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Differential effects of speech 
situations on mothers’ and fathers’ 
infant-directed and dog-directed 
speech: An acoustic analysis
Anna Gergely1, Tamás Faragó  2,3, Ágoston Galambos1,4 & József Topál1

There is growing evidence that dog-directed and infant-directed speech have similar acoustic 
characteristics, like high overall pitch, wide pitch range, and attention-getting devices. However, it 
is still unclear whether dog- and infant-directed speech have gender or context-dependent acoustic 
features. In the present study, we collected comparable infant-, dog-, and adult directed speech 
samples (IDS, DDS, and ADS) in four different speech situations (Storytelling, Task solving, Teaching, 
and Fixed sentences situations); we obtained the samples from parents whose infants were younger 
than 30 months of age and also had pet dog at home. We found that ADS was different from IDS and 
DDS, independently of the speakers’ gender and the given situation. Higher overall pitch in DDS than 
in IDS during free situations was also found. Our results show that both parents hyperarticulate their 
vowels when talking to children but not when addressing dogs: this result is consistent with the goal of 
hyperspeech in language tutoring. Mothers, however, exaggerate their vowels for their infants under 18 
months more than fathers do. Our findings suggest that IDS and DDS have context-dependent features 
and support the notion that people adapt their prosodic features to the acoustic preferences and 
emotional needs of their audience.

People tend to talk differently to babies and to pet dogs than they do to adults and the acoustic and linguistic 
features of such infant directed speech (IDS) and dog directed speech (DDS) proved to be very similar e.g.1 
When compared to adult-directed talk, both infant- and dog-directed speech register have higher overall pitch 
(mean fundamental frequency – F0) and pitch variation (F0 range), lower mean length of utterance, and higher 
repetitiveness2–5. Striking similarities between dog- and infant-directed speech led to the hypothesis that the 
function of IDS is not limited to language tutoring, but plays the less specific role of engaging and maintaining 
the addressees’ attention, while eliciting their social responsiveness1. Although DDS and IDS share the aforemen-
tioned acoustic characteristics that have attentional and affective functions but only IDS has been characterized 
by vowel hyperarticulation (i.e. exaggerated acoustic information in the vowel formants), which appears to serve 
a didactic function and relates to the addressee’s linguistic competence2,6,7. Moreover, mothers even adjust their 
speech characteristics to the infants’ age and cognitive or linguistic abilities8. In contrast, a recent study suggests 
that the vowel changes in IDS are the result of vocal tract shortening (that can provide smaller body size informa-
tion and being non-threatening) and not different articulation behaviour that can be linked to speech production 
and thus language tutoring9. These results suggest that people might unintentionally adapt their speaking style to 
the presumed linguistic skills, acoustic preferences, and emotional needs of their audience.

Importantly, however, in almost all experiments that aimed to compare IDS and DDS, talks were recorded 
only in one specific context (playing with the infant and/or the pet dog – see2–4,6), or data were obtained only 
from women’s spontaneous speech towards their dogs1. In a recent paper, Jeannin et al.10 studied how, during 
interactions with their dog, female owners adjust their speech characteristics based on the social context. They 
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found that women tend to use elevated pitch when greeting their dogs after a separation, while low pitch and low 
pitch variance characterized their speech at the moment they were leaving the dog. However, the joint effect of 
gender and communication context is still unknown and this represents a clear limitation in the current literature 
because the audience’s needs may differ in various contexts and the speaker’s expectations about the addressee’s 
capacity to understand language can be situation- and gender-specific e.g.3,11–13

Existing evidence suggests that women and men differ in the use of verbal communication toward their dogs: 
the utterances used by women resemble more closely infant-directed speech14 and there are other gender-specific 
differences in acoustic features of DDS15. Namely, women tend to use infant directed speech register more than 
men while playing with a dog, and both genders’ talking style is more similar to IDS when interacting with an 
unfamiliar dog than when they interact with a familiar dog.

Moreover, comparative investigation of gender differences in infant directed speech (c.f. motherese and 
fatherese16) and adult directed speech (ADS) has shown that both mothers and fathers use heightened pitch in 
IDS compared to ADS while playing or during natural discourse (e.g. in storytelling situations)12,17–21. It is also 
worth noting that differences in the overall pitch can be language-specific. Fernald et al.12, for example, found 
that American English parents increased the mean-F0 in ID speech relative to AD speech significantly more than 
French, Italian, German, or British English parents did.

The analysis of pitch range in the aforementioned comparative studies12,17,18,21, however, resulted in a less 
coherent picture on how gender differences are manifested in IDS and ADS. One study showed that mothers 
(unlike fathers) used a wider pitch range while talking to infants aged between 0–24 months than when talking 
to adults12, while another study found that fathers increased their pitch range when talking to their 2-year-old 
toddlers even more than mothers did18. Finally, there are also other studies which found no gender-related differ-
ences in the use of pitch range during IDS versus ADS17,21.

Importantly, however, very few investigations have focused on the context-specificity of the acoustic features 
of IDS and most of these examined pitch contours rather than F0 mean or range. These studies show that rising 
contours are more frequent when the mother encourages her infant to make eye contact or to make a vocal turn 
e.g.22. Falling contours are more likely to occur while the mother is trying to comfort her crying infant e.g.23, 
whereas bell-shaped contours are usually used to reward the infant e.g.24. To our knowledge, there are only two 
studies that investigated mean-F0 and F0 range in two different situations and during IDS and ADS. These stud-
ies aimed to compare mothers’20 or fathers’19 speech while interacting with their children, aged 1 to 3 years, and 
with an adult experimenter, following a very similar design in both occasions. These interactions included both 
a reading aloud situation (i.e. reading a story book) and a free-speech situation (i.e. discussing with their partner 
a set of pictures depicting a park during different seasons). In line with other studies, in both situations, mothers 
used higher F0 mean and wider range in IDS (motherese) compared to ADS; these differences were significantly 
greater during the ‘free-speech’ than in the ‘reading aloud’ situation20. On the contrary, the comparison between 
ADS and IDS produced by fathers (fatherese) showed only minor differences: the only observed difference was 
that, in the free-speech situation, fatherese was characterized by significantly higher mean-F0 compared to the 
reading aloud situation19.

Based on the aforementioned studies, it is clear that the effects of gender and communication context on 
the acoustic characteristics of dog-directed speech require a more systematic (and comparative) investigation of 
dog- infant- and adult-directed speech samples. In the present study, therefore, we collected comparable sam-
ples from interactions with three different addressees (IDS, DDS and ADS) from both mothers and fathers who 
also had a pet dog at home. In order to investigate the effect of the speech situations on acoustic features of the 
different speech registers, participants were presented with three different ‘Free-speech’ situations (Storytelling, 
Task solving and Teaching) and one ‘Fixed sentences’ situation. ‘Free-speech’ situations were selected because each 
one closely resembles everyday parent-child interactions and such interactions rely heavily on prosodic features 
of speech. We chose the situations in order to collect data on the situation-specific nature of IDS, DDS and ADS. 
We may assume that the three ‘Free-speech’ situations are different in terms of the speaker’s didactic intention and 
evoke different degrees of attention from the addressee (the Storytelling and the Task solving may require more 
attention eliciting features, while Teaching more language tutoring and didactic elements).

As the age of the infant can also modulate the attentional, affective, and didactic features of speech even within 
situations and conditions, we recruited families with infants covering wide range of speech and language devel-
opment to test this effect. The age groups were selected to represent different levels of attentional and linguistic 
levels. The first two age categories we used (mean age ± SD: 4.8 ± 1.75 months and 16.5 ± 1.25 months) can be 
categorized as ‘pre-linguistic stage’ while children of the 25.5 ± 3.5 months group are in ‘emerging language stage’. 
The main difference between the two pre-linguistic groups is the different level of attentional skills and respon-
siveness which develop substantially after the 6th month of life25.

Whereas the inclusion of ‘Fixed sentences’ situation allowed us to obtain sound samples using a more stand-
ardised procedure, where we could rule out some of the partner-specific effects and other potential confounding 
factors that can differ when the adult interacts with an infant, toddler, dog or an adult partner.

Results
‘Free speech’ situations – Mean fundamental frequency (F0). According to the model selection algo-
rithm, the initial model including all possible two-way interactions was the most parsimonious (LR = 4621.773, 
p < 0.001; for details see Supplementary Table S1). We found a significant Addressee x Situation interaction in the 
speech samples: Pairwise comparisons (Supplementary Table S2) revealed that, in all of the three situations, both 
mothers and fathers used higher F0 in the DDS and in the IDS conditions than talking to an adult partner (ADS) 
(Fig. 1). Moreover, we found higher mean F0 values in DDS compared to IDS samples for both men and women 
(DDS > IDS > ADS).
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The comparative analysis of the three ‘Free speech’ situations showed similar patterns in mothers’ and fathers’ 
pitch characteristics. Specifically, all situations differed significantly from each other: the highest mean F0 value 
was recorded in the Task solving situation, the lowest in Teaching, while Storytelling was in-between irrespective 
of the type of addressee (Task > Story > Teach). Both the Role*Addressee (Supplementary Table S3) and the 
Role*Situation (Supplementary Table S4) interactions showed that mothers used significantly higher pitch in 
general (Mother > Father).

Infants’ age significantly interacted with all fixed explanatory variables (Addressee, Situation, Role), as 
measured by the mean F0 values of the speakers. However we did not find a significant age effect within the 
speech situations, except for the Task solving situation, during which the parents of 4.8 ± 1.75 month-old infants 
used significantly higher pitch than the parents of 16.5 ± 1.25 month-old infants ([4.8 m > 16.5 m] = 25.5 m) 
(Supplementary Table S5). Within each age group, the mean F0 values show a similar pattern as the one described 
above: adults used significantly higher pitch in Task solving than in Teaching situation and Storytelling was between 
the two. The 25.5 ± 3.5 months old age group was an exception to this pattern, as Teaching and Storytelling did 
not differ significantly.

The age group proved to be a significant explanatory variable in IDS but not in DDS or ADS condi-
tions (Supplementary Table S6). Mothers and fathers of the youngest infants (4.8 ± 1.75 months old) used 
the highest pitch; there was no difference between the pitches of the parents of the other two age groups 
(4.8 m > [16.5 m = 25.5 m]).

Fathers adjusted their mean F0 to their children’s age: fathers of 4.8 ± 1.75 month-old infants used 
the highest pitch, while fathers with older children used significantly lower pitch during the interactions 
(4.8 m > [16.5 m = 25.5 m]). In contrast, we found no difference between age groups when looking at how moth-
ers addressed their children (Fig. 2; Supplementary Table S7).

‘Free speech’ situations – Fundamental frequency (F0) range. In this analysis, the final model con-
tained all two ways interaction effects of the factors except Role*Addressee (LR = 253.4518, p < 0.001; for details 
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Figure 1. Mean of the fundamental frequency (F0) in mothers and fathers (pooled) when speaking to different 
partners in different ‘Free speech’ situations. Horizontal solid line indicates median, the width of the boxes 
indicate the distribution of the data points.
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Figure 2. Mean of the fundamental frequency (F0) in mothers and fathers of the different age groups in the 
‘Free speech’ situations. Horizontal solid line indicates median, the width of the boxes indicate the distribution 
of the data points.
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see Supplementary Table S8). The analysis of F0 range showed significant effects of Addressee and Situation, both 
of which had an interaction with the Role of the adult speaker (i.e. mother or father) (Supplementary Tables S9 
and S10). In all task situations and with all addresees, the mothers’ speech had higher pitch range than the fathers’ 
(Mother > Father). Additionally, during the Storytelling and Teaching situations, both mothers and fathers used 
broader F0 range in the DDS and IDS conditions compared to the ADS condition. In contrast, both fathers and 
mothers used similar F0 range during dog- and infant-directed speech ([DDS = IDS] > ADS). In the Task solving 
situation, we found significant differences only between ADS and IDS conditions ([IDS > ADS] = DDS).

Pairwise comparisons of the three ‘Free speech’ situations show that mothers used broader pitch range during 
the Task solving compared to Storytelling and Teaching, and these last two situations did not differ from each other 
(Task > [Story = Teaching]). In contrast, fathers used wider F0 range during Teaching compared to Storytelling; 
while neither of the two situations differed from Task solving ([Teach > Story] = Task), irrespective of the type of 
addressee (infant/dog/adult).

Similarly to mean F0 values, infants’ age had a significant effect on fathers’ but not mothers’ pitch range 
(Supplementary Table S11). Fathers used significantly broader pitch range when speaking to 4.8 ± 1.75 month-old 
infants, while their speech samples were characterized by similar F0 range in the 16.5 ± 1.25 and in 25.5 ± 3.5 
month-old toddler age groups (4.8 > [16.5 = 25.5]). Also, mothers’ and fathers’ pitch range differed only in the 
two older age groups (Mother > Father).

In the Task solving situation, parents of children in different age groups used similar pitch range 
(Supplementarty Table S12), while in both Storytelling and Teaching situations parents of 4.8 ± 1.75 month-old 
infants used significantly broader range than parents of 25.5 ± 3.5 month toddlers ([4.8 > 25.5] = 16.5). There 
was no effect of Situation within the youngest infant age group. In the 16.5 ± 1.25 month-old age group, 
both parents used significantly broader F0 range in the Teaching situation than in the other two situations 
(Teach > [Story = Task]). Parents of 25.5 ± 3.5 month-old infants, however, used significantly broader F0 range in 
the Task solving situation (Task > [Story = Teach]).

Finally, in all age groups, mothers’ and fathers’ speech had significantly lower pitch range in the ADS con-
dition compared to the other two addressees (Supplementary Table S13), while there were no significant dif-
ferences between the DDS and the IDS conditions ([DDS = IDS] > ADS). Additionally, in the ADS condition, 
parents in the youngest infant age group used significantly higher F0 range than parents of older children 
(4.8 > [16.5 = 25.5]). There were no differences between age groups with the other addressees (Fig. 3).

‘Fixed sentences’ situation – Mean fundamental frequency (F0). In line with the results obtained 
from the analysis of Free-speech situations, we found that with all addressees mothers’ speech had significantly 
higher pitch than that of fathers (Mother > Father). There was also a significant Addressee*Age group interaction 
(LR = 264.0386, p < 0.001; for details see Supplementary Table S14). Infants’ age had no significant effect on par-
ents’ mean F0 talking with the three addressees (IDS, DDS, ADS; Supplementary Table S15). However, parents 
of 4.8 ± 1.75 and 16.5 ± 1.25 month-old infants used significantly lower mean F0 in ADS than in DDS, and their 
mean F0 was significantly lower in the DDS than in the IDS condition (IDS > DDS > ADS; Fig. 4). In contrast to 
what found in the ‘Free speech’ situations, in the oldest age group (25.5 ± 3.5 months), the mean F0 values of both 
mothers and fathers was similar when comparing speech to young children and to dogs ([DDS = IDS] > ADS).

‘Fixed sentences’ situation – Fundamental frequency (F0) range. According to the final model 
(LR = 59.31615, p < 0.001; for details, see Supplementary Table S16), there was a difference in pitch range 
between mothers and fathers. Similarly to the Free speech situations, mothers’ voice was characterized by sig-
nificantly broader range compared to fathers (Mother > Father); there was also a significant Addressee*Age 
group interaction in both mothers and fathers (Supplementary Table S17). We found a significant age effect 
only within the IDS condition: parents of 4.8 ± 1.75 month-old infants used a broader range than parents of 
25.5 ± 3.5 month-olds, while 16.5 ± 1.25 month-olds did not significantly differ from neither of the other two 
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Figure 3. Fundamental frequency ranges in mothers and fathers (pooled) of the three age groups when 
speaking to different partners in the ‘Free speech’ situations. Horizontal solid line indicates median, the width of 
the boxes indicate the distribution of the data points.
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age groups ([4.8 > 25.5] = 16.5). Parents of 16.5 ± 1.25 month-old infants used similar pitch range in ADS 
and DDS conditions, however their pitch range was significantly broader when they were talking to infants 
(IDS > [ADS = DDS]). In contrast, in the 4.8 ± 1.75 month-old age group parents used a significantly smaller 
pitch range in ADS condition as compared with DDS and IDS conditions ([DDS = IDS] > ADS). We found no 
effect of the addressee in the oldest age group (25.5 ± 3.5 months, Fig. 5).

‘Fixed sentences’ situation – Hyperarticulation. In the final model (LR = 39.5136, p < 0.001; for details 
see Supplementary Table S18), we found that, in general, mothers hyperarticulated their vowels more than fathers 
(M > F), although hyperarticulation was also affected by Addressee (Supplementary Table S19). Both mothers 
and fathers hyperarticulated their vowels more when talking to their infants (IDS condition) as opposed to their 
dog (DDS) or the adult experimenter (ADS); both used similar articulation in the ADS and the DDS conditions 
(IDS > [DDS = ADS]). Finally, we found a differential effect of infants’ age on mothers’ and fathers’ hyperarticu-
lation (Supplementary Table S20); mothers of 4.8 ± 1.75 and 16.5 ± 1.25 month-old infants used more articulated 
vowels than fathers, though there was no difference between male and female parents in the 25.5 ± 3.5 month-old 
age group (Fig. 6).

Discussion
In the present study, we found evidence that both infant- and dog-directed speech have situation and gender 
dependent acoustic features that may change as a function of the emotional and attentional need of the addressee, 
as well as their language competence. Our results also suggest that prosodic features of people’s speech to their 
young children and dogs are more likely to be prominent in naturalistic social situations than during more con-
trolled sentences, i.e. when addressors could interact with their partners only with certain restrictions.

The comparative analysis of the acoustic parameters of mothers’ and fathers’ speech samples obtained from 
interactions with different addressees provides further support to the notion that dog-directed talk shares many 
features with infant-directed speech. Moreover, it seems that both IDS and DDS markedly differ in their acoustic 
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characteristics (i.e. heightened overall pitch and pitch range) from those of adult directed talk and these charac-
teristics are displayed in a similar way in both men and women e.g.15,21. Contrary to previous findings2,5,6, our 
results showed that both mothers and fathers used higher pitch during DDS, compared to IDS. Importantly, 
however, this was the case only in the ‘Free’ social interactions. In the Fixed sentences situation, the difference 
between DDS and IDS was only present in the 4.8 ± 1.75 and 16.5 ± 1.25 month-old age groups and disappeared 
in the parents who had a child 25.5 ± 3.5 months old. This result highlights some often-overlooked aspects of the 
experimental study of infant- and dog-directed speech, and raises the possibility that people talk to their partners 
differently in naturalistic, unrestricted situations as opposed to fully controlled situations in which participants 
are allowed to use only a predetermined set of phrases e.g.2,26.

Another possible explanation for the above differences in pitch characteristic is that the phenomenon is spe-
cific to Hungarian language. In fact, while the exaggerated acoustic characteristics of IDS are universal, e.g.12. 
language-specific variations have also been reported e.g.27. In line with this, we may assume that DDS might 
also have some language- and/or culture-specific features. Nevertheless, given the limited experimental data, the 
plausibility of this hypothesis is unclear at present.

Unlike mean pitch values, dog-directed speech was more similar to infant-directed talk in terms of pitch 
range. F0 ranges of both DDS and IDS differed from those used in ADS (although DDS did not differ from ADS 
in the Task solving situation). In this respect, it is also worth noting that the very same pattern was observed both 
in mothers’ and fathers’ speech samples. These results are consistent with the widely held notion that the two basic 
acoustic parameters of human speech (i.e. mean F0 and F0 range) probably play different roles; mean fundamen-
tal frequency is associated mainly with the communication of affection, while F0 range generally serves to draw 
the addressee’s attention e.g.2,6,28. Moreover, our results provide some support to the assumption that pitch and 
pitch range in IDS and DDS serve different functions, and that speakers utilize them differently according to the 
social situation and their partner’s needs e.g.2,29,30.

Concerning the context-specificity of DDS, IDS and ADS, we found that both women and men used a sig-
nificantly higher pitch when they asked and encouraged their partner to complete an easy task (Task solving) 
compared to Storytelling or Teaching situations. However, the range of pitch they used when speaking to different 
partners showed different patterns between mothers and fathers. Men used the widest range during the Teaching 
situation, while women’s speech had the highest range in the Task solving. Furthermore, this effect was not inde-
pendent from the interaction partner: men and women used similar range across the situations when talking to 
their dogs, they used significantly higher range in the Task solving (as compared with Teaching and Storytelling) 
when talking to an adult human, and used significantly higher range in both Task solving and Teaching (as com-
pared with Storytelling) in the infant-directed speech condition.

Based on the finding that such changes in F0 and pitch range has the potential to facilitate attentional engage-
ment of the addressee to the task30, we may conclude that this result is an indication that talkers adjust the 
acoustic parameters of their speech to their partners’ attentional and motivational state and further emphasise 
the potentially different roles of pitch and pitch variability. The latter seems to be more sensitively modulated 
by the task situation and the language comprehension abilities of the interaction partner, probably due to its 
attention-attracting function. Evidently, however, more (comparative) research is needed to better understand the 
relationship between contextual changes and varying characteristics of infant- and dog-directed talk.

Another intriguing question concerns the sex-specific differences in the acoustic parameters of dog- and 
infant-directed talks. Previous studies have shown that, according to independent raters, although women tend 
more frequently than men to use a ‘baby talk’-like speech register when playing with their dogs, both male and 
female owners use basically similar prosodic and lexical features during these interactions4,15. The acoustic fea-
tures of DDS (i.e. mean fundamental frequency or pitch and pitch range) were not measured in these studies, 
rather, speech samples were only rated as using a baby-talk speech register or not. Our study provides more artic-
ulated acoustic evidence that women and men talk to their dogs and to their young children using similar speech 
register which is characterized by elevated pitch and pitch range and thus markedly differ from adult-directed 
talk. The finding that acoustic characteristics of speech samples in both men and women followed a similar 
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pattern in terms of prosodic exaggeration (DDS > IDS > ADS) suggests that both mothers and fathers tend to 
express emotions with highly positive valence when communicating with their young children or dogs in ways 
that increase the addressees’ social responsiveness28,30.

The most striking difference between mothers and fathers was the age specificity of their baby talk speech 
register. While motherese seemed to be very similar toward infants in all our age categories, fatherese proved 
to be more sensitive to the infant’s age. More precisely, fathers used significantly higher pitch and broader pitch 
range when speaking to their 4.8 ± 1.75 moths-old babies than to older infants and toddlers. It is noteworthy 
that there are inconsistent findings among studies exploring the age-related changes in acoustic modifications 
of infant-directed speech. Although some studies have clearly demonstrated that motherese shows age-related 
changes in prosodic features during the first 24 months of an infants’ life31–33, others found no age-related changes 
in IDS34,35. The main reason for inconsistent results is that there is a wide variety of methods and protocols to 
assess the age-related changes in infant-directed speech c.f.31. As far as we know only one study investigated IDS of 
mothers and fathers previously with a comparative methodology in which free conversations were recorded from 
parents of 2- and 5 year-old children18. This study revealed that both sexes used elevated pitch and wider range 
toward 2-year-old toddlers, but only mothers used elevated F0 and wider range toward 5-year-olds compared 
to adult listeners while fathers’ voice was similar in this condition18. Our results further support the age-specific 
differences in motherese and fatherese: mothers used intense speech prosody independent of the infants’ age, 
while fathers show decreasing speech prosody toward older infants. It is possible that the ‘Free’ speech situation 
is the key to solve these contradictions, as in our study the ‘Fixed’ sentences showed no such age effect difference 
between mothers and fathers.

In addition, we found that both mothers and fathers hyperarticulated their vowels when talking to their 
infants, but not when addressing their dogs. This is in line with previous studies suggesting that hyperspeech is 
related to language tutoring e.g.36–38. Results from our study also indicate that mothers tend to hyperarticulate 
their vowels more when they have young infants (below 18 months) compared to fathers in all speech situations, 
while this difference disappears in the oldest age group. Other studies, however, reported that hyperarticulated 
vowels can be found not only in adult-children interactions but also when speaking to pets (cats and dogs5; dog 
puppies39) and computer avatars40. Based on these we may suppose that the tendency to provide a form of didactic 
support (language teaching) is just one of several possible factors that modulate vowel space expansion in IDS. 
For example, speech rate by itself can influence vowel hyperarticulation, thus the slower speech rate which occurs 
during infant- and dog-directed speech, can make all vowels to be more salient4,41,42. Positive facial expressions, 
like smiling, also influence the acoustic parameters of speech and has the potential to increase hyperarticulation 
of /i/ and /a/43 and others suggest that the degree of vowel hyperarticulation is strongly influenced by the feedback 
from the listener to the speaker44,45. However, recent findings of Kalashnikova et al.9 showed that the shortening 
of the vocal tract affects mainly the formant structure of the vowels in IDS suggesting a pre-linguistic function 
of hyperarticulation as manipulating the apparent body size of the speaker and communicating non-aggressive 
intent and social convergence.

It is important to note that our set of vowels in the ‘Fixed sentences’ was relatively limited maybe affecting the 
generalizability of our results. Another possible limitation of our study is that even with the best effort to keep our 
recording scenarios natural and familiar for participants, the use of the recording equipment, the presence of the 
unfamiliar experimenters and even using the experimenters as adult interaction partners could have an impact on 
the characteristics of the speech of participants and thus could introduce confounding in our sample. These pro-
cedural factors might be responsible for some of the differences between adult-directed and dog/infant-directed 
speech samples (for example, utterance length has been found to be different when talking to familiar and unfa-
miliar partner15,46).

In summary, we can conclude that our results support the hypothesis that IDS (motherese & fatherese) 
and DDS have context-specific features and these characteristics occur in both men’s and women’s speech. 
Dog-directed speech is characterized by more exaggerated speech prosody than infant-directed talk. Differences 
between IDS and DDS conditions suggest that infant-directed speech reflects a more flexible adjustment of speech 
characteristics (pitch, pitch range, hyperarticulation) to the presumed cognitive capacities of the addressee and 
to the social situation, and this may play an important role in creating and maintaining an efficient flow of infor-
mation. Our results also shed light on the importance of comparative studies of mothers’ and fathers’ infant- and 
pet-directed speech considering not just the partner, but the age of the infant and the social situation of the 
interaction.

Materials and Methods
Ethics statement. This research was approved by the Human Research Ethics Committee (EPKEB) at 
Hungarian Academy of Sciences (No. 2015/23). In accordance with ethics approval, all parents completed an 
informed written consent to participate in the study and all methods were performed in accordance with the 
relevant guidelines and regulations of the EPKEB and the current laws of Hungary.

Participants. A total of 21 families with 39 parents (21 women, mean age ± SD: 33.1 ± 5.6 years; 18 men, 
mean age ± SD: 37 ± 4.2 years, urban middle-class families, with high (60% of adults) to middle (40% of adults) 
education level) were recruited on a voluntary basis who had both biological child (younger than 30 months of 
age) and adult pet dog at home (dogs’ mean age ± SD: 5.3 ± 3.4 years). All participants spoke Hungarian as their 
native language except one father who spoke Dutch, therefore we excluded his recordings from the hyperarticula-
tion analysis (see below in Procedure and Data analysis). One speech sample of one mother recorded during the 
Storytelling “Free” situation in the ADS condition was damaged (see below in Procedure and S1 Table).

In order to examine the effect of the infant’s age on motherese, families were grouped into three age cate-
gories: (1) parents of early pre-linguistic infants (N = 12, mean age 4.8 months ± 7 weeks); (2) parents of late 
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pre-linguistic, infants (N = 12, mean age 16.5 months ± 5 weeks); (3) parents of infants in emerging language 
stage (N = 15, mean age 25.5 months ± 14 weeks). For IDS and DDS participants spoke to their own infant and 
dog. For ADS, they spoke to the adult female experimenter (in most of the cases GA [age: 29], on 6 occasions 
HKK [see acknowledgement, age:28]).

Procedure. During the recording session two experimenters were present, one explained the tasks for the 
participants and play role in the interactions, while the other handled the recording equipment. Each mother and 
father was recorded speaking separately to their (i) infant (IDS), (ii) dog (DDS) and (iii) an adult experimenter 
(ADS) in a within-subjects design. Infant- dog- and adult-directed speech samples were collected from each 
participant in three “Free” situations (Storytelling, Task solving and Teaching) in which they were encouraged to 
speak freely without restrictions, and one “Fixed” situation where they were asked to say predefined sentences 
to the listeners (Fixed sentences) – see below for more details. In the ‘Free’ situations our aim was not to get the 
Subjects to actually teach and transfer information, or to make the interaction partner to perform a task success-
fully, but to model situations that can be relevant and comparable across both species and the infants’ age groups.

Storytelling. Participants were instructed to call the listener’s (infant, dog or adult) attention to an object and tell 
a story about it. We used different target objects in the three different cases of addressees (a story book for IDS, a 
dog toy for DDS and a reproduction of a Van Gogh painting for ADS).

Task solving. Participants encouraged the listener to complete an easy task and praised them when they suc-
ceeded. In the IDS condition we used three different versions of the same object displacement task according 
to the infant’s age. The task for the parents of 4.8 ± 1.75 month-old infants was to encourage their baby to grab 
an object and give it to them. For the 16.5 ± 1.25 month-old infants the task was to displace ten similar objects 
from their initial place into a bag. The 25.5 ± 3.5 month-olds had to displace the same objects from left to right 
or vice-versa in a predetermined order with the constraints that the location of all objects needed to be changed. 
In the DDS condition the experimenter placed a tug, a rope and a tennis ball on the floor in front of the dog and 
then she named one of the objects. The participants’ task was to instruct the dog to select and retrieve the ‘named’ 
toy. In the ADS condition the same object displacement task was used as in the case of the 25.5 ± 3.5-month-old 
group.

Teaching. The procedure in this situation was identical for all addressees. Participants were instructed to explain 
how to use an optional application on their mobile phone to the listeners (i.e. which button must be pushed in 
order to open and run the application etc.).

Fixed sentences. Participants were asked to tell the following three sentences to the listeners (i.e. infant/dog/
adult experimenter): (#1) Nézd csak, milyen szép idő van odakint! (in English: Just look! What nice weather!) (#2) 
Akarsz sétálni egyet? (in English: Do you want to go for a walk?) (#3) Úgy látom, unatkozol. Nem csinálunk valami 
mást? (in English: You seem really bored. Shouldn’t we do something else?).

Voice recordings were collected in a quiet room at the participants’ home using a Zoom H4n digital recorder 
with a head microphone (audio-technica, type: PRO 8HEx). Each recording lasted 30 to 60 seconds and partici-
pants were encouraged to interact with all listeners in a natural manner. To control for any potential order effects, 
speech recordings from the three addressees (IDS, DDS, ADS) were collected in a counterbalanced order across 
participants.

Variables and Data Analysis. We analysed acoustic recordings from both ‘Free’ and ‘Fixed’ situations with 
PRAAT software (version 6.0.05)47. First we annotated the recordings using a semiautomatic script in order to 
define and label pauses and calls and the exclusion of parts with background noise (instead of analysing utter-
ances, we applied a call based approach for our analysis and defined call as one continuous production of a 
fundamental frequency).The baseline search range was defined between 75 Hz and 500 Hz, and before the pitch 
extraction the operator checked visually the detection of the pitch contour for halving and doubling errors, and 
modified the range if it was necessary. This way we could ensure the minimal level of artefacts in the measure-
ments. Then we exported the following acoustic characteristics of each call from the program given on nonlinear 
scales to have the possibility of the comparison of mothers’ and fathers’ voice:10.

•	 Fundamental frequency (given on ERB scale): F0 (perceived as pitch) mean and range (calculated by subtract-
ing F0 minimum from F0 maximum). Analysed using Praat’s built in cross correlation based Pitch extraction 
method.

•	 Vowel formants (given on bark scale): we also analysed first and second formants (F1 and F2) of the corner 
vowels (/i/, /u/, /a/) from phrase #3 (see above) of the Fixed sentences situation, in order to examine hyper-
articulation. First each target vowel was labelled, average formant values were measured within vowels using 
Praat’s built in Formant function (extracted Formant number: 3, maximum Formant frequency: 3500), then 
plotted against F1 and F2, creating a triangle. Vowel triangle areas were then calculated for each of the three 
addressees (ADS, DDS, IDS) e.g.2,6.

All variables were analysed with random intercept general linear mixed-effect models (LMM) with Gaussian 
error distribution after box-cox transformation of the response to reach normal distribution and applying a 
nested random effect design (participant ID within family ID) in order to control for repeated measures and the 
lack of independence between mothers and fathers of the same family (see Supplementary Table S1), (R MASS 
package: boxcox function, nlme package, lme function). We applied automatic AIC based model selection in all 
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LMM models to obtain the simplest models with the most explanatory power (MASS package step AIC function). 
These final models are reported in the Results (initial models are reported in the Supplementary Tables)

For the analyses of F0 mean and range in the ‘Free’ situations the fixed explanatory variables included 
Addressee (factor with 3 levels – IDS, DDS, ADS),Situation (factor with 3 levels – Task solving, Storytelling, 
Teaching), Role in the family (factor with two levels – mother, father), Age group of the infant (3-level factor – 
4.8, 16.5, 25.5 months) and all possible two way interactions were added in the initial models In case of the Fixed 
sentences situation the initial model was the same as in the Free situations with the exclusion of Addressee factor 
(as there were no different interaction partners this time).

All tests were two-tailed and α value was set at 0.05. Tukey post-hoc test was applied for pairwise comparisons 
(lsmeans package, pairs function).

All data are available in the Supplementary Data.

References
 1. Hirsh-Pasek, K. & Treiman, R. Doggerel: motherese in a new context. J. Child Lang. 9, https://doi.org/10.1017/S0305000900003731 

(1982).
 2. Burnham, D., Kitamura, C. & Vollmer-Conna, U. What’s new, pussycat? On talking to babies and animals. Science 296, 1435, https://

doi.org/10.1126/science.1069587 (2002).
 3. Mitchell, R. W. & Edmonson, E. Function of repetitive talk to dogs during play: Control, conservation, or planning? Soc. Anim. 7, 

55–81, https://doi.org/10.1163/156853099X00167 (1999).
 4. Mitchell, R. W. Americans’ Talk to Dogs: Similarities and Differences With Talk to Infants. Res. Lang. Soc. Interact. 34, 183–210, 

https://doi.org/10.1207/S15327973RLSI34-2_2 (2001).
 5. Burnham, D. et al. Are you my little pussy-cat? Acoustic, phonetic and affective qualities of infant-and pet-directed speech. In 5th 

International Conference on Spoken Language Processing (ICSLP 98) (1998).
 6. Xu, N., Burnham, D., Kitamura, C. & Vollmer-Conna, U. Vowel hyperarticulation in parrot-, dog- and infant-directed speech. 

Anthrozoos A Multidiscip. J. Interact. People Anim. 26, 373–380, https://doi.org/10.2752/175303713X13697429463592 (2013).
 7. Song, J. Y., Demuth, K. & Morgan, J. Effects of the acoustic properties of infant-directed speech on infant word recognition. J. Acoust. 

Soc. Am. 128, 389–400, https://doi.org/10.1121/1.3419786 (2010).
 8. Saint-Georges, C. et al. Motherese in Interaction: At the Cross-Road of Emotion and Cognition? (A Systematic Review). PLoS One 

8, 1–17, https://doi.org/10.1371/journal.pone.0078103 (2013).
 9. Kalashnikova, M., Carignan, C. & Burnham, D. The origins of babytalk: smiling, teaching or social convergence? R. Soc. Open Sci. 4, 

170306, https://doi.org/10.1098/rsos.170306 (2017).
 10. Jeannin, S., Gilbert, C. & Leboucher, G. Effect of interaction type on the characteristics of pet-directed speech in female dog owners. 

Anim. Cogn. 20, 499–509, https://doi.org/10.1007/s10071-017-1077-7 (2017).
 11. Robins, D. M., Sanders, C. R. & Cahill, S. E. Dogs and their people: Pet-facilitated interaction in a public setting. J. Contemp. Ethnogr. 

20, 3–25, https://doi.org/10.1177/089124191020001001 (1991).
 12. Fernald, a. et al. A cross-language study of prosodic modifications in mothers’ and fathers’ speech to preverbal infants. J. Child Lang. 

16, 477–501, https://doi.org/10.1017/S0305000900010679 (1989).
 13. Levin, H. & Hunter, W. A. Children’s use of a social speech register: Age and sex differences. J. Lang. Soc. Psychol. 1, 63–72, https://

doi.org/10.1177/0261927X8200100105 (1982).
 14. Prato-Previde, E., Fallani, G. & Valsecchi, P. Gender differences in owners interacting with pet dogs: An observational study. 

Ethology 112, 64–73, https://doi.org/10.1111/j.1439-0310.2006.01123.x (2006).
 15. Mitchell, R. W. Controlling the dog, pretending to have a conversation, or just being friendly?: Influences of sex and familiarity on 

Americans’ talk to dogs during play. Interact. Stud. 5, 99–129, https://doi.org/10.1075/is.5.1.06mit (2004).
 16. Genishi, C. & Dyson, A. Language assesment in the early years. (Ablex Publishing Corporation, 1984).
 17. Jacobson, J. L., Boersma, D. C., Fields, R. B. & Olson, K. L. Paralinguistic features of adult speech to infants and small children. Child 

Dev. 54, 436, https://doi.org/10.2307/1129704 (1983).
 18. Warren-Leubecker, A. & Bohannon, J. N. Intonation patterns in child-directed speech: Mother-father differences. Child Dev. 55, 

1379–1385, https://doi.org/10.2307/1130007 (1984).
 19. Shute, B. & Wheldall, K. Fundamental frequency and temporal modifications in the speech of British fathers to their children. Educ. 

Psychol. 19, 221–233, https://doi.org/10.1080/0144341990190208 (1999).
 20. Shute, B. & Whezldall, K. The incidence of raised average pitch and increased pitch variability in British’ motherese’ speech and the 

influence of maternal occupation and discourse form. First Lang. 15, 35–55 (1995).
 21. Niwano, K., Sugai, K. & Anonymous. Pitch characteristics of speech during mother-infant and father-infant vocal interactions. 

Tokushu Kyoikugaku Kenkyu/Japanese J. Spec. Educ. 40, 663 (2003).
 22. Papoušek, M., Papoušek, H. & Symmes, D. The meanings of melodies in motherese in tone and stress languages. Infant Behav. Dev. 

14, 415–440, https://doi.org/10.1016/0163-6383(91)90031-M (1991).
 23. Papoušek, M., Papoušek, H. & Bornstein, M. The naturalistic vocal environment of young infants: On the significance of 

homogeneity and variability in parental speech. in Social perception in infants (eds. Field, T. & Fox, N.) (Ablex Publishing 
Corporation, 1985).

 24. Stern, D. N., Spieker, S. & MacKain, K. Intonation contours as signals in maternal speech to prelinguistic infants. Dev. Psychol. 18, 
727–735, https://doi.org/10.1037/0012-1649.18.5.727 (1982).

 25. Ruf f ,  H.  A.  & Rothbart ,  M.  K.  Attention in Early  Development:  Themes and Variations .  doi :10.1093/
acprof:oso/9780195136326.001.0001 (Oxford University Press, 2001).

 26. Jürgens, R., Hammerschmidt, K. & Fischer, J. Authentic and play-acted vocal emotion expressions reveal acoustic differences. Front. 
Psychol. 2, 180, https://doi.org/10.3389/fpsyg.2011.00180 (2011).

 27. Ingram, D. The cultural basis of prosodic modifications to infants and children: a response to Fernald’s universalist theory. J. Child 
Lang. 22, 223–33, https://doi.org/10.1017/S0305000900009715 (1995).

 28. Trainor, L. J., Austin, C. M. & Desjardins, R. N. Is infant-directed speech prosody a result of the vocal expression of emotion? 
Psychol. Sci. 11, 188–195, https://doi.org/10.1111/1467-9280.00240 (2000).

 29. Singh, L., Morgan, J. L. & Best, C. T. Infants’ listening preferences: Baby talk or happy talk? Infancy 3, 365–394, https://doi.
org/10.1207/S15327078IN0303_5 (2002).

 30. Kitamura, C. & Burnham, D. Pitch and communicative intent in mother’s speech: Adjustments for age and sex in the first year. 
Infancy 4, 85–110, https://doi.org/10.1207/S15327078IN0401_5 (2003).

 31. Liu, H.-M., Tsao, F.-M. & Kuhl, P. K. Age-related changes in acoustic modifications of Mandarin maternal speech to preverbal 
infants and five-year-old children: a longitudinal study. J. Child Lang. 36, 909–922, https://doi.org/10.1017/S030500090800929X 
(2009).

 32. Niwano, K. & Sucai, K. Prosodic characteristics of vocal interaction between 3-month-old infants and mothers. Annu. Rep. Grad. 
Sch. Educ. Tohokti Univ. 49, 311–325 (2001).

http://dx.doi.org/10.1017/S0305000900003731
http://dx.doi.org/10.1126/science.1069587
http://dx.doi.org/10.1126/science.1069587
http://dx.doi.org/10.1163/156853099X00167
http://dx.doi.org/10.1207/S15327973RLSI34-2_2
http://dx.doi.org/10.2752/175303713X13697429463592
http://dx.doi.org/10.1121/1.3419786
http://dx.doi.org/10.1371/journal.pone.0078103
http://dx.doi.org/10.1098/rsos.170306
http://dx.doi.org/10.1007/s10071-017-1077-7
http://dx.doi.org/10.1177/089124191020001001
http://dx.doi.org/10.1017/S0305000900010679
http://dx.doi.org/10.1177/0261927X8200100105
http://dx.doi.org/10.1177/0261927X8200100105
http://dx.doi.org/10.1111/j.1439-0310.2006.01123.x
http://dx.doi.org/10.1075/is.5.1.06mit
http://dx.doi.org/10.2307/1129704
http://dx.doi.org/10.2307/1130007
http://dx.doi.org/10.1080/0144341990190208
http://dx.doi.org/10.1016/0163-6383(91)90031-M
http://dx.doi.org/10.1037/0012-1649.18.5.727
http://dx.doi.org/10.1093/acprof:oso/9780195136326.001.0001
http://dx.doi.org/10.1093/acprof:oso/9780195136326.001.0001
http://dx.doi.org/10.3389/fpsyg.2011.00180
http://dx.doi.org/10.1017/S0305000900009715
http://dx.doi.org/10.1111/1467-9280.00240
http://dx.doi.org/10.1207/S15327078IN0303_5
http://dx.doi.org/10.1207/S15327078IN0303_5
http://dx.doi.org/10.1207/S15327078IN0401_5
http://dx.doi.org/10.1017/S030500090800929X


www.nature.com/scientificreports/

1 0Scientific RepoRts | 7: 13739  | DOI:10.1038/s41598-017-13883-2

 33. Stern, D. N., Spieker, S., Barnett, R. K. & MacKain, K. The prosody of maternal speech: infant age and context related changes. J. 
Child Lang. 10, 1–15, https://doi.org/10.1017/S0305000900005092 (1983).

 34. Liu, H.-M., Tsao, F.-M. & Kuhl, P. K. Acoustic analysis of lexical tone in Mandarin infant-directed speech. Dev. Psychol. 43, 912–917, 
https://doi.org/10.1037/0012-1649.43.4.912 (2007).

 35. Amano, S., Nakatani, T. & Kondo, T. Fundamental frequency of infants’ and parents’ utterances in longitudinal recordings. J. Acoust. 
Soc. Am. 119, 1636–1647, https://doi.org/10.1121/1.2161443 (2006).

 36. Cristia, A. & Seidl, A. The hyperarticulation hypothesis of infant-directed speech* - CORRIGENDUM. J. Child Lang. 41, 913–934, 
https://doi.org/10.1017/S0305000912000669 (2014).

 37. Fernald, A. Speech to infants as hyperspeech: knowledge-driven processes in early word recognition. Phonetica 57, 242–254, https://
doi.org/10.1159/000028477 (2000).

 38. Kuhl, P. K. et al. Cross-language analysis of phonetic units in language addressed to infants. Science 277, 684–686, https://doi.
org/10.1126/science.277.5326.684 (1997).

 39. Kim, H., Diehl, M., Panneton, R. & Moon, C. Hyperarticulation in mothers’ speech to babies and puppies. In International 
Conference on Infant Studies (2006).

 40. Burnham, D., Joefffry, S. & Rice, L. Computer- and human-directed speech before and after correction. Speech Sci. Technol. 13–17 
(2010).

 41. Gendrot, C. & Adda-Decker, M. Impact of duration and vowel inventory size on formant values of oral vowels: an automated 
formant analysis from eight languages. in Proceedings of the 16th International Congress of Phonetic Sciences 1417–1420 (2007).

 42. Snow, C. & Ferguson, C. Talking to children: language input and acquisition. (Cambridge University Press, 1997).
 43. Fagel, S. Effects of Smiling on Articulation: Lips, Larynx and Acoustics. In Development of multimodal interfaces: active listening and 

synchrony (eds. Esposito, A., Campbell, N., Vogel, C., Hussain, A. & Nijholt, A.) 294–303, doi:10.1007/978-3-642-12397-9_25 
(Springer Berlin Heidelberg, 2010).

 44. Rice, L. & Burnham, D. Speak clearly mummy. In The effect of degraded input on infant-directed speech. In Australasian 
Experimental Psych. Conf. 8–10 (2010).

 45. Lam, C. & Kitamura, C. Mommy, speak clearly: Induced hearing loss shapes vowel hyperarticulation. Dev. Sci. 15, 212–221, https://
doi.org/10.1111/j.1467-7687.2011.01118.x (2012).

 46. Johnson, E. K., Lahey, M., Ernestus, M. & Cutler, A. A multimodal corpus of speech to infant and adult listeners. J. Acoust. Soc. Am. 
134, EL534–EL540, https://doi.org/10.1121/1.4828977 (2013).

 47. Boersma, P. & Weenink, D. Praat, a system for doing phonetics by computer. Glot Int. 5, 341–345 (2001).

Acknowledgements
This study was funded by the Hungarian Science Foundation (NKFI grant no. K–112138 and PD 121038), the 
Stanton Foundation’s Next Generation Canine Research Grant and the MTA Premium Post Doctorate Grant 
(460002) by the Office for Research Groups Attached to Universities and Other Institutions of the Hungarian 
Academy of Sciences in Hungary. We would like to thank Krisztina Hegedűs-Kovács for helping in the 
experiments, Patrizia Piotti for checking the language of the manuscript and all of families for the participation.

Author Contributions
Conceived and designed the experiment: G.A., T.J. Performed the experiments: G.A., G.Á., F.T. Analysed the 
acoustic recordings: G.A., G.Á., F.T. Statistical analysis: F.T. Wrote the paper: G.A., F.T., T.J. All authors gave final 
approval of the version to be published.

Additional Information
Supplementary information accompanies this paper at https://doi.org/10.1038/s41598-017-13883-2.
Competing Interests: The authors declare that they have no competing interests.
Publisher's note: Springer Nature remains neutral with regard to jurisdictional claims in published maps and 
institutional affiliations.

Open Access This article is licensed under a Creative Commons Attribution 4.0 International 
License, which permits use, sharing, adaptation, distribution and reproduction in any medium or 

format, as long as you give appropriate credit to the original author(s) and the source, provide a link to the Cre-
ative Commons license, and indicate if changes were made. The images or other third party material in this 
article are included in the article’s Creative Commons license, unless indicated otherwise in a credit line to the 
material. If material is not included in the article’s Creative Commons license and your intended use is not per-
mitted by statutory regulation or exceeds the permitted use, you will need to obtain permission directly from the 
copyright holder. To view a copy of this license, visit http://creativecommons.org/licenses/by/4.0/.
 
© The Author(s) 2017

http://dx.doi.org/10.1017/S0305000900005092
http://dx.doi.org/10.1037/0012-1649.43.4.912
http://dx.doi.org/10.1121/1.2161443
http://dx.doi.org/10.1017/S0305000912000669
http://dx.doi.org/10.1159/000028477
http://dx.doi.org/10.1159/000028477
http://dx.doi.org/10.1126/science.277.5326.684
http://dx.doi.org/10.1126/science.277.5326.684
http://dx.doi.org/10.1007/978-3-642-12397-9_25
http://dx.doi.org/10.1111/j.1467-7687.2011.01118.x
http://dx.doi.org/10.1111/j.1467-7687.2011.01118.x
http://dx.doi.org/10.1121/1.4828977
http://dx.doi.org/10.1038/s41598-017-13883-2
http://creativecommons.org/licenses/by/4.0/

	Differential effects of speech situations on mothers’ and fathers’ infant-directed and dog-directed speech: An acoustic ana ...
	Results
	‘Free speech’ situations – Mean fundamental frequency (F0). 
	‘Free speech’ situations – Fundamental frequency (F0) range. 
	‘Fixed sentences’ situation – Mean fundamental frequency (F0). 
	‘Fixed sentences’ situation – Fundamental frequency (F0) range. 
	‘Fixed sentences’ situation – Hyperarticulation. 

	Discussion
	Materials and Methods
	Ethics statement. 
	Participants. 
	Procedure. 
	Storytelling. 
	Task solving. 
	Teaching. 
	Fixed sentences. 

	Variables and Data Analysis. 

	Acknowledgements
	Figure 1 Mean of the fundamental frequency (F0) in mothers and fathers (pooled) when speaking to different partners in different ‘Free speech’ situations.
	Figure 2 Mean of the fundamental frequency (F0) in mothers and fathers of the different age groups in the ‘Free speech’ situations.
	Figure 3 Fundamental frequency ranges in mothers and fathers (pooled) of the three age groups when speaking to different partners in the ‘Free speech’ situations.
	Figure 4 Mean of the fundamental frequency (F0) in mothers and fathers (pooled) of the three age groups when speaking to different partners in the ‘Fixed sentences situation.
	Figure 5 Fundamental frequency ranges in mothers and fathers (pooled) of the three age groups when speaking to different partners in the ‘Fixed sentences’ situation.
	Figure 6 Hyperarticulation based on corner vowels in mothers and fathers in the three age groups.




