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Sensitivity to relations between pitches, called relative 
pitch, is fundamental to music experience and is the basis 
of the concept of a musical interval. A musical interval 
is created when two tones are sounded simultaneously or 
sequentially. They are experienced as large or small and as 
consonant or dissonant, and for musically trained listen-
ers, they are associated with category labels, such as the 
perfect fourth, the minor sixth, and the octave. Sequential 
intervals form the basis of melody and may occur in as-
cending or descending pitch directions.

Relative pitch allows us to perceive, appreciate, and 
remember melodies. Large melodic intervals, or leaps, 
form the basis for gap-fill melodies (Meyer, 1973) and 
are experienced as a point of accent (Boltz & Jones, 
1986; Drake, Dowling, & Palmer, 1991; Jones, 1987). 
Conversely, melodies sound more coherent or cohesive 
when they consist of a sequence of small intervals (Huron, 
2001; Russo, 2002). Interval size may also influence me-
lodic expectancy (Larson & McAdams, 2004; Margulis, 
2005; Narmour, 1990) and grouping (Deliège, 1987; Le-
rdahl, 1989; Lerdahl & Jackendoff, 1983). In short, there 
is a need for research whose aim is to identify factors that 
influence the experience of interval size. The goal of this 
study was to investigate relative pitch by obtaining magni-
tude estimates of interval size and assessing the influence 
of three factors: musical training, pitch register, and pitch 
direction (ascending or descending).

Psychophysical models of pitch can be used to make 
predictions about judgments of interval size. A logarithmic 

scale describes the most basic model of pitch. Category 
labels associated with intervals assume a logarithmic re-
lation between pitch height and frequency; that is, inter-
vals spanning the same log frequency are associated with 
equivalent category labels, regardless of transposition. Lis-
teners with musical training can explicitly label intervals 
(Killam, Lorton, & Schubert, 1975; Plomp, Wagenaar, & 
Mimpen, 1973). More important, judgments of interval 
size by musicians are resistant to the influence of context 
(J. A. Siegel & W. Siegel, 1977a) and exhibit steplike func-
tions characteristic of categorical perception (J. A. Siegel 
& W. Siegel, 1977b; see also Burns & Campbell, 1994; 
Burns & Ward, 1978). These findings imply that estimates 
of interval size may depend on musical training.

Drawing from early studies of tone perception by 
Titchener (1905, pp. 232–248), Stevens, Volkmann, and 
Newman (1937) questioned whether the psychophysical 
relation between pitch and frequency was logarithmic and 
used scaling techniques to derive a new scale, called the 
mel scale. A pure tone of 1000 Hz at 40 dB above thresh-
old was first defined as 1,000 mels, and the pitch in mels 
of other frequencies was determined by asking partici-
pants to adjust a comparison tone until it was perceived to 
be one half of the pitch height of a standard tone (method 
of fractionation). Although the mel scale and the logarith-
mic scale are roughly equivalent below 500 Hz, above 
500 Hz, the mel scale increases at a slower rate. That is, 
perceptually equivalent pitch interval sizes (in mels) span 
progressively smaller frequency ratios with higher and 
higher transpositions (Stevens et al., 1937; see also Beck 
& Shaw, 1961). These results suggest that estimates of 
interval size may depend on pitch register.

Another psychophysical scaling method, called the 
method of equal sense distances, involved presenting lis-
teners with a melodic interval and asking them to divide 
it into four equal pitch interval sizes (Greenwood, 1997; 
Stevens & Volkmann, 1940). Results based on this method 
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were similar to those based on the method of fractionation, 
but an asymmetry was revealed. When the interval was 
ascending (i.e., low tone first), participants set dividing 
frequencies higher than when the interval was descending. 
This asymmetry suggests that estimates of interval size 
depend on pitch direction.

Some researchers have questioned the relevance of psy-
chophysical scales such as the mel scale (Burns, 1999; 
Krumhansl, 1990, 2000; Shepard, 1999). First, the tasks 
used to derive the mel scale have ambiguous interpreta-
tions (e.g., half as high), and responses to the tasks are not 
always reliable (Rasch & Plomp, 1999). It has been argued 
that the mel scale cannot be derived from other measures 
of pitch, such as difference limens, critical bands, or equal 
cochlear distances (Greenwood, 1997, p. 200), and differ-
ent strategies of deriving the mel scale yield somewhat dif-
ferent functions (Lewis, 1942; but see Schneider, Parker, 
& Upenieks, 1982). Second, the ease with which listeners 
recognize and reproduce simple melodies independently 
of pitch register implies that frequency ratios are experi-
enced as invariant across transposition (Attneave & Olson, 
1971). Third, the mel scale was derived from judgments of 
isolated pure tones, which may have limited relevance to 
the way tones are perceived in a musical context.

Nonetheless, it is difficult to dismiss the data that were 
used to derive the mel scale. Specifically, they imply that 
there is a dimension of melody perception that is some-
what independent of the explicit labels associated with 
musical intervals (Makeig, 1982). This implication moti-
vated us to obtain direct estimates of the size of melodic 
intervals and to identify some influences on such judg-
ments. Trained and untrained listeners estimated the size 
of 48 different intervals ranging between 50 cents (one-
half semitone) to 2,400 cents (two octaves) presented in 
a high or a low pitch register and in an ascending or a 
descending pitch direction.

We considered the possibility that the ability to dis-
criminate intervals up to an octave might be somewhat 
different from the ability to discriminate intervals larger 
than an octave. Melodic intervals larger than an octave 
are extremely rare in music, suggesting that intervals up 
to an octave have a privileged perceptual status. Deutsch 
and colleagues made a similar distinction, observing that 
it takes more time to recognize intervals larger than an oc-
tave than it does to recognize intervals smaller than an oc-
tave. They proposed that recognizing intervals larger than 
an octave involves two stages. In the first stage, one of the 
interval tones is mentally transposed, so that both tones 
can be compared within the same octave range. In the 
second stage, interval recognition takes place (Deutsch, 
1969). Support for this hypothesis has been found in stud-
ies of melodic recognition (Deutsch, 1972), melodic dic-
tation (Deutsch & Boulanger, 1984), and tonal memory 
(Deutsch, 1978a).

METHOD

Participants
Twenty-eight students, 14 musically trained and 14 untrained, 

were recruited from the University of Toronto community. Untrained 

participants had 2 years or less of musical instruction (M � 0.57 
years, SE � 0.23) and no continued musical activity. They included 
10 females and 2 males ranging in age from 17 to 20 years, with a 
mean age of 18.5 years. Trained participants had 7 years or more of 
musical instruction (M � 11.07 years, SE � 0.55) and continued 
musical activity. They included 10 females and 2 males ranging in 
age from 17 to 25 years, with a mean age of 18.9 years. All the par-
ticipants were given course credit. No participant reported having 
abnormal hearing.

Stimuli
Seventy-three tones were constructed by additive synthesis with 

Praat software (Boersma & Weenink, 2004). The fundamental 
frequency of each tone was separated by 50 cents from its near-
est neighbor, falling within the frequency range of 87.3 Hz (F2) to 
698.5 Hz (F5). All the tones consisted of 12 equal-intensity compo-
nents (the fundamental and the first 11 overtones). Tones were used 
to create 48 melodic intervals (two-tone sequences) that varied in 
size (log frequency distance between tones) from 50 cents (one-half 
semitone) to 2,400 cents (two octaves). Each of the 48 intervals was 
presented in ascending and descending pitch directions and in low 
and high pitch registers. The three factors of interval, pitch direc-
tion, and pitch register were counterbalanced. Intervals in the low 
pitch register were centered on F3 (174.6 Hz), and intervals in the 
high pitch register were centered on F4 (349.2 Hz). For instance, the 
largest ascending intervals (2,400 cents) spanned F2 to F4 in the low 
pitch register and F3 to F5 in the high pitch register.

Procedure
Each participant completed two blocks each of ascending and 

descending trials for a total of 384 trials (48 intervals � 2 pitch 
registers � 2 directions � 2 blocks). Block presentation adhered to 
one of two orders: (1) ascending, descending, descending, ascend-
ing or (2) descending, ascending, ascending, descending. The two 
orders were counterbalanced across participants, and the order of 
presentation of trials within blocks was randomly determined for 
each participant.

The participants provided magnitude estimates of the size of each 
interval on a scale from 1 to 100. To discourage explicit mapping of 
known interval categories, a time limit of 5 sec (with a 3-sec warn-
ing) was imposed on each estimate. Before testing, the participants 
were familiarized with examples of the smallest interval (50 cents, 
defined as 1) and the largest interval (2,400 cents, defined as 100).

RESULTS

Magnitude estimates were subjected to a mixed-design 
ANOVA with training as the between-subjects measure 
and interval, pitch register, and pitch direction as the 
within-subjects measures. Timed-out trials represented 
1.3% and 1.0% of the trials for trained and untrained lis-
teners, respectively. In the event that a trial was timed out, 
the median rating for the trial corresponding to the listen-
er’s training group was substituted for the missing rating.

The main effect of interval was highly significant 
[F(47,1222) � 124.38, p � .0001], with estimates of 
interval size increasing with increases in the number of 
semitones separating the two pitches. Figures 1A and 1B 
are scatterplots of mean estimates of interval size by un-
trained and trained listeners, respectively, as a function 
of the size of intervals in semitones. For untrained and 
trained listeners, mean estimates of interval size (col-
lapsed across pitch direction) were highly correlated with 
log frequency distance [r(46) � .96. and 99, respectively; 
p � .0001]. Despite these high correlations, an inspection 
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of the scatterplots suggests that differentiation between 
intervals up to an octave was greater than differentiation 
between intervals larger than an octave (particularly for 
trained listeners). We will explore this effect in greater 
detail later.

Trained and untrained listeners were dissimilar in the 
extent to which they experienced intervals as differenti-
ated, leading to a significant two-way interaction between 
training and interval [F(47,1222) � 2.79, p � .0001]. 
Overall, trained listeners experienced greater differentia-
tion, as reflected in a more rapid increase in magnitude 
estimates with increasing interval size.

Estimates also varied depending on pitch register and 
pitch direction. Intervals presented in the high pitch reg-
ister were assigned larger estimates than were intervals 
presented in the low pitch register [M � 50.88 and 43.71, 
respectively; F(1,26) � 25.55, p � .0001]. Intervals pre-
sented in the descending pitch direction were assigned 
larger estimates than were intervals presented in the as-

cending pitch direction [M � 48.78 and 45.8, respectively; 
F(1,26) � 7.58, p � .05]. Neither pitch register nor pitch 
direction interacted with training; however, they did inter-
act with each other [F(1,26) � 104.13, p � .0001].

Figure 2 displays mean estimates of interval size for 
ascending and descending intervals presented in high and 
low pitch registers. In the high pitch register, larger esti-
mates of interval size were assigned to ascending inter-
vals than to descending intervals (M � 55.02 and 46.74, 
respectively). In the low pitch register, larger estimates of 
interval size were assigned to descending intervals than to 
ascending intervals (M � 50.83 and 36.58, respectively). 
There was also a significant three-way interaction between 
pitch register, pitch direction, and interval [F(47,1222) � 
7.55, p � .0001]. The interactive effects of pitch register 
and pitch direction, illustrated in Figure 2, were more evi-
dent for larger intervals than for smaller intervals.

To explore the effects of interval in greater detail, re-
gression coefficients representing the linear effects of 

Figure 1. Scatterplots of mean estimates of interval size by (A) untrained listeners and (B) trained listeners as a function of the size 
of the intervals in semitones.

Figure 2. Mean estimates of interval size for ascending and descending 
intervals presented in high and low pitch registers.
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interval size were computed for intervals up to an octave 
(small intervals) and intervals larger than an octave (large 
intervals). Regression coefficients were computed for 
each participant and each condition and were subjected 
to a mixed-design ANOVA, with training as the between-
 subjects variable and interval set (small or large), pitch reg-
ister, and pitch direction as the within-subjects variables.1

The value of the regression coefficients may be inter-
preted as a measure of the extent to which listeners differ-
entiated interval sizes. Higher coefficient values (steeper 
slopes) indicate increased differentiation; lower coeffi-
cient values indicate decreased differentiation. Figure 3 
plots the mean coefficients for intervals up to an octave 
(small intervals) and for intervals larger than an octave 
(large intervals). There was greater differentiation of 
small intervals than of large intervals [F(1,26) � 191.87, 
p � .0001]. The difference in slope between small and 
large intervals was more pronounced for trained listen-
ers than for untrained listeners, leading to an interaction 
between training and interval set [F(1,26) � 15.61, p � 
.001]. Trained listeners showed greater differentiation 
than did untrained listeners for small intervals [t(27) � 
4.635, p � .0001], but the two groups showed comparable 
differentiation for large intervals [t(27) � 1, n.s].

Regression coefficients also indicate the extent to 
which listeners mapped equal (logarithmic) changes in 
fundamental frequency with equal changes in magnitude 
estimation. Because the smallest and largest intervals 
were explicitly defined as 1 and 100, respectively, and the 
largest interval presented was 24 semitones, an optimal 
mapping of log frequency onto magnitude estimations 
should have resulted in a y-intercept of 0 and a regres-
sion coefficient of 100 � 24, or 4.167. As can be seen in 
Figure 3, regression coefficients were best predicted by a 
logarithmic mapping for judgments of small intervals by 
trained listeners.

The Appendix provides psychologically determined 
scales of interval size for different levels of pitch register 
and pitch direction at different levels of musical experi-
ence. Each scale was derived from the polynomial func-
tion (second order) that best fit mean interval estimates 
for the 48 intervals tested.

DISCUSSION

Judgments of interval size increased with increases in 
the number of semitones between the two tones. However, 
this association depended on the listener’s level of musical 
training, the pitch register of the interval, the direction of 
melodic motion, and whether or not the interval was larger 
than an octave.

For intervals up to an octave, differentiation of inter-
vals was greater for trained than for untrained listeners, 
as reflected in the slope of the regression lines describ-
ing estimates as a function of interval size. Responses by 
trained listeners were consistent with a logarithmic map-
ping of fundamental frequency for intervals up to an oc-
tave. Presumably, trained listeners are especially sensitive 
to differences between intervals up to an octave because of 
their extensive experience with these intervals. However, 
we cannot rule out the possibility that the observed differ-
ences attributed here to training actually reflect underly-
ing differences in predisposition for musical processing 
(see, e.g., Deutsch, 1978b). Trained listeners may have 
had an early predisposition for musical processing that led 
them to pursue formal studies.

For intervals larger than an octave, the slope of the re-
gression lines was similar for trained and untrained lis-
teners. For both groups, regression coefficients suggested 
less differentiation than was observed for intervals up to 
an octave. The similarity in results for the two groups sug-
gests that the effects of musical training are not observed 

Figure 3. Mean coefficients (interval differentiation) of untrained and 
trained listeners for small and large intervals. Dotted line represents the 
logarithmic mapping of frequency onto interval size estimates.
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for intervals larger than an octave, perhaps because such 
intervals occur infrequently in music. That is, effects of 
training may be limited to intervals that occur frequently 
in music and do not generalize to intervals that occur infre-
quently. A second possibility is that the component tones 
of intervals larger than an octave were streamed apart at a 
psychoacoustic level (Bregman, 1990) and that this pro-
cess occurs independently of musical training. Trained and 
untrained listeners might differ in their ability to estimate 
the magnitude of intervals that form a single stream but 
might not differ in their ability to estimate the magnitude 
of difference between tones in separate streams.

Intervals presented at a high pitch register were judged 
to be larger in size than were equivalent intervals presented 
at a low pitch register. This finding is consistent with pre-
dictions based on the mel scale (R. J. Siegel, 1964; Ste-
vens & Volkmann, 1940; see also Stumpf, 1883). To our 
knowledge, however, the present study is the first to report 
an effect of pitch register on direct estimates of interval 
size for a wide range of intervals that include those found 
in music. Although our data do not address the question 
of whether changes in pitch register influence interval 
recognition or classification, they suggest that identical 
intervals played at different pitch registers are perceived to 
be different in size on a phenomenological level.

The mel scale suggests that above 500 Hz, the perceived 
size of intervals formed by two pure tones should expand 
with increasing pitch register. The majority of intervals 
tested in the present study (76%) were formed using two 
complex tones with fundamental frequencies that were 
below 500 Hz (i.e., B4 or lower). Indeed, all the intervals 
up to an octave (small intervals) had component tones 
below 500 Hz, and in a reanalysis of these intervals, the 
effect of pitch register persisted [F(1,26) � 10.93, p � 
.01]. Quite possibly, the effect of pitch register was ob-
served because the upper harmonics of all tones tested 
fell above 500 Hz. This explanation is consistent with 
research indicating that spectral content influences judg-
ments of interval size (Russo & Thompson, 2005).

Intervals presented in the descending pitch direction 
were judged to be larger than equivalent intervals pre-
sented in the ascending pitch direction. Statistical analy-
ses of music indicate that descending intervals are smaller, 
on average, than ascending intervals (Vos & Troost, 1989; 
see also Meyer, 1973, p. 145). These statistical regulari-
ties may be internalized by listeners and used as standards 
against which new intervals are interpreted. Thus, a given 
descending interval may be experienced as larger than an 
ascending interval of the same size because adaptation 
levels for interval size predispose listeners to expect de-
scending intervals to be small (Helson, 1964).

There was also a significant interaction between pitch 
direction and pitch register. In the high pitch register, 
larger estimates of interval size were assigned to ascend-
ing intervals; in the low pitch register, larger estimates of 
interval size were assigned to descending intervals. Such 
directional asymmetries have been reported with other 
methods of psychophysical scaling (Greenwood, 1997). 
One explanation for this interaction relates to the influ-

ence of long-term expectancies. Trained and untrained 
listeners are sensitive to the pitch range in which pitches 
and intervals occur (Marley & Cook, 1984) and may ex-
pect melodic intervals to move toward the center of that 
range. Such expectancies would arise because melodic 
intervals in music move toward the center of the musical 
pitch range with greater statistical frequency than they 
move away from it (von Hippel & Huron, 2000).2 When 
the initial pitch of a melodic interval is higher than the 
center of the established pitch range, an ascending interval 
will bring the second pitch further from the center than 
will a similarly sized descending interval. Conversely, 
when the initial pitch of a melodic interval is lower than 
the center of the musical pitch range, a descending in-
terval will bring the second pitch further from the center 
than will a similarly sized ascending interval. Movement 
toward an unexpected event may be perceived as more 
salient than movement toward an expected event (see also 
Bartlett, 1993; Bharucha & Pryor, 1986; Schellenberg, 
2001), and these differences in salience may be reflected 
in estimations of interval size.

A related explanation takes into consideration models 
of similarity between prototypical and nonprototypical 
exemplars of categories. Rosch (1975) reported that non-
focal colors are judged to be more similar to focal col-
ors than the other way around. Tversky and Gati (1978) 
observed comparable asymmetries with prototypic and 
atypical exemplars of abstract categories. They argued 
that such asymmetries are due to attentional factors, so 
that distinctive features of the target are weighted more 
heavily than distinctive features of the base. For melodic 
intervals, pitches that fall outside of the expected range 
of pitch may be perceived as nonprototypical and distinc-
tive, so that movement from a prototypical pitch toward 
a nonprototypical pitch connotes less similarity between 
pitches than does movement in the opposite direction (see 
also Krumhansl, 1979, 1990).

Effects of pitch register and pitch direction were ob-
served not only for untrained listeners, but also for trained 
listeners. It has also been found that estimates of interval 
size by trained listeners are influenced by timbre (Russo 
& Thompson, 2005). Insofar as trained listeners can clas-
sify and label melodic intervals, these findings suggest a 
distinction between the distance-quality of pitch intervals 
and the analytic labels associated with those intervals.

CONCLUSION

Models of melodic perception often draw distinctions 
about whether an interval is small or large or whether 
a sequence of intervals proceeds from small to large or 
from large to small (Deliège, 1987; Jones, 1987; Larson 
& McAdams, 2004; Lerdahl, 1989; Lerdahl & Jackendoff, 
1983; Margulis, 2005; Narmour, 1990). The relation be-
tween the physical and the perceived sizes of an interval 
is dependent on its pitch register and pitch direction, as 
well as on the experience of the listener. Thus, intervals 
that are disparate in physical size can, in some contexts, 
be similar in perceived interval size. As is documented 
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in the Appendix, for example, an ascending interval of 
seven semitones presented in the low pitch register was 
perceived by untrained listeners as roughly equivalent 
in size to a descending interval of three semitones (re-
gardless of pitch register). Given that seven semitones 
generally is understood to be a large interval and three 
semitones a small interval, these scales have important 
implications for predictions about the effects of interval 
size. In particular, they may be used in place of the con-
ventional (logarithmic) scale, increasing the specificity of 
predictions about such issues as the perception of accent 
or grouping structure, melodic expectancies, and a range 
of other auditory phenomena, both musical and nonmusi-
cal (e.g., prosody and auditory display).
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NOTES

1. We performed a secondary analysis of slopes to assess whether 
compatibility of intervals with the chromatic scale influenced es-
timates. Half of the intervals tested are compatible with a chromatic 
scale (100 cents, 200 cents, 300 cents, etc.), and half are not (50 cents, 
150 cents, 250 cents, etc.). Slopes were determined (as described above) 
for chromatic and nonchromatic intervals up to an octave and larger 
than an octave. These slopes were subjected to a mixed-design ANOVA 
with training as the between-subjects variable and with chromatic scale 

(compatible or incompatible) and interval set (small or large) as the 
within-subjects variables. The mean slope for chromatic intervals was 
nearly identical to the mean slope for nonchromatic intervals [M � 2.8 
and 2.84, respectively; F(1,26) � 1]. Moreover, none of the interactions 
involving chromatic scale was significant.

2. Although its well established that long-term pitch distributional 
information is internalized by listeners and that it has strong influence 
over perceptual judgments, it is also possible that pitch distributional 
information yielded by the experimental design (i.e., central pitches oc-
curred more frequently) may have led to short-term expectancies that 
favored movement toward the center of the established pitch range. 
Denial of these short-term expectancies may have contributed to larger 
estimates of interval size. However, the influence of short-term expec-
tancies should have increased only as a participant progressed through 
the four blocks of the experiment and became more familiar with its 
pitch distributional information. In a reanalysis of interval size estimates 
made in the initial block of trials, we found that means for ascending 
and descending intervals in the high and low pitch registers were nearly 
identical to the corresponding overall means (all differences were within 
5%). This finding is consistent with the suggestion that the observed 
interaction between pitch direction and pitch register was due primarily 
to long-term expectancies for movement toward the mean pitch.
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APPENDIX
Scales of Interval Size for Different Levels of Pitch Register and Pitch 

Direction at Different Levels of Musical Experience
Trained Untrained

Ascending Descending Ascending Descending

Semitones  High  Low  High  Low  High  Low  High  Low

0.5 2.24 7.61 5.60 4.12 10.11 10.85 16.81 15.19
1.0 5.53 9.47 8.08 7.04 12.61 11.95 18.09 17.08
1.5 8.75 11.30 10.50 9.91 15.07 13.04 19.38 18.94
2.0 11.90 13.09 12.88 12.73 17.49 14.13 20.66 20.77
2.5 14.99 14.84 15.20 15.48 19.87 15.22 21.94 22.57
3.0 18.01 16.56 17.49 18.18 22.21 16.30 23.23 24.35
3.5 20.96 18.25 19.72 20.82 24.52 17.37 24.51 26.09
4.0 23.85 19.89 21.90 23.41 26.78 18.44 25.79 27.81
4.5 26.67 21.50 24.04 25.93 29.00 19.50 27.08 29.50
5.0 29.42 23.08 26.13 28.41 31.18 20.56 28.36 31.16
5.5 32.11 24.62 28.17 30.82 33.32 21.61 29.65 32.79
6.0 34.73 26.12 30.17 33.18 35.42 22.66 30.93 34.40
6.5 37.29 27.59 32.11 35.48 37.48 23.70 32.21 35.97
7.0 39.77 29.02 34.01 37.72 39.50 24.73 33.50 37.52
7.5 42.20 30.41 35.86 39.90 41.49 25.76 34.78 39.04
8.0 44.55 31.77 37.67 42.03 43.43 26.79 36.07 40.53
8.5 46.84 33.09 39.42 44.10 45.33 27.81 37.35 41.99
9.0 49.07 34.38 41.13 46.12 47.19 28.82 38.63 43.42
9.5 51.22 35.63 42.79 48.08 49.01 29.83 39.92 44.83

10.0 53.31 36.85 44.41 49.98 50.80 30.83 41.20 46.20
10.5 55.34 38.02 45.97 51.82 52.54 31.83 42.48 47.55
11.0 57.29 39.17 47.49 53.61 54.24 32.82 43.77 48.87
11.5 59.18 40.27 48.96 55.34 55.90 33.81 45.05 50.16
12.0 61.01 41.35 50.38 57.01 57.53 34.79 46.33 51.42
12.5 62.77 42.38 51.76 58.63 59.11 35.77 47.62 52.66
13.0 64.46 43.38 53.08 60.19 60.65 36.74 48.90 53.86
13.5 66.09 44.34 54.36 61.69 62.15 37.71 50.19 55.04
14.0 67.64 45.27 55.59 63.13 63.62 38.67 51.47 56.18
14.5 69.14 46.16 56.78 64.52 65.04 39.62 52.75 57.30
15.0 70.56 47.01 57.91 65.85 66.42 40.57 54.04 58.39
15.5 71.92 47.83 59.00 67.12 67.77 41.51 55.32 59.46
16.0 73.22 48.62 60.04 68.34 69.07 42.45 56.60 60.49
16.5 74.44 49.36 61.03 69.50 70.33 43.39 57.89 61.50
17.0 75.60 50.07 61.98 70.60 71.56 44.31 59.17 62.47
17.5 76.70 50.75 62.88 71.65 72.74 45.24 60.45 63.42
18.0 77.73 51.39 63.73 72.64 73.89 46.15 61.74 64.34
18.5 78.69 51.99 64.53 73.57 74.99 47.06 63.02 65.23
19.0 79.58 52.56 65.28 74.44 76.05 47.97 64.30 66.10
19.5 80.41 53.09 65.99 75.26 77.08 48.87 65.59 66.93
20.0 81.17 53.58 66.65 76.02 78.06 49.77 66.87 67.74
20.5 81.87 54.04 67.26 76.73 79.01 50.66 68.16 68.51
21.0 82.50 54.46 67.82 77.37 79.91 51.54 69.44 69.26
21.5 83.06 54.85 68.34 77.96 80.77 52.42 70.72 69.98
22.0 83.56 55.20 68.81 78.50 81.60 53.29 72.01 70.67
22.5 83.99 55.52 69.23 78.97 82.38 54.16 73.29 71.34
23.0 84.35 55.80 69.60 79.39 83.13 55.03 74.57 71.97
23.5 84.65 56.04 69.92 79.75 83.83 55.88 75.86 72.58
24.0  84.88  56.25  70.20  80.06  84.50  56.73  77.14  73.16

(Manuscript received May 20, 2004;
revision accepted for publication March 2, 2005.)
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