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An Approach to Analyzing a Single Subject’s Scores 
Obtained in a Standardized Test with Application to the 

Aachen Aphasia Test (AAT)* 

K. Willmes 
RWTH, Aachen, Federal Republic of Germany 

ABSTRACT 

Methods for the analysis of a single subject’s test profile(s) proposed by Huber 
(1973) are applied to the Aachen Aphasia Test (AAT). The procedures are based on 
the classical test theory model (Lord & Novick, 1968) and are suited f o r  any 
(achievement) test with standard norms from a large standardization sample and 
satisfactory reliability estimates. Two test profiles of a Wernicke’s aphasic, obtain- 
ed before and after a 3-month period of speech therapy, are analyzed using 
inferential comparisons between (groups of) subtest scores on one test application 
and between two test administrations for single (groups of) subtests. For each of 
these comparisons, the two aspects of (i) significant (reliable) differences in perfor- 
mance beyond measurement error and (ii) the diagnostic validity of that difference 
in the reference population of aphasic patients are assessed. Significant differences 
between standardized subtest scores and a remarkably better preserved reading 
and writing ability could be found for both test administrations using the multiple 
test procedure of Holm (1979). Comparison of both profiles revealed a n  overall 
increase in performance for each subtest as well as changes in level of performance 
relations between pairs of subtests. 

Although a number of aphasia tests for the English language are available, the 
objectivity, reliability, and validity of which have been studied more or less 
extensively, little attention has been given to a psychometrically sound examina- 
tion of a single subject’s total score or profile of subtest scores. Also, the problem 
of identifying significant changes in performance between two test administra- 
tions is neglected in the manuals of these aphasia tests, even if retest reliability 
estimates are known. For the most  par t ,  test authors limit their attention to 
problems of selection and classification, using either taxonomic approaches or 
descriptive comparisons with some “typical” profile or mean profile of a syn- 
drome group of aphasic patients. Additionally, it is often the case that only 
insufficient norm tables from rather small standardization samples are reported. 

* The critical reading and helpful suggestions of one of.the editors and anonymous 
reviewers is gratefully acknowledged, 
Send reprint requests to: Klaus Willmes, Abt. Neurologie, RWTH Aachen, Pauwelsstr., 
5100 Aachen, West Germany (FRG). 

Accepted for publication: August 17, 1984. 
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332 KLAUS WILLMES 

There are at least three major reasons why a detailed and psychometrically 
sound analysis of single subjects’ aphasia test data k of gmat importana. First, a 
comprehensive diagnosis cannot be given without a difWmtiatad account of the 
patient’s language disorders in the most relevant language modalities - repetition, 
naming, reading and writing, and comprcknelon. That is why the reporting of 
only a total aphasia score must be replaced by a comparison of performances for 
different modalities and, if possible, for Merent components (e.g., phonology, 
semantics, morphology, syntax). This problem of making decisions based on a 
given patient’s profile of scores obtained in a s t a d a d m d  ’ test is a general one for 
those engaged in the assessment of certain disorders. Obviously, the clinickidre- 
searcher is not satisfied with the mere description of the patient’s test scores, be it 
in a differentiated or in a global manner. He wants to draw inferences about the 
likelihood of relations between observed and expected tust pcrEormances within 
the reference population to which the patient of mtcrcst~beiosgo. Comcquontly, 
procedures are needed for individual cases which mlata &agnostic hypotheses to 
statistical hypotheses and then statistical docisiom baeed on suitable tcst statistics 
back to diagnostic decisions. These diagnostic decisions are tbus in turn affected 
by the same controllable types of errors as statistical ~ ~ i o n S .  

Secondly, this diagnostic information can have a direct impact on planning a 
systematic language therapy treatment. As spec& thompy has become more 
elaborate and has been shown to be efficient in reantyae~~(BaSe0, Capitani, & 
Zanobio, 1982; Benson, 1979; Reinvang & Engvik, lW* SPriager & Weniger, 
1980; Weniger, 1982), evaluation for (longer) periods of routine treatment of 
single patients also turns out to be helpful. A speech thrrsrpist thus can obtain 
more detailed information regarding the course of recovery of a patient as well as a 
rational aid to decide on modifications, continuation, or termination of treatment. 

Finally, for research purposes, groups of patients can be made more homoge- 
neous and patients used in single-case experimental studits can be made more 
comparable if they are also tested routinely with some geacl-al purpose aphasia 
test. 

One reason for the insufficient use of evaluation methods for single patients in 
aphasia test manuals may be that no comprehensive collection of procedures is 
available for standardized test scores in the English literature. The concept of 
psychometric single case assessment of Huber (1973, in German) provides one 
solution to the diagnostic problem(s) described above. The procedures are based 
on the classical test theory model (Lord & Novick, 1968). They can be applied to 
any test for which norm data from a large sample (N 2400) and satisfactorily high 
reliability estimates are available. Contrary to the classical test theory model 
which was developed for raw scores, these procedures can be applied to standard- 
ized scores. 

Although not all aspects of Huber’s approach can be conred fully, the two 
most relevant types of inferential comparisons for single (or subsets of) subtests 
from a test profile will be demonstrated by using two test profiles of one aphasic 
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SINGLE SUBJECT SCORES OBTAINED IN AAT 333 

patient obtained with the Aachen Aphasia Test (AAT; Huber, Poeck, Weniger, & 
Willmes, 1983, in German; Huber, Poeck, & Willmes, 1984; Willmes, Poeck, 
Weniger, & Huber, 1983) before and after a period of speech therapy. These 
inferential procedures are as follows: (i) comparisons between (subsets of) subtest 
scores on one test application; and, (ii) comparisons between (subsets of) subtest 
scores from two test applications. For each of these comparisons, two different 
aspects are of interest: (i) Is there a reliable (significant) difference between scores 
beyond measurement error? (ii) How likely is the difference obtained or a still 
larger difference in the reference population of the subject under study? That is, 
what is the diagnostic validity of the difference between scores? 

For the actual analysis of the AAT profile data two FORTRAN computer 
programs CASE1 and CASE12, written by the author, were used. These are 
general purpose programs which, after minimal changes, can be used for the 
analysis of any test for which the single-case assessment procedures are applicable 
(see the appendix for a description of these requirements). Compared to Huber’s 
treatment of the topic, application of more recent multiple test procedures (Holm, 
1979) made possible a unified outline for several of the procedures. The computer 
output of these programs given in the subsequent figures is used as a basis for 
explaining the single-case assessment procedures*. For a better understanding of 
the test procedures, a short description of the AAT and its psychometric properties 
is necessary (cf. Huber et al., 1984; Willmes et al., 1983). 

SHORT DESCRIPTION AND PSYCHOMETRIC PROPERTIES 
OF THE AAT 

The AAT consists of six 6-point spontaneous speech rating scales and five 
subtests: Token Test (‘IT), German version of Orgass (1976), Repetition (REP), 
Written Language (WRIT), Confrontation Naming (NAME), and Comprehen- 
sion (COMP), in which different units (phonemes, mono- and polysyllabic nouns, 
sentences) and linguistic rules are incorporated. Each subtest is composed of three 
to five parts having 10 items each. Except for the Token Test, which has dichoto- 
mous scoring, the responses to all items are scored on a 0-3 scale. Although 
defined more precisely in linguistic terms, for each subtest the scoring is as follows: 
3 indicates a correct response; 2, mild or little departure from the stimulus; 1, 
severe departure from the stimulus; 0, complete error or no response. Thus, scores 
range from 0-50 for the Token Test, 0-150for repetition, 0-90 for written language, 
and 0-150 for confrontation naming and comprehension. In the following, only 
the five subtests will be of interest. 

*Copies of the two source programs as well as test data and a technical report describing 
the mathematical properties of Huber’s procedures can be obtained upon request if a 
computer tape is also provided. 
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334 KLAUS WILLMES 

A detailed description of the linguistic structure of the test items is given in 
Willmes et al. (1983) along with a report on the constract and Werential validity 
of the test. Validity and reliability studies are based on a sample of 120 aphasic 
patients (30 of each of the four standard aphasic syndromes). Test characteristics 
of the AAT are reported in Table 1. The standardization sample is comprised of 
376 aphasic patients (90 globals, 74 Wernicke’s, 79 Broca’s, 71 amnesic, 62 
nonclassifiable aphasics), almost exclusively with vascular etiology, and 100 con- 
trol patients (41 left brain-damaged patients withaut language disorders, 29 right 
braindamaged patients, and 30 normal controls). 

A nonparametric discriminant analysis program (ALLOC, Habbema, Her- 
mans, & van den Broeck, 1974) is used routinely €or the classification of patients 
with language disorders. It investigates (i) what the -(posterior) probability for a 
new patient is to be aphasic or not and, (ii) if the probability for aphasia is at least 
80%, what the probability is of belonging to one of the four stsladard syndromes. 
Only if the highest of the four “syndrome” probabiiities is above 7% is the patient 
considered to belong to one of the standard aphasic syndrome groups; otherwise, 
the patient is taken to be nonclassifiable. 

Test-retest reliability was studied in 40patients (10 of eacb standard syndrome) 
over an interval of 2 days. High reliability coeffioents and no significant changes 
in level of performance (no practice or learning &ecte) were found both for 

Table 1 

Psychometric Properties of the AAT Needed for Psychometric Singlecase Analysis 

AAT subtest 

Token Test (TT)’ 
Repetition (REP) 
Written Language 

Confront. Naming 

Comprehension 

(WRIT) 

(NAME) 

(COMP) 

(1) (2) (3) 
Raw scores Consistency Tscore correlations 

scale M SD coefficient l’T REP WRIT NAME COMP 

0-150 96.49 44.67 .989 - .781 .808 .689 
0- 50 27.13 15.08 .978 - .702 .831 .835 .772 

0- 90 43.73 29.74 .985 - .838 .781 

0-120 63.96 38.85 .983 - .808 

0-120 73.42 27.00 .928 - 
Error scores 

(1) Arithmetic means and standard deviations for the AAT standardization sample 
(N = 376 aphasic patients: 90 global, 74 Wernicke’s, 79 Broca’s, 71 amnesic, 
62 nonclassifiable aphasic patients) 

(2) Reliability estimates (consistency coefficients X, n = 120 30 global, 30 Wernicke’s, 
30 Broca’s, 30 amnesic aphasic patients) 

(3) Intercorrelations (Pearson) between Tscores based on the standardization sample 
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335 SINGLE SUBJECT SCORES OBTAINED IN AAT 

patients with duration of aphasia below and above 3 months. Thus, one can feel 
safe in attributing substantial (significant) changes in performance to other factors 
such as spontaneous recovery or language therapy treatment. 

Several norm tables have been set up for the AAT. Based on the whole 
standardization sample of 376 aphasic patients, raw scores for each subtest are 
transformed into centile ranks first. These centile ranks are then transformed 
further into Tscores. By this 2-step procedure, the nonnormal distributions of raw 
scores, a problem for all aphasia tests, are turned into (quasi-) normally distribu- 
ted standard scores (Guilford, 1965, Table 19.3). 

For a short description of the patients’ level of performance, a stanine scale 
derived from the centile rank distribution is used. For a still broader categoriza- 
tion, the language impairment is called severe for stanine scores 1-3, medium for 
4-5, mild for 6-7, and minimalhot impaired for 8-9. These severity categories are 
also given as different shades of grey in the T score profile sheet of the AAT 
(Figure 1). 

The lowest raw score equivalent to a stanine score of 8 is in very close agreement 
with the cut-off score between the aphasic and the nonaphasic control group 
obtained in nonparametric discriminant analyses for each subtest separately. For 
each patient assigned to one syndrome group by the ALLOC-procedure, a second 
impairment grade (severe, medium, or mild) is available. It depends on whether 
the subtest raw score is below the 33th centile, below the 67th centile or above the 
67th centile of the syndrome group’s raw score distribution. 

BASIC FEATURES OF HUBER’S APPROACH 

The mathematical basis for Huber’s approach to psychometric single-case analy- 
sis is given by the classical test theory model as explicated in Lord and Novick 
(1968, pp. 30). In order to draw statistical inferences about a single subject’s test 
performance, one needs an estimate of the individual error variance (i.e., variabil- 
ity of test performances in hypothetical replications of assessments with the same 
test). For a homogeneous population of subjects, one can assume that these 
individual error variances are approximately equal. In that case, the square of the 
standard error of measurement, which is computed from the test score variance 
and the test reliability, can be taken as a good approximation of any subject’s error 
variance within the population of interest. 

If one wants to compare a subject’s subtest scores from a test profile, this only 
makes sense if raw scores are converted into standard scores. Using the same 
standardization for all subtests provides comparability of observed scores. This 
common approach used for almost all available tests has one drawback: Diagnos- 
tic hypotheses about an individual’s abilities aim at the identity of true scores and 
not of observed scores. It can be shown that identity of raw true scores does not 
imply identity of standardized true scores (cf. Huber, chapter 4.4) unless the 
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336 KLAUS WILLMES 

reliability parameters of the subtests arc identical. Huber suggests r-standardiza- 
tion (7 indicating true scores) which yields comparability of standardized true 
scores in all cases. Conversion of a standardized observed score y reported in the 
norm tables of a test to a T-standardized score y'is accomplished by the following 
formula using the reliability parameter p and mean L of the particular standard- 
ization used: 

y' =y/& + L (1 - 1 4 p ) .  

If the test reliability is high (i.e., p is close to l), y and y' do not differ much. 
For the subsequent test statistics to be distributed as normal or chi square 

(random) variables one has to assume independent and normally distributed 
errors and, sometimes (for tests of diagnostic validity), multidimensional nor- 
mality of true scores (Huber, 1973; Willmes, 1984). 

ANALYSIS OF AN INDIVIDUAL AAT TSCORE PROFILE 

In the following, the AAT test results of an aphasic patient H.C. are used to 
demonstrate the application of the single-case analysis estimation and test proce- 
dures. Instead of providing a formal derivation of the formulas (Huber, 1973; 
Willmes, 1984), the respective parts of the computer outputs of CASE1 and 
CASE12 for H.C. given in Figures 2 to 6 will be explained and discussed. 

Case History 
H.C., a 56-year old clerk, was admitted to the Neurology department in Aachen on March 
10,1982. On admission there was an aphasia plus asomatosensory impairment of the right 
arm and leg. No hemiplegia or hemianopia were present. A CT-scan examination on the 
same d a y  showed a not clearly demarcated hypodense lesion in the territory of the 
posterior temporal artery. 

Because of the patient's good general condition, the AAT could be administered 5 days 
post onset (first examination). After a 14 days' stay on the ward, during which H.C. 
received 1 hour of speech therapy every day, the patient was discharged and outpatient 
speech therapy was continued three times per week, in sessions of 1 hour each. 

From the beginning, speech therapy was comprised of structural language training for 
different language modalities using the better preserved oral reading capacity of the 
patient. The number of severe semantic and phonemic e m r s  (semantic jargon) in sponta- 
neous speech, repetition, and confrontation naming wcrc reduced to a substantial extent. 
From May to the end of June, the speech therapy continued in a rehabilitation center, 
including at this time training of comprehension. 

After leaving the rehabilitation center, H.C.'s language was sti l l  substantially impaired 
and control examinations with CT-scan and AAT were done at the Nauf~logy dcpartment 
in Aachen. This time, CT-evaluation revealed a sharply demarcated lesion in the whole 
supericr temporal gyms as well as small multiple infarcts in the basal ganglia and the 
posterior white matter. 

D
ow

nl
oa

de
d 

by
 [

N
an

ya
ng

 T
ec

hn
ol

og
ic

al
 U

ni
ve

rs
ity

] 
at

 0
6:

19
 1

0 
N

ov
em

be
r 

20
15

 



SINGLE SUBJECT SCORES OBTAINED IN AAT 337 

Aphasia : 100% IT : severe 

Wernicke’s : 100% WRIT : mild 
Amnesic : 0% NAME: severe-medium 

REP : medium 

COMP : severe 

In Table 2, spontaneous speech ratings, raw scores, centile ranks, stanine scores, and the 
level of severity assignment compared to  the whole aphasic group are listed for both test 
administrations. The severity grading takes into account 90% confidence intervals for raw 
scores. Furthermore, the ALLOC classifications, including posterior probabilities, are 
given. 

Although the posterior probability for Wernicke’s aphasia falls just short of 70% for the 
second examination, the neurolinguistic diagnosis is that of a well-recovered Wernicke’s 
aphasia. Qualitative analysis of errors also shows that sentence-semantic and paragram- 
matical disorders in spontaneous speech, in repetition of sentences (part 5 of the Repeti- 
tion subtest), and in part 4 of the Confrontation Naming subtest, in which one sentence is 

Aphasia : 100.0% lT : mild 
REP : mild 

Wernicke’s : 66.1% WRIT : mild 
Amnesic : 33.4% NAME: mild 

COMP : mild 

Table 2 

AAT Test Results of Patient H.C. for Both Test Administrations, 
Including Standardized Scores, Overall Severity Grading, 

Psychometric Syndrome Classification with Posterior Classification Probabilities 
(ALLOC-Procedure), Syndrome-Specific Severity Grading 

1.  EXAMINATION I 2. EXAMINATION 
(15.03.1982) (24.06.1982) 

Raw Centile Stanine Severity Raw Centile Stanine Severity 
Score Rank Score Grading Score Rank Score Grading 

TT* 40 28 4 severe- 
medium 

REP 106 47 5 medium 
WRIT 63 65 5 medium. 

NAME 38 31 3 severe- 

COMP 46 35 4 severe 

mild 

medium 

~ 

10 81 7 mild- 
minimal 

133 76 6 mild 
85 95 8 mild- 

minimal 
95 72 6 medium- 

mild 
92 70 6 medium- 

mild 

SPONTANE- 1 5 3 1 2 3 
OUS SPEECH 
RATINGS COM ART AUT SEM PHO SYP 

ALLOC Syndrome 
Classification Severity 

Grading 

3 5 4 3 4 3  

COM ART AUT SEM PHO SYN 

ALLOC Syndrome 
Classification Severity 

Grading 

D
ow

nl
oa

de
d 

by
 [

N
an

ya
ng

 T
ec

hn
ol

og
ic

al
 U

ni
ve

rs
ity

] 
at

 0
6:

19
 1

0 
N

ov
em

be
r 

20
15

 



338 

T-SCORE 

80 

7 0  

60 

5 0  

4 0  

30 

2 0  

KLAUS WILLMES 

h 2  

2. EXAM. 

h l  

TT REP WRIT NAME COMP 

Figure 1. r-standardized Tscores with 90%-confidence intervals for both AAT examina- 
tions of patient H.C., and the estimated profile levels, hi and h2 (dashed lines). 

required as response, prevailed. Additionally, the severity of naming and comprehension 
difficulties is very similar. The syndrome-specific level of severity also given in Table 2 is a 
mild one for all subtests. 

For the psychometric single-case analyses, only the Tscores for the five subtests of both 
test administrations are needed (Figure 1). Because the computer programs used are 
general-purpose programs, instead of AAT subtest labels, only numbers 1 (Token Test), 
2 (Repetition), 3 (Written Language), 4 (Confrontation Naming), 5 (Comprehension) 
are given in the printouts. 

D
ow

nl
oa

de
d 

by
 [

N
an

ya
ng

 T
ec

hn
ol

og
ic

al
 U

ni
ve

rs
ity

] 
at

 0
6:

19
 1

0 
N

ov
em

be
r 

20
15

 



SINGLE SUBJECT SCORES OBTAINED IN AAT 339 

Standard Scores and Confidence Intervals 
Using the formula for r standardization given above, first the (point) estimates of the 
T-standardized true scores are given (Figure 2). Because of the high reliability estimates 
(Table l), the estimates are very close to the Tscores; only for comprehension is there a 
somewhat larger difference. For a diagnostic judgement concerning the subject’s ability 
level, the 90%-confidence intervals covering the r-standardized true score with 90% 
probability have to be considered. This leads, for example, to the diagnosis of a severe to 
medium naming disorder, the observed score itself indicating a severe disturbance. In 
general, the gradation aids reported in test manuals for scores standardized in the usual 
way (e.g., “below average”, “average”, etc.) are also valid for r-standardized scores. 

Global Profile Characteristics 
The profile level is used as a global index of the overall level of performance. It is 
computed as a weighted sum of T-standardized subtest scores, with the weights summing 
to unity and being functions of the reliability coefficients of the subtests. The more reliable 
a subtest is, the more weight the actual score obtained in that subtest gets. If the reliabilities 
of a test battery are identical, the profile level is, simply, the arithmetic mean of the subtest 
scores. 

For H.C., the profile level estimate is h = 48.08 (Figure 2) as compared to an arithmetic 
mean of 46.31. Again, a 90%-confidence interval must be computed for the r-standardized 
true profile level. For an aphasia test like the AAT, which is composed of subtests for 
various language modalities, reporting a profile level as an overall measure of the 
language disorder is not very useful. Although aphasia is usually viewed as being multi- 
modal, there is no reason to assume that all modalities must be impaired to the same 
degree. The scatter of the individual profile is thus an indicator of “real” differences 
between subtest performances, i.e., differences which cannot be accounted for by mea- 
surement errors alone. In order to test whether numerical score differences are beyond 
chance, one computes the sum of squared deviations of subtest scores from the profile 
level. These are again weighted with a function of the respective subtest reliability (i.e., the 
inverse of the square of the subtest’s standard error of measurement for 7-standardized 
scores). To prevent too large a Type I1 error, the profile is judged to be real if the value of 
the test statistic is above the 90%-quantile of the x 2  distribution, with the number of 
degrees of freedom being one less than the number of subtests. For H.C., the first profile is 
clearly real. 

A real profile calls for a more detailed analysis of the shape of the individual profile to 
reveal differences between pairs or groups of subtests. If no diagnostic hypotheses are 
specified in advance, systematic (post hoc) comparisons are useful. For the AAT, all 
pairwise comparisons of subtests are of interest. Planned comparisons are performed if 
one or several diagnostically relevant contrasts of subtest groups, specified before the 
global, overall analysis of the individual profile, are of interest. For example, for an 
intelligence test like the WAIS, one linear contrast of verbal versus non-verbal subtests 
might be useful. 
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340 KLAUS WILLMES 

I 44 43.73 4i. 47 - 46. 40 

2 49 48.39 47.26 - 50. 73 

3 54 54.03 52.00 - 56.06 

4 45 44. 96 42.79 - 47.12 

5 40 39. 62 35 04 - 44.20 

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

* ~*************~*~****~~***~***~~**~~*****************~*** 
GLOBAL PROFILE CHARACTERISTICS 

( 1 )  PROFILE LEVEL: 

LEVEL ESTlMATE = 48.08 

(2 )  90. 0 % - C O W .  -INTERVAL. 

LOUER LIMIT 
UPPER LIHIT 

= 47.08 
= 49. ,m 

(3) TEST FOR REAL PROFILE 

TEST STATISTIC 
90.OX-CHISOVARE QV*NTILE = 

DECISION TWE PRt’ILE IS REAL. 

46. 31 
7 .78  W* 4 

Figure 2. Results of single-case analysis procedures for the fmt  AAT examination of 
patient H.C. (output of program CASEI): 
Upper part: confidence intervals for r-standardized Tscores. 
Lower part: analysis of global profile characteristics. 
(The AAT subtests are numbered in the following way: 1 Token Test, 2 Repeti- 
tion, 3 Written Language, 4 Confrontation Naming, 5 Comprehension) 

All Painvise Comparisons of Subtest Scores 
The results are given in Figure 3. Each pairwise difference has to be divided by the 
standard deviation of that difference. For the resulting standard normal z value, the 
two-sided p value is computed. In order to decide which of the 10 differences are 
significant for an overall Type I error of lo%, one of the following two multiple-test 
procedures can be adopted. With the Bonferroni approach, each individualp value from a 
pairwise contrast is compared to a Type I error of lo%, divided by the total number of 
pairwise comparisons, which equals 1% for the AAT. In the computer printout, a “1” 
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1 - Z -3 O b  -1 l h  0 5169  1 3 1  

1 - 3 -10 10 - 3  20 0 0000 1 10 1 

i - 4 - 1  oz -0 Y I  60 7cer? o I 0  

1 - 3 4 31 1 3L 1 7  2719 0 2 0  

a - 3 -3 04 -3 10 o 1920 I 6 1  

a - 4 4 04 2 4 0  1 661¶ o 4 1  

0 - 9 ? 38 3 1: 0 1 6 4 3  1 7 1  

2 5 .  7788 

4. a63Q 

42 9944 

26 6637 

22 4838 

2 3  a828 

12 2m4 

THE SUETESTS COMPbRED IN THE LINEAR CONTRASTS ARE 

CONTRAST SUBTEST - GQOUPS 

1 3 - 1 2 4 3  

1 1 3 - 1 3 4  

TEST RESULTS 

R E L I A B I L I T Y  ASPECT DIACNOSTIC V A L I D I T Y  ASPECT 
CONTRAST CONTRAST-VALVE I-VALUE P-VALVE DECIS ION Z-VALUE P-VALUE DECISION 

( I N  % ON-SIDED) (1N X ONE-SIDED) 

1 7 9 6  3 34 0 0000 1 1 63 b 1 7 1 1  1 

2 -6 4 9  -4 36 0 0 0 0 7  1 -1 18 ? 9777 1 

**. DECIS ION FOR OVERALL TYPE-1 ERROR 
*** R E L I A B I L I T Y  ASPECT -10 0 X DIAGNOSTIC V A L I D I T Y  -10 0 X 
*a*  ( 1  SIONIFICANTa 0 NOT S I O N I F I C A N T )  

Figure 3 .  Results of single-case analysis procedures for the first AAT examination of 
patient H.C. (output of program CASE1): 
Upper part: all pairwise comparisons, 
Lower part: planned linear contrasts, both for the reliability aspect and the 
diagnostic validity aspect. 
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342 KLAUS WILLMES 

indicates that the scores of two subtests are judged to be significantly different: that is, the 
difference in performance cannot be attributed to measurement errors alone but indicates 
a reliabie difference in level of aphasic language disturbance. 

Holm (1979) provides a more powerful procedure. The p values for the 10 pairwise 
comparisons are ordered with the lowest p value obtaining the highest rank. The test 
procedure is a sequentially rejective one. If the product of the lowestp value and rank 10 is 
below the overall Type I error, the two subtests are reliably different and the product of the 
second lowest p value and rank 9 is again compared to the 10% level. If the value of the 
product is below lo%, the two respective subtests are also judged to be reliably different, 
etc. The procedure stops as soon as the product of a p value and its rank is above the 
overall Type I error level. 

From the printout in Figure 3, one can see that one more pairwise comparison 
(repetition vs. confrontation naming) is judged to be significant if Holm’s procedure is 
applied. Arranging subtests according to increased 2” values, and underlining subtests 
which are not significantly different, is a good means of visualizing the test results: 

COMP l-l- NAME REP WRIT. 

Written Language abilities are obviously better preserved in this patient, especially 
reading aloud which is at the 78th centile. Putting together words and sentences (centile 
rank = 59) and writing to dictation (centile rank = 61) are above average. Auditory and 
reading comprehension, however, are both equally low. 

The better preserved performance in the subtest Written Language can be investigated 
further for its diagnostic validity. To demonstrate that written language is better pre- 
served, the diagnostic validity of all four pairwise comparisons with the other four subtests 
must be computed. The probabilities (p values, one-sided) for obtaining still larger 
pairwise T-score differences are given in the right-hand side column of Figure 3. Applying 
Holm’s procedure for the four comparisons of interest at an overall Type I error of 20% 
(as suggested by Huber, 1973, p. 1 16), only the contrast of written language and repetition 
performance is not diagnostically valid. Such a high Type I error is recommended because 
diagnostic decisions usually are different from decisions in experimental psychology. In 
experimental psychology it is widely accepted that one should be hesitant to reject a null 
hypothesis. That is, the Type I error is usually kept low. With diagnostic decisions, one 
mostly tries not to overlook “real” symptoms. Symptoms in aphasia testing are often 
related to differences in true level of performance among subtests. This implies using a 
rather liberal Type I error level of 10% or even 20% in order to prevent large Type I1 
errors. If for some particular diagnostic problem a large Type I error is critical, a smaller 
Type I error level could be used. One only has to change the relevant parameter values in 
the computer programs CASE1 and CASE12. 

Planned Linear Contrasts 
For an aphasia test having different subtests that assess different language modalities, it is 
not the most adequate procedure to compare two subgroups of subtests in order to 
delineate overall profile differences (e.g., to detect particularly well preserved or strongly 
impaired language modalities). Thus, only for demonstration purposes, written language is 
compared to the subprofile composed of the other four subtests. 
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SINGLE SUBJECT SCORES OBTAINED IN AAT 343 

The subprofile level is 46.17, leading to a linear contrast value of 7.86, which indicates a 
reliable difference of performance (cf. Figure 3 , p  value 1 .OOOO). More interestingly, the 
diagnostic validity p value = 5.17% is also well below the required level of 20%. 

Another reasonable planned linear contrast might be to compare receptive and expres- 
sive subtest performances (contrast 2 in the printout). Expressive abilities are significantly 
better preserved than receptive ones: the diagnostic validityp value of 9.98% is just below 
lo%, which is the Type I error level per comparison if the Bonferroni procedure is applied 
to a total of two planned comparisons. 

Analysis of the Second Test Profile 
The results are given without details. The profile level has risen to 59.55 and the profile is 
again real. Pairwise comparisons with thep values assessed by Holm’s procedure resulted 
in the following configuration of subtests: 

COMP NAME REP l-r WRIT. 

All painvise comparisons ofthe Written Language subtest and the remaining four subtests 
are diagnostically valid as well. Similarly, the same planned linear contrasts as used for the 
first examination reveal better preserved written language ability that is diagnostically 
valid. However, there are no reliable differences between reccptive and expressive modali- 
ties. 

COMPARISON OF TWO AAT PROFILES O F  THE SAME SUBJECT 

The procedure used in the following can be applied if either the same subtests or 
parallel forms of the subtests are compared. The two test administrations may, for 
example, be before and after some treatment or may follow each of two different 
treatments. For H.C., AAT performances before and after about 3 months of 
speech therapy are compared. 

Global Profile Comparisons 
For a test of overall profile identity the sum of (weighted) squared differences of 
r-standardized subtest scores is considered (Figure 4). The resulting value of the 
test statistic (= 187.77) is well above the 90%-quantile of the chi square distribu- 
tion with 5 d.f. Thus, the two AAT profiles are judged to be significantly different. 
The two profiles may be nonidentical because of differences in profile levels 
and/or shapes, each of which can be assessed separately. The difference in profile 
level of 1 1.45 is highly significant. A one-sided test was performed because there is 
no reason to assume increase of impairment for an aphasic patient with vascular 
etiology who also received intensive speech therapy and has a short duration of 
aphasia. Before testing for identity of projiZe shapes, the two profiles have to be 
adjusted for differences in level of performance. After subtracting the respective 
profile level estimate from each subtest score, the weighted sum of squared 

D
ow

nl
oa

de
d 

by
 [

N
an

ya
ng

 T
ec

hn
ol

og
ic

al
 U

ni
ve

rs
ity

] 
at

 0
6:

19
 1

0 
N

ov
em

be
r 

20
15

 



344 KLAUS WILLMES 

(adjusted) subtest scores is again computed. This test statistic value of 10.3 1 is still 
above the 90% quantile of the chi square distribution with 4 d.f. 

This overall difference in profile shape requires a more detailed analysis of 
differential changes in relations of subtest performances between the fmt and 
second AAT examination. For an aphasia test consist& of one subtest per 
language modality, again, all lopairs of subtests should beirnalyzed. lfdiagnostic 
hypotheses concerning more general changes in relations of subgroups of subtests 
are of interest, they can be tested as well, 

All Comparisons of Pakwise Profde Differences Between S u W  Scores 
The difference of each two subtest differences (Figure 5)  is divided by the square 
root of its variance. The resulting standard normal z values are subjected to either 

H~*****+*+***********~**************~***********~**~ 

* GLOBAL PROFILE COPIPARISONS * 
+ * 
+**+******+***************~******************~******* 

( 1 )  TEST OF PROFILE IDENTITY: 

TEST STATISTIC i 187. 77 
90.0Z-CHISWARE WANTILE = 9.24 IF = 5 

DECISION: THE PROFILES ARE DIFFERENT. 

(2 )  TEST OF IDENTICAL PROFILE LEVELS: 

PROFILE LEVEL DIFFERENCE = 1 1 . 4 3  
(2ND EXAM. - lST EXAM) 
TEST STATISTIC (Z-VALUE) = 1 3 . 3 2  

ONE-SIDED TEST. 
P-VALUE = 0 .  0000 (TYPE-1 ERROR as 10. O X )  

DECISION. SIGNIFICANT CHANGE I N  PROFILE LEVEL. 

(3) TEST OF IDENTICAL PROFILE SHAPES: 

- . TEST SfkTS3TIC  - 5 0 . 3 1  
90.0%-CHISWARE WANTILE = 7 . 7 8  DF - 4 

DECISION: THE PRJrILE SHAPES ARE DIFFERENT 

Figure 4. Results of single-case analysis procedures for the comparison of both AAT 
examinations of patient H.C. (output of program CASE12): global profile 
comparisons. 
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SINGLE SUBJECT SCORES OBTAINED IN AAT 345 

SUB- D I F F  D I F F  D I F F  
TESTS 1ST EXAM ZND EXAM 1ST-ZND 

1 - 2 -5 06 2 06 

1 - 3 -10 iC -8 03  

1 - 4 - 1  02 3 0 5  

I -  5 4 3 1  3 9 1  

2 - 3 - 5  04 -10 09 

2 -  4 4 0 4  0 9 9  

2 -  5 9 3 6  1 8 3  

3 - 4 9 0' 11  08 

3 - 5 14 41 11  9 4  

4 -  5 5 3 4  0 8 6  

-7 . ?  

-2  07 

- 4  07 

0 4 0  

'i 05 

3 0 5  

7 5 s  

- a  00 

2 17 

4 46 

L C  

R E L I A B I L I T Y  ASPECT 
BONFERRUNI HOLM 

2-VALUE P-VALUE D E C I S I O N  RANK DECIS ION 
( I N  X TWO-SIDED) 

-2 75 

-0 75 

-1 44 

0 09 

2 20 

1 28 

1 79 

-0 79 

0 57 

1 03 

D LO10 

4 5  1263 

14 0779 

?a 0180 

2 7692 

20 0711 

7 3951 

43 2031 

56 6069 

30 4145 

I 

0 

0 

0 

0 

0 

0 

0 

0 

0 

10 1 

3 0  

7 0  

1 0  

9 0  

6 0  

a 0  

4 0  

2 0  

5 0  

*** DECIS ION FOR OVERALL TYPE-1 ERROR -10 0 X 
+*+ ( 1  SIGNIF ICANT.  0 NOT S I G N I F I C A N T )  

t e . t ~ a t t t t t + * . * t * C * * * * ~ t ~ t & * ~ * ~ t ~ t * ~ ~ * ~ r * t t * t * t a ~ * * * ~ * ~ * * * * * ~ ~ t ~ ~ e ~ * ~ a ~ ~ t e * ~ ~ t ~ t  
t 

t PL4NNED PROFILE COMPARISONS t 

t., t+***ttt+***tt**************+*t*.*****u*******u**u****u*+t***t**************+ 

THE SUBTESTS COMPARED I N  THE PROFILE COMPARISONS ARE 

COMPARISON SUBTEST - QROUPS 

t 3 - 1 2 4 5  

2 1 5 - 2 3 4  

TEST RESULTS 

R E L I A B I L I T Y  ASPECT 
P R O F I L E  CONTRAST-VALUE DIFFERENCE 2-VALUE P-VALUE DECIS ION 

COMPARISON I S 1  EXAM 2ND EX4M ( I S T  - 2ND) ( I N  % TUO-SIDED) 

1 7 06 10 0 4  -2 18 -1 09 27 7L34 0 

2 -6 49 -1 65 -4 03 -2 30 2 1609 1 

*** D E C i S I D N  FOR OVERALL TYPE-1 ERROR -10  0 X 
*t* ( 1  SIONIF ICANT.  0 NOT SIONIFICANT) 

Figure 5. Results of single-case analysis procedures for the comparison of both AAT 
examinations of patient H.C. (output of program CASE12): 
Upper part: all comparisons of pairwise subtest comparisons. 
Lower part: planned linear profile contrasts. 
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KLAUSWILI MES 346 

Bonferroni’s or Holm’s multiple test procedure by examining the two-sided p 
values related to the t values. For H.C., only the relation between the Token Test 
and the repetition subtest has changed significantly (reliably) for both test strate- 
gies. Whereas the T’score for the Token Test is numerically lower than the one for 
repetition at the first examination, the opposite relation is found at the second test 
administration. 

Planned Profile Comparisons 
The same linear contrast of subgroups is computed for both examinations and the 
difference of both values is tested to determine if it is significantly different from 
zero. The rather few changes in the relation of AAT performances for H.C. 
detected by using pairwise profile comparisons is also reflected in the following 
result. The profile comparison for the relation of written language performance to 
the linear combination of the other four subtests is 7.86-10.04 = -2.17. Thus, it is 
not significantly different from zero, although the superiority of the written 
language ability has become more pronounced numerically. The z value of the 
related test statistic results in a two-sided p value of 27.76%. If one is also 
interested in a possible change of the relationship between receptive and expressive 
tasks, one obtains a significant result (cf. the second profile comparison in Figure 
5). The distance between receptive and expressive impairment has diminished 
from a contrast value of -6.49 to a value of - 1.65. The two-sidedp value of 2.16% 
indicates that a still larger amount of change is very rare for the reference 
population of all aphasics. 

Comparison of Subtest Performances 
If one is not interested in detailed profile comparisons after two profiles were 
found to be nonidentical, one can also compare performances for the five subtests 
separately and apply either Bonferroni’s c;r Holm’s multiple test procedure. As 
Figure 6 shows, the z values of the test statlstics give rise to very small one-sidedp 
values. Each subtest performance has improved significantly. 

If one compares two AAT profiles before and after a period of speech therapy, 
significant improvement is not necessarily due to the therapeutic treatment alone. 
Especially if both test administrations are within the first 6 months post onset, 
spontaneous recovery may have occurred as well. The amount of spontaneous 
recovery is difficult to estimate, especially for a single patient. 

Data on the spontaneous recovery of groups of aphasic patients having received 
no formal speech therapy are available for the AAT (Willmes & Poeck, 1984). 
CVA-patients (21 global, 19 Wernicke’s, 12 Broca’s, 32 amnesic, 12 not classifi- 
able aphasic patients) had been tested 1,4, and 7 months post onset in that study of 
spontaneous recovery. The two test administrations for patient H.C. correspond 
quite well to the first two test occasions of the recovery study. One could use the 
mean change in Tscores for each subtest and the profile level as the best (point) 
estimate available for the influence of spontaneous recovery. After subtracting 

D
ow

nl
oa

de
d 

by
 [

N
an

ya
ng

 T
ec

hn
ol

og
ic

al
 U

ni
ve

rs
ity

] 
at

 0
6:

19
 1

0 
N

ov
em

be
r 

20
15

 



SINGLE SUBJECT SCORES OBTAINED IN AAT 347 

+++++**+****+**+**********++**++**********+*******.********+******************** 
+ C D W A R I S O N  OF PERFORWANCES PER SUBTEST 

.+*+****,***t***l~~***+*********.*~~*****************************t***********++* 

SUB- STANDARD SCORES TEST UF D I F F E R E N C E S ( 2 N D - I S T )  DEC IS1 ON 
TEST 1ST EXAM 2ND EXLIM TAU-DIFF 2-VALUE P - V A L v E ( % )  BONF HOLW(RANK) 

*tt (ONE-SIDED.  INCREASE) **I 

1 44 59 15 1 -  7 15 0 0000 I l ( 4 )  

2 49 57 B 4 5 3 0  0 0000 1 l ( 2 )  

3 34 6 J  13 10 7 51 0 0000 1 1 ( 5 )  

4 11 u s  5 97 0 0000 I 1 1 3 )  

5 40 55 15 5’ 3 9 5  0 0039 1 1 ( 1 )  

45 56 

**I DECISlON FOR OVERALL TVPE- I  ERROR =I0  0 % 
*** ( 1  S I G N I F I C A N T  0 NOT S I G N I F I C A N T I  

Figure 6. Results of single-case analysis procedures for the comparison of both AAT 
examinations of patient H.C. (output of program CASE12): 
All comparisons of subtest performances. 

these recovery estimates from the observed differences of r-standardized T scores 
the residual differences can be tested for reliable improvement with the same test 
statistics as for the uncorrected differences. This part of the analysis is not included 
in the general computer programs and the results are reported without computa- 
tional details. If one applies Holm’s procedure, all residual improvements are still 
significant at an overall Type I error level of 10%. The residual increase in profile 
level of 4.40 is also highly significant. 

Summing up the psychometric analyses for patient H.C., a detailed account of 
the considerable improvement could be given. Relative superiority of written 
language abilities did not decrease. This might also be due to the therapeutic 
technique of using a better preserved modality to correct mistakes made in other 
language modalities. It is worth noting that improvement is especially large for the 
Token Test. There was also substantial improvement in several spontaneous 
speech ratings, especially for communicative ability and semantic and phonemic 
structure (Table 2). Continuation of speech therapy was therefore highly recom- 
mended; in addition, the decision to allow the patient go on retirement was 
postponed. 

DISCUSSION 

Huber’s concept of psychometric single-case analysis offers a unified approach to 
the analysis of profile scores of a single subject obtained in any standardized test, 
not only in an aphasia test. In principle, the procedures can be applied to all tests 
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348 KLAUS WILLMES 

constructed and standardized along the lines of the classical test theory model; this 
is the case for the great majority of amaammt procarhuzs available. Once it has 
been determined that, for a particular teat, HnWs methods are applicable, the 
@rofile-)scores of each subject tested can be d y e d .  However, the requirements 
of practical invariance of reliability and mrm&tiOn estimates (see Appendix) and 
for standardization samples with at least about 400 subjects may pose difficulties 
for many tests. 

The introduction of 7 standardization helps to clarify the diagnostic hypotheses 
that a test user wishes to test. Only inferences related to true (profde-)scores meet 
these substantial diagnostic problems. A T standardization is always possible if 
standard norms from large samples are reported for a test. However, if reliability 
estimates are high, the reported standard scores and 7-standardid scores are 
usually close together. 

Huber’s approach attempts to follow Zubin’s postulates (1950) for the statis- 
tical analysis of intraindividual series of observations. Thesa pactulurr state that 
(i) each individual must be assumed to be an independoat univmiechuacterized 
by (ii) a given level and (iii) a given degree of variability ofprfbmmm, both of 
which characterize the hypothetical distribution of potential scores of the subject 
and (iv) both of which can be changed by some sort of exogeneous factors 
(treatments) or endogenous changes. The postulate of a characteristic degree of 
variability of performance is the most crucial OXXI fcx Hubu’B approach. Because 
there is no realistic way of obtaining a good estimate af tkm error variance of a 
subject in a specific test by repeated administrations of tbe.rgr test or several 
parallel forms of it, the standard error of measurement is uscd 

A further crucial assumption is that the applications dtwnsubtasts of a profile 
or of parallel tests or two replications of one test form have.unaxpalatad errors. 
However, there is evidence (Rozeboom, 1966) that erron can be pOritinly corre- 
lated because of illness, fatigue, noise, cheating, c t ~ .  Zimmerman and Williams 
(1977) and Williams and Zimmerman (1977), in deriving the classical test theory 
model without the assumption of uncomlated erroxs, demonstrated that, if the 
reliability parameters of two tests are high (> .90) and the correlation not much 
below SO. even rather substantial positive correlations between scores do not 
affect the true correlation between the two tests to a large extent. But large effects 
are possible under different circumstances. They also demonstrated that the 
reliability of a difference score which, according to the classical test theory model 
can be more fallible than both tests themselves, must not be lower. Again, if errors 
as well as observed scores are positively correlated (>.50), and if reliability 
parameters are high, the reliability of the difference score may even be considera- 
bly higher than the reliability of both tests. Put another way, the standard error of 
measurement for a difference score (or any linear contrast) may be smaller than 
for the individual scores so that Huber*s test proccdura maycoea be conservative 
for well-constructed test batteries. 

In any case, the choice of an adequate reliability cocff*t is an important 
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SINGLE SUBJECT SCORES OBTAINED IN AAT 349 

substantial issue. Although all reliability coefficients can, in principle, be used to 
estimate the standard error of measurement, the diagnostic problem at hand 
should guide the choice. If inferences about differences between two parallel tests 
are of interest, reliability estimates for parallel tests should be used. When testing 
for score differences within a profile, split-half or consistency coefficients should 
be preferred. Furthermore, reliability estimates for subpopulations and/or spe- 
cific age groups should be used although, particularly for clinical subpopulations, 
they are often not available or are based on very few subjects. 

For clinical populations like the aphasic population, there are additional prob- 
lems. Because raw score distributions often are highly skewed, quasi-normaliza- 
tion by computing T scores from the centile rank distribution may distort the 
extremes of the scale to some extent. Thus, analyses for patients with very poor or 
very good performances should be interpreted with some reservation, especially 
because skewness may be different though high for different subtests contained in 
the test profile. It may, for example, be impossible to detect a reliable change in 
performance if the initial score is already quite high. This would also bring into 
question the model assumption of a constant standard error of measurement over 
the whole scale of a subtest. The distribution of potential scores of a subject must 
have a smaller spread at the extremes of a scale. If a clinical population is 
composed of several subpopulations (e.g., syndrome groups), the normality 
assumption for true scores is also questionable. The distribution might be bi- or 
polimodal or may run much flatter than the normal curve. So it would definitely 
be useful to have normative data for each syndrome group separately. However, 
for an aphasia test, this will take several more years and the availability of a 
poyerful classification procedure. 

The constructional principles of an aphasia test also have consequences for the 
strategy with which a profile of scores is evaluated. Only if several subtests are 
assessing the same or a very similar ability is computation of the profile level more 
than a technical step within the profile analysis procedure. For an aphasia test in 
which each subtest represents a different modality, pairwise comparisons between 
subtests should be preferred. With linear contrasts containing several subtests, 
compensatory effects of some subtest(s) can otherwise disguise substantial differ- 
ences between some pair of subtests. 

Although aphasia is usually taken to be a multimodal deficit, this does not mean 
that the level of impairment is (almost) identical for all modalities. Consequently, 
“real” profiles are the rule rather than the exception. Diagnostically valid pat- 
terns, on the contrary, are not that frequent. Probably the most interesting kind of 
profile pattern for an aphasic patient is that of a unimodal deficit or peak in 
performance. This theoretically based expectation calls for testing the diagnostic 
validity of the pairwise difference between a certain subtest (modality) and all 
(several) of the other subtests (modalities). If several subtests for one modality are 
available in a test, planned comparisons should contain pairwise contrasts of two 
subgroups of tests, each of the two subgroups assessing one language modality. 
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350 KLAUS WILLMES 

The procedures for the detection of a unimodal problem could also help to 
provide an operational definition for nonstmdwd aphrmsias such as tramcortical 
or conduction aphasia. In addition to giving a defhition confined to wntile rank 
differences, as do De Bleser, Huber, Willmes, and W w k  (1981) and Reinvang 
and Engvik (1980), one could also define such an aphasia as follows: “A patient 
has a transcortical aphasia if his repetition p e d ~ m ,  Gompareed to the refer- 
ence population of aphasic patients, is signifmntly above his performance on 
each of the following subtests: Written Language, Conhatation Naming, and 
Token Test (aspect of diagnostic validity). The =petition score should be at least 
at the 60th centile rank”. For a conduction aphasia, reptition performance 
should be no better than a T score of 50 and be signiflwtly below all other 
subtests considering the aspect of diagnostic validity. Also, the patient should 
have no severe dysarthria and/or speech apraxia. 

With the aid of the two computer programs, CASE1 and CASE15 a complete 
analysis of two AAT test profiles requires only a negligible amount of work. Thus, 
obtaining detailed diagnostic information on the relative impairment of different 
language modalities is not restricted to research purpws mcompsing only 
some patients. Rather, it can be used routinely. As has been shown, application of 
the single-case analysis procedures is also not restricted to diagaastic problems; it 
can also guide the choice and combination of languagetherapeutic measures. 

APPENDIX 

Requirements for the applicability of Huber’s procedures 
In the derivations of the different test statistics needed for the single-case assess- 
ment procedures it is always assumed that the population parameters are known 
constants. But, for each psychological test, only estimates of them exist. Conse- 
quently, one has to assure that sampling errors are negligible in practical applica- 
tions. The mean and standard deviation of the raw scores are needed for estab- 
lishing norm scores. The sampling error of both is sufficiently small (cf. Huber’s 
chapters 4.8-4.10) only if the standardization sample size is larger than about n = 
400 and if the reliabilityparameter is above 0.60. But the reliability parameter itself 
has to be estimated. Again, it can be demonstrated that a sample size of about 400 
is just large enough to yield sufficiently precise reliability estima&s. But, for almost 
all known tests, the reliability studies are based on far less than 400 subjects. Huber 
suggests that one accept a reliability estimate in case of n less than 400 only if it is 
practically invariant: that is, if the lengh of the 95%confidence interval of the 
(true) reliability parameter, p, is below 0,l. To examine this property, one first 
subjects the reliability parameter estimate b, reported for some test, to Fisher’s z‘ 
transformation, as follows: 

i = (log (1 + 6) - log (1 - j3))/2; 
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where log indicates the natural logarithm. 
In terms of the z‘ scale, the lower z, and upper z, 95%-confidence interval 

boundaries are z, = z‘ f 1.96/J(n-3). These have to be transformed back to the 
original p scale again by using the following transformation: 

p/, ” = (e”‘, - l)/(e&’. + 1) 

In some formulas related to the diagnostic validity aspect, intercorrelations 
between subtests occur. If they are estimated from samples of less than 400 
subjects, their 95R-confidence intervals have to be checked in the same way as the 
reliability coefficients. 

For the AAT, the size of the standardization sample N =  376 is just sufficient to 
guarantee precise enough estimates of the expectation and the standard deviations 
of the subtests’ raw scores. The intercorrelations between subtests are also com- 
puted from this sample and are thus practically invariant. Only the reliability 
estimates are computed from n = 120 aphasic patients of the validation sample of 
the AAT. The Comprehension subtest has the lowest coefficient (b = 0.928). 
Applying the two formulas given above, one obtains z,, = 1.644 f 0.1812 and 
p,= 398, pu= .949. The difference between pl and pu clearly is less than. 10. Due to 
the functional form of the above formulas, the other reliability coefficients need 
not be checked, because higher coefficients result in smaller confidence intervals. 

One can also determine, for a given sample size n, what the minimum 6 must be 
in order to guarantee a confidence interval below 0.1. Table A below gives 
minimum values of fi for several values of n. 

Table A 

Minimal Reliability Coefficient Values pmin Which are Practically Invariant for a Given Sample 
Size n for a Type I Error of 5% 

n Pmin n Pmin n 

10 .975 
20 .953 
30 .937 
40 .924 
50 .913 
60 ,902 
70 ,893 
80 .884 
90 376 

100 .868 

110 361 
120 ,853 
130 346 
140 340 
150 .833 
160 327 
170 321 
180 XI5 
190 309 
200 ,803 

210 
220 
230 
240 
250 
260 
270 
280 
290 
300 

.797 310 

.792 320 

.786 330 

.781 340 

.776 350 

.770 360 

.765 370 

.760 380 
,755 390 
.750 400 

Pmin 

.745 

.740 

.735 

.730 

.726 

.721 

.716 

.711 

.707 

.702 

n Pmin 

410 .698 
420 .693 
430 .689 
440 .684 
450 .680 
460 .675 
470 .671 
480 .666 
490 .662 
500 .658 
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