
In the field of psychological judgment formation, one
of the main areas of interest is the fundamental relationship
between the judgment about a person and the individual
observations made by the person judging. Persons being
judged may be patients and therapists in a counseling
context, subjects participating in research projects on
judgment formation, or any other persons. Observers may
be therapists, psychological experts, raters, or subjects.

Experience with the observation of video-recorded
case material by several judges has shown that differ-
ences at the level of overall judgments are often associ-
ated with significant differences at the level of observa-
tions. Observers can agree on their overall judgments
even if they arrive at them on the basis of different ob-
servations; similarly, they can observe the same individ-
ual event and deem it relevant to their judgment but nev-
ertheless reach different overall judgments.Psychological
practice shares this particular circumstance with every-
day life experience. To gain empirical access to this fun-
damental issue, the concepts discussed below may offer
some insight.

Guided Observing and Judging
Judgments in psychological practice and research are

mostly of a distinctly integrative nature; to a greater or
lesser extent, judgments integrate the speech content and
patterns of behavior observed over a longer time period
rather than being based explicitly upon individual obser-

vations made within this time period. Empirically ori-
ented research on judgment formation generally makes
use of predetermined judgment categories (diagnostic
systems, questionnaires, assessment scales, content ana-
lytical classification of unstructured expressions of judg-
ment, and so on); less frequently, post hoc judgment cat-
egories are used. Integrative judgments of this kind,
however, are not considered in this paper. Instead, the
focus here is on “local” judgments that are tied directly
to individual observations. These are explained in more
detail below.

Observations and associated observational methods
differ as to whether they are implemented for a search
task, an assessment task, or a combination of both.

Search tasks are used frequently in psychology. In
recordings of psychotherapeutic sessions, dialogues, and
interaction research conducted in various settings, for ex-
ample, the observer typically searches for the occurrence
of certain words, formulations, and turns of phrase, for
the occurrence of certain facial and body expressions, for
certain patterns of interaction, and so on. It is essential
that an observer who is to carry out a direct search task
in this manner receive advance instruction as to where to
search and what to look for; that is, there must be prior
agreement as to the exact nature of the searched-for
events.

Assessment tasks, too, are naturally frequent in psy-
chology. Where assessment involves the observation of
video-recorded sequences, the material is usually seg-
mented into more or less rigid units of observationfor this
purpose. For conversations, segments are commonly
chosen to coincide with phrases, entire grammatical sen-
tences, or contributions to the conversation as marked at
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each end by a change in speaker. For studying nonverbal
action, the rigid units frequently defined are single video
frames or preset time intervals.Observers must then judge
each of these segments in their entirety according to pre-
determined criteria, which means, for example, that each
individual contribution by each speaker, no matter how
long, is judged as a whole. This is essentially the same
in studies observers and their assessment behavior are
the object of research.

Strict guidelines of this kind greatly simplify the con-
ception of empirical designs and are typical for the ma-
jority of empirically oriented studies in psychological
judgment formation. For this reason, software packages
for data collection and analysis developed commercially
or at universities are as a rule geared toward guidelines
of this kind.

Unguided Spontaneous Observing and Judging
A different situation arises when there are no such pre-

set guidelines. In the following considerations, a hypo-
thetical situation is presented that includes all problems
typical of unguided observation procedures. This hypo-
thetical situation is characterized as follows:

1. The observers’ task is to search the material for any
conspicuous event that they deem relevant for forming
their judgment.

2. Observers do not have any information whatsoever
on the location and nature of such conspicuous events—
if they exist.

3. There is no information available on any possible
observational or judgmental predilections of the ob-
servers that could be used to validate their ratings.

This situation is sometimes found in psychoanalytical
contexts when new and unfamiliar material is assessed.
Here, judgment formation depends strongly on ideas, as-
sociations, assumptions, attributions, and preliminary
“local” suppositions and speculations that the therapist
forms immediately on the basis of single observations
and continues to compile into an overall judgment. See,
for example, Sandler, Dare, and Holder (1992).

The same situation arises, however, in other psycho-
logical disciplines concerned with judgment formation.
It always occurs when studies in assessment, attribu-
tions, and so on are based not only on standardized ques-
tionnaires, rating catalogues, and specially prepared
“test” sequences, but also on examination of the sub-
jects’ individual observations that have led to a certain
assessment.

Of course, this prototypical situation never appears in
reality in the pure and strict form defined above. Neither
in psychological practice nor in everyday life do we find
pure, unguided, spontaneousobserving and judging, and
it is hardly something to strive for. Observing and form-
ing judgments are always based on theories, whether ex-
plicit or implicit. The context in which observations and
judgments are made, the type of material being assessed,
and the observer’s professional point of view are some of
the main influencing variables.

The procedure here will be to construct a case that is
“pure” from a methodologicalperspective to permit inves-
tigation of the fundamental methodological problems.
This pure case is thus a kind of worst-case scenario—
again from a methodological, but also perhaps a psycho-
logical, perspective. This worst-case scenario will serve as
a reference point for real cases, in that they will differ from
it and from each other in the type and degree of addi-
tional information that is available. This way of proceed-
ing is thus somewhat similar to the mathematical princi-
ple of solvinga particularproblem by initially formulating
a “general” solution and then embedding the practical
cases as particular solutions under individual framework
conditions (the additional information available).

The Basic Problem in Unguided Marking:
Agreement

In the design of empirical research projects based on
unguided, spontaneous observing, a fundamental prob-
lem arises, as illustrated by the following example,
which will serve as the prototypical case: Observers are
asked to mark individually all the places in a video-
recorded sequence of a clinical dialogue between patient
and therapist that seem relevant or noteworthy to them
and to comment on them, as described above. When all
markings of all observers are subsequently superim-
posed, we can expect to find marking configurations like
the one shown in Figure 1.

The example was constructed for illustrative pur-
poses. The somewhat chaotic appearance of these con-
figurations is characterized by the following:

1. Each observer produces a different number of
markings.

2. There is a free “choice” of marking points on the
time axis.

3. The markings vary in length.
4. There is multiple reciprocal overlapping of the

markings.
The actual appearance of a configuration—the degree

of chaos in its appearance—is of course strongly depen-
dent upon the degree of the effects of any of the influ-
encing variables mentioned above on unguided sponta-
neous marking in the concrete case. We might expect or
wish to think that markings by experts would result in
less chaotic configurations. So far, studies have revealed
that the opposite is the case. Particularly in the psycho-
analytical context, configurations such as the one just
presented are found frequently, even where the observers
are all experts with similar training backgrounds.

Graphical representation of overlapping markings can
take various forms:

1. Each observer may be represented by its own row,
or number of rows, if some of the observer’s own mark-
ings overlap each other. This can occur, but it will not be
discussed here (see Thomann, 2001).

2. The markings are sorted in such a way that a min-
imum of rows is required for a representation that is free
of intersections, as shown in Figure 1.
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There are advantages and disadvantages to each of the
two forms of graphical representation. Method 1 allows
a quick view of the originator of a marking and also of
the number of markings by observers, but in large con-
figurations, the total picture becomes very unclear. Un-
avoidably, large areas of empty places show up that make
it difficult to gain a visual impression of the (local) dis-
tribution of density of the markings. Method 2 is an im-
provement in this regard, but the observers are represented
less well (the markings have to be given an observer num-
ber, as in Figures 2 and 3). On-screen computer repre-
sentations, on the other hand, can easily be programmed

to highlight the markings of a particular observer of in-
terest. The sorting principle visualized in the Method 2
representation is, moreover, prerequisite to establishing the
nuclei of a configuration, which will be described below.

To illustrate the problem, two empirically obtained
configurations of some 500 and 400 markings, respec-
tively, by a total of 17 observers are shown in Figures 2
and 3, which will be discussed below.

It is obvious that if such configurations of markings
are to be allowed in empirical studies, an adequate defi-
nition of the agreement of overlappingmarkings is a cen-
tral issue.

Figure 1. Superimposition of the markings of several observers. The observed material is
represented by a time axis. Markings are intervals with two time addresses for the beginning
and end of the event that they record. See text for further explanations.

Figure 2. Configuration obtained from 509 markings of verbal events by 17 observers. The material contains 504 words and pauses
in a conversational sequence of about 4 min. Here the units of the x-axis represent the words and pauses. The number above a mark-
ing denotes the observer. The number below the marking is an observer-related code made up of session and serial number: For in-
stance, 8 (above) and 412 (below) is the code for the 12th marking made by Observer 8 in the fourth observation hour (fourth session).
The markings are sorted—using a special algorithm not described here—in a manner that requires a minimum of rows for repre-
sentation without intersections.
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A Definition of Agreement
When dealingwith the issue of agreement or nonagree-

ment between observations, raters, and so on, we imme-
diately think of well-known agreement measures, such
as Cohen’s k (Cohen,1960), its extension to more than two
raters (e.g., Fleiss, 1971), and the quite useful weighted
k (Cohen, 1968). For an overview, see Bortz, Lienert,
and Boehnke (1990). There is also an interesting further
development that takes entropy measures into considera-
tion (see von Rennenkampff, 2000).

A look at Figure 4, however, reveals the basic difficul-
ties entailed in the use of such measures. Apparently ob-
vious metric criteria such as the formation of intersec-
tion or union sets for defining agreement (Figures 4a–4c)
cannot succeed. The reason lies in the basal overlapping
pattern in Figure 4d, with its different and complex vari-
ations, as can be seen in the upper areas of Figures 2 and
3. If there were no overlapping pattern of this kind, or if
such overlapping patterns were prevented through cur-

tailing marking freedom, there would be markings that
still overlap but show only one shared average area (Fig-
ure 4e). In that case, appropriate metric criteria could be
defined for the application of k coefficients.

k coefficients are also used in cluster analysis to inves-
tigate agreement (see, e.g., Breckenridge, 1989). Thus
we could attempt to deal with configurations like those
in Figures 2 and 3 through nondisjunctive overlapping
cluster building(for overlappingclusters, see, e.g., Collins
& Dent, 1988) or through so-called fuzzy cluster analy-
sis (see, e.g., Miyamoto, 1990). The markings to be clus-
tered would be seen as intervals in the form of linearly
ordered sets of points (in this case, for instance, points
are words or video frames). However, it would be diffi-
cult to find criteria for an overlappingor nonoverlapping
cluster formation of such intervals. Once again, the main
difficulty is the basic pattern shown in Figure 4d.

For this reason, the definition we propose for marking
agreement goes back to a lower formal level in that it dis-

Figure 3. Configuration obtained from 409 markings of nonverbal events by 17 observers. The same material as in Figure 2, 4 min
in length, is divided into some 1,150 units of 1/5 sec each (x-axis) to mark nonverbal events. Further details as in Figure 2.

Figure 4. Problematic metric definition of agreement (see text for explanations).



ASSESSING AGREEMENT AMONG MARKINGS OF BEHAVIORAL EVENTS 343

penses with metric criteria. By applying purely relational
concepts—based on the mathematical theory of so-called
interval graphs (see, e.g., Fishburn, 1985; Hanlon, 1982;
Korte, 1987)—the markings are taken as elements of the
set of all superimposed markings. Overlapping is con-
ceived of as a binary relation in the product set of the mark-
ings.

The following definition for agreement of markings is
proposed: A subset of markings in a set of markings is
declared to be in agreement if (1) each marking in the
subset overlaps with every other marking of the subset,
and (2) the markings in the subset are not distinguish-
able from each other regarding their overlapping rela-
tion to the remaining markings of the configuration.
Such subsets shall be called nuclei (Figure 5).

In the example shown, we find three nuclei according
to this definition (the markings shaded in gray). The sec-
ond condition in the definition is not as apparent intu-
itively as Condition 1. It means that in a configuration,
either all markings in a nucleus overlap with any mark-
ing outside the nucleus or all markings in a nucleus do
not overlap with any marking outside the nucleus. For
this reason, for instance, the subset made up of Markings
6,7, 8, 9, and 10 cannot form a nucleus, for whereas Con-
dition 1 is fulfilled, Condition 2 is not. If we examine
here Marking 5 (outside the nucleus), we see that Mark-
ings 6, 7, and 8 overlap with Marking 5, but Markings 9
and 10 do not. That is, the markings of the subset do not
behave—as required by Condition 2—identically to all
markings lying outside the subset.

The ratio of nuclei markings to all markings of the
configuration defines an absolute degree of agreement.
The three nuclei shown in Figure 5 contain 7 of the total
of 12 markings, which results in an absolute degree of
agreement of about .58.

The determinationof nuclei in extensive configurations
is not a trivial matter; the number and size of nuclei are
not ascertainable through visual inspection and cannot
be estimated. Thus 340, or 67%, of the total of 509 mark-
ings in Figure 2 are nuclei markings, as opposed to just
181, or 44%, of the total of 409 markings in Figure 3. This

means that the absolute degree of agreement of .67 in
Figure 2 is significantlygreater than that in Figure 3 (.44),
which is not necessarily visually apparent. An algorithm
for determining the distribution of nuclei in any given
configuration can be found in Thomann (2001). Note,
however, that this degree of agreement is concerned with
a purely formalistic agreement of the markings that is
not necessarily accompanied by agreement of associated
comments (see below).

Measure of Agreement
In order to be able to compare different configurations

through the applicationof generally used statistical tests,
we propose the use of a concept of statistical signifi-
cance in lieu of absolute values—that is, a referencing
of empirical configurations to random configurations.
Suppose that a configuration of n markings contains k
markings in z nuclei. We define degree of organization
(DO) as a measure that can take on values between 21
and +1 (Figure 6). A value of 21 signifies the absence
of nuclei in the configuration (k = 0, no agreement). The
value of +1 is reached when all markings in the config-
uration are organized in nuclei (k = n, maximum agree-
ment). A degree of 0 means that an empirical configura-
tion contains a number of nuclei markings equal to the
average number of markings that would occur in a ran-
dom configuration (k = k_, with k_ = the mean of the
number of markings in nuclei that occur by chance).

A random distribution of nuclei is created by generat-
ing a random distributionof n markings by a random gen-
erator. The starting points of the n markings are ran-
domly distributed over the material to be observed,
for—according to definition—there is no a priori knowl-
edge of noteworthy places in the material that would jus-
tify a weighting of the local distribution of random mark-
ings. In contrast, it makes sense for the length of the
markings to show the same distribution as the empirical
markings in order to function as a meaningful reference.
In the empirical examples in Figures 2 and 3, for in-
stance, the length of the markings is approximatelyPois-
son distributed. A random generator weighted by these

Figure 5. Definition of nuclei. For further explications, see text.
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parameters produces configurations that contain an av-
erage of k_ = 78.1, or about 15%, nucleus markings for
verbal behavior and k_ = 80.5, or about 20%, for non-
verbal behavior. More will be said about these possibly
unexpectedly high values in the next section.

There are various possibilities of establishing the
course of the curve between the limits of –1 and +1. The
two subintervals, [0…k_] and [k_…n], maybe viewed
separately and each given a linear course. Some alterna-
tive suggestions are discussed in Thomann (2001), such
as measures based on information theory. The DO+ and
DO2 values associated with an empirical k value are ex-
pressed as a fraction of the maximum and minimum DO
values, respectively:

DO1 5 (k 2 k_)/(n 2 k_) (for k > k_)

DO2 5 (k 2 k_)/k_ (for k < k_).

With the values from Figure 2 of k = 340, k_ = 78.1,
and n = 509, the resulting value of DO is .61, whereas in
the case of Figure 3, DO = .31. Comparison of these val-
ues with the absolute degrees of agreement of .67 and
.44 mentioned above illustrates clearly the effect of the
standardization. The contrast between agreement as it
appears visually and agreement as empirically derived is
even greater for Figure 3. Notice that the number of nu-
clei z does not enter into DO, but rather only the total
number of nucleus markings k. The DO thus gives no in-
formation on the distribution of nucleic size in the con-
figuration. Agreeing markings can be organized in a few
large or in many small nuclei, both of which can lead to
the same DO, but to different interpretations. A small
number of large nuclei can be interpreted as the result of
a strongly “unifying” influence of the material on the ob-
servers. Many small nuclei also signify agreement. How-
ever, this can be interpreted to mean that although a great
many places in the material are marked by a collective of
observers, the collectives are relatively small. In other
words, the observers form only “local” alliances.

In analogy to DO, a measure could be introduced with
which the empirical number of nuclei z in a configura-
tion could be referenced to the number of nuclei z_ aris-
ing by chance. Such a “degree of concentration” also

having a range of values between –1 and +1 would be
positive—for instance, if there are fewer nuclei in the
empirical configuration than would occur in the random
configuration (i.e., a strong concentration of k in a small
number of nuclei)—and negative in the opposite case.
For a detailed discussion of this, see Thomann (2001).

Monte Carlo Simulation of Random
Configurations

The k distributions resulting from random configura-
tions are determined through Monte Carlo simulations.
Figure 7 shows the relationship between the number of
markings n and the number and size of emerging nuclei
for two different random distributionsof marking lengths.
In Figure 7A, the marking lengths are randomly and uni-
formly distributed within the interval [1…200 units],
whereas in Figure7B they are randomly and uniformly
distributed within the interval [0…20 units]. In both
cases the material length is taken to be 1,000 units,
within which the starting points of the markings are ran-
domly and uniformly distributed. The diagrams on the
left show in both cases a snapshot of n = 100 markings
distributed by the random generator and sorted in the
manner described above. Noteworthy on the one hand is
the “resistance” to the developmentof strong nuclei with
an increasing number of markings n, and on the other
hand the strong dependency of nuclei formation on the
length of the markings. With n = 200 long markings
(Figure 7A), about k = 23 nuclei markings, or roughly
11%, are formed; with short markings (Figure 7B), how-
ever, this is about 30%. This dependence and the (possi-
bly unexpectedly high) values of random agreement un-
derline the importance of using a significance concept
for empirical configurations instead of absolute values.

This also applies to the global relationship among
number of markings n, their distribution of length, and
the number of emerging nucleic markings k. This rela-
tionship is a rather complex one, and it yields—possibly
again unexpected—local maxima and minima (Figure 8).

Some Remarks Regarding DO
DO and Cohen’s k in nuclei. DO is obviously a weak

measure relative to Cohen’s k and measures that are
based upon metric criteria. To utilize the power of k in
spite of this, k could be calculated for nucleus markings
only. However, it is easy to see that in configurations
such as those in Figures 2 and 3, very small k values
would result that would lie far below the values of k > .7
that are typically demanded in psychological research.
In the single nucleus, there is as a rule only a small sub-
set of observers represented (and from nucleus to nu-
cleus a different subset), so that pairwise comparisons
between all of the observers involved in the configura-
tion naturally yield very low values of agreement.

DO and additional information. Nevertheless, in
configurations such as those in Figures 2 and 3, there is
agreement and structure that differ from completely ran-
dom configurations. The DO represents that minimal

Figure 6. Degree of organization (DO). For explanations, see
text.
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amount of agreement information that can be derived
from such configurations if no additional information is
available or—for whatever reasons—additional infor-
mation should not be utilized. In practical cases, such in-
formation, as noted, is available to a greater or lesser ex-
tent, such as, for example, category-forming marking
objects (facial expressions, hand movements, and the
like) in markings of nonverbal events. Asking for such
information from the observer or taking account of such
information given can be utilized for finding variants of,
and a more precise, DO. The subdivision of markings in
a “verbal” and a “nonverbal” group according to Figures
2 and 3 does in fact take account of additional informa-
tion that the observer was asked to give and that led to
two different DOs. Since all such conceivable variations

of DO start from a mutually shared “ideal” DO, there is
better comparability among them.

DO range. The two configurations in Figures 2 and 3
show DOs of .61 and .31. Is this high or low? There is no
way to tell as yet. A comparison with traditional k value
ranges is not very helpful, because the DO is about an-
other form of agreement entirely. Just as for Cohen’s k,
some empirically established figures are needed, ac-
cording to which, say, an increase in DO from .5 to .6
could be compared with an increase from .8 to .9 in an
appropriate manner. The same holds with regard to de-
termining validity criteria as well, which have been de-
veloped gradually in individual social scientific areas for
Cohen’s k and, for example, for correlation coefficients
as well.

Figure 7. Relationship between number of markings n and number and size of developing nuclei. For explanations, see text.
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Studying Growing Configurations
A possible strength of the DO may lie in its suitability

for studying growing configurations. The starting point
for consideration of growing configurations is the fol-
lowing question: What is the appropriate time span for
working with a given set of material, and how many ob-
servers should be employed? To study this issue, the 17
observers already mentioned were asked to mark and
comment on the material again and again in a total of six
sessions of 45 min each. Figure 9a shows the growth of
the markings with an increasing number of sessions and
an increasing number of observers in the form of a ma-
trix. Figure 9b shows the development of the corre-
sponding DO.

Matrix 9a reads as follows: The first cell at top left
contains, with n = 5.41, the number of markings made by
1 observer following one session as the average of the
markings of all 17 observers. The cell immediately
below that cell contains, with n = 10.82, the average
number of markings made by all possible pairs (here
there are 136 possible pairs) of the 17 observers. The cell
to the right of the first cell contains, with n = 11.00, the
total number of markings made by 1 average observer
following two sessions (Sessions 1 and 2 taken together).
This continues vertically in an analogous fashion with
all observer trios, quartets, and so on, and horizontally
for the accumulation of further sessions.

The matrix represents the total of n = 509 verbal mark-
ings shown in Figure 2 (cell at bottom right). It shows quite
steady growth of n in both directions, which of course
arises through the calculated averages mentioned above.
In analogous fashion, Figure 9b reveals the changes—
also mainly growth—in the average DO associated with

each average n. The value of .0528 for 2 observers and
one session is thus the mean of all DOs of the 136 pos-
sible pairs of observers.

The initial question can now be reformulated in a new
way and answered: Given a limit of 12 working hours in
all, for instance, should 12 observers work 1 h each or 2
observers 6 h each? Both cases result in approximately
the same configuration size (marked cells in Figure 9a),
but they show substantial differences in agreement
(DO12 3 1 5 .41 vs. DO2 3 6 5 .11, marked cells in Fig-
ure 9b). The answers to questions of this kind are thus
scalable. In the present example, the result can be inter-
preted as follows: If a high level of agreement is of pri-
mary interest, then many observers should work for rel-
atively short time periods; if, however, the objective is to
obtain the greatest possible variety of different observa-
tions, the strategy of having few observers work over
longer periods of time should be applied.

Further Applications
The concept of agreement outlined above opens up a

number of new possibilities for research.
Agreement of markings versus agreement of the

accompanying comments. On the basis of the assump-
tion that comments—in the form as mentioned above,
for example—are categorized in a suitable content-
analyticalmanner, a configuration can be examined to de-
termine whether or not an agreement of markings is asso-
ciated with an agreement of correspondingcomments. For
instance, we can ask whether there is stronger agreement
among commentaries in strong than in weak nuclei.

Studies on the marking behavior of observers. The
definitionof DO does not require that all observers make

Figure 8. The number of markings in nuclei (k) as a function of the number of markings (n) and their
maximum length. The lengths of the markings are randomly and uniformly distributed between 1 unit
and the given maximum length (x-axis). Length of the material: 1,000 units.
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the same number of markings. Therefore, the following
question can be investigated: Do observers who mark
considerably more events than others also mark more
idiosyncratically? That is, do they produce a dispropor-
tionately greater share of markings that do not form nu-
clei, or do they simply agree with a correspondingly
greater number of other observers? Individual observers
in a collective of observers can be differentiated with re-
gard to whether their markings lie mainly within nuclei
or mainly outside nuclei. The former could be said to
show “mainstream” marking behavior, whereas the
marking behavior of the latter might be described as
“idiosyncratic” or “exotic.”

Temporal effects. How do the agreement measures
change through the course of a longer observation pe-
riod? Are the differences in marking among observers
neutralized over the course of a given period of observa-
tion, due to the fact that observers tend to mark the same
places in the material but in a differing temporal se-
quence? Or does a longer period of observation lead to
an increase in marking differences because, after having
reached agreement on markings of eye-catching places,
individual preferences take on greater significance?

Comparing different observer categories. Observers
that are a priori assigned to various categories (such as
observers having a particular therapeutic orientation, ex-
perts as opposed to laypersons, or observers with or
without prior information about the material to be inves-
tigated) can be differentiated according to the observa-

tions that they find relevant and also according to the de-
gree of interrater agreement within their category. In this
way, for example, experts could stand out by virtue of
the fact that they not only mark more “relevant” phe-
nomena than laypersons (however relevant is to be de-
fined) but also show higher intermarker agreement in
this among themselves. A further application is con-
ceivable in the field of training for observation and judg-
ing, in that teachers’ markings could be compared with
students’ markings.
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