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ABSTRACT

While phonetic features of infant-directed speech
(IDS) have been described cross-linguistically, espe-
cially in mothers, the reasons and conditions under
which they are found are less clear. In this study,
phonetic cues of IDS are investigated in 21 Swedish
mothers and fathers including mean fundamental
frequency (f0), variation in fO, formant values and
vowel space size. The speech material contains read
and semi-spontaneous speech. Also, the involvement
in child care is considered as a potential interacting
factor.

Results show that differences between mothers
and fathers in IDS are small and that differences in
the involvement in child care are not reflected in the
extent of the IDS features used. FO differences are
found in IDS in both semi-spontaneous speech and
(although to a smaller extent) in read speech. In con-
trast, vowel space enhancement is only found in
semi-spontaneous speech and differences between
the genders appear regarding individual formants of
certain vowels.

Keywords: infant-directed speech, gender, funda-
mental frequency, vowel space size, formants

1. INTRODUCTION

Infant-directed speech (IDS) or motherese has been
found to be characterized cross-linguistically by
various phonetic modifications, such as increased
average fundamental frequency (f0), larger fO excur-
sions ([1] for French, Italian, German, Japanese,
British English, and American English, [2] for Brit-
ish English) and enhanced vowel space (e.g. [3,4]
for Russian, Swedish and English, [5] for Mandarin
Chinese). In connection with these findings, the
guestion has been discussed whether vowel space
expansion is indeed an inherent characteristic of IDS
with the purpose of enhancing acoustic contrasts
between sounds, thus promoting language acquisi-
tion ([4,6]). [5] on Mandarin Chinese supports this
assumption showing that a relationship exists be-
tween mothers’ use of enhanced vowel spaces in
IDS and their children’s speech discrimination per-
formance. Similarly, [7] found that vowel hyperar-

ticulation enhances word recognition in 19-month-
olds. While vowel hyperarticulation is also found in
speech to foreigners ([6]) or to hearing impaired
adults ([8]), it is not found in pet-directed speech
([S]). This indicates that hyperarticulation may be
related to the talker’s knowledge of the listener’s
linguistic competence.

Other studies have suggested that vowel space ex-
pansion is not a result of hyperarticulation per se but
rather results from formant raising as a byproduct of
a) trying to sound smaller and non-threatening
acoustically indexed by higher formants in general
([10]), or b) increased smiling behavior in IDS
([11,12,13]). This claim is based on the lack of find-
ing enhanced phonetic contrasts in IDS
([11,12,14,15,16]) and the importance of the infant’s
feedback. [17] tested the role of the infants’ feed-
back by manipulating the mothers’ knowledge of
whether they believed their infants could hear them
or not, and by changing the audibility of the speech
signal available to the infant. While the mothers’
knowledge did not affect the vowel articulation, the
infant’s feedback did: enhanced vowel spaces were
only found in the audibility condition where infants
gave feedback to the mothers’ interaction. [13] test-
ed the importance of feedback by using storybook
read speech, where mothers focused their attention
on the book rather than on their infants. And, indeed,
they did not find an expansion of the vowel space
but only a systematic shift of the first two formants
in /i/ and /u/. The present study follows this line of
research, investigating whether IDS shows enhanced
phonetic contrasts to facilitate speech acquisition or
whether the infant’s feedback/communication with
the adult is the triggering factor. Going a step further
than [13], the relevance of the communicative situa-
tion is investigated not only by looking at read
speech, but by comparing IDS in read and semi-
spontaneous speech elicited from the same partici-
pants.

Furthermore, IDS has been investigated primarily in
mothers, who traditionally are the main caregivers.
Studies including fathers show differences between
the genders regarding prosodic modifications (cf.
[2]). A possible interacting factor might be the in-
volvement in child care, as was suggested in [18],
where a relationship between the involvement of a
father and the amount of speech directed to the child



was found. Regarding vowel space size, we are not
aware of any larger study including fathers. Thus,
the present study comprises read and semi-
spontaneous speech of both mothers and fathers; the
acoustic parameters investigated are fO modifica-
tions, formants and vowel space size. Additionally,
the involvement in child care is examined as a po-
tential influencing factor.

2. METHOD

The data presented here is part of a larger longitudi-
nal project ([19,20]) investigating IDS and ADS in
Swedish and German mothers and fathers, also ex-
amining the involvement in child care and the self-
ascribed gender identity of a speaker on IDS and
ADS over a time span of one year. The fathers in
this material differ with respect to timing and extent
of parental involvement, while the mothers consti-
tute a much more homogeneous group in this regard.
Speech recordings are made with the participating
caregiver before the child is born and at three time
points during the child’s first year. In this paper,
Swedish IDS (directed to the infant) and ADS (di-
rected to the experimenter) of the second recording
are presented. The age of the babies ranges between
4 months, 5 days and 6 months, 27 days. To account
for individual differences between speakers and
genders, for each speaker, the analyzed parameters
of the first recording are taken as reference values
(and set to 100%). Values at time 2 are calculated in
relation to the reference value.

2.1 Participants, speech material and involvement in
child care

The data comprises recordings at two time points of
10 mothers (mean age: 30.8) and 11 fathers (mean
age: 31.5). Participants were recorded in their homes
by the same female experimenter using a headset-
microphone (Sennheiser ew 100 G3 — SK100) and a
ZOOM - H6 Handy Recorder. The speech material
consists of a) a semi-spontaneous picture describing
task using 15 pictures showing, among other things,
the carrier words, e.g., ko (cow), bok (book), bord
(table), vaska (bag), katt (cat), fisk (fish), himmel
(sky), kaka (cake) and b) read speech using different
short texts of the book “Alla vi barn i Bullerbyn”
([21]). The texts were slightly changed to contain the
target vowels within recurring carrier words such as
the names of the children and other common words
(e.g. Lasse, Bettan, Rolf, flicka (girl), fick (got). Ta-
ble 1 gives an overview of the number of tokens
investigated separated by speech material and regis-
ter.

In addition to the recordings, data was gathered re-
lating to involvement in child care using a question-
naire. Participants were asked about (a) the amount
of time spent with the child and the tasks done with
the child (12 items) and (b) the amount of speech
(singing, reading, talking) directed to the child (3
items). Items were rated on a scale from 1 (sel-
dom/little/always the partner) to 7 (often/much/ al-
ways myself). Two average values were then calcu-
lated for each participant reflecting their general
involvement in child care (a) and the amount of
speech directed to the child (b).

Table 1. Number of tokens separated by speech
material and speech register (ADS/IDS)

Read speech  Picture description

(ADS/IDS) (ADS/IDS)
i 209/122 246/106
e 144/81 357/193
a  215/128 202/111
a - 142/76
o 199/113 -
u  198/117 607/280

2.2 Acoustic analysis

Formants and fundamental frequency measures were
analyzed in PRAAT ([22]). F1 and F2 were estimat-
ed at the vowel midpoint and mean values for each
speaker/register and speech task were calculated (in
Bark). Vowel space sizes were estimated using the
polygon in F1xF2 space defined by the vowels /i ¢ a
o u/ for read speech and /i € a a w/ for the picture
description. Also, mean fundamental frequency (f0)
and variation in fO (SD) were calculated (range: 50-
600 Hz) for each speaker/register and speech task.
Any confounding vocalization of the child was cut
from the recording.

3. RESULTS

Linear mixed models were run using the Ime4 pack-
age ([23]) in R ([24]) separately for read and sponta-
neous speech and each acoustic parameter. We en-
tered speaker gender (m, f) and the speech register
(ADS, IDS) as potential fixed factors and a random
intercept for speaker. P-values were obtained using
Likelihood ratio tests comparing the model with the
factor/interaction in question with the model without
this factor/interaction. Also, Pearson correlations
were run between the parental involvement/amount
of speech directed to the child and the degree of IDS
(i.e. increase in vowel space or f0 in %).



3.1 Fundamental frequency

Figure 1 shows mean fO as a function of register,
separated by speech material and speaker gender.
Remember that values are given in %, expressed in
relation to each speaker’s reference measurements at
the first time point to normalize between individuals
and genders. Differences between the registers can
be seen in the figure and these are reflected in the
statistical analysis. For the picture description task, a
significant main effect for register was found (y?(1)=
20.5, p < .001) reflecting increased mean fO in IDS
compared to ADS regardless of speaker gender. For
read speech, also, a significant effect of register was
found (x3(1)= 21.4, p < .001), even though the dif-
ference between IDS and ADS is smaller here than
in the semi-spontaneous speech (Estimate = 9.4 per-
cent points for read speech vs. 22.1 for picture de-
scription). Note that results do not change when the
Bark scale is used.

Figure 1. Mean fundamental frequency (f0, in % of

reference recording at time 1) separated by speech ma-

terial, speaker gender and speech register. Significant
differences marked by an asterisk.
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Also regarding variation in fO (SD) a significant
effect of register was found for both the picture de-
scription task (y3(1) = 7.9, p < .01) and read speech
(x¥(1) = 4.4, p < .05). Here, too, the increase in f0
variation in IDS was stronger in the picture descrip-
tion task with 30.4 percent points compared to only
15.1 in the read speech.

3.2 Vowel space size

Figure 2 shows the vowel space size (again in % of
time 1) separated by speech material, gender and
register. Differences between IDS and ADS can be
seen for the picture description task and a significant
main effect of register was found (y*(1)= 15.2, p <
.001). There was no difference between fathers and
mothers. Thus, as apparent from the figure, both
mothers and fathers show significantly larger vowel
spaces in IDS than in ADS. Even though a tendency

for increased vowel spaces in fathers can be seen
also for read speech, this effect was not significant
in the model, probably due to the high variability
within ADS.
Figure 2. Variation in vowel space size (in % of refer-
ence recording at time 1) separated by speech materi-
al, speaker gender and speech register. Significant dif-
ferences marked by an asterisk.
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To further investigate the differences between the
individual vowel categories Figure 3 shows the av-
erage vowel spaces for IDS (red, dashed line) and
ADS (blue, solid line) of the picture description task
separately for fathers and mothers. The different
sizes of the ellipses reflect the difference in intra-
and inter-speaker variation between the vowel cate-
gories. It is apparent from the figure that there is no
general increase in formant values across all vowels
and both F1 and F2, but rather individual changes in
particular formants and vowels. In detail, /a/ and /e/
(and in fathers also /a/) show higher F1 and F2 val-
ues in IDS, thereby shifting the vowel space towards
a more fronted and open articulation. While /i/ in
fathers stays stable, it shows higher F2 but lower F1
values in mothers, resulting also in a more fronted
articulation but also an increased distance to /a/ in
IDS compared to ADS. /u/ behaves somewhat dif-
ferently between the genders: while in fathers, only a
change in F2 can be seen, in mothers both F1 and F2
reveal higher values.

The statistical analysis with F2 as dependent varia-
ble showed a significant interaction of vowel catego-
ry and register in mothers (y(5)=19.6, p < .01), with
increased F2 values in IDS in /i/ (p < .05), /u/ (p <
.01) and /e/ (p < .01). For fathers on the other hand,
a significant interaction of vowel and register was
found for F1 (y(5) = 27.45, p < .001) with increased
values in IDS for /a/ (p < .001) and /a/ (p<.01).
Thus, vowel and formant specific changes are re-
sponsible for the larger vowel space size in IDS in
spontaneous speech. Results thereby do not corrobo-
rate the existence of a larger vowel space in IDS
being due to an increased smiling behavior or due to
a lengthening of the vocal tract and the effort to



sound smaller and non-threatening [10]). In addition,
the changes differ between the genders.
For read speech, a significant main effect of register
was found for F2 in mothers (y (1) = 4.02, p < .05)
and no interaction with vowel category, mirroring a
higher F2 value in IDS regardless of vowel. Also, in
fathers no interaction between formant value and
vowel category was found. However, the main effect
of register on F1 only marginally failed to show
significance (p = .057). Overall, the effect of register
on vowel formants seems to be more general in the
read speech task than in semi-spontaneous speech
pointing to different underlying mechanisms, i.e. in
read speech we find a shift in vowel space (more
fronted in females, more open in males), whereas in
spontaneous speech we find an increase in vowel
space size.

Figure 3. Average vowel spaces (in Bark) in ADS

(solid line, blue) and IDS (dashed line, red) of the pic-

ture description task separated by speaker gender.
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3.3 Involvement in child care

Figure 4 shows the distribution of the involvement
in child care (left plot) and the amount of speech
directed to the child (right plot) separated by speaker
gender. As expected, mothers reveal higher values
than fathers with respect to the involvement in child
care (p < .001). The difference between the genders
in the amount of speech directed to the child was not
significant (p=.10). Within the fathers, a high degree
of variation appears regarding both scales, with
some fathers showing very small values and others
showing values similar to the mothers. Within the
mothers, variation is also high regarding the amount
of speech directed to the child. This variation in
child care involvement/speech to child, however,

was not found to be related to any of the IDS fea-
tures. No significant correlation between the in-
volvement in child care or the amount of speech
directed to the child and the degree of IDS with re-
spect to any of the acoustic parameters was found
within mothers or fathers.

Figure 4. Variation in involvement in child care (left)

and speech to child (right) separated by speaker sex.
Significant differences marked by an asterisk.
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4. DISCUSSION

The Swedish mothers and fathers of our study be-
haved similarly regarding the acoustic-phonetic fea-
tures found in IDS but involvement in child care was
not an explaining factor. A potential reason for this
might be the ongoing decrease in gender differences
in parenting. For example, in the 1990s gender dif-
ferences found in vocabulary and conversational
aspects of IDS have been claimed to be due to dif-
fering parental roles, with mothers supposed to
“provide a feeling of security” vs. fathers supposed
to “prompt the child to attain higher levels of suc-
cess” [25]. This, however, seems to be outdated
especially in a society like Sweden with a leading
position in gender equality and compatibility of fam-
ily and work in Europe since the 1970s.

A clear effect of speech register was found on mean
fO and variation in fO for both speech tasks. The
effect was however larger for the picture description
than for the read speech. Larger vowel space sizes
were found in IDS only for the picture description
task. Thus, we did indeed find that IDS characteris-
tics were stronger in semi-spontaneous than in read
speech. This is in line with studies emphasizing the
importance of a communicative situation and the
infant’s feedback [13]. In addition, the underlying
formant changes differed between the speech tasks
and, also between the genders. While fathers showed
stronger effects for F1, mothers showed larger dif-
ferences in F2. These effects were vowel specific in
the semi-spontaneous speech but not in the read
speech, resulting in larger vowel spaces only in the
first one. Thus, while keeping in mind that speaker
sample is small, neither a general increase in for-
mants reflecting the adult’s effort to sound non-
threatening [10], nor an increase in F2 due to in-
creased smiling behavior [11] can explain the vowel
space enhancement found in spontaneous IDS.
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