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Interobserver Variability in the
Assessment of Neurologic History and
Examination in the Stroke Data Bank
David Shinar, PhD; Cynthia R. Gross, PhD; Jay P. Mohr, MD; Louis R. Caplan, MD; Thomas R. Price, MD;
Philip A. Wolf, MD; Daniel B. Hier, MD; Carlos S. Kase, MD; Irene G. Fishman, MAT; Christine L. Wolf; Selma C. Kunitz, MS

\s=b\Interobserver reliability in obtaining
neurologic histories and examinations
was investigated among neurologists col-
laborating in the Stroke Data Bank (SDB).
Seventeen in-hospital stroke patients
were examined by six neurologists expe-
rienced in stroke over the course of three
days. Patients were examined twice a day
for two successive days, with each
patient seen by four different neurolo-
gists. Data were recorded on SDB forms,
according to definitions and procedures
established for the SDB. Percent agree-
ment and \g=k\coefficients were calculated
to assess the levels of agreement for
each item. Important differences in levels
of agreement were found among items on
both neurologic history and examination.
Agreement among neurologists was high-
er for neurologic examination than for
history. Patterns of agreement for items
with low prevalence or with numerous
unknown ratings are discussed. Improve-
ment in interobserver agreement due to
data editing for intra-observer consisten-
cy was shown.

(Arch Neurol 1985;42:557-565)

'"Plie present study was an evaluation
of interobserver variation in

obtaining the neurologic history and
examination information in the
Stroke Data Bank (SDB). The centers
participating in this study are New
York Neurological Institute, and the
Departments of Neurology at Univer¬
sity of Maryland Hospital, Baltimore,
Boston University Medical Center,
and Michael Reese Hospital, Chicago.
A detailed description of the SDB has
been published elsewhere.1

The importance of measuring
interobserver variability (or inverse¬
ly, interobserver agreement) is obvi¬
ous when a research effort involves
data collection in several centers with
different observers. The key question
is, "To what extent do different
observers perceive and record the
same information when confronted
with the same phenomena?" While
numerous studies have addressed the
problem,28 few have addressed neuro-

logic signs and symptoms in stroke
patients.910 A consistent finding is the
researchers' surprise to find consider¬
able interobserver variability. Yet
Garland almost 25 years ago stated
that "a surprising and clinically
important degree of inaccuracy is to
be expected in the interpretation or
evaluation of many clinical and labo¬
ratory procedures used in every day
practice."11

In stroke research, Sisk et al'
focused on the variation between two
staff neurologists who examined 28
patients previously diagnosed as hav¬
ing "probable transient cerebral is¬
chemie attacks or cerebral infarction
with minimal residual." They devel¬
oped a standardized protocol contain¬
ing 20 neurologic symptoms and 32
items related to the neurologic exami¬
nation. A manual was written for this
study containing the definitions of the
terms, the questions, and the response
options for both the history and neu¬

rologic examination. In the authors'
conclusion there were "extreme dis¬
crepancies in recording either pres¬
ence or absence of specific symptoms
and of signs on the neurologic exami¬
nation." These discrepancies existed
both for the subjective items such as
weakness and the seemingly objective
items such as reflex asymmetry.

In the Italian Multi-Center Study
on Reversible Cerebral Ischemia, neu¬

rologists from eight clinical centers
participated in data collection using a
uniform protocol developed as a

guideline for all examining neurolo-
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gists.10 They found large differences in
their index of agreement as a function
of the particular item evaluated. The
index of crude agreement on neurolog¬
ic signs varied from 21% (extensor
plantar response) to 92% (visual field
defects). The general finding was that
interobserver discrepancies were a
significant problem.

The results of these two studies
demonstrate that the development of
uniform protocols and common defini¬
tions does not automatically assure
high interobserver agreement. Each
collaborative study must assess its
interobserver variability so that data
collected in that particular study may
be critically evaluated, reviewed to
determine potential sources for the
interobserver discrepancies, and fu¬
ture efforts can be directed at reduc¬
ing this variability.

METHODS
Participants

The 17 subjects, ranging in age from 36
to 89, were in-hospital stroke patients at
the New York Neurological Institute, who
agreed to participate in the study, and
were considered to be in a stable state.
They had not been identified previously as
having an evolving ischemie attack (Ta¬
ble 1).

The observers in the study were the six
staff neurologists from the four SDB-
participating centers who are directly
responsible for data collection in their own
centers. All were experienced in clinical
neurology with a special interest in
stroke.

Procedure and Design
The patient and observer pairings were

rotated over the course of three days. Each
patient was evaluated four times by four
different neurologists as follows: once in
the morning and once in the afternoon of
two days, in accordance with the counter¬
balanced design reproduced in Table 1.
This design yielded a total of 34 pairs of
observations conducted on 17 patients,
each pair consisting of two independent
observations made by two neurologists on
the same patient within the same day, so
that day-to-day variations would not be
confounded with interobserver differ¬
ences.

The neurologists did not discuss these
cases with each other. At the beginning of
each morning and afternoon session each
neurologist was given a folder containing
forms for the patients assigned for that
session only. Patient forms were filled out
immediately after the evaluation and all
the completed forms were returned at the
end of the session.

The neurologists were provided with
limited information on each patient as
follows: name, age, hospital admission
date, associated medical illnesses, and, in
the case of aphasie and comatose patients,
the onset and early course of illness.

Table 1.—The Design of Patient-Neurologist Assignments*

Patient
Communication

Problems

Wednesday Thursday Friday
Total No. of

Observations
N6 N1 N2

Severe aphasia N4 N5 N3 N1
N5 N2 N4 N1

Spanish speaking,
dysarthria

N5 N1 N2 N3

Comatose N6 N1 N4 N2

Irritable, uncooperative N2 N3 N6 N1
Dysarthria N2 N6 N3

Sparse speech, poor
comprehension

N5

Severe aphasia N6 N2 N3
10 N3 N2 N6

N2 N5 N6 N4
Dysarthria N3 N6

13 N3
N4 N6 N5 N1

Confused, fluctuating
mental status/SAHt

N5 N6 N3 N4

N4 N6 N3
17 Slurred speech N3 N6 N2 N1

* Neurologists are identified by the letter N.
tSAH indicates subarachnoid hemorrhages.

Forms and Materials

The SDB standard data forms were used
for data recording (see Figs 1 to 4).
Instructions for data collection and item
definitions were provided by the SDB cod¬
ing and operations manuals. In addition,
each observer provided his subjective rat¬
ings of the "difficulty of evaluating the
patient" on a scale of one to five, and noted
subjective comments and observations.
These comments were to be used later in a
discussion focused on means of reducing
interobserver variability.

Statistical Methods

The  statistic used to measure the level
of agreement was based on a formula
developed by Fleiss,12 which provides a

numerical measure of agreement among
multiple raters on variables that are
scored on a nominal scale. The  statistic is
chance-corrected, ie, it measures the
observed amount of agreement adjusted
for the amount of agreement expected by
chance alone,  approaches —1 for com¬

plete disagreement and +1 for perfect
agreement. When the agreement is that
expected by chance,  equals 0. The signifi¬
cance of  is tested by dividing it by its
standard error.13 This ratio is distributed
as a standard normal variate. It has been
suggested that whenever  is >.80 the
agreement can be considered excellent;
0.40<  <.80 indicates moderate to sub¬
stantial agreement; 0.20<  <.40 indicates
fair agreement; and  <.20 indicates slight
or poor agreement.7·14

RESULTS

The results on the neurologic histo¬
ry items and on the neurologic exami¬
nation items are presented separ¬
ately.

Neurologic History

During two successive days, four
neurologic history assessments were
made on each patient. It was assumed
that day-to-day variations would have
no influence on the neurologic history,
unlike potential fluctuations on the
neurologic examination. The analysis
was conducted on the four sets of data
obtained for each patient rather than
on the pairs of observations made the
same day.

The raw data to assess the extent of
agreement on item 8N—"Has Patient
Ever Had a Stroke Before This One?"
contains a total of 68 observations, 17
patients times four neurologic evalua¬
tions (Table 2). In 45 (66%) of 68
evaluations, no previous stroke was

reported. In all cases in which all four
neurologists agreed, it was in the "no"
category. Most of the disagreements
were due to the inability of one or
more neurologists to determine the
answer to this question, reflected by
the "unknown" responses (Table 2). In
35% of the cases there was perfect
agreement among the four neurolo¬
gists (six of 17 cases) and in 82% of
the cases at least three of four neurol¬
ogists agreed. The  value of 0.31
(P < .001) indicated a fair amount of
agreement. The extent of agreement
would not be improved by collapsing
the "yes" categories into one category
since all the discrepancies were due to
differences in opinion about prior
stroke rather than disagreements in
the time elapsed since the last stroke.
However, if the question is rephrased
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10

13

Table 2.—The Response Pattern for Variable 8N:
Has Patient Ever Had a Stroke Before This One?

Patient No
Yes 1-7

Days Ago
Yes 8-30
Days Ago

Yes 1-6
Months Ago

Yes Over 6
Months Ago Unknown Total

17
Total 45 13 68

Table 3.—The Response Pattern for Variable 4N:
Has Patient Ever Had a TIA?*

Patient
No,

Never
Yes 1-7

Days Ago
Yes 8-30
Days Ago

Yes 1-6
Months

Ago

Yes Over 6
Months

Ago Unknown Total

10

13

17
Total 42 17 68

TIA indicates transient ischemie attack.

to detect the ability to elicit a history
of prior stroke, and "unknown" and
"no" responses combined, then com¬

plete agreements would be 71% and
the  coefficient 0.40 (P < .001).

The response patterns for two more

Neurologic History variables, 4N—
"Has Patient Ever Had a TIA?" and
13N—"Was There Severe Headache at
the Time of Onset?," are presented in
Tables 3 and 4, respectively. For five
(ie, 29%) of 17 patients there was

perfect agreement on the occurrence
of a transient ischemie attack (TIA);
and in 41% of the cases three or more

neurologists agreed on the occurrence
of a TIA. Again, all of the perfect

agreements were obtained for the null
category. The  coefficient for this
variable was 0.11, indicating a level of
agreement barely greater than
chance. As in the case of a previous
stroke, when the "unknown" and "no"
responses were pooled into one cate¬
gory and all the "yes" responses were

pooled into another, the  coefficient
rose to 0.19 (P < .01). A similar pat¬
tern can be observed in Table 4 for the
variable of presence or absence of
severe headache at stroke onset. Per¬
fect agreement was obtained for seven
of the 17 patients, ie, 41% agreement
and  = 0.36, ie, fair agreement. When
"unknown" and "no" responses were

Table 4.—The Response Pattern for
Variable 13N: Was There a Severe
Headache at the Time of Onset?

Patient No Yes Unknown Total
1
2
3
4
5
6
7
8
9

10
11
12
13
14
15
16
17

Total

4
2
4
3
1
4
4
1
1
1
4
4
2
1

2
2

40

3
4
1

13

1
2

15

4
4
4
4
4
4
4
4
4
4
4
4
4
4
4
4
4

68

combined, the  coefficient rose to 0.52
(P < .001).

The history variables (Table 5) are

ordered by their  values, from the
most consistently to the least consis¬
tently scored. Because the  coefficient
is chance-corrected, it is a more con¬
servative measure of agreement than
the percent of complete agreements.
Thus, an agreement on presence of a

particular deficit is typically weighted
more heavily than an agreement in
the null category since the null cate¬
gory is the most common response. It
can be seen that there are large varia¬
tions in interobserver reliability
among the variables studied; moder¬
ate agreement was achieved for only
two variables (alcohol intake within
24 hours of onset and the last gluco-
genic intake), fair agreement for an
additional nine variables, and only
chance agreement for six of the vari¬
ables studied.

Neurologic Examination

To minimize the influence of true
day-to-day changes in the patients'
conditions on interobserver agree¬
ment, the comparisons reported are
based on observations made within
the same day. Thus, instead of looking
at 17 patients each observed four
times, the analysis was based on 34
pairs of observations, each pair of
observations obtained on the same
day.

Systematic changes in the patients'
conditions either from morning to
afternoon or from the first to the
second day might confound the study
of interobserver agreement. Such a

trend either in improvement or wors¬
ening would have caused a spurious
reduction in the level of agreement
among observers, a reduction due to
changes in actual patient condition
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Table 5.—Level of Agreement on Neurologic History Variables

Variable
No. Variable Name

Before Consistency Checks

% Complete
 _Agreement

30N Alcohol within 24 hr of
onset

0.65* 65

31N Last glucogenic intake 0.46t
15N Seizures at onset 0.39*
17N Decreased consciousness

at onset
0.36*

13N Severe headache at onset 0.36*
14N Vomiting at onset 0.35*
21N Course of illness 1-12 hr

of onset
0.34* 29

18N Coma at onset 0.32*
8N Previous stroke 0.31* 35

Course of illness 12-24 hr
of onset

35

20N Course of Illness 11-60
min of onset

0.22*

19N Course of illness 1-10 min
of onset

0.17* 18

16N Focal deficit at onset 0.15§ 35
29N Documented hypotension 24

4N Previous transient
ischemie attacks

0.11

12N Deficit present on

awakening_
Antiplatelet / anticoagulant

used
29

'Significant at  < .001.
tlntraclass correlation coefficient based on only eight patients,
tSignificant at  < .01.
§Significant at  < .05.

rather than to interobserver varia¬
tions. To test for this, a two-way
analysis of variance was conducted on
the mean performance levels of the
ordinal variables (19x, 26x, 49x, 56x,
62x, 68x, and 72x). There was no morn¬

ing-afternoon or day 1-day 2 effect for
these variables. Thus, no systematic
improvements or deteriorations in
neurologic status across patients were
seen from morning to afternoon or
from day 1 to day 2. Accordingly, the
data were analyzed using four obser¬
vations per patient. The results indi¬
cated no significant difference be¬
tween the two approaches (average  

being 0.36 and 0.37 for pairs and four¬
somes, respectively), and the results
presented below are for pairs of obser¬
vations made on the same day.

Three data patterns emerged from
the analysis. The first is illustrated in
Table 6 with each pair of observations
on a patient on the same day repre¬
sented by the single-cell entry. The
morning responses are plotted against
the afternoon responses. Whenever
the two neurologists agree, their
observation appears on the main diag¬
onal. For the variable X5—verbal
response, there are a total of 21 agree¬
ments, of which 12 were on category
five which is the "no deficit" category.

The extent of disagreements is repre¬
sented by the distance from the diago¬
nal. Thus, excluding the situations in
which one of the neurologists coded
that item as "unknown," all the dis¬
agreements were by one level only, ie,
one cell away from the diagonal. In
summary, when the unknown re¬

sponses are considered as a legitimate
code, the agreement is 62% and
 = 0.47; when unknown responses are
viewed as missing data, the agree¬
ment is 69% (18 of 26 pairs) and
 = 0.49.

In a second kind of data pattern the
distance from the diagonal is mean¬

ingless since the categories are on a
nominal scale as in the distribution of
response pairs for the variable 14X—
"Weakness" (Table 7). For identifica¬
tion of the location of weakness, there
is 79% agreement,  = 0.67. No
unknown responses were coded. All
but two of the disagreements occurred
when one neurologist identified a
weakness on one side and the other
neurologist identified the weakness
on that same side but also on the
other side (ie, bilateral hemiparesis).
There were no disagreements as to the
major side of weakness. A similar
pattern of responses, but with a lower
level of agreement, was obtained for

variable 45X—"Sensory Deficits."
Here agreement was 50%,  = 0.32.
When the "Untestable" responses
were excluded, agreement increased
to 55%, and  = 0.35. None of the
discrepancies were due to confusions
of laterality, but rather to the identi¬
fication of the location of the sensory
deficit by one neurologist and the code
of "none" or "Untestable" by the oth¬
er neurologist.

In the third pattern the data are

again nominal (Table 8 [71X—"Lan¬
guage Abnormalities"]). However,
here most of the disagreements are not
due to "unknown" but todisagreements
as to the specific language abnormali¬
ty. Here improvement in consistency
among observers requires either some

merging of overlapping or ambiguous
categories, or providing mutually
exhaustive operational definitions for
each term. Thus, when "Language" was

collapsed into four categories, normal,
global aphasia, other, and unknown,
interobserver agreement rose from
 = 0.54 to  = 0.68.

Tables 6 through 8 also illustrate
the statistical observation that there
was no consistent bias between morn¬

ing and afternoon evaluations, mani¬
fested by the similar distributions of
disagreements above and below the
diagonals. If, for example, patients
tended to perform better in the after¬
noon, then most of the disagreements
would have been below the diagonal in
Table 6, and below or above the diago¬
nal in a consistent manner for some

disagreements in Tables 7 and 8.
"Folding" the table at the diagonal
provides a more direct appreciation of
the number and type of disagree¬
ments. To illustrate, in Table 8 by
folding the table it could be observed
that Wernicke and Broca aphasia
were paired twice and global aphasia
and Broca aphasia were also paired
twice.

The extent of agreement and  coef¬
ficients on all the neurologic examina¬
tion variables on which the inter-
observer consistency can be compared
is shown in Table 9. This table cannot
provide insights to improve inter-
observer reliability. For this, one
must examine the actual distribution
of responses for each variable as they
were presented (Tables 6 through 8).
Nonetheless, the intuitive meaning of
the level of agreement on all of the
variables listed in Table 9 can be
grasped by comparing the percent
agreement and  statistics of these
variables against the ones displayed
in Tables 6 through 8, ie, verbal
response, weakness, and language.
Table 9 shows that, in general, perfor-
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Table 6.—Distribution of Response Pairs for Variable 5X: Verbal Response

None
Incomprehensible

Sounds
Inappropriate

Words Disoriented
Oriented and

Converses Untestable Total
None

Incomprehensible sounds
Inappropriate words
Disoriented
Oriented and converses 12* 14
Untestable
Total

* Agreeing pairs.

16 34

Table 7.—Distribution of Response Pairs for Variable 14X: Weakness

Normal
Left

Hemiparesis
Right

Hemiparesis
Bilateral

Hemiparesis Paraparesis Unknown Total
Normal
Left hemiparesis 12* 12
Right hemiparesis 13* 16
Bilateral hemiparesis
Paraparesis
Unknown
Total 15 14 34

* Agreeing pairs.

Table 8.—Distribution of Response Pairs for Variable 71X: Language

Normal Broca Wernicke Global Anomic Other Unknown Total
Normal 15* 17
Broca

Global 4*
Anomic 2*
Other

Total 17 34

Agreeing pairs.

mance was better on the neurologic
examination variables than on the
neurologic history variables. This
could have been expected since the
neurologic history was based solely on
the interview with the patient (many
of whom were difficult to communi¬
cate with, as indicated in Table 1),
whereas the neurologic examination
was based on actual observations and
testing. As was the case with the
neurologic history variables, the vari¬
ation in the level of agreement is
impressive. For more than half of the
variables evaluated the level of agree¬
ment was moderate to substantial,
but for ten of 47 variables in Table 9 it
was no better than chance.

Some variables were of particular
interest. On the weakness scale the
average  for the left side of the body
equaled that of the right side of the
body (0.45 and 0.46). In contrast, for

the sensory scale the average  on the
left side was much poorer than on the
right side (0.33  0.52). Furthermore,
there were some consistent patterns
with respect to the  values for differ¬
ent body parts. Evaluation of weak¬
ness of the tongue was significantly
lower than that of the other body
parts and agreement on the evalua¬
tions of the face, hand, and foot were

consistently higher than the agree¬
ment on the hip or shoulder.

A note of caution is appropriate in
interpreting the meaning of "agree¬
ment" for some of the variables at the
bottom of the list in Table 9. As may
be observed, the percent agreement is
extremely high for these variables
while the  value is essentially zero

(eg, nuchal rigidity, neurologic symp¬
toms, and cervical bruit). This is due
to the distribution of the responses.
For each of these items in most of the

68 examinations the evaluation was
"absence of deficit," and in the very
few cases where a deficit was observed
by one or more of the neurologists it
was not corroborated by the paired
examiner. This indicates that when
such a deficit exists infrequently its
recording is unreliable. Since for most
neurologic deficits, the probability of
any specific deficit occurring for any
given patient is relatively low, a sta¬
tistic such as "percent agreement"
should be interpreted very cautiously.
To illustrate, in the case of nuchal
rigidity an even greater appearance of
interobserver reliability would have
been obtained had none of the neurol¬
ogists coded its presence. In that case,
 would have been undefined and the
percent agreement would have been
100. However, when one or two of the
examiners do code its presence, if they
do not agree, then the percent agree¬
ment remains high but that observed
agreement may not be above chance
as indicated by the * coefficient.

Consistency Checks

As part of the standard SDB proce¬
dures, all data are computer-checked
for their consistency before they are
entered as part of the data bank. The
purpose of these checks is to verify
that the responses to different items
are not inconsistent with each other.
To illustrate, one consistency check
specifies that if a neurologist codes
weakness (14X) as being only on the
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Table 9.—Level of Agreement on Neurologic Examination Variables

Pairwlse Agreements

Variable
No. Variable Name

Before
Consistency Checks

 Agreement

After
Consistency Checks*

 Agreement
80X Neurologic signs Undefined 100
34X Extraocular movements 0.77t 94

Swallowing 0.74t
32 Articulation 0.68t 0.62t
14X Weakness (general location) 0.67t 79 0.68t 79
17 Weakness scale-left, face 0.66t 79 0.70t 82
55X Sensory scale-right, shoulder 0.60t 79

Weakness scale-right, hand 0.58t 0.59t
54 Sensory scale-right, face 0.58t 79
28 Weakness scale-right, foot 0.54t 0.60t

Language 0.54t
72 Dysarthria 0.53t 74 0.59t 76
21X Weakness scale-left, foot 0.52t 71 0.56t 74
24X Weakness scale-right, face 0.51t 0.62f 79
57X Sensory scale-right, hip 0.50t

Sensory scale-right, trunk 0.50t
70X Speech content 0.50t
56X Sensory scale-right, hand 0.50t 74
19X Weakness scale-left, hand 0.49t 68 0.53t

Weakness scale-left, hip 0.49t 68 0.52t
25X Weakness scale-right, shoulder 0.47t 65 0.48t 65

5X Verbal response 0.47t 0.50t
Weakness scale-right, hip 0.46t 0.52t

68X Other cognitive functions 0.46t 68 0.41* 65
31X Ataxia 0.45* 76
58X Sensory scale-right, foot 0.44t

Visual fields 0.40*
9X Degree of alertness 0.38t 85

18X Weakness scale-left, shoulder 0.36* 59 0.40* 62
52X Sensory scale-left, trunk 0.36* 0.40*

Sensory scale-left, face 0.36* 0.40* 65
83X Examiner believes patient is

demented
0.34* 68

Sensory scale-left, hip 0.34* 0.38*
Sensory scale-left, hand 0.32* 59 0.36+ 62

51X Sensory scale-left, foot 0.32* 65 0.36*
45X Sensory deficits 0.32* 50 0.36* 53
48X Sensory scale-left, shoulder 0.28* 0.31*

Weakness scale-left, tongue
23X Weakness scale-right, tongue 0.17 71 0.14 68
82X Examiner believes patient is

depressed
_

0.15 56 0.18 59

7X Motor response 0.08
6X Eye opening 76 0.05 79

73X Nuchal rigidity
81X Neurologic symptoms -0.01 97 Undefined 100
74X Cervical bruits 91
79X Pure motor syndrome

Remainder of neurologic
examination

-0.15

* Variables without entries in these columns were unchanged by the consistency checks.
*P<.001.
*/><.01.

right side (14X = 2) then there should
be no weakness coded for any parts
of the left side of the body
(16X-21X = 0) and at least one of
the parts on the right side of the body
should be coded as having a weakness
(one of the variables 23X

—

28X must

be >0). These consistency checks are
useful in detecting data entry, coding,
and transmission errors. It was of
interest, therefore, to assess the value
of these checks as a putative means of
raising consistency among observers.
Of the numerous consistency checks

that are applied to the neurologic
history and neurologic examination
variables in the SDB, 27 were found to
be relevant to the present study. One
consistency check involved the neuro¬

logic history variables, and 26 consis¬
tency checks involved the neurologic
examination variables.

Table 9 demonstrates the degree of
improvement in interobserver vari¬
ability that is achieved by the routine
application of the consistency checks
to the neurologic examination raw
data prior to inclusion in the data
bank. Only the variables affected by
the consistency checks are noted in
the last two columns of this table. As
can be readily observed, these intra-
observer consistency checks and the
resultant corrections tended to im¬
prove the interobserver consistency,
yielding a slight increase in the  

coefficient in 24 of 29 neurologic
examination variables affected. In the
neurologic history, the  coefficient
for the one variable affected, 16N—
"Focal Deficit at Onset," increased
dramatically from 0.15 to 0.35
(P < .001).

Agreements and Perceived Difficulty
It was hypothesized that the level of

interobserver agreement would corre¬

spond to the neurologists' perceived
difficulty in making their assess¬
ments. After each examination, the
neurologists rated the examination
and history separately on a scale of
one to five from easy to difficult.
Accordingly, for each patient the
mean difficulty rating (among the
four neurologists) was correlated with
the observed percent agreement
(based on the average of the same four
examining neurologists across all
items). This was done separately for
the neurologic history and the neuro¬

logic examination. As expected, sig¬
nificant correlations were obtained
for both assessments as follows:
Spearman  = -0.45 ( < .05), for
the neurologic history, and —0.69
(P < .01) for the neurologic examina¬
tion. Thus, as the perceived difficulty
of assessment decreased, the level of
agreement among the observed rose.

COMMENT
Interobserver Agreement and
Variability in the Data Bank

Perhaps the first qualifications
that should be noted in interpreting
these results are some basic differ¬
ences that exist between the data col¬
lection effort used in the present
study and the nature of the activities
involved in assessment of the neuro¬

logic history and neurologic examina-
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% Stroke Data Bank

Neurologic History

MISAR #_
PID #_
( !) FORM

1N. Dal· and lim· of  3N. Data collector

_

" yes (4N = f, 2, 3. of 4). answer 5N-7/V

8N. Hm p"»·«« w* nad a stroke
baton Ihla one?

1 Yes. 1*7 days ago
2 Yes. 8-30 days ago
3 Yes. 1-6 months ago

It yes !8N = 1. 2. 3. or 4J. answer 9/V-J

6N Vascular la-nio-y of pMt tia'»

Numb·; of strokes

ION Vaacular territory

namorrnago
SuMricnnoid

lemormaga

Anamnesis

12N. Deficit present on awakening? 13N. Severe
14N. Vomiting
15N. Seizures
ISN. Focal deh
17N. Decrease.
18N. Coma

Cod*« for Intanala In Ih· lini 24 noun after one·! or awakening

Intanai: Cours«:

19N.
20N.
21N.
22N.

QuaLT Quahlalive. wmcn aauala
new s<gnt or symptoms

Owe  Qua ni  tai  ve enacareaten
o' previous déficits

Typ· of Chang«:
Nono OueNT QuaLT Soffi Un*

23N.   2 3  
24 . o . 2 3 U
25 . o . 2 3  
2ß . 0  2 3 U

the time of the atro*.·?
0 No
1 Yes. annoiata lei $ only

(e g
.

aspirin c»
Persaminel

2 Yas. a ni ic oagulani s only

Coumadinl

H anticoagulants (27N = 2). answer 28N

28N Date anticoagulant« alerted

30N. HOW marry alcoholic

U Unknown
intake occur? <it  
hour code as  

U Unknown
FORM  ( 1

Fig 1.
—

Stroke Data Bank Neurologic History form.

%É Stroke Data Bank

Neurologic Examination

rvllSAR *

_

PID #_
(Pi) FORM

X

1X. Dala and tima of exam:

Yr Hr

2X. Timing of exam (If patient
evolved. NI oui evolving

 _! stroke lab data)
0 Initial
1 7-10 days
2 3-month follow-up
3 6-month to!Jow-up
4 1-year follow-up
5 2-year follow-up
ß None of the above

3X. Type) of exam (if special pro¬
tocol) Circle all ¡nal apply

1 Evolution
2 Complication
3 Pre surgery
4 Posi surgery
5 Improvement after

worsening on day MO

4X. Data collector_
(see Center's code list)

• (Aphasies
are untestable)

S Orib.ited and
converses

4 Disoriented
3 Inappropriate words
2 I ncomprehens iole

sounds

U Untestable

6X. Eye opening
4 Spor

 _ 3 To speech
2 To pam

U Untestable

7X. Motor nsponse
ß Obeys

1_ 5 Localizes
4 Withdraws
3 Abnormal flexion
2 Abnormal extension

U Untestable

8X. Glasgow Coma Scora
(computed item)

Degree of alertness
0 Alen
1 Leinargic or drowsy
2 Stupor
3 Coma

10X. Hunt and Mess grada
(SAH only)

_

0 Asymptomatic
1 Minimal headache and

nuchal rigidity
2 Moderate headache

and nuchal rigidity,
no äeficn except CN

3 Drowsy, confused or
mild local daficii

4 Stupor, moderate or
severe deficit

5 Deeply comatose.
decerebrale 'igidity
moribund

For 11X
-

7ß , circle "N" In addition to the relevant number If the abnormality Is nor relatea lo the currant ß

Remainder of neurologic
exam  

0 Normal
1 Abnormal, focal
2 Abnormal, multifocal

12X. Relative change  
nltial

13X. Typa of changa  

I_I 1 Betler  __
2 Same
3 Worse
U Unknown

It there is a relative change, answer 13X

Quanmat ive
Qualitative
Both
Unknown

Weakness:  
0 Normal
1 Lett hemiparesis
2 Rigm hemiparesis
3 Bilateral hemiparesis
4 Paraparesis
U Unknown

Setter
Same
Worse
Unknown

Weakness scale ("of tongue and face, use only 0. 1. 2,
0 Normal 3 Against gravity
1 Slight weakness 4 Without gravity
2 Against resistance 5 No movement

16X.
17X. Faca
18X. Shoulder
19X. Hand
20X. Hip
21X. Foot
22X. Laft

(computed item)

Lati

0 12 UN
0 12 UN
0  2 3 4 5 U  
0  2 3 4 5 U  
0 1 2 3 4 5 U  
0 1 2 3 4 5 U  

23X.
24X. Faca
25X. Shid
26X. Hand
27X. Hip
28X. Foot
29X. Right

(computed item)
30X. Total

(computed

2 UN
2 UN
2 3 4 5 U  
2 3 4 5 U  
2 3 4 5 U  
2 3 4 5 U  

Fig 2.
—

Stroke Data Bank Neurologic History and Neurologic Examina¬
tion form, page 1.

tion in the SDB. There are three sig¬
nificant differences as follows: (1) in
the SDB the patient is seen on several
occasions and on daily rounds so that
a momentary impression gained in
the course of the neurologic assess¬
ment is either supported or refuted by
additional observations available to
the neurologist; (2) the neurologist is
exposed to more than the patient since
he also has access to the chart, and
talks to nurses and medical residents
who see the patient, as well as friends
and family of the patient. This is
particularly important in the assess¬
ment of the neurologic history items
in cases where the patient is not
coherent. In the present study, the
neurologists were not permitted to
obtain data from anything other than
a brief summary of the medical histo¬
ry written for this study and whatever
information they could gain through
their interview with the patient; (3) in
the SDB many of the decisions are
reached on the basis of "group" con¬
sensus since the patient is typically
seen by more than just the SDB neu¬

rologist. Other participants include

the stroke fellow(s) and the stroke
research nurse.

The particular nature of the sample
of patients studied was also impor¬
tant. For practical reasons an attempt
was made to observe as many patients
as possible at one center. This resulted
in a sample with many patients (11 of
17) having communication difficulties
and some who were, on occasion,
uncooperative. It should be stressed,
however, that these differences would
not have necessarily affected the
interobserver reliability in any con¬
sistent or predictable manner. They
only relate to the validity of the data
and to the extent that it is more valid
in the SDB it would reflect better data
quality. Nonetheless, the observed
correlation between the interobserv¬
er level of agreement and the rated
difficulty of assessment of each
patient strongly supports the notion
that a more communicative sample of
patients would yield a higher level of
agreement. Unfortunately, such a

sample would probably be less repre¬
sentative of the in-hospital stroke
patient population.

In summary, given the nature of the
patient sample and the variations in
their levels of cooperation, the levels
of reliability obtained in this study
are conservative: the reliability of the
SDB can be assumed to be at least as

high or higher.
Interpretation of the Discrepancies

The magnitude of interobserver
variability should be defined in quali¬
tative terms as well as quantitative
terms such as the  coefficient. The
first point to note is that the percent
agreement is consistently and mark¬
edly higher than the  coefficient.
However, percent agreement is a rela¬
tively noninformative measure of
interobserver reliability for research
purposes,  coefficients essentially
indicate the amount of agreement
among neurologists that exists be¬
yond chance. In the particular case of
the SDB items, this is the extent of
agreement when the neurologic deficit
may be present. Furthermore, the  

coefficients should not be confused
with a correlation coefficient (even
though they range over the same val-
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31X. Alula  Articulation  
0 Normal
1 Impaired
2 Unable
U Untestable

Normal
Impaired
Unable
Untestable

Abnormal
Untestable

Relative changa
1 Better
2 Same
3 Worse
U Unknown

If testable abnormality (34X = ?), answer questions 36X-44X;
36X.
37X.
38X.
39X. CN II
40X. CN vi t

Horizontal gaza palay
Vortical gaza palay
Intarnuc opht heimopleg  a

41X
42X.
43X.
44X. Fixed pupila

Skew deviation
Vertical nystagmus

Absent
Absent
Absent
Absent
Absent
Absent
Absent
None

1 Left
1 Present
1 Present

Right
Right

Right
Right

Both
Bom

U Unknown
U Unknown
U Unknown
U Unknown
U Unknown
U Unknown
U Unknown
U Unknown
U Unknown

45X. Sensory deficits
(pin tesi)

 _I 0 None

U

Righi
Both
Untestable

46X. Relative change
0 Initial

LJ 1 Better
2 Same
3 Worse
U Unknown

Coda for sensory acala:
0 Normal
1 Subjective only

47X. Fee.
48X.
49X.
50X. Hkp
51X. Foot
52X. Tram
53X. Lett,

Left
0 1 2 3 U  
0 1 2 3 U  
0 1 2 3 U  
0 1 2 3 U  
0 1 2 3 U  
0 1 2 3 U  

(computed item)

54X. Face
55X-
Sex Hand
57 . Hkp
SaX. Fool
S0X. Trunk
MX.

(computed  lem)
61X. Total sensory »

(computed item)

0 1 2 3 U  
0 1 2 3 U  
0 1 2 3 U  
0 1 2 3 U M
0 1 2 3 U  
0 I 2 3 U  

62X V.aual llekta  
0 Normal

I_ 1 Abnormal
U Untestable

// testable abnormality (62X
64X.
65X.
66X.
67X.

63X. Pattathra changa  
0 Initial

 _I 1 Better
2 Same
3 Worse
U Unknown

; 1), answer 64X-67X
Absent
Absent
Absent
Absent

Right 3 Both
Right 3 Both
Righi 3 Both
Right 3 Both

Unknown
Unknown
Unknown
Unknown

FORM X (2 of 3)
—

7ft33

Fig 3.—Stroke Data Bank Neurologic History and Neurologic Examina¬
tion form, page 2.

MX. Other cogniti«·
»unctions  

!—I 0 Normal
1 Abnormal
U Untestable

69X. Relative c
0 Initial

i—i 1 Better
2 Same
3 Worse
U Unknown

It testable abnormality (68X= 1). answer 70X-71X:
70X. Speech consent  72X-

0 Norma1
_! 1 Abulie

_—

2 Logorrheic
3 Other
U Unknown

Absent
Present
Unknown

71X.

Broca
Wernicke
Global
Anomic
Other
Unknown

73X. Nuchal ngsatty  
0 No

_

1 Slight
2 Severe
U Unknown

Cervical bruit  
0 Absent
1 Present
U Unknown

// cervical bruit is present (74X= 1). answer 75X-78X:
0 Absent 2 High pitch U Unknown
1 Low pitch 3 Very high pilch  Not relatad

75X. Lett c
76X. Right
77X. Loft
78X Mg*

I 2 3 U  
I 2 3 U  
 2 3 U  
I 2 3 U  

Final Assessment:
79X. Pure im 85X.

Seventy Scale) d
event

0 Absent
1 Présent

(Stroke Seventy Scale) due lo
this event

0 Absent
1 Present

• (Circle all thai apply)
0 None

10 Transcortical motor
aphasia

11 Transcortical sensory
aphasia

12 Transcorlical mixed
aphasia

13 Pure alexia without
agraphia

14 Anosognosia
15 Gerstmann's

syndrome
1· Semantic aphasia
17 Receptrve aprosody
II Expressive aprosody
1· Dressing apraxia
20 Constructional
21 Visual agnosia
22 Prosopagnosia
23 Simultanagnosia
24 Motor impersrstence

25 üd ptoais
20 Ideomotor apraxia
27 Idealional apraxia
20 Orotacial apraxia
2t Homer's syndrome
30 Alexia with agrapnta
31 Tactile extinction
33 Visual neglect
33 Dental of illness
34 Auditory neglect
38 hem ic fio rea
M Hemiball.sm

31 Other

apraxia 86X. If other, specify

U

If 83X is yes, answer B4X:
84X. Dim to

1 Alzheimer's disease
l_j 2 Stroke

3 Other

FOR« X (3 ol 3)
—

7(83

Fig 4.—Stroke Data Bank Neurologic History and Neurologic Examina¬
tion form, page 3.

ues) because the  coefficient is a more
conservative measure of agreement
for two reasons. First, it has an addi¬
tional stringent requirement that the
observations between neurologists
should not only be consistently re¬
lated but actually be identical. Thus, if
one neurologist consistently evaluates
a patient as slightly better (on some

arbitrary quantitative scale) than
another neurologist the correlation
between the two could be very high
but the  coefficient of agreement
would be relatively low. Second, all
disagreements are equally weighted,
unlike the case of a correlation coeffi¬
cient where disagreements are

weighted by the magnitude of the
discrepancy.

Finally, low interobserver reliabil¬
ity does not necessarily indicate poor
agreement among observers but rath¬
er poor agreement between observa¬
tions. Since for many items the neu¬

rologists must depend on either sub¬
jective information (such as a verbal
report for many of the neurologic
history items), or objective responses
that may vary over time, it is very
likely that some of the interobserver

variability is due to actual changes in
the patient's course of performance.
This was, in fact, underscored in the
present study when one of the
patients confided in one of the exam¬

ining neurologists who appeared par¬
ticularly sympathetic, that she
wanted to tell him "the real story,"
something she "never told anyone
else." Thus, low interobserver reli¬
ability may be just as indicative of an
item (or patient) that is not stable
over a time as it is indicative of the
variability among the observers. In
most studies (including the present
study) the ultimate source of the vari¬
ability is impossible to assess.

Implications for Clinical Research

Some of the interobserver variabil¬
ity is due not so much to difficulties in
discriminating between levels within
a given item but in distinctions
between items. Once the items
involved are identified, both the data
collection forms and the data analysis
can be improved. An illustration of
this was obtained in the assessment of
previous strokes and previous TIAs.
In Table 3 it can be observed that

patient No. 3 was considered to have
never had a TIA by two neurologists
and to have had a TIA by two other
neurologists. An examination of the
comparable table for previous stroke
(item 8N) indicated a reciprocal result
for the same patient, and subsequent
discussion with the examiners showed
that the same event was described by
two neurologists as a TIA and by two
other neurologists as a stroke. Given
the fact that the patient had some
communication problems and the fact
that the patient now has substantial
disability, and allowing for some vari¬
ability on how the event was described
(note that it was one to six months
ago) it is very easy to understand how
such disagreement may occur. By con¬

sidering strokes and TIAs together as
"a previous ischemie episode," and
regarding the item as a two-category
item with either a "no/never"
response or a "yes" response the  was
recalculated and was found to be 0.60
(P < .001). Such a finding can provide
insight not only to the reliability of
the items and potential reliability of
new items, but also to directions in
reformulating questions and data
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items both for collection and for anal¬
ysis. Thus, in this particular case, it
may be appropriate to replace the
present items 4N and 8N with the
more robust measure of "previous
ischemie episode." Even if this is not
done on the data forms, for some

analytic purposes it may be worth
pooling these two variables together
with the knowledge that they yield a
more consistently coded item.

Neurologic Assessment:
State of the Art

The results of the present study and
the two previous studies by Sisk et al9
and Tomasello et al10 can provide an

appreciation of the state of the art of
interobserver consistency in neurolog¬
ic assessment. Note that all three
studies involved various amounts of
efforts specifically directed at im¬
proving the interobserver agree¬
ments beyond that which would be ob¬
tained by randomly pairing clinical
neurologists without prior prepara¬
tion.

Unfortunately, a direct comparison
of the three studies is not possible
because neither of the previous two
studies used chance-corrected mea¬
sures of agreement. Sisk et al9 only
presented raw frequencies of agree¬
ments and disagreements and Toma¬
sello et al10 used what they termed the
"index of crude agreement," the ratio
of subjects with agreement in
responses to the total number of
patients, limited to patients with one
or more positive or abnormal ratings.
Since their patients were not in-hospi-
tal stroke patients but rather patients
identified as having had reversible
cerebral ischemia,10 it is likely that in
their study the frequency of patients
who would be identified as "normal"
with respect to neurologic signs and
symptoms would be greater than in
the present study. The fact that all
their neurologic examination items
consisted of dichotomies of either
"present" or "absent" would act to
yield greater raw agreement among
observers. Despite these factors they
only obtained 25% agreement on sen¬

sory signs while the present study
yielded a 50% agreement on sensory

deficits (item 45X). The percent agree¬
ment on weakness in both studies was

essentially identical (79% here  76%
in their study). Comparison of the two
studies and their extent of agreement
on neurologic signs shows that, in
general, the present study yielded
higher agreement levels. However,
because the items were not identically
defined, and the measure of agree¬
ment based on percent agreement is
not a particularly useful statistic for
research purposes, these comparisons
are of limited usefulness.

In summary, because the present
assessments are at least as reliable as
those made in the previous studies, it
is recommended that the statistics
presented in Tables 5 and 9 be used as
a current benchmark for interobserv¬
er consistency in neurologic assess¬
ments and, by implication, provide
some initial robust criteria for evalu¬
ating relationships among these vari¬
ables.

The results of this study have sig¬
nificant implications both to clinical
stroke research in general and the
SDB in particular. They demonstrate
that research based on human obser¬
vations and verbal communications is
prone to interobserver variations
which can account for significant dif¬
ferences in results among studies
investigating the same phenomena.
The unique contribution of the
present study is that it provided sensi¬
tive quantitative measures of these
variations, thus providing an insight
into the extent of the problem in
general, and for each of the variables
studied in particular.

In the SDB, effort is now under way
to identify the sources of interobserv¬
er disagreements with the goal of
either changing data items, changing
categories within items, or changing
the definitions of individual items so
that they can be more operational and
less ambiguous. Once these sugges¬
tions are implemented in the data
bank a réévaluation of interobserver
agreement will be made.

Finally, in light of the present
results it is recommended that other
types of data be evaluated in a similar
manner. In the SDB, studies of inter-

observer reliability in stroke diagno¬
sis and computed tomography inter¬
pretation are also under way.
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