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ABSTRACT
This paper discusses a newly-developed method for
comparing the factors used by different prosodic labelers i n
intonational transcription. Four experienced intonational
transcribersÕ tone similarity judgments were elicited, and
these judgments were submitted to a multi-dimensional
scaling analysis. From this analysis, we can determine
dimensions and tonal clustering in each transcriber, and the
subjective similarity space for the categories in an
intonational transcription system. This information i s
crucial for studies which measure inter-transcriber
reliability, in which it is important to determine not just
whether transcribers differ from each other but also how they
differ.
1. INTRODUCTION
Prosodic transcription is being used currently to produce
databases of prosodically labeled speech, which are useful
for investigations of intonational phenomena. Prosodic
transcription involves labeling of relatively high and low
tones. In the process of identifying tonal events in the
signal, many factors are taken into consideration, including
the shape and level of the F0 contour in the region under
consideration, the perceived stress of the syllable associated
with these F0 changes, and the degree of disjuncture between
words.
ToBI (Tones and Break Indices) is a labeling standard
used for the transcription of English intonation, including
mainstream varieties of American English [1]. We will be
concentrating on the tonal level, which describes
movements between relatively low (L) and high (H)
fundamental frequency (F0). These L and H elements (as well
as combinations of them) make up the inventory of pitch
accents (associated with stressed syllables) and edge tones
(aligned with the right edge of a phrase). There are two
mono-tonal pitch accents, represented by H* and L*. There
are two rising bi-tonal pitch accents, represented by L+H*
and L*+H, where the * indicates association of the starred
tone with the stressed syllable and the + indicates that the
other tone is leading or trailing, but not associated to a
particular syllable.
Downstep also occurs in English
intonation, represented in the set of pitch accents by !H*,
L+!H*, L*+!H, as well as H+!H*. This gives a total of 8
pitch accents in the inventory. L and H elements also make
up the inventory of phrase accents and boundary tones.
Phrase tones, which delineate intermediate phrases, are
represented by H- or L-. There is also the possibility of a
downstepped phrase accent in English intonation,
represented by !H-. Boundary tones, which delineate
intonational phrases, are represented by H% or L%.
Because of the many factors involved in labeling and
because of the many possibilities in types of tones in the
ToBI transcription system, we were curious to examine
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which dimensions affect transcribersÕ choices of tone labels
and the relative importance of each dimension.
For example, an F0 movement from a low to a high
value somewhere in an utterance could be analyzed in a
number of ways. Some possibilities include analyzing this
as a single, bitonal pitch accent, with both L and H
components. These would be L+H* or L*+H, differing i n
which tone is anchored to the stressed syllable.
Alternatively, the low portion could be analyzed as a L*
pitch accent anchored to a syllable with phrase level stress,
with the high portion being a H- phrase accent (resulting i n
L*H-). Yet another alternative is to analyze the low portion
by labeling it as a L- phrase accent, with the high portion
being a H% boundary tone (L-H%). What would differentiate
between these analyses would be, for example, the
perception of prominence in the syllable with the low F0,
which would indicate that the low portion of the F0 could be
accounted for by a pitch accent containing a L* (L*+H or
L*). The absence of such a percept of prominence in the low
F0 area would lead the transcriber to account for the low F0
by a leading L+ tone in a bitonal L+H* pitch accent. If there
were a subjective sense of disjuncture after this low F0 area
which implied a phrase break, then this region of low F0
could be accounted for by a L- phrase accent followed by a
H%. Thus, different analyses of a particular tonal event can
be chosen on the basis of a number of dimensions.
The factors described above not only govern
transcribersÕ decisions during labeling, but also come into
play in defining which tones are similar for a transcriber.
For example, a L+H* could be considered to be similar to a
H* along several dimensions:
both accents are quite
prominent, involve a high pitch level, and may have very
similar pitch shapes in phrase-initial position. Thus, one
question is whether transcribers have similar subjective
impressions of tone similarities.
Using the type of
generalization stated above, Pitrelli et al. [2] merged certain
tonal categories in their inter-transcriber reliability
analysis. Nakatani [3] and Jannedy [4] also merged tonal
categories in their analyses.
This paper aims to evaluate such intuitions about
similarity in tones by eliciting tone similarity judgments
from several experienced intonational transcribers. We use
these similarity judgments in a multi-dimensional scaling
analysis (MDS) in order to observe the dimensions used b y
different transcribers as well as to find clustering patterns of
tones within different transcribersÕ tone similarity spaces.
(This study expands on work by Herman [5].)
2. METHODS
2.1.
Subjects
We elicited tone similarity judgments from four transcribers,
experienced in ToBI labeling. All of the subjects had at least
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a year of experience in ToBI transcription and are native
English speakers.
2.2.
Elicitation of Tone Similarity
The 4 subjects completed a questionnaire consisting of a list
of comparisons between pairs of tones. This was an abstract
comparison based on their previous experience with ToBI
transcription, not based on any exemplar tokens.
Comparisons consisted of (a) pitch accent vs. pitch
accent, (b) edge tone vs. edge tone, and (c) pitch accent vs.
edge tone. That is, each of the 9 pitch accent possibilities
(the 8 accent types plus ÒunaccentedÓ) was compared to each
of the 8 other categories. For example, L* vs. H* would be
one comparison. Another comparison would be L* vs.
unaccented.
Another group of comparisons in the
questionnaire consisted of comparisons of edge tones with
each other. This group included the 3 phrase accent types (L, H-, and !H) and the 6 combinations of phrase accent and
boundary tones (L-L%, L-H%, H-H%, H-L%, !H-L%, and !HH%). ÒNo edge toneÓ was included for comparison (making
ten types). Each of these 10 types was compared to every
other edge tone type. Examples of these comparisons are Lvs. H- , L- vs. L-L% and L-L% vs. L-H%. The final group of
comparisons included comparisons of pitch accent types (of
which there were 9) with edge tone types (of which there
were 10). Comparisons were organized into these three
groups to facilitate subjectsÕ judgments.
Subjects judged each pair on a 7-point scale, with 1
being Òmost similarÓ and 7 being Òmost differentÓ (i.e.
L*+H H+!H* 1 2 3 4 5 6 7 ). Each subject made
171 judgments.
2.3.
Multi-Dimensional Scaling
The tone similarity judgments for each subject were entered
into a matrix, and multi-dimensional scaling was used t o
create maps of the similarity spaces. SPSS was used for this
analysis [6]. MDS uses similarity judgments and represents
the similarity among items as distance within a geometrical
similarity space.
MDS calculates similarity maps i n
multiple dimensions, and each tone has Cartesian
coordinates within the multi-dimensional space. The fit of
the map to the data is calculated as the percent of variance
accounted for, and this R2 value is used to select the map
with the optimal number of dimensions for the data. In this
experiment, the dimensions are expected to be interpretable
as corresponding to degree of disjuncture, perceived stress,
pitch shape, or pitch level.
3. RESULTS AND DISCUSSION
3.1. Variance Accounted For
The R2 values for solutions with 1-5 dimensions are given
for each subject in Table 1. The R2 value selected as optimal
(that is, showing an improvement of at least .10 from one
dimension to the next) is given in bold print for each
subject. Subjects differed in the number of dimensions i n
the optimal solution. Two of the subjects (subject 2 and
subject 3) showed the most improvement in R2 values i n
increasing from one to two dimensions, with the increase t o
subsequent dimensions showing little improvement. For
these subjects, the two-dimensional map was selected as
optimal. The other two subjects (subject 1 and subject 4)
showed little improvement in fit beyond the third
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dimension. For these two subjects, the three-dimensional
map was selected as optimal.

1-D
2-D
3-D
4-D
5-D
Table 1.

subj.1
subj.2
subj.3
subj.4
.35714
.50431
.68001
.33923
.60721
. 7 3 4 9 1 . 8 3 0 8 5 .51747
. 7 5 2 3 8 .80842
.89181
.70217
.80945
.85304
.92968
.74507
.84313
.87716
.95236
.82136
R2 values for the 4 subjects for maps increasing
from 1-dimensional to 5-dimensional.

3.2.
Dimensions
3.2.1. Edge Tones vs. Pitch Accents. For three of
the four subjects, the first (and most important, accounting
for the most variance) dimension corresponds to the
distinction between edge tones and pitch accents. This
distinction is depicted in Figure 1, the two dimensional map
for subject 3. The line that runs from top to bottom of the
graph separates edge tones from pitch accents. All phrase
tones and boundary tones are located on the right side of the
graph, while all pitch accents are on the left. This pattern i s
consistent with results from subject 1 and subject 4. The
dimensions corresponding to Subject 2Õs responses are
different from all other subjectsÕ in that there was no clear
separation of pitch accents and edge tones along any
dimension.
High
Pitch

Pitch Accents
H*
H+!H*

L+!H*
L+H*
L*+H
L*+!H

Edge Tones

H-H%
HH-L%
!H-H%
!H-L%
!Hno*
no-%

!H*
L*
Low
Pitch

L-H%
LL-L%

Figure 1. Subject 3Õs 2-D map.
The separation of pitch accents and edge tones in three
of the subjectsÕ results matches the strong intuition that
pitch accents and edge tones are different types of pitch
events. There are many F0 patterns which might appear
identical if considering only the F0 shape. The tonal pattern
from a low to high F0 could be analyzable as either a L*+H
pitch accent or a L-H% (as discussed in the introduction).
However, our results reveal that most transcribers
conceptualize these two patterns quite differently. Examples
such as this underscore the need for an investigation of the
acoustic phonetic features which correlate to this perceptual
distinction. This has important implications for automatic
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labeling of intonation. Other types of acoustic information,
which might include intensity and duration in addition to F0,
must be incorporated into the automatic labeling algorithm.
3.2.2.
Pitch-Related Dimensions.
While the first
dimension clearly distinguishes between edge tones and
pitch accents for three of the four subjects, the subsequent
dimensions differ from subject to subject. For Subject 3
(Figure 1), the second dimension is related to pitch level.
All edge tones containing an initial H- phrase accent fall i n
the upper right ÒquadrantÓ; two of the three pitch accents
containing an initial H component fall in the upper left
ÒquadrantÓ. (The one pitch accent not fitting the pattern,
!H*, is usually realized lower than a H* in the pitch range.)
Tones beginning with a L component all fall in the lower
two ÒquadrantsÓ. The Òno-accentÓ (no*) and Òno edge toneÓ
(no-%) both fall on the dividing line between the high and
low regions in the map. Thus, there is a progression from
lowest pitch level at the bottom to highest pitch level at the
top.
Subjects differed in the number of pitch-related
dimensions that they have in their results. All subjects have
at least one pitch-related dimension, as one would expect
given that pitch has been found to be a primary correlate of
intonational prominence in English [7].
The second
dimension for subject 3 clearly illustrates this, as just
discussed. The results from subject 1 also reveal only one
pitch-related dimension. However, this subjectÕs pitchrelated dimension was the third dimension (with his second
dimension being degree of disjuncture).
Subjects 2 and 4 both had two pitch-related dimensions.
The two dimensions accounting for subject 2Õs responses
appeared to be pitch related. In general, this subject may
have relied on pitch to a greater extent than the others,
having had extensive musical training in his life. Because
subject 2 only had two dimensions, neither having a split
between pitch accents and edge tones, subject 4Õs responses
will be discussed in greater detail. (Results from subjects 1
and 2 will not be discussed further due to space constraints.)
Subject 4Õs first dimension was a distinction between edge
tones and pitch accents. Both figure 2, which plots
dimension 1 against dimension 2, and Figure 3, which plots
dimension 1 against dimension 3, illustrate this clear
distinction. Edge tones fall on the right half of each graph,
and pitch accents fall on the left. While both the second and
the third dimensions are related to pitch, dimension 2 i s
related to pitch level and dimension 3 is related to pitch
movement.
Dimension 2, which defines the y-axis in Figure 2, i s
related to pitch level. Tones starting at a high level are i n
the top half of this graph while tones starting at a low level
are in the bottom half. The H* pitch accent appears in the
upper left quadrant of the graph. This pitch accent begins at
a relatively high level in pitch. Directly below is !H*,
produced at a lower pitch level. Below that are the various
rising accents (all of which start low), the H+!H* (which
falls to mid level on the accented syllable), and L*. A
similar pattern appears with the edge tones. Edge tones
containing H- are in the upper right quadrant, those
containing !H- are in the middle, and those containing Lare in the lower right quadrant (except for L- alone, which
falls in the middle of the map).
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Dimension 3, which defines the y-axis in Figure 3, i s
related to pitch movement. Falling tones are in the top half
of this graph while rising tones are in the bottom half. This
generalization holds for both pitch accents and edge tones.
H+!H* represents a fall, and it is towards the top of the map.
L+H*, which has a rise, is at the bottom. There is a
progression from falling pitch accents at the top to rising
pitch accents at the bottom of the graph. Similarly, the edge
tone often produced with the steepest fall (when realized after
the more common pitch accents ending with a H tone, e.g.
H*L-L%) appears at the highest level in the upper right
quadrant of Figure 3; at the very lowest level is the edge
tone, H-H%, realized as a steep rise after a pitch accent
ending with a L tone (e.g. L*H-H%). There is a progression
from falling pitch patterns to rising pitch patterns between
L-L% and H-H% in this dimension.

High
Pitch

Pitch Accents
no-%

Edge Tones
H-

no*
H*
!H*

H-L%

H-H%
L-!H-

L+!H*

L+H*
H+!H*

!H-H%
!H-L%

L*+!H
L*
L*+H
Low
Pitch

L-L%
L-H%

Figure 2. Dimension 1 plotted against dimension 2 for
subject 4.

Pitch Accents
Falling
Pitch
H+!H*
!H* no-%
no*
L*
L+!H*
L*+!H

EdgeTones
L-L%
L!H!H-L%
!H-H%
L-H%H-L%
H-

L*+H
H*
Rising
Pitch

H-H%
L+H*

Figure 3. Dimension 1 plotted against dimension 3 for
subject 4.
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3.3
Tone Similarity
The distance between tones within the maps derived from
MDS represents their degree of similarity (or dissimilarity).
If two or more pitch events are clustered together, then one
can conclude that these pitch events are perceptually similar
to one another. This is a way to test intuitions about the
similarity between tones. Pitrelli et al. [2], for example,
merged L+H* and H* into one category. They also merged
each downstepped pitch accent with its non-downstepped
counterpart in one of their calculations of intertranscriber
reliability.
In order to illustrate the clustering of tones, we will
compare the results from subject 3 and 4 (for ease of
exposition, having already described their tone similarity
spaces above). In comparing these results, it is important t o
compare clustering along similar dimensions. The first
dimension for both subjects was the separation between edge
tones and pitch accents and the second dimension was the
separation between high and low pitch level (see Figures 1
and 2). Four pitch accents (L+!H*, L+H*, L*+H, L*+!H), all
rising from L to H, cluster together for subject 3. This result
can be compared to a similar cluster in subject 4Õs map. For
this subject, three pitch accents (L*+H, L*, L*+!H), all
containing a L* element, cluster together. L*+!H and L*+H
are the common elements shared between these two clusters.
Notice, however, that for subject 3, L* is not a part of the
group in question while for subject 4, this pitch accent is the
common element of all the tones in the cluster.
Furthermore, the defining characteristic for subject 3 is a rise
within the pitch accent which is not a defining characteristic
for any one group within subject 4Õs data.
3.4
Weighting Tone Similarity
These differences in how tones cluster together could be used
to guide the comparisons between labelersÕ transcriptions.
For each subject, tones could be assigned a dissimilarity
weight between Ò0Ó and Ò1Ó, where 0 means Òthe sameÓ (that
is, in exactly the same location), and 1 means Òcompletely
differentÓ (that is, maximally separated on the map). For
each disagreement between transcriptions, the dissimilarity
weight between those two transcriptions could be calculated
for both subjects and then the overall dissimilarity would be
the average of these two weights. In the simplest case, there
would be very low dissimilarity between L*+H and L*+!H for
both subject 3 and subject 4 since they cluster together for
both subjects. So, if subject 3 describes a pitch event as
L*+H and subject 4 describes the same pitch event as L*+!H,
the average dissimilarity between these transcriptions would
also be low. In a more complex example, the dissimilarity
rating between L* and L*+H for subject 3 might be closer t o
0.5, while it would be closer to 0 for subject 4. Then, if
subject 3 transcribed a L* for a pitch event for which subject
4 transcribed L*+H, then the average dissimilarity rating
between these transcriptions would thus be around 0.25.
Thus, rather than just counting ÒidentityÓ between tonal
transcriptions, this method would allow us to weight
dissimilarities using the transcribersÕ perceptions of tone
similarity.
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4. CONCLUSION
In conclusion, we have found that intonational transcribers
have different perceptual dimensions organizing their tonal
similarity spaces. Transcribers were found to have either
two or three-dimensional maps. The dimensions were
interpreted as edge tones vs. pitch accents, pitch level, and
pitch movement.
Within the multi-dimensional maps, clusters of tones
were noted. Tones which group together are subjectively
similar. Interestingly, tone clusters varied from subject t o
subject, even when comparing along the same dimensions.
This has implications for inter-transcriber reliability tests,
since it allows us to go beyond simply counting identical
transcriptions as agreements, and since it also allows for a
systematic way of merging tonal categories as has been done
(on the basis of intuitions and experience with labeling) i n
previous research. [2, 3, 4] Using the method of weighting
disagreements among transcribers gives an overall
dissimilarity rating between transcriptions which is more
informative. This calls for future research in which clusters
of tones and weighted disagreements are calculated in more
detail.
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