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Much research and cinical work in speech-language pathology depends on the validity and
reliability of data gathered through the direct observation of human behavior. This paper reviews
several definitions of reliability, concluding that behavior observation data are reliable ifthey, and
the experimenta! conclusions drawn from them, are not affected by differences among observers
or by other variations in the recording context. The theoretical bases of several methods
commenly used to estimate refiability for cbservational data are reviewed, with examples of the
use of these methods drawn from a recent volume of the Journal of Spsech and Hearing
Research (35, 1992). Although most recent research publications in speech-language pathology
have addressed the issue of reliability for their observational data to some extent, most reliability
estimates do not clearly establish that the data or the experimental conclusions were replicable
or unaffected by differences among observers. Suggestions are provided for improving the
usefulness of the reliability estimates published in speech-language pathology research.

KEY WORDS: reliability, interjudge agreement, observationa! data, behavioral data

Much research and clinical work in speech-language pathology requires human
observers, or judges, to record information about the speech or ianguage behaviors
of human subjects. Such “direct observation” or “behavioral observation” methods
have been referred to as the halimark of behavioral psychology and related
disciplines (see Hartmann & Wood, 1990; Suen & Ary, 1989), and it is widely
accepted that these methods can provide useful and relatively objective data about
the behavior of human subjects.

It is also widely acknowledged, however, that the data actually obtained from direct
observations may depend as much on the behavior of the observers as on the
behavior of the subjects. The effects of intercbserver variability on observational data
have been discussed for many years, both for behavioral psychology in general (see,
e.g., Foster, Bell-Dolan, & Burge, 1988; Hartmann & Wood, 1990; Rosenthal, 1966;
Wasik, 1989; Wildman & Erickson, 1977) and for speech and language research in
pariicular (see, e.g., Ball, 1991; Bassich & Ludlow, 1986; Kearns, 1890; Kreiman,
Gerratt, Kempster, Erman, & Berke, 1983; Shriberg & Lof, 1991; Young, 1984).
Perceptions, judgments, and observations are affected by variables attributed to the
observers, 1o the instrumentation or coding procedures, to the situation or conditions
of observation, to the subjects being observed, and to interactions among alt of these.
Consequently, researchers using direct observation methods are currently expected
to provide evidence that their findings are not simply the results of situational
influences or observer idiosyncrasies. They are expected, tn other words, to provide
evidence that their data are reliable.

The question of chservational data reliability is highly relevant to research in
speech-language pathology. Of 92 articles, reports, and research notes published in
the Speech and Language sections of the maost recent complete (as of this writing)
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volume of the Journal of Speech and Hearing Research (35,
1992), at least 83 contained data about speech or language
development or disorders that had been coile_cted by human
judges or abservers. Almost 80% of those anlclgs (66 of 83)
addressed the question of whether their expenmentgl d_at_ta
were reliable. Of the 66 articles that did address reliability
issues, at least 12 reported correlations between data pro-
duced by two or more observers, and at least 32 reported an
interjudge percent agreement statistic. At least 23 addres§ed
the issue of interobserver differences by using or prgsentmg
data from more than one observer, or by describing the
absolute mathematical differences between measures n_1ade
by different observers.! Reliability issues for observati_onal
data were themselves the focus of at least four articles
(Cordes, Ingham, Frank, & Ingham, 1892; Martin & Harold-
son, 1992; Onslow, Adams, & Ingham, 1892; Wood, Hugbes,
Hayes,‘& Wolfe, 1992}, and one response to a previous
article (Cannito, 1992; see also Fitch, 1980, 1992). Problems
with the reliability of observational data are also among some
of the most serious current methcdological concerns in
several sub-areas of the discipline (e.g., voice quality ratings
[see Kreiman et al., 1993], transcription [see Shriberg & Lof,
1991], and stuttering [see Cooper, 1890, and Cordes &
Ingham, 1994]).

This article reviews the theoretical bases of several methods
currently used to estimate the reiiability of observational data in
speech and language research. Examples of the use of these
methods are drawn almost exclusively from the Journal of
Speech and Hearing Research (35, 1992). The differences and
similarities among reliability estimates, correlations, and inter-
observer agreement indices are emphasizad, and soms of the
difficulties in interpreting some recent reports of reliability esti-
mates are discussed. Finally, suggestions are provided for the
effective practical application of reliability estimation methods to
speech and language research.

Defining Reliability and Agreement for
Observational Data

Defining reliability requires differentiating between two
distinctly different uses of the term. Its first and most common
use is as a broad concept related to the general trustworthi-
ness of obtained data. In this sense, synonyms for reliability
include dependability, consistency, predictability, and stabil-
ity (Suen & Ary, 1989, p. 99). Kearns (1990, p. 79) equated
reliability and “the consistency and reproducibility of mea-
surement”; Johnston and Pennypacker (1980, p. 191) stated
that “reliability is concerned with the stability of measured
values under constant conditions”; and Mitchell (1979, p.
376) defined a reliable test as one that “shows stability,
consistency, and dependability of scores.” These definitions
all address the experimenter's need to know that data could
be reproduced if the same subjects were tested again under
similar circumstances (Crocker & Algina, 1988). This is one
definition of refiability, then: the dependability or reproducibil-
ity of test scores or other data.

_—_—

"These numbers do not sumn to 66 because many studies included two or more
Procedures for assessing the refiability of experimental data.
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A rather different definition of reliability is provided by those
who equate it with a specific psychometric property of test
scores. In this sense, reliability is defined in terms of a
mathematical relationship between an “observed” test score
and the test-taker's “true” score on that test. True score, in
this sense, is the hypothetical average score that a subject
would receive across all possible forms of the same test
administered on all possibie occasions; it is a statistical
concept for a test, not an absolute or “true” description of a
state or an event (Crocker & Algina, 1986). True score is
assumed to be stable for a given subject for a given test
across all possible test forms, testing occasions, test admin-
istrators, test scorers, and so on, but observed scores vary
because of random measurement error. The reliability coef-
ficient is defined for a data set as the ratio of true score
variance to observed score variance, or the proportion of
vartance in the observed scores that can be atiributed to
variance in the true scores (Crocker & Algina, 1986; Cron-
bach, 1947; Suen, 1890). In these terms, observed scores
are said to be reliable if they vary with variations in true score,
rather than with variations in measurement error. Thus,
reliability is also defined as “the extent of absence of random
error variance” (Suen & Ary, 1989, p. 1 18).

This second type of reliability, the more precisely defined
mathematical concept, may be thought of as a subtype of the
more general reliability, when that term is defined as consist-
ency, dependability, reproducibiiity, or stability. In other
words, one estimate of the dependability or reproducibility of
a test score (i.e., of the general reliability of that score, in one
use of the word) is provided by the statistical relationships
among the cbserved score, the true score, and measurement
error (i.e., by its reliability, in ancther use of the word).

Some confusion is introduced into definitions of reliability
by statements that equate refiability (in its general sense of
reprodugcibility) with interjudge or interobserver agreement:
“Interobserver agreement, also referred to as reliability,
refers to the extent to which observers agree in their scoring
of behavior” (Kazdin, 1982, p. 48). It is more generally
accepted, however, that thers is a clear distinction between
reliability and agreement (Crocker & Algina, 1986; Hartmann,
1977; Lahey, Downey, & Saal, 1983; Mitchell, 1979; Suen,
1990). Agreement is defined simply as the extent to which
there is correspondence among the scores or ratings as-
signed by different judges or observers, ¢r by the same
observer on different occasions (Hollenbeck, 1978; Kazdin,
1982; Kearns, 1990; Mitchell, 1979; Suen, 1990). Interob-
server agreement may be esiimated in several ways, the
most common of which is to calculate the percentage of
measurement cpportunities or observations recorded identi-
cally by two independent observers (see below),

High agreement is generally accepted as evidence that
observers have recorded behaviors similarly and consis-
tently. If this is the case, then the assumption is made that
variations in the scores provided by cne observer can
reasonably be attributed to actual variation in the subject’s
behavior, rather than to variation or inconsistency on the part
of the obsearvers. There is a strong paraliel between agree-
ment and the precise psychometric definition of reliabifity: an
attempt is made to separate the subject’s performance from
errors introduced into the recorded data while measuring that
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performance (by observer inconsistency or random mea-
surement error).

Some authors have suggested that agreement is one
component of the larger concept of reliability: “Dimensions of
reliability include scorer consistency (sometimes referred to
as observer agreement), temporal stability, and internal as
well as situational consistency” (Hartmann & Wood, 1990, p.
121). Both Hartmann and Wood (1990) and Hollenbeck
(1978) suggested that stability or dependability is only a part
of reliability. Johnston and Pennypacker (1980) and Suen
and Ary (1989), however, equated stability and reliability. To
add to the canfusion, Hollenbeck (1578) defined reliability in
terms of both stability and “accuracy,” which he further
defined as “precision, or whether the measurement is a true
representation of what is being observed” (Hollenbeck, 1978,
p. 81). Similar definitions of accuracy were presented by
Kearns (1990, p. 83), Kazdin (1982, p. 50), and Johnston and
Pennypacker (1980, p. 190}, all of whom defined accuracy in
terms of whether data reflect some frue or actual behaviar.
Accuracy has also been defined as the correspondence
between an observer's scores and some established crite-
rion (Barlow & Hersen, 1984; Kearns, 1990; Tryon, 1985a).
Suen (1988, pp. 343-344) and Suen and Ary (1989, pp.
101-102) provided severa}l examples of contradictory defini-
tions of these terms, inciuding suggestions from various au-
thors that accuracy measures reliability, that refiability mea-
sures accuracy, that accuracy measures validity, and that
accuracy, reliability, and validity are distinctively different.

Suen (1988, 1890}, Suen and Ary (1989), and Johnsion
and Pennypacker {1980) all present similar solutions to the
problem of relating reliability and accuracy. These authors do
not address accuracy in the context of reliability discussions,
suggesting instead that accuracy is actually criterion-related
or criterion-referenced validity. Criterion-referenced validity
may be defined equally well by any of the definitions provided
above for accuracy (Barlow & Hersen, 1984; Holienbeck,
1978; Kazdin, 1982; Kearns, 1990; Johnston & Pennypacker,
1980): that is, criterion-referenced validity refers to whether
data reflect some true or actual behavior, as measured by the
correspondence between an cbserver's scores and some
established criterion. Validity or accuracy, in other words,
may be considered critical to data interpretation but distinct
from reliability (Johnsion & Pennypacker, 1880; Kazdin,
1977; Suen, 1990; Suen & Ary, 1989). The distinction be-
tween reliability and validity, or between reliability and accu-
racy, is also expressed in the common argument that two
independent observers may score behaviors inaccurately
and still show high agreement: they may both be inaccurate
in the same way (e.g., Cone, 1977; Deitz, 1988; Kearns,
1990). This possibility leads to the generally accepted notion
that observational data must be both reliable and valid to be
meaningful or interpretable (e.g., Cone, 1977 Johnston &
Pennypacker, 1980; Suen, 1988).

Finally, the distinction between definitions of retiability and
methods for estimating reliability should be made explicit.
Definitions of reliability were provided above: these include
such formulations as “reliability is the dependability and
reproducibility of obtained data” or “reliability refers to a
relationship between observed scores and true scores.”
Complications and contradictory definitions are introduced by
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statements that equate reliability and a method for estimating
reliability.

For observational data, these complications are com-
pounded by the fact that the method in question is often the
calculation of interobserver agreement. Wildman and Erick-
son (1977), for example, claimed that the reliability of obser-
vational data can be measured by the extent of observer
agreement for those data. Kearns (1990, p. 79) stated, even
more emphatically, that “for the purposes of single-subject
treatment research, [reliability] is generally equated with the
calculation of interobserver agreement scores.” The latier
statement is unquestionably correct: in practice, the reliability
of observational data is often estimated by calculating inter-
observer agreement (Kelly, 1977; Mitchell, 1979). It is not
true, however, that reliability and interobserver agreement
are equivalent. The calculation of interobserver agreement is
not the onty way to measure reliabifity; nor is interobserver
agreement simply a way to measure reliability. Most impor-
tantly, it should be recognized that the act of calculating and
reporting an interobserver percent agreement figure does not
in itself establish the reliability of observational data. Each of
these points is addressed in greater detail below.

It is also worth noting, almost parenthetically, that the
distinction between reliability and validity is not actually as
clear as simplified descriptions of these two terms would
make it seem. Textbook definitions of reliability refer to the
replicability of measurements, and textbook definitions of
validity refer to whether those measurements actually mea-
sure what they purport to measure. Validity is then tradition-
ally divided to include, for example, content validity, criterion
validity, and construct validity (e.g., Veniry & Schiavetti,
1986). More complex descriptions of validity, however, ex-
plain all validity decisions as variations on construct validity
(see Cronbach, 1988, 1989; Messick, 1988; Suen, 1980), or
in terms of the development of a logical argument supporting
a particular interpretation of obtained data (Kane, 1992);
content validity and criterion validity are viewed as either
preliminary or partial aspects of construct or argument-based
validity. .

The distinction between construct validity and reliability
has been questioned as well: Suen (1990), for examplie,
charactetized the relationship between reliability and validity
as & continuum from comparisons of maximally similar (i.e.,
parallel) tests of the same construct to comparisons of
maximally dissimilar tests of the same construct. Much
earfier, Campbell and Fiske {1959) had introduced muliti-trait,
multi-method matrices by extending the same continuum to
include similar and dissimilar tests of different constructs.
These many ideas come together in Johnston and Penny-
packer's (1980, p. 190) definition of the accuracy or validity of
a measurement in terms of whether it provides “the best
possible estimate of some dimensional quantity of a natural
phenomenon”; this description arguably applies equally well
to measurement reliability. Both reliability and (construct)
validity, in other words, are concerned with attempts fo assure
that the numbers produced by some measurement process
faithfully represent what they are meant to represent. ‘

Having recognized the difficulties, however, this article will
preserve the traditional distinction between refiability (or
replicability) and validity. The remainder of this article dis-



cusses several methods in current use in speech-language
pathology research to estimate the reliability of observational
data. For the purposes of this review, reliability is defined
broadly as the dependability and replicability of obtained
data: data are considered to be reliable if variations to which
some mearning is attached can be shown to be variations in
the phenomenon being measured and not simply variations
in how the data were recorded (Hartmann, 1984; see also
Foster et al., 1988; Hawkins & Dotson, 1975; Johnston &
Pennypacker, 1980; Kearns, 1990; Shavelson & Wehb,
1991; Suen & Ary, 1989). For observational data in particular,
it is the differences among observers that are the most
obvious, and the most commonly discussed, source of
unwanted data varfation. In current practice, therefore, the
question of data reliabiiity seems to reduce to the question of
agreement between observers. Most authors of speech-
language pathology research reports briefly address the
issue of differences among observers, but it also becomes
clear that many published reliability figures do not establish
that the data were, in fact, dependabie, replicable, reproduc-
ible, or otherwise unaffected by the particular observer who
happened to gather them. Potential solutions to this problem
are also addressed.

Reliability Estimates from Classical Test
Theory

Theoretical Background

Classical test theory Is also known as classical reliability
theory or true score theory (Suen, 1990), the paralie! tests
model (Suen & Ary, 1989), the classical true score model
(Crocker & Algina, 1986), and the psychometric theory of
reliability (Michell, 1979). Classical test theory posits that
three elements are involved in any one test score: the
subject's true score for that test (a hypothetical construct, as
defined above), random measurement error, and the sub-
ject’s actual obtained or observed score.

The question of reliability within classical test theory is the
question of how much of the variance in observed scores
may be attributed to true score variance, and how much must
be attributed to random error variance. As error variance
decreases, the theoretical ratio of true score variance to
observed score variance approaches 1.00, and the scores
are said to be increasingly reliable, This ratio, known as the
reliability coefficient, cannot be calculated directly, because
true scores and true score variance are hypothetical rather
than actual properties of the test scores.

In practice, the refiability coefiicient for a test score or
observational measurement can be estimated from cbserved
Scores. The reliability coefficient for any one test is estimated
by calculating the correlation, usually a Pearson product-
noment correiation, between two different sets of scores
from that test. The two sets of scores may be from two
different forms of one test, from two different observers on the
same testing occasion, from the same observer on two
different testing occasions, or from dividing the test or the
observations into two or more separate parts. If certain
restrictive statistical assumptions are met, then the reliability
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of observed scores may be estimated by correlating two such
sets of scores, observations, or ratings (see Crocker &
Algina, 1986; Suen, 1990). One consequence of this formu-
lation of reliability is that many estimates of reliability may be
calculated, because more than two sets of scores may be
obtained for each subject or for each test (Cronbach, 1947,
Suen & Ary, 1988).

The most important assumptions that must be met if
refiability is to be estimated within classical theory are known
as the Parallel Tests Assumptions. The Paralief Tests As-
sumptions include the requirements that the two or more sets
of scores to be correlated have equal means, equal vari-
ances, equal covariances with each other, and equal corre-
lations with some outside criterion measure. In other words,
parallel tests are statistically simitar. If these assumptions are
met for two sets of scores, it can be shown mathematically
that the correlation betwsen those scores equals reliability,
the ratio of frue score variance to observed score variance for
gither one of the tests.

it is equally important to note that if the Parallel Tests
Assumptions are not met, then the correlation between two
sets of (nonparallel) test scores does not represent the
reliability of either test. In this case, the correlation represents
nothing more than the correlation: it simply describes the
relationship between two sets of numbers (Suen, 1988; Suen
& Ary, 1989). The mathematical assurnptions of parallel tests
are required if the correlation is to be equivalent to the
reliability coefficient. It has also been suggested that the
Pearson product-moment correlation may be the highest of
several correlation-based calculations when the Parallel
Tests Assumptions of equal means, equal variances, or both,
are violated (Ebel, 1951). Simple correlations between non-
parallel sets of test scores are not estimates of reliability, in
other words, and they may in fact overestimate the degree of
correspondence between those scores.

Correlational methods based loosely on classical test
theory have been used in observational research to estimate
both interobserver reliability and intracbserver reliability. “In-
terobserver reliability,” in this sense, usually refers to the
result of correlating two sets of scores that wera produced by
two different observers watching and recording the same
events (Suen, 1988). It may be considered a direct parallel of
alternate-forms or equivalent-forms reliability for conven-
tional tests: two judges observe at the same time and are
expected 10 produce equivalent scores (Suen, 1990). The
term “intracbserver reliability” is usually applied to the result
of correlating two sets of scores produced by one observer
who judged the same event on two different occasions (from
a videotape, for example). This may be considered a direct
parallel of test-retest reliability: the same judge observes on two
different occasions, and the same score is expected on both
occasions (Cone, 1977; Suen, 1990; see also Suen & Ary,
1989, for a conflicting definition of intrachserver reliability).

As common as these terms and procedures may be, some
methodologists claim that they have nat been thoroughly
understood by behavioral researchers (Cone, 1977; Hollen-
beck, 1978; Suen, 1988, 1990). First of all, as discussed
above, these correlations only estimate the reliability coeffi-
cient if the assumptions of classical test theory, and espe-
cially the Parallel Tests Assumptions, are met. If these
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assumptions are not met, the correlation is not an estimate of
reliability.

Secondly, according to classical theory, these calculations
produce estimates of the reliability of a score or a set of
scores (Crocker & Algina, 1986; Suen, 1988; 1990; Suen &
Ary, 1989). They do not produce estimates of the reliability of
the observers, as the terms “interobserver” and “intracb-
server” might imply. This argument suggests that the reliabit-
ity of every observation or set of observations must be
determined, and that it is inappropriate to suggest that the
“reliability of the observers” has been established.

Thirdly, interpretation of correlation coefficients is compli-
cated by the fact that the magnitude of the correlation
between data sefs depends on the amount of variance in
each set. Low correlations may be obtained, and low reliabil-
ity inferred, if stabie patterns of behavior lead to relatively
homogeneous data sets (Lahey et al., 1983; Mitchell, 1979).

Finally, there is substantial functional disagreement about
both the use and the meaning of the terms “interobserver
reliability” and “intracbserver reliability” (Cone, 1987; Suen,
1988). Because of the imprecision with which they are used
by applied behavioral researchers, these terms are equally
likely to refer to a correlation between two sets of scores or
(incorrectly) to a percent agreement calculation (Buen,
1988).

Reliability estimates based on the methods of ciassical test
theory are common in observational research, although they
have perhaps become less common than they once were
(Hillis, 1991, 1993; Kelly, 1977; Mitchell, 1979). The decline
in the use of correlations to estimate the reliabiiity of direct
observational data can be traced to two main criticisms of the
method. The first, and most common, is that correlations
provide no information about the reliability or replicability of
any one observation {Hartmann, 1977; Hartmann & Wood,
1990: Kearns, 1990; Mitchell, 1979). The reliability coefficient
is estimated by correlating sets of individual scores, but the
result provides only one estimaie of reliability for the set of
scores as a whole.

This property of classical refiability theory is not a limitation
within the confines of classical analyses of {est scores: many
researchers are indeed interested in the reliability of groups
of scores from a given test, or in the reliability of the scores
obtained from a set (composite) of test items, rather than in
the reliability of responses to particular test items (Crocker &
Algina, 1986). In addition, classical test theory provides
methods for estimating the standard error of measurement
and for creating confidence intervals around individual
scores: the use of confidence intervals 1o interpret individual
scores will be familiar to users of standardized assessment
instruments. Behavioral researchers, in contrast, are often
concerned about observers' judgments of individual behav-
iors or individua! experimental trials, information that cannot
be provided by a correlation.

The second criticism leveled at classical reliability methods
by behavioral researchers is that the correlation may be guite
high even in the absence of agreement between two sets of
scores (Hartmann, 1877, Kearns, 1890; Mitchell, 1879;
Tryon, 1985b). A typical example of this criticism demon-
strates that the two sets of scores 1, 2, 3, 4, 5, and 101, 102,
103, 104, 105 correlate perfectly, or produce an estimate of

37 264-278 April 1994

the reliability coefficient equa! to 1.00, even though it is
obvious that the scores are very different. The emphasis in
observational research appears to have been on assuring
that the absolute scores produced by two different observers
are relatively similar, and the correlation provides no infor-
mation about absolute scores.

Again, this potential limitation of classical reliability theory
as applied to observational data generaily does not presenta
problem within classical test theory. The latter is concerned
with the relative abilities of different subjects based on their
total test scores (Crocker & Algina, 1986; Suen, 1990). it is
also worth noting that this criticism of classical methods is
based on a questionable application of classical reliability
methods. Specifically, correlating the sets of scores 1, 2, 3, 4,
5, and 101, 102, 103, 104, 105 cannot produce an estimate
of the reliability coefficient, because these scores do not
satisfy the Parallel Tests Assumption of equal means. Ac-
cording to classical theory, correlating these scores produces
only a correlation, not an estimate of reliability. Some vari-
ants of classical theory are based on random sampling of
“exchangeable” tests and test items; within these variant
theories, the correlation of scores from any two exchange-
able tests may represent the test's refiability. In either case,
however, the fact remains that the correlation of 1.00 fails to
describe adequately the relationship between these two sets
of scores, and for this reason alone correlational methods are
problematic for observational research.

In summary, classical test theory provides one method for
estimating the reliability of behavioral observation data. H the
Parallel Tests Assumptions are met, then the Pearson prod-
uctk-moment correlation between two sets of test scores
provides an estimate of the reliability coefficient, or the
praportion of observed score variance that is true score
variance. Strategies for obtaining paraliel tests in direct
observation research have been described (e.g., Suen,
1990; Suen & Ary, 1989), but the consensus amond those
concerned with methodology for behavioral observation ap-
pears to be that correlations do not provide adequate infor-
mation about reliability.

Correlations as Reliability Estimates in
Speech-Language Research

Correlations remain relatively common &s reliability esti-
mates in speech-language pathology research, despite the
methodological concerns discussed above. At least 12 stud-
ies published in the Journal of Speech and Hearing Re-
search, 35, included correlations as estimates of the reliabil-
ity of observational data.? Bishop and Adams (1992), for
example, reported correlations of between .910 and .963 for
the scores provided by two judges, each of whom had
independently coded children’s responses to a receptive
language task as either correct, partially correct, or incorrect.

2Many studies are cited in the following sections as examples of the better or
poarer use of refiabiliy-estimation methods in speech-language pathology
research. That these studies are so mentioned should not be construed as
criticism of their methods or findings in any area other than their refiability-
esiimation methods. .



Kreiman, Gerratt, Precoda, and Berke (1992) correlated the
scores provided by all possible pairs of a group of judges
cating the similarity of voice samples, and Zwirner and
Barnes {1992) correlated scores provided on twe occasions
by the same judge.

These three studies based their correlations on two mea-
sures of all available experimental data, but it is probably
more common for investigators to correlate repeated mea-
surements of some fraction of their data. This practice
introduces the possibility that the reporied correlations may
be based on & potentially unrepresentative data sample, or
may not reflect the relationship that would have existed
batween judges for all observations. Walker, Archibald,
Cherniak, and Fish {1992), for example, correlaied articula-
tion rate scores from the primary judge and a second judge
for only 2 of their 40 subjects; Onslow, Hayes, Hutchins, and
Newman (1992) remeasured siuttering and speech rate for
12 of 36 speech samples; Sussman, Hoemeke, and McCaf-
frey (1992) remeasured data from 1 of 16 subjects; and Hall
and Yairi (1992) correlated scores provided by two judges for
10% of their data.

Some reporis of correlations as refiability estimates are
difficult to interpret for other reasons: it may not be clear
exactly what was correlated, or how the data that were
correlated relate to the actual experimental data, or what the
experimenters intended the correlations to represent.
Postma and Kolk (1992), for example, reported correlations
of .97 and .94 for totat number of speech errors and total
number of disfluencies, respectively, as measured by two
independent judges. Their experimental data were reported
in terms of specific error types, not in terms of total errors, yet
no reliability estimates were provided at the leval of specific
types. Zwirner and Barnes (1992), similarly, provided corre-
lations for part of their perceptual analyses, but not for the
acoustic analyses that formed the center of their study or for
their overall severity and infelligibility judgments. Zwirner and
Barnes also appear to have estimated only self-correlations
for their two judges, with no comparison between judges,
although this may be an incorrect interpretation of their
statement that “test-retest procedures (Pearson product-
moment correlation) for both listeniers indicated high reliabil-
ity (0.85 and 0.91)" (Zwirner & Barnes, 1992, p. 763).

There are also at least two examples within the recent
speech-language pathology literature of high correlations
masking substantial differences between judges. Sussman et
al. (1992, p. 772) reported that correlations of scores from
two judges “exceeded .95.” They also reported, however,
that the mean difference between the two judges for these
acoustic measures was 97.2 Hz, a difference that could quite
conceivably have affected, if not created, some of their
significant group differences (on the order of 100 to 300 Hz)
(p. 772: see also their Table 1, p. 773). Onsiow, Hayes, et al.
(1992) reported differences between two judges of up to 13
percentage points in percent syllables stuttered measure-
ments and up to 71 syllables per minute in speech rate
measurements. The correlations between these two judges
were high enough (.97 and .92 for the two measurements),
however, that Onslow, Hayes et al. declared the data suffi-
ciently refiable for their purposes.
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“Finally, Anse! and Kent's (1992} use of correlation-based
reliahility estimates illustrates some of the difficulties with
many applications of these methods. in the first of their two
studies, listener intelligibility scores were derived based on
the number of phonetic contrasts within CVC syllables that
were correctly transcribed by a group of listeners (n = 8).
Intelligibility scores for repeated transcriptions of the same
syllables were “consistent,” as evidenced by an “intrajudge
agreement coefficient” (which they had previously defined as
a Pearson product-moment correlation) of .89 (Ansel & Kert,
1992, p. 300). Intelligibility scores also “varied significantly,”
however, between the two transcriptions for one particular
type of stimulus, as evidenced by an “intrajudge agreement
coefficient of .677 (p. 300). It is not clear whether the
reference is to true stafistical significance (an interpretation
that might be unwarranied; see Suen, 1990) or to the fact that
this was the lowest of their correlations, nor is it clear why
correlations were not reported individually for the other
stimulus types. Listeners were also randomly divided into two
groups, and a “correlation was calculated to determine the
relationship between the intelligibitity judgments of the two
groups of listeners . . . in an attempt {0 ascertain the consist-
ency of judgments across listeners” (p. 300). The result of
this calculation was an “intrajudge reliability coefficient be-
tween the two sets of judges” (pp. 300-301) of .85. Clearly,
this stafistic was not an “intrajudge reliability coefficient” at
all, but simply a correlation comparing the mean scores ofthe
two groups (i.e., an inter-group comparison).

in addition, the .85 figure was interpreted as suggesting
that “72% of the variance was accounted for” (p. 301) when,
if it were a reliability coefficient, it would have indicated that
85% of the variance in observed scores could be atiributed to
variance in true scores (see Suen, 1990). This figure was
also interpreted as indicating “'substantial agreement be-
tween listeners” (p. 301). A more precise interpretation of
these figures, however, provides no information about agree-
ment between individual listeners; the correlation between
the groups’ mean scores shows only that those means
rank-ordered the intelligibility of the CVC iokens similarly.
intelligibility scores from all listeners were averaged {o create
a mean intelligibiiity score for data analyses; perhaps agree-
ment among the listeners might have been most clearly
shown in this case by simply reporting the range of intelligi-
bility scores as well as the mean for each speaker (see
below).

Correlations of the data provided by two judges (or by one
judge on two occasions; Zwirner & Barnes, 1992), in sum-
mary, are as problematic in recent speech-language pathol-
ogy research as in other observational contexis. It is gener-
ally unclear whether researchers intended the correlations to
represent reliability coefficients, in the particular sense de-
scribed within classical test theory, or whether the correla-
tions were intended merely as comparisons between two
data sets. In either case, both major criticisms of correlations
as rellability estimates (discussed above in the context of
general behavioral observation methods) obviously continue
to be problematic: correlations provide no information about
the reliability or replicability of any one observation, and
correlations may be quite high even in the absence of
agreement between the two sets of scores. Correlations



270  Journal of Speech and Hearing Research

have been used in recent speech-language pathology re-
search as reliability estimates for some fraction of the exper-
imental data, as well as for data that are only tangentially
related to the main experimental data. They have been
interpreted as establishing some absolute (as opposed to
relative) relationship or agreement between judges, even
though correlations compare only the relative rartk-ordering
of data sets. Some of this research, in other words, suffers
from the same problem that troubles observational research
in other areas: correlations alone cannot establish that the
experimental data were replicable or dependable, or were
not substantially affected by the particular observers who
happened to be involved.

Reliability Estimates from Interjudge
Agreement

Theoretical Background

Perceived limitations in correlational methods have led to
the widespread use of interjudge agreement calculations for
estimating the reliability of observational data. Percent
agreement methods do not address reliability in the strict
psychometric sense of true score variance and error vari-
ance, and they do not fully address refiability in the general
sense of the dependability or reproducibility of any one
numerical estimate of behavior. They do address one part of
general reliability: that part of the inconsistency of measure-
ments that can be attributed to differences among observers,

[n contrast to the correlational methods based on classical
test theory, percentage agreement calculations have been
described as essentially atheoretical descriptions of data
(Suen & Ary, 1989). Percentage agreement indices describe
the extent of correspondence between ratings, judgments, or
observations made by two independent observers or by one
observer on two different occasions. This correspondence is
expressed as one summary statistic that estimates the
percentage (or, less often, the proportion) of trials, observa-
tions, or other recording opportunities in which behavior was
scored identically. There are several types of percentage
agreement indices, three of which will be briefly reviewed.

The simplest of the percentage agreement indices is
usually labeled “total percentage agreement" (Kearns,
1990); it has also been called the “smaller/larger index”
(Suen & Ary, 1989). This estimate of agreement is calculated
for two sets of scores by simply dividing the smaller total
number of behaviors observed or correct responses identi-
fied by the larger number; the resulting proportion is usually
multiplied by 100 to produce a percentage. This calculation
assumes that the observer with the higher total identified ali
the behaviors that were identified by the observer with the
lower total. Agreement is defined as the overlap in the total
number of behaviors identified by the two cbservers or on the
two occasions, and disagreement is defined as the discrep-
ancy between the smaller total number and the larger.

This method of estimating agreement provides very little
information about the correspondence between two sets of
scores, and # is generally not recommended for use with
observational data (Kearns, 1990; Suen & Ary, 1989). The

37 264-278 April 1994

assumption that the smaller total includes only behaviors that
are included in the larger iotal is untenable, and no informa-
tion is provided about agreement for particufar observations.
For these reasons, total percent agreement is currently used
in observational research primarily for cases where the data
structure prevents the use of ancther, more desirable, sta-
tistic.

The most common improvement o the total percentage
agreement index produces a statistic that is variously known
as “point-by-point,” “event-by-event,” “tem-by-item,” “occa-
sion-by-occasion,” “interval-by-interval,” or “exact” percent
agreement (Kelly, 1977, Suen & Ary, 1989). Point-by-point
agreement is estimated for two observers {or for one ob-
server for two occasions) by directly comparing judgments
for each recording opportunity. An opportunity may result in
an agreement, if both observers scored that trial or that
interval in the same way, or a disagreement, if they scored it
differently. The agreement index is calculated by dividing the
number of agreements by the fotal number of agreements
plus disagreements and multiplying by 100. Information
about interobserver agreement is available for each individ-
ual recording opportunity (although that information is collapsed
to report a percentage for the test or group of observations as
a whole), so this calculation addresses one of the main criti-
cisms of smaller/larger agreement estimates. One limitation of
exact percent agreement is that recording opportunities must
be defined for agreements and disagreements to be defined.
For the case where recorded data consist solely of frequency
talies or ongoing descriptions of behavior, this method of
calculating agreement is inappropriate.

The point-by-peint agreement method is among the most
common in behavioral research (Kelly, 1977; Mitchel!, 1979;
Suen, 1988). Point-by-point agreement is readily calculated,
and a simple interpretation of the information it provides is
easily made. Several variations are also prevalent, including
methods for calculating agreement for correct responses or
occurrences of some behavior only {the percent agresment
for occurrences) and methods for calculating agreement for
the absence of some behavior (the percent agreement for
nonoccurrences) (Harris & Lahey, 1978; Hartmann, 1977;
Hopkins & Hermann, 1977). in general, percent agreement
for occurrences defines agreements in terms of the desired
or target behavior, ignoring trials where the observers agreed
on the absence of the behavior. Percent agreement for
nonoccurrences uses the opposite procedure. These varia-
tions are used to control for the artificial inflation of the
percent agreement index that may result when a large
proportion of ratings or trials are essentially irrelevant to the
judgments being made by the observers.

Concern over artificial inflation of the agreement index also
leads to a third method for estimating agreement. It is
generally recognized that some agreements between ob-
servers will occur by chance. Chance agreement may result
when behavior is especially frequent or infrequent relative to
the recording opportunities, as discussed above. It may also
result when the judgment process is based on a small
number of fixed categories or decisions, such as decisions
regarding correct or incorrect responses. Arguably, the best
estimate of interjudge agreement in these cases should
indicate the level of agreement that exists above the level



expected by chance alone (Cohen, 1960; Fleiss, 1975; Hirji &
Rosove, 1990). Cohen (1960) introduced a statistic, known
as “kappa,” that essentially corrects obtained percent agree-
ment for expected chance agreement. Kappa Is defined as
the ratio of the difference hetween obiained percent agree-
ment and expected chance agreement to the difference
hetween perfect agresment (i.e., 1.00) and expected chance
agreement. Thus, kappa indicates the extent to which ob-
tained interjudge agreement exceeds chance agreement.

There exists a family of statistics similar to kappa (Fleiss,
1975:; Zwick, 1988) that differ primarily in their mathematical
definition of chance agreement (Zwick, 1988). Kappa and the
other kappa-like stafistics are widely recommended by be-
havioral methodologists as the best estimators of interob-
server agreement (Hartmann, 1984: Suen, 1988; Suen &
Ary, 1989). Perreault and Leigh (1989, p. 137) claimed that
kappa is “the most widely used measure of interjudge
agreement across the behavioral science literature,” but
other reviews suggest that kappa is not nearly as widely used
as the simpler point-by-point agreement methods (Hillis,
1991; Mitchell, 1979; Suen, 1988).

Several potential mathematical weaknesses of kappa have
been identified (e.g., Uebersax, 1988; Zwick, 1988). One
relatively simplistic problem results from the fact that kappa is
defined as a ratio of differences: the difference between
obtained agreement and chance agreement is divided by the
difference between perfect agreement and chance agree-
ment. Kappa is to be interpreted as indicating the “proporiion
of the distance between chance and perfect agreement at
which [obtained agreement] is located” (Hiliis, 1991, p. 10).
This interpretation of kappa assumes that any obtained
agreement that could possibly have been obtained by
chance was, in fact, obtained by chance. A similar flaw in the
smallerflarger index is seen as fatal to the interpretation of
that statistic: it assumes that any overlap in total counts that
could have produced agreement did, in fact, produce agree-
ment. This assumption is widely held to be unreasonable, but
the fact that kappa is essentially a variation on & smaller/
larger index for obtained and chance agreement does not
appear to have been cause for concern.

Interjudge Agreement in Speech-Language
Pathology

Point-by-point agreement appears to be the currently most
frequently used agreement statistic in observational research
(Mitchell, 1979; Suen, 1988). Interjudge agreement esti-
mates were also widely used in the Journal of Speech and
Hearing Research, 35, but several common problems com-
plicate interpretation of these figures.

First, it is often difficult to determine if agreement calcula-
tions were smaller/larger indices or more exacting point-to-
point comparisons. Ryan (1992) clearly used smaller/larger
indices to estimate agreement between two judges; many
other researchers clearly used point-to-point gcomparisons
(e.g., Gierut, 1992; Imai & Michi, 1992; Nippold, Schwarz, &
Undlin, 1992; Otomo & Stoel-Gammon, 1992; Rice, Buhr, &
Oetting, 1992; Violeite & Swisher, 1992; Wetherby & Rodri-
guez, 1992). Many reports, however, do not include enough
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information to allow conclusive determination of how agree-
ment figures were calculated or what they might mean.
Evans and Craig (1992, p. 347), for example, calculated
some unspecified form of “percentage agreement between
experimenter and observer for transcription and scoring
reliability.” Purcell and Liles (1992, p. 358) reported that
“intraexarniner reliability” and “interexaminer reliability” were
calculated by re-scoring a portion of the data and “computing
the percentage of agreement for the major scoring catego-
ries,” and Abkarian, Jones, and West (1992, p. 583) reported
only that two judges independently rated each subject re-
sponse and “between-judge agreement levels exceeded
90%.” Yairi and Ambrose (1992), finally, assessed point-by-
point agreement using an agreement index introduced by
Sander (1961) as a total counts agreement measure (small-
erflarger); it is difficuit to determine whether these were
point-by-point or total counts analyses.

A related difficulty with interpreting some reports of percent
agreement calculations is that it is not clear what defined one
opportunity for an agreement, or how different judgments
were compared. Tompkins, Boada, and McGarry (1992}, for
instance, calculated agreement between wo judges who had
classified subjects’ responses as correct or incorract; it
seems a reasonable assumption that these comparisons
were item-by-item. They also reported that agreement was
calculated for five subcategories that were used to classify
error iypes for incorrect responses; it is less clear what was
compared or how these category-by-category agreement
figures were computed.

A report by Light, Dattilo, English, Gutierrez, and Hartz
(1992) contains another example of the same problem.
Agreement methods used during training phases were ex-
plicitly described as point-by-point comparisons, but interab-
server agreement assessmenis for the experimental data
were described only as dividing number of agreements by
total number of agreements plus disagreements. This de-
scription most probably refers to point-to-point comparisons
(in this case, probably utterance-by-uiterance), but it is not at
all clear how those points were defined or how comiparisons
were derived from the study’s descriptions of on-going com-
municative inieractions.

Transcription data represent a special set of difficulties for
reliability assessment, several of them related to the issue of
defining the items to be compared (see Shriberg & Lof,
1991). McGregor and Schwartz's (1992, p. 597) report is
typical: for 20% of a 500-utterance speech sample, “inter-
transcriber reliability was 85% overall and 92% when differ-
ences in voicing characteristics were dismissed.” Perhaps
the most reasonable assumption is that “intertranscriber
reliability” refers to an intertranscriber agreement calculation;
comparisons were probably made phoneme-by-phoneme,
with gross differences in transcription (such as the omission
of words) either ignored or considered one disagreement,
aithough this is not at all obvious. Otomo and Stoel-Gammon
{(1992) allowed transcribers to choose two broad phonetic
symbols to represent the vowels produced by 20- ic 30-
month-old children. Token-by-token interjudge agreement
was reported for all pairs of the three judges, but the authors
did not specify whether two or four of the phonetic symbols
chosen by any pair of judges had to agree for an agreement
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to be registered for that pair. It is equally difficult to determine
what constituted an agreement when Paul and Jennings
(1992, p. 102) calculated “agreement on the percentage of
consonants correct” {probably consonant-by-consenant
agreement for correct and incorrect productions rather than
agreement on the final PCC value) and “refiability for the
consonant inventories” (probably consonant-by-consonant
agreement for the presence or absence of phonemes).

Another problematic issue in some recent reports of inter-
observer agreement is that agreement comparisons have
been carefully described for data that were not the focus of
the experiment's main data analyses. Wetherby and Rodri-
guez (1992), for example, provided interjudge agreement
data for the coded intentionality of toddiers’ communicative
acts, but they did not address interobserver agreement for
the total numbers of communicative acts produced by each
child or for the intentionality of acts coded in different
(structured or unstructured) play situations. Gierut (1992)
and Morrison and Shriberg (1992) assessed interobserver
agreement for transcription, but not for their determinations
of phonological process descriptions. Some studies have
assessed interobserver agreement for their subject-selection
and pre-test data but not for the experimenter’s decisions
about chiidren’s picture-pointing or other test responses
(e.g., Fuller & Lloyd, 1992; Rice et al., 1992).

Recent publications in speech-language research also
include evidence of at least two variations on consensus
procedures. These procedures are combined with percent
agreement calculations in attempts to establish that the data
used for experimental analyses were not affected by the
idiosyncrasies of individual judges. Many experimenters
used consensus procedures to resolve any disagreements
identified from agreement comparisons, in order to develop
data sets that reflected the judgments of more than one
observer (e.g., Abkarian et al., 1992; Denny & Smith, 1992;
Gutierrez-Clellen & Iglesias, 1992; Nippold et al., 1992; Thal
& Tobias, 1992; Tompkins et al., 1992; Violette & Swisher,
1992). An essentially opposite route was followed for some
smalier number of studies (e.g., Duchan, Meth, & Waltzman,
1992; Periman, Grayhack, & Booth, 1992; Prins & Hubbard,
1992): the origina! decisions in these studies were made by
pairs or groups of judges working together, and the reliability
of their decisions was assessed by requiring judges fo re-rate
the data independently.

Consensus procedures such as these appear to have
much to recommend them. At the very least, they may lead to
an increased awareness of the extent and location of dis-
agreements between judges, or perhaps even to explana-
tions for or solutions to those disagreements, Consensus
judgment procedures also have potential problems of their
own, however, and these should be recognized. Shriberg,
Kwiatkowski, and Hoffman (1984}, for example, presented a
method for consensus transcription that seems to have
formed the basis of many current transcription consensus
methods. Their initial report included the finding that seg-
ment-by-segment agreement was only 68% when all diacrit-
ics were considered, or 76% when disagreements on “non-
error’ diacritics were ignored, between transcriptions
produced by the same highly-skilled two-person judge team
on two different occasions.
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The same problem is apparent in Morrison and Shriberg's
(1992) recent study of articulation accuracy in different con-
texts; transcription agreement between judge-teams began
as low as 61.3% for narrow transcription, and agreement
petween transcriptions produced by the same judge pair at
two different imes began as low as 65.5%.% Shriberg et al.
(1984) also noted that when consensus procedures are not
thoroughly described, the possibility exists that differences
reportedly solved by consensus may have been solved
simply by including the judgment of the higher-ranked or
otherwise more forceful judge (a conceivable occurrence
when studenis serve as secondary observers).

Consensus transcriptions, in summary, suffer from the
same problem that afflicts most other recent reports of
interjudge agreement calcuiations in speech-language pa-
thology research: interjudge agreement figures, as they have
been presented, tend not to establish that two or more
equivalently trained or experienced judges agreed on the
decisions that formed the basis of the main experimental
data. Chance-corrected agreement figures such as Gohen's
(1960) kappa, the most recommended percent agreement
measures, remain rare in the speech-language pathology
research literature (but see Adamson, Remski, Deffebach, &
Sevcik, 1992; Cordes et al., 1992; Gutierrez-Clellen & Igle-
sias, 1992; Weston & Shriberg, 1992). Most percent agree-
ment figures in recent speech-language research have been
the result of relatively unspecified agreement calculations,
based on some fraction of the experimental data; many of
these reports have not established that the data were reli-
able, dependable, replicable, or unaffected by observer idio-
syncrasies.

Reliability Estimates: Data from Multiple
Observers

The argument resurfaces periodically within the behavior
analysis literature that the correlational and percent agree-
ment measures discussed in the preceding two sections are
inadequate for establishing the reliability of ohservational
data and should be replaced by methods that more directly
reflect the judgments of multiple observers. Hawkins and
Dotson (1975), for example, demonstrated that percent
agreement estimates may be quite high even in the absence
of agreement between observers for the experiment’s overall
data trends. They suggested the calculation of both occur-
rence and nonoccurrence percent agreement, as well as the
presentation of raw data from two independent cbservers.
Kratochwill and Wetzel (1977) commented positively on the
practice of graphing data from two observers, although they
saw little need for publishing such data: “If plotting both sets
of data reveals ... that only one observer recorded an
experimental effect, the data should not be published, ac-
ceptable statistical representations of observer agreement
notwithstanding” (p. 134}. Birkimer and Brown (1979} made
the slightly different suggestion that the range of observers’

2Morrison and Shriberg's (1992) study also includes an excellent discussion of
now transcriber differences might affect research in child phonolegy, as do the
reports of Pye, Wilcox, and Siren (1988) and Shriberg and Lof (1991).



disagreements should be plotted on graphic displays of
experimental data. This suggestion was endorsed by Haw-
kins and Fabry (1979, p. 550), who noted that traditional
reliability measures have been “of little use” in evaluating the
“helievability of an experimental effect.” With some reserva-
tions, the suggestion was also endorsed by Kratochwill
(1979).

Other arguments against statistical agreement figures are
lass convinecing {e.g., Hawkins & Fabry’s [1979] reasoning
that undue emphasis on statistical analyses makes for diffi-
cult, uninteresting reading), and there are several cogent
arguments in favor of mathematical and statistical agreement
indices for observational data (see Hartmann, 1977; Hopkins
& Hermann, 1977; Kratochwill & Wetzel, 1977). In general,
though, the suggestion that observer agreement might best
be assessed through direct comparisons of data from multi-
ple observers is a compelling one; if one goal of reliability
estimation for observational data is to establish that experi-
mental results were not affected by judges’ idiosyncrasies,
then certainly the demonstration that results do not vary
across two observers is a reasonable starting point.

There are examples within recent speech-tanguage pa-
thology research of several variations on presenting data
from muitiple observers. The first involves simply reporting a
mean absolute difference between the measures made by
one observer and those made by another. Ratner (1992), for
example, reported mean differences between the experi-
menter and a second judge for 20% of her study’s subjects
for several dependent variables, including speech rate, mean
length of utterance, and percentage of disfluent words. Mean
differences between judges were also presented in several
studies involving acoustic measures (Onslow, van Doorn, &
Newman, 1992; Prins & Hubbard, 1992; Sussman et al.,
1992; Swanson, Leonard, & Gandour, 1992). Reports of
mean differences are subject to many of the interpretation
problems that affect other agreement measures; specifically,
they may or may not establish that the experimental effects
would have been cbtained had the second judge served as
the primary data source. In Ratner's (1992) study, for exam-
ple, it seems that the differences between judges were not
problematic; interjudge differences were substantially smaller
than the differences between groups that were attributed to
experimental manipulations. The mean difference reported
by Sussman et al. (1992), however, was large enough tc
have affected some of that study’s significant group differ-
ences {(as discussed above).

Two studies by Onslow and his colleagues (Onslow,
Hayes, et al., 1992; Onslow, van Doorn, & Newman, 1992)
presented mean differences between cbservers and took the
additional step of repeating their experimental analyses with
data provided by the second judge. Despite substantial
differences between judges in one of these studies (Onsiow,
Hayes et al., 1992), the experimental findings were essen-
tially preserved. Gow and Ingham {(1882) included scores
from two cbservers for each dependent variable (stuttering
frequency, speech rate, and spesch naturainess) in their
graphic data presentations; some differences between
judges were noticeable, but most differences between exper-
imental phases were replicated by the second judge.
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“Finally, another group of studies has aitempted to reduce
the effects of differences among observers by developing
measurement systems that rely on more than one judge.
Such systems exploit the fact that increasing the number of
ftem scores used to create a total score increases the
reliability of that total score; that is, the reliability of a subject's
total test score may be increased by increasing the number
of test questions or the number of cbservers or observation
occasions that contribute to that score (see Crocker & Algina,
1986; Shavelson & Webb, 1991; Suen, 1990). For observa-
tional data, this principle suggests that it is more likely that
mean or total scores calculated for each subject from, for
exampla, 10 observers could be reproduced by any other 10
observers than that a score based on only one observer
could be reproduced by any one other observer (see Shavel-
son & Webb, 1991).4

Dagenais and Critz-Crosby {1992), in one example of
depending on multipie judges, presented their listener judg-
ment data by describing target vowel judgments made by a
panel of five listeners who each judged five tokens from each
of 20 subjects. Otome and Stoei-Gammon {1992), as men-
tioned above, derived their data from two judgments (broad
transcription symbols) from each of three judges. Imai and
Michi (1992) used mean data from six ratings, made by three
judges on two occasions, as their primary experimental data.
Bishop and Adams (1992), similarly, used mean scores
across two judges, and Bedrosian, Hoag, Calculator, and
Molineux (1992) used summed scores from 24 judges.

Using data from multiple judges does not address the
issue of the level of agreement that exists among those
judges. In fact, it is clear in at least some of these studies that
agreement was actually quite poor, even though experimen-
tal conclusions were preserved (e.g., Onslow, Hayes, et al.,
1992). The advantage of using multiple judges is not that
disagreemenis among judges are eliminated, but that the
potential for those differences to create spurious experimen-
tal conclusions is minimized.

Generalizability Theory and Investigations of
Reliability

The three methods described above (correlations based
on classical test theory, interjudge percent agreement calcu-
lations, and the presentation or analysis of data from more
than one observer) constitute the three most common meth-
ods for addressing the reliability of data obtained in speech-
language research. They have also been reported to be the
mest common in other behavioral and observational re-
search (Keily, 1977; Mitchell, 1979). They are not, however,
the most comprehensive methods for assessing the reliability
of observational data; interestingly enough, they are not even
the most widely recommended. Arguably, those distinctions
fall to generalizability theory {Cronbach, Gleser, Nanda, &

“This principle was developed within classical test theory, for the restricted
case of parallel composites of test items, as the Spearman-Brown prophecy
formula. It was extended to composites of (nonparalel) test items by Cron-
bach's (1951) alpha, and further exiended within genheralizability theory's
decision studies to cther types of data (see Cronbach, Gleser, Nanda, &
Rajaratnam, 1972; Shaveison & Webb, 1991).
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Rajaratnam, 1972), a theoretical framework for estimating
data reliability that has been described as the most compre-
hensive of the available atternatives. Generalizability theory
was developed for traditional psychometric test-question
data, but it has been recommended almost since its intro-
duction as ideally suited to behavior ohservation data (e.g.,
Cone, 1977; Kazdin, 1977).

Generalizability theory was developed to assess simulta-
neously the effects on obtained data of two or more sources
of error. It was developed from the methods of classical test
theory, and it extends those methods by explicitly allowing
that measurement error may have more than one identifiable
source (Cronbach, Rajaratnam, & Gleser, 1963; Cronbach et
al., 1972; Shavelson & Webb, 1981). Cone (1977) identified
six efror sources that usually concern behavioral research-
ers: scorer (or observer), item (or individual behavior), tme
(or occasion), setting, msthod (of testing or recording), and
the “dimension” of the behavior (its construct validity). The
goal of reliability investigations within generalizability theory
is to estimate the extent to which scores obtained under
certain combinations of these conditions (e.g., with certain
observers on certain occasions) are representative of the
scores that would be obtained under all other conditions.
Under this formuiation, unreliable observations are those that
depend on some particular combination of observers or
settings, and reliable observations are those that may be
generalized to other conditions because they are relatively
unaffected by the particular conditions under which they were
obtained (Cronbach et al., 1972).

The methods of generalizability theory assess the contri-
butions of measurement conditions to obtained data through
the (computer-assisted) calculation of variance components.
These methods remain undeniably rare in behavioral re-
search in general and in speech-language research in par-
ticular (but see Demorest & Bemstein, 1992). An explanation
for this state of affairs would be purely speculative: perhaps
these methods have been perceived as too statistical (cf.
Baer, 1977) for behavioral observation, or perhaps they are
simply too recently developed as compared with other available
methods,

It is also worth noting, however, that the conceptual bases
of generalizability theory are common among bshavioral
researchers. With some tolerance for differences in terminol-
ogy. some of the defining features of generalizability theory
may actually be seen to be defining features of experimental
and applied behavior analysis. The conceptual bases of a
generalizability framework, for example, may be found in lists
of conditions that affect observations and observational data
(e.g., Hartmann & Wood, 1990; Wildman & Erickscn, 1977).
They may also be seen in the behavior analyst's concerns
with operationally defining behavior, sampling behavior in
several functional environments, and controliing extraneous
variables (e.g., Cone, 1988; Foster et al., 1988); in the
terminology of generalizability theory, these are attempts to
sample observations of behavior from well-defined condi-
tions of well-defined facets.

The conceptual underpinnings of generalizability theory,
and even simple examples of ANOVA-based methods, may
also be seen in four recent reliability investigations in speech-
language pathology. All four attempted to identify the multiple
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measurement conditions that influence reliability or observer
agreement for measurements of speech disorders. Wood et
al. (1992), for example, used intraclass correlations to sep-
arate the error variance associated with repeated trials, the
error variance associated with repeated testing sessions,
and the true variance associated with differences among
subjects, for labial closure force measurements in several
groups of subjects. Onslow, Adams, and Ingham {1992) used
several mathematical and statistical comparisons, including
ANOVA-based intraclass correlations, to assess the influ-
ences of observer experience, speaker, and range of as-
signed ratings on the reliability of speech naturalness ratings.
Martin and Haroldson (1992) also investigated the influences
of several conditions on the reliability of speech naturalness
ratings: audiovisual and audio-only speech sample presen-
tations, stuttered and nonstuttered speech, mild to severe
stutiering, stuttering frequency, and speech rate. Finally,
Cordes et al. (1992) assessed the efiects of observer expe-
rience, repeated rating occasions, and analysis intervals
ranging from 0.5 sec to 7.0 sec on interjudge and intrajudge
agreement for the occurrence of stuttering events.

Final Considerations

One issue that has not been addressed in this discussion
of reliability estimates involves the specification of an ade-
quate or satisfactory level of numerical agreement. Recom-
mended minimum levels of point-by-point percent agreement
figures, for example, vary from 70% to 90% (Foster et al.,
1988; Hartmann, 1284; Kelly, 1977), with 80% identified as a
“traditional” lower limit for acceptable agreement (Kazdin,
1982). Because behavior frequency affecis levels of chance
agreement and of obtained agreement, however, it is difficult
to establish an absolute criterion for percent agreement
levels; equal agreement percentages may not actually reflect
equivalent levels of agreement (Suen & Ary, 1989). More
importantly, very high numeric agreement estimates can be
obtained for individual trials or experimental sessions even if
the two observers disagree almost entirely on data trends
across the experiment as a whole {Hawkins & Dotson, 1975).

Caleulating and reporting both agreement for occurrences
and agreement for nonoccurrences has been recommended
as a way to control for the inflation of percent agreement that
may occur when behavior is of either relatively low or relatively
high frequency (Foster et al., 1988; Harris & Lahey, 1978,
Hartmann, 1977; Hawkins & Dotson, 1975; Hillis, 1991, 1993;
Hopkins & Hermann, 1977). This recommendation does not
solve the problem of establishing acceptable limits for occur-
rence agreement and nonoccurrence agreement. Other au-
thors recommend the use of kappa or ancther kappa-like
statistic instead of simpler percent agreement methods, and the
problem of defining an adequate level of percent agreement or
occurrence/nonoccurrence agreement is thus transformed into
the problem of defining an adequate level of kappa. The resuits
are simiar: it is recommended that kappa be anywhere from .50
to .90 to represent satisfactory agreement (Crocker & Algina,
1986; Hillis, 1991; Suen & Ary, 1989).

One measurement method under investigation for use in
stuttering research combines the “traditional” 80% minimum



[evel with & separation between cccurrence and nonogcur-
rence agreement to describe judgment oppertunities (speech
intervals) in terms of whether 80% or more of a group of
judges agreed (Cordes et al., 1992; Ingham, Cordes, & Finn,
1993; Ingham, Cordes, & Gow, 1993). This method has

roved usefut in preliminary attempts to develop a reliable
measurement method for stuttering behaviors {see Cordes &
Ingharm, 1994).

Ancther possible solution to the problem of defining a
satisfactory level of agreement was provided by Hartmann
(1984) and discussed above in the context of defining
reliability for this review. Hartmann suggested that agree-
ment is just one piece of evidence in the determination of the
overall adequacy of data, and that no single numeric limit for
agreement estimates should be set. The important question
is whether the data provide a "powerful means of detecting
experimentally produced or naturally cccurring response
covariation” (Hartmann, 1984, p. 128). This is essentially the
same point made earlier by Hawkins and Detson {1875) in
their discussion of the relationships among agreement fig-
ures and the “believability” of experimental effects. It is
important to establish for a given data set that data variation
interpreted as meaningful cannot be attribuied to variation in
how those data were recorded or who recorded them (Foster
et al., 1988; Hawkins & Dotscn, 1975), in other words, but it
is not necessarily important for a given data set to report that
interobserver agreement met some predetermined 80% or
90% standard.

This is, In summary, the essence of reliability: If the
obtained numeric representations of some natural phenom-
enon are reliable, then variations in those data will represent
variations in the phenomenon being measured, rather than
variations in the conditions of its measurement (cf. Hart-
mann, 1984; Johnston & Pennypacker, 1980; Shavelson &
Webb, 1991). Because variability may be introduced from so
many sources, it is difficult, if not impossibie, fo establish the
replicability or dependability of direct observation data by
simply correlating two sets of scores or calculating interob-
server agreement (Mitchell, 1979; Suen, 1990). Generaliz-
ability theory provides one framework for investigating the
effects of multiple error sources and determining how those
effects might be mitigated in subsequent experiments, but
generalizability theory has not yet been widely adopted for
speech-language research.

The many reports of interobserver agreement estimates
described in recent speech-language publications do sug-
gest, however, that researchers in speech-language pathol-
Ogy are concernad about estabiishing the reliability of their
pbservational data. No single reliability estimation procedure
18 necessarily better than any other, but they are different:
Correlations compare the relative rank-ordering of scores in
different groups, whereas interjudge agreement indices com-
Pare the absolute scores assigned by different observers. It
Seems that some speech-language research might benefit
from explicit evaluation of the conclusions to be drawn from
the experimental data and whether the provided reliability
9stimates support those conclusions. in addition, some of the
'Ssues discussed in this review suggest several other ways in
which the informative value of reliability estimates in speech-
language research mignt be increased.
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The first point seems rather obvious: reliability or agree-
ment assessments must be based on directly relevant data.
Assessing agreement for subject-selection or stimulus-devel-
opment data, for example, is important to establishing the
reliability of subject-selection or stimulus-development deci-
sions. Assessing agreement for experimental data is impor-
tant to establishing the reliability of any conclusions drawn
from that experiment. The reliability of subject-selection data,
however, or of the decisions involved in stimulus deveicp-
ment, does not imply the reliability of experimental data.

A second, related, point is that agreement or reliability
assessment is intended to establish the reliability of the entire
data set. Ideally, therefore, reliability assessments will use
the entire data set, until or unless it can be established that a
given measurement procedure consistently produces reliable
data. If time constraints or personnel limitations prevent the
completion of thorough reliability analyses, researchers
should at least base their analyses on representative sam-
ples of data, from all experimental conditions. How large a
sample must be to produce representative estimates of the
reliability of an entire data set seems to be an empirical
question; in the absence of an empirical answer, one rea-
sonable recommendation might be to estimate reliability from
at least half of the experimental data. Previous recommen-
dations also provide cther guidslines (see Hartmann &
Wood, 1990C; Hollenbeck, 1978; Kearns, 1890): reliability
analyses should be based on multiple behavior samples from
each experimental group or condition, and they should be
calculated during and throughout the experiment, rather than
once at the end, if the information gained can be used to
improve reliability for later conditions.

Third, meaningful interpretation of reliability estimates re-
quires that experimenters describe explicitly what constituted
a recording opporiunity and what constituted an agreement.
Reports that “observer agreement was 90%"” (or, worse, that
“reliability was 90%"} do little to communicate to a research
consumer the extent of the differences or simitarities among
observers, unless those reports are accompanied by clear
descriptions of the methodological steps that were completed
to obtain those figures. If trials or recording opportunities are
clearly defined, the report that reliability estimates were
item-by-item interobserver agreement calculations shouid be
axplicit enough. However, if data are derived from an ongo-
ing behavior stream through transcription or other analysis of
spontaneous speech or communicative interactions, or if
individual trials are otherwise undefined, then reliability anal-
yses should acknowledge the many decisions involved:
Point-to-point agreement for transcriptions, for example, de-
pends not only an phoneme-by-phoneme comparisons, but
on transcribers’ decisions in glossing words and in separat-
ing ufterances.

Finally, reliability should be assessed at the same mea-
surement or judgment level at which experimental effects are
assessed (cf. Hollenbeck, 1978; Kearns, 1990). If observers
divided speech behaviors info several types of correct re-
sponses and several types of incorrect responses, for exam-
ple, then reliability estimates should be compileted for those
judgments, rather than simply for the distinction between
correct and incorrect responses. Reliability estimates should
also reflect the type of conclusions that are being drawn from
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a given study. Correlational estimates, for example, may be
appropriaie in the context of relative decisions, or decisions
about the ranking or relative standing of subjects or groups
(Shavelson & Webb, 1991; see Onslow, Hayes, et al., 1292).
Absclute decisions, however, or decisions about absolute
levels of subjects’ knowledge or behavior, depend on estab-
lishing the replicabiiity of individual scores, not just the
replicability of the relative or ranked relationships among
those scores (see Walker et al., 1992).

The reliability of observational data may always be prob-
lematic, simply because there will aiways be differences
among human observers. Observer training programs, com-
plete operational definitions of target behaviors and of be-
havior rating categories, and careful attention to other meth-
odological details should continue to be recommended as
ways to reduce observer differences (see, €.g., Hartmann &
Wood, 1990: Kearns, 1990}). It will also continue to be
important to estimate data reliability. but the mere calculation
of these estimates should not be expected to gliminate
differences among observers. The point that seems most
important to current speech-language research is that as-
sessing the reliability of observational data is more complex
than reporting that some vaguely described observer agree-
ment statistic fell at some certain numeric level. Direct
behavior observation methods can indeed provide important
and relevant data about human speech and language behav-
iors {see Weriz & Rosenbek. 1992), but researchers shouid
be careful to establish that their conclusions were not influ-
enced by the error introduced into their observational data by
their all-too-human judges.
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