable conditions (Franz, 1970). A 

common paradigm for verbal mental control tests is to process sequences of stimuli 

backwards. This method is adopted in reversed span tasks (Wechsler, 1997) processing 

automatic sequences such as the of the days of the week or months of the year 

backwards, spelling common words backwards, or performing serial subtraction. In the 



Paced Auditory Serial Addition Test (Gronwall, 1977) examinees listen to a string of 

digits and are asked to continually sum the two digits presented most recently. Another 

frequently used measure of mental control is the S troop test (Stroop. 1935). In this test 

patients are told to read aloud the names of colors printed in an ink color that is 

inconsistent with the color name they are reading. The 'trails' format is also used to 

assess visual attention (D'Elia, Satz, Uchiyama, & White, 1994). These tests usually 

include a simple and a more complex test. In the simple test, examinees use a pencil to 

connect scrambled numbers in serial order. In the more complex version, the examinee 

must keep track of numbers and letters or alternatively numbers and colors. The digit-

symbol test (Wechsler, 1997) is one of the more difficult attention tests. Patients are 

presented with a grid of numbers and a key that equates each number with a particular 

symbol. The examinees task is to 'translate' the grid of numbers into their respective 

symbols. 

Many of the tests described above can trace their origins back almost a century to the 

early days of experimental psychology and test development. More recently, at least two 

tests have been published which try to integrate this classic impairment-based approach 

with measures that reflect the impact of these impairments on everyday activities. The 

"Behavioral Inattention Test' (Wilson, Cockbum, & Halligan, 1987) combines a number 

of traditional measures (cancellation, line crossing, line bisection, drawing and copying) 

with tasks that assess everyday functional activities, including reading a menu, copying 

an address, dialing a telephone number, telling the time, sorting coins, and navigating a 



map. In the Naturalistic Action Test (Schwartz, Segal, Veramonti, Ferraro & Buxbaura, 

2002) attention is measured as patients perform routine activities including making a 

simple breakfast, wrapping a present, and preparing a child's lunchbox and schoolbag. 

Assessment of Memory-

Evaluation of memory includes assessment of orientation, immediate and delayed recall, 

learning, and interference effects. In patients with neurological disorders it is important 

to assess performance across these areas using both verbal and visual stimuli since 

memory may be selectively impaired for either type of information. Due to the nature of 

the information, orientation is usually assessed verbally, by asking patients questions 

pertinent to their identity (name, age, occupation etc.), current location, date, and 

personal circumstances. More varied verbal and visual stimuli are used in tests of recall 

and learning. Commonly used materials include digit lists, related and unrelated word 

lists, sentences, short stories, abstract designs, pictures of familiar & unfamiliar faces, 

pictures of objects, and spatial span boards. 

As is the case with the assessment of language, many memory tests evaluate more than 

one component of memory. The Recognition Memory Test (Warrington, 1984) evaluates 

only immediate recall, but does so for both verbal (words) and visual (faces) information. 

Immediate and delayed recall are often measured together in tests of design reproduction 

and story recall (see for example: Rey-Osterrieth Complex Figure test, Rey, 1941; 

Babcock Story Recall Test, Babcock, 1930; Logical Memory subtest of Wechsler 



Memory Scale, WMS-III, 1997). Immediate recall and learning are also frequently 

assessed together in tests using word lists, design groupings and paired associate learning 

(see for example; Form Sequence Learning Test, Hamsher, Roberts, and Benton, 1987; 

Key's Visual Design Learning Test. Rev, 1968; Verbal Paired Associates and Visual 

Paired Associates subtests of Wechsler Memory Scale Revised, 1987). Other measures 

assess immediate recall, delayed recall, learning and interference effects. The widely 

used California Verbal Learning Test (CVLT, Delis, Kramer, Kaplan, & Ober, 1987), for 

example, tests patients on immediate recall of a word list after single and multiple 

learning trials, free and cued recall of the target list after a distracter list is presented, and 

delayed recall after 30 minutes using free recall, cued recall, and recognition procedures. 

The Auditory Verbal Learning Test (AVLT, Lezak, 1983) covers similar ground to the 

CVLT. The Wechsler Memory Scale (Wechsler, 1945) is the most widely used and most 

comprehensive instrument for memory assessment. The most recent edition, the 

Wechsler Memory Scale - Third Edition (WMS-III) includes the following subtests: 

Infonnation and Orientation, Logical Memory (immediate and delayed recall of a short 

story), Verbal paired associates (immediate and delayed), word lists (immediate recall, 

delayed recall, delayed recognition), faces (immediate and delayed), design reproduction 

(immediate recall, delayed recall, and delayed recognition), spatial span, digit span, and 

mental control tasks. 

The memory tests described above are firmly rooted in the history of test development, 

experimental psychology, and particularly the work of Ebbinghaus. Considering the 



extent to which performance on memory tests is affected by the nature of the stimuli and 

administration procedures, it is surprising, from a neurorehabilitation perspective, that 

more effort has not been directed towards adapting tests and stimuli to more closely 

resemble everyday functional tasks. There has been however, some effort in this 

direction. Many traditional memory tasks are made more functional when meaningful 

stimuli are used, for example, assessing face recognition rather than abstract designs, or 

recalling a short story rather than strings of digits. In the Telephone Test (Crook. Ferris, 

McCarthy, et. al., 1980) seven or ten digit strings are presented visually so that they 

resemble telephone numbers. The Rivemiead Behavioural Memory Test (Wilson, 

Cockbum, & Baddeley, 1985) was developed specifically to assess the practical effect of 

memory impainnent on daily activities. The test includes immediate and delayed recall 

of several verbal and visual tasks: remembering a name, appointment, story, message, 

location of a hidden object, recognition of objects, faces, and a route on a map. 

Assessment of Problem Solving 

Problem solving is a broad term encompassing several overlapping neuropsychological 

constructs including; concept formation, reasoning, and executive function. Tests of 

concept formation measure the extent to which concrcte and abstract properties of a 

stimulus are understood, and the flexibility with which an individual is able to shift or 

adapt to new conceptual frameworks (Lezak, 1995). Sorting tasks are often used to 

assess concept formation. For example, in the widely used Wisconsin Card Sorting Test 

(Berg, 1948) examinees sort cards that differ by color, geometric form, and number of 



forms. Raven's Progressive Matrices (Raven, 1965) is another test frequently used to 

assess visual concept formation. Examinees are shown a design with a missing piece and 

are asked to select the piece that completes the design. Many verbal tests of concept 

formation assess the semantic properties of words. For example, in the Wechsler Adult 

Intelligence Scale - Third Edition (WAIS-III) examinees are given two words and are 

asked to explain how the words are the same. The Abstract words Test (Tow, 1955) uses 

the same format except that patients are asked to explain how the words differ. Luria 

(1966) assessed concept formation by providing category exemplars to elicit the super-

ordinate category name, or providing the superordinate name to elicit exemplars. 

Reasoning tests require not only an appreciation for the nature of the stimuli being tested, 

but also the integration of this material into a much broader conceptual framework. 

Often multiple steps are required to solve a problem, necessitating the implementation of 

some organizational plan and self-monitoring. The WAIS-llI has several reasoning 

subtests. In the Comprehension Subtest, examinees are asked to provide a verbal 

response to everyday problems, such as. Why does food need to he cooked?-, or Why is a 

free press important in a democracy?. On the final (and most difficult) items of this 

subtest examinees are asked to explain proverbs (e.g. One swallow doesn't make a 

summer). The Arithmetic Subtest includes items ranging in difficulty from counting 

concrete objects to solving multi-step numeric problems {If 8 machines are needed to 

finish a job in 6 days, how many machines would be needed to finish the job in one-half 

day?). The WAIS-III also includes several nonverbal reasoning subtests; Block design 
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(reproducing a complex design with blocks). Matrix Reasoning, and Picture 

Arrangement. 

Executive function is an umbrella term used to refer to several behaviors including goal 

formation, planning, execution of plans, and self-monitoring (Goodwin, 1989). Measures 

of executive function are similar to measures of reasoning in that they evaluate problem 

solving ability. Executive function tests differ, however, in being more open-ended, less 

structured, and giving the examinee much greater responsibility in generating the stimuli 

and/or organizational criteria used to solve problems. Common techniques used to assess 

executive functions include: sorting tests requiring mental flexibility and shifts in mental 

set (Wisconsin Card Sorting Test), generative tasks in which the examinee is asked to 

produce words (Controlled Oral Word Association, Benton & Hamsher, 1989), elicitation 

of narratives (Thematic Aperception Test, Murray, 1938), copying Figures (Complex 

Figure Test, Rey, 1941), drawing (Clock, Goodglass & Kaplan, 1983), completing mazes 

(Porteus Maze Test, Porteus, 1965) and constructional tasks (Tower of London, Shallice, 

1982; Tower of Hanoi, Glosser & Goodglass, 1990: Tower of Toronto, Saint-Cyr, Taylor, 

& Lang, 1988). Since the term 'executive function' evolved from clinicians" 

observations of patients performing routine activities, tests of executive fimction tend to 

be much more functionally oriented then other types of problem solving measures. For 

example, in a recent adaptation of the maze paradigm, patients are asked to find their way 

from a designated starting point in a building to a predetermined destination (Executive 

Function Route Finding Task, Boyd & Sauter, 1993). Perhaps the most practical 



measures of executive function are those associated with assessment for vocational 

training. In the Wheelbarrow subtest of the Behavioral Assessment for Vocational Skills 

(Butler, Anderson, Furst, & Namerow, 1989), patients are asked to assemble a mail-order 

wheelbarrow within a specified time. The following scores are computed: following 

directions, problem solving, emotional control, judgment, and dependability. 

This section reviewed tests of language, attention, memory, and problem solving in order 

to specify the scope of coverage in each of these cognitive areas. Most measures of 

language were shown to include some evaluation of auditory comprehension, naming, 

oral expression, repetition, reading, and writing. Assessment of attention typically 

includes evaluation of vigilance, spatial neglect, capacity/span and mental control. With 

respect to memory important areas of assessment are orientation, immediate and delayed 

recall, learning, and interference effects. Lastly, measurement of problem solving 

encompasses evaluation of concept formation, reasoning, and executive function. Tests 

of attention, memory, and problem solving use both verbal and visuo-spatial materials. 

This is important since it allows assessment of these areas even when there are selective 

deficits of linguistic or visuo-spatial thinking. Furthermore, although the majority of 

these tests were impairment-based, a hand ful of more functionally oriented measures 

were also identified within each of these cognitive areas. As stated above, during a short 

one-hour evaluation it would obviously be impractical to administer a series of separate 

impairment and functional tests of language, attention, memory, and problem solving that 

cover both verbal and spatial processing. These tests do, however, define the relevant 



areas of assessment and provide a framework that can be used to constnict and evaluate 

shorter and more general measures. 

Test Focusing on Particular Patient Populations 

There are a number of tests that focus on particular patient populations. Rather than 

providing a general overview of cognitive status, these tests tend to focus on the 

behavioral impairments that are most prominent in the populations for which they are 

targeted. Tests of left hemisphere dysfunction are essentially synonymous with the 

language (aphasia) tests discussed above. Tests of right hemisphere dysfunction, such as 

the Mini Inventory of Right Brain Injury (Pimental & Kingsbury, 1989) and the Bums 

Brief Inventory of Communication and Cognition-Right Hemisphere Inventory(Biims, 

1997) emphasize evaluation of attention, visual processing, nonliteral or abstract 

language, and changes in affect. Tests of Head Injury tend to be broader in scope, but 

focus primarily on orientation, short-term or working memory, attention, organization 

and problem solving (see for e.xample: the Brief Test of Head Injury, Helm-Estabrooks & 

Hotz, 1989; Scales of Cognitive Ability for Traumatic Brain Injury, Adamovich & 

Henderson, 1992; and Bums Inventory-Complex Neuropatholgy Inventory, Bums, 1997). 

Tests of dementia are also broader in scope and usually cover: orientation, immediate 

and delayed verbal recall, attention, problem solving, naming and reading (see for 

example: Dementia Rating Scale, Mattis, 1988; Fuld Object-Memory Evaluation, Fuld, 

1977; Cognitive Scales for Dementia, Christensen, 1989; Arizona Battery for 

Communication Disorders of Dementia, Bayles & Tomoeda, 1990). The tasks used in 



these population-specific tests are largely the same as tasks used in tests focusing on 

particular cognitive areas. Since they are designed specifically for patients with known 

deficits, however, they tend to target a lower level of ability. It is also worth mentioning 

that there is considerable overlap in the constructs and even tasks used across these tests. 

Even when a particular construct is not evaluated directly, ability in this area is often 

assumed in test performance. For example, the majority of right hemisphere, head injury, 

and dementia tests do not assess audi to rv' comprehension directly, even though high 

performance in this area is necessary for their administration. 

General Tests 

In response to the growing need for fast and efficient assessment tools, a number of short 

general tests of cognition have been developed. In order to reduce administration time, 

test developers have followed a similar strategy, focusing on a handful of core areas. As 

a result, these tests tend to be somewhat res trictive in terms of the breadth and depth of 

coverage across the different cognitive areas (see Table 2.1). For example the Wechsler 

i 
Abbreviated Intelligence Scale (WASI, Wechsler, 1999) includes only 4 subtests; two 

verbal (Vocabulary and Similarities) and two visuo-spatial (Block Design and Matrices). 

Restricted coverage is particularly evident in the assessment of language. Microcog 

(Powell, Kaplan, Whitla, Weinstraub, Catlin, & Funkenstein, 1993) for example, does 

not include any formal assessment of language. In the Repeatable Battery for the 

Assessment of Neuropsychological Status (RBANS, Randolph, 1998) language 

assessment is limited to an evaluation of naming ability. Other tests examine one or two 



Table 2.1 Content Coverage on General Tests of Cognition and Communication 

Test MMSE Microcog Cognistat RBANS WASl CLQT MEAMS 

Cognitive Area 
Auditory 
Comprehension 

1 Command C omniands Questions 
Instructions 

Words 

Oral 
Expression 
Naming 

Connected 
Repetition 

2 Items 

1 Item 

(ibicits 

S.I m pie 
Scnlonce 

Confrontation & 
generative 

Confrontation Confrontation 
& generative 
Story retell 

Confrontation 
& generative 

Reading 1 Sentence 
Writing 1 Sentence 
Orientation x3 \3 x3 
Attention ' 
Verbal 
Visual 

Serial 7's 
RT 
Span 
Span 

Alertness 
Span Span, coding Story 

Cancellation, 
maze, trails, 
clock, designs 

Memory 
Verbal 
Visual 
I=Immediate 
S=Short delay 
D=Delayed 

IS: 3 Words 
ID: Story 
D: Address I; Word list 

ID: Word list, 
story 
D; Design 

Story 
Design 

D: Name 
ST: Picture 

Problem 
Solving 
Verbal 
Visual 

Numeric 

Design copy 
Analogies 
Clocks 

Arithmetic 

Similarities 
Questions 
Block design 

Calculations 

Line orientation, 
design copy 

Definitions 
Similarities 
Block Design 
Matrices 

Generative 
naming 
Maze, trails, 
clock, designs 

Perseveration 

Unusual views, 
fragmented 
leters, drawing 
Aritlimetic 

42 



aspects of language in addition to naming. Auditory comprehension is measured in 

several tests, but assessment is limited to an evaluation of either isolated words 

(Middlesex Elderly Assessment of Mental Status, MEAMS, Gelding, 1989) or sentence-

level communciations (Mini-Mental State Exam, MMSE, Folstein, Folstein, & McHugh, 

1975; Cognitive Linguistic Quick Test, CLQT, Helm-Estabrooks, 2001; & Cognistat, 

Northern California Neurobehavioral Group, 1995). Although repetition is sampled in 

three of the tests, Cognistat and the CLQT are the only instruments that include a 

measure for spontaneous connected speech. Finally, with the exception of the two items 

on the MMSE, reading and writing are not evaluated on these tests. 

Restricted coverage is also apparent in the assessment of other cognitive areas. As 

discussed in previous sections, for the purpose of neurorehabilitation it is important to 

assess orientation, verbal and visuo-spatial aspects of attention and memory, and verbal, 

visuo-spatial, and numeric aspects of problem solving. None of the available quick tests 

cover all of these areas. The CLQT comes close, sampling all of these areas except for 

numeric problem solving, still, coverage of visual memory, verbal attention, and verbal 

problem solving is limited to assessment of performance on only one or two tasks in each 

area. Cognistat and Microcog also provide relatively broad sampling of these areas, 

however, Cognistat lacks coverage of visual memory and visual attention while Microcog 

lacks coverage of visual memory and orientation. 



For the most part these tests are impairment-based measures and, therefore, are also 

restricted with respect to their approach to assessment. There are some functional tasks, 

however, on these measures. For example, auditory comprehension for names of 

common objects is evaluated on the MEAMS, and comprehension of instructions is 

assessed on the MMSE, CLQT, and Cognistat. The MEAMS also evaluates delayed 

recall of a proper name, Cognistat assesses delayed recall of an address, and several of 

the tests include delayed recall of a short story (Microcog, RBANS, CLQT). Aside from 

these few tasks, little emphasis is placed on evaluating the impact of cognitive 

impairments on everyday activities. Comprehension and expression of basic needs, and 

more complex communications, such as, short messages/appointments and conversation, 

are not measured on these instruments. As indicated above, there is no coverage of 

reading and writing on these tests, and therefore no evaluation of a patient's ability to 

perform a number of activities that are highly relevant in the context of 

neurorehabilitation. Thus there is no evaluation of a patient's ability to read medication 

labels, messages, schedules, instructions, and reference materials, or to read and fill out 

forms, sign documents, or take notes. Visuo-spatial attention, memory, and problem 

solving are measured largely with abstract designs or distorted stimuli rather than 

familiar, concrete, and functional materials, such as, faces, common objects, places, and 

maps. Concrete problem solving tasks, like, preparing a meal, telling time, using the 

phone, and performing money transactions are not assessed on these tests. 



This chapter began by stating the areas of assessment that are addressed during a standard 

rehabilitation evaluation. Specifically, clinicians must be able to evaluate 

communication, memory, and problem solving sufficiently to: 1) identify the level of 

impairment, 2) specify the impact that this impairment has on the patient's functional 

independence, 3) determine the amount of assistance that is required to perform daily 

activities, and 4) make recommendations pertinent to the patient's discharge/therapy 

needs. Although there is a long history of test development and literally hundreds of tests 

available to assess cognition and communication in adults, most of these tests focus on a 

particular cognitive area and measure either impairment or function. Since there is often 

only 60 minutes or less allotted for evaluations in many rehabilitation settings, there is 

insufficient time to administer a battery of separate cognitive tests that would adequately 

sample the relevant content areas. There are also a number of tests targeting particular 

patient populations. These tests, however, tend to cover a limited set of cognitive areas, 

are largely impairment-based, and furthermore are only appropriate when the clinician 

knows the patient's diagnosis apriori and can be certain that there are no secondary 

diagnoses. A handful of more general quick tests have also been developed. Although 

these tests provide broader coverage than domain or population specific tests, these 

measures are still limited in terms of their comprehensiveness, and furthermore focus on 

impairment rather than functional abilities. The purpose of this research is to develop a 

short general test of cognition and communication that addresses these limitations. 



PRINCIPLES OF TEST DEVELOPMENT 

Since 1954, the American Psychological Association (APA) has published guidelines for 

the development of new tests. According to the most recent guidelines, the construction 

of a new instrument involves four stages: 1) statement of the test purpose; 2) 

development of test specifications; 3) field testing; and 4) assembly of the test for 

operational use (American Educational Research Association, American Psychological 

Association, and the National Council on Measurement in Education. 1999). Statement 

of the test purpose entails careful delineation of the constructs or content to be measured, 

identifying the target population, and describing potential test applications. The second 

stage involves elaboration of the test design and specifications. This includes developing 

individual test items, and establishing standardized procedures for administration and 

scoring. In the next stage of development, the test must be evaluated to determine how 

well it has accomplished its purpose. Important questions to address during field testing 

focus on the reliability and validity of the instrument. Reliability refers to the stability of 

test scores across different test administrations, different items, and different raters. 

Validity is a broad term that describes the degree to which a test is actually measuring 

what it is intended to measure. Several types of evidence are relevant to the question of 

validity. Evidence may come from the test content by evaluating how well the individual 

items in the test represent the construct that is being measured. Validity may also be 

examined by considering the internal structure of the test. For example, is there any 

statistical evidence to support grouping items into separate subtests, or for ordering items 

by difficulty level ? Another way to assess validity is to compare performance on a new 
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test with performance on well established external measures of the same construct. The 

practical consequences of using a new instrument, such as increased time or cost 

efficiency are also relevant to a discussion of validity. Once field testing is complete and 

a test has been shown to have acceptable psychometric properties, the fourth phase of test 

development begins, and the test is assembled for more general use. The four stages of 

test development usually proceed in an approximately linear sequence. Certainly the 

stated purpose of the test has a large influence on all subsequent stages. Nonetheless, 

development of a test is an ongoing process and as a test is developed and refined there 

are several reiterations in which new items are developed, tested, and then revised again. 



STATEMENT OF PURPOSE 

There have been numerous changes in the practice of neurorehabil itation. Many of these 

changes are related to a reduction in the amount of time that patients are seen, and an 

increased emphasis on accountability, particularly in terms of functional measures. 

Although there are many tests available to assess cognition and communication, the 

majority of these tests focus on a particular cognitive area or a specific patient 

population. Furthermore most of these tests emphasize impairment rather than functional 

skills. A limited number of tests are also available that provide a brief overview of 

cognition and communication. However, these tests are all impairment based and are 

also limited relative to their coverage of cognitive areas relevant for neurorehabilitation. 

The purpose of this research was to develop a new instrument that is specifically suited to 

recent changes in the healthcare environment. The first goal was to design an instrument 

that: 

I. Demonstrates sufficient reliability 

II. Extends the comprehensiveness of current tests 

III. Measures both impairment and functional ability 

IV. Can be administered in approximately 30 minutes 

The second goal of this research was to evaluate how well this new instrument has 

achieved its stated objectives. The specific questions to be addressed are listed below. 
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Research Questions: 

I. Reliability 

1. How stable are test scores across separate test administrations? 

2. Do administrations of different test items yield comparable scores? 

3. What is the measurement error associated with the test scores? 

4. Do different raters produce comparable scores? 

II. Validity of the claim that the test is comprehensive and appropriate for a broad range 

of patients 

5. Do test scores adequately distinguish neurological patients from 

neurologically normal control subjects? 

6. Do test scores adequately differentiate the performance profiles of separate 

patient groups? 

7. How does performance in each cognitive area compare to performance on 

other standardized measures? 

8. Is there a wide range of difficulty among test items? 

9. Is the difficulty level appropriate for the patients? 

10. Is the order of item difficulty consistent across patients? 
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III. Validity of the claim that the test provides a measure of impairment and functional 

ability 

11. How does the total test score compare with other measures of impairment and 

function? 

IV. Validity supporting the claim that the test can be administered quickly 

12. Can the test be administered in less than 40 minutes? 
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Chapter 3. 

METHOD 

The Scales of Cognitive and Communicative Ability for Neurorehabilitation (SCCAN) 

was designed to fulfill three criteria: 1) provide a comprehensive overview of cognitive 

and communicative abilities in a broad range of patients, 2) provide a measure of 

impairment and functional ability and 3) provide a quick measure that can be 

administered in approximately 30 minutes. A sample test form is provided in Appendix 

A. The first part of this chapter describes how the test was designed to achieve these 

objectives. The second part of this chapter outlines the methods used for field testing. 

TEST DESIGN 

Developing a Comprehensive Overview of Cognition and Communication 

To provide an overview of cognition and communication that is appropriate for a broad 

range of patients, the SCCAN focuses on cognitive abilities that are often affected by 

neurological disorders: auditory comprehension, oral expression, reading, writing, 

orientation, attention, memory, and problem solving. Each of these eight areas is 

measured as a separate subscale. The full test contains 100 items. The number and 

proportion of items in each subscale is shown in the Figure 3.1 below. Careful 

consideration was given not only to the selection of content areas, but also to the breadth 

of coverage within each content area (See Table 3.1). 
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Figure 3.1 Number and Proportion of Items in each Content Area 
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Table 3.1 Coverage within Each Content Area 

Cognitive Area Coverage on the SCCAN 
Auditory Comprehension Single words, 2-8 element commands, Y/N questions, 

narrative discourse containing temporal information, 
idioms 

Oral Expression 
Naming 
Connected Speech 

Repetition 

Confrontation, responsive, & generative 
Automatics, expressing basic information (emergency), 
picture description, procedural discourse, describing 
abstract relations 
Isolated vowel, automatics, words, sentences 

Reading Signs, single words, short phrase, sentence, schedule, 
menu, telephone book, medication label, multi-step 
instructions. 

Writing Copying & writing own name, short high frequency word, 
low frequency words with irregular spelling, dictated 
message, picture description 

Orientation Person, place, time, situation 
Attention 
Verbal 

Visuo-spatial 

Span, generative naming (semantic & phonemic fluency), 
multi-step directions, scanning written information, 
copying written information 
Spatial span, simple and complex scan, clock drawing, 
sequencing, divided attention 

Memory 
Verbal 

Visuo-spatial 

Immediate and delayed recall of therapist's name 
Immediate and delayed recall of medication list 
Immediate and delayed recall of message 
Immediate and delayed recall of unfamiliar face 
Immediate and delayed recall of unfamiliar house 
Immediate and delayed recall of pictures of medications 

Problem Solving 
Verbal 

Visuo-spatial 

Numeric 

Answering questions about safety, definitions, similarities 
and differences, descriptive and procedural discourse, 
solving multi-step scheduling problem 
Matching, copying, clock drawing, telling time, dialing 
911, matrices, sequencing, route finding 
Automatics, matching, single digit arithmetic, adding 
bills, calculating sales price (percents), and multi-step 
numeric word problem 
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The test was also made appropriate for a broad range of patients with language and non-

language based disorders by using a variety of auditory, written, and nonverbal (pointing, 

gestures, pictures, etc.) techniques to present items. Figure 3.2 shows the number and 

relative proportion of items that are presented using each technique. 

Figure 3.2 Presentation Technique for SCCAN Items 
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Approximately half of the items are presented auditorily. 18% of the items are presented 

using auditory and/or written techniques. The remaining items are presented through a 

combination of verbal and nonverbal techniques. For obvious reasons, items assessing 

language are generally presented using linguistic stimuli. The relative proportion of 

verbal and nonverbal presentation techniques is more evenly balanced for the assessment 

of attention (Figure 3.3), memory (Figure 3.4), and problem solving (Figure 3.5). 



Figure 3.3 Presentation Technique for Attention Items 
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Figure 3.4 Presentation Technique for Memory Items 
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Figure 3.5 Presentation Technique for Problem Solving Items 
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Test items were also designed to elicit various types of responses. The number and 

proportion of different response types are shown in Figure 3.6. Only 26% of the items 

require a spoken response. Another 8% require either a written or auditory response, and 

66% may be answered using either a verbal or nonverbal (pointing, gesturing, or 

drawing) response. Particular care was given to ensure that comparable numbers of 

verbal and nonverbal responses were required for attention, memory, and problem 

solving scales (see Figures 3.7, 3.8, and 3.9). 



Figure 3.6 Response Type for SCCAN Items 
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Figure 3.7 Response Type for Attention Items 
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Figure 3.8 Response Type for Memory Items 
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Figure 3.9 Response Type for Problem Solving Items 
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The SCCAN was also made appropriate for a broad range of patients by including items 

in each of the eight scales that varied widely in terms of their difficulty. The difficulty of 

items is related to their typicality/frequency, length, and complexity. For example, 

consider the items used to assess repetition: 

1. Ah 
2. No 
3. Examiner's name 
4. Aspirin, Turns, Neosporin 
5. Dr. White called to change your appointment from Wednesday at 9 to 

Wednesday at 11. 

The first item 'ah' is fairly automatic {especially in a clinical office), the item is short and 

has little phonetic or semantic complexity. The next item is still quite automatic and 

short but has slightly more phonetic and semantic complexity. Items three and four 

involve less familiar information, are longer, and more complex. The most difficult item 

requires repetition of a presumably novel sentence that is complex in terms of its 

phonology, syntax, and semantics. 

Developing a Measure of Impairment and Functional Ability 

A second major objective of this research was to design an instrument that provides a 

measure of both impairment and functional ability. As discussed above, the core 

architecture of the test is impairment-based. The test is structured around the assessment 

of eight cognitive areas that are often impaired as a result of neuropathology. However, 

the test also measures performance on everyday activities by placing highly functional 

items in this impairment-based framework. Table 3.2 provides some examples of how 
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functional ability is measured in this impairment-based framework. For a complete 

listing of the impairment and functional value of each item see Appendix B columns 1-3. 

Table 3.2 Examples of Using Functional Items in an Impairment Based Framework 

Cognitive Area/Impairment Example of Functional Item/Activity 

Auditory Comprehension Understanding a message about an 
appointment 

Oral Expression Describing simple and complex daily 
activities 

Reading Medication label 
Writing Taking a message 
Attention Finding a location and route on a map 
Memory Recall of people, places, medications 
Problem solving Adding bills, computing change 

Developing a Quick Measure 

A third goal of this research was to develop a test that could be administered quickly. To 

achieve this goal, the SCCAN was designed to allow tailored testing. Decision trees were 

built into each of the scales so that only a subset of ability-appropriate items is 

administered to a particular patient. The scales contain either a single group or up to 5 

groups of questions. For each group of questions, items are arranged from easiest to most 

difficult. Administration for each question group begins at a designated midpoint. If the 

item is answered correctly, the examiner proceeds forward and administers the more 

difficult items. If the midpoint or subsequent item is answered incorrectly, the examiner 

goes back and administers the first (easiest) item in the question group. Examination of a 

question group is stopped once two consecutive items are missed. 



Summary oFTest Design Features 

As stated above, the purpose of this research was to develop a valid and reliable test that 

is comprehensive, impairment and tiinctionally oriented, and that can be administered 

quickly. The test was made comprehensive and appropriate for a broad range of patients 

by: measuring performance across eight cognitive areas, providing a wide breadth of 

coverage within each area, designing items so that their presentation and response reflect 

verbal and nonverbal abilities, and including items that vary in terms of their difficulty 

level. The test was also designed to provide a measure of both impairment and functional 

ability by using functional items in an impairment-based framework. Lastly, the use of a 

decision tree, and administration of only a subset of items adds to the efficiency of the 

instrument and permits a relatively quick administration time. 

FIELD TESTING 

Pilot Testing 

Pilot testing was conducted with 10 young controls, 10 older controls, and a group of 31 

mixed-etiology neurological patients (Milman & Holland, 2001). With respect to overall 

test performance, information pertinent to administration time, test-reliability, validity 

and performance across the different subject groups, was reviewed. Individual subscales 

were analyzed for test-retest reliability, and external validity. Each item was also 

analyzed relative to test-retest reliability, internal validity, external validity, and percent 

correct. In addition, scales and items were assessed using item response theory (IRT, 

Linacre & Wright, 2000). Data were used to refine scoring rules and improve the 



psychomelric properties for each item. Approximately 25% of the original items were 

modified, dropped, or replaced as a result of these analyses. 

Subjects 

Three groups of subjects participated in this research; 20 healthy young controls (18-55 

years old); 20 healthy older controls (55-95 years old); and 51 patients diagnosed with 

either left hemisphere stroke (20 patients), right hemisphere pathology (15 patients) or 

probable Alzheimer's disease (16 patients). An additional eight subjects were excluded 

before or during participation in the study: one neurologically healthy older control was 

excluded after expressing concerns about "feeling depressed lately', two patients with left 

hemisphere stroke and one patient diagnosed with Alzheimer's disease were excluded 

because of secondary neurologic diagnoses not previously reported, another left 

hemisphere stroke patient was excluded because he did not classify as aphasic on a 

standardized measure, one patient diagnosed with Alzheimer's disease was excluded 

because the medical history was inconsistent with inclusion criteria, and two more 

patients with Alzheimer's disease were excluded because of fatigue during testing. All 

subjects gave written informed consent, prior to participation in this study. The 

Institutional Review Board at the University of Arizona, Southern Arizona VA Health 

Care System, and Carondelet Health Care Network approved the protocol. 

Subjects were between 18 and 95 years old and were native speakers of English. In 

addition, subjects were required to be; 1) currently and/or premorbidly literate, 2) be free 



from any psychiatric disorder at the time of testing, and 3) have no history of 

language/learning impairment or substance abuse, as indicated by self/family report 

during an initial interview. Subjects were also required to demonstrate adequate hearing 

for loud speech in a quiet environment, and pass a monaural audiometric screening at 40 

dB for pure tones at 500, 1000, and 2000 Hz. In addition to these general criteria, healthy 

control subjects were required to be; 1) independent in their daily activities, 2) 

communicate using all modalities without difficulty, 3) not be taking any medications 

known to affect cognition, and 4) have no history of neurogenic cognitive disorders. 

Neurological and neuropsychological evidence was used to screen patients for 

participation in this study. Acceptable evidence included documented pathology on 

neurological or neuroimaging reports. In addition, left hemisphere stroke patients were 

required to have a Western Aphasia Battery Aphasia Quotient of less than 95 (consistent 

with a diagnosis of aphasia). Patients included in the Alzheimer's group were required to 

have a medical history that was consistent with criteria for probable Alzheimer's disease 

as established by the National Institute of Neurological and Communicative Disorders 

and Stroke and the Alzheimer's Disease and Related Disorders Association; 1) MMSE 

score less than 24, 2) deficits in at least two cognitive areas, 3) progressive worsening of 

mental status, and 4) onset between 40 and 90 years old (NINCDS-ADRDA; McKhann, 

Drachman, Folstein, Katzman. Price, & Stadlan, 1984). All patients were also required to 

1) be at least three months post onset of a diagnosis, 2) have no secondary diagnosis, and 

3) have not started taking any new medications known to affect cognition three weeks 



prior to participation in this study. Additionally, patients were required to have sufficient 

visual acuity to detect small environmental objects, demonstrate hand control adequate 

for grasping a pencil, and report some functional impairment associated with their 

respective diagnoses. 

To ensure a varied sample of subjects, participants were recruited from several local 

sources including the University of Arizona, Southern Arizona VA Health Care System, 

Carondelet Health Care Network (St. Mary's Hospital, St. Joseph's Hospital, and Green 

Valley Outpatient Clinic) Day Break Adult Day Health Care Center, and Devon Gables 

Health Care Center. Most of the recruitment was done through clinical referral at these 

locations, however, many of the young control subjects were recruited through 

advertisements posted in the University area. 

Information about the 91 subjects who participated in this study is summarized in Table 

3.3. As is evident from the Table, the mean age of young controls was 21 with a range of 

19-23 years, the mean age of older controls was 67 with a range of 56-86 years, and the 

mean age of patients was 72 with a range of 34-91 years. The mean number of years of 

education was fairly homogenous for the young controls (16), older controls (15), and 

patients (13). The young control group had four times as many females as males (16:4). 

the female to male ratio was more evenly balanced for the older control group (12: 8) and 

the patient group (22: 29). The greater number of females in the control groups, and the 

greater number of males in the patient group is likely an artifact of recruitment 



procedures, since many of the young controls were recruited from the Department of 

Speech and Hearing Sciences which has a predominantly female population; and many of 

the patients were recruited from the VA hospital which has a predominantly male 

population. However, there is no reason to expect that this difference would affect 

Table 3.3 Subject Information 

Subject Age Education Gender Months 
Group (Mean & (Mean & (F:M) Post Onset 

Range) Range) 'Mean & Range) 
Young 21 16 16:4 
controls (19-23) (13-17) 
n=20 n=20 n=20 n=20 

Older 67 15 12:8 ' 

Controls (56-86) (9-23) 
n=20 n=20 n=20 n=20 

Patients 72 13 22:29 52 
n=51 (34-91) (8-18) (3-144) 

n=51 n=51 n=51 n=51 

LH Stroke 71 14 50 
n==20 (40-83) 10-16) 7:13 (3-144) 

n=20 n=20 n=20 n=20 

RH Lesion 64 14 53 
n=15 (34-84) (10-18) 8:7 (3-144) 

n=15 n=15 n=15 n=15 

A.D. 80 12 7:9 54 
n=16 (63-91) (8-16) (12-120) 

n=16 n=16 n=I6 n=16 



performance on such a broad and basic cognitive measure. For the patients, the mean 

time post onset of a diagnosis was approximately 4 years. 

Procedures 

General 

The principal investigator and a second examiner (an undergraduate student in the 

Department of Speech and Hearing Sciences) carried out all testing. The second 

examiner received preliminary training in administering the SCCAN before testing any of 

the subjects. For practical reasons, unrelated to the design of this study, the second 

examiner tested the majority of subjects in the young control group, and the principal 

investigator tested the majority of subjects in the older control and patient groups. 

Although this was not desirable in terms of the study design, pilot testing of the SCCAN 

showed high inter-rater reliability across four scorers (mean percent agreement = 95%). 

To further examine any possible confound due to different examiners, inter-rater 

reliability was sampled again for 25% of the two control groups and 10% of the patient 

group. Results of the inter-rater reliability for this study are presented in the next chapter. 

Both examiners were aware of the patients' diagnoses prior to test administration. The 

majority of testing was conducted at one of the clinical recruitment sites (see above), 

however, in some cases transportation was an issue and testing was completed at a 

subject's home. All testing sessions were recorded on audiotape. 
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Controls 

The SCCAN was administered to both control groups to ensure that neurologically 

healthy adults were able to complete the test successfully. As discussed in reference to 

the test design, to ensure a short administration time, a decision tree was built into each of 

the scales so that only a subset of ability appropriate items need be administered to an 

individual. To evaluate the effectiveness of these decision trees, test administration 

began by presenting the short version of the test. In the short version of the test the 

decision trees were used so that only a subset of ability appropriate items was 

administered. After the short version of the test was administered, all remaining items 

were given. Administering the test in this way made it possible to compare both the 

score and administration time for short and full versions of the test. Testing of 

neurologically healthy control subjects was completed in a single session lasting less than 

one hour. 

Patients 

Patients were given the SCCAN as well as the following measures of cognition and 

communication: Mini-Mental State Exam; Communication Activities of Daily Living-2; 

Western Aphasia Battery Auditory Comprehension, Oral Expression, Reading Sentences, 

and Written Picture Description subtests; Trails A; Wechsler Memory Scale-Ill Logical 

Memory I & II and Faces I & II subtests; and Wechsler Adult Intelligence Scale-Ill 

Picture Arrangement subtest. These tests were administered so that performance on the 



SCCAN could be compared with performance on other commonly used instruments. 

Administration of the SCCAN was completed in the same manner as described for the 

controls, so that scores derived from short and full test administrations could be 

compared. For the purpose of measuring test-retest reliability, the SCCAN was also 

administered a second time after an interval of at least one week using the same 

administration procedures. In order to maximize patient performance and comfort level 

throughout the procedure, all testing was subject paced. For the majority of patients, 

testing was completed in two sessions of 90 minutes or less. However, due to low 

endurance/slow processing speed, some patients chose to complete the procedure in four 

sessions. In this case, each of the two sessions was divided into two shorter parts. 

Regardless of whether testing was completed in two sessions or four sessions, each 

session was separated by a minimum of one week, and the first and second session began 

with administration of the SCCAN. The only difference in the two administration 

procedures was that for the four-session procedure, the supplementary tests normally 

administered after the SCCAN in sessions one and two, were administered during 

additional sessions, three and four respectively. The tests are listed in order of 

administration in Tables 3.4 and 3.5 below. Standardized administration procedures were 

used for all tests except for WMS-III Logical Memory I and II. An abbreviated version 

of these tests was administered. Specifically, only the first story of Logical Memory I 

was presented. Subjects were scored on their ability to immediately recall this story and 

on their performance on the recognition subtest of Logical Memory II. This modification 

was done to make the test more appropriate for individuals with severe expressive 
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language impairments. Additional information about these standardized tests is presented 

in Appendix C. 

Many of the patients diagnosed with left hemisphere stroke had already been evaluated 

with the WAB and/or CADL-2 within six months prior to participating in this study. In 

this case, earlier scores were used, and the two tests were not re-administered. For the 

WAB, this meant simply dropping the last test from session two (or session four). Rather 

than simply dropping the CADL-2, this test was replaced with the last three tests of 

session 1 (reading and writing), so that the approximately 30 minute delay (created by the 

CADL-2) separating assessment of immediate memory and delayed memory would be 

maintained. 

Table 3.4 Sequence of Testing; Two Session Administration Procedure 

Session 1 Session 2 

SCCAN SCCAN 

MMSE (General Impairment Measure) WMS-III: Logical Memory I 

WMS-III; 
Spatial Span Forward & Backward 

WAIS-III: Picture Arrangement 
(Problem Solving) 

WMS-III; Memory for Faces I 

CADL -2 (General Functional Measure) 

WMS-III: Logical Memory II 

WAB Reading Sentences WMS-III: Memory for Faces II 

WAB Written Picture Description Trails A (Attention) 

WAB Auditory Comprehension & Oral 
Expression subtests 
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Table 3.5 Sequence of Testing: Four Session Administration Proeediire 

Session 1 Session 2 

SCCAN SCCAN 
Session 3 Session 4 

MMSE (General Impairment Measure) WMS-III: Logical Memory I 

WMS-III: 
Spatial Span Forward & Backward 

WAIS-III: Picture Arrangement 
(Problem Solving) 

WMS-III: Memory for Faces I 

CADL -2 (General Functional Measure) 

, WMS-III: Logical Memory 11 

WAB Reading Sentences WMS-lIl: Memory for Faces II 

WAB Written Picture Description Trails A (Attention) 

WAB Auditory Comprehension & Oral 
Expression subtests 
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Chapter 4 

RESULTS 

This chapter begins by presenting descriptive statistics summarizing the overall 

performance of subject groups on the various measures. This is followed by analyses 

investigating the reliability of the SCCAN. The remainder of the chapter focuses on data 

pertinent to the validity of this instrument, specifically, evidence that the SCCAN 

provides a measure of impairment and function, that it is comprehensive and appropriate 

for a broad range of patients, and that it can be administered quickly. 

DESCRIPTIVE STATISTICS 

Mean scores and standard deviations obtained by the three subject groups on all tests are 

presented in Table 4.1. As shown in the Table, both the young and older controls groups 

performed at near ceiling on the SCCAN. The range of scores on the Mini Mental State 

Exam, 1-29 (out of 30 possible points), and WAIS Picture Arrangement, 0-20, (out of 24 

possible points) suggests that there was a wide range of impairment amongst the patients. 

Relative to the overall patient means, individuals diagnosed with left hemisphere stroke 

scored lower on the language-based measures than on nonverbal measures of attention, 

memory, and problem solving. Performance of this group was highest on the WAIS 

Picture Arrangement. Interestingly, the WAIS Picture Arrangement subtest was the only 

measure on which the right hemisphere group scored below the overall patient means. 
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Table 4.1 Mean Scores and Standard Deviations for Subject Groups on all Tests 

Young Older 
Controls Controls Patients 

All 1 ,H RH S./LK 
SCCAN 1 97.55 93.75 65.35 
(max=IOO) (1.57) (4.19) (16.04) 

n=2() n=20 n=51 

39,75 
fl5,8) 
a=20 

78.80 
(11.06) 
R=1 5 

59.75 
(13.08! 
n=16 

SCCAN 2 
(max=100) 

68.53 
(17.52) 
n=51 

62.75 84.07 61J9 
(i6,88l (11.34) (14.09) 
:o=zl) 0=15 

MMSE 
(max=30) 

19.83 
(7.62) 
n=40 

7.77 
7.33) 
[=13 

25.79 
(3,19) 
n=l4 

15.46 
(7.56) 

I 

CADL-2 
(max=100) 

80.16 
(17.50) 
n=38 

78.54 
tl8.42i 
11=13 

88.20 
{9.60) 
n=l5 

70.20 
(21.01) 
n=1(l 

WAB A.Q. 
(max=100) 

78.06 
(26.09) 
n-40 

56,43 
(25,93^ 
a=15 

97.53 
(2.92) 
n=l 5 

81.28 
(21.61) 
!1=1() 

PALPA Reading 
(max=15) 

11.45 
(3.89) 
n=37 

11.18 
(4.14) 

11.67 
(^.061 
11=15 

11.45 
(3.75) 
n=--l 1 

WAB Reading 
(max=40) 

29.00 
(13.00) 
n-44 

Z4,1 3 
(13.81, 
n=16 

33.60 
(11.86) 
n=15 

29.69 
(12.02) 
n=13 

WAB 
Written Picture 
(max=34) 

15.95 
(11.47) 
n=38 

12.14 

ii= l  1 

20.64 
(8.99) 
n= 1 d  

10.83' 

Trails 1 
(time in seconds) 

148.62 14 i ,8 J 
(104.42) (109.67) 
n=34 11=12 

138.08 169,40 
(117.63) (87.61) 
11=12 n=10 

WMS-SSF 5.60 
(2.20) 
n=45 

5.82 
(1.88) 
11=17 

6.0 / 
(2.28) 12,42) 
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WMS-SSB 4.55 5.24 5.27 2.85 
(2.80) (2.33) (3.06) (2.48) 
n=45 n=i7 n-15 n=13 

WMS-LMl 3.90 2.79 5.80 2,92 
(free recall story (2.36) (2.641 (i .3 /) (1.501 
1: max=7 n=42 n==l4 n=l5 n=13 

WMS-LM2 9.00 9,14 11,27 6.23 
(recognition (3.46) (3.42) (2.46) (2.52) 
story 1: max=15 B=42 n=14 o=l.-

WMS-Fl 30.02 30.47 33.33 25.69 
(max=48) (6.21) (7.15) (5.47) {2.46) 

n=43 ;n=15 !i=15 q==13 

WMS-F2 29.26 30.87 31.33 25,00 
(max=48) (6.31) (6.17) (6.80) (3.54) 

n=43 n=15 n=15 n-13 

WAIS-PA 5.64 9.93 4.40 2.46 
(max= (5.17) (6.01) (3.11) (2.57) 

n=42 11= 14 11=^ i 5 ir= 13 



Participants diagnosed with Alzheimer's disease performed lowest, relative to other 

patients, on measures of general mental status (MMSE, CADL-2), attention (trails 1), 

memory (WMS SSF, SSB, LM2, Faces 1, Faces 2), and problem solving (WAIS PA). 

This pattem of performance is consistent with expectations for these subject groups and 

supports the subject selection criteria used for this study. 

Mean scores and standard deviations for all subject groups on the eight SCCAN scales 

are presented in Table 4.2 (data is from first test administration). The young control 

group performed within one point of the subtest ceiling on seven of the eight scales 

(auditory comprehension, oral expression, reading, writing, orientation, memory, and 

problem solving). Mean performance of this group on the attention scale was 13/16 

points. The older control group performed within one point of ceiling on five of the eight 

scales. Performance was somewhat lower on scales of attention (12/16). memory 

(19/21), and problem solving (22/25). Patients scored lower than controls on all eight 

scales. Patients diagnosed with left hemisphere stroke had the lowest scores on measures 

of language (auditory comprehension, oral expression, reading, and writing), and patients 

diagnosed with Alzheimer's disease had the lowest scores on measures of attention, 

orientation, memory, and problem solving. Again, these perfonnance patterns across 

subject groups are roughly consistent with clinical expectations and provide preliminary 

support for both subject selection criteria and the construct validity of the eight scales. 
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Table 4.2 Mean Scores and Standard Deviations for Subject Groups on SCCAN Scales 

Patients 
(n=51) 
All LH RH A.D. 
(n=51) (11=20) (n=}5j (ii=l6) 

Auditory 
Comprehension 
(max=15) 

14.6 
(0.68) 

14.5 
(0.61) 

11.75 
(2.54) 

10.6 
(2.82) 

13.67 
11.40) 

1 1 3 'S 
(2.03) 

Oral 
Expression 
(max=19) 

19 
(0) 

18.25 
(0.79) 

12.49 
(5.05) 

83 
(4,37) 

17.0 
(2.04) 

13.5 
(3.5) 

Reading 
(max=12) 

11.8 
(0.41) 

11.15 
(0.99) 

7.24 
(2.78) 

6.55 
(3.27) 

8.07 
a.37) 

'-T -5 / .3 1 
(2.36) 

Writing 
(max=8) 

7.9 
(0.31) 

7.65 
(0.59) 

5.59 
(1.47) 

4,85 
(1.27) 

6.23 
(1.03! 

5,88 
(1,71) 

Orientation 
(max=12) 

12 
(0) 

12 
(0) 

9.78 
(2.08) 

10.35 
(1.79.) 

10.8 
(1.42) 

8.13 
(2.03) 

Attention 
(max=16) 

13.05 
(0.69) 

12.45 
(1.39) 

7.16 
(3.76) 

6.5 
(3.43) 

9:1 
(3.71) 

5,63 
(2,99) 

Memory 
(max=21) 

19.9 
(1.07) 

19.0 
(1.75) 

11.06 
(4.33) 

11.45 
{3.14) 

14.67 
(3.62) 

7.19 
(2,93) 

Problem 
Solving 
(max=25) 

24.25 
(0.55) 

22.45 
(1.82) 

14.82 
(5.08) 

i2.9 
(5.16) 

18.67 
(3.44) 

13.63 
(4.49) 

Young Older 
Controls Controls 
(n=20) (n=20) 



RELIABILITY 

Reliability refers to the stability of test scores across different testing occasions, different 

items, and different scorers (Nitko, 1996). It is measured by examining correlations or 

percent agreement between pairs of test scores, or by examining the standard error of 

measurement (SEM) for a particular score. Several types of reliability data were 

computed to address specific questions relevant to this research. These results are 

presented in Tables 4.3 through 4.5 and discussed in the text that follows. Qualitative 

interpretations of correlations follow the criteria used for the Wechsler tests (Wechsler, 

1997). 

Question 1. How stable are Test Scores across different testing occasions? 

To investigate the stability of the test scores over time, the scores for the first and second 

test administrations were compared by calculating Pearson r correlation coefficients. As 

can be seen in Table 4.3, the test-retest reliability coefficients for the total test score were 

high for both the full (r=.96, p<.0001) and short (r = .96, p < .0001) versions of the test. 

With respect to the individual scales, reliability was also excellent (in the .90's) for Oral 

Expression (r = .95) and Memory (r = .91); very good (in the .80's) for Auditory 

Comprehension (r = .80), Reading (r = .86), Orientation (r = .83), Attention (r = .89), and 

Problem Solving (r = .89); and good (in the .70's) for Writing (r = .78). The test-retest 

reliability of the individual items making up each scale was also analyzed. Since 

individual items were scored as either 0 or 1, these data were more suited to an analysis 

using percent agreement rather than correlations. The test-retest percent agreement 



scores for individual items are listed in Appendix B column seven. There were seven 

items that had a percent agreement value of less than .70. The percent agreement for 

these items ranged from .63 to .68. Two of these items were in the auditory 

comprehension scale (items 27 & 28), 3 were in the reading scale (items 74, 77, & 79), 

one was in the writing scale (item 87), and one (item 99) was in the memory scale. In 

general these results provide strong support for the stability of test scores across different 

testing sessions. 

Table 4.3 Pearson r Test-Retest Reliability Coefficients for SCCAN Scores (n=51) 

Score Test-Retest Reliability Coefficient (Pearson r) 

Question 2. 

Do administrations of full and short versions of the test yield comparable scores? 

The relationship between scores obtained from administration of full and short (using 

decision tree) versions of the test was also examined with Pearson r correlation 

coefficients. Results indicate that full and short administrations of the test yielded total 

test scores that were highly correlated (r = .99, p < .0001) (see Table 4.4). Correlations 

P < .0001 

SCCAN: Full 
SCCAN; Short 
Auditory Comprehension 
Oral Expression 
Reading 
Writing 
Orientation 
Attention 
Memory 
Problem Solving 

.96 

.96 

.80 

.95 

.86 

.78 

.83 

.89 

.91 

.89 
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between full and short versions of the test were also high across each of the eight scales, 

ranging from .94 to .99. These results suggest that short and full versions of the test yield 

comparable scores. 

Table 4.4 Pearson r Correlation Coefficients Comparing Scores derived from Full & 
Short Versions of the Test (n=51) 

Score Test-Retest Reliability Coefficient (Pearson r) 
P < .0001 

SCCAN 1 .99 
SCCAN 2 .99 
Auditory Comprehension .99 
Oral Expression .99 
Reading .98 
Writing .94 
Orientation .97 
Attention .98 
Memory .99 
Problem Solving .98 

Question 3. What is the measurement error associated with the test scores? 

Measurement error associated with test scores was estimated by calculating the standard 

error of measurement (SEM). The SEM is derived from the relationship between the 

standard deviation and the correlation coefficient: 

SEM = SD \ 1 - reliability coefficient 



The measurement error for the total test score was calculated by inserting the SCCAN 1 

patient group standard deviation (from Table 4.1) and the SCCAN test-retest reliability 

coefficient for the full administration (from Table 4.3) into the SEM equation: 

SEM= 16.04 \ 1 - 0.96 

Based on these calculations, the measurement error for the total test score was found to 

be 3.21. This value can be used to make probability statements and set confidence 

intervals for a particular test score. The confidence interval can be calculated with the 

following equation: 

Confidence Intervalx = x +/- z (SEM) 

where x is the score of interest and z is the value associated with a particular probability 

(or confidence level). The z values associated with 90% and 95% confidence values are 

1.65 and 1.96 respectively. The 90% and 95% confidence intervals for any SCCAN total 

score can be calculated using the following values: 

90% Confidence Intervalx = x +/- 1.65 (3.21) 

= X +/- 5.3 

95% Confidence Intervalx = x +/- 1.96 (3.21) 

= X +/- 6.29 

For example one can be 90% confident that an individual who happened to score 86 on 

the SCCAN would have a true score falling within the range of 81 - 91. 



Table 4.5 lists the standard errors of measurement and confidence intervals associated 

with the total test score and the individual scales. SEMs for the individual scales were 

calculated using the patient group standard deviations shown in Table 4.2 and the test-

retest reliability coefficients shown in Table 4.3. SEMs for the individual scales ranged 

from .69 to 1.68, and confidence intervals varied from +/-.53 to +/-3.29. Thus, a 

relatively small measurement error was associated with the total test score and the 

individual scales. 

Table 4.5 Standard Error of Measurement and Confidence Intervals for SCCAN Scores 

Scale SEM Confidence Interval Confidence Interval 
(90%) (95%) 

SCCAN 1 3.21 X +- 5.3 X +- 6.29 
Auditory Comprehension 1.14 x+-1.88 X +- 2.23 
Oral Expression 1.13 x+-1.86 . X +- 2.21 
Reading 1.04 x+- 1.72 X +- 2.04 
Writing .69 X +-.53 X +-.63 
Orientation .86 x+-1.42 X +~ 1.69 
Attention 1.25 x +- 2.06 X +- 2.45 
Memory 1.3 X +- 2.15 X +- 2.55 
Problem Solving 1.68 x +- 2.77 X+-3.29 

Question 4. Do Different Raters Produce Comparable Scores? 

The item-by-tem percent agreement of two scorers was calculated to evaluate inter-rater 

reliability (see table 4.6). Percent agreement was used rather than correlation coefficients 

since data was collected on only 10% (5) of the patient tests. The mean item-by-item 

percent agreement on the 5 tests was .97, and ranged from .95 to .99. Percent agreement 

on each of the scales ranged from .94 to 1.00 indicating high inter-rater reliability. 



81 

Table 4.6 Inter-Rater Reliability for Patient Scores (N=51) 

Test Score Percent Agreement 
Total Test Score (SCCAN 1: Full) 
Auditory Comprehension 
Oral Expression 
Reading 
Writing 
Orientation 
Attention 
Memory 
Problem Solving 

.97 

.97 

.96 
1.00 

.98 

.97 

.98 
1.00 
.94 

COMPREHENSIVENESS 

The SCCAN was designed to be comprehensive and appropriate for a broad range of 

patients with known, unknown, or multiple diagnoses. The validity of this claim was 

investigated by addressing the following research questions: 5) Do test scores adequately 

distinguish neurological patients from neurologically normal control subjects?, 6) Do test 

scores adequately differentiate the performance profiles of separate patient groups?, 7) 

Are the eight scales measuring the intended content areas?, 8) Is there a wide range of 

difficulty among test items?, 9) Is the difficulty level appropriate for the patients?, and 

10) Is the order of item difficulty consistent across patients? Data relevant to each of 

these questions is discussed below. 

5. Do test scores adequately distinguish patients and neurologically healthy controls? 

The box plots in Figure 4.1 show the mean, median, and range of performance across five 

subject groups: young controls, older controls, and patients diagnosed with left 

hemisphere stroke, right hemisphere pathology, and probable Alzheimer' disease. As 
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Figure 4.1 Box Plot Showing Location and Dispersion of Subject Scores on the SCCAN 

100 + 

- -j. _ — * 

95 + 

90 

85 + 

I 

80 

75 

70 + 

65 + 

SO + 

55 + 

50 + 

45 + •I H 

40 + 

35 + 

Young Older Left Right Alzheimer's 
Controls Controls Hemisphere Hemisphere Disease 
(x=98) Stroke Pathology (x=79) (x=60) 

(x=94) (x=60) 



83 

shown here, the mean ('+') score was higher for the young (98/100) and older (94/100) 

control groups, than for patients diagnosed with left hemisphere stroke (60/100), right 

hemisphere pathology (79/100) and Alzheimer's disease (60/100). Inspection of Figure 

4.1 further shows that the central 50% of scores for each group (indicated by the boxes) 

and the median scores (indicated by the lines crossing the boxes) also clearly separated 

the control groups from the patients. There was, however, some overlap in the more 

extreme scores, particularly, the scores received by the older control group ('o ')and the 

patients diagnosed with Right Hemisphere pathology ('r '). 

Figure 4.2 shows the extent to which the SCCAN was able to accurately classify patients 

and controls. Setting the cut-off score at 90, the SCCAN demonstrated good sensitivity 

and specificity to neurogenic cognitive impairments and accurately classified 98% 

(50/51) of patients and 95% (38/40) of healthy controls. Caution should be used, 

however, in interpreting these values, since they do not account for measurement error. 

A more conservative approach would be to set the cut-off score at 95 which is the upward 

bound of the 90% confidence interval (x +/- 5.3) for a test score of 90. Using a score of 

95 as the cut-o ff correctly classified 75% (30/40) controls and 100% (51/51) of the 

patients. 
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Figure 4.2 Sensitivity and Specificity of the SCCAN 
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The SCCAN's ability to differentiate between healthy controls and patients was 

investigated further by performing a one-way analysis of variance (ANOVA) using 

subject group (5 levels) as the classification variable and test score (SCCAN 1: Full) as 

the dependent variable. Since the number of subjects was not equal across groups (young 

controls, n=20; older controls, n=20; left hemisphere stroke, n=20; right hemisphere 

pathology, n=15; Alzheimer's disease, n=16) a general linear model was used to correct 

for unequal cell sizes. Results of the analysis revealed that the effect of subject group 

was significant (F==56.14, p<.0001). Post hoc testing was carried out using planned 

contrasts with alpha set at .006 (.05 divided by 8 contrasts) to determine if there was a 

difference between controls and patients, between young controls and each of the three 

patient groups, between older controls and each of the three patient groups, and between 

young and older controls (see Table 4.7). The difference between the young and older 

control groups was not significant. Ail contrasts between control subjects and patients, 

however, were significant, including the contrast between older controls and patients 

diagnosed with right hemisphere pathology. These results indicate that control subjects 

performed significantly better on the SCCAN than did the patients. 
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Table 4.7 Plamed Contrasts: Performance of Controls and Patients on the SCCAN 

Contrast F Value Probability 
Young and Older Controls vs. 179.73 <.0001 
three patient groups 

Young Controls vs. 93.93 <.0001 
Patients with Left Hemisphere Stroke 

Young Controls vs. 25.68 <.0001 
Patients with Right Hemisphere Pathology 

Young Controls vs. 116.10 <.0001 
Patients with probable Alzheimer's Disease 

Older Controls vs. 105.67 <.0001 
Patients with Left Hemisphere Stroke 

Older Controls vs. 28.43 <.0001 
Patients with Right Hemisphere Pathology 

Older Controls vs. 130.61 <.0001 
Patients with probable Alzheimer's Disease 

Young Controls vs. Older Controls 0 1.0 

Question 6: 

Do test scores adequately differentiate the performance profiles of separate patient 

groups? 

To be appropriate for a broad range of patients, it is important that the test can not only 

differentiate normal and impaired performance, but also that it can characterize the 

specific impairment patterns associated with particular patient groups. Mean 

performance of the three patient groups on oral expression, problem solving, and memory 

scales is illustrated in Figure 4.3. These three scales were selected since impairments of 



Figure 4.3 Performance Patterns across Patient Groups 
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oral expression, problem solving, and memory are characteristic of left hemisphere 

stroke, right hemisphere pathology, and Alzheimer's disease. In order to compare across 

scales, all raw scores were converted into percent correct scores. As shown in Figure 4.3, 

the three groups demonstrated the expected pattern of performance with oral expression 

most impaired for the left hemisphere group, oral expression the most intact performance 

for the right hemisphere group, and memory most impaired for the Alzheimer's group. 

To investigate whether these patterns of performance were statistically significant a two-

way mixed design ANOVA was computed with 'patient group' (three levels) as the 

between subjects variable, and "scale' (three levels) as the within subjects variable. A 

general linear model was used to correct for unequal cell sizes. Significant main effects 

were found for group (F=16.44, p<.0001) and scale (F=27.21, p<.0001). There was also 

a significant group x scale interaction (F=25.32, p<.0001) indicating that the performance 

pattern on the three scales was affected by the patients' diagnostic group. Post hoc 

testing was done using planned contrasts with alpha set at .008 (.05 divided by 6 

contrasts) to further investigate the performance patterns of the three patient groups. The 

following questions were addressed: 1) Did the left hemisphere stroke group perform 

significantly lower on the oral expression scale than on either the memory or problem 

solving scales?, 2) Did the right hemisphere pathology group perform significantly 

higher on the oral expression scale than on the memory or problem solving scales and 3) 

Did the Alzheimer's group perform significantly lower on the memory scale than on the 

oral expression or problem solving scales?. As shown in Table 4.8, all six of the 

contrasts were in the expected direction, and five of the six were statistically significant. 



The left hemisphere group scored significantly lower on oral expression than on problem 

solving, the right hemisphere pathology group performed significantly higher on oral 

expression than on memory and problem solving, and the Alzheimer's group scored 

significantly lower on memory than on oral expression or problem solving. The only 

contrast that was not significant was for the left hemisphere group between oral 

expression and memory. These results provide strong support for the ability of the 

SCCAN to differentiate the performance patterns of patients diagnosed with left 

hemisphere pathology, right hemisphere pathology, and Alzheimer's disease. 

Table 4.8 Planned Contrasts: Performance of Patients on the SCCAN 

Contrast t-Value Probability 
Left Hemisphere Stroke Group 

Oral Expression and Problem Solving -2.98 .008 
Oral Expression and Memor>' -2.70 .014 

Right Hemisphere Pathology Group 
Problem Solving and Oral Expression -5.59 .0001 
Problem Solving and Memory -4.98 .0002 

Alzheimer's Group 
Memor>' and Oral Expression -8.78 .0001 
Memory and Problem Solving -5.39 .0001 

Question 7: Are the eight scales measuring the intended content areas? 

Another way to investigate whether the SCCAN provides a comprehensive measure is to 

examine the construct validity for each of the scales. The SCCAN claims to assess eight 

content areas: auditory comprehension, oral expression, reading, writing, orientation, 

attention, memory, and problem solving. The extent to which the SCCAN is truly 

measuring these areas was tested by comparing subject performance on the SCCAN 
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scales with perfonnance on external measures of the same construct. Table 4.9 shows the 

Pearson r correlation coefficients for SCCAN scales with external measures assessing the 

same constructs: auditory comprehension, oral expression, reading, writing, attention, 

memory, and problem solving. The orientation scale was omitted from the analysis since 

there is relatively little variation in the assessment of orientation across instruments. The 

correlations of purportedly matching constructs (e.g. SCCAN auditory comprehension 

with WAB auditory comprehension, SCCAN memory with Wechsler memory) are 

presented along the diagonal, underlined and bolded. As is evident from the correlation 

matrix, all of the SCCAN scales correlated significantly with external measures targeting 

the same constructs. Correlations were high for measures of auditory comprehension 

(.82), and oral expression (.91), and good for reading (.74), writing (.76), attention (-.71). 

and memory (.78). A lower correlation (.41), however, was observed between the 

problem solving scale and its paired measure. Performance of individual patients on the 

SCCAN problem solving scale and the WAIS picture arrangement test is summarized in 

Figure 4.4. Inspection of this plot suggests two possible explanations for the lower 

correlation. First, there is one patient from the left hemisphere group who appears to be 

an outlier. Closer inspection of the plot reveals that the performance of this patient is 

much closer to the performance of other patients diagnosed with left hemisphere stroke 

than it is to the performance of patients from other diagnostic groups. In fact, if an 

imaginary positively sloped line is drawn from the plot intercept, it is immediately 

apparent that patients from the left hemisphere group are located at or below the line, 

Table 4.9 



Table 4.9 Convergent and Discriminant Validity of SCCAN Scales (P<.05) 

SCALE Auditory Oral Reading Writing Attention Memory Problem 
Comprehension Expression Solving 

EXTERNAL MEASURE 
Auditory Comprehension: ^ .85 .66 .66 .58 .45 .75 
WAB Comprehension 
(n=43) 

Oral Expression: WAB .64 M .58 .67 .54 .38 .71 
Spontaneous Speech, 
Repetion, & Naming (n=43) 

Reading: .79 .66 J4 .57 .68 .42 .70 
WAB Sentences 
(n=44) 

Writing: WAB Written .51 .69 .62 M .70 .48 .77 
Picture Description 
(n=38) 

Attention: NS NS -.64 -.38 -.35 -.56 
Trails 1 - time 
(n=34) 

Memory: WMS Spatial .53 .46 .66 .37 .82 .78 .76 
Span, Logical Memory, 
Faces(n=42) 

Problem Solving: WAIS NS NS .46 NS .60 .48 M 
Picture Arrangement (n=42) 
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Figure 4.4 Patient Performance on Problem Solving Scale and WAIS Picture Arrangement 
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while patients from the right hemisphere pathology and Alzheimer's group are located 

above the line. This pattern strongly suggests that the relationship between performance 

on the see AN problem solving scale and on WAIS picture arrangement is different 

across patient groups. When the correlation between the problem solving scale and 

WAIS picture arrangement was analyzed separately for each group, the resulting 

correlations were good for the left hemisphere group (r=.76, p=.002, n=14), and moderate 

for the right hemisphere group (r=.69, p=.005, n-15) and the Alzheimer's group (r=.69, 

p=.009, n=13). One likely reason why the relationship between WAIS and SCCAN 

problem solving scales is different across patient groups is that the WAIS picture 

arrangement is designed to measure primarily visuo-spatial problem solving ability, while 

the SCCAN problem solving scale is intended to sample visuo-spatial as well as verbal 

and numeric problem solving abilities. This possibility is supported by examination of 

correlations between individual SCCAN problem solving items and WAIS Picture 

Arrangement (see Appendix B, column eight). Although approximately half (5/11) of the 

visuo-spatial problem solving items correlated with WAIS picture arrangement only one 

of six verbal problem solving items, and one of eight numeric problem solving items 

were correlated with the WAIS problem solving measure. A second reason why the 

correlation between the SCCAN scale and WAIS test may have been low is that the two 

tests differ in terms of their difficulty level. The two verbal and numeric SCCAN 

problem solving items that did correlate with WAIS picture arrangement are both 

relatively difficult items. Furthermore, turning again to Figure 4.4, it should be noted that 

almost the full range of SCCAN problem solving scores (5-22 points) occurred between 
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WAIS Picture Arrangement scores of zero to two points. This likely difference in the 

location or relative difficulty of the two tests, is also supported by the curvilinear 

appearance of the plot. When WAIS Picture arrangement scores were transformed 

(exponent 3), the correlation increased to .52. 

For the purpose of evaluating construct validity, it is often instructive to compare not 

only measures of the same construct (convergent validity), but also measures of more 

distant constructs (divergent validity). The correlations displayed outside the diagonals 

in Table 4.9 also provide useful inforaiation about the construct validity of each scale. 

For example, the correlations listed under the auditory comprehension scale show that 

this scale exhibited the strongest correlation with another measure of auditory 

comprehension. Furthermore, the auditory comprehension scale showed significant but 

lower correlations with measures of related language constructs. Correlations between 

the auditory comprehension scale and measures of the more distant cognitive abilities of 

visuo-spatial attention (trails) and visuo-spatial problem solving (WAIS PA), however, 

were not significant. The oral expression scale shows a similar pattern, exhibiting the 

highest correlation with the WAB Oral Expression score, demonstrating smaller but 

significant correlations with other language measures, and not correlating with trails or 

WAIS PA. The reading and writing scales again showed the highest correlations with 

measures of the same constructs, WAB reading and writing tests respectively. In 

addition to correlating with other language measures, these scales also correlated with 

measures of visuo-spatial ability. The attention scale showed significant correlations 



with all external measures, however, correlations were highest with external measures of 

memory, attention, writing and reading. This pattern of results is not surprising. As 

discussed in the first chapter, the overlap between attention, memory (particularly 

'working memory') and reading,'scanning has been documented repeatedly in the 

neuropsychology literature (see for example, Lezak, 1995 and Wilson, Cockbum, & 

Halligan, 1987). Memory and problem solving scales also correlated significantly with 

all other external measures. The memory scale showed the highest correlation with the 

composite of WMS memory tests. The problem solving scale showed the strongest 

correlations with measures of language and memory, a more modest correlation with the 

visuo-spatial measure of attention, and the weakest correlation with the visuospatial 

problem solving measure. As discussed above, the relatively low correlation between the 

problem solving scale and WAIS PA was likely affected by the content coverage (visual 

vs. visual, verbal, and numeric) and difficulty level of the two measures. With the 

possible exception of problem solving, the correlations presented in Table 4.9 provide 

strong convergent and discriminant support for the construct validity of the SCCAN 

scales. 

Question 8; Is there a wide range of difficulty among items in each scale? 

In addition to covering eight cognitive domains, the SCCAN was also designed to be 

targeted for a broad range of patients by including items in each scale with a wide range 

of difficulty. Item difficulty was estimated by calculating the probability of getting an 

item correct. This is simply the proportion (or percent) of total respondents who 
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answered an item correctly. Appendix B lists the individual item probability scores for 

control subjects in column five (percent correct for controls), and for patients in column 

six (percent correct for patients). Item difficulty for patients is also summarized in Table 

4.10 and illustrated grapliically in Figures 4.5 to 4.12,. Overall this data provides strong 

support that there is a wide range of difficulty in the items making up each scale. 

Table 4.10 Range of Item Difficulty (Probability' of Answering Item Correctly) 
for Patients (n~51) 

Scale Probability Range 

Auditor)' Comprehension 

Oral Expression 

Reading 

Writing 

Orientation 

Attention 

Memory 

Problem Solving 

.22 through 1 

.14 through .98 

.20 through .98 

.20 through 1 

.47 through 1 

0 through .88 

.08 through 1 

0 through 1 



Figure 4.5 Item Difficulty: Auditory Comprehension 

Auditory Comprehenison 

Figure 4.7 Item Difficulty: Reading 

Reading 

Figure 4.6 Item Difficulty: Oral Expression 

Oral Expression 

Figure 4.8 Item Difficulty: Writing 

Writing 
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Figure 4.9 Item Difficulty: Orientation 
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Figure 4.11 Item Difficulty: Memory 
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Figure 4.10 Item Difficulty: Attention 
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Question 9. 

Is the difficulty level of the items appropriate for the ability level of the patients? 

For the scale to generalize, however, it is not sufficient that items simply vary by 

difficulty; it is also necessary that the difficulty level of the items accurately targets the 

ability level of the patients. An item response theory (IRT) analysis was performed on 

each of the SCCAN scales to evaluate how well the difficulty level of items targeted the 

ability level of patients. According to IRT, the difficulty of each item (d,) can be 

expressed by the following equation: 

di - M + (1+ -/2.89)"^ In [(1 -pi)/pi] 

where M and are the mean and standard deviation for the total test score received by the 

calibrating sample, and p, is the probability of answering item i correctly (Wright and 

Stone, 1979). The IRT difficulty score for each item (di) is based on the item probability 

values discussed above. It differs, however, by (1) adjusting for the ability level of the 

sample population with which it was calibrated and (2) by using a natural log odds (logit) 

transformation to convert the probability values into a linear, equal interval scale. The 

unit of measurement on this scale is the logit. The standard error of measurement for d; 

(SEdi): 

(SEdi) = (1+ V2.89)"' [1/N pi(l- pi)]''^ 

is also based on the standard error of measurement for the probability value, with 

adjustments made for the calibrating sample and the IRT model. These values are 

summarized in column two of Table 4.11. As is evident from Table 4.11, there is a wide 
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range of difficulty amongst the items within each scale. The orientation scale had the 

smallest range of difficulty with item difficulty values ranging from -4.27 to 2.62. The 

widest spread of scores occurred for the oral expression scale, with values ranging from -

6.52 to 6.93. 

Table 4.11 Range of Item Difficulty for each Scale in Logits 

Scale Range of Logit Scores 

Auditory Comprehension (15 items) -4.31 to 4.75 

Oral Expression (19 items) -6.52 to 6.93 

Reading (12 items) -4.82 to 3.55 

Writing (8 items) -5.14 to 4.68 

Orientation (12 items) -4.27 to 2.62 

Attention (16 items) -2.75 to 6.28 

Memory (21 items) -6.20 to 3.38 

Problem Solving (25 items) -5.65 to 7.04 

The item maps presented in Figures 4.13-4.20 show the distribution of item difficulty 

within each scale, as well as the relationship between item difficulty and patient ability 

(both in logits). In general, items are fairly evenly distributed in terms of their difficulty 

level throughout each scale, although there are some gaps. For example, there are 

notable gaps in the auditory comprehension scale between items 23 and 24; in the writing 

scale between items 85, 87, and 86; in the orientation scale between items 15 and 10; and 



Figure 4.13 Item Map for Auditory Comprehension Scale 
Location of Patients (51)' and Items (16) on the Logit Scale 
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Figure 4.14 Item Map for Oral Expression 
Location of Patients (51) and Items (19) on the Logit Scale 
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Figure 4.15 Item Map for Reading Scale 
Location of Patients (51) and Items (12) on the Logit Scale 
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Figure 4.16 Item Map for Writing Scale 
Location of Patients (51) and Items (7) on the Logit Scale 
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Figure 4.17 Item Map for Orientation Scale 
Location of Patients (51) and Items (12) on the Logit Scale 
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Figure 4.18 Attention Item Map : 
Location of Patients (51) and Items (16 ) on the Logit Scale 
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Figure 4.19 Item Map for Memory Scale 
Location of Patients (51) and Items (21) on the Logit Scale 
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Figure 4.20 Item map for Problem Solving Scale 
Location of Patients (51) and Items (25) on the Logit Scale 
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in the memory scale between items 97 and 95. Overall, the difficulty level of the items 

appears to be relatively well targeted for the patients, although the patients had somewhat 

higher logit scores than did the items. Thus, for six of the eight scales (auditory 

comprehension, oral expression, reading, writing, orientation, and problem solving) the 

mean ability level of the patients ('M') was higher than the mean difficulty level ('M') of 

the items. Also, for five of the scales (auditory comprehension, oral expression, reading, 

writing, and orientation) there were at least two patients who performed at ceiling 

(100%). In contrast, there was no floor effect, all patients could answer at least one item 

in each of the scales. 

Question 10. 

Is the order of item difficulty consistent across patients? 

For the test to be appropriate for a broad range of patients it is also important that the 

order of item difficulty be consistent across individual patients Data from the IRT 

analyses were also used to evaluate the overall consistency in the pattern of patient 

responses across individual items. Outfit Mean Square Error (OMSQ) and Infit Mean 

Square Error (IMSQ) summarize how consistently the individual patient data fit the 

predicted model. OMSQ emphasizes unusual responses to items more heavily when they 

are distant from an examinee's ability level (e.g. someone with an overall high score 

missing an easy item), while IMSQ emphasizes unusual responses to items more heavily 

when they are closely targeted to an examinees ability level (e.g. someone with a high 

score missing a difficult item). Mean square error scores are derived from the computed 
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item difficulty scores and the expected scores (based on the probabilistic model). These 

two scores are used to compute residuals (item difficulty - expected score). The variance 

of the residual is then used to compute standardized residuals. The outfit mean square 

error is simply the mean of standardized residuals (sum of standardized residuals/the 

number of items). The infit mean square error is computed by summing the product of 

the score residual variances and the squared standardized score residuals and then 

dividing by the sum of the variances {(residual variance x standardized score residual )/ 

residual variance}. As a general rule of thumb, mean square error (MSE) values less than 

or equal to 2 are considered acceptable (Linacre, 2002). The infit and outfit mean square 

error for each item are listed in columns nine of appendix B. These data are also 

summarized in Table 4.12. As shown in Table 4.12, the infit and outfit mean square error 

for the majority of items in each scale was acceptable (less than two). Two scales 

(Orientation & Memory) had no items with a mean square error value above the cut off, 

three scales (Auditory Comprehension, Oral Expression, & Attention) had one item with 

a mean square error above the cut-off, two scales (Writing & Problem Solving) had two 

items with a mean square error above the cut-off, and one scale (Reading) had three items 

above the cut-off. In this type of analysis it is common to have one missfitting item 

simply by chance. The two misfitting items in the writing scale (items 82 & 83) 

contrasted with other items in the scale in that they both require copying. This supports 

the conclusion that performance on copying depends on cognitive skills that are 

somewhat separate from other types of writing tasks (e.g. writing to dictation, written 

picture description) and therefore may belong in a separate scale. The two misfitting 
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Table 4.12 Misfitting Items in each Scale 

Scale Items with Outfit MNSQ > 2 Items with Infit MNSQ > 2 
Auditory Comprehension Item 18 0 
(15 items) 

Oral Expression Item 35 0 
(19 items) 

Reading Item 71 0 
(12 items) Item 73 

Item 74 

Writing Item 82 0 
(8 items) Item 83 

Orientation 0 0 
(12 items) 

Attention Item 68 0 
(16 items) 

Memory 0 0 
(21 items) 

Problem Solving Item 57 0 
(25 items) Item 61 

items in the problem solving scale (items 57 & 61) can be considered borderline since 

their OMSQ is close to two (3.01 & 2.27 respectively). These items differ from other 

items in this scale in that they require some visual construction. Lastly, the three 

misfitting items in the reading scale (items 71, 73, 74) also differed from other items in 

the scale in terms of their visual spatial processing requirements. Items 71 & 74 both 

require picture-text matching, and item 73 requires differentiation of visually similar 

targets (chair/chain). Aside from these few items, these results suggest that the response 

pattern and relative difficulty of items was generally consistent across patients. 
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The overall summary statistics for each scale provide further evidence of a consistent 

response pattern. These statistics are based on analyzing the variance (SD^) in the overall 

pattern of responses for all items within each scale. The separation score is the 

proportion of variation in responses that is explained by item difficulty vs. measurement 

error. In general, the separation score should be greater than or equal to two that is, at 

least twice as much of the variation in responses should be explained by item difficulty 

rather than simple measurement error. Lastly, the reliability is the proportion of overall 

variance explained by item difficulty. These reliability values are equivalent to the 

Cronbach alpha coefficient. As shown in Table 4.13, all eight scales had a separation 

score greater than two, signifying that at least twice as much of the variation in responses 

was explained by item difficulty as by measurement error. The overall reliability scores 

for the scales ranged from .87 (orientation) to .96 (oral expression). These values can be 

interpreted to mean that for the orientation scale 87% and for the oral expression scale 

96% of the total item logit variance was explained by the actual differences between 

items. 



113 

Table 4.13 IRT Summary Statistics for each Scale 

Scales Standard Deviation Separation ReUability 

Auditory 2.08 3.31 .92 
Comprehension 
(15 items) 

Oral Expression 3.73 4.94 .96 
(19 items) 

Reading 2.54 3.94 .94 
(12 items) 
Writing 2.47 4.21 .95 
(8 items) 

Orientation 1.5 2.53 .87 
(12 items) 

Attention 1.38 3.35 .92 
(16 items) 

Memory 1.64 3.43 .92 
(21 items) 

Problem Solving 1.89 3.93 .94 
(25 items) 

MEASUREMENT OF IMPAIRMENT AND FUNCTIONAL ABILITY 

Question 11. 

How does the total test score compare to other measures of impairment and function? 

Another objective of this research was to develop an instmment that provides a measure 

of both impairment and functional ability. In order to investigate whether or not the 

SCCAN has met this goal, correlation coefficients were computed to compare patient 



114 

performance on the SCCAN with patient performance on a measure of functional ability 

(Communicative Activities of Daily Living-2), a measure of general impairment (Mini 

Mental State Exam), and a measure of language specific impairment (Western Aphasia 

Battery). As presented in Table 4.14, correlations were high with the measure of 

functional ability (r=.94) and the measure of general cognitive impairment (.90), and as 

expected good, but somewhat lower with the language specific measure(.74). These 

findings support the claim that the SCCAN provides a valid measure of both impairment 

and function. 

Table 4.14 Comparison of SCCAN Total Score with 
Measures of Impairment and Function (p<.0Q01) 

Measure SCCAN CADL-2 MMSE WAB 
SCCAN 1.00 

(n=51) 

CADL-2 .94 
(n=38) 

1.00 
(n=51) 

MMSE .90 
(n=40) 

.86 
(n=35) 

1.00 
(n=51) 

WAB .74 
(n=40) 

.70 .76 
(n=34) 

1.00 
(n=51) (n=33) 
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ADMINISTRATION TIME 

Question 12. 

Can the short version of the test he administered in less than 40 minutes? 

This test was also designed to be administered quickly. In order to accomplish this a 

decision tree was built into each scale so that only a subset of ability-appropriate items is 

administered to each individual. The effectiveness of the decision tree depends on the 

extent to which items can be ordered by difficulty level. Data has already been presented 

indicating that there is a wide range of i tem difficulty within each scale. This section 

evaluates the e.xtent to which the use of a decision tree has been effective in reducing test 

administration time. As shown in Table 4.15 the mean time to administer the short 

version of the test was 34 minutes (S.D. = 6 minutes) and the mean time to administer the 

full version of the test was 47 minutes (S.D. = 9 minutes). Results of a one-tailed one 

sample t-test (n=49) revealed that the time required to administer the short version of the 

test was significantly less than 40 minutes (t=-6.6, alpha <.001). A one-tailed paired 

samples t-test (n=49 patients) was also computed to determine if the time required to 

administer the short version of the test was significantly less than the time required to 

administer the ftill version of the test. Results of the analysis were significant (t=13.61. 

alpha <.0001), indicating that the short version of the test (mean=34 minutes) took 

significantly less time to administer than the full version of the test (raean=47 minutes). 

Administration times for the short and full versions of the SCCAN are presented in Table 

4.15. The mean time saved by administering the short vs. full version of the test was 12 

minutes. This amounted to a time savings of 15 minutes for the left hemisphere stroke 
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group, 9 minutes for the right hemisphere group, and 12 minutes for the Alzheimer's 

group. Although the time saved did not vary greatly across subject groups, it did vary 

relative to patient's overall performance on the test. As illustrated in Figure 4.21, the 

amount of time saved by administering the short vs. full version of the test increased as 

performance dropped. In other words, patients who had the lowest scores on the test 

benefited most from the shortened test administration. 

Table 4.15 Administration Time (minutes) 

Short Test Full Test Total Time 
Saved 

Proportion of 
Time Saved 

All Patients 34 47 12 12/47 

LH 34 49 15 15/49 

RH 31 40 9 9/40 

AD 38 50 ' 12 12/50 



Figure 4.21 Test Score and Time Saved by Administering Short Version of Test 
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Chapter 5 

DISCUSSION 

The purpose of this research was to develop a valid and reliable measure of cognition and 

communication that was specifically designed for the needs of current adult 

neurorehabilitation. More specifically, the goal was to design an instrument that 1) is 

comprehensive and appropriate for a broad range of patients, 2) provides a measure of 

both impairment and functional abilities, and 3) can be administered quickly. This 

chapter begins by summarizing the results of this research and by comparing the 

psychometric properties of the SCCAN with those reported for similar tests. Unique 

features of this instrument are then discussed in relation to its underlying theoretical 

organization and its potential clinical significance. The chapter concludes by discussing 

unexpected results of this research, addressing some limitations of the study, and by 

suggesting areas for future research. 

BASIC PSYCHOMETRIC PROPERTIES OF THE SCCAN 

Reliability 

One objective of this research was to develop a reliable measure. In order to evaluate the 

reliability of the SCCAN, the stability of test scores was examined across different testing 

occasions, across different test items, and across different raters. Test-retest reliability 

coefficients were high for the total test score (Pearson r=.96) and for the eight individual 

scales (Pearson r range: .78 to .95). Test-retest reliability was also examined at item 
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level. Of the 100 items included in the test, the majority exhibited good test-retest 

reliability (percent agreement >.70). However, seven items with low reliability were 

identified. A modified split-half reliability coefficient was also computed to compare 

scores on full and short (using the decision tree) test administrations. Correlation 

coefficients were high for the total test (Pearson r = .99) and the scales (Pearson r range: 

.94 to .99). Strong agreement was also found on the SCCAN when independent raters 

scored the same test administration (mean percent agreement = .97). Lastly, reliability 

coefficients were used to compute the standard error of measurement. The estimated 

error of measurement was found to be relatively small for both the total test score (3.21) 

and the individual scales (range; .32 to 1.68). Collectively these results provide strong 

support for the reliability of the SCCAN across different testing occasions, different 

items, and different raters. Thus, observed variability in performance is likely due to 

differences in patients, rather than random measurement error. 

Comprehensiveness 

To make it comprehensive and appropriate for a wide range of patients, the SCCAN was 

designed to provide broad coverage of eight cognitive areas: auditory comprehension, 

oral expression, reading, writing, orientation, attention, memory, and problem solving. 

Findings from this research strongly support the comprehensiveness of this instrument. 

First, neurologically healthy control subjects achieved test scores that were significantly 

higher than all three of the patient groups. The difference in performance was greater for 

the left hemisphere stroke and Alzheimer's groups than for the group diagnosed with 



right hemisphere pathology (see Figure 4.1). Nonetheless, using a cut-off score set at 90, 

the SCCAN was sensitive enough to classify accurately 50/51 (98%) of the patients, and 

specific enough to classify accurately 20/20 (100%) of the young controls, and 18/20 

(90%) of the older controls, (see Figure 4.2). In addition to separating controls from 

patients, results of the group profile analysis indicate that the SCCAN was also accurate 

in characterizing the performance patterns of the three patient groups across three 

cognitive areas (see Figure 4.3). The purpose of the SCCAN, however, is not simply to 

classify patients but also to estimate their ability level on each of the scales. To 

accomplish this, the difficulty of the items must be appropriate for the full range of 

patient abilities. An IRT analysis was performed to evaluate how well the difficulty of 

the items matched the ability of the patients. Results indicated that a wide range of 

difficulty was observed among the items in each scale. Furthermore, the items in each 

scale were well targeted to the ability of the patients (see Figures 4.13 -4.20). The 

difficulty of the items was fairly evenly distributed throughout the scales, although 

several large gaps were noted between items. The hierarchy of item difficulty within 

each scale was also fairly consistent across diagnostic groups and individual patients. 

Nonetheless 10 of the 100 items showed an inconsistent response pattern. To further 

evaluate the construct validity of the individual SCCAN scales and the appropriateness of 

this test for a wide range of patients, the eight SCCAN scales were compared to external 

measures of the same cognitive domains. Significant correlations (Pearson r range: .41 to 

.91) were found for each of the matched measures. In general, this data provide strong 
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convergent evidence for the construct validity of these scales and their appropriateness 

for a wide range of patients. 

Measurement of Impairment and Functional Abilitv 

This test was also developed to provide a measure of both impairment and function. To 

accomplish this, functional items were inserted into an impairment-based structure 

organized around eight cognitive areas. To evaluate whether this truly provided a 

measure of both, performance on the SCCAN was compared to performance on external 

measures of impairment (Mini-Mental State Exam) and functional ability (CADL-2). 

High correlations (in the .90's) were observed between the SCCAN and both of these 

measures, supporting the claim that the SCCAN is measuring both impairment and 

function. 

Administration time 

The fourth goal of this research was to develop a measure that could be administered in 

less than 40 minutes. A decision tree was built into each scale so that only a subset of 

ability-appropriate items need be administered to examinees. Results indicate that the 

short version of the SCCAN (using the decision tree) was administered in significantly 

less than 40 minutes. The mean time to administer the test was 34 minutes (S.D.= 6 

minutes). Use of the decision tree reduced test administration time by approximately 12 

minutes. The total time saved varied across patients (range: 3 to 34 minutes) and not 

surprisingly was greatest for patients with the lowest overall test scores (see Figure 4.22). 
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COMPARISON WITH SIMILAR MEASURES 

Since different instruments vary considerably in terms of their content, structure, 

rationale, and the methods used for their development, it is important to acknowledge 

these differences when making comparisons. Table 5.1 summarizes the psychometric 

properties of the SCCAN and four representative measures: The Wechsler Abbreviated 

Scale of Intelligence (WASI), the Mini-Mental State Exam (MMSE), Cognistat, and the 

Middlesex Elderly Assessment of Mental State Exam (MEAMS). All values presented in 

Table 5.1 were reported by the test authors, and were taken either from the test manual or 

a related journal article. As shown in the Table, the standardization sample for the 

SCCAN (n=91) was smaller than those used for the WASI (106 to 1145), MMSE (132), 

Cognistat (149), and MEAMS (120). The SCCAN sample, like the WASI, MMSE, and 

Cognistat samples, included both healthy controls and patients, while the MEAMS 

sample included only patients. The SCCAN was the only one of these tests to include 

individuals diagnosed with left hemisphere stroke and with right hemisphere stroke in its 

calibration sample. Although the SCCAN sample included healthy adults, data from this 

group was used solely to establish a cut-off score and evaluate test sensitivity and 

specificity, all other analyses of reliability and validity were computed with the patient 

data. Reliability and validity values presented for the MMSE were also derived strictly 

from the patient data. In contrast, the psychometric properties reported for the WASI 

were based on data from healthy adults. 
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Table 5.1 Compaison with Similar Measures 

TEST SCCAN WASI MMSE Cognistat MEAMS 

PSYCHOMETRIC PKOPERTV 
Sample Population 
Total 91 Various: 106 to 1145 132 149 120 
Healthy Adults 40 Various: 106 to 1145 63 119 NA 
Neurological Patients LCVA 20 Head Injury 14 Affective: 40 Neurosurgical: 30 Depression: 40 Neurological Patients 

RCVA 15 Dementia: 29 MID: 40 
AD 16 AD: 40 

Subscores Comprehension Vocabulary None Orientation None 
Oral Exp. Similarities Attention 
Reading Block Design Comprehension 
Writing Matrix reasoning Repetition 
Orientation Naming 
Attention Construction 
Memory Memory 
Problem Solving Calulation 

Similarities 
Judgement 

Reliability 
T-Retest (N=106) ,99 NA ,91 (n=28) 

Total Score .96 ,93 (alternate forms) 
NA NA 

Subscores .78 to ,95 ,81 to .90 NA 
NA 

Internal (split-halves) NA NA 
Total Score ,99 ,98 NA NA 

Range for Subscores .94 to ,99 .92 to .94 NA 

Inter-rater NA ,98 (n=22) 
Total Score (PA=.97) NA ,83(n=19) NA NA 
Subscores NA .98 & .99 (two subtests only) NA 

Validity 
Sensitivity ,98 Population specific ,93Shwamm'87 79% 
Specificity .95 NA NA 95% 
External WAIS (n=248) ,77.,66 (WAIS NA NA 

Total Score ,90 (MMSE) ,92 verbal) 
and performance) 

Subscores ,41 to ,91 ,66 to ,88 
NA 

Practical: 
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There is considerable variability in the reliability information reported for the different 

instruments. The total score test-retest reliability coefficient for the SCCAN (.96) was 

consistent with values reported for the WAS! (.93), the MMSE (.99) and the MEAMS 

(.91). SCCAN subscore test-retest reliability coefficients, internal reliability coefficients, 

and inter-rater reliability measures were also comparable to values reported for the 

WASI. No reliability information was reported for Cognistat, since according to the 

developers, reliability criteria 'do not apply well to this type of instrument" (The Northern 

California Neurobehavioral Group, 1995). 

The tests also differ in terms of evidence supporting their relative comprehensiveness 

and appropriateness for a wide range of patients. There are several types of evidence that 

pertain to the comprehensiveness of an instrument. This discussion focuses on the ability 

of the tests to adequately classify distinct patient groups, the breadth of content areas that 

are covered, and the range of di fficulty or depth of coverage within each of these content 

areas. As indicated above, the SCCAN demonstrated good ability to separate the 

performance of patients from neurologically healthy controls. Scores on the SCCAN 

were significantly lower for the three patient groups than for the younger or older control 

groups. Statistical differences in the performance of neurological patients and controls 

were also demonstrated for the WASI (with head injury patients), and for the MMSE 

(with depression and dementia patients). Although the creators of Cognistat claim that its 

patient sample scored 'far below' the age-matched controls on the 10 subscores, the 

accompanying data indicate that patient performance on 9 of the 10 subscores was within 



one standard deviation of normal performance. Since the MEAMS did not include 

healthy adults in its standardization sample, there is obviously no information about its 

ability to separate patients from healthy elderly. Sensitivity and specificity values 

calculated for the SCCAN are .98 and .95 respectively. Similar findings were reported 

for the sensitivity of Cognistat (.93 ) and the MEAMS (.93), but, since neither of these 

tests provides information about the score specificity, these values are somewhat difficult 

to interpret. In addition to separating the performance of patients and controls, the 

SCCAN was also able statistically to characterize the performance profiles of the three 

patient groups. Although the Cognistat manual provides single case reports that are 

'typical' of various types of pathology, none of these profiles have been tested 

statistically. 

Relative to breadth of coverage, the MMSE and MEAMS provide a single total score. In 

addition to a total score, several subscores evaluating different cognitive areas are 

computed for the SCCAN (8), WASI (6), and Cognistat (10). One way to evaluate the 

validity of these subscores is to compare them to external measures believed to be 

measuring the same constructs. All correlations of SCCAN subscores with external 

measures of the same construct were significant. With the exception of the problem 

solving scale (.41), comparisons between the remaining seven SCCAN scales and 

external measures resulted in correlation coefficients (-.71 to .91) that were roughly 

equivalent to analogous values reported for the WASI (.66 to .88). The SCCAN was also 

made appropriate for a broad range of patients by including items with a wide range of 



difficulty in each scale. As stated above, results of the IRT analyses support the 

conclusion that the eight SCCAN scales include items with a wide range of difficulty, 

that the difficulty level is generally well targeted to the patients' level of ability, and that 

the order of item difficulty is generally consistent across diagnostic groups and individual 

patients. The WASI was the only other instrument that reported using IRT analyses to 

evaluate items. According to the WASI manual, during test development any item with 

'poor' IRT fit statistics was removed from subsequent versions of the test. 

Unfortunately, there is no further explanation of what is meant by poor, nor is there any 

quantitative or qualitative information pertaining to the IRT properties of the existing 

instrument. This makes it impossible to compare the IRT properties of the SCCAN with 

those of the WASI. Items on the Cognistat apparently also vary in terms of their 

difficulty, but again no quantitative information is provided which would allow 

comparison. 

Lastly, relative to practical validity, administration time for the SCCAN (34 minutes) was 

longer than for the MMSE (5-10 minutes) but was comparable to the administration time 

reported for other measures, such as the WASI (30 minutes). 

In summary, although the SCC AN was standardized on a relatively small sample, the 

data discussed above and summarized in Table 5.1 suggests that in general, basic 

measures of reliability and validity reported for the SCC AN compare favorably with 
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those reported for similar measures. Furthermore, this instrument provides information 

relevant to item difficulty and scale properties that is not available for similar measures. 

Unique Properties of the SCCAN: Theoretical Structure and Clinical Significance 

This test is unique in systematically integrating four theoretical approaches; classical 

language assessment, cognitive assessment, functional measurement, and psychometric 

theory. Most clinicians who work in neurorehabilitation would agree that it is difficult to 

make definitive statements about a patient's cognitive status without knowing something 

about the patient's residual language abilities, and conversely any assessment of language 

is limited without some insight into a patient's general cognitive status. Despite the well 

recognized and complex relationship that exists between language and other aspects of 

cognition, assessment of language has traditionally been done independently of other 

types of cognitive evaluation. Whereas most tests aim to measure either language or 

some other aspect of cognition, some tests are designed to evaluate both. Many of them 

target specific patient populations, and focus on a subset of behaviors relevant for that 

diagnostic group. A number of the quick general tests of cognition also include some 

measure of language ability. Assessment of language on these measures, however, is 

often limited to an assessment of naming (RBANS, WASI), or to one or two items 

sampling oral expression and/or auditory comprehension (Cognistat, CLQT, MEAMS). 

The MMSE remains the only general test that samples across a range of language 

behaviors (auditory comprehension, naming, repetition, reading, and writing), but 

assessment is limited to only one or two items in each area. Furthermore, many of these 
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tests (MMSE, Microcog, Cognistat, RBANS) rely only on verbal materials to assess other 

cognitive areas, such as attention, memory, and problem solving, making these tests 

inappropriate for any patient who has impaired language. The SCCAN extends both the 

breadth and depth of language coverage that is evident in other quick general tests. 

Separate scores are provided for four language scales (auditory comprehension, oral 

expression, reading, and writing) and the number of items included in each scale ranges 

from 8 (writing) to 19 (oral expression). Although there is only a single oral expression 

scale, this scale samples naming (6 items), connected speech (8 items), and repetition (7 

items). In addition, as discussed in Chapter 2, much effort was directed towards ensuring 

that the stimuli used to assess attention, memory, and problem solving would be 

approximately evenly split between verbal and visuo-spatial materials. 

The SCCAN also differs from other tests not only by measuring language in conjunction 

with other cognitive areas, but also by measuring both impairment and functional ability. 

From a clinical perspective, it is important to understand the nature of a patient's 

impairment as well as the impact that this impairment has on the patient's daily activities. 

Although clinicians might debate the relative importance of emphasizing impairment vs. 

functional approaches, health insurance companies evaluate the efficacy of therapy 

primarily in terms of functional gains. Decisions concerning reimbursement and 

provision of care ultimately depend on the ability of the therapist to demonstrate the 

impact of therapy on a patient's daily life. Clearly, it is essential that therapists are able 

to quantify the functional value of services that are provided. The quick general tests of 



cognition discussed above were all designed to measure impairment rather than 

functional ability. Not surprisingly, there is no information relevant to the functional 

validity of test scores in the accompanying test manuals. Nonetheless, subsequent 

research has shed some light on the functional validity of some of these measures. 

Although one might expect that tests of impairment would be highly related to tests that 

measure the impact of impairment, this has not necessarily been borne out in the 

literature. For example, studies have shown that the MMSE is a poor predictor of 

functional independence (Kaye, Grigsby, Robbins & Korzun, 1990; Reed, Jagust, & , 

Seab, 1989). Based on the results of a regression study, Cognistat appears to be 

somewhat more closely associated with functional measures, and was able to account for 

49.6% of the score variance on the Functional Independence Measurement Scale (Dente, 

2002). The MEAMS was also compared to the Functional Independence Measurement 

Scale and was found to be moderately correlated to this measure (r=.35,Yaretsky, Lif-

Kimchi, Finkeltov, Karpin, Turani-Feldman,Shaked-Bregman, Peleg. Feldman, Spiegel, 

Weinblatt, 2000). Domain-specific functional tests such as the Communication Activities 

of Daily Living-2, the Rivermead Behavioral Memory Test, and the Naturalistic Action 

Test also provide information about the relationship between measures of impainnent and 

functional ability. Significant correlations, ranging from .36 to -.68, have been observed 

between these functional measures and many (but not all) impairment-based tests of the 

same construct (Holland, Frattali, & Fromm, 1999; Ostrosky-Solis & Jaime, 1997; 

Schwartz, Segal, Veramonti, Ferraro, & Buxbaum, 2002). Since functional tests attempt 

to measure everyday experience and hence the integration of multiple cognitive skills, it 
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is surprising that there are no functionally oriented general tests of cognition. The 

SCCAN appears to be the first general test designed explicitly to measure both 

impairment and functional ability. It allows the examiner not only to make a statement 

about the level of impairment, but also to relate this impairment immediately to its impact 

on a patient's everyday experience. For example, a patient's performance on the SCCAN 

reading scale provides the examiner sufficient information to make summary statements, 

such as: 

Mr. X demonstrated moderate reading impairments, he is able to read signs, isolated 

words, and short sentences, but is unable to locate relevant information when it is 

embedded in more complex/lengthier text. He is currently unable to independently read a 

schedule or understand a medication label. 

The findings of this study, specifically the high correlations (in the .90's) observed 

between the SCCAN and measures of both impairment (MMSE) and functional ability 

{CADL-2) suggest that the SCCAN has been at least partially successful in bridging the 

gap that existed between these previously separate approaches to cognitive assessment. 

The SCCAN differs further from similar tests in its use of psychometric theory, 

specifically. Item Response Theory (IRT), to develop scales that: 1) vary widely in terms 

of their difficulty, 2) adequately target the ability level of a diverse group of patients, and 

3) possess a hierarchy of item-difficulty that is consistent across diagnostic groups and 
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individual patients. Beyond improving the precision of measurement, the creation of 

these scales has additional clinical value. One common complaint regarding traditional 

standardized testing is that it is often necessary to administer numerous items, even when 

the task is too difficult, or perhaps even stressful for a patient. The IRT properties of the 

SCCAN make it possible to implement standardized and psychometrically valid decision 

trees in each of the scales. Use of the decision tree allows clinicians to tailor testing so 

that only a subset of ability-appropriate items is administered to a particular patient. As 

stated above, the high correlations (range .94 to .99) observed for patient scores on full 

and short administrations of each scale suggests that it makes little difference if patients 

are administered all items or a smaller subset of ability-appropriate items. Furthermore, 

the time saved by using the decision tree and administering only a subset of items was 

significant. The mean time saved was 12 minutes. This ranged from 3 to 34 minutes 

across patients, and was greatest for those individuals with the most pronounced deficits. 

These findings together with the results of the IRT analyses strongly support the use of 

the decision trees as an effective means of evaluating a wide range of abilities, and doing 

so in a fairly short period of time. 

Limitations of this Studv and Some Suggestions for Future Research 

This research reflects the first stages of an on-going process of test development and 

validation. Further research should be directed toward further refinement of the test and 

additional field-testing. With respect to further development of the test, several items 

exhibited poor psychometric properties. Specifically, there were seven items (items 27, 
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28, 74, 77, 79, 87, & 99) with low test-retest reliability (PA <.70) and ten items (items 

18, 35, 57, 61,71, 73,74, 82, & 83) that demonstrated poor fit with their respective scales 

(based on the IRT analyses). Future research should be directed toward improving the 

psychometric properties of these items. Further investigation of the problem sol ving 

scale is also a priority for future study. Although patient performance on this scale was 

correlated with performance on an external measure of problem solving (WAIS Picture 

Arrangement), results of the discriminant analysis raise questions about the validity of the 

SCCAN problem solving score. Differences in the mean scores received by the three 

patient groups on the SCCAN Problem Solving scale and WAIS Picture Arrangement are 

also pertinent. As shown in Table 4.2 the group diagnosed with right hemisphere 

pathology performed relatively well compared to the other patient groups on the SCCAN 

problem solving scale. This contrasts with their performance on WAIS picture 

arrangement subtest (see Table 4.1) which was relatively low in relation to other patient 

groups. Although it is likely that both of these findings are partly explained by 

di fferences in the breadth of coverage and relative difficulty level of the two measures, it 

also suggests that the SCCAN problem solving scale may be more sensitive to verbal 

than visuo-spatial impairment. Additional research may help resolve this question. 

Further reduction of test administration time is another topic warranting further research. 

More extensive field-testing is also a research priority. One area of particular importance 

would be to test the SCCAN on other patient populations. Since this study focused on 

test reliability and validity, it was necessary to limit testing to patients who 1). were 



medically stable and 2). could tolerate several hours of neuropsychological testing. For 

these reasons, only patients with chronic impairments (at least 3 months post onset) were 

included in this research. Subsequent studies should focus on patients in more acute 

stages of recover}'. In addition to testing patients at different stages of recovery, it would 

also be useful to test this instrument on patients with other types of diagnoses, such as 

traumatic brain injury, frontal lobe dementia, or progressive aphasia. During field-testing 

for this research the examiner was aware of the patients' diagnoses prior to administering 

tests. To profile the performance patterns of different patient groups it would be 

beneficial if future research allowed for a 'blind' design in which the examiner was 

unaware of the patients diagnoses prior to test administration. Yet another avenue for 

future research would be to explore different types of validity questions. For instance, it 

would be worthwhile to investigate whether initial performance on this instrument, alone 

or in conjunction with other types of information, can be used to predict subsequent 

recovery. 

Conclusions 

Over the last few decades there have been numerous changes in the practice of 

neurorehabilitation. The purpose of this research was to develop an assessment tool that 

was suited to these changes. Specifically, the SCCAN was designed to fulfill four 

criteria; 1) provide a measure that is reliable, 2) extend the comprehensiveness of current 

tests, 3) measure both impairment and functional ability, and 4) allow a rapid 

administration time (approximately 30 minutes). Field testing of this instrument strongly 
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suggests that the SCCAN has achieved these objectives. The SCCAN demonstrated good 

reliability across different test administrations, items, and raters. Furthermore, a 

relatively small measurement error was found for the total score and each of the eight 

scales. Several types of evidence suggest that the SCCAN provides a comprehensive 

measure that is appropriate for a wide range of patients. First, the SCCAN was able to 

differentiate patients and healthy controls, as well as distinct patient subgroups. In 

addition, scores on the individual SCCAN scales demonstrated significant correlations 

with established measures of the same constructs. Also, a wide range of difficulty was 

observed across items in each scale. The fact that the SCCAN demonstrated high 

correlations with both the MMSE and CADL-2 supports the claim that this instrument 

provides a valid measure of both impairment and functional ability. Lastly, results 

indicate that the SCCAN can be administered in approximately 30 minutes. 
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APPENDIX A 

SCALES OF COGNITIVE AND COMMUNICATIVE ABILITY 
FORNEUROREHABILITATION (SCCAN) 

TEST FORM 

LISA MILMAN M.S. CCC-SLP & AUDREY HOLLAND PH.D. CCC-SLP, BC/ANCDS 
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Start time: _ 
End time 1: 
End time 2: 

ORAL EXPRESSION I. 

REPETITION & IMMEDIATE VERBAL RECALL 
CUES: Questions and instructions may be repeated once. Provide a second trial if word is repeated incorrectly. 
SCORING: This section measures oral expression therefore an oral response is required. Patients should not be penalized for 
dysarthric errors so long as speech is intelligible (at least 75% of phonemes correct). 
1. Please say what 1 say: 

'ah' 
2. 'no' 

Hello, m\ nunu:i\ lai'ia f'-pt-cck.ruthoirurirpsxrholiii:^/ I air-ir re,ii talk to\itc uko.il 
—• 

lip 

•I i\i ''Hiking 1 1 'rtii'i "H. 1 L • 11 II -Ni 'n\',ir ».<i ' • "1 •••'li't i i 11'i • 
isniLitiber. llw/inr 'htist; rh'.l i 'iiki"r.n^rrt u^k ./hi ro reinemhei n •/.vrnfn" Hi-nvmhcr it\ f)eci.u.\t. 
ft' lit b'kjiiw't till .'ni! 0" -n'fii'-itth', Krhn' •' •%.' 
I I r !i p.iiie'ii diie>' 01 rc^p ml ir the vn 1r ropcji n t -lo .nd iMi 

It n iut.n'h>i<. prt Jji-cJ .iQiix i.i>ircLt[\ »!> 
' (IK so at the end of the lê t fit (hA j du my nami'. and vou 'If \a} iVi. . ? 

SI f )Rl\Ci VurL iinv." pciia it pariLni ihL- ri n? id'ji.>» the nirro^i lumi 
4. Try and remember these medications: Aspirin, Turns, and Neosporin 

What are they? 
CUE: Provide a second trial if medications are repeated incorrectly. 

If correct say: 
Remember them, because I'm going to ask for them again. 

5. Now I am going to read you a message. When I finish tell me as much of it as you remember. Ready? 

Dr. White called to change your appointment from Wed. at 9 to Wed at 11. 

Tell me as much as that as you remember. 
CUE; Provide a second trial if message is repeated incorrectly. 
SCORING: Response must include all of the following information 

a. Dr. White 
b. called 

c. change/switch/reschedule 
d. appointment 
e. Wednesday 
f 9 
g.ll 

If correct say: 
Try and remember this message also. In a few minutes I'll ask you for my name, the three medications, and the 
message. 
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ORIENTATION 
The purpose of this section is to determiBe whether a patient is oriented. Ask the following questions using an informal 
conversational style. Repeat, clarify and gesture as necessary to communicate the meaning of each question. Provide a 
paper and pencil, and prompt patients to write responses that they are unable to articulate. Encourage patients to elaborate 
if a partial response is given. Write down as much of the response as possible. Note dysarthria, slow speech rate, anemia, 
simplified grammar and modality of response. 

CUES: If the patient has not responded after five seconds, provide specified cues. Do not provide additional cues. 

SCORING: A correct response receives a score of 1 point regardless of whether cues are provided. Note that Y/N questions are 
presented as a pair. Responses to both questions must be correct to receive credit. Do not penalize patients for dysarthric errors 
if speech is intelligible or for agraphia if writing is legible. 

PERSON & SITUATION 
6. What is yourfirst and last name? 

CUE: If only first or last name is given, ask for missing part. 
If patient does not respond after five seconds, rephrase as Yes/No questions: 
bycmr name Davis (\ncomct)? Is your name (correct),^ 

7. 

"s 

• • 

How are you feeling today? 
CUE; If patient does not respond after five seconds, rephrase as Yes/No questions: 

Are you feeling good (gesture thumbs up);' Are yon feeiitig bad (gesture thumb down),' 
's-Aw happi'nedj O't' 'A In wiiyou rtf/v' 

< I 1 11 pati.nl .J'kMUjI ro'-pund iitur H\e •ii^oruls i^phr.isL ^ qujs|ii<r:> 

9. Have you noticed any changes in talking, thinking or remembering things? Any other changes? 

10. What is your phone number? 

PLACE 
11. 

:  . .  

What city are we in? 
CUE: If patient does not respond after five seconds, rephrase as Yes/No questions; 

4re tr' > (Joncot c"lv V-' 'i-i' v.e p (nc ire-t 
rf'/ia* s-wate w? 
(If II pjtii.r( not rc-pond i !Ur ll^^. klu -ids repliKise 'V l-. No quesimis 

13. What IS the name of this building? 
CUE; If patient does not respond after five seconds, rephrase as Yes/No questions; 

fe this a supermarket? Is this a (correct location),? 

TIME 
14. Who is the president now? 

CUE; If patient does not respond after five seconds, rephrase as Yes/No questions. 
!s it (current president),' Is it Reagan? 

15. What day of the week is it? 
CUE: If patient does not respond after five seconds, rephrase as Yes/No questions: 

Is it (correct day).' Is it (incorrect day, use three days prior).? 
16 hli'H t^fxer'" 

C ' 1-1 iLrii iVi, net r^jf "I. I Ji'i.--i-C'7!.~ . iirjas. > ircs'v , 

17. ...andthe month? 
CUE: If patient does not respond after five seconds, rephrase as Yes/No questions; 

Is a (cQH'ect montti)? Is it (incoirect use two months prior),? 
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AUDITORY COMPREHENSION 

DIRECTIVES 
CUES: Each direction may be repeated once in fuil. 

Do not repeat isolated parts of a direction. 
SCORING: Responses must be completed without error to score one point. 

Now I am going to ask you to do some things. .. Ready? 
18. Close your eyes. 

CUE; If necessary, prompt patient to open eyes before proceeding to next item. 
19. Raise your hand. 
20. Point to the table. 
21. 

nr 
"23.' 

Turn to visual materials page one 
Point to the blue circle 
P' mi w llii- tii-iir -imf tire t m •> 

21. 

nr 
"23.' Show me your thumb after you point to the floor. 
24. Turn to visual materials page one. 

This one's long, but wait until I'm finished with the whole istruction before you start... 
Point to the blue square under the red square and the circle to the left of the triangle. 

PICTURE IDENTIFICATION 
25. Visual Materials pg. 

Point to the apple. 
26. Visual materials pg. 

Point to the kangaroo. 
">•» ^'isu.'t luali'rinK oj, 

Po-nl to r/iif talculafiir. i •I'^titer 
28. Visual materials pg. 

Which picture goes with the saying: She has a green thumb. 
29. Visual materials pg. 

Point to the rhinoceros is chased by the kangaroo. 

Y/N QUESTIONS 
SCORING: All Y/N questions associated with each item must be correct to score point. 
30. Are you sitting dawn? Are you standing up? 

I ' I'mgn'tt*., tn'isk lou quistso-"!. i'l.'iiwin<-n-rye> or ti'-. 
•'1 I'll -i' «• 111 1 . 1 • ' • ' ' » 1 1 111 

32. I am going to read you a short message. Listen carefully because when I 'm done, I'm going to ask you some 
more Y/N questions. Ready? 

Dr. White called to change your appointment from Wed. at 9 to Wed. at 11. Please call if you are not able to 
come at the new time. 

Is this message about an appointment? 
Is the appointment with Dr. McCoy? 
Is the appointment Thurs. at 3? 
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OR.4L EXPRESSION II. 

NAMING 
CUES; If patient describes items, say; So it's a... Do not provide additional cues. 
SCORING; Score one point if patient accurately and independently names items. 

Do not penalize patients for dysarthric errors if speech is intelligible. 
33. Point to a table. 

What is this called? 
34. 

36, -

Point to chin. 
How about this? 
i" ««• 'iii-t-al I'i'ir • hri'ii hor,^ bii'ht's n'l.si, ar.i! ~ w 7.«' 

What is the name of a material used to package eggs? 

37. Ql'm going to give you 30 seconds to tell me as many animals as you can think of. Ready? 
CUE; Clarify/repeat directions as needed. If patient has difficulty getting started say; For example: lion. 

If patient stops early, say; Try to think of some more. Do not give additional cues. 

SCORING; Score 1 point if able to name 8 or more animals. 
Do not count 'lion' towards this score, if it was used as an example. 

38. ®This time, I'll give you 30 seconds to tell me as many words as you can think of that start with 
the letter 'f. 
CUE; If patient has difficulty getting started say: For example: 'fun'. 

If patient stops early, say: Try to think of some more. Do not give additional cues. 

SCORING: Score 1 point if able to name 6 or more words starting with the letter 'f. 
Do not count 'fun' towards this score, if it was used as an example. 



140 

ORAL EXPRESSION III. 

CONNECTED SPEECH & VERBAL PROBLEM SOLV ING 
39. Try and sing "Happy Birthday" 

CUE: If patient has not responded after five seconds, sing first line: Happy Birthdcry to you. 

SCORING: Score 1 point if able to produce any recognizable word(s). 
40. Now count to 5. 

CUE 1: If patient does not respond after five seconds, model oral production accompanied by finger counting: 
I. 2, 3. 4, 5. No^syot! try. 

CUE 2: If patient has not responded after another 5 seconds, take patients dominant hand and gently press fingers 
while counting aloud. 

SCORING: Score correct if able to produce all 5 numbers successfiilly. 
41. 

42. 

What are two types of accidents that could happen in a kitchen? 

SCORING: Correct responses may be single words or sentences. 
•Acceptable responses include: fire, bum, fall, cut, knife, glass etc 

Han -ifL u LoIl una rn nĉ un \inuli!i ' i  ̂r-̂ ,t(ii-iL-j ii'lhiJo .-kii-js Id fiil' -.v it • 

(.11 !l pcitiv-'i.t ii.Ti not rc-piiii»k\l likr 5 iv-i-imU'' iv • • > . • • ' 

/!'.» arc they 'hfjeren'? ( i,ept.ihli' respupsc^ i i-ludc ti* m/j or sj)i in\ i 

''I ( ;K.I\( I Sc.jrj i r"int it hiilh .iri. > iTrt-Ci rĉ piin>-L" ni.ij ho snLrli. wi-iil- <ii •)Li'Iein.^'i 

43. Tell me what a shoe is? 

SCORING: Correct responses include: something you wear on your feet, foot attire etc. 
Correct responses may be phrase or sentence. 

44. Tum to visual materials pg. 
Tell me what's happening in this picture? 
CUE: If response is incomplete point to missing item and say: TeU mc about this? 

SCORING: To be correct response must be intelligible, expressed in grammatical sentences, and must include 
following information: 
_The/a man 
_ lying/sleeping/under 
_ the/a tree 

the/a book . 
45. Tell me everything you need to do to mail a letter. Startwith: 1 get a pen and paper, sit dawn & ... 

CUE: If a partial response is given, say: Anything else? Do not give additional cues. 

SCORING: Correct response must be sequenfially organized, using grammafical sentences, and must include 
at least three of the following: writing letter, placing in envelope, sealing envelope, marking address, placing 
stamp, and mailing letter. 

46. Score one point if syntax of sentence level communications is normal. Score zero if no sentences are produced, 
or if syntax is simplified (e.g. omission of functors, verbs, pronouns, complex sentences.) 
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VISUAL MEMORY 

47. Turn to visual materials page ?. 
Remember this face because I am going to ask you to pick it out of a group offaces. 
Allow 2 seconds to study of face, then turn page. 
Which face did I ask you to remember? 

48. Turn to visual materials page ?. 
Remember this house because 1 am going to ask you to pick it out of a group of houses. 
Allow 2 seconds to study of house, then turn page. 
Which house did I ask you to remember? 

49. Turn to visual materials page ?. 
Lets pretend you have to take these medicines in the morning. I'll show you which pills you need to take, and then 
I'll ask you to show me. Lets practice. 
Point to green pill, yellow pill, two capsules, and purple pill. Now show me whichpiils you need to take in the 
mormng. fTrial 1). 
If correct say: That's right. ShoM me again. 
If incorrect, provide second trial. 
SCORING: Score correct if able to repeat sequence twice after either first or second learning trial. 

50. Turn to visual materials pg. ?. 
These are the pills you need to take in the evening: 
Point to two blue pills, a capsule, and a pink pill. 
Show me the pills you need to take in the evening. Do not provide additional cues. 

51. Turn back to stimulus 15. What pills do you need to take in the morning? 
(Green pill, yellow pill, two capsules, and purple pill) 

VISUAL ATTENTION & PROBLEM SOLVING 
52. 

53_ 

; ^ 

54. 

Turn to visual materials pg. ?. Here's a map of the U.S. Where is Florida? 
CUE: If patient points to general area, say: Yoti 're in the right area, where is it exactly? 
SCORING: Score one point if patient indicates correct location on the map. 

li"-" 1(1 \i> 11 'i! il..! ' 1'.heri I*. Ofj-'Or'' 
( I I '1 'iei'Cr.il re i -3% 
SCl)l<l\<. Sti'ic .'no pinni 11 p.iti.-nl t-i'TCtt liv Uiori i n th>; r.ip 

52. 

53_ 

; ^ 

54. Visual .Tiaterials pg. ?. Clock. 
What time does the clock say? Do not provide additional cues. 
SCORING: To score one point patient must state or point to correct time (4:45). 

55. Turn to visual materials pg. ?. 
Point to keypad. 
Here's a phone. Imagine you were alone at home and there was an emergency, who would you call? Show me Turn 

56. © Scanning animals. Give patient corresponding sheet. Point to examples at top of page. 
Look at these pictures. Circle all the roosters and underline all the dogs. Make sure you look at each line. 
Do not provide additional cues. 

57. Give patient corresponding sheet. Clock drawing. 
Draw a picture of a clock that says 10 after 11. Include all the numbers in your drawing. 
CUE: If clock has NO numbers say: Don't forget to include ail the numbers. 

I f clock has NO hands, say: Have the clock set at ten after eleven. 
SCORING: To receive point clock must have all numbers and hands accurately placed. 

58. ©Stimulus book pg. Map/maze. Imagine that you have won atrip to Paris. Here is a map of Paris (point) that 
shows the museums (point to list of museum below the map) 
& the monuments (point to list of monuments). 
You are at the museum of Science & Industry (point to text circled in yellow). 
Where is the Eiffel tower (point to text circled in red). 
How would you get from the museum to the Eiffel Tower? (Present response booklet) 
Trace out a route from the museum to the Eiffel tower. 
SCORING: To receive credit must identify 'red 17' on map and draw direct route. 
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PROBLEM SOLVING 

VISUAL PROBLEM SOLVING INVOLVING SEMANTIC RELATIONS 
59. 

~60 

11 
Mi 

•' 

iw 

Visual materials pg.?. Abstract shapes. 
Here is a circle. Look at these shapes. This one is just like it. 
Visual materials page ?. 
Tm'k « -'ur •. Fifiii M' t.ric :hj: i\ .Iw ••'in:,;. 
'•> ' l.ll'1 ul..-'Ui.-I (•"_ 1 • n Itj 1 IJ, 
• hl'f fill'/'> icn <J!„. J h'S rl!-J • flli-t • ' t'i. T 
Cl 1 i' Iinll. ll, L -•>->. Ll'i Itu ' .1 • 

II muil! (iHt'11 ih/fercnl? (kni'e) 

III a huh <ini-1-dijjerent' hlj; 

if't di I'ut s. . 

~i"' 
SC ( KlNli \ 1 iliiew-rijsp.i IM;'" IIII~. .• ainL-i i(>roin 
Visual materials pg '' Sequential reasoning. 
i. Look at the pattern at the top of the page. This is the first one, the next one, and the next one... 

Which piece completes the sequence? (Point to foils in lower portion of page). 
(Large circle-middle). 

(Point). 

ii. Look at the pattern at the top of the page. This is the first one, the next one, and the next one.. 
Which piece completes the sequence? (Point to foils in lower portion of page). 
(4;00 - top). 

. (Point). 

iii. Look at the pattern at the top of the page. This is the first one, the next one, and the next one. 
Which piece completes the sequence? (Point to foils in lower portion of page). 
(Three fallen pins - middle). 

. (Point). 

SCORING; All three responses must be correct to score point. 
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PROBLEM SOLVING 

NUMEMC 
62. Visual materials pg. ?. 

What does two and two equal? 
SCORING: Score one point if patient says/points to correct response. 

63. Visual materials pg. ?. 
Point to the number 

2 
9 

_4 

SCORING: All three must be correct to score point. 
64. 

"MT 

Try to count backwards from 10. 
CUE: If patient has not responded after five seconds, say: 10, 9. S... 
SCORING Score one point for cued or independent completion of task. 
^ r U>.: . • i'£! 
IitMt'ineyou haw iji.ne outfm dinner and niu buy a lOupJur $2 01/ unda grilled ,iifdn-'iii fur S \''9 
f( hut !\ thi total cmt«;/ the soup and \andhii A? 
' (. {<kiNi '•con. iHii.* PI iiK 1 iMi's. •• I s r I" ^.iirrcii r^ipi >si. 

66, Visual materials pg. 
Imagine you have some bills to pay. One is for S2S.00 and the other is for $33.50. What is the total cost ? 
CUE: If patient has not responded after 5 seconds offer paper and pencil. 
SCORING: Score one point if patient says/points to correct response. 

67. Visual materials pg. ?. 
Imagine you are shopping for an armchair. The chair that you like is regularly priced at $80.00. Everything in the 
store is on sale for 10% off. What is sale price for the chair? 
CUE: If patient has not responded after 5 seconds offer paper and pencil. 
SCORING; Score one point if patient says/points to correct response. 

68. Visual materials pg. ?. 
Imagine you go to the store with $10.00. You get some bread for SI.00, cereal for $3.00, and juice for S3. SO. 
How much change should you get back? 
CUE: If patient has not responded after 5 seconds oifer paper and pencil. 
SCORING: Score one point if patient says/points to correct response. 
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READING 

ISOLATED TEXT 
69. Visual materials pg. ?. 

Poj/tf to the sign that means 
jstop 
_poison 
_wheelchair 

SCORING: Both must be correct to score point. 
70. Visual materials pg. ?. 

Point to 
_no 
_yes 

SCORING: Both must be correct to score point. 
71. Visual materials pg. ?. (Another windy day) 

Which picture matches this caption? (Point to caption). 

SI ()R1\G \lt ihri'.. nuist be umcf ti -..i-iv [\.iiii 
73. Visual materials pg. ?. 

Point to the word 
chair 
table 
chain 

SCORING: All three responses must be correct to score point. 
74. Visual materials pg. ?. (The bird that's eating the apple is red.) 

Point to the picture that goes with this sentence (Point to sentence). 
75. ©Visual materials pg. ?. 

Here are your day's activities: 

At 2:00 you are meeting a friendfor a late lunch to celebrate her birthday. 
You need to go to the bank to cash a check so you will have some spending money for the day. 
You have an appointment scheduled from 12:30-1:30. 
You already have a card, but you still need at least an hour to buy a present. 

How can you order the activities so that everything gets done by 2:00? 
(Bank, buy present, appointment, lunch) 

Circle the two things that you will need to bring with you when you leave the house? 
(check, birthday card) 
CUE: Anything else? 

SCORING: Must be able to communicate &1I response to both questions by stating, writing, or pointing to correct 
response. 
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READING 

SCANNING TEXT 
76. Visual materials pg. ?. Sctiedule (Phrase Level) 

What is scheduled at four o'clock? 
SCORING: To score point patient must state or point to correct response (housework). 

77. Visual materials pg. ?. Menu. 
Look at this menu. Point to the soup of the day and the chicken dinner. 
CUE: Repeat entire instruction if a partial response is given. Do not provide additional cues. 
SCORING: Patient must point to both items to receive point. 

* V l^JJi .iMn-riJ^ p' ' boi's 
lhi\ franc iva-1 npiedpnm u •'nohi'hook Ft'id thi.' i/htii' number}or Lnrh Sa\Sriiiii' 
li'p.itkiT h.l'- iioi 11," ptinikd j'U' -0 •.Li.niilis jv 

S( fUl.'V. Si.nrt'I'liL [lo.'U •! niilicr*p mji ~ • i . "•"•n.t niiiubii \>i'lMn .'•! [!• > 
79. Visual materials pg. ?. Medication label. 

These are the instructions that come some medicine. Point to label on pg. 27. 
According to the label, what is the active ingredient? (400 mg Elixine) 
CUE: If incorrect point to multiple choice options. 

80. Visual materials pg. ?. Medication label. 
Read the warning carefully. (Point to warning). When would you NOT take this medicine? 
(allergic reaction to other pain medications). 

CUE: If incorrect point to multiple choice options. 
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WRITING 

81. Writing materials 
Here are some circles. Draw another one right here. 

82. Writing materials pg. Write first letter of patients first name. 
Copy this. 

83. Writing materials pg.?. Write patient's first or last name (whatever is shorter). 
Try and copy this. 
SCORING: All letters must be accurate and legible to score point. 

rji^riii'^pj '' 

' f- Ir,'i n. (jlier'*,M ii'w '-sr iii^i iijiiic i .i "j-1". m ^ .i • 
"•C-ihlN;, M'I..I I., 'i 1. s! .,si n.>T L HL cVi,. rc t.n>i ^'Ji It. ti>noiiit 

85. Written materials pg. 
Write the word 'dog' 

86. Written materials pg. 
Write the word 'newspaper' 
now write 'photography' 
SCORING: All letters in both words must be legible and accurate to receive point. 

87. Written materials pg. 
Please write down this message: The appointment is Wednesday at 11. 
CUE: Encourage patient to write as much of the message as they can. 
SCORING: To be correct, response must include following information: 

apnt 
Wed 
11 

88. Visual materials pg. 
Please write a sentence describing everything that's happening in this picture. Write out the full sentence. Try 
to avoid pointform. 
CUE: If response is incomplete point to missing item and say; if'nai about this? 

SCORING: To be correct sentence must be legible, grammatical, and include the following information: 
The/a man/cowboy 
lying/sleeping/taking a nap/under 
the/a tree 
the/a bird 
the/a book 
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MEMORY 
Administer the following items only if corresponding immediate recall items were answered correctly. 

VISUAL DELAYED RECALL 
89, Visual materials page ? Administer only if corresponding immediate recall item (47 above) was correct. 

Show me the face that I asked you to remember. 
90. 

H 
Administer only if corresponding immediate recall item (48 above) was correct. 
Visual materials page ? 
Show me the house that I asked you to remember. 

.i" I'l isicri'-I ii i-i'rrCii^c.M r_ iintu. a-. ri-J Pi\V.I 

! a\hitl eet, t.t rem'mi>e-aja't. .mrher H'a\ th'\ jwi'.' N 
m titii ./i-'/iut •' \ \ 

92. Administer only if corresponding immediate recall item (48 above) was correct. 
Turn to visual materials page ?. 
I also asked you to remember a house earlier: Was this the house? Y N 

Was this the house? Y N 
Was this the house? Y N 

93, Administer only if corresponding immediate recall item (50 above) was correct. 
Turn to visual materials page ?. 
/ told you to take some pills earlier, do you remember which pills you need to take? 

VERBAL DELAYED RECALL 

94. 
Administer only if corresponding immediate recall item (5 above) was correct. 
Was the message about an appointment? 
Was it Dr. White that called? 
Is the new appointment Wed. at 11? 

" P • 
\dmini-.icr oul-. il ncm ^ (ihnvL-j v.i, n TtLi 

/ i-'il- "it voa 11 n •mfibef a a ii.Hi- ii-hili- iijo vvhnr kv2> she .•scs'-u^ir' 

S( lU'ipvinsc mu-.' ukIiUl .ill ni ih^, ti)l'i'\>ui^£ [ii'iniujiiiui 

b Li .ir'L •vVMtihjrLsJiediiL e ') 
^ .ipp iinLmc.it f 11 

96. 
97. 
98. 

Administer only if item 4 (above) was correct, 
I also asked you to remember three medications. What were they? 

SCORING: Score one point for each medication (maximum = 3 points). 
a. Aspirin 
b. Turns 
c. Neosporin 

99 

Administer only if item 3, (above) was correct. 

What were you supposed to tell me at the end of the test? 

100, 

Administer only if item 3, (above) was correct. 

What was my name? 



APPENDIX B: PROPERTIES OF INDIVIDUAL ITEMS (SCCAN Jan. 2003) 

AUDITORY COMPREHENSION 
Scale Summary Statistics: Test-retest reliability: .80 Convergent Validity: .82 IRT Separation: 3.31 IRT Reliability: .92 

A. Directives 
Number Item Impairment Functional Percent correct 

controls 
Percent correct 
patients 

Test-retest 
Reliability (PA) 

External 
Validity (r) 

Infit (I)/ Oufit (O) 
MNSQ > 2 (ZSTD) 

1-18 Close your eyes Very high freq 
verb and body 
parts 

1-step directions 
involving body 
parts 

100 
100 

98 98 NS 0=3.89 (.6) 

2-19 Raise your hand High freq verb and 
body part 

1-step directions 
involving body 
parts 

100 
100 

96 96 .49 
.0008 

<2 

3-20 Point to table High freq objects 1-step directions 
with common 
objects 

100 
100 

94 100 .36 
.02 

<2 

4-21 Point to blue circle Abstract nouns 
and adjectives 

2-element 
direction 

100 
100 

84 86 .47 
.001 

<2 

5-22 Point to door and 
chair 

High freq nouns 2-element 100 
100 

88 88 .48 
.0011 

<2 

6-23 Show me your 
thumb after you 
point to the floor 

Mod freq. nouns, 
prepositions 

3-element 
involving body 
parts, location, & 
time 

100 
100 

55 76 .49 
.0009 

<2 

7-24 Blue square under 
the red 

Mod. freq. nouns 
& preps 

8-element 
involving abstract 
concepts 

90 
55 

22 82 .45 
.003 

<2 

B. Picture Identification 
Number Item Impairment Functional Percent correct 

controls 
Percent eorrcct 
patients 

Test-retest 
Reliability (PA) 

External 
Validity (r) 

Infit (I)/ Oufit (O) 
MNSQ > 2 (ZSTO) 

8-25 Apple High freq N Common foods 100 
100 

100 100 NS <2 

9-26 Kangaroo Less f req N Animals 100 
100 

94 94 .32 
.04 

<2 

10-27 Calculator Less f req N Office equipment 100 
100 

71 63 .43 
.004 

<2 

11-28 She has a green 
thumb 

Sentence with adj Nonliteral meaning 80 
95 

63 63 .37 
.01 

<2 

12-29 The rhinoceros is 
chased by the 
kangaroo 

Reversible 
passive 

Complex sentences 100 
100 

73 76 .56 
.0001 

<2 
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C. Y/N Questions 
Number Item Impairment Functional Percent correct Percent correct Test-retest External Infit (I)/ Oufit (O) 

controls patients reliability (PA) validity (r) IVINSQ > 2 (ZSTD) 
13-30 Sitting/Standing 

(Y/N) 
Gerund verb 
form 

Simple questions 
involving 
movement 

100 
100 

94 94 .54 
.0002 

<2 

14-31 Days in a week 
(Y/N) 

Questions Abstract 
questions 
involving time 
and numbers 

100 
100 

90 90 .52 
.0003 

<2 

15-32 Message -
Appointment 

Complex 
syntax 

Short message 90 
100 

53 80 ,43 
.004 

<2 
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ORAL EXPRESSION 
Scale Summary Statistics: Test-retest reliability: .95 Convergent Validity: .91 IRT Separation: 4.94 IRT Reliability: .96 

A. Repetition & Immediate Verbal Recall 
Number Item Impairment Functional Pcrcent correct 

controls 
Percent corrcct 
patients 

Test-retest 
reliability (PA) 

Externa! 
validity (r) 

Infll (I)/ Oufit (O) 
MNSQ > 2 (ZSTD) 

1-1 Repeat: Ah Isolated vowel Stimulability for 
sounds 

100 
100 

.96 94 .45 
.002 

<2 

2-2 Repeat: No Automatic 
speech 

Stimulable for 
common words 

100 
100 

.96 98 .47 
.002 

<2 

3-3 Repeat 
examiner's name 

Names Stimulable/IR of 
common names 

100 
100 

.92 92 .49 
.0009 

<2 

4-4 Repetition: 
Aspirin 
Turns 
Neosporin 

Phonetically 
complex list of 
isolated words 

Verbal 
rehearsal/learning of 
short lists (meds) 

100 
100 

.63 84 .73 
.0001 

<2 

5-5 Dr. White's office 
called. Your 
appnt has been 
changed from 
Wed. at 9 to Wed. 
at 11. 

Connected 
discourse 
(logical 
memory) 

Verbal 
rehearsal/recall at 
sentence level for 
messages 

100 
.90 

.39 94 .62 
.0001 

<2 

B. Naming 
Number Item Impairment Functional Percent corrcct Percent correct Test-retest External Infit (I)/ Oufit (O) 

controls patients reliability (PA) validity (r) MNSQ > 2 (ZSTD) 
6-33 Confrontation: 

Table 
Highf Common 

Objects 
100 
100 

.80 90 .77 
.0001 

<2 

7-34 Confrontation: 
Chin 

Mod f Body Parts 100 
100 

.88 92 .54 
.0002 

<2 

8-35 Responsive: 
Zebra 

Modf Lower frequency 100 
100 

.65 86 .52 
.0004 

0=7.56 (2.0) 

9-36 Responsive: 
Cardboard or 
Sty ro foam 

Low f Lower 
frequency 

100 
.95 

.49 88 • .62 
.0001 

<2 

10-37 Generative: 
Animals 
(Semantic 
Category) 

Rate Lower frequency 100 
.95 

.37 82 .54 
.0002 

<2 

11-38 Generative: F 
(Phonemic 
Fluency) 

Rate Perform novel tasks 100 
.85 

.25 80 .49 
.0008 

<2 



C. Connected Speech & Verbal Problem Solving 
Number Item Impairment Functional Pcrcent correct 

controls 
Pcrcent correct 
patients 

Tcst-retest 
reliability (PA) 

External 
validity (r) 

Infit (I)/ Oufit (O) 
MNSQ > 2 (ZSTD) 

12-39 Sing: Happy 
Birthday (any 
words) 

Automatics Stimulability 100 
100 

.98 96 .27 
.08 

<2 

13-40 Counting: l->5 Automatics Stimulability 100 
100 

.94 98 .57 
.0001 

<2 

14-41 Accidents in a 
kitchen 

Single word 
response - high 
frequency 

Communicate 
basic information 
with high 
fimctional imp 

100 
100 

.70 92 .75 
.0001 

<2 

15-42 V-Lake and Ocean: 
Similarity/Different 

Categ reasoning Expressing 
abstract relations 

100 
.95 

.65 82 .72 
.0001 

<2 

16-43 Definition: shoe Descriptive 
discourse 

Circumlocution 
Description 

100 
.95 

.59 88 .78 
.0001 

<2 

17-44 Picture description Descriptive 
discourse 

Description of 
places/events 

100 
.95 

.57 90 .77 
.0001 

<2 

18-45 V-Mailing a letter Procedural 
discourse 

Routine sequences 100 
.75 

.14, 80 .34 
.03 

<2 

D. Syntax 
19-46 Syntax Scale 2 Syntax Expressing 

complex ideas 
100 
100 

.61 96 .82 
.0001 

<2 
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READING 
Scale Summary Statistics; Test-retest reliability: .86 Convergent Validity: .74 IRT Separation: 3.94 IRT Reliability: .94 

A. Isolated text 
Number Item Impairment Functional Perccnt correct 

controls 
Percent correct 
patients 

Test-rctcst 
reliability (PA) 

External 
validity (r) 

Infit (I)/ Oufit (0) 
MNSQ > 2 (ZSTD) 

1-69 Signs Semantics/visual 
form 

Signs 100 
100 

.98 96 NS <2 

2-70 Words: Yes/No High f 
Orthogr. Simple 

Single words 100 
100 

.96 94 .41 
.006 

<2 

3-71 Another windy 
day 

Connected Headlines, weather. 
Short phrases 

100 
100 

.78 88 .38 
.01 

0=4 (2.3) 

4-72 Words: 
door/floor/window 

Visual & 
semantic 
distractors 

Single words 100 
100 

.88 88 .59 
.0001 

<2 

5-73 Words: 
chair/table/chain 

Visual and 
semantic 
distractors 

Single words 100 
100 

.80 84 .30 
.04 

0=2.14(1.0) 

6-74 The bird that's 
eating the apple is 
red 

Complex 
sentence 

Complex sentence 

o
 o

 
' 

C^ 
oo 

1 
' 

• 
1 

.43, 68 ,41 
.007 

0=2.15(1.4) 

7-75 Instructions for 
planning schedule 

Complex text Organizing schedule 100 
.75 

.31 78 ,37 
.01 

<2 

B. Scanning Text 
Number Item Impairment Functional Percent correct 

controls 
Percent correct 
patients 

Test-retest 
reliability (PA) 

External 
validity (r) 

Infit (I)/ Oufit (O) 
MNSQ > 2 (ZSTD) 

8-76 Schedule Scan Schedule 100 
.95 

.61 78 .62 
.0001 

<2 

9-77 Menu Scan Menu/Scan 100 
.95 

.51 67 .60 
.0001 

<2 

10-78 Telephone book Scan Serial/list 
information/Scan 

100 
.90 

.20 80 .28 
.07 

<2 

11-79 Medication Label: 
Dosage 

Scan Labels/Scan .90 
.95 

.43 67 .46 
.002 

<2 

12-80 Medication Label: 
Warning 

Scan Labels/Scan 100 
.85 

.33 71 .35 
.019 

<2 
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WRITING 
Scale Summary Statistics: Test-retest reliability: .78 Convergent Validity: .76 IRT Separation: 4.21 IRT Reliability: ,95 

Number Item Impairment Functional Perccnt correct 
controls 

Percent correct 
patients 

Test-re test 
reliability (PA) 

External 
validity (r) 

Infit (I)/ Oufit (<)) 
MNSQ > 2 (ZSTD) 

1-81 Copy: Circle Basic motor 
control 

Basic motor 
control 

100 
100 

100 100 NS <2 

2-82 Copy: First 
letter of name 

Copy letter Copying name 100 
100 

94 96 .13 
.42 

0=4,46 (.6) 

3-83 Copy name Copy familiar 
word 

Copying naine 100 
100 

88 94 .21 
.21 

0=9,9(2.1) 

4-84 Name Write familiar 
word 

Writing name 100 
100 

88 86 .47 
.003 

<2 

5-85 Dog Write high f 
word, regular 
spelling, short 

Communicate 
basic ideas 

100 
100 

84 92 .35 
.03 

<2 

6-86 Newspaper/ 
Photography 

Mod. Freq, 
irreg spelling, 
long 

Single words 
Mod. frequency, 
irregular spelling 

100 
95 

29 86 0.60 
.0001 

<2 

7-87 Dictated 
message 

Message/short 
sentence 

95 
100 

55 65 0.57 
.0002 

<2 

C
O
 

O
O
 

o
o
 

Sentence: 
Syntax 
Meajiing 
Spelling 

Semantics ->• 
Orthographic 
ouput lexicon 

Communicate 
ideas 

95 
70 

20 82 0.39 
.01 

<2 
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ORIENTATION 
Scale Summary Statistics: Test-retest reliability: .83 Convergent Validity: NA IRT Separation: 2.53 IRT Reliability: .87 

Number Item Impairment Functional Percent Correct 
Controls 

Percent Correct 
Patients 

TR Reliability 
(PA) 

External 
Validity (r) 

Infit (I)/ Oufit (0) 
MNSQ > 2 (ZSTD) 

1-6 Name Orientated to 
person 

Orientated to person 100 
100 

100 98 NA <2 

2-7 How feeling? 100 
100 

98 94 NA <2 

3-8 What happened? Oriented to 
situation 

Oriented to situation 100 
100 

82 84 NA <2 

4-9 Have you noticed 
changes? 

Oriented to 
situation 

Oriented to situation 100 
100 

69 73 NA <2 

5-10 Phone Number Phone Number Phone Number 100 
100 

47 92 NA <2 

6-11 Place: City Oriented to 
place 

Oriented to place 100 
100 

94 90 NA <2 

7-12 Place: State Oriented to 
place 

Oriented to place 100 
100 

100 98 NA <2 

8-13 Place: Building Oriented to 
place 

Oriented to place 100 
100 

90 88 NA <2 

9-14 President Oriented to 
time 

Oriented to time 100 
100 

82 76 NA <2 

10-15 Time: Day of 
week 

Oriented to 
time 

Oriented to time 100 
100 

69 76 NA <2 

11-16 Time: Year Oriented to 
time 

Oriented to time 100 
100 

72 86 NA <2 

12-17 Time: Month Oriented to 
time 

Oriented to time 100 
100 

75 82 NA <2 



ATTENTION 
Scale Summary Statistics: Test-retest reliability: .89 Convergent Validity: .-.71 IRT Separation: 3.35 IRT Reliability: .92 

A. Verbal Attention 
Number Item Impairment Functional Percent Correct 

Controls 
Percent Correct 
Patients 

TR Reliability 
(PA) 

External 
Validity (r) 

Infit (I)/ Oil (it (O) 
MNSQ > 2 (ZSTD) 

1-4 Repetition: 
Aspirin 
Tums 
Neosporin 

Vigilance 
Capacity/Span 

Remembering 
medications 

100 
100 

63 84 .02 
.92 

<2 

3-37 Generative: 
Animals 
(Semantic 
Category) 

Vigilance 
Mental Control 
Processing 
speed 

Recalling and 
organizing 
concrete 
information 

100 
.95 

.37 82 -.38 
.03 

<2 

4-38 Generative: F 
(Phonemic 
Fluency) 

Vigilance 
Mental Control 
Processing 
speed 

Perform novel 
tasks 

100 
.85 

.25 80 -.43 
.01 

<2 

5-68 You go to the 
store with 
$10.00. 

Vigilance 
Capacity 
Mental control 

Functional math 95 
100 

51 -.36 
,04 

0=2.42 (2,5) 

7-75 Instructions for 
planning 
schedule 

Vigilance, scan 
Processing 
speed, 
Mental control 

Managing a 
schedule 

100 
.75 

.31 78 -.54 
.0009 

<2 

8-76 Schedule Vigilance, scan Schedule 100 
.95 

.61 78 -.35 
,04 

<2 

10-80 Medication 
Label: 
Warning 

Vigilance, scan Reading 
labels/ warnings 

100 
85 

.33 71 -.54 
.001 

<2 

11-83 Copy name Vigilance, scan Writing name 100 
100 

88 94 -.30 
.08 

<2 
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B. Visual Attention 

Number Item Impairment Functional Percent Correct 
Controls 

Percent Corrcet 
Patients 

TR Reliability 
(PA) 

External 
Validity (r) 

Infit (I)/ Outit (<)) 
MNSQ > 2 (ZSTD) 

12-50 Irecall/encod 
(visual) Pills 

Vigilance, scan, 
capacity, span 

Remembering 
medications 

90 
90 

59 76 -.53 
.001 

<2 

13-52 Map 
Florida 

Vigilance, scan Following a 
map/visual search 

100 
100 

86 90 -.42 
.01 

<2 

14-53 Map 
Oregon 

Vigilance, scan Following a 
map/visual search 

100 
100 

61 71 -.20 
.27 

<2 

15-55 911 Vigilance, 
capacity, scan 

Getting help in an 
emergency 

100 
90 

45 86 -.34 
.05 

<2 

16-56 Animal scan Vigilance, 
processing 
speed,scan 
mental control 

Performing two tasks 
simultaneously in an 
efficient manner 

100 
95 

31 78 -.53 
.001 

<2 

17-57 NV-Clock 
drawing 

Vigilance, scan, 
mental control 

Organizing multi-
step activities, spatial 
information 

85 
80 

14 82 -.25 
.16 

<2 

18-58 Map Paris Vigilance, scan, 
mental control 

Organizing multi-
step activities, spatial 
information in an 
efficient manner 

75 
15 

0 92 NS <2 

19-61 Sequencing 
Size... 

Vigilance, scan, 
mental control 

Attending to relevant 
environmental details 

95 
50 

29 73 -.35 
.04 

<2 
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MEMORY 
Scale Summary Statistics; Test-retest reliability: ,91 Convergent Validity: ,78 IRT Separation: 3,43 IRT Reliability: .92 

A, Verbal Memory. 
Number Item Impairment Functional Percent Correct 

Controls 
Percent Correct 
Patients 

TR Reliability 
(PA) 

External 
Validity (r) 

Infit (I)/ Oiifit (O) 
MNSQ > 2 (ZSTD) 

1-3 Immediate 
recall 
Therapists 
name 

Immediate 
recall isolated 
word 

Recalling 
names/single 
words (ST) 

100 
100 

92 90 .23 
.12 

<2 

2-4 Repetition: 
Aspirin 
Turns 
Neosporin 

Rehears al/learni 
ng of short lists 
(meds) 

Recalling 
medications 

100 
100 

63 84 .43 
.003 

<2 

3-5 Repetition: 
message 

Reheai'sal/recall 
at sentence 
level 

Remembering 
messages 

100 
90 

39 94 .44 
.002 

<2 

4-32 IR message 
Y/N? 

Recognition of 
discourse 

Remembering 
messages 

90 
100 

53 , 80 .35 
.02 

<2 

5-94 DR message 
Y/N? 

Delayed 
recognition of 
discourse after 
interference 

Remembering 
messages 

95 
90 

49 80 .17 
.26 

<2 

6-95 DR message Delayed recall 
of discourse 
after 
interference 

Remembering 
messages 

70 
80 

8 84 .35 
.02 

<2 

7-96 DR-aspirin Delayed recall 
words 

Remembering 
medications 

100 
95 

39 73 .48 
,001 

<2 

8-97 DR turns Delayed recall 
words 

Remembering 
medications 

95 
75 

25 76 .38 
.01 

<2 

9-98 DR Neosporin Delayed recall 
words 

Remembering 
medications 

100 
50 

8 80 ,15 
.32 

<2 

10-99 Prospective 
memory 
therapists name 

Prospective 
memory 

Remembering 
names of people 

100 
80 

41 68 .34 
,02 

<2 

11-100 Delayed recall 
Therapists 
name 

Delayed recall 
of words 

Remembering 
names of people 

100 
100 

49 80 ,41 
,005 

<2 
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B. Visual Memory (Recall of Newly Learned Information (+/- verbal) after a Delay) 
Number !tein Impairment Functional Pcrcent Correct 

Controls 
Percent Correct 
Patients 

TR Reliability 
(PA) 

External 
Validity (r) 

hint (I)/ Oufit (()) 
MNSQ > 2 (ZSTD) 

12-47 IR Face Immediate recall of 
visual information 

Remembering 
people 

100 
100 

100 100 NS <2 

13-48 IR House Immediate recall of 
visual information 

Remembering 
places 

100 
100 

94 90 .15 
.32 

<2 

14-49 Immediate 
recall/enco (visual) 
Pills 

Immediate recall of 
visuo-procedural 
information after 
learning trial 

Remembering 
medications 

95 
95 

59 78 0.26 
.089 

<2 

15-50 Irecall/encod 
(visual) Pills 

Immediate recall of 
visuo-procedural 
information 

Remembering 
medications 

90 
90 

59 76 .43 
.003 

<2 

16-51 Irecall/encod 
(visual) after 
distractor 

Immediate recall of 
visuo-procedural 
information after 
interference 

Remembering 
medications 

90 
95 

53 80 .27 
.07 

<2 

17-89 Delayed recog 
face 

Delayed recognition 
of visual information 
with interference 

Remembering 
people 

100 
95 

75 71 .15 
.32 

<2 

18-90 Delayed recog 
House 

Delayed recognition 
of visual information 
with interference 

Remembering 
places 

90 
95 

61 78 .13 
.38 

<2 

19-91 Delayed recall 
Face 

Delayed recall of 
visual information 
with interference 

Remembering 
people 

100 
90 

63 73 .13 
.38 

<2 

20-92 Delayed recall 
House 

Delayed recall of 
visual information 
with interference 

Remembering 
places 

85 
85 

33 71 .29 
.05 

<2 

21-93 Delayed recall of 
pills 

Delayed recall of 
visuo-procedural 
information 

Remembering 
medications 

90 
95 

43 86 .16 
.29 

<2 
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PROBLEM SOLVING 
Scale Summary Statistics: Test-retest reliability: .89 Convergent Validity: .41 IRT Separation: 3.93 IRT Reliability; .94 

A. Verbal 
Number Item Impairment Functional Percent Correct 

Controls 
Percent Correct 
Patients 

TR Reliability 
(PA) 

External 
Validity (r) 

Tnfit (I)/ Oufit (O) 
MNSQ > 2 (ZSTD) 

1-41 Kitchen/fire Concept formation 
Reasoning 

Safety awareness 100 
100 

71 92 .06 
.68 

<2 

2-42 V-Lake and 
Ocean: S/D 

Concept formation Expressing abstract 
relations 

100 
95 

65 82 .14 
.36 

<2 

3-43 Defmition: 
Shoe 

Concept formation Circumlocution 
Description 

100 
95 

59 88 -.09 
.57 

<2 

4-44 Picture desc. 
siesta 

Executive ftinction Describe basic 
information 

100 
95 

57 90 -.14 
,37 

<2 

5-45 V-Mailing a 
letter 

Sequential 
reasoning (routine) 

Performing routine 
activities 

100 
75 

14 80 .04 
.78 

<2 

6-75 Schedule Sequential 
reasoning (novel) 

Performing novel 
activities 

100 
75 

31 78 .47 
.002 

<2 

B. Visual Problem Solving 
Number Item Impairment Functional Pcrcent Corrcet 

Controls 
Percent Correct 
Patieuts 

TR Reliability 
(PA) 

External 
Validity (r) 

Infit (I)/ Oufit (O) 
MNSQ > 2 (ZSTD) 

1-81 Copy circle Concept formation 100 
100 

100 100 NS <2 

2-52 Map 
Florida 

Concept formation 100 
100 

86 90 .30 
.05 

<2 

3-53 Map 
Oregon 

Concept formation 100 
100 

61 71 .43 
.005 

<2 

4-54 NV-Clock Concept formation Telling time 95 
95 

67 84 .06 
.69 

<2 

5-55 911 Sequential 
reasoning 

100 
90 

45 86 .41 
.007 

<2 

6-56 Animal scan Executive fimction 100 
95 

31 78 .25 
.11 

<2 

7-57 NV-Clock 
drawing 

Executive function Multi-step tasks 85 
80 

14 82 .22 
.16 

0 = 3.01 (1.4) 

8-58 Map Paris Executive ftinction 75 
15 

0 92 NS <2 

9-59 NV-Matching 
Square 

Concept formation 
Reasoning 

Matching 100 
100 

98 94 .17 
.27 

<2 

10-60 Categories 
Trees... 

Concept formation 
Executive function 

Sorting 90 
90 

57 73 .41 
.007 

<2 

11-61 Sequencing 
Size, time, 

Concept formation 
Reasoning, exec 

95 
50 

29 73 .48 
.001 

0 = 2.27 (1.9) 



C. Numeric Problem Solving January 2003 
Number Item Impairment Functional Percent Correct 

Controls 
Percent Correct 
Patients 

TR Reliability 
(PA) 

External 
Validity (r) 

Infit (I)/ Oufit (O) 
MNSQ > 2 (ZSTD) 

1-40 Counting: 
l->-5 

Concept 
formation 

Basic knowledge of 
numbers 

100 
100 

94 98 ,16 
.31 

<2 

2-62 Math: 2+2 Concept 
fonnation 

Basic arithmetic 100 
100 

100 100 NS <2 

3-63 Numbers Concept 
formation 

Basic knowledge of 
numbers 

100 
100 

86 96 -.04 
.8 

<2 

4-64 Count 
backwards 
I0->1 

Sequential 
reasoning 

Able to manipulate 
numbers 

100 
100 

76 88 .01 
.93 

<2 

5-65 Math: 2+3.99 Reasoning Basic math 100 
100 

80 90 .29 
.07 

<2 

6-66 Math: 25+ Reasoning Basic math 95 
100 

67 75 .28 
.08 

<2 

7-67 Math: % Reasoning Calculate peroents 95 
95 

43 75 .27 
.09 

<2 

8-68 Yoii go to the 
store with 
$10,00. You 
want to buy: 
Bread for 
$1,00 
Cereal for 
$3,00 
Juice for $3,50 
How much 
change should 
you get back? 

Executive 
fimetion 

Solve change 
problems 

95 
100 

51 , 84 .56 
.0001 

<2 
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APPENDIX C 

Standardized Tests 
(described in order of administration) 

1. Mini-Mental State Examination (MMSE, Folstein, Folstein, & McHugh, 1975). This 
brief test of general cognitive functioning includes 30 items and can be administered in 5-
10 minutes. Examinees are asked to answer questions about orientation (place and date), 
repeat 3 words and recall them after a short delay, spell 'world' backwards, name two 
objects, repeat a sentence, follow a 3-stage command, read and write a short sentence and 
copy a drawing of two intersecting pentagons. 

2. Spatial Span subtest of Wechsler Memory Scale Third Edition 
(WMS-III, Wechsler, 1997): This test measures visuo-spatial working memory. The 
examiner taps out a series of spatial patterns on ten cubes. For the first task (spatial span 
forward) the examinee imitates the tapped pattern in the same order. For the second task 
(spatial span backward) the examinee repeats the pattern but in the reverse order. 

3. Picture Arrangement subtest of Wechsler Adult Intelligence Scale Third Edition 
(WAIS-lIl, Wechsler, 1997). This test is designed to measure nonverbal reasoning 
ability. Patients are shown a set of picture cards that tell a story. The cards are presented 
in a specified but scrambled order. The examinee's task is to sort the pictures so that they 
are in the correct sequence. Scoring is based on both accuracy and processing speed. 

4. Reading Sentences subtest of the Western Aphasia Battery (WAB, Kertesz, 1982). In 
this 8-item multiple choice test examinees are shovra a card containing a sentence with 
the last word/phrase missing. Below the incomplete sentence there are four possible 
choices. The examinee points to the word/phrase that best completes the sentence. 

5. Written Picture Description subtest of the WAB. Patients are shown a picture of a 
picnic and are asked to produce a written description of the scene. Patients are prompted 
to write in full sentences if they are using only single words. 

6. Logical Memory I & II subtests of WMS-III. These tests measure immediate and 
delayed recall of a short story. During standardized administration two stories are 
presented orally. For the purpose of this research, however, only the first story was read 
to subjects. Examinees listened to a short story about a woman who was robbed. 
Immediately after hearing the story, they were asked to repeat as much of it as they could 
remember. After a 30 minute delay the recognition portion of logical memory II was 
administered and examinees were asked yes/no questions about the content of the story. 
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7. Memory for Faces I & II subtests of WMS-III. In this test of visual memory 
examinees are shown 24 photographs of faces, presented sequentially. A second set of 
faces is then presented which includes the original faces as well as an equal number of 
foils. The examinee's task is to indicate whether or not the face has been seen before. 
After a 30 minute delay, a third set of faces is presented containing the original 24 faces 
and a new set of foils. Again, the examinee is asked to indicate whether each face 
belongs to the original set. 

8. Communication Activities of Daily Living. Second Edition (CADL-2, Holland, 
Frattali,& Fromni, 1999). The purpose of this test is assess communication in simulated 
natural contexts such as eating at a restaurant, going shopping or visiting the doctor. 
Photographs, drawings, and objects (e.g. telephone) accompany the oral presentation of 
50 items. Examinees are scored based on the success of their communication rather than 
the use of a particular modality. 

9. Color Trails Test Part A (D'Elia, Satz, Uchiyama, and white, 1994). This test was 
designed to measure sustained visual attention involving perceptual tracking and simple 
sequencing. Examinees are given a structured learning trial in which they are asked to 
draw lines that connect a set of scrambled numbers (from one to eight). If the trial is 
completed successfully examinees proceed with the test and are asked to draw lines that 
cormect numbers from 1 to 25. Although sequencing errors are recorded, the primary 
measure used to evaluate performance is the time, in seconds, required to complete the 
task. 

10. Aphasia Quotient subtests of the W AB. The aphasia quotient subtests of the WAB 
evaluate the information content and fluency of spontaneous speech, repetition, naming, 
and auditory comprehension. The tasks used to evaluate oral expression are: 

i. Personal questions (e.g. What is your occupation?) 
ii. Description of a picture 
iii. Naming common objects 
iv. Naming as many animals as possible in one minute 
V. Completing familiar sentences (e.g. Roses are red, violets are...) 
vi. Answering basic questions (e.g. What color is snow?) 

Auditory comprehension is assessed with the following tasks: 
i. Yes/Ko Questions (e.g. Are you wearing red pyjamas?) 
ii. Matching spoken words to pictures 
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