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ABSTRACT

The Barrow Neurological Screen for Higher Cerebral Functions (BNIS) was developed by
Prigatano (1991) and his colleagues as a means of providing comprehensive information about
higher cerebral functioning for a wide variety of neurological patients with known cerebral
impairment. In the development of any psychometric instrument, it is critical to establish its
reliability and validity. The purpose of this study is to explore the construct-related and the
ecological validity of the BNIS in a patient sample independent of the original patient data gathered
by Prigatano (e.g., Prigatano, 1991; Prigatano, 1994). The construct-related validity of the BNIS
is explored through its relationship with various neuropsychological measures. Significant positive
correlations were est.ablished between various neuropsychological measures and subscale items
from the BNIS. Multiple regression analyses indicated that 16 percent of the variance in WAIS-R
Performance 1Q scores was predictable from BNIS Visual Spatial/Visual Problem Solving
subscale items, and 35 percent of the variance in WAIS-R Verbal IQ scores was predictable from
BNIS Speech and Language subscale items. These relationships provide support for the construct-
related validity of the BNIS.

The ecological validity of the BNIS was examined through its relationship with the
Functional Independence Measure (Guide for the Uniform Data Set for Medical Rehabilitation,
1993) and its adjunct the Functional Assessment Measure (FIM+FAM) (Hall & Johnston, 1994),
Significant positive correlations were found between the BNIS and the FIM+FAM. Multiple
regression analyses provided significant solutions for various FIM+FAM Psychosocial-Cognition

items as derived from BNIS Subscale items. The results of these analyses provide support for the

ecological validity of the BNIS.
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CHAPTER 1

INTRODUCTION

In recent years there has been growing interest in the development and use of cognitive
screening instruments. Many different cognitive and mental status screening instruments have been
developed over the past couple of decades. These include the Mini-Mental State Examination
(MMSE; Folstein, Folstein, & McHugh, 1975), the Dementia Rating Scale (DRS; Mattis, 1976),
the Cognitive Capacity Screening Examination (CCSE; Jacobs, Bernhard, Delgado, & Strain,
1977), the Short Portable Mental Status Questionnaire (Pfeiffer, 1975), and the Blessed Dementia
Scale and Blessed Information - Memory - Concentration Test (Blessed, Tomlinson, & Roth,
1968). Many of these instruments were developed to address the need for a brief and easily
administered cognitive screening instrument that would use quantitative information to help identify
patients with “organic” impairments admitted to a variety of medical and psychiatric settings.

With increasing recognition that these patients typically require significantly different
treatment regimes and exhibit unique prognoses it was important to develop these screening
instruments in an attempt to provide the necessary interventions as soon as possible. Ideally, these
or any other cognitive screening measures would be included as part of a comprehensive admission
procedure and be used to help discriminate those patients who were likely to need a more
comprehensive evaluation. Cognitive screening measures could also potentially be utilized to
monitor ongoing changes in the patient. In a comprehensive review of the literature of a number of
cognitive screening measuses, including the ones described above, Wagner, Nayak, and Fink

(1995) concluded that at the present time no one instrument is clearly superior to the others and
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that each has its strengths and weaknesses depending partially on the population to which it is
applied.

Full examination of a referred patient or client should include such components as a
detailed history of the presenting illness or problem, review of all potential risk factors that may
cause or exacerbate the presenting problem, medications and their possible side-effects, full
medical evaluation, past psychiatric history, genetic risks determined through family history,
careful behavioral observations, and a comprehensive neuro-cognitive examination (Wagner,
Nayak, & Fink, 1995). However, because of time constraints and other resource availability
factors it is not always possible to obtain a full examination in a timely manner. In these situations
screening instruments can be invaluable as a first stage in helping to identify the type of services
that any given patient would be most likely to require. Accurate diagnosis of a patient will be
crucial to their receiving appropriate interventions and treatment. Therefore, the screening measure
should be used only as an initial adjunct instrument to aid in diagnosis until a more comprehensive
set of measures can be employed. Also, it would typically not be necessary to put every patient
through full physical and psychological examinations. Even if this were possible through the
availability of unlimited resources, it can produce unacceptably high false positive rates of
identification because of the less than perfect psychometric qualities of any instrument presently
available (see discussion below on the predictive power of tests). The consequences for the false
positive and false negative identifications will vary depending on the types of problems being
identified and the subsequent treatment or lack thereof,

Malloy et al. (1997) encourages the use of cognitive screening instruments for several
reasons. The first argument in support of the use of cognitive screening instruments is the

likelihood of overlooking cognitive impairment when a formal cognitive screen is not employed.
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The second issue is because the use of a brief standardized cognitive assessment with adequate
norms can reduce the possibility of misdiagnoses as a result of interpretation bias based on such
factors as age or education. The third reason was the cognitive screening measures could
contribute to differential diagnoses through the identification of cognitive deficits. A fourth benefit
is that screening measures can help delineate the need for further and more detailed assessments,
such as a full neuropsychological assessment. A fifth benefit is that the identification of cognitive
deficits identified via screening measures may assist in the determination of long-term prognosis.
The final reason cited is the suggestion that “formal cognitive evaluation as a measure of treatment
outcome may soon be mandated for managed care and public policy analyses™ Malloy et al., 1997,
p. 190). Malloy et al. (1997) emphasized that an “ideal” cognitive screening instrument should
briefly assess all major cognitive domains, including orientation, attention/concentration, language,

spatial, memory, and executive functions.

Cognitive Screening Measures

Most of the screening instruments developed to date provide a single total score for all
items in the measure. This total score is then used to determine a cutoff point for a given patient
population to distinguish between those with or without a given condition (e.g., dementia).
Although many clinicians may attempt a quantitative and/or qualitative analysis of the patient’s
performance on the various tasks, the measures themselves were not specifically designed to
provide this breakdown of abilities. These measures briefly assess a variety of cognitive functions,
thereby providing a global indicator of cognitive functioning; they were not designed to provide a
breakdown of performance based on these various abilities, The Barrow Neurological Institute

Screen for Higher Cerebral Functions (BNIS; Prigatano, Amin, & Rosenstein, 1993) has recently

been developed. Prigatano and his colleagues specifically set out to develop a measure (i.e., the
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BNIS) that provides a break down of cognitive functioning based on commonly identified cognitive
abilities (e.g., attention, language, visual spatial, and memory). A similar instrument is the
Neurobehavioral Cognitive Status Examination (NCSE; Northem California Behavioral Group,
Inc., 1988). The NCSE has been subjected to a broader range of studies conducted by researchers
in a variety of clinical settings compared to the BNIS (sce [Wass, 1996a] for a review of the
literature on the NCSE). This study will focus upon the BNIS in an attempt to expand the

available research. &

BNI Screen for Higher Cerebral Functions

Prigatano and others developed the BNIS as a means of providing comprehensive
information about higher cerebral functioning for a wide variety of neurological patients with
known _cerebral impairment. Prigatano (1991) argued that existing screening instruments may
provide useful quantitative infomllation for patient classification into one nosological category or
another (e.g., demented or not), but do not provide adequate information about language, memory,
visuospatial, and prefrontal functioning. Prigatano goes on to suggest that in neurological settings
a rapid, reliable, and valid screening examination is “needed to aid neurological diagnosis, to
monitor the patient’s recovery while in the hospital, and to provide useful information to guide both
in- and outpatient management™ (1991, p. 2). |

Prigatano (1991) further suggests that there are four major problems with the available
screening measures. The first problem is that there is no systematic evaluation of when a patient is
ready to receive an assessment, based upon their level of arousal, basic communication skills, and
degree of cooperation, The second problem is that current screéns provide only quantitative

information, but not the qualitative information about test item performance that can be useful in

the diagnosis of neurobehavioral syndromes. The third problem identified by Prigatano (1991) is
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lack of coverage across the relevant cognitive domains, including language, visuospatial, Jearning
and memory, impulse control, interpretation and control of affect for patients with focal, bilateral,
diffuse, or lateralizing impairments. A final concern is the inadequate attention in the screening
measures to the patient’s self-perception or awareness of cognitive functioning. Prigatano also
provides some general guidelines for developing any screening measure, which includes ease of
administration and scoring, brevity, reliability (e.g., same results by different examiners), and
validity (e.g., identifies areas of neuropsychological impairment). Prigatano (1991) further
suggests that a screening measure should be capable of monitoring clinically significant changes,
aid in clinical management decisions, and assist in determining the prognosis for a patient.
Prigatano indicates that the development of the BNIS proceeded with all of these factors in mind.
The BNIS manual states that only appropriately trained individuals should be allowed to
administer the screening test. The BNIS manual specifically states that:
the examiner should be an experienced clinician with training in behavioral neurology
and neuropsychology. Qualified individuals typically inctude neurologists and
psychologists with special training in clinical neuropsychological assessment. Other
experienced clinicians (i.e., physiatrists, speech and language pathologists) might also
administer this test depending on their experience and expertise. (Prigatano, Amin, &
Rosenstein, 1993, p. 17).
This level of training requirement for the BNIS is suggested because the BNIS “was developed to
provide a standardized method of enhancing the clinician’s initial observations™ and, fusther, that
no test can substitute for clinical judgment and experience (Prigatano, Amin, & Rosenstein, 1993,
p. 18). At the present time there is no clear indication from published research studies that the

BNIS provides superior psychometric results or clinical information because of this administration
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requirement. Therefore, the decision about who should administer the BNIS would be based upon

the professional judgment of the clinician who is responsible for the patient’s weli-being and

s it

5, i

treatment. Clearly, the level of interpretation regarding the patient’s performance on each task will
be dependent upon the level of expertise and training of the examiner. An examiner with minimal

test administration qualifications is likely to miss many relevant qualitative details about the

patient’s perforrance.
The first element of the BNIS involves the determination of whether or not the patient is
capable of reliably responding to the screening items (Prigatano, Amin, & Rosenstein, 1993a).

This includes a ranking of their basic level of consciousness/alertness, their basic language

functioning, and their cooperation with the examiner. Each of the three items are scored on a three
point scale, with directions in the manual indicating that testing should proceed only if a score of at
least 2 is achieved on each item. The subsequent 35 test items are grouped into seven subscales
(see Appendix A and Appendix B). These include A) Speech and Language Functions, B)
Orientation, C) Attention/Concentration, D) Visuospatial and Visual Problem Solving, E) Memory,
F) Affect, and G) Awareness versus Performance. The only materials required for test
administration are the nineteen laminated 3 x 5 cards, paper, and pencil. Prigatano (1991) indicated
that the BNIS took approximately 15 minutes to administer to the majority of their subjects, with
no patient taking longer than 30 minutes. Appendix C provides information on the scoring and
subscale test items.

In Prigatano’s 1991 article on the development of the BNIS he presented the results from
two initial validation studies. In the first study, 40 patients from the Barrow Neurological Institute
and 20 controls (primarily hospitai personnel and therapists) were tested. Traumatic brain injury

(TBI) was the most common diagnosis (60 %} in the patient group. It was indicated that most of
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the patients had diffuse injuries, although specific information regarding the method of diagnosis
(e.g., brain scans, medical work-up) was not provided. The control group was not significantly
different in age, but the female-to-male ratio was higher and the education level was significantly
higher by about 2 years (t = 2.1, df'= 52, p = .04). Normative data from this first study was
provided. The control group and the patient group were divided into two age groups; younger than
or older than 55 years old. Prigatano used this age cutoff based on the argument that “due to
normal aging factors, individuals older than 55 years can be misdiagnosed as having cerebral

impairment by various neuropsychological tests” (1991, p. 5). The patient group is further divided

T T T i, T P

into patients whose lesions had been sustained within the past 6 months, and those with lesions
existing longer than 6 months.

The younger than 55 years old control group had an average score of 48.3 out of fifty.
Therefore, a cutoff of 48 was utilized to determine the presence of true positives and true negatives
in the entire patient group (Prigatano, 1991). It was reported that all patients were correctly
identified using this cutoff, and 87.5 percent of the control group. The subsequent Sensitivity of
the test was reported to be 94.7 percent, and the Specificity was 87.5 percent for tbc test in the
younger age group.

In the second study from Prigatano’s 1991 article, a group of 50 patients and 22 controls
were tested in an attempt to cross-validate the first study’s findings. Prigatano indicated that “the
scoring of certain items was modified slightly”, and “a few new test items were added and others
were dropped” (1991, p. 5-6). However, no further information was provided about these changes.
The demographic composi?ion of the patient and control group was similar to the groups in the
first study (i.¢., age similar, education and female-to-male ratio higher in the control group). The

patient group was once again predominantly TBI patients (60 percent). The cutoff score was kept
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at 48 of a possible 50 points. As with the first study group, the acute patients did more poorly than
the chronic patients. The Sensitivity for the entire age range in the second study was 96 percent
and the Specificity was 64 percent. Prigatano (1991) argued that a cutoff point approach is more
likely to misclassify older individuals as brain damaged. Therefore, it was suggested that the
inclusion of the entire age range in the second study resulted in lower Specificity from that obtained
in the original sample.

The overall Sensitivity of the BNIS was certainly acceptable based upon these initial
studies, but the Specificity values were low when a large age range of subjects was analyzed.
Prigatano (1991) further explored the Delayed Recall and Awareness tasks to improve the
Specificity. He argued that memory complaints are common in both the brain injured and the
elderly. However, elderly individuals with no identifiable brain injury can do poorly on these
measures as a result of the normal aging proce;s or depression, among other things, as well as
brain impairment. This analysis was performed on a total of 111 patients and the 42 control
subjects to see if these two tasks would help improve the discrimination between patients and
control subjects. On the Delayed Recall task, 4 of 42 controls were unable to recall all three
words, while 72 out of 111 patients were unable to recall the three words. Therefore, the Delayed
Recall task’s Sensitivity was only 65 percent, but its Specificity was 90 percent (false positive
ratio = 5 %,; false negative ratio = 51 %). On the Awareness task, 3 control subjects did not
predict their recall accurately, while 73 patients were unable to predict their recall. This resulted in
66 percent Sensitivity and 93 percent Specificity for the Awareness task (false positive ratio = 4
%; false negative ratio = 49 %). This would suggest that Specificity could be improved through
analysis of these two tasks for any given patient, but that the Sensitivity is clearly higher with the

overall cutoff point system.
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Both the control group and the patient group from the second study were tested with the
MMSE to assess the construct validity of the BNIS. As described by the Committee to Develop
Standards for Educational and Psychological Testing (1985), a strong relationship with other
measures that are purported to identify the construct in question provides evidence for the construct
validity of the test instrument. Prigatano stated that “a positive and significant correlation was
anticipated based on the assumption that both tests were sensitive to brain dysfunction. However,
because the BNI Screen attempts to assess abilities not sampled by the MMSE, the correlation of
these two tests was anticipated to be between .50 and .75, reflecting a common variance between
25% and 60%” (1991, p. 6). He argued that if the correlation between the BNIS and the MMSE
was .85 or higher then the BNIS would essentially be measuring nothing new. Based upon the
results of the patient and control group study a correlation of .71 was reported between the MMSE
and the BNIS and was interpreted as providing support for the construct validity of the BNIS.

Rosenstein, Prigatano, and Amin (1992) conducted studies on the test-r;atest and inter-rater
reliability of the BNIS. The test-retest reliability is particularly important considering Prigatano’s
(1991) intention that the BNIS be a useful measure of change over time. High test-retest reliability
would help ensure that changes in performance over time in a patient would reflect real changes in
their functioning. A total of 13 female and 19 male patients from the initial validation sample were
retested an average of 2.9 days (S.D. = 2.9; range 0.08 - 9.0) after the first administration.
Twenty-one of the patients were retested by the same examiner, with the remaining 11 patients
retested by a second examiner. The only change in test procedures between testing was the use of
two different word lists in the Delayed Recall task, |

It was reported that the test-retest reliability coefficient for the entire sample was r[30] =

940 (p < .001). The test-retest correlation for the 21 patients who had the same examiner was
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.970, and for the other 11 patients with different examiners was .911. The correlation between the
test interval and changes in score was not significant. The test-retest reliability for the entire
sample on each of the subscales was as follows: Speech and Language, .931; Orientation, .449;
Attention/Concentration, .601; Visuospatial, .836; Memory, .809; Affect, .616; and, Awareness,
.309. The test-retest correlation between the two sets of words used in the Delayed Recall task was
significant at .749. Based upon the criteria for clinical significance of reliability coefficients
established by Cicchetti and Sparrow (1981), the Speech and Language, Visuospatial, and
Memory subscales were within the excellent range. The Attention/Concentration and the Affect
subscales were within the good range. The Orientation subscale fell in the fair range, and the
Awareness subscale fell within the poor range. Rosenstein, Prigatano, and Amin (1992) suggest
that practice effects may have played a substantial role in regard to the low test-retest reliability of
the Orientation and the Awareness subscales. In a retrospective analysis of the Orientation
responses, 11 of the 32 patients failed on the first test, while 7 of those I 1 patients subsequently
gave the correct response on the second testing. Of the 21 patients who received full marks on the
first testing, only 3 failed on the second testing. A similar pattern was reported for the Awareness
subscale. Twenty-three of the 32 patients failed this item on the first testing, although 10 of those
23 patients correctly guessed their performance on the second testing.

To test the inter-rater reliability of the BNIS a group of 10 patients was tested by one
examiner as another examiner sat in the room and judged the patient’s score on each task. On four
tasks the subject is given a second chance to respond if they are incorrect on the first trial. For
those four items both trials were administered regardless of the initial answer éo that the second

examiner would not know how the other examiner scored the patient. The overall correlation

between the two examiners was significant at .998 (p < .001). The percent of agreement between
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the two examiners on each of the tasks was perfect for all but 5 tasks. The percent of agreement
for these five tasks was 90 % on basic language, 80 % on paraphasia, 90 % on reading, 90 % on
writing, and 70 % on affect expression. Rosenstein, Prigatano, and Amin (1992) indicated that the
directions for scoring the items on paraphasia and affect expression were revised as a result of
these findings.

Regarding the use of percent agreement, rather than a kappa coefficient, it was argued that
kappa is limited by the actual prevalence of the characteristic being rated, with kappa approaching
zero as the prevalence approaches zero or one (Rosenstein, Prigatano, and Amin, 1992).
Therefore, it was suggested that a kappa could not be calculated since even seriously impaired
patients will typically pass some tasks on the BNIS. Rosenstein, Prigatano, and Amin (1992)
indicate that those items that are rarely failed (e.g., visual object recognition) are still important
because they measure functions that are infrequently impaired but, when present, are significant for
clinical diagnosis and patient management.

Rosenstein, Prigatano, and Amin (1992) concluded that the above described reliability
studies provided evidence that the BNIS total score was reliable across administrations and
between administrators. Prigatano and his colleagues then proceeded to explore the validity of the
BNIS. The construct validity of the BNIS was assessed through comparison of BNIS scores with
MMSE scores for 105 patients and 49 control subjects (Prigatano, Amin, & Rosenstein, 1993b).
The order of presentation for the BNIS and the MMSE was counterbalanced across subjects.
Mean scores for the control and patient groups differed significantly on the BNIS and the MMSE,
The reported correlation be.tween the BNIS and the MMSE was r[103] = 0.808, p < .001,
producing a shared common variance of 65.3 percent. This was higher than the 0.71 correlation

coefficient found between the BNIS and the MMSE reported in the initial validation study of the
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BNIS (Prigatano, 1991). Prigatano, Amin, and Rosenstein, (1993b) also reported that patient or
control group membership explained 30 percent of the total variance of the BNIS scores (R°=
0.298) but only 13 percent of the total variance on the MMSE score (R° = .134). Based on this
finding they conclude that the BNIS “captures a greater degree of variance attributed to brain
damage or dysfunction than the MMSE” (Prigatano, Amin, & Rosenstein, 1993b, p. 4).

The second study described by Prigatano, Amin, and Rosenstein (1993b) detailed an
attempt to establish the concurrent validity of the BNIS. They analyzed how well the BNIS was
able to discriminate patients with brain impairment from subjects without any recognized brain
impairments. The Committee to Develop Standards for Educational and Psychological Testing
(1985) indicate that the study design best suited to gathering evidence for establishing
criterion-related validity in diagnostic tests is through the concurrent administration of the criterion
and prediction measure. A total of 225 patients with known brain impairments and 102 subjects
with no history of brain impairment or psychiatric disability were compared. Once again,
Prigatano and his associates do not explain how the patients were diagnosed with brain
impairment. The average score obtained by the control subjects was slightly higher than 46,
leading Prigatano, Amin, and Rosenstein (1993b) to use a cutoff score of 47. This was one point
lower than the cutoff score used in the Prigatano (1991) initial validation study. As with the initial
validation study (Prigatano, 1991), all of the subjects were divided into two groups based on age
(i.e., <55 years old, and > 55 years old). The patients were further divided into those whose
lesions were sustained less than 6 months earlier compared to those with lesions sustained longer
than 6 months ago.

When comparing all patients and all controls, the overall Sensitivity was an acceptable 92

percent with a false positive ratio of 18 percent, and the Specificity was a low 56 percent with a
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false negative ratio of 24 percent. An analysis of the subjects less than 55 years old produced a
Sensitivity ratio of 90 percent with a false positive of 13 percent, and Specificity of 70 percent with
a false negative of 24 percent. As can be seen, the values for the younger age group are generally
similar to the overall test result ratios. Analysis of the older than 55 years age group resulted in a
Sensitivity of 98 percent with a false positive of 28 percent, and a Specificity of 88 percent with a
false negative of 75 percent. Although the Sensitivity and Specificity of the BNIS is higher in this
older age group, it comes at the expense of a considerably increased risk of false positives and false
negatives. Utilizing the same rationale presented in the initial validation study (Prigatano, 1991),
Prigatano, Amin, and Rosenstein (1993b) further analyzed the Delayed Recall and the Awareness
subscales. When the patients and controls were classified as brain impaired or not based upon
these subscale scores, the Sensitivity dropped to 67 and 68 percent, and the Specificity increased to
93 and 91 percent for the Delayed Recall and Awareness subscales, respectively. Based upon the
results of these analyses, Prigatano, Amin, and Rosenstein (1993b) indicate that the total BNIS
score provides a good estimate of Sensitivity and a more detailed analysis of the Memory
performance serves to increase the Specificity.

The third part in the series of validity studies conducted by Prigatano, Amin, and
Rosenstein (1993b) was an analysis of the BNIS’s ability to distinguish patients with right or left
hemisphere damage. Adequate performance on the Speech and Language tasks was assumed to
indicate a normally functioning left hemisphere, while the Visnal Spatial and Visual Problem
Solving tasks, as well as the Affect tasks, requires an intact right hemisphere. Fourteen patients
with documented (not speci_ﬁed how) lesions of the left cerebral hemisphere, and 14 patients with
documented lesions of the right cerebral hemisphere were compared to 72 control subjects that

were matched for age and education level. Prigatano, Amin, and Rosenstein (1993b) indicated that
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all of the subscale performance predictions were supported by the test results. In other words, the
group of patients with right hemisphere lesions did significantly worse on the Visual Spatial and
the Affective subscales compared to the other patient group. The patients with left hemisphere
lesions did significantly worse on the Speech and Language subscale. Also, there were no
significant differences between the two patient groups on any of the other four subscales. The
control group performed significantly better on all subscales than either patient group.

The draft version of the manual for the BNIS provides further information regarding the
psychometric properties of the measure (Prigatano, Amin, & Rosenstein, 1993a). At the time of the
writing of this paper a final version of the manual had not been released. The manual provides
normative data for a total of 255 patients and 102 control subjects based upon the most recent
administration version of the BNIS. Within the patient group the mean age was 41.3 years (S.D. =
19.1), the average level of education was 12.6 years (S.D. = 2.9), and was composed of 162 males
and 93 females. The control group had a mean age of 40.0 years (S.D. = 18.9), average level of
education of 13.8 years (S.D. = 2.3), and was composed of 40 males and 62 females. Education
was reported to be significantly higher in the control group. The average BNIS score for the
patient group was 36.34 (8.D. = 7.6), and the control group had an average BNIS score of 46.36
(S.D.=2.9). In the control subjects who were younger than 40, the BNIS total score would
typically fall above the 47 point cutoff. Scores on the BNIS exhibited a modest decline with
increasing age from the mid-50’s through to old age. Analysis of the correlation between age and
total BNIS scores indicated a much stronger relationship for the control group (r = -0.67) than for
the patient group (r = -0.28_). The correlation between age and BNIS scores in the control group

remained significant at -0.53 when education was partialed out. There was a similar correlation

pattern between the BNIS scores and education for the control group (r = 0.50) and the patient
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group (r = 0.22). When the effects of age were partialed out for the control group the correlation
between education and BNIS scores dropped to a non-significant 0.16.

When the larger samples from the manual are used with a cutoff of 47 points Sensitivity of
the BNIS was 93 percent, with a false positive ratio of 16 percent. The Specificity was reported to
be only 50 perceat, with a false negative ratio of 24 percent. Once again, Prigatano and his
colleagues recommended using performance on the Delayed Recall task as a way to improve the
Specificity. The Specificity increased to 93 percent when Delayed Recall was used to discriminate
patients from controls, but the false negative ratio increased substantially to 46 percent. This
method also produced a significantly lower Sensitivity of 68 percent, with a false positive ratio of
only 4 percent.

A study by Prigatanc and Smason (1994) compared the performance of 20 Alzheimer’s
patients with 20 age and sex matched normal control subjects. The diagnosis of Alzheimer’s
disease was based upon the DSM-III-R criteria for dementia of the Alzheimer’s type. Mean age
for the patients was 73.9 years and 72.3 years for the control subjects. The Alzheimer’s disease
patients were also administered the MMSE. The average score on the BNIS for the patients was
29.15 (S8.D. = 6.22), and the control subjects had an average BNIS score of 44.2 (S.D. = 3.64) out
of a possible 50 points. This difference was highly significant. The Alzheimer’s patients
performed significantly worse than the controls on every subscale of the BNIS. Prigatano and
Smason (1994) also reported on the Sensitivity and Specificity of the BNIS based on the results of
this study group. With a BNIS score cutoff point of 40, all of the Alzheimer’s patients were
correctly classified, and 18.out of twenty controls were correctly classified. The Sensitivity was
100 percent and the Specificity was 90 percent, with a false negative ratio of 9 percent. The

reason for a cutoff point of 40 was not clearly stipulated by Prigatano and Smason (1994). The
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expected mean value for normal subjects between 60 and 70 years old was a score of 43 points
(Prigatano & Smason, 1994). When this cutoff point was used the “estimate of sensitivity was 100
% and the estimate of specificity was 80 %” (Prigatano & Smason, 1994, p. 32). The correlation
between the BNIS and the MMSE was reported to be statistically significant at 0.546, which

i accounted for about 30 percent of the shared variance. . Prigatano and Smason (1994) concluded
that this study provided encouraging data on the utility of the BNIS in screening patients with
suspected Alzheimer’s disease.

An issue that is explored in the draft manual is the correlation between various
neuropsychological measures, the BNIS subscales, and the total BNIS score for 14 control subjects
and 102 of the patients from the normative data sample: The neuropsychological measures
employed are the Wechsler Memory Scale - Revised (WMS-R; Wechsler, 1987) Logical Memory
[ & II and Visnal Reproduction 1 & II subtests; the Trail Making Test A and B; and the Wechsler
Adult Intelligence Scale - Revised (WAIS-R; Wechsler, 1981) Digit Symbol, Picture Completion,
Block Design, and Information subtests. All measures were at least moderately correlated except
for the correlation between the BNIS Orientation subscale and Trails B. Correlations between the
neuropsychological measures and the BNIS total score were particularly strong. Correlations
between the BNIS Visuospatial subscale and the WAIS-R Block Design, Picture Completion, and
Digit Symbol subtests were quite strong (i.e., .652, .631, & .613, respectively). Also, the
correlations between the BNIS Memory subscale and the fonr WMS-R subtests were quite strong,
ranging from 0.729 to 0.795. The correlations between the BNIS subscales and the
neuropsychological measures were presented as further evidence supporting the construct validity

of the BNIS.
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The issue of veridicality for the BNIS had received some attention by comparing the BNIS
scores to the Patient Competency Rating Scale scores (PCRS; Prigatano, Altman, & O’Brien,
1990). Veridicality is a measure of ecological validity that assesses the “extent to which test results
reflect or can predict phenomena in the open environment or ‘real world’” (Franzen & Wilhelm,
1996, p. 93). The study by Prigatano and Leathem (1993) compared the performance of 20 New
Zealand Maoris and 20 Non-Maoris on the BNIS. All except two subjects were classified as
having a severe traumatic brain injury, defined by a loss of consciousness for longer than 24 hours
and physician classification. The other two subjects suffered a moderate TBI, as defined by loss of
consciousness for at least 1 to 6 hours. The two groups of subjects did not differ in age, education,
sex, or time since brain injury. Each patient and their primary caregiver independently rated them
on their ability to perform a number of functional daily tasks using the PCRS. The PCRS is
composed of 30 questions with a 5 point rating of how well the individual is able to complete a
number of activities of daily living and psychosocial functioning. The BNIS scores were then
compared with the PCRS scores to explore the relationships between perceived ratings of
competency and neuropsychological screening results.

The two groups did not differ significantly in their total BNIS scores. Scores ranged from
20 (severe impatrment) to 48 (mild to no impairment), with the average level of BNIS performance
falling in the moderately impaired range. The only subscale that was significantly more impajred
in the Maori group, compared to the Non-Maori group, was Digits Forward. A number of the
Speech and Language items were generally weaker in the Maori group, even though English was
the primary language for 18 out of 20 Maori subjects. There was very little relationship between
the self-ratings of behavioral competency and BNIS performance in both groups. On the other

hand, overall caregiver ratings of competency were significantly related to the patient’s BNIS
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scores in both groups. These findings provide preliminary support for the veridicality of the BNIS.
Further study of this issue needs to be pursued using other functional assessment instruments that
are completed by professionals involved in the individual’s treatment and care.

In conclusion, the present research on the BNIS supports its efficacy as a cognitive

%

: ’ screening measure. However, as a result of the limited range of settings within which research on
the psychometric properties has been conducted to date, it is difficult to make generalized

l statements about its utility outside of the presented validation sample. Additional studies regarding
the predictive power of the BNIS in different populations will be required. The BNIS might be
more appropriate as a “second-stage” evaluation measure, as described by Fields, Fulop, Sachs,

i Strain, and Fillit (1992). In a comparison of the NCSE and the MMSE, Fields et al. (1992)

' concluded that the MMSE is probably a better measure as a “first-stage™ cognitive screen for the

elderly since it takes much less time to administer, is acceptable to more patients, and correlates

well with psychiatric diagnoses. They suggest that the NCSE is probably better used as a

“second-stage™ screen in order to provide a more fine-grained analysis of cognitive abilities when

the MMSE or psychiatric interview finds more “borderline” performances. The similarities

between the NCSE and the BNIS in their subscale profile development and psychometric

properties (Wass, 1996b) make it likely that the BNIS would also be better utilized asa

“second-stage” screening instrument.

When used in this way, the BNIS could provide potentially useful information about the
patient’s cognitive functioning in a number of areas until a full neuropsychological evaluation
could be completed. The ipfonnation obtained from the BNIS could help determine the focus of

treatment, aid in the diagnostic process, and monitor progress through treatment and/or

spontaneous recovery. The BNIS has also been found to be related to care-giver ratings of
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functioning and competency, thereby providing preliminary evidence in support of its veridicality.
There is a clear need for further research in a variety of clinical settings using different measures

against which to compare the performance of the BNIS.

BNIS Summary

Prigatano and his colleagues attempted to develop the BNIS as an instrument that could
provide a brief analysis of an individual’s cognitive functioning for those individuals who may
require further testing. The BNIS test results may aid in the initial ;iiagnosis, treatment decisions,
and monitoring of a patient’s progress. It is different from most other cognitive screening
measures because it provides subscale summaries of different cognitive abilities along with a
global measure of cognitive functioning, rather than focusing exclusively upon a global measure of

cognitive impairment.

Insert Table i. Here

Table 1 presents a summary of the predictive power for the BNIS based on the literature
reviewed in this paper. At the present time this is limited by the lack of research from a variety of
settings. All of the predictive power data are derived from two validation sample groups at the
setting where the BNIS was developed. This data is from two different samples: the initial
validation sample (N=136). and controls (N=52), and the expanded validation sample (N=253) and
controls (N=102). The expanded validation sample produced modest improvements in almost all

predictive power measures. The ratio of patients to controls remained constant at approximately
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72 percent across both validation samples. As described by Baldessarini, Finklestein, and Arana
(1983), the PPP rate declines sharply as the prevalence of a disorder declines. In the BNIS studies
reviewed, the prevalence rate remained constant. Therefore, utilizing the BNIS in settings that
have a different ratio of cognitively impaired to cognitively unimpaired patients (i.€., either higher
or {ower than the validation samples) would result in different PPP and NPP rates. Sensitivity (i.e.,
true positive rate) was typically very high to excellent (89 % and 93 %), while the specificity (true
negative rate) was consi&erably weaker (50 % and 56 %). Utilizing the Delayed Recall and
Awareness tasks resulted in an improved chance of correctly identifying those subjects who were
not cognitively impaired. Under this condition the specificity increased from the 50 percent range
to the low 90 percent range, although the sensitivity fell to the high 60 percent range. The
probability of the total BNIS score correctly identifying a subject as being impaired (i.., PPP rate)
was in the mid 80 percent range. A corresponding increase to the mid-90 percent range in the PPP
was found when analyzing the Delayed Recall and Awareness tasks. The probability of the BNIS
correctly identifying a subject as being not impaired (i.e., NPP rate) increased from 63 percent in
the first vaiidation sample to 76 percent in the expanded validation sample.

The results of these studies indicate that the BNIS is highly sensitive to the presence of
cognitive impairment, but that it carries a high chance of identifying a non-impaired individual as
cognitively impaired. Prigatano, Amin, and Rosenstein (1993) suggest performing a further
evaluation of the subject’s performance on Delayed Recall and Awareness to improve the
likelihood of correctly classifying an individual as impaired or normal. The predictive power
analyses of these two tasks indicated that failure on these tasks reliably classifies an individual as

cognitively impaired. It would be necessary to determine if the BNIS will meet the needs of other

clinics and their patient populations since the existing literature was based upon data gathered in
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the same clinic. Therefore, conducting exploratory research would be strongly recommended to
determine whether or not the BNIS would meet the needs of other clinics and their patient
populations,

One factor that will determine the utility of the BNIS in any setting is the inherent risk in

- false positive and/or false negative identifications. As this will vary from one setting to another
and one patient population to another, it will depend upon the clinical and scientific judgment of the
professionals to determine the utility of the BNIS for that patient population and clinical setting. In
general, the BNIS would be useful in a setting that requires a highly sensitive measure of cognitive
impairment. However, it also exhibits a high likelihood of incorrectly classifying an individual as
impaired when other index measures or diagnostic methods do not support that conclusion. The
risk involved in this misclassification will depend upon the setting in which it is being applied. If
the risk of failing to correctly identify cognitive impairment is greater than incorrectly classifying a
normal individual then the use of this measure could be supported.

The present literature available on the BNIS provides promising data on its psychometric
qualities. However, it is unlikely that the BNIS would be significantly better than some of the
other existing screening measures (e.g., MMSE) in regard to acting as a “first stage” global
cognitive sereen. The strength of the BNIS resides in its ability to provide a more fine-grained
analysis of possible cognitive weaknesses in a variety of cognitive ability domains. This
information should prove useful when attempting to develop intervention and treatment strategies
for a patient, as well as monitoring their performance across time. Therefore, the BNIS should
prove to be a potentially useful addition to clinical interventions and research .Iprograms.

The development of the BNIS attempted to provide measures that were sensitive to frontal

lobe impairment (i.¢., the Awareness subscale). The BNIS also requires the clinician to estimate
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the individual’s premorbid leve! of cognitive functioning. Further research will be required to
evaluate the extent to which the BNIS meets the goal of assessing frontal iobe impairment. Some
support presently exists for the BNIS subscale structure based upon the correlation between
various neuropsychological measures and the BNIS subscales. However, this finding has not been
duplicated in a setting outside of the institution where it was developed. In conclusion, findings
from the BNIS should be supplemented by other measures of neuro-cognitive functioning until

further studies can provide greater support for its psychometric properties.

Reliability and Validity

An important and critical factor in the development of any test instrument used in the field
of psychology is the establishment of its reliability and validity (Committee to Develop Standards
for Educational and Psyci_lological Testing, 1985). Reliability has been described as “the
consistency of scores obtained by the same persons when reexamined with the same test on
different occasions, or with different sets of equivalent items, or under other variable examining
conditions™ (Anastasi, 1988, p. 109), and is said to refer to “the degree to which test scores are free
from error measurement” (Committee to Develop Standards for Educational and Psychological
Testing, 1985, p. 19). Reliability is measured through the use of reliability coefficients; a generic
term used to describe the statistical procedures and inferences used to identify sources of error
variance, Analysis of reliability will often include inter-rater, test-retest, and alternate form
analyses when possible.

Validity of a test is described by Anastasi as concerning “what the test measures and sow
well it does so” (1988, p. 139), and is grouped under the three principal categories of
content-related, criterion-related, and construct-related. As indicated by the Committee to Develop

Standards for Educational and Psychological Testing, validity refers to the extent or degree to




T e e St 2

Analysis of the BNI Screen
23

which the actual results from the test support the inferences made from the test scores. In other
words, the concept of validity “refers to the appropriateness, meaningfulness, and usefulness of the
specific inferences made from the test scores” (1985, p.9). Content-related validity refers to the
extent to which the test items effectively represent some pre-defined domain. Expert judgments
about test content and item selection are typical within this type of validity analysis.
Criterion-related validity refers to the relation between test scores and some other commonly
accepted outcome criteria, and indicates the effectiveness of a test to predict an individual’s
performance in day to day situations outside the test setting (Anastasi, 1988). Construct-related
validity is said to focus “primarily on the test score as a measure of the psychological
characteristic of interest”, which could include such psychological constructs as reasoning abilities,
memory, or visual spatial abilities (Committee to Develop Standards for Educational and
Psychological Testing, 1985, p. 9). In general, the information obtained and the inferences made

from any test will be limited by the reliability and validity of that measure.

Ecological Validity of Neuropsychological Testing

Neuropsychologists are becoming more involved in the active application of treatment, as
well as in legal cases, where the actual diagnosis of impairment is only the first step. A question
that is being asked with increasing frequency is, ‘what are the functional implications of this
pattern of cognitive strengths and weaknesses?” This means that neuropsychologists are being
asked to make predictive statements about how well an individual will be able to perform a variety
of daily personal care, houschold, and work-related activities based upon the scores obtained in the
neuropsychological assessment. Therefore, an important element in the psychometric description
of psychological tests would be their ecological validity. Franzen and Wilhelm (1996) indicate that

”

the term “ecological validity” of neuropsychological tests refers primarily to the relationship
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between aspects of assessment tasks and everyday behaviors and tasks. Aspects of assessment
tasks could include the actual test results or the underlying constructs (e.g., visual spatial ability)
governing the development of a task in a test. Franzen and Wilhelm propose that there are two
general aspects of ecological validity, especially in reference to neuropsychological testing.

The first is verisimilitude, or the similarity of the data collection method to tasks and skills

required in the free and open environment. The second is veridicality, or the extent to

i

which test results reflect or can predict phenomena in the open environment or ‘real world’

(1996, p. 93).

It is apparent from these definitions, that verisimilitude is most relevant during the design phase of
a neuropsychological test instrument. Once the instrument has been designed vendicality becomes
more critical. Evidence would be required to show that everyday behaviors and task performance
could be predicted by the assessment instrument results. Goldstein indicated that veridicality refers
to “empirical validity based upon studies of correlation between test scores and measures of
relevant behaviors” (1996, p. 78).

Ecological validity is likely to overlap other types of validity in various situations. For
example, ecological validity could be seen to overlap with predictive validity when attempting to
predict success or failure from a test score, or with face validity when attempting to develop a test
based upon verisimilitude. With ecological validity the primary focus should be on the relationship
of test scores to everyday behaviors. The determination of face validity and predictive validity
could be inferred from the same measure or measures, even though they were not developed
specifically to assess the in_dividual’s everyday behaviors (e.g., a diagnostic test for brain

localization).
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Franzen and Wilhelm (1996) suggest that pursuing the issue of an instrument’s
verisimilitude would require an examination of the theoretical relation between the abilities
required to perform that test (e.g., attention and visual-spatial skills) and the corresponding
functional behavior predicted by the test instrument, Goldstein (1996) suggested that achieving
verisimilitude would be a practical impossibility because even if a test or test item could be
developed that perfectly duplicated the behavior in question, the assessment would not duplicate the
different settings and behaviors that would be typical and relevant to the individual being assessed.

The very process of testing the individual places him or her within a contrived situation. On the
other hand Goldstein (1996) indicated that ;here is considerably more potential for determining the
veridicality of different instruments since the relationship between a given test item or total test
performance and real-life behaviors or functions can be documented and empirically analyzed.
Determining the veridicality of the instrument can be accomplished regardless of the verisimilitude
of the test item(s).

Determining the veridicality of a test instrument could involve an examination of the
relationship between the score(s) on that measure and the score(s) on another measure that has a
documented relationship with behavior in day-to-day situations. - For example, if scores on a
measure of functional ability are shown to predict success in daily living skills after a rehabilitation
program, then the relationship between the neuropsychological measure and the measure of
functional ability could provide information about the ability of the neuropsychological measure to
predict success in daily living skills. However, Franzen and Wilhelm (1996) point out that at least
part of the shared corrclatio_n between these two measures could be for reasons other than the
shared variance of the target behavior. The relationship between the neuropsychological test and

the measure of functional ability is likely to be stronger in situations where the measure of the
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target behavior involves analysis of the behavior in the open environment. This could involve
self-reports, reports by others, formal behavioral observations in a natural setting, or

questionnaires (Franzen & Wilhelm, 1996).

Franzen and Wilhelm (1996) identify three methods of obtaining ecologically relevant
information about an individual’s behavior. The first is to develop test measures designed to elicit
the behavior of interest. Although it may be possible to develop a limited number of measures that
would fit this description, some criticize these attempts and suggest.that it would not be possible to

develop truly realistic measures as a result of the contrived nature of assessment (e.g., see above;
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Goldstein, 1996). The second would be the direct observation of the behavior in a naturalistic
setting, or observation of an individual attempting to perform some standard everyday tasks (e.g.,
shopping for food and preparing a meal), Once again, when the individual is being observed, it is
highly probable that their behavior would not be exactly the same as when they are performing a
task unobserved. Also, natural setting observations are not feasible in most situations since the
resources required would be quite extensive. The third method identified, would be the use of
functional assessment instruments that inquire about the individual’s ability to perform various
tasks. This can be achieved through questionnaires completed by family members and other
collateral sources, or through rating scales completed by various professionals involved with the
individual who have knowledge of the relevant aspects of the individual’s behavior.

Functional assessment instruments appear to hold the greatest potential since they can
usually be completed relatively quickly, can be standardized, and can provide a normative base of
information. Franzen and Wilhelm (1996) identify five criticisms leveled at the use of functional
assessment instruments. First, they point out that most of these instruments are subjectively

scored. They suggest that although this is not necessarily a significant drawback, it is critical to
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establish the inter-rater reliability of the measure to assess the adequacy of the scoring instructions.
The second criticism is that the items to be scored are frequently difficult to judge because the item
encompasses a broad range of behaviors potentially required to perform that task (e.g., maintaining
personal hygiene). Failure or impairment in any one functional component of that item can result
in a failure to effectively complete that task. A third criticism identified by Franzen and Wilhelm

‘ . (1996) is that the scale properties of many of the functional assessment instruments is unknown.
Psychometric evaluation (e.g., reliability) of the instrument cannot be established until the scalar
properties of the instrument are known (i.e., are the scale items nominal, ordinal, interval, or ratio).

For example, many of the instruments combine many or all of the items into summary scores.

o et e R B D

Without knowledge of the scalar properties of the various items, this could result in erroneous
conclusions since some items may be ordinal in nature, while others within the same instrument
could be classified as interval scaling. Analyses should be conducted to determine the scalar
properties of any given instrument.

The fourth criticism involves the establishment of appropriate criteria for whether or not
the individual can perform the specified task outside of the assessment situation. In other words,
will the individual be able to generalize the component tasks to the various day-to-day situations
that may arise? This criticism is related to Goldstein’s (1996) contention that a test situation task
could not be truly “real” in that it could not be directly assessed without the assessment process
itself acting as a significant confound. The fifth criticism is related to the previous concern, in that
there is a lack of validation studies relating the instrument measures to actual behaviors in the
natural environment. This means that the tasks were chosen for the measure Laséd upon what was

assumed to be relevant criteria for the individual’s daily functioning (i.e., verisimilitude), but the

actual relationship between the given tasks and daily functioning still have to be determined (i.e.,
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veridicality). Franzen and Wilhelm (1996) suggest that this is a greater problem with instruments
that rely upon the reports of others (e.g., family members), but is still a concern with instruments
that rely upon more direct observations of the target behaviors (e.g., rating scales completed by

professionals based upon contact with and observation of the individual).

Predictive Power

An important consideration in the use of a cognitive screening measure is the predictive
power of the test in various settings and with different patient populations. This refers to the
ability of the test to accurately identify those patients who actually have a given condition as
opposed to those who do not as determined by another standard or index. Comparis.on of the test
results is ideally made with some well-established and commonly accepted “gold standard”. Two
commonly presented values are the test’s sensitivity and its specificity, which were terms
introduced by Yerushalmy (1947, as cited in Baldessarini, Finklestein, & Arana, 1983). Appendix
D presents a table that is commonly used to represent the placement of the subjects or patients
according to the “gold standard” or index measure and the subsequent findings from the test
results. The first vertical column in this table includes those subjects that have been identified as
having the condition in question according to the index measure (e.g., brain imaging results
confirming the presence of brain damage). The second vertical column includes those patients that
are determined by the index measure to not have the condition in question. In research studies this
is often classified as the control group. The first horizontal row includes those subjects that have
been identified by the test under study as meeting the criteria for identification. For example, in
cognitive screening tests this would include those subjects whose scores were below a specified

cutoff, thereby indicating the presence of cognitive impairment. The second horizontal row
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includes those subjects whose scores on the test in question do not identify them as impaired. From
this table a variety of ratios can be described, including the sensitivity (true positive rate) and the
specificity (true negative rate) of the test in question (see Appendix D).

Sensitivity is described as the ability of the test to detect impairment when according to the
index measure the individual is actually impaired (Haynes, 1981). The term “sensitivity is also
synonymous with the true positive rate (Baldessarini, Finklestein, & Arana, 1983). Specificity is
the ability of the test to correctly predict the absence of the impairmient or disease as established by
the lack of impairment or disease on the index measure. Specificity is synonymous with the true
negative rate. Haynes (1981) describes the sensitivity and specificity as “stable measures™ because
these rates do not change when different proportions of patients and controls are tested (i.e.,
different base rates). The false positive rate and the false negative rate are also stable measures as
they are simply the inverse of the specificity and the sensitivity ratios, respectively. It is very
important to know the sensitivity and the specificity of a given measure, so that the clinician can
judge the ability of the test to identify those who are truly impaired or ill, as well as those who are
truly well. However, the clinician may not always have the results of an index measure to compare
results, This is especially true in a situation when a cognitive screening measure might be
employed.

In those situations, the clinician would be at least as interested in determining the
likelihood that the disease or impairment is actually present given a positive or negative result on
the test in question (Engelhart, Eisenstein, & Meininger, 1994). In other words, the clinician would
be interested in the predictive or diagnostic utility of the test result (Baldessarini, Finklestein, &
Arana, 1983). Positive Predictive Power (PPP) is the term used to describe the likelihood that the

impairment or disease is actually present given a positive identification on the test (e.g., scored
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below cutoff for cognitive impairment). This is the ratio of true positive results to all the positive
results obtained from the test in question. Negative Predictive Power (NPP) is the term used to
describe the likelihood that the subject does not have the disease or impairment when the test
results are negative, This is the ratio of true negative results to all the negative results obtained
from the test in question (Baldessarini, Finklestein, & Arana, 1983; Engelhart, Eisenstein, &
Meininger, 1994). .The PPP and the NPP are described by Haynes (1981) as possessing
“frequency-dependent properties” because these values vary depending upon the proportic;n of
impaired to well individuals being tested. That is to say, these rates will change depending on the
base rates of the ailment in question in any given population. Therefore, the PPP and NPP results
obtained for a given test only apply to those clinical settings with similar base rates for the disease
or impairment in question.

Haynes indicated that “the positive predictive value falls and the negative predictive value
rises when a diagnostic test developed for patients with high prevalence of the target disorder is
subsequently applied to patients with a lower prevalence of the disorder” (1981, p. 706). It is not
uncommon to see this difference in prevalence rates between the research conducted on a test as
compared to its use in general clinical practice. In research situations, the test subjects are often
matched one for one with a control group, resulting in a 50 percent prevalence rate. However, very
few clinical settings have a prevalence rate of 50 percent for the condition to be identified by a test.

In an hypothetical example provided by Baldessarini, Finklestein, and Arana, (1983) when the
prevalence rate was 50 percent the PPP was 93 percent, while the NPP was 76 percent (sensitivity
and specificity of the test was fixed at 70 % and 95 %, respectively). By the time the prevalence

rate had dropped to only 1 percent of the population the PPP had dropped to 12 percent and the

NPP had risen to 99.7 percent. PPP and NPP are also affected when the prevalence is held
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constant, but the sensitivity or specificity is modified. Under this situation Baldessarini,

i Finklestein, and Arana conclude that:

the NPP is highest when sensitivity is high (i.e., when the rate of false negatives is low),
and the PPP is high only when the specificity is high (i.e., the rate of false positives is

low). Although the PPP is high when a test is highly specific, this power is markedly

decreased as prevalence decreases. These considerations are consistent with the
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impression that highly specific tests (those having low false-positive rates), with even
moderate sensitivity, are especially useful when results are positive and when the

prevalence of the index condition is high (as in a specialty practice). Conversely, highly

sensitive tests (those having low false-negative rates), with at least moderate specificity,
are powerful when results are negative and when the prevalence of an illness is low (as ina
screening program). Such a highly sensitive test can be useful in excluding a
diagnosis.(1983, p.572) |
This information helps to emphasize the importance of understanding the origin and development
of the reported predictive power values, and the resulting implications for clinical settings that vary

from the reported research.

Functional Assessment of Skills and Abilities

There is increasing pressure to establish the efficacy of rehabilitation programs.
Administrators are requesting that information regarding a program’s cost effectiveness and ability
to achieve the stated rehabilitation goals be delineated and quantified. One method that can be
utilized in an attempt to meet these demands is through the assessment of an individual’s functional

skills and abilities. Batavia (1988: as cited in Wilkerson, Batavia, & DeJong, 1992), in his review
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of payment for rehabilitation services, indicated that “payment per level of functional status™ was
the most theoretically attractive because it was most consistent with the rehabilitation goal of
enhancing the individual’s functional status. If this type of rehabilitation payment system is to be
adopted, it is critical that reliable and valid measures of functional status be developed.

Functional assessments (Crewe & Dijkers, 1995) atiempt to directly measure, in a natural
setting, a person’s ability to carry out meaningful behavioral tasks or to observe his or her actual
performance of these tasks. In comparison, psychometric norm-referenced testing often utilize
questions and tasks that allow inferences and predictions to be made about how a person will
perform in different situations. Further, functional assessments typically allow for repeated
assessments with the same instrument as a means of tracking the individual’s change over time. A
variety of instruments have been developed over the years in an attempt to produce meaningful
measures of functional skills and abilities. Although many different functional status measures
have been developed, one measure that has become commonly used for program evaluation and
rehabilitation outcome studies is the Functional Independence Measure (FIM) (Crewe & Dijkers,
1995). This scale is typically vsed in rehabilitation in-patient programs to assess the extent of the
patients’ physical disabilitics and the ability to perform self-care activities.

The FIM was designed as a basic indicator of severity of disability in order to track a
patient’s progress from entry into a hospital setting through to discharge and follow-up, thereby
providing data on the effectiveness and efficiency of rehabilitation. In 1984, a task force was
established at the Department of Rehabilitation Medicine, School of Medicine, State University of
New York at Buffalo to develop a uniform system to document the severity olf an individual’s
disability (Guide for the Uniform Data Set for Medical Rehabilitation [UDSmr], 1993). The

development of the FIM was intended to produce a rating scale instrument that could be quickly
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and uniformly administered, and that “would include only key patient functional attributes - those
that were common and useful, that would be discipline free, and acceptable to clinicians,
administrators, and researchers” (Guide for the Uniform Data Set for Medical Rehabilitation
[UD‘Smr], 1993, p.I-1). ltems and concepts from numerous other functional assessment measures,
such as the Katz Index of ADL, PULSES, Kenny Self-Care Evaluation, and the Barthel Index,
were included in the development of the FIM. (Hall, Hamilton, Gordon, & Zasler, 1993). The
Functional Assessment Measure (FAM) was developed as an adjunct to the FIM for use with
brain-injured individuals, and is reported to add sensitivity to the functional assessment of
individuals in the post-acute rehabilitation stage (Hall & Johnston, 1994). The FAM was
developed as an expanded version of the Functional Independence Measure (FIM), which was
developed as part of the Uniform Data System for Medical Rehabilitation (UDS).

The FIM + FAM consists of a total of 30 items (see Appendix E), which are rated ona 7
point scale (see Appendix F). The 30 items in the FIM+FAM consist of the original 18 items from
the FIM, along with an additional 12 items that focus primarily upon the cognitive and
psychosocial elements of an individual’s disability. Performance on any of the 30 items is designed
to assess whether an individual can accomplish a given activity independently or if the individual
requires assistance from another person and the amount of time required of the helper to
accomplish that task. The items are to be rated for what the person actually does, as opposed to
what the evaluators believe the person is capable of or should be doing (UDSmr, 1993).

The FIM has been utilized by a number of researchers, as a means of assessing functional
abilities and level of care needed during and after rehabilitation with stroke patients. One study
assessed the ability of the FIM to accurately predict the burden of care in discharged stroke

rehabilitation patients (Granger, Cotter, Hamilton, & Fielder, 1993). Burden of care was
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determined by the number of minutes of care per day required from a caregiver. For the 21
subjects in this study it was reported that a one point change in total FIM score was equivalent to
an average of 2.19 minutes of care per day required from another individual. The researchers
reported that the FIM produced a finer gradation of minutes of care than the other measures used
in their study. The FIM was also reported to help predict the patient’s general life satisfaction.

' Granger, et al. (1993) concluded that, although the FIM did overlap with some information

gathered from other sources, it did provide unique and important predictive information in regard

o e

to burden of care and general life satisfaction.

Alexander (1994) studied the relationship between the side of stroke, age, and admission
functional levels against discharge setting and change in functional ability for 520 stroke patients.
It was found that all patients younger than 55 years old were discharged home regardless of initial
severity of disability. Also, most patients admitted with moderate levels of functional disability
were discharged home regardless of age. The FIM scores were found to be useful when attempting
to predict patient disposition. For example, it was reported that low admission FIM scores and
poor FIM-change during rehabilitation commonly resulted in a nursing home discharge (Alexander,
1994). It was concluded that “standard clinical measures available at rehabilitation admission
carry enough predictive power to define management strategies for stroke survivors” (Alexander,
1994, p. 128).

The FIM was analyzed to help determine those variables that best predicted discharge
home for 282 stroke patients (Wilson, Houle, & Keith, 1991). Seventy-five percent of their study
population returned home. A regression model was developed to predict discharge disposition.
This model used FIM admission and discharge total scores, living arrangement before the stroke,

and length of stay. The use of the regression model correctly predicted discharge outcome for 83
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percent of the subjects, which is a modest increase from the base rate of 75 percent. Patients who
returned home had higher total FIM scores at admission and discharge, and they remained in
rehabilitation longer. Those patients who returned home had average FIM scores in the moderate
to minimal assist range by the time of discharge. It was reported that other variables, such as age,
side of hemiplegia, sex, and onset-admission interval did not make significant contributions toward
predicting discharge home.

In a study of 7,905 stroke patients drawn from the Uniform Data System, the relationship
between subject variables and program variables was examined (Granger, Hamilton, & Fielder,
1992). Subject variables included age and side of body affected, while the program variables
included length of stay, levels of functional ability, and rates of community discharge. In general,
bilaterally impaired subjects were reported to have the lowest FIM scores for admission and
discharge, as well as the least change during rehabilitation across all age groups. Lengths of stay
and discharge outcome were similar for left and right hemiparetics. Increasing age adversely
affects recovery after stroke, shortens the stay in rehabilitation, and lowers the probability of
discharge into the community, according to the results of this study. The results of the above
described studies indicate that the FIM can provide useful predictive information about the
rehabilitation needs and discharge outcome of stroke patients.

Individuals who have suffered traumatic brain injury (TBI) are another patient population
that has been studied using the FIM. In a study of 109 multi-trauma patients in an acute care
hospita! setting, it was discovered that patients who were discharged home exhibited significantly
greater FIM score improvements per day compared to those patients who were discharged to a
rehabilitation setting (Emhoff, McCarthy, Cushman, Garb, & Valenziano, 1991). There were no

significant differences in regard to age or gender between the groups for those who went home and
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those who were discharged to rehabilitation. However, it was found across groups that functional
level as measured by the FIM, determined discharge disposition. Those patients who were
discharged home also exhibited significantly greater overall gains on the FIM from admission to
discharge. The researchers concluded that the FIM “produced a very good measure of the patient’s
total function, tracked progress (or lack of it) through the acute hospitalization, and correctly
categorized and quantitated dysfunction (cognitive and physical) as discharge planning was being
done’ (Emhoff, McCarthy, Cushman, Garb, & Valenziano, 1991, p. 1230).

Three hundred and twenty eight TBI patients with FIM scores of 18 at admission were
studied in an analysis of patients admitted to acute care rehabilitation hospitals and clinics
(Whitlock & Hamilton, 1995). Discharge FIM scores averaged 53, although there appeared to be
a bi-modal distribution with approximately one quarter of the subjects showing no change in FIM
scores from admission to discharge. More than two thirds of the subjects that exhibited FIM score
improvements were discharged home. This study repor_ted that a simple relationship between time
and FIM scores was not apparent (i.e., there was no trend toward improvement with time in the
acute care setting). However, the researchers predicted that administering the FIM at regular
intervals throughout rehabilitation would provide a useful means of tracking pattemns of recovery
and aséessing such factors as pathology, time, environment, and therapeutic interventions
(Whitlock & Hamilton, 1995).

A study of 91 TBI patients in a rehabilitation program analyzed a number of variables
with regard to the relationship between the FIM and other pre-admission and outcome variables
(Cowen et al., 1995). Patients in the severely impaired group (Glasgow Coma Score =3 to 7)
exhibited significantly lower scores at admission and discharge on both the cognitive and motor

FIM subscales. It was reported that the most powerful predictor of length of stay (LOS) in
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fehabilitation and the changes over the course of rehabilitation was the FIM motor score. The

J researchers reported that longer acute care LOS was associated with significantly lower FIM

l scores on admission to rehabilitation, even when other variables such as Glasgow Coma Scores,
[ CT findings, etiology, and age were controlled. On the other hand, longer LOS in rehabilitation
was related to greater gains in the FIM motor and cognitive subscales. These results provide
further evidence for the utility of the FIM in rehabilitation settings for helping predict rehabilitation
outcomes and charges.
The FIM has also proved useful in attempting to predict long-term outcome after discharge

from rehabilitation. In a study of 116 TBI survivors, who were given a follow-up assessment two

years after injury and rehabilitation, quality of life factors were rated (Webb, Wrigley, Yoels, &
Fine, 1995). The researchers used a path analysis to infer direct and indirect effects of the
independent variables (e.g., employment, functional ability, and family support) on quality of life.
Functional independence (as measured by the FIM) was reported to have a significant direct
relationship to employment status. In turn, employment status was reported to have the largest
direct relationship to quality of life ratings. It was also reported that functional independence at 24
months (as measured by the FIM) had a significant direct relationship to quality of life ratings.
Participation in rehabilitation had a relationship to functional independence at 24 months, and
therefore, presumably had an indirect relationship to quality of life. These results suggest that the
FIM could contribute useful information about a patient’s post-rehabilitation employment status
and quality of life.

The studies presented here on the stroke and TBI patients serve to emphasize the different
ways in which the information derived from the FIM can assist those agencies and professionals

involved in a patient’s care. It has proven useful from initial admission to acute care settings
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through to long-term follow-up after rehabilitation discharge. It is important to demonstrate that
the psychometric characteristics of this measure are sound considering the extent to which it is

being used at the present time in a variety of settings.

FIM+FAM Test Reliability and Validity

A necessary and critical step in the development of any test instrument is to establish its
reliability and validity. As defined by Anastasi (1988, p. 110), “all types of reliability are
concerned with the degree of consistency or agreement between two independently derived sets of
scores”. Many types of reliability are described, including test-retest, split-half, and alternate-form
reliability. To establish test validity in the context of behavioral testing, Anastasi states that “all
procedures for determining test validity are concerned with the relationships between performance
on the test and other independently observable facts about the behavior characteristics under
consideration” (1988, p. 139). The three general types of test validity commonly identified are
content-related, criterion-related, and construct-related validity. However, before proceeding to
testing the validity of a measure it is important to establish its reliability. The reason for this is
that the reliability of a measure sets a limit on the validity of that measure. Although a measure
might be highly reliable across time or within itself, it may still not measure what it was designed
to assess for a number of reasons (e.g., poorly selected items that due not effectively assess the
construct in question). On the other hand, if a measure is not reliable then its validity will be
constrained by the low internal consistency and/or weak stability over time.

One of the most cc;mprehensive studies, in terms of population size, on the FIM’s
inter-rater reliability was conducted on 263 patients undergoing medical rehabilitation at 21 U.S.

hospitals (Hamilton, Laughlin, Granger, & Kayton, 1991). Two or more pairs of clinicians
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assessed each of the patients. An intraclass correlation coefficient (ICC) ANOVA was calculated
for each of the FIM subscales (i.e., Self-Care, Sphincter Control, Transfers, Locomotion,
Communication, & Social Cognition), and for the total FIM score. The ICC’s ranged from 0.97
(Total FIM score) to 0.93 (locomotion). The inter-rater reliability for each of the items within the
FIM was calculated using unweighted Kappa. These values were reported to range from 0.76 to
0.61 {mean of 0.71). Based upon these values the authors concluded that the FIM possesses good
clinical inter-rater agreement.

In a study of 38 stroke survivors during a follow-up assessment, the ICC for the total FIM
was reported to be 0.96, as rated by two trained raters (Segal & Schall, 1994). Segal and Schall
(1994) also had the patient and their caregiver provide ratings on the FIM. It was found that the
overall ICC between the caregiver and the patient was 0.87, with a considerably better overall ICC
for the physical items (i.e., 0.91) as opposed to a lower overall ICC (i.c., 0.60) on the scales
assessing cognitive dimensions.

In a study of forty stroke patients, the follow-up inter-rater reliability between phone
interviews and in-person assessments was measured (Smith, Illig, Fielder, Hamilton, &
Ottenbacher, 1996). Two separate raters conducted either a telephone FIM assessment or an in-
person assessment for each subject in an alternating pattern across subjects. The total FIM ICC
was 0.97, with the FIM subscale ICC’s ranging from 0.85 (Communication) to 0.98 (Self-Care).
The Social Cognition subscale was not included within this part of the analysis because of a lack of
variability in the obtained scores resulting in an artificially low ICC value. The authors conciuded
that good intermodal agreement was found between the telephone and in-person follow-up

assessments for patients with effective communication skills.
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The inter-rater reliability studies performed on the FIM have generally produced higher
inter-rater reliability values for the items and subscales that focus upon motor skills, with lower
values for the psychosocial items and subscales. In order to address the psychometric structure of
the 18 FIM items, Linacre et al. (1994) conducted a Rasch analysis on the results of 14,799 patient
evaluations. A Rasch analysis helps determine if a psychometric scale can be transformed to fit
three assumptions required for interval scales. These three concepts are: additivity, order, and
unidimensionality (Andiel, 1995). Additivity refers to the concept that there are equal distances
between the units of measurement for the scale being used. Order refers to the concept that a
higher number indicates a greater value of whatever is being measured. Finally, unidimensionality
refers to the idea that the instrument must be measuring only one construct or feature.

Initially, Reid and Bonwich (1989), in a factor analytic study of the FIM found that it was
not unidimensional. Subsequently, the Rasch analysis of all 18 items of the FIM, conducted by
Linacre et al. (1994, p. 132), supported this finding by indicating that “the FIM items detect two
substantially different aspects of disability: motor function and cognitive function”. This
distinction between the motor and cognitive items was further supported in an analysis of FIM
results from 27,699 subjects with various impairments (Heinemann, Linacre, Wright, Hamilton, &
Granger, 1993). They found that the motor items were generally better predictors of length of stay
than the cognitive items across all impairment groups, although the cognitive items provided unique
predictive contributions for some groups (e.g., traumatic brain dysfunction).

At this time there is very little published research on the FIM+FAM. Hall, Hamilton,
Gordon, and Zasler (1993) report some preliminary work on the inter-rater reliability of the
FIM+FAM. They utilized narratives based upon physical and history reports from three case

studies. These three case report narratives were then rated by a total of 20 raters providing ratings
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for admission, discharge, and follow-up. Overall FIM agreement (i.e., “the number of identical

ratings across every item”) was reported to be high (i.e., 88%), although FIM+FAM agreement
was less satisfactory at 67 percent. When the ratings at admission were analyzed, the percentages
were even lower for both the FIM (81%) and the FAM (55%). One possible explanation for this
discrepancy, put forward by the researchers, was that none of the raters had been trained in scoring
the FIM+FAM items. Of further concern, and probably more important, is the fact that the method
of determining the “percent of agreement” was not stipulated in their report.

Wass (1996b) conducted an inter-rater reliability study on the FIM+FAM within a
post-acute care.brain injury rehabilitation program. A total of 53 patients (41 males, 12 females)
with closed head injuries were scored by varying numbers of treatment team members over a 12
week period. Bartko and Carpenter’s (1976) intraclass correlation coefficient via the analysis of
variance was utilized. As identified by Cicchetti (1991), this model of the ANOVA ICC permits
for determining reliability when the numbers and specific sets of raters may vary at each
assessment.

The following table (Table 2.) presents the inter-rater reliability of the FIM+FAM items,

ranked from the most to least reliable.

Insert Table 2. here

According to the criteria established by Cicchetti and Sparrow (1981), all but one of these
items were within the Good to Excellent range for determining the clinical significance of an ICC

value. The FIM item, Social Interaction, fell within the Poor range, with an ICC value of 0.356.
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The overall mean ICC for all items was .8288 (SD = .1284). The mean ICC for the FIM
! iterns alone was .8538 (SD = .1464), and for the additional FAM items was .7912 (SD = .0255).
The mean values were also computed for the FIM+FAM scale items from the first three domains,
| which focus primarily upon motor/physical care issues (items 1 to 16), and for the last three

; domains, which focus upon psychosocial/cognitive issues (items 17 to 30). The mean for the
motor/physical care items was .9095 (SD = .0597), and for the psychosocial/cognitive items was
7365 (SD = .1244). Wass (1996b) summarizes the results of this study by stating that items in
il the motor/physical care domain were rated by fewer people and had inter-rater reliability values

within the excellent range. Items within the final three domains were typically rated by more

I people and had inter-rater reliability values within the good range. It was concluded that these

results provided further evidence to support the clinical utility of the FIM+FAM.,

Hall, Hamilton, Gordon, and Zasler (1993) analyzed the relationships among three
functional assessment indices (the Disability Rating Scale [DRS], the FIM, and the FIM+FAM),

and six indices of severity of injury (i.e., Glascow Coma Scale [GCS], length of coma, length of
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post-traumatic amnesia [PTA], Revised Trauma Score, computed tomography [CT] pathology,

! and the Rancho Los Amigos Levels of Cognitive Functioning Scale [LCFS]). Although the sample
sizes were reported to be variable because of missing data for some analyses, there were a total of
332 subjects pulled from a national database. Inter-correlations among the functional assessment
indices were highly significant for all three of the disability measures, and a two-factor principal
components analysis accounted for 92 percent of the variance (a cognitive factor and a motor
factor). A principal components analysis of the severity of injury measures found that the trauma

score and GCS were distinctly separate from the LCFS, PTA, and length of coma factor. The CT
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pathology measure did not load on any of the factors and was found to have the weakest
inter-correlation with the other severity indices.

All three functional assessment indices were significantly associated with most of the
severity of injury measures, with all three indices most strongly associated with the LCFS, and
none being significantly associated with CT pathology. In regard to the FIM and FIM+FAM, the
association with the LCFS was greatest for the FIM+FAM cognitive measures. The researchers
concluded that this study provided evidence for the concurrent validity of these measures because
of the strong correlations between the three functional assessment indices studied (Hall, Hamilton,
Gordon, & Zasler, 1993). They further state that the FIM+FAM appears to exhibit increased
sensitivity over the other measures for post-acute rehabilitation functional assessments, although
the time for completion (e.g., approximately 35 minutes) makes it somewhat more unwieldy. The
researchers argue that the FIM+FAM is reported to be well suited as a measure of the finer details
of functional status and outcome. They conclude that it is important to determine the reliability of
the FAM, in large part because of the increasing number of requests being made from
rehabilitation settings to use the FAM (Hall, Hamilton, Gordon, & Zasler, 1993, p. 72).

It is important to recognize that rating a patient’s cognitive functioning according to
Junctional ability, as determined by the FIM+FAM, is likely to present difficulties. For example, a
neuropsychological assessment will attempt to evaluate a patient’s cognitive strengths and
weaknesses, and will provide information regarding their levels of cognitive impairment, if present.

However, their actual functional presentation on a day-to-day basis in the rehabilitation setting
can be a result of a large number of factors (e.g., pre-morbid personality stru;:ture, level of social
support, amount of structure provided in the rehabilitation setting) that may be external to their

level of cognitive impairment. These factors will help determine the degree to which disabilities




P T S W

A

Analysis of the BNI Screen
44

and handicaps may be manifest. It is not expressly stated which level of functioning the
FIM+FAM is attempting to defineate. The scoring criteria suggest that it is more focused upon the
disabilities and handicaps level.

These issues could help to partially explain the lower inter-rater reliability scores found in
the Psychosocial-Cognition items of the FIM+FAM. Some professionals may be interpreting and
scoring a patient based upon the test results specific to their profession {(e.g., Speech and
Language, Neuropsychology) and day-to-day therapeutic interactions that focus upon remediating
those impairments. Other professional groups would not have first hand knowledge of these
cognitive impairment test results and would be determining the patient’s FIM+FAM scores on their
personal interactions. These fundamental differences in perspective about how the patient presents
are likely to affect the agreement between raters on a scale such as the FIM+FAM, and these

differences would be most apparent on the cognitive items.

Ecological Validity of the FIM and the FIM+FAM

The studies conducted to date on the FIM, as well as the FIM+FAM, address a number of
concerns expressed by Franzen and Wilhelm (1996) about the psychometric properties of
functional ability instruments (see the discussion above on ecological validity). The first concern
was the subjective nature for scoring most functional ability measures. Franzen and Wilhelm
(1996) suggest that strong inter-rater reliability would help provide evidence of sufficiently specific
scoring instructions, thereby allowing for consistent ratings. The studies described above on the
inter-rater reliability of the FIM and the FIM+FAM provide consistent evidence to indicate that
different evaluators can reliably score the scoring system. A second concern, which is related to
the first issue, is the complexity of the behaviors being assessed on any one item. Rating activities

that encompass a large number of different behaviors are more likely to be scored substantially
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different by different evaluators, since there is a broader range of behaviors that could be the focus
of analysis. Once again, Franzen and Wilhelm (1996) suggest that evidence of high inter-rater
reliability could address this concern. The excellent range inter-rater reliability scores obtained for
the motor/physical care items, as compared to the generally good range psychosocial/cognitive item
scores, suggest that there could be problems in how the psychosocial/cognitive items are described
and rated in the scoring criteria. However, almost all of the psychosocial/cognitive items are still
within a very acceptable inter-rater reliability range, thereby supporting their inclusion in the
overall measure.

The third concem expressed by Franzen and Wilhelm (1996) was a lack of information
about the scale properties of most of the functional assessment instruments. This concern has been
well researched for the FIM and some literature is beginning to provide evidence for the
FIM+FAM. There is evidence available from Rasch analyses to support the use of the FIM and
the FIM+FAM as an ordinal scale. Factor analytic studies suggest that the FIM is bi-dimensional,
with the motor items making up one factor, and the psychosocial items composing the second
factor.

The final concerns involve the relationship between the items on the functional assessment
instrument and the actual behaviors as expressed outside of the assessment situation. One way in
which this issue is addressed in the FIM and the FIM+FAM is by having the professionals involved
in the individual’s care rate a person based upon their interactions with them in day-to-day
activities and treatment. This is in contrast to having each item specifically tested in a controlled
setting. The research studies also provide further evidence to support the relationship between
these measures and actual behaviors. Studies that relate the person’s performance on the FIM and

the FIM+FAM to such factors as employment, level of care after rehabilitation, and general quality
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of life indicators provide evidence to indicate that these instruments can explain at least a portion
of the variance in these ‘actual behaviors’. In conclusion, it is reasonable to state that the
veridicality of the FIM and the FIM+FAM has been established based upon the body of literature

available.

Purpose
The BNIS is a recently developed cognitive screening instrument that has not been

subjected to extensive testing of its psychometric properties in clinical settings independent of its
site of origin. This study will provide further information on the construct-related and ecological
validity of the BNIS, from a patient population that was independent of the data gathered for the
published normative studies. The sample of patients for this study was obtained through archival
records at the Brain Injury Rehabilitation Program (BIRP) in Alberta Hospital Ponoka. The
construct-related validity of the BNIS will be analyzed through its relationship with cognitive
measures that were administered as part of a full neuropsychological evaluation. These analyses
will be an extension of the validity studies reported by Prigatano, Amin, and Rosenstein (1993b).
The ecological validity of the BNIS will be examined through its relationship with the

Functional Independence Measure (Guide for the Uniform Data Set for Medical Rehabilitation,

1993) and its adjunct the Functional Assessment Measure_ (FIM+FAM) (Hall & Johnston, 1994).
As described in the literature review, the veridicality of the FIM+FAM has been demonstrated
through its relationship with various indicators of daily living skills and performance. The

-: literature review on the FIM+FAM research studies also addresses the concerns expressed by

; Franzen and Wilheﬁn (1996) about the psychometric properties of ﬁ.mctional.ability measures.

Therefore, the FIM+FAM will be used as a measure of functional day-to-day performance. The
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ecological validity of the BNIS will be analyzed through its relationship with the FIM+FAM, based

on data gathered from the BIRP patient population.

Hypotheses
Hypothesis one.

Hypothesis one states that there will be a significant positive correlation between the BNIS Total
ﬂ and Subscale scores (i.e., Speech and Language Functions, Orientat_ion, Attention/Concentration,
Visuospatial and Visual Problem Solving, Memory, Affect, and Awareness versus Performance)
and selected neuropsychological test items. The neuropsychological items included the WMS
Logical Memory I & I, and Visual Reproduction I & II subscales; the WAIS-R Vocabulary,
Information, Similarities, Picture Completion, Block Design, Object Assembly, and Digit Symbol
subtests; Trail Making Test A & B; Grooved Pegboard Test; Halstead Category Test (HCT);
Wisconsin Card Sorting Test (WCST) categories and perseverative responses; and the Controlled
Oral Word Association (FAS) Test (COWAT). Most of the neuropsychological measures included
in this analysis were the same measures included in the correlational study reported by Prigatano,
Amin, and Rosenstein (1993b). The additional measures included in this analysis were the HCT
(Halstead, 1947; Reitan & Wolfson, 1985), the WCST (Berg, 1948; Heaton, 1981), the COWAT,
the Grooved Pegboard Test, and the Vocabulary and Object Assembly subtests from the WAIS-R.
The HCT was included because of its generally recognized sensitivity to the presence of brain
damage regardless of location (Lezak, 1995). The WCST was included because of its recognized
sensitivity to the presence of executive function disorders. The COWAT was included as a verbal
measure sensitive to execuﬁve dysfunction. The Grooved Pegboard Test was included as a
measure of right versus left hand performance. It would be expected that right hand performance

would correlate strongest with the BNIS Speech & Language and the Memory Subscales.
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Performance for the left hand would be expected to correlate strongest with the Visual Spatial &
Visual Problem Solving and the Affect Subscales. These relationships will provide support for

the construct-related validity of the BNIS.

Hypothesis two.
Hypothesis two states that the BNIS Speech and Language Subscale items will predict
performance on the WAIS-R Verbal 1Q measure. The WAIS-R Verbal 1Q was selected as a global
measure of language-related ability. In order to maintain a minimum of at least five subjects per
independent variable (Tabachnick & Fidell, 1989, p. 129) some of the BNIS Speech and Language
items will be combined to fopn composite measures. The first composite measure is composed of
the Fluent, Paraphasic, and Dysarthric items, and will be called the BNIS Expression composite
measure. These three items were combined because they assess aspects of the patient’s expressive
language ability as determined by the examiner throughout the course of the testing. The second
composite measure is composed of the Writing Copy and Writing to Dictation items, and will be
called the BNIS Writing composite measure. The third composite measure is composed of the
Spelling — Irregular and the Spelling - Phonetic items, and will be called the BNIS Speliing
composite measure. Finally, the Arithmetic — Alexia and the Arithmetic - Dyscalculia items will
compose the Arithmetic composite measure. This combination of scores will provide a ratio of
8.25 subjects per independent variable. These relationships will provide support for the construct-

related validity of the BNIS.
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Hypothesis three.
Hypothesis three states that the BNIS Visual Spatial and Visual Problem Solving Subscale items
will predict performance on the WAIS-R Performance IQ measure. These relationships will also

provide support for the construct-related validity of the BNIS.

Hypothesis four.

T

Hypothesis four states that the patient’s discharge BNIS Total Score and the Subscale scores (i.e.,
Speech and Language, Orientation, Attention/Concentration, Visuospatial & Visual Problem

Solving, Memory, Affect, and Awareness versus Performance) will exhibit a significant positive

e

correlation with the discharge Total FIM+ FAM score. Further, the FIM+FAM
Psychosocial/Cognitive subscale total score (i.e., itenﬁ 17 to 30) will also exhibit a significant
positive correlation with the BNIS Total Score and Subscale scores. However, the FIM+FAM
Motor subscale total score will exhibit a weaker positive correlation with the BNIS Subscale

scores. These relationships will provide support for the ecological validity of the BNIS.

Hypothesis five,
Hypothesis five states that the discharge BNIS Speech and Language Subscale items will predict
performance on the discharge FIM+FAM Communications subtotal. The five FIM+FAM
Communications items (i.e., Comprehension, Expression, Reading, Writing, and Speech
Intetligibility) will be summed and used as the dependent variable in this analysis. In order to
maintain a minimum of at least five subjects per independent variable (Tabachnick & Fidell,
1989), the same summing procedure as described in Hypothesis Two for the l;.’oNIS Speech and

Language items will be applied. This combination of scores will provide a ratio of 10.6 subjects

L S ~ _.
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per independent variable. The predictive relationship between the BNIS items and the FIM+FAM

Communication subscale will provide support for the ecological validity of the BNIS.

Hypothesis six.
Hypothesis six states that the three BNIS Orientation Subscale discharge items will predict scores
on the discharge FIM+FAM Orientation measure. This relationship will provide support for the

ecological validity of the BNIS.

Hypothesis seven.
Hypothesis seven states that the three BNIS Attention/Concentration Subscale discharge items will
predict scores on the discharge FIM+FAM Attention measure. This relationship will provide

support for the ecological validity of the BNIS.

Hypothesis eight,

Hypothesis eight states that the BNIS Visuval Scanning, Visual Sequencing, Pattern Copying,
Pattern Recognition, and Awareness.versus Performance discharge items will predict performance
on the discharge FIM+FAM Problem Solving measure. The Visual Object Recognition item from
the BNIS will not be included because the task demands (i.e., a two-choice pointing task to identify
a pencil) are more consistent with auditory comprehension and visval perception. The BNIS
Awareness versus Performance item will be included because of its relation to higher-order
cognitive processes that can impact on executive functions. The relationship between these BNIS
items and the FIM-+FAM Problem Solving measure will provide support for the ecological validity

of the BNIS.

| o
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Hypothesis nine.
Hypothesis nine states that the discharge BNIS Memory items will predict performance on the
discharge FIM+FAM Memory measure. The BNIS Memory items include the Learning and
Memory item and each of the three words in the delayed recalled task. This relationship will

provide support for the ecclogical validity of the BNIS.

Hypothesis ten.
Hypothesis ten states that the discharge BNIS Affect items will predict performance on the
discharge FIM+FAM Emotional Status measure. The BNIS Affect items included Affect
Expression, Perception of Facial Affect, Affect Control, and Spontaneous Affect. This relationship

will provide support for the ecological validity of the BNIS.

Hypothesis eleven.
Hypothesis eleven states that the discharge BNIS Subscale totals (i.e., Speech and Language,
Orientation, Attention/Concentration, Visual Spatial/Visual Problem Solving, Memory, Affect, and
Awareness versus Performance) will predict performance on the FIM+FAM
Psychosocial-Cognition items subtotal. This relationship will provide support for the ecological

validity of the BNIS.
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CHAPTER I

METHODOLOGY

Participants

The data gathered for the purposes of this study is from an archival database gathered
from patients who had been admitted to the Alberta Hospital Ponoka - Brain Injury Rehabilitation
Program (BIRP) in Central Alberta. The BIRP focuses upon rehabilitation for post-acute care
brain injured adults. The data had been accumulated over the past two years, from 1994 to 1996
in the course qf day to day clinical intervention. The medical staff described the majority of the
patients as having sustaiﬂed moderate to severe brain injuries, All patients included in this study
were in-patients.

In the first part of the study, analyzing the relationship between the BNIS and
neuropsychological assessment results, there are seventy-two patients. Only those patients who
were discharged, and had received both a BNIS assessment and a full neuropsychological
assessment were included in this part of the study. This group had a mean age at testing of 36.5
years (S.D. 13.0; range = 17 to 69), and was composed of 49 males and 23 females. The mean
education level was 11.7 years (S.D. 2.1; range = 6 to 18 years). Sixteen percent of the patients in
this part of the study were tested within three months of injury, forty-eight percent were between
three and twelve months post injury, and thirty-six percent were past twelve months,

There are eighty-five patients in the second part of the study analyzing the relationship

between the BNIS and the FIM+FAM discharge results. This group had a mean age at testing of
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39.3 years (S.D. 14.4; range = 17 to 70), and was composed of 55 males and 30 females. The

mean education level was 11.0 years (S.D. 2.5; mode = 12 years (23.5 %); range = 5 to 18 years).

Materials

The FIM+FAM (see Appendix E and F) was administered to all patients included in ttllis
study. As part of the regular tracking procedure in the Neuropsychology Program, each patient
had been assessed with the BNIS (see Appendix A and B). The pat_ients included within the first
part of this study had been assessed with a comprehensive neuropsychological test battery. This
battery included the Wechsler Adult Intelligence Scale - Revised (Wechsler, 1981); subtests from
the Wechsler Memory Scale - Revised (Wechsler, 1987); the COWA Test (FAS); the WCST
(Heaton, 198 1);. and selected measures from the Halstead-Reitan neuropsychological test battery
including the Halstead Category Test and the Trail Making Test, Part A and B (Reitan & Wolfson,

1985); and the Grooved Pegboard Test.

Procedures

Within the first one to two weeks of admission to the BIRP each patient was rated on the
FIM+FAM by the treatment team members (see Appendix E and F). A second rating on this scale
was conducted approximately 45 days after the initial FIM+FAM. Subsequently, every 3 months
the patient would be re-evaluated by the treatment team on the FIM+FAM until discharge from the
BIRP. Ifthe patient was capable of receiving the full screening examination, they would typically
be tested within one week of the treatment team rating them on the FIM+FAM. A primary
component of the screening examination included the BNIS. The patient’s ability to comply with
the screening examination, along with their quantitative performance, was a significant factor in

determining when the patient was capable of receiving a full neuropsychological evaluation. Those
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patient’s who were deemed appropriate, as determined by the supervising clinical
neuropsychologist, were administered a full neuropsychological battery including the measures
described above. The neuropsychological evaluation coincided with the first administration of the
BNIS for fifty-six of the 72 patients, with the remaining (i.e., 16 patients) neuropsychological
evaluations coinciding with the second administration of the BNIS.

For the second part of this study, the final discharge BNIS assessment and FIM+FAM
results were utilized. The FIM+FAM discharge assessment reflected the treatment team’s
evaluation of the patient’s functional performance at the conclusion of active rehabilitation, and
just prior to their re-entry into the community. Community placements upon discharge ranged
from group homes and various managed-care facilities to independent living. These two measures
were completed within approximately two to three weeks of each other surrounding the discharge
of a patient from the BIRP. Sixty-two of the 72 subjects from the first part of the study

(comparing the BNIS to the neuropsychology data) were included in the second part of the study.
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CHAPTER IlI

RESULTS

The data were entered into a microcomputer database and were analyzed using the
Statistical Package for Social Sciences for Windows, Release 7.5 (Norusis, 1997). The first series
of analyses describes the relationship between the BNIS and neuropsychological measures. This is
presented as evidence of the construct-related validity of the BNIS. The second series of analyses
describes the relationship between the BNIS and the FIM+FAM. This is presented as evidence of

the ecological validity of the BNIS. Results are presented in terms of tests of each hypothesis.

Construct-related validity of the BNIS

Hypothesis One.

The first analysis conducted in this study examined the relationship between
neuropsychological measures and the BNIS Subscales and BNIS Total Score. Pearson correlation
coefficients between these variables are provided in Table 3. The BNIS Total score was correlated

with all neuropsychological measures, with most correlations being significant at the 0.001 level.
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k Table 3
’d* Pearson Coyrelation Cocfficients Between the BNIS and Neuropsychological Measures
BNIS Speech & | Orientation | Attention/ Visual Spatial & | Memory Affect Awareness
Total Language Concentration | Problem Sclving
| et | agux | 39w | 3ges | 31 00 ns 38% |.16ns | -17ns
A :
. gy ol gpwaw | 38w | 33w | 24ns | .12ns 40*** | 19ns | -.06ns
Visual Reproduction
g 1(n=67) A1+ | g+ | 354 | [6ns 36 ++ 27% | 38#** | 07ns
%5- Visual Reproduction
| 11 (n=67) 53eex | 31%e | g1eee | g | 3g e 55+ | 32% | 00ng
% Block Dsign (6N | sy wax | 34%x | 314 | 30+ 44 e 40%+ | 40+ | 10ns
ey R N gpwen [ 22ns [ 334 | 21ms |37 27+ | .46%* | -00ns
ey ST ggeex | 310 [ 31% [ 20¢ [ 3ges | 26% | 43w | 03ns
Digit Symbol (n°63) § g7 we# | gpe%% | 235 | 27+ 53w 44+ | 46+ | 09ns
Informstion (n°68)  § 5wk | gowks | 45 4sk | 34 %s 19ns 29* | 49+ | _07ns
Similarities (1=68) | pgwes | 32%¢ [ 354 [ 28+ 304 32% |42+ |_.09ns
Vocabulary W=67) | 4g wew | ggwes | 4] %xe | g« 244 21ns | 44%*=* | _15ns
Tils AM=T2) | pgase | g2 %4e [ 20ps | 27* 364+ 23*¢ | .58%* | _00ns
Trails B (n=64) 554k | g2 wee | 26+ 36 ** 42 #4s 36+ | 44+ | 06ns
Grooved Pegs Ri
oo Peps et | ggwer | 36%x% | 24ns | .18 ns 324 33* | 30* |.09ns
ed Pegs Left
ooy "B 35+ | 17ns | 21ns |25 33+ 30% | .38% |23ms
o 30%* | 10ns | 27* | .24* 24+ 27* |.36* | .12ns
s | g5 xes [ 6% | 29 25 % 31 39%xx | g9 x| 13pg
WCST Perseverative
Responses (n=71) A3 ¥k | 9@ % 20 ns 22 ns 3] ** 32 % [ 57 %% | Qg
COWAT (FAS)
(n=62) AQ *¥*x | 50%** | 20ns .18 ns 27 24ns j.35** | 0O5ns
ns = Notsignificant; *° =p <0.05 (2 tailed) #  =p <001 level (2 tailed)
¥4 =1 < 0,001 level (2 tailed)
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The BNIS Speech and Language Subscale was correlated with most of the
neuropsychological measures, except for Picture Completion, Grooved Pegs left hand, and the
HCT. The strongest correlations were generally with neuropsychological measures sensitive to
verbal abilities, such as the WAIS-R Verbal subtests, the WMS Logical Memory, and the
COWAT.

The BNIS Visual Spatial and Visual Problem Solving Subscale was correlated strongest
with neuropsychological measures sensitive to visual spatial and visual constructional abilities,
such as the WAIS-R Performance subtests, Trail Making Test B, and the Grooved Pegboard left
hand. In general, weaker correlations were found with neuropsychological measures sensitive to
verbal abilities (e.g., the WAIS-R Verbal subtests and the COWAT), and the Grooved Pegboard
right hand.

The BNIS Memory Subscale was correlated strongest with the delayed recall component
of the WMS-R Logical Memory and Visual Reproduction subtests. The BNIS Affect Subscale
was significantly correlated with most neuropsychological measures, except WMS-R Logical
Memory I'and II. Most of the significant correlations were within the p < 0,001 range, including
all of the WAIS-R subtests, Trails A and B, and the WCST. In contrast to the other BNIS Total
and Subscale measures, the BNIS Awareness Subscale was not significantly correlated with any of
the neuropsychological measures. This finding with the Awareness Subscale is in contrast to the
finding reported by Prigatano, Amin, and Rosenstein (1993), in which the Awareness Subscale was

found to be significantly correlated with all neuropsychological measures.
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Hypothesis Two.
A standard multiple regression was performed between the WAIS-R VIQ as the dependent

variable and the BNIS Expression composite, Comprehension, Naming, Repetition, Reading,

A it

Writing composite, Spelling composite, and Arithmetic composite scores as the independent

variables. Table 4 presents the correlations between the variables, the standardized regression
coefficients (Beta), the semipartial correlations (s), and R, R, and adjusted R°. R for regression
was significantly different from zero, F (8, 57) = 3.85, p < .001,

Table 4

Standard Multiple Regression of BNIS Speech and Language Variables on WAIS-R VIQ

Variables ?Igls-n Expres. | Compre | Naming | Repeti. | Read. | Writ. | Spell. | Arith. | Beta }S::fque)
Expression A1 164 .02
Comprehension 14 -13 -018 .00
Naming 19 02 14 142 02
Repetition 43 .10 13 2 355 A1
Reading 35 29 29 21 24 -003 .00

| Writing 21 2 A4 .00 23 17 062 00

! Speiling 38 30 29 -00 09 62 .1 298 05

; Arithmetic 09 -03 52 0l 02 a2 42 23 002 00

| Means 86,85 2.65 1.95 88 1.71 83§ 162 | 162 | 176 | Unique variability =
mm 1236 59 21 33 65 B | 0| 2| 47 vaﬁgﬁilms

R=.592 (p<.00I) R*= 351 Adjusted R = .260

The only two independent variables that contributed significantly to prediction of the
WAIS-R VIQ score were Rcbetition (s = .11) and Spelling composite (s = .05). All
independent variables in combination contributed 0.15 in shared variability. Altogether, 35 percent
(26 % adjusted) of the variability in the WAIS-R VIQ scores was predicted by the scores on the

eight independent variables.




Analysis of the BNI Screen
59

Hypothesis Threg,

A standard multiple regression was performed between the WAIS-R PIQ as the dependent
variable and the BNIS Visual Object Recognition, Visual Scanning, Visual Sequencing, Pattern
Copying, and Pattern Recognition scores as the independent variables. Table S presents the
correlations between the variables, the standardized regression coefficients (Beta), the semipartial
correlations (s7), and R, R’, and adjusted R’. R for regression was significantly different from
zero, F (5, 63)=2.48, p < .041.

Table 5

Standard Multiple Regression of BNIS Visual Spatial & Visual Problem Solving

Variables on WAIS-R PIQ
WAIS-R Visual Visual Pattern Pattern s
Variables PIQ VOR Sean Seq Copy Recog Beta (unique)
VOR -15 -.103 01
Visual Scan 20 =13 115 01
Visual Seq -08 06 10 -.145 .02
Pattem Copy .34 -.08 .26 A7 325 10
Pattern Recog 08 05 18 06 .09 .039 00
Means 79.83 .99 1.1 22 72 16
Standard Deviations 14.92 12 88 42 A5 37 Unique variability = .14 ;
N ; shared variability = .02
%4]')‘“’6 < R= 164 Adjusted R* = 098 i

The only independent variable that contributed significantly to prediction of the WAIS-R
PIQ score was Pattern Copying (s/” = .10). All independent variables in combination contributed
0.14 in shared variability. Altogether, only 16 percent (10 % adjusted) of the variability in the

WAIS-R PIQ scores was predicted by the scores on the five independent variables.
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Ecological Validity of the BNIS

Hypothesis Four,

Pearson correlation coefficients are presented in Table 6 between the FIM+FAM Tota_tl and
Motor and Psychosocial/Cognitive Subtotals, and the BNIS Total and Subscales.

Table 6

Pearson Correlation Coefficients between the BNIS and the_: FIM+FAM

BNIS BNIS BNIS BNIS BNIS Visual BNIS BNIS BNIS
Total Speech Orientation | Aitention Spatial/Prob. Memory Alffect Awareness
FIMAEAM | spaes | 37esx | 30ee | 31 57 %%e 36+ | 39w | 22+
T;M;%AM .66 EL L .49 L1 1] '47 L1 '37 L 21 .47 xR .55 E 2 Y] ‘52 R 1 '44 *hE
FIM+FAM
Totsll- | 65%*% | 47%ss | 42eve | 37vee | 57eve 4gews | spwer | 3gwes
: 30
* = p<0.05 (2 tailed)
: ** = p<0.01 level (2 tailed)
1 *¥* = p<0.001 level (2 tailed)

The FIM+FAM Psychosocial/Cognitive total score was significantly correlated (at the
p<0.001 level) with ail BNIS Subscales and the BNIS Total score, as was the FIM+FAM Total
Score. The FIM+FAM Motor subscale total also exhibited a significant positive correlation with
all BNIS measures, although the correlations were weaker as compared to the
Psychosocial/Cognitive total for most BNIS Subscales. The BNIS Visual Spatial and Visual
Problem Solving Subscale exhibited a stronger correlation with the FIM+FAM Motor score, as

compared to the Psychosocial/Cognitive score.

A standard multiple regression was performed between the FIM+FAM Communications as

the dependent variable and the BNIS Expression composite, Arithmetic composite,
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Comprehension, Naming, Repetition, Reading, Writing composite, and Spelling composite scores
as the independent variables. Table 7 presents the correlations between the variables, the
standardized regression coefficients (Beta), the semipartial correlations (s+%), and R, R, and
adjusted R*. R for regression was significantly different from zero, F (8, 76) =47.74, p < .001.

Table 7

Standard Multiple Regression of BNIS Speech and Language Variables on FIM+FAM

Communications

Variables "(x;r'ol\:::uim Expres. | Compre | Naming | Repeti. | Read. | Writ | Spell. | Arith. | Beta .z:‘#m)
Expreasion 54 211 03
Comprehension 40 43 026 00
Naming 45 27 52 - 007 .00
Repetition " 44 25 31 -046 01
, Reading 85 30 32 47 34 113 32
Writing 44 40 52 36 14 34 688 01
Spelling 49 as 25 37 35 31 | a9 103 01
Arithmetic 34 34 40 as 25 23 | 28 | a9 108 00

Means 28.55 2.53 L62 &7 161 | 571 | 155 | 146 | 162 | Unique variability =

Sandard 5.09 77 60 34 3% || 7 | 60 e
R =913 (p<.001) R*= 834 Adjusted R* = 817

The three independent variables that contributed significantly to prediction of the
FIM+FAM Communication score were the Expression composite (s#° = .03), Repetition (s = .01)
and Reading (s#” =.32). All independent variables in combination contributed 0.45 in shared
variability. Altogether, 83 percent (82 % adjusted) of the variability in the FIM+FAM

Communication score was predicted by the scores on the eight independent variables.
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A standard multiple regression was performed between the FIM+FAM Orientation score

as the dependent variable and the three BNIS Orientation items (i.e., Right - left orientation, Place,

and Date) as the independent variables. Table 8 presents the correlations between the variables,

the standardized regression coefficients (Beta), the semipartial correlations (sr”), and R, R, and

adjusted R”. R for regression was significantly different from zero, F (3, 81) = 15.37, p < .001.

Table 8

Standard Multiple Regression of BNIS Orientation Variables on FIM+FAM Orientation

FIM+FAM K .
Variables Orientation Right - Left Place Date Beta 5F (unique)
Right — Left 07 -.049 00
Place 53 A2 462 .20
Date 4F .21 27 .294 08
Means 5.69 92 86 49 Unique variability = 28 ;
Standard Deviations 1.73 .28 .35 .50 shared variability = .08
R=.602 (p<.001) R*= 363 Adjusted R* = 339

The independent variables that contributed significantly to prediction of the FIM+FAM

Orientation score was Place (s¥° = .20), and Date (s#” = .08). All independent variables in

combination contributed 0.28 in shared variability. Aitogether, 36 percent (34 % adjusted) of the

variability in the FIM+FAM Orientation scores was predicted by the scores on the three

independent variables.

Hypothesis Seven.

A standard multiple regression was performed between the FIM+FAM Attention score as

the dependent variable and the three BNIS Attention items (i.e., Memory & Concentration, Digits

Forward, and Digits Backward) as the independent variables. Table 9 presents the correlations
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between the variables, the standardized regression coefficients (Bera), the semipartial correlations
(s), and R, R?, and adjusted R°. R for regression was not significantly different from zero, F (3, -
81)=2.01,p<.118.

Table 9

Standard Multiple Regression of BNIS Attention Variables on FIM+FAM Attention

Variables FMPAM | emory @ | D8 | DigitsBackward | Beta | 57 (unique)
Memory & Conc 22 180 .03
Dipits Forward 07 .15 .011 .00

| Digits Backward .20 .26 .19 .148 .02
Means 5.61 .53 79 27 Unique variability = .05 ;
Standard Deviations 1.35 .50 Al .45 shared variability = .02
R=.263(p<.118) R*=.069 | Adjusted R° =.035

None of the independent variables contributed significantly to prediction of the FIM+FAM
Attention score. All independent variables in combination contributed 0.05 in shared vaniability.
Altogether, 7 percent (3.5 % adjusted) of the variability in the FIM+FAM Attention scores was

predicted by the scores on the three independent variables.

Hypothesis Eight.

A standard multiple regression was performed between FIM+FAM Problem Solving as the
dependent variable and the BNIS Visual Scanning, Visual Sequencing, Pattern Copying, Pattern
Recognition, and Awareness versus Performance scores as the independent variables. Table 10
presents the correlations between the variables, the standardized regression coefficients (Beta), the
semipartial correlations (s¥), and R, R, and adjusted R°. R for regression was significantly

different from zero, F (5, 79) = 14.68, p < .001.
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<.001.

Solving score was predicted by the scores on the five independent variables.

The two independent variables that contributed significantly to prediction of the

64
Table 10
Standard Multiple Regression of BNIS Visual Spatial & Visual Problem Solving
Variables on FIM+FAM Problem Solving
. FIM+FAM Visttal Visual Pattern Pattern Aware va, Beta | S
Variables Problem Solving Scan Seq Copy Racog Perform (unigue)
Visual Scan 15 063 .00
1 Visual Seq A6 16 364 11
f Pattern Copy 35 25 29 139 02
& Patiern Recog 35 16 28 24 043 .00
5; Aware vs Perf 53 -02 07 .19 36 460 .18
¥ Means 4.16 1.35 33 61 21 39 Unique variability =
: .31 ; shared
Standard sability =
Deviations 1.74 .86 48 .49 A4 49 variability = .17
R =694 (p<.001) R*= 482 Adjusted R* = 449

FIM+FAM Problem Solving score were Visual Sequencing (s#° = .11), and Awareness versus
Performance (s#* = .18). All independent variables in combination contributed 0.31 in shared

variability. Altogether, 48 percent (45 % adjusted) of the variability in the FIM+FAM Problem

A standard multiple regression was performed between the FIM+FAM Memory score as
the dependent variable and the BNIS Leaming & Memory and the three Delayed Recall items (i.e.,
House, Tree, and Flying) as the independent variables. Table 1! presents the correlations between
the variables, the standardized regression coefficients (Beta), the semipartial correlations (s), and

R, R, and adjusted R®. R for regression was significantly different from zero, F (4, 80) = 13.16, p
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Table 11
Standard Multiple Regression of BNIS Memory Variables on FIM+FAM Memory
FIM+FAM Leam & . .
Variables Memory Memory House Tree Flying Beta | S¢ (unique)
Leamn & Memory .50 241 .04
House 49 38 187 .02
Tree 47 .49 64 .149 .01
F m’ 3 .50 .50 49 35 232 .03
Mean 4,71 1.48 .55 .54 .36 Unique varinbility = .10 ;
Standard Deviation 1.90 1.39 .50 .50 ° .48 shared variability = .30
R =630 (p < .001) R*=397 Adjusted R® = .367

The two independent variables that contributed significantly to prediction of the
FIM+FAM Memory score were Learning & Memory (s+° = .04), and Delayed Recall — Flying (s7*
= .03). All independent variables in combination contributed 0.10 in shared variability.

Altogether, 40 percent (37 % adjusted) of the variability in the FIM+FAM Memory scores was

predicted by the scores on the four independent variables.

Hvpothesis Ten.

A standard multiple regression was performed between the FIM+FAM Emotional Status
score as the dependent variable and the BNIS Affect items (i.e., Affect Expression, Perception of
facial affect, Affect control, and Spontaneous Affect) as the independent variables. Table 12
presents the correlations between the variables, the standardized regression coefficients (Beta), the
semipartial correlations {s»”), and R, R’, and adjusted R*. R for regression was not significantly

different from zero, F (4, 80) = 1.24, p < .302.
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Table 12

Standard Multiple Regression of BNIS Affect Variables on FIM+FAM Emotional Status

FIM+FAM .

Variables Etgcl)al;t:snul Exgg:cs:on Fl;:::leﬂ;;:ﬂ (?0?1- :;:l Spo:;;::tous Beta S tunique)
Affect Expression 03 -,052 .00
Perception of F A 17 .33 165 .02
Alffect Control .19 .15 16 166 .03
Spontaneous Affect 04 33 .18 11 006 .00

Mean 5.26 1 61 .91 41 Unique variability = .08 ;
Standard Deviation 1.33 A6 49 .29 .50 shared variebility = .01
R= 241 (p<.302) R’= 058 Adjusted R* = 011

None of the independent variables contributed significantly to prediction of the FIM+FAM
Emotional Stability score. All independent variables in combination contributed 0.05 in shared

variability. Altogether, only 6 percent (1 % adjusted) of the variability in the FIM+FAM Memory

scores was predicted by the scores on the four independent variables.

Hypothesis Eleven.

A standard multiple regression was performed between the FIM+FAM Psychosocial /

1
'y
|
A

Cognitive subtotal as the dependent variable and the BNIS Subscale totals (i.e., Speech and
Language, Orientation, Attention/Concentration, Visual Spatial/Visual Problem Solving, Memory,
Affect, and Awareness versus Performance) gs the independent variables. Table 13 presents the
correlations between the variables, the standardized regression coefficients (Beta), the semipartial
correlations (s+%), and R, R’, and adjusted R. R for regression was significantly different from

zero, F(7,77)=12.68, p < .001.
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Table 13
Standard Multiple Regression of BNIS Subscale Variables on FIM+FAM
Psychosocial-Cognition
"FIM+FAM | Speech | Orient | Aftention/ | Visual | Memory | Afiect | Aware | Beta | S~
Variables Pgychosocial | & Lang Concen Spatial {unigue)
Cogniticm
Speech & Lang 49 118 01
Orientation 47 56 220 03
Aftention/Cong 37 49 A4 -028 .00
Visual Spatial A7 A6 35 49 131 01
Memory .55 44 .50 43 42 .140 0t
Affect .52 42 22 35 49 ag 251 04
Awareness 44 15 09 12 15 43 26 261 .05
Means 72.41 12.28 227 1.59 5.26 2.94 2.64 39 Unique variability
=.15; shared
Standard o
Deviations 15.40 3.20 79 93 1.70 2.30 113 49 variability = .38
R=.732 (p<.001) R*= 535 Adjusted R® = 493

The three independent variables that contributed significantly to prediction of the

FIM-+FAM Psychosocial-Cognition score were the Affect (s = .04), Orientation (s7* = .03) and

Awareness versus Performance (s = .05). All independent variables in combination contributed

0.15 in shared variability. Altogether, 53.5 percent (49 % adjusted) of the variability in the

FIM+FAM Psychosocial-Cognition score was predicted by the scores on the seven independent

variables.
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CHAPTER IV

DISCUSSION

The results of these analyses provide support for the construct-related validity of the BNIS
through its relationship with neuropsychological measures. The ecological validity of the BNIS
was supported through its relationship with the FIM+FAM. The discussion of these results is
divided into twelve sections. The first three sections address the data analysis findings in relation
to the construct-related validity of the BNIS as explored in the first three hypotheses. Sections four
through eleven address the findings of data analyses associated with the hypotheses exploring the
ecological validity of the BNIS. The final section outlines the primary contributions of this study

and provides possible suggestions for future studies.

Hypothesis One

Hypothesis one stated that there would be a significant positive correlation between the
BNIS Total and Subscale scores and selected neuropsychological test items. These results were
expected based upon the correlation study findings reported by Prigatano, Amin, and Rosenstein
(1993b). Hypothesis one was partially supported through the significant correlations between the
BNIS Total score and all neuropsychological measures included in this study. Most of these
correlations were significant at the p < 0.001 level, with the exception of the WMS-R Logical
Memory I and Grooved Pegs-left which were both significant at the p < 0.01 level. This is
consistent with the findings reported by Prigatano, Amin, and Rosenstein (1993b), although the

strength of the correlations was not as high. The correlations reported by Prigatano, Amin, and
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Rosenstein (1993b) ranged from 0.56 to 0.78, while the correlations in the present study ranged
from 0,30 (HCT) t00.57 (WAIS-R Digit Symbol). These results provide support for the
construct-related validity of the BNIS as a summary measure of cognitive functioning.

In the study reported by Prigatano, Amin, and Rosenstein (1993b), all correlations between
the neuropsychological measures and the BNIS Subscales (except Orientation with Trails B) were
found to be significant at the p < 0.001 level. However, in the present study this same pattern was
not repeated. This was most apparent with the BNIS Awareness Subscale, which was not
significantly correlated with any of the neuropsychological measures. One possible explanation for
this finding could be that the Awareness subtest is measuring something unique that is not captured
by the neuropsychological measures. However, this conclusion would be inconsistent with the
strong correlations reported by Prigatano, Amin, and Rosenstein (1993b).

Another possible explanation for the difference between studies could be that the patient
groups between this study and the Prigatano studies were significantly different in composition.
Although a direct analysis of the differences between these two groups would not be possible, a
comparison of the presented demographic information might yield some useful insights. The
patient sarnple described by Prigatano, Amin, and Rosenstein (1993b) had a mean age of 41.3
years (S.D. = 19.1) and a mean education of 12.6 years (S.D. = 2.9). The patient sample used in
this study had a mean age of 36.5 (S.D. = 13.0) and a mean education of 11,7 (S.D. =2.1). The
mean BNIS score obtained by the Prigatano patient sample was 36.3 (S.D. = 7.6), which was
consistent with the mean BNIS score of 36.3 (S.D. = 6.8) for the current patient sample.
Twenty-nine percent of Prigatano’s patient sample achieved a correct performance on the

awareness question, while thirty-one percent of the patient sample in this study achieved a correct
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performance on the Awareness Subscale. These demographic variables and BNIS values between
the two patient samples are seen to be generally consistent with each other.

However, the level of chronicity (i.¢., time from date of injury to test date) appears to vary
between the two samples. In Prigatano’s study fifty-five percent of the patients had a chronicity of
less than three months, twelve pt;rccﬁt fell between three and twelve months, and thirty-three
percent were above twelve months. In the patient sample used for this study only sixteen percent
were tested within three months of injury, forty-eight percent were tetween three and twelve
months, and thirty-six percent were above twelve months. Although the percentages between the
two patient samples for chronicity above twelve months was similar, the percentages for chronicity
below three months appear to be quite different. Considering the similarities between the two -
patient samples in regard to demographic variables and BNIS scores, it is likely that the difference
between the two patient samples would be found in the neuropsychological test performance.

‘The majority of the patients in Prigatano’s study were tested within three months of their
trauma. It is possible that this resulted in a more uniform distribution of scores across all
neuropsychological measures. On the other hand, this study had a relatively even distribution of
patients across all levels of chronicity which may have produced a less even distribution of
neuropsychological scores. Further studies would be required to explore this possibility. This
could include an analysis of change in scores on the BNIS over time from injury. Also, the
relationship between the BNIS scores and neuropsychological measures may vary significantly
depending upon the length of time from injury to assessment. Exploration of these issues could
help reveal specific patterns of performance over time on BNIS measures such as the Awareness

item.
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Although the remaining BNIS Subscales did not exhibit significant correlations with all
neuropsychological measures, the pattern of correlations was consistent with expectations. The
BNIS Speech and Language Subscale exhibited the strong significant correlations with
neuropsychological measures sensitive to verbal abilities, such as the WAIS-R Verbal subtests, the
WMS Logical Memory, and the COWAT. On the other hand, the correlation with Picture
Completion, Grooved Pegs left hand, and the HCT failed to reach significance. The failure to
reach significant correlation with Picture Completion and Grooved Pegs left hand was expected
given the assumption that performance on these tasks would be dependent upon right hemisphere
functioning, while speech and language functions would be dependent upon left hemisphere
functioning.

The weak non-significant correlation between the BNIS Speech and Language and the
HCT was also not unexpected. The HCT was included because of its sensitivity to brain damage
regardless of its location. As such, the HCT was expected to correlate best with the BNIS Total
score rather than any one BNIS Subscale. The HCT did, in fact, correlate weakly with almost all
BNIS Subscales. However, the Affect Subscale exhibited a relatively strong correlation with the
HCT. Both the HCT and the WCST exhibited the strongest correlations with the BNIS Affect
Subscale. The BNIS Affect Subscale’s pattern of strong correlations with most of the
neuropsychological measures suggests that it could interpreted as an indicator of overall cognitive
functioning, rather than specific to any one cognitive skill or ability.

The BNIS Visual Spatial and Visual Problem Solving Subscale exhibited the strongest
correlations with neuropsychological measures sensitive to visual spatial and visual constructional
abilities, such as the WAIS-R Performance subtests, Trail Making Test B, and the Grooved

Pegboard left hand. In general, weaker corrclations were found with neuropsychological measures
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sensitive to verbal abilities (e.g., the WAIS-R Verbal subtests and the COWAT), and the Grooved
Pegboard right hand which was assumed to be related to the integrity of the left cerebral
hemisphere. These findings were expected given the assumption that performance on the BNIS
Visual Spatial and Visual Problem Solving Subscale tasks would be dependent upon right
hemisphere functioning,.

The BNIS Memory Subscale exhibited the.strongest correlations with the delayed recall
component of the WMS-R Logical Memory and Visual Reproduction subtests, and the WAIS-R
Digit Symbol subtest. The strong correlation between the BNIS Memory Subscale and the
WAIS-R Digit Symbol is not surprising given the similarity between the WAIS-R Digit Symbol
subtest and the number-symbol learning task in the BNIS Memory Subscale. This pattern of
correlations indicates that the BNIS Memory Subscale appears to be assessing memory functioning
as determined through the neuropsychological criterion measures.

In regard to the neuropsychological measures, the highest correlations were typically found
with those BNIS Subscales that were developed to assess similar abilities. For example, the
WAIS-R Verbal IQ subtests and the COWAT exhibited the highest correlations with the BNIS
Speech and Language Subscale. Similarly, the WAIS-R Performance 1Q subtests generally
exhibited the highest correlations with the BNIS Visual Spatial and Visual Problem Solving
Subscale. The WMS-R delayed recall tasks exhibited the highest correlations with the BNIS
Memory Subscale. The right hand Grooved Pegboard Test exhibited the strongest correlation with
the BNIS Speech and Language Subscale and the Memory Subscale, and exhibited only a weak
correlation with the BNIS Visual Spatial and Visual Problem Solving Subscale. Conversely, the

left hand Grooved Pegboard Test exhibited the strongest correlation the BNIS Visual Spatial and
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Visual Problem Solving Subscale and the Affect Subscale, and a non-significant correlation with
the Speech and Language Subscale.

In summary, these results support the hypothesis that there will be a significant positive
correlation between neuropsychological measures and the BNIS Total and Subscale scores.
Further to this, is the finding that the BNIS Speech and Language, Visual Spatial and Visual
Problem Solving, and Memory Subscales exhibited the highest correlations with those

neuropsychological measures that were designed to measure similar skill and ability areas.

el i

Therefore, these results provide support for the construct-related validity of the BNIS as

determined through its significant correlation with the neuropsychological criterion measures.

Hypothesis Two

Hypothesis two stated that the BNIS Speech and Language Subscale items would predict
performance on the WAIS-R Verbal IQ measure. The significant predictive relationship that was
found in this study supports the construct-related validity of the BNIS Speech and Language
Subscale. Univariate correlation analyses revealed that the BNIS Expression composite,
Repetition, Reading, Writing composite, and the Spelling composite were all significantly
correlated with the WAIS-R Verbal 1Q measure. In contrast, the BNIS Comprehension, Naming,
and Arithmetic composite scores were not significantly correlated with the WAIS-R Verbal IQ
measure,

The moderate strength of this predictive relationship was not unexpected given the
differences between the two measures. On the one hand, the WAIS-R Verbal IQ provides a
summary score of a person’s overall verbal abilities, based upen a summary of performance across
a variety of disparate but related verbal abilities, including verbal comprehension and expression.

Performance on the WAIS-R Verbal measures will also be significantly affected by many other
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factors, such as attention and concentration, ability to recall previously leamed information,
higher-order reasoning, level of education, and environmental deprivation. On the other hand, the
BNIS Speech and Language items are single questions designed to provide a screening evaluation
of the integrity of a person’s basic speech and language capacities.

The WAIS-R is capable of providing a more fine-grained analysis of an individual’s verbal
abilities, and produces an indicator of a person’s verbal abilities at any level, from severely
impaired through to very superior performance. The BNIS is intended to provide a simple yes/no
indicator of a person’s ability to perform a given task. The intention behind the inclusion of the
BNIS items is that any neurologically unimpaired individual would be able to complete each item.
Therefore, a failure on any item is worthy of further examination to detemline. the origins of that
failure. The BNIS was designed to provide a gross assessment of an individual’s abilities, based
upon a minimum amount of data in order to keep the assessment brief. The BNIS was not
designed to replace the need for a more comprehensive assessment of a person’s cognitive abilities,
but to allow for the identification and tracking of possible cognitive weaknesses. The significant
predictive relationship between the BNIS Speech and Language items and the WAIS-R Verbal 1Q
indicates that the BNIS Speech and Language items are evaluating a signiﬁcalnt portion of the same
underlying construct. Therefore, it was felt that the results of this analysis provide support for the

construct-related validity of the BNIS.

Hypothesis Three

Hypothesis three stated that the BNIS Visual Spatial and Visual Problem Solving Subscale
items would predict perforfnance on the WAIS-R Performance IQ measure. The significant
predictive relationship that was found in this part of the study supports the construct-related

validity of the BNIS Visual Spatial and Visual Problem Solving Subscale. Univariate correlation
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analyses revealed that the BNIS Visual Scanning and Pattern Copying were significantly correlated
with the WAIS-R Performance IQ measure. In contrast, the BNIS Visual Object Recognition,
Visual Sequencing, and Pattern Recognition were not significantly correlated with the WAIS-R
Performance IQ measure,

The significant predictive relationship between the BNIS items and the WAIS-R
Performance IQ indicates that the BNIS items are assessing a portion of a similar underlying
construct. However, this relationship was considerably weaker than was found between the BNIS
Speech and Language scores and WAIS-R Verbal IQ. The same issues that were discussed in
hypothesis three regarding the WAIS-R and the BNIS would be relevant here. The relatively weak
predictive relationship with the WAIS-R Performance IQ would suggest that there are other
significant factors are likely to be underlying the BNIS Visual Spatial and Visual Problem Solving
items. For example, the Visual Sequencing item has been observed during clinical work to be best
described as a measure of working memory, rather than as a perceptual organizational task.
Furthelr studies of the BNIS items would be required to help elucidate the underlying cognitive
factors assessed in the BNIS Visual Spatial and Visual Problem Solving items. In conclusion, the
results from this study support the hypothesis that the BNIS Visual Spatial and Visual Problem
Solving items are assessing a visual perceptual organizational cognitive construct, although the
relatively weak relationship indicates that a large portion of the variance was unaccounted for in

this equation.

Hypothesis Four
Hypothesis four stated that the discharge BNIS Total and Subscale scores would exhibit a
significant positive correlation with the discharge Total FIM+FAM score, as well as the

FIM+FAM Motor and Psychosocial/Cognitive Subtotal scores. The significant positive
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relationships that were found in this part of the study supports the ecological validity of the BNIS.
Also consistent with the hypothesis was the finding that most of the BNIS scores exhibited a
stronger positive correlation with the FIM+FAM Psychosocial/Cognitive Subtotal scores as
compared to the FIM+FAM Motor Subtotal scores. The only exception to this pattern was found
with the BNIS Visual Spatial and Visual Problem Solving, in which the relationship with the
FIM+FAM Motor Subtotal was stronger.

Although the relationship between the BNIS Visual Spatial-and Visual Problem Solving
and the FIM+FAM Subtotal scores was not predicted, similar findings have been reported in
studies comparing neuropsychological test performance with activities of daily living (Shaw &
Groom, 1996). For example, Richardson, Nadler, and Malloy (1995) examined the predictive
relationship between neuropsychological test performance and the ability to perform basic
functional skills and everyday living skills in a geriatric population. Evaluation of the activities of
daily living (ADL) was assessed through standardized measures of hygiene/self-care, safety,
cooking and mea! preparation, money management, and community access. The results of their
study were that the measures assessing visual spatial abilities exhibited the strongest correlations
with most of the ADL measures and the highest Positive Predictive Power. Their study helps
clarify the significant role that visual spatial abilities play in an individual’s ability to perform
basic functional and everyday skiils.

The importance of visual perceptual skills to the performance of basic functional skills and
outcome was found in a rehabilitation study in a population of stroke patients receiving physical
therapies. Finlayson, Gowland, and Basmajian (1986; as cited in Acker, 1990) in a study of 29

stroke patients who were assigned to two treatment groups, evaluated change from pre- to

post-treatment with a variety of measures. They stressed the importance of disturbed perceptual
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functioning as a limiting factor in stroke recovery. It was found that the best outcome predictors
were those that evaluate immediate adaptive skill and visual-perceptual-motor skills.

The stronger relationship between the BNIS Visual Spatial and Visual Problem Solving
with the FIM+FAM Motor Subscale scores would be consistent with the findings reported by
Richardson, Nadler, and Malloy (1995). The FIM+FAM Motor Subscale includes an evaluation
of self-care items such as eating, grooming, bathing, and dressing, as well as mobility items such

as walking/wheelchair locomotion and community mobility. The results of this study indicate that

visual spatial abilities play a significant role in the ability to perform these basic ADL’s.

Hypothesis Five

Hypothesis five stated that the discharge BNIS Speech and Language Subscale scores
would predict perfonnanqe on the FIM+FAM Communications subtotal. Univariate correlation
analyses revealed that all of the BNIS Speech and Language variables were significantly correlated
with the FIM+FAM Communications subtotal. The significant predictive relationship that was

found in this part of the study supports the ecological validity of the BNIS. The strong predictive

relationship indicates that the BNIS Speech and Language scale provides a reasonably accurate

reflection of how effectively an individual will be able to communicate in daily activities.

Hypothesis Six

Hypothesis six stated that the three discharge BNIS Orientation Subscale scores would
predict performance on FIM+FAM Orientation. Univariate correlation analyses revealed that the
BNIS Place and Date variables were significantly correlated with the FIM+FAM Orientation item,
although the BNIS Right-Left item was not significantly correlated. The significant predictive

relationship that was found in this part of the study supports the ecological validity of the BNIS.
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Due to the highly variable nature of a patient’s orientation to date and place at any given time it
was not unexpected that the predictive relationship was not stronger. Their orientation can be
affected not only by their own internal states (e.g., clearing from delirium, densely amnestic), but
also by a variety of external stimuli (e.g., calendars, clocks) and cueing. The FIM+FAM
Orientation item provides an overall evaluation of the patient’s orientation to person, place, time,
and situation based upon their contact with many different therapists over a period of time. On the
other hand, the BNIS orientation items are a single point in time assessment of the patient’s ability
g to accurately state the date and place. If they are inaccurate by any margin on the BNIS Date item
;{'- they do not obtain a point for that item.

'f'he FIM+FAM Orientation item attempts to address an individual’s orientation to person,
! place, and time. The BNIS Right-Left orientation item requires the patient to follow a verbal
directiqn to place their left hand to their right ear. Although this item attempts to address issues of
orientation to body space, other factors are likely to play a significant role, including the patients
ability to accurately comprehend the verbal instructions. These issues are not addressed in the
scoring of the FIM+FAM Orientation item. Because of these differences in assessment techniques
between the BNIS and FIM+FAM, it would probably be difficult to achieve a stronger predictive
relationship. Therefore, it is indicated that the ecological validity of the BNIS Orientation was

supported.

Hypothesis Seven
Hypothesis Seven stated that the discharge BNIS Attention/Concentration
Subscale scores would predict performance on the discharge FIM+FAM Attention measure.
Univariate correlation analyses revealed that the BNIS Memory/Concentration and

Digits-Backward variables were significantly correlated with the FIM+FAM Attention measure,
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but that the BNIS Digits-Forward variable was not significantly correlated. The significant
univariate correlations were relatively low, and reached significance only at the 0.05 level. The
failure to achieve a significant predictive relationship did not support the ecological validity of the
BNIS Attention items.

The FIM+FAM Attention item attempts to assess the length of time a patient is able to
concentrate on a task, with the issues such as distractibility, level of responsiveness, and difficulty
of the task being taken into account. The various levels assigned to.a patient are determined
primarily by the overall length of time they attend to a given task, with some focus on the percent
of that time that is directed at the task at hand. A patient would receive the lowest score on the
FIM+FAM Attention item if they were unable to attend to a task for less than one minute. They
would receive the second lowest score if they attend for only one to four minutes with attention to
the task at hand for at least 25 to 49 percent of that time. The criteria established for the
FIM+FAM Attention measure appears to be largely dependent upon sustained attention and/or
vigilance.

In comparison, the BNIS Attention items are unlikely to require more than approximately
one minute to complete any one of the three items. The BNIS Attention items require the ability to
concentrate upon and maintain verbally presented material, as well as intact working memory
capacities. A possible reason for the failure to find a significant predictive relationship was a
result of these differences between the FIM+FAM Attention scoring criteria and the required
cognitive capacities for successful completion of the BNIS Attention items. Further studies would
be required to determine if there are ecologically valid indicators of attention capacities that appear

to be similar to the cognitive capacities required for the BNIS Attention items. Performing
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predictive analyses using that criteria could provide data to support the ecological validity of the

BNIS Attention items.

Hypothesis Eight

Hypothesis eight stated that the discharge BNIS Visual Scanning, Visual Sequencing,
Pattern Copying, Pattern Recognition, and Awareness versus Performance scdres would predict
performance on discharge FIM+FAM Problem Solving item. Univariate correlation analyses
revealed that the all BNIS variables except Visual Scanning were significantly correlated with the

FIM+FAM Problem Solving item. The significant predictive relationship that was found in this
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part of the study supports the ecological validity of the BNIS.

The general scoring criteria for'the FIM+FAM Problem Solving item attempts to assess a
patient’s skills related to solving problems of daily living through prudent, safe, and reasonable
decisions regarding financial, social, and personal affairs. Almost half of the variability in the
FIM+FAM Problem Solving scores was predi¢ted by the BNIS variables. This indicates thata
patient’s performance on the BNIS variables will provide a reasonable prediction of their ability to
engage in daily living problem solving skills as described by the FIM+FAM. The significant
contribution of the BNIS Visual Sequencing and the Awareness versus Performance items are
particularly well adapted to predicting every day problem solving abilities.

The BNIS Awareness versus Performance item’s strong correlation and predictive
relationship with the FIM+FAM Problem Solving measure supports its use as an indicator of

Sfunctional higher order executive functioning. As discussed in hypothesis one of this study, the
Awareness versus Performance item did not correlate significantly with any of the
neuropsychological measures. Neuropsychological measures are typically designed to define areas

of cognitive strength or impairment. Whether or not a cognitive impairment manifests itself into a
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functional disability or handicap can be determined by numerous factors. These factors could
include a person’s social conditions, expectations, and demands, and the availability of
compensatory aids and strategies. The significant correlation and predictive relationship between
the Awareness versus Performance item and the FIM+FAM Problem Solving indicates that the
Awareness item is more reflective of finctional ability rather than a measure of cognitive
impairment.

The Visual Sequencing item requires the patient to visuallyscan five rows of nine numbers
each and decide which two rows have the same set of numbers. The numbers within each row are
not in the same order. Successful completion of this task is dependent upon intact working memory
capacities. Imaging studies have demonstrated that working memory is largely dependent upon
intact prefrontal cortices (e.g., Beardsley, 1997, Golman-Rakic, 1993). The prefrontal cortex is
also identified as being critical to problem solving abilities through control of various executive
functions. The nature of the scoring criteria for the FIM+FAM Problem Solving item suggests that
it is attempting to also assess the same executive level processes. The strong correlation and
predictive relationship between the Bi\IIS Visual Sequencing and the FIM+FAM Problem Solving

indicates that a similar underlying construct is being assessed.

Hypothesis Nine

Hypothesis nine stated that the discharge BNIS Memory items would predict performance
on discharge FIM+FAM Memory item. Univariate correlation analyses revealed that the all BNIS
variables were significantly correlated with the FIM+FAM Memory item. The significant
predictive relationship that.was found in this part of the study supports the ecological validity of

the BNIS. Although the Learning and Memory item and the Delayed Recall-Flying item were
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identified as providing a significant independent contribution, all BNIS memory variables exhibited
a relatively strong and highly significant correlation with each other.

The FIM+FAM Memory item attempts to evaluate the patient’s ability to store and
retrieve verbal and visual information, particularly as it pertains to their ability to perform daily
activities. A relatively high score can be achieved on this measure through the use of various
memory aids and compensatory strategies. For example, a score of “modified independence™ is
indicated if that person has some difficulty with recalling daily routines or people, but is utilizing
self-initiated environmental cues, prompts, or aids. This item is focused upon the functional

capabilities of the patient’s recall, rather than any possible underlying memory impairment. The
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BNIS Memory items are designed to assess the patient’s leaming and memory abilities without the
benefit of compensatory strategies during recall. The difference between the FIM+FAM Memory
assessment of finctional capacity as compared to the BNIS Memory assessment of memory
impairment would account for at least some of the unexplained variability in the FIM+FAM

Memory scores.

Hypothesis Ten

Hypothesis ten stated that the discharge BNIS Affect items would predict performance on
discharge FIM+FAM Emotional Status item. Univariate correlation analyses revealed that only
the BNIS Affect Control variable was significantly correlated with the FIM+FAM Emotional
Status item. A significant predictive relationship was not found in this part of the study, and -
therefore does not support the ecological validity of the BNIS Affect items.

The FIM+FAM Emotional Status item evaluates the extent to which depression, anxiety,
frustration, or agitation interferes with their ability to interact with others in their daily life. The

significant correlation between this item and the BNIS Affect Control item indicates that these two
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are assessing a similar underlying construct. However, the remaining BNIS items appear to be
assessing a different construct and therefore, were not significantly related to or predictive of the

FIM+FAM Emotional Status item.

Hypothesis Eleven

Hypothesis eleven stated that the discharge BNIS Subscale Total scores would predict
performance on discharge FIM+FAM Psychosocial-Cognition Subt_otal. Univariate correlation
analyses revealed that the all BNIS variables were significantly correlated with the FIM+FAM
Psychosocial-Cognition Subtotal. The significant predictive relationship that was found in this
part of the study supports the ecological validity of the BNIS.

The FIM+FAM Psychosocial-Cognition Subtotal was presented in this study as an overall
measure of a patient’s daily functional cognitive capabilities. Ratings on this scale were dependent
upon their interactions during assessments and treatment sessions with the professional staff. As
described earlier, these FIM+FAM ratings were designed to be an assessment of their presentation
in these interactions, rather than an attempt to delineate any potential underlying impairment. Use
of compensatory strategies and aids, along with the highly structured inpatient hospital
environment could allow any given patient to present as relatively functionally intact. However,
that same patient could exhibit significant cognitive impairment on psychometric assessment. Even
given the potential discrepancy between impairment and functional capabilities, the BNIS variables
were still able to predict about half of the variance in the FIM+FAM scores. Therefore, it is

argued that strong evidence was found for the ecological validity of the BNIS.
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Summary and Conclusion

The results of this study provide evidence to support both the construct-related and the
ecological validity of the BNI Screen for Higher Cerebral Functions. Support for the validity of
the BNIS allows the users of the instrument to have greater confidence in the findings produced
when it is administered to any given patient. Clinicians can utilize the BNIS as a screening
measure to delineate specific areas of cognitive strengths and weakness, as well as overail cognitive
integrity. This is not to imply that the BNIS can or should take the place of a more comprehensive
cognitive assessment. Rather, it can provide a brief screening examination useful in the initial
diagnosis of a patient’s cognitive abilities, and follow-up monitoring of a patient’s progress
through various treatment programs.

Anastasi (1988) indicated that construct-related validity is derived from established
inter-relationships among behavioral measures, and that this is gathered through the gradual
accumulation of information from a variety of sources. The construct-related validity of the BNIS
was supported through the significant relationships between the BNIS items and various
neuropsychological measures. These significant relationships indicate that clinicians and
researchers can utilize this measure with reasonable confidence that it is actually measuring what it
is purported to measure. The findings in this study are generally consistent with the results of the
BNIS validity studies conducted by Prigatano and others in the development of the BNIS.
Therefore, the convergence of results between the results of this study and those of Prigatano’s
studies would argue in favor of the construct-related validity of the BNIS.

The significant predictive relationships between the BNIS and FIM+FAM provided

support for the ecological validity of the BNIS. In fact, some items were better predictors of
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functional ability than level of cognitive impairment. For example, the Awareness versus
Performance item was found to be a good predictor of functional problem solving abilities, but was
not signiﬁcaﬂtly related to any of the measures of cognitive impairment. This makes this item
particularly useful as an indicator of functional ability. Based upon the results of this study, a
Neuropsychologist who had administered the BNIS to a patient would be able to make statements
about a person’s functional abilities with some confidence about the validity of those statements.

Further study of the BNIS would be recommended to explore its psychometric properties
and clinical utility. A factor analytic study could provide evidence to support the factor structure
of the BNIS Subscales. For example, in this study the Visual Object Recognition item, which is
part of the Visual Spatial and Visual Problem Solving Subscale, did not correlate significantly with
the WAIS-R PIQ. One possibility is simply that the WAIS-R PIQ is assessing different underlying
abilities that are not captured in the Visual Object Recognition item. On the other hand, the Visual
Object Recognition item is similar to tasks that are often included in aphasia batteries, and may be
better included as a measure of’ speech and language functioning. Factor analytic studies could
help provide information to examine the present factor structure of the BNIS.

A shortcoming of this study was that a large enough pool of subjects was not available to
conduct a cross-validation study on the regression equations. A new sample of subjects could be
selected for a cross-validation study to evaluate the original formula as further data is gathered
from the patients at the hospital. This would allow a comparison of subject samples gathered from
the same population. It would also be important to conduct cross-validation studies with these
regression equations on subject samples gathered from different populations. This information
could help determine if the BNIS exhibits substantially different characteristics with different

subject populations. For example, the subject sample used in this study presented with moderate to
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severe brain injuries. With that subject sample the BNIS Speech and Language Variables
predicted approximately one third of the variability in the WAIS-R VIQ. Factors that are unique
to that patient population (e.g., significant attention and concentration problems) are likely to have
had an impact on the other variables. A sample of individuals with mild head injuries is not likely
to exhibit the same degree of difficuity with other factors, such as attention and concentration.
Therefore, their performance on the BNIS Speech and Language items may be more predictive of
their performance on the WAIS-R VIQ.

Another issue would be in regard to the use of the FIM+FAM as a measure of functional
ability to perform activities of daily living. Acker (1990) provides a list of 57 functional
assessment tools, which is not an exhaustive list of available instruments. It is a certainty that
there would be many new measures that could be added since that list was compiled considering
the increasirig interest in issues of ecological validity and assessing functional abilities. For
example, the FIM+FAM was not included on that list. Acker (1990) stated that functional
assessments instruments will typically provide an evaluation of a number of personal and
behavioral variables, including self-care and ADL, communication, mobility, psychosocial
adjustment, education/employment, and other activities (e.g., money management, leisure
activities).

An argument in favor of the F[M+FAM for use in this study is that it was designed
specifically for use with patients who have suffered a brain injury and are in rehabilitation. The
extensive base of research conducted on the FIM+FAM also allowed the concerns expressed by
Franzen and Wilhelm (1996) about functional assessment instruments to be addressed. Although
the use of the FIM+FAM as a measure of functional ability was defensible, further studies should

be conducted to explore the relationship of the BNIS to other well-designed measures of functional
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outcome. The relationship between the BNIS and functional assessment instruments could also be
examined throughout active rehabilitation. This could help to illuminate the relationship between
the level of cognitive impairment and the level of functional abilities throughout the rehabilitation
process. Another important set of studies could explore the relationship between the BNIS and
follow-up outcome after discharge frc;m an active rehabilitation program. This could help provide
information on the relationship between levels of cognitive impairment and how those might relate
to a patient’s ability to reintegrate into his or her environment. -

Overail, the results found in this study provide further support for the use of the BNIS in
populations of moderate to severely brain injured patients in active rehabilitation. The BNIS, as
with any screening instrument, is not designed to replace the need for a more comprehensive
assessment. A screening instrument should provide a relatively brief, efficient, and cost-effective
means of determining a person’s abilitics and needs. Any psychometric instrument requires careful
examination of its reliability and validity in order to ensure that the results of the assessment
provide accurate statements about the client. The BNIS thus far has proven to be a reliable and
valid assessment measure with the populations that have been studied to date. There is a clear need
to further study its psychometric properties with different populations, both as a clinical and a

research instrument,
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Appendix A

ENI SCREEN FOR HIGHER CEREBRAL FUNCTIONS
George F. Prigatano, Ph.D.

Patient Information

|. Padent Name;
2, D¢ 3. Age: 4.D.0.8.: |
5. Ed. 6. Sex: 7. Handedness:
8. Ccrupadon: i 9. Esdmated Premorbid 10 [Circle One - B, LA, A HA, §
10. DOVor onset of neurological problem: i
11. Date of Exam; 12. Chronicity:
13. Ad. GCS {if approp.}: 14, Hosp.#: 15. NP #;

Pre-Screening ltem Score Code BNI Screen Subscale Item Score

Level of
consclousness/alermess

Basic Language

Level of cooperation

i
i

Speech & Language Functions N
{Max. = 15)

fJG

Orientation

——r—

{Max, = 3}
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m

Screening Item
Fluent
Paraphasic
Dysarthric
Comprehension
Naming
Visual Object Recogniton
Repetition
Reading
Writng - Copying
- Dicadon
Spelling - lrregular
= Phonetic
Rightdeft Orientatdon
Place
Datz
Constructional Praxis
Daminant Hand
Nondominant Hand
Arithmedc ~ Alexia
- Dyscaiculia
- Memery & Concertration
Oigits - Farward
- Reverse
Visual Scanning
Visual Sequenaing
Partem Copying
Pattern Recogrution
Leaming & memary: #-Symbal
Affect Expression: {Angry/happy)
Perception of facial affec
Affect control
SponEneous Affect
Delayed Recall - House
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Awareness vs, Performance
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Appendix B

LECRGE . FRIGATANG, MIRAN AMIN, AND LESUE L}, ROSENSTEIN

Apgendix
BNI Screen for Higher Cerebral Functions

Patient Information

1. Patient Name:
2 DX: 3. Age: 4.D.0B.:
5. Ed. 6. Sex: 7. Handedness:
8. Occupation: 9. Estimated Premorbid IQ (Circle One - B, LA, A, HA, S)
10. DOVor onset of neurological problem:
11. Daie of Exam: 12. Chronicity:
13. Ad. GCS (if approp.): 14, Hosp.#: I15.NP# 16. Examiner
Pre-Screening Item Score Code BNI Screen Subscale Item Score
Level of consciousness/aleniness 321
Basic Language 3,21
Level of cooperation 321 A, Speech & Language Funcrions
Code Screening Item Score . . (Max. = 15)
A. Fiuent 1.0 B. Orientation
A.  Paraphasic 1.0 (Max. = 3)
A, Dysarthrie’ 1,0 C. Altention/Concentration
A. Comprehension 2,1,0 (Max. = 3)
A, Naming 1.0 D. Visuospatial & Visual Problem
D. Visual Object Recognition 1,0 Solving
A. Repetition 2,1,0 (Max. = 8)
A, Reac}ing 1, .50 E Memory
A. Writing Max.=7)
Copying 30 F Affes
Dictation Lo _
- Max. = 4)
A, Spelling
Irregular 1,0 G. Awareness vs. Performance
Phonetic Lo (Max. = 1)
B. Right-left Crientation 1,0
B. Place 1,0 Total Subscale Score
B. Date 1,0 {Total Max. Subscale Score) 4]
D. Constructional Praxis
Dominant Hand 1,0
Nondominant Hand 1,0 Commenis/Behavioral Observations
A. Arithmetic :
Alexia 1,0
A, . Dyscalculia 1.0
B o Memory & Coneentration 1O
C. Digits .
Forward 1,0
Reverse Lo
D. Visual Scanning 21,0
D. Visual Sequencing 1.0
D. Patiern Copying Lo
D. Pattern Recognition 1,0
E. Leaming & memory: #-Symbol 43,210
F. Affect Expression: (Angry/happy) 1.0
F. Perception of facia) affect 1,0
F. Affect Control L0
F. Sponianeous Affect 1o
E, Delayed Recall
House 1.0
Tree 1,0
Flying 1.0
G. Awareness vs. Performance 1.0
BNIS Total Score =_____ 450
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Appendix C

A total maximum score of 50 points is possible when scoring the BNIS (Prigatano, Amin,
& Rosenstein, 1993a). The Speech and Language Functions subscale is composed of 13 items
producing a maximum score of 15 points. Basic language abilities, such as speech comprehension,
object naming, and sentence repetition, as well as secondary language functions, such as reading,
spelling, writing, and written arithmetic are assessed. The Orientat.ion subscale is comprised of 3
jtems resulting in a maximum score of 3 points, with orientation to place, date, and right-left body
space assessed. The Attention/Concentration subscale has 3 items with a maximum score of 3
points. This is composed of five digits forward and five digits backward repetition tasks and a
mental arithmetic task. The Visuospatial and Visual Problem Solving subscale is made of 7 items
resulting in a maximum score of 8 points. This subscale assesses object recognition, visual
scanning, visual sequencing, pattern copying and recognition, and constructional praxis. The
Memory subscale is composed of 2 items, resulting in a maximum score of 7 points. The first item
is a 4 point visual leamning and recall task, with the second item being the recall of 3 words after
time delay and distracter tasks. Affect is assessed through the administration of 4 items, producing
a 4 point maximum score. The ability to control and express spontancous affect is scored, along
with the ability to correctly perceive and verbally label line drawings of facial affect. Finally,
Awareness is rated on a one point scale, with the discrepancy between the subject’s actual recall of
the three words being compared to their pre-determined estimation of recall. During the initial
presentation of the 3 words to be recalled at a later time the subject is subsequently asked to guess
as to how many words theg;' will actually recall. Any discrepancy, either too high or too low,

results in a zero score for the Awareness subscale. The total subscale scores result in a maximum




Analysis of the BN| Screen
99

of 41 points. These are then added to the three prescreening item scores (maximum of 3 points

each) for a total possible maximum score of 50 points.
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Appendix D

Index measure

Subject has Subject doesn’t
condition have_ condition
Test results Positive: subject
from the has the condition a)True Positive b) False Positive a+b
measure Negative: subject
in question doesn’t have the | <) False Negative d)True Negative c+d
condition
at+c b+d

Sensitivity =a / (a + ¢)
Specificity =d / (b + d)
False Positive rate =b / (b + d)
False Negative rate=c /(2 + c)

Positive Predictive Power =a/(a +b)
Negative Predictive Power=d / (c + d)
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Appendix E

FIM + FAM Items

Motor Items
Self Care
Eating
Grooming
Bathing
Dressing upper body
Dressing lower body
Toileting
Swallowing *
Sphincter Control
Bladder Management
Bowel Management
Mobility
Bed, chair, wheelchair transfer
Toilet transfer
Tub, shower transfer
Car transfer *
Walking, wheelchair locomotion
Stairs
Community mobility *
Cognition Items
Communication
Comprehension
Expression
Reading *
Writing *
Speech intelligibility *
Psychosocial Adjustment
Social interaction
Emotional status *
Adjustment to limitations *
Employability
Cognitive Function
Problem solving
Memory
Orientation *
Attention *
Safety judgement *

* FAM items
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Appendix F
FIM + FAM 7 Point Scale
INDEPENDENT Another person is not required for the activity (No Helper)
7 Complete Independence: All of the tasks described as making up the activity are

typically performed safely, without modification, assistive devices, or aids, and
within a reasonable amount of time.

6 Modified Independence: One or more of the following may be true: the activity
requires an assistive device; the activity takes more than reasonable time, or there
are safety (risk) considerations.

DEPENDENT Subject requires another person for either supervision or physical
assistance in order for the activity to be performed, or it is not performed
(requires helper).

Modified Dependence  The subject expends half (50%) or more of the effort. The levels of

assistance required are:

5 Supervision or Setup: Subject requires no more help than standby, cuing or
coaxing, without physical contact or , helper sets up needed items or applies
orthoses. ’

4 Minimal Contact Assistance: Subject requires no more help than touching, and

expends 75 % or more of the effort.

3 Moderate Assistance: Subject requires more help than touching, or expends half
(50%) or more (up to 75%) of the effort,

Complete Dependence  The subject expends less than half (50%) of the effort. Maximal or total
assistance is required, or the activity is not performed. The levels of

assistance required are:
2 Maximal Assistance: Subject expends less than 50 % of the effort, but at least
25%.
1 Total Assistance: Subject expends less than 25 % of the effort.

(from Guide for the Uniform Data Set for Medical Rehabilitation, 1993),
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Table 1.
BNIS Predictive Power Results

Article Subjects Sensitivity | Specificity | PPP NPP

BNIS Manual, 1993 BN patients
(Total score) (initial validation) N = 188 89 % 50% 82% 63%
(same as above) Delayed Recall only 65 % 90 % 95 % 49 %
Awareness only 71 % 92 % 96 % 55%

BNIS Manual, 1993 | BNI patients
(Total score) (expanded validation) N = 355 93 % 56 % 84% 76 %
(same as above) Delayed Recall only 68 % 93% 96 % 54 %
Awareness only 69 % 91 % 95 % 54 %
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Inter-rater Reliability of the Functional Assessment Measure Items
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Item Name Domain ICC
11. TRANSFER- TOILET * Transfers 0.97
10. TRANSFER- BED, CHAIR, W/C * Transfers 0.97
15. STAIRS * Locomotion 0.97
12. TRANSFER- TUB / SHOWER *  Transfers 0.95
7. SWALLOWING Self-Care 0.95
4. DRESSING (UPPER) * Self-Care 0.95
1. FEEDING * Self-Care 0.93
5. DRESSING (LOWER) * Self-Care 0.93
14. WALKING / WHEELCHAIR * Locomotion 0.92
13. TRANSFER - CAR Transfers 0.92
6. TOILETING * Self-Care 0.91
2. GROOMING * Self-Care 0.89
9. BOWEL MANAGEMENT * Sphincter Control 0.87
8. BLADDER MANAGEMENT * Sphincter Control 0.84
3. BATHING * Self-Care 0.84
30. SAFETY JUDGEMENT Cognitive Functioning 0.82
28. ORIENTATION Cognitive Functioning 0.82
19. READING Communication 0.82
18. EXPRESSION *. Communication 0.81
25. EMPLOYABILITY Psychosocial Adjustment 0.80
21. SPEECH INTELLIGIBILITY Communication 0.79
20. WRITING Communication 0.79
26. PROBLEM SOLVING * Cognitive Functioning 0.78
27. MEMORY * Cognitive Functioning 0.78
16. COMMUNITY MOBILITY Locomotion 0.75
24, ADJUSTMENT TO Psychosocial Adjustment 0.74
LIMITATIONS

17. COMPREHENSION * Communication 0.70
29. ATTENTION Cognitive Functioning 0.68
23. EMOTIONAL STATUS Psychosocial Adjustment 0.62
22. SOCIAL INTERACTION * Psychosocial Adjustment 0.36

* FIM Items
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