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TABLE 1

INTERCORRELATION MATRIX OF VOCAL f;, CONTOUR SHAPE AND SUMMARY MEASURES

VisUAL CLASSIFICATION

SUMMARY

CuURVE-FIT INDICES MEASURES

Rise Fall Bell Wave Rise Fall Bell Wave f,Mean f,SD

Visual classification:

Fall oo, C

Bell —-29% ..

Wave -.31* —.53*
Curve-fit indices:

RiS€ .vvvevrrerervenenne 57 -20 -.12 -.07 RN

Fall .... -.16 B53* —~14 -.14 -—-.43* ...

Bell ...... .09 .10 27* - .33* 21 14 Ce

Wave ...cooveevneenn .04 .20 14 —.24% 1 23* 36*
Summary measures:

£, Mean .......c....... -.12 -.10 .04 A8 -07 -.10 -.03 -.16 -

f, SD . -.07 01 21 —-.03 13 .16 .10 45* Ce

Duration .............. -.18 -.03 -—.25*% 46* -.39* .11 17

-.25* —-.05 -.21

NOTE.—Number of contours = 621.
*p < .0l

Correlations between visual classifica-
tions and summary measures were nonsig-
nificant or low. Pearson correlations be-
tween the curve-fit indices and summary
measures showed a similar pattern, which
suggests that shape and summary measures
of f, potentially contribute independent
variance to the statistical discrimination of
pragmatic category.

Do Shape and Summary Measures Vary
between Pragmatic Categories?

Visual classification, curve-fit; and
summary measures were analyzed in a
MANOVA with condition as the between-
subjects factor. Wilks’s lambda was signifi-
cant (Table 2). Subsequent univariate ANO-
VAs on each of the dependent measures
were significant for two of the visual classi-

TABLE 2

MEANS AND STANDARD DEVIATIONS FOR VOCAL f, CONTOUR SHAPE AND SUMMARY MEASURES

PRAGMATIC CATEGORY

Attention Approval Comfort F
Visual judgment:
RiS€ ovvrveieieiriiireeciciiieees 23 (43)2 .00 (.00)b 07 (26)P 7.68%*
09 (.29) .15 (.36) 20 (.40) .88
37 (49) 23 (.43) 39 (49 1.49
19 (.39 .62 (.49)b 27  (45)? 11.83**
A8 (.24) 03 (08P 04 (12)° 13.70%*
4 (200 28  (25)P 22 (.23) 4.53%
70 (.33) .59 (.30) 63 (.29) 145
68 (.29) .56 (.30) 63 (.30) 1.81
Summary measures:
Mean f, (Hz) ....ccccocvnnens 295.35 (86.02)* 385.29 (115.81)P 307.47 (88.32)* 11.14**
f, variability (Hz) ........... 52.31 (31.54)* 84.98 (31.05)° 56.05 (36.37)* 13.33**
Duration(s) .....cecevevercnens 65 (.32) 112 (44)® 1.09  (.43)® 18.65**

NoTe.—Wilks’s lambda = .451. Univariate F ratios have df = 2, 128. Within rows, pairs marked with different

superscripts significantly differ (p < .05, Tukey HSD).
*p < .025.
**p < .0l
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fications (rise and wave), two of four curve-fit
indices (i.e., rise and fall) and all three sum-
mary measures. Both shape and summary
measures varied between pragmatic cate-
gories.

Visually classified rising contours were
more common for attentions than for approv-
als or comforts. The curvefit rise index
showed a similar pattern: higher for atten-
tions than for approvals or comforts. The
curve-fit fall index was lower for attentions
than for approvals or comforts. Visually clas-
sified wave but not bell contours were more
common for approvals. The bell and wave
indices, however, were high for all three to-
ken types, which suggests that bell and pos-
sibly wave shapes may lack specificity for
pragmatic category.

Approvals had higher mean and SD f,
than attentions and comforts. Attentions
were of shorter duration than approvals and
comforts.

Discrimination between Pragmatic
Categories

To evaluate the relative contribution of
shape and summary measures to discrimi-
nating between pragmatic categories, we
used discriminant function analysis (DFA).
Shape and summary variables were entered
in two separate blocks. Because order of en-
try and the number of predictors may influ-

ence results, the analysis was conducted
twice, once with the shape indices entered
first and a second time with the summary
measures entered first. We included only
those variables that had significantly dif-
fered between pragmatic categories in the
univariate ANOVAs. Because the rise and
fall classifications and corresponding curve-
fit indices were moderately correlated, we
included only the latter in the DFA.

Shape and summary measures both in-
dividually and in combination statistically
discriminated between each of the prag-
matic categories (Table 3), and order of entry
did not substantially influence the discrimi-
nation. Wilks’s lambda at step 1 was similar
for both shape and summary measures, and
the combination of both sets of variables at
step 2 resulted in significantly improved dis-
crimination.

With three pragmatic categories (i.e., ap-
proval, attention, and comfort), there are two
discriminant functions. Both functions were
significant and together accounted for 61%
of the total variance (canonical correlations
= .67 and .40, p < .001, respectively). Both
shape and summary variables contributed to
both functions. Standardized discriminant
coefficients, however, were marginally
higher for the summary variables (Table 4).
On function 1, f, mean and duration and the

TABLE 3

DISCRIMINANT FUNCTION ANALYSES: STEP-DOWN F RATIOS

GROUP CONTRASTS

STEP AND BLoCK ENTERED AP vs. AT

AP vs. CO AT vs. CO WILKS'S LAMBDA

Analysis no. 1—original order:
1:
Rise index
Fall index ..cccocvevennecenienenrerneeenens
Wave consensus
2:
Mean f,
£ variability. «omiimssmnsmaing

Duration

Analysis no. 2—reversed order:
1
Mean f,
f, variability
Duration ......ccccceeveenieciennennieennens
2:
Rise index
Fall index ....coeevvcevieveneeieneennnns
Wave consensus

6.14 6.32

6.84 7.08 463

8.48 .620

6.84 7.08 463

NoTe.—AT = Attention, AP = Approval, CO = Comfort; df = 3, 124 for change in Wilks’s lambda, ps < .001;
df = 3, 126 and 6, 126 for pairwise contrasts at blocks 1 and 2, respectively, ps < .001.
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TABLE 4

STANDARDIZED DISCRIMINANT FUNCTION COEFFICIENTS

Variable

Function No. 1

Function No. 2

Rise curve fit
Fall curve fit
Wave consensus code .
Mean f
f, variability .

Duration

Canonical correlations

—.344 373
426 .166
.368 .644
425 255
.284 297
437 -.759
.66* 38*

*p < .001.

fall index were the largest coefficients. On
function 2, f, duration and wave shape were
the largest coefficients.

Classification results.—The two dis-
criminant functions correctly classified 69%
(kappa = .53, p < .0001) of the three token
types (Table 5). All three token types were
reliably discriminated from each other. Dis-
crimination between approvals and atten-
tions was the most accurate, with 88% cor-
rectly classified.

The classification results from the test
and cross-validation samples were consis-
tent. Applying the unstandardized discrimi-
nant function weights from the analysis of
the test sample to the token measures in the
cross-validation sample, all three token
types were classified reliably again (correct
classification rate of 62%, kappa = 43, p <
.0001). Kappa coefficients between the two
samples did not differ statistically (z = 1.45,
p > .10).

To evaluate whether the pattern of cor-
rect and incorrect classifications was equiva-
lent in the two samples, we conducted a log-

linear analysis of the three-way table:
sample (test vs. cross-validation) by actual
category by predicted category. Two interac-
tion terms were included in the model: one
for the association between the actual and
predicted classifications and the other for
the association between the frequency of
pragmatic categories and sample. The latter
was included because the marginal distribu-
tion of categories varied little in the test sam-
ple but varied by a factor of over two in the
cross-validation sample (Attention was un-
derrepresented). The model omitted the
three-way interaction among actual and pre-
dicted classifications and sample. Thus a
nonsignificant likelihood ratio chi-square
would signify that the pattern of classifica-
tion did not vary between samples, which is
what we found. The likelihood ratio chi-
square was 11.60, df = 6, p = .07, with no
standardized residual greater than 1.6.

Discussion

Theory and some data about the com-
municative function of infant-directed
speech have emphasized the role of dynamic

TABLE 5

CROSS-CLASSIFICATION BETWEEN ACTUAL AND PREDICTED TOKENS FOR THE TEST
AND CROSS-VALIDATION SAMPLES

PREDICTED TOKEN

Attention Approval Comfort
Test sample: actual:
ABENLION ..oseeersnesssiisivssimasispessvassaii 31 (72%) 5 (12%) 7 (16%)
Approval 4 (9%) 35 (75%) 8 (17%)
Comfort 5 (12%) 12 (29%) 24 (59%)
Cross-validation sample: actual:
Attention 61 (63%) 10 (10%) 26 (27%)
Approval 23 (11%) 126 (61%) 58 (28%)
Comfort 34 (18%) 31 (17%) 121 (65%)

Note.—Row percentages in parentheses.
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changes in f, in discriminating between
pragmatic categories. In its strongest ver-
sion, this hypothesis suggests that the mel-
ody is the message (Fernald, 1989), and this
perspective has influenced research over the
past decade (Masataka, 1992; Stern et al.,
1982; Sullivan & Horowitz, 1983). Our find-
ings, together with those of others (Fernald,
1989; Papousek et al., 1991), strongly sug-
gest that both dynamic and summary fea-
tures are critical to the accurate discrimina-
tion of pragmatic categories.

Dynamic and summary features both in-
dividually and in combination statistically
discriminated between each of the three
pragmatic categories we studied. Discrimi-
nation was greatest when both sets of fea-
tures were considered, and the two sets con-
tributed relatively independent information.
Wilks’s lambda in the DFA improved by
similar amounts regardless of whether dy-
namic or summary measures were entered
in the initial step, and both dynamic and
summary variables were among the highest
loadings on the two discriminant functions.
These findings suggest that both sets of fea-
tures contribute to pragmatic meaning in in-
fant-directed speech. What features the in-
fant uses is not well understood. We know
that adults use dynamic and summary fea-
tures as well as other prosodic information
in making perceptual discriminations be-
tween vocal expressions of emotion (Frick,
1985; Scherer, 1986), but comparable knowl-
edge of infant perception is not available.
Developmental studies are needed that sys-
tematically vary dynamic and summary fea-
tures and possibly others and evaluate the
responses of infants and children. Some of
our findings are at variance with specific pre-
dictions about the relation between contour
shape and pragmatic category. Fernald
(1989) hypothesized that attention bids have
rising contours, but we found that attention
bids were characterized better as rise-fall.
Visually classified rise contours were more
common and rise indices greater for atten-
tion than for approval or comfort, but visu-
ally classified bell contours were common in
all pragmatic categories. This finding sug-
gests that many of the attention contours
were actually rises followed by a slight fall.
The R? values of attention on the bell index
also implied that attention contours have a
rapid rise followed by a terminal fall. Visual
inspection of the fitted contours confirmed
this impression. Rise-fall patterns predomi-
nated. The bell classification and index were
able to capture this feature.

An implication is that it may be impor-
tant to distinguish between attention bids
whose goal is to orient a baby to turn her
attention toward the mother (from avert) ver-
sus those whose goal is to elicit infant re-
sponse to an object. Rise-only contours may
characterize the former condition (Stern et
al., 1982), and rise-fall contours the latter.
In this regard, Stern et al. (1982) reported
bell-right contours similar to ours associated
with vocalizations such as, “Come on” and
“Where’s your rattle . . . .” Fernald (1989),
who like us asked mothers to elicit their
baby’s attention to a toy, published two at-
tention contours, one of which was also bell-
shaped, or sinusoidal, depending on inter-
pretation. The other contour, however, was
rise-only. Further research is needed to de-
termine whether subtypes of attention-bids
may exist.

Papousek (Papousek et al., 1985, 1987)
and Fernald (Fernald, 1984; Fernald et al.,
1989) and their colleagues have described
comfort tokens as falling, which we did not
find. Visually classified fall contours were no
more common and the fall index no higher
for comforts than for attention or approval.
Comfort contours contained peaks that were
fit well by bell and wave shapes. This could
occur several ways, and we saw instances
of each. Often, comforts began with a slight
terminal rise and then fell; less often, they
began with a long fall and ended with a ter-
minal rise. These patterns were not antici-
pated by previous research, but they were
strongly suggested by the pattern of R? indi-
ces, visual classifications, and visual inspec-
tion of the contours. We also saw instances
of a falling contour with a bell at the trough
followed by tail. Fernald (1989) shows an
example of this sort. These findings high-
light the need for further descriptive studies
of the f, contours mothers use in communi-
cating with their infants.

For the pragmatic categories we stud-
ied, discrimination was best for attention
versus approval. In the initial and cross-
validated DFAs, accuracy for this classifica-
tion was 85% or higher. The dynamic fea-
tures of rise, fall, and wave and all three
summary features contributed to this dis-
crimination. In homes and other child-care
settings, attention and approval occur in
temporal proximity to one another, and it
would be adaptive for them to be readily dis-
criminable by varying on a wide range of
characteristics such as we found.

The pairwise misclassification rate for
comfort and attention or approval was higher



than that for attention and approval with
each other. A reason may be that there is
little adaptive advantage for these tokens to
be differentiated acoustically. In an infant’s
home, comfort and attention or approval are
not likely to occur in temporal proximity to
each other. Even when they do (e.g., paren-
tal attempts to distract an upset infant), at-
tention and approval may have different cor-
relates in other modalities that aid in
discrimination of pragmatic meaning. For in-
stance, it is likely that physical contact more
often accompanies comfort vocalizations
than it does vocalizations of approval or at-
tention. In particular, facial and kinesthetic
expression may afford important guidance in
discriminating between pragmatic cate-
gories.

To describe contour shapes, we used
both qualitative and quantitative methods.
Quantitative modeling has not been used
before with f, contours, but previous re-
search has used mathematical descriptors
(e.g., sinusoidal) to describe contour shapes.
We evaluated the aptness of those descrip-
tors. The mathematical functions we chose
corresponded both to the shapes described
in previous research and ones that are com-
mon in other biologic systems. We found
that the curve-fit indices for the various func-
tions had high internal consistency and pro-
vided robust fits of contour shapes. Bell and
wave indices, in particular, accounted for
56% to 70% of the variance in pragmatic cat-
egories. The concurrent correlations be-
tween curve-fit and visually classified rise
and fall contours were in the moderate
range, which suggests convergent validity.
The convergent correlations for wave and
bell measures, however, were disappoint-
ing. One reason may be that the quantitative
approach is overly sensitive to low-
amplitude variation in contour shape. Slight
sinusoidal variation might be disregarded as
“noise” by a human observer but included
as reliable “signal” in a quantitative analy-
sis. If this is the case, additional statistical
filtering might serve to increase the speci-
ficity of quantitative modeling without loss
of sensitivity. In the meantime, it might be
best to avoid the use of descriptors that im-
ply mathematical functions. Contour shapes
may be more complex than the simple func-
tions referred to in previous research.

Prosodic analyses are highly labor in-
tensive, and this has discouraged their use
in developmental studies. This is unfortu-
nate. Prosody is a dominant feature of the
infants’ socioemotional and cognitive expe-
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rience and is known to be a powerful mecha-
nism for communicating affect (Frick, 1985),
yet we know relatively little about its role in
infant affective development. Consider that
theories of emotion development and par-
ent-infant interaction either concentrate on
facial expression alone or use measures that
are highly influenced by facial expression
(Izard & Malatesta, 1987; Malatesta et al.,
1989; Matias, Cohn, & Ross, 1989). The in-
formation we have about prosody suggests
that it may be involved in affective develop-
ment and developmental psychopathology
(Bettes, 1988; Breznitz & Sherman, 1987;
Jaffe, Beebe, Feldstein, & Anderson, 1992;
Jasnow et al., 1988) and in language devel-
opment (Fernald & Mazzie, 1991). One of
the ways in which depression may adversely
impact cognitive development (Sameroff,
Seifer, & Zax, 1982) is through impairments
in mothers’ use of prosody in the context of
language learning. Semiautomated methods
of f, measurement (Moore et al., 1994) and
further improvements in the measurement
of f, contours may make way for rapid ad-
vances in our ability to study communication
processes in socioemotional and language
development.

In summary, we found that dynamic and
summary features of vocal {, contributed ap-
proximately equally to discrimination be-
tween pragmatic categories. A combination
of three shapes (rise, fall, and wave) and
three summary features (f, mean, standard
deviation, and duration) correctly classified
over 60% of pragmatic categories in a cross-
validated DFA. These findings are consis-
tent with theory and data from studies of
emotion perception in adults, which suggest
that both dynamic and summary prosodic
features communicate emotion meaning.
Several of our specific findings were at vari-
ance with previous predictions. For in-
stance, attention contours were more of-
ten rise-fall than rise only, and the use of
some mathematical descriptors for contour
shape was questioned. Quantitative model-
ing showed acceptable convergent/discrimi-
nant validity for rise and fall contours but
not for bell or wave. The latter had high sen-
sitivity (accounting for over 50% of the vari-
ance across categories) but low specificity.
Further work in quantitative modeling may
make feasible semiautomated methods of
prosodic analysis.
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