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Abstract 
This study investigates prosodic features of child-directed speech during the child’s first year, using 
the automated prosodic annotation software Prosogram. From previous studies on first language 
acquisition and child-directed speech we know that speech directed to infants and small children is 
characterised by exaggerated use of several prosodic features, including a higher pitch, livelier pitch 
movement and slower speech rate. Annotation of these phenomena has previously been done 
manually, which is time consuming and includes a risk of circularity. If we can use semi-automated 
systems to carry out this task, it would be a huge methodological gain. This study analysed recordings 
of 10 parent-child pairs at four occasions (3, 6, 9 and 12 months of age) for a total of 40 recordings. 
The audio files were analysed in Prosogram in order to detect possible differences depending on the 
child’s age.  

The results showed a noticeable change in child-directed speech over the first year of the child’s life. 
A change in several characteristic prosodic features was noted to occur between the ages of 6 and 9 
months. Pitch levels decreased, and articulation rate increased. Additionally, parents seemed to use 
pitch values much higher than their mean pitch speaking to children aged 3 and 6 months than to 
children aged 9 and 12 months.  

Despite using a relatively small sample, the results show several interesting trends in the usage of 
child-directed speech. Furthermore, this study shows that Prosogram is a useful tool for automatic 
analysis of child-directed speech 
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Sammanfattning 
Denna studie undersöker prosodiska drag i barnriktat tal under barnets första levnadsår med hjälp det 
automatiserade prosodiska annoteringssystemet Prosogram. Från tidigare studier om 
förstaspråksinlärning och barnriktat tal vet vi att tal som är riktat till små barn karakteriseras av 
överdrivet användande av ett flertal prosodiska drag, bland annat högre grundtonsläge, livligare 
grundtonsrörelse och långsammare artikulationshastighet. Annotering av dessa fenomen har tidigare 
gjorts manuellt, vilket är tidskrävande och involverar en risk för cirkularitet. Det skulle vara ett stort 
metodologiskt framsteg om vi istället skulle kunna använda semiautomatiserade annoteringssystem.  

Denna studie analyserade 10 föräldrar-barn dyader inspelade vid fyra tillfällen (3, 6, 9 och 12 
månaders ålder), totalt 40 inspelningar. Ljudfilerna analyserades i Prosogram för att kunna kartlägga 
möjliga skillnader i relation till barnets stigande ålder.  

Resultaten visade en märkbar förändring i barnriktat tal under barnets första levnadsår. En tydligt 
förändring av flera karakteristiska prosodiska drag noterades mellan 6 och 9 månader. 
Grundtonsvärden minskade och artikulationshastigheten ökade. Dessutom verkade föräldrar använda 
betydligt högre grundtonsvärden än sitt medeltonläge när de talar med barn som är 3 och 6 månader 
gamla än när de talar med 9 och 12 månader gamla barn.   

Trots att studien använder ett relativt litet urval visar resultaten flera intressanta trender i användandet 
av barnriktat tal. Dessutom visar denna studie att Prosogram kan användas för att studera prosodiska 
drag i barnriktat tal. 
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1. Introduction 
This study investigates the possible advantages of using the software Prosogram as a tool to study 
prosodic features in child directed speech. Prosogram, developed by Piet Mertens, provides a semi-
automatic transcription of prosody by stylization of the pitch curve on such a level that it mirrors the 
perception of the general listener. 

From child language acquisition studies we know that child-directed speech is characterised by higher 
pitch as well as larger pitch excursions and slower rate of speech - phenomena that are reported in the 
prosodic profile provided by Prosogram. However, finding these instances in adult speech has hitherto 
been done manually, which is time consuming and includes a risk of circularity. If we manage to 
develop a semi-automatic way to identify the prosodic patterns alleged to characterise child directed 
speech, it would be a huge methodological gain. Although the data analysed by Prosogram does not 
give a complete interpretation of an audio file, it could be used as a base to identify such prosodic 
patterns and thus complement further studies on particular aspects of child directed speech/speech 
with specific prosodic contours.  

This study aims to detect and describe several aspects of child directed speech during the child’s first 
year, with help from automated data provided by Prosogram. Information concerning pitch movement, 
such as pitch range and percentage of syllables containing a pitch movement will be extracted from the 
prosodic profile and compared in order to detect possible changes during the first year. Additionally, 
the study will also examine possible differences in mean pitch and speech rate. This information will 
be analysed and compared to previous studies in order to examine the possibilities of using Prosogram 
as a way of studying child directed speech.  
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2. Background 

2.1 Child-directed speech 
Child-directed, or infant-directed, speech is used by parents and other adults to communicate with 
infants and toddlers, and is characterised by several linguistic features that sets it apart from adult-
directed communication. Baron (1990), among others, divides these features into four categories: 
phonological, lexical, syntactic and conversational. 

2.1.1 Features of child-directed speech 

According to Baron (1990), phonological features include a higher pitch, greater range of pitch 
frequencies, a slower rate of speech, clearer enunciation as well as emphasis and exaggerated 
pronunciation of individual words. Lexical features include strategies such as substituting difficult 
words with easier (often more onomatopoetic) ones and the use of diminutives. Syntactic features 
comprise of using nouns and proper names instead of pronouns (in constructions such as “Daddy is 
going to put this away now”), plural pronouns instead of singular (“Are we a little bit tired this 
afternoon?”) as well as shorter and more grammatically simple phrases. Finally, conversational 
features include pragmatic strategies such as using repetitions and a large rate of questions, 
reproducing the child’s utterances and limiting topics of conversation. Depending on cultural norms, 
the features of child-directed speech may be different in different parts of the world. Baron (1990) 
discusses that one central factor in how child-directed speech is expressed might be the way society 
looks at the role of a child and the stage of childhood, as well as what linguistic environment the child 
is exposed to: “Is the toddler a miniature adult? Is childhood a separate period of life during which 
children are given special consideration in food, clothing, and nurturing? Do we see children as having 
‘incomplete’ mental capacities (taking adult abilities as the norm), or do we believe children pass 
through developmental stages unique to childhood?” (12). The answers to these questions will 
generate different attitudes towards children, and consequently affect the way adults communicate 
with children. Kitamura (2009) similarly argues that as much as feedback from the infant is shaped by 
developmental forces, the parent’s feedback is shaped by cultural forces, which might differ between 
cultures and societies.  

2.1.2 The role of prosodic features in child-directed speech 

Variation in pitch can be argued to be one of the main components of child-directed speech. Garnica 
(1977) was one of the first to show empirical evidence of the differences in pitch between child-
directed speech and adult-directed speech, analysing recordings of 24 mothers. Since then research has 
explored the role of prosody in providing infants with acoustic cues to help them attain linguistic 
information within the waveform, for example to distinguish one utterance from another and discover 
correlation between reoccurring prosodic features and units such as words, phrases and clauses. A 
wide pitch range might mainly be motivated by a desire to receive and hold the attention of the child, 
as infants tend to pay more attention to novel and varied pitch contours at the early stages of life 
(Nelson et al., 1989). Additionally, these features of child-directed speech provide a medium for the 
parent to express affection and facilitate social interaction (Baron, 1990). Fernald and Mazzie (1991) 
argue that it is possible that the wide pitch range could serve mainly to engage the child in 
conversation and maintain the attention of the child. We know that infants pay attention to pitch 
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contours even when these lack linguistic context (Fernald & Kuhl, 1987). This could imply that the 
exaggerated pitch movements have less to do with language learning and more to do with 
metalinguistic aspects of interaction and communication. 

2.1.3 Age-dependent factors of child-directed speech 

It has yet not fully been shown that prosodic features actually help infants in their linguistic 
development and the existence of a universal presence of child-directed speech is still somewhat 
debated; however, several studies have shown that both new-borns and older infants do prefer to listen 
to child-directed speech over adult-directed speech (Panneton & Aslin, 1990). Children do for 
example show higher brain activity when exposed to voices containing features specific to child-
directed speech (Zangl & Mills, 2007). However, it seems that preferences for child-directed speech or 
at least some of the features involved in child-directed speech decreases as the child develops. 
Panneton, Kitamura, Mattock and Burnham (2006) found that a younger group (4-months old) 
preferred listening to speech with high vocal affect and a slower tempo, whereas the older group (8-
months old) showed less distinct preference for high vocal affect. Kitamura and Notley (2009) 
similarly established that young infants by the end of the first year preferred exaggerated prosodic 
features of vowels to be restrained, and that this change of preference occurred sometime between 6 
and 10 months of age.  

As it has been shown, for example in studies with hearing impaired infants (Lam & Kitamura, 2010), 
that response from the infant is of importance for the use of child-directed speech, it can be assumed 
that the parent will effectively adjust their speech in a way that will generate the most response from 
the child at the current age. Kitamura and Burnham (2003) collected naturalistic speech samples from 
parents speaking to their children at home during the first year after birth. Subsequently they asked 
other adults to rate utterances from the material of different ages of the children on scales measuring 
the parent’s intent to: (1) Express affection or approval, (2) Comfort or soothe, (3) Direct infant 
behaviour, (4) Attract attention. The results from the ratings show that intention of utterances seems to 
change systematically over the first year. Voices expressing comfort are especially prominent at 
younger ages, that is from newborn to 3 months old, whereas affecting and approving intent was most 
evident at 6 months. At 9 month, parents showed the most directive intent, and were perceived as less 
affectionate or approving. Kitamura and Burnham argued that these differences are triggered by 
developmental stages in the child’s life. As the child develops and becomes increasingly socially 
responsive, around 6 months, speech is approving and with a higher mean pitch. At later stages, when 
the child has developed enough cognitive and linguistic skills, he or she will be able to pay more 
attention to segmental information. Hence, the supra-segmental information such as pitch level and 
movements will be of less importance and therefore used more restrictively. In a later study Kitamura 
and Lam (2009) found that children at different ages preferred different affective intent types of child-
directed speech, and that these corresponded well with the results from the former study. 3-month-olds 
preferred a comforting intent, 6-month-olds an approving intent and 9-month-olds a directive. It is by 
all means difficult to say which party is adapting to the other, but if we assume that child-directed 
speech is indeed triggered by response from the child, the most likely would be that the parent alters 
his or her speech in a way that will generate the most response from the child. 

Other studies have discovered similar systematic adaptation in the prosody of child-directed speech to 
the changing needs and abilities of the children. Stern, Speiker, Barnett and MacKain (1983) examined 
maternal speech patterns directed to children aged 0 to 24 months, and found that when speaking to 
new-borns, mothers used short vocalisations with long pauses and relatively static intonation. 
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However, as the children reached an age of 4 months, the pitch contours became wider and with more 
movement, the rhythm was more varied and the use of repetitions more frequent. The authors 
discussed that, as the child at this age to a greater extent than before is able to shift their gaze and lose 
interest, the aim of the mothers vocalisations will at this point be to gain and hold the attention of the 
child. Additionally, the study showed that between 12 and 24 months, as the child developed more 
complex cognitive and linguistic skills, mothers decreased their exaggerated pitch and rhythmic 
variability in exchange for more complex and adult-speech-like utterances (Stern et al., 1983). 
Similarly, Garnica (1977) suggested that aspects of child-directed speech that mainly favour social 
functions, such as aspects used mainly as attention holding, will disappear, or at least decrease, earlier 
than aspects used with a clearer communicative intent. Bellinger (1980) did similar studies of 
syntactic, semantic and pragmatic features of child-directed speech of mothers with children aged 1 to 
5 years old and found that the patterns varied according to age of the child, but that the most 
significant changes did not emerge until between ages of 20 and 27 months.  

2.2 Prosogram 
Prosogram, a program developed by Piet Mertens, was created with the aim to give already annotated 
corpora additional prosodic information, and will be used as the method for this study (Mertens, 
2004). Prosogram is realised as a Praat Script and is available under a Creative Commons attribution 
and a non-commercial use license1. Praat is also a free software package, used for phonetic analysis of 
speech as well as speech synthesis2. Praat generates a graph of waves that provides information 
regarding intonation, intensity, volume etc., either manually or using scripts such as Prosogram 
(Boersma and Weenink, 2001). Information generated by the script includes prominence, stress, pitch 
levels, pitch movement and prosodic units, and will enable researchers to look at prosody in a 
systematic and quantitative manner. The possibility of doing so has hitherto been limited, as manual 
annotation of prosody is exceedingly time consuming and includes a risk of circularity. 

2.2.1 Advantages of using Prosogram 

Even if research on prosody (its distribution, relation to syntactic structure and role in discourse) has 
been the subject of studies for many years, useful tools for automatic prosodic annotation of speech is 
highly in demand, among other things due to the emerging field of speech technology.  

Several such annotation systems have been developed, see for example ANALOR (Avanzi, Lacheret-
Dujour, and Victorri, 2008) or Tilt (Taylor, 2000), but as scholars disagree on what the purpose of the 
systems should be, there is little consensus. Many systems also require already annotated material with 
phonological, morphological or syntactic information. Mertens (2004) claims that Prosogram diverts 
from other systems by the fact that it mirrors the human perception rather than fully analyse the 
acoustic representation. All pitch movement shown in the acoustic signal cannot be perceived by the 
human ear, and will therefore not play a part in communication (‘t Hart, Collier and Cohen, 1990). 
This information should thus not be included in the annotation system either. The sensitivity for pitch 
movement detection in the auditory system depends mainly on the duration of the movement; it takes a 
bigger change in a shorter movement for it to be perceived. 

                                                        
1 http://bach.arts.kuleuven.be/pmerterns/prosogram 
2 http://www.fon.hum.uva.nl/praat/ 
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Furthermore, as additional information in already annotated material might create bias, Prosogram is 
created as a bottom-up system that provides a narrow transcription of pitch events and does not need 
any additional information or training. Manual annotation of prosody includes a great risk of 
circularity as it often involves constant decision making from the researcher in terms of what, for 
example, should be labelled a perceived pitch movement. By using automatic annotation systems like 
Prosogram, researchers can to a greater extent study data objectively. This could possibly be seen as 
the biggest advantage of the method.  

2.2.2 Analysis in Prosogram 

Prosogram transforms the acoustic fundamental frequency curves into curves that approximate 
perceived pitch patterns in an objective manner, using algorithms provided by Praat. These curves are 
then segmented into units representing syllable nuclei. The syllable nucleus is of utter importance in 
almost any aspect of prosody, and is here defined as the central section of the voiced part of a syllable, 
shown on the curve as an intensity peak. The pitch curve is then stylised based on a model of tonal 
perception.  

Briefly, each syllable nucleus is divided into one or more chunks of uniform slope on the basis of a 
perceptual threshold for pitch movement, the glissando threshold. Every pitch movement is compared 
to the threshold, and if the movement exceeds the glissando threshold (default setting 
G(glissando)=0.32/T2 semitones per second, where T is the duration of the tonal segment in seconds) 
the nucleus will be labelled dynamic, and will thus also be perceived as a pitch movement. If the 
movement does not exceed the glissando threshold, it will consequently be labelled static. Movements 
within the slope of a pitch variation are marked in a similar way with a differential glissando 
threshold, allowing patterns such as falling-rising or rising-falling (default setting DG(differential 
glissando)=20 ST/s). Pitch segments in the nucleus labelled dynamic hence represent nuclei containing 
an audible pitch movement. As syllables are a relatively small unit of conversational speech in terms 
of time, and pitch is a constantly moving feature of speech, it is possible that listeners do not 
consciously think of syllable nuclei as static or dynamic. However, if speech contains a large amount 
of these dynamic nuclei, it will subsequently be perceived as more melodic. Figure 1 shows an 
example of the outcome of tonal annotation from one of the audio files used for this study. The thick 
black lines in Figure 1 represent syllable nuclei in relation to pitch, and are labelled static or dynamic 
in comparison to the glissando threshold. Figure 2 shows the prosodic profile for the same audio, 
providing calculated prosodic information regarding the speaker and the audio file as a whole, for 
example pitch values and durational features of different aspects. As Prosogram aims to give a 
representation only of features perceivable by the human ear, most values are given both in Hertz, 
representing the acoustic signal, and semi-tones, representing the perceptive signal.  

As Prosogram additionally calculates the speaker’s overall pitch range, the system is able to remove 
pitch values outside the speaker’s range, which will minimise the risk of including undesirable values. 
Briefly this means that the system will delete values produced in the stylisation of the pitch rather than 
by the speaker. 
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Figure 1. Automatic tonal annotation for the time interval 210-219 seconds, showing acoustic parameters 

of intensity (green line), fundamental frequency (blue line) and pitch stylization (thick black line). The 

vertical axis shows pitch plotted on a semitone scale. The syllable nuclei appear as red boxes over the 

voicing line (saw tooth). P signifies the start of pause detection 

Figure 2. Prosodic profile provided by Prosogram for one of the audio files. The profile shows information 

regarding several prosodic features such as pitch and rhythm. Information used for this study include 

mean pitch, pitch range, percentage of gliss and speech rate.  

Prosodic profile for input file: E:\A08MI_130816_s01-s04\A08MI_2\ 
Date: Thu Jan 29 09:31:02 2015 
Segmentation type: asyll 
Time: (assumes there's only 1 speaker)  
 total speech time        =1229.78 s (= internucleus time + 
intranucleus time + pause time) 
 estimated phonation time =382.90 (31.14% of speech time) (= 
internucleus time + intranucleus time) 
 estimated pause time     =846.88 (68.86% of speech time) (= when 
internucleus time >= 0.3) 
 estimated speech rate    =5.92 (nrof_nuclei/phonation_time) 
Nucleus: 2267 nuclei in signal 
Duration:  
Nucleus duration:  
mean=0.086(s) stdev=0.078 summed nucleus duration=194.12(s) 
nPVI (nucleus duration)=57 (assumes there's only 1 speaker) 
 
Pitch range of speaker(s): (based on 2 stylization values per nucleus) 
 Speaker label: Range, Bottom, Mean, Median, Top, MeanOfST, 
StdevOfST 
 ANON         : 25.5ST, 93Hz (78.5ST), 236Hz (94.6ST), 220Hz 
(93.4ST), 406Hz (104.0ST), 93.8ST, 5.3ST 
Pitch range of speaker(s): (based on 2 raw F0 values per nucleus) 
Speaker label: P02, Mean, Median, P98 
ANON         : 93Hz, 235Hz, 219Hz, 415Hz 
Pitch and duration profile of speaker(s): 
Speaker label: NuclDur, InterNuclDur, TrajIntra, TrajInter, TrajPhon, 
TrajIntraZ, TrajInterZ, TrajPhonZ, Gliss, Rises, Falls, SpeechRate 
ANON         : 194.12 s, 188.78 s, 23.8 ST/s, 32.2 ST/s, 28.0 ST/s, 4.5 
sd/s, 6.0 sd/s, 5.2 sd/s, 11.7%, 3.8%, 8.1%, 5.92 syll/s 
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2.2.3 Previous usage of Prosogram 

Prosogram has, as mentioned, several advantages over other automatised prosodic annotation systems, 
according to Mertens (2004). Mainly, it needs nothing but the acoustic signal to give an extensive 
representation of the prosodic profile. Nor does it require a training corpora, and is not restricted to 
any language or type of speaker. Prosogram has among other things previously been used to study 
perceived prominence in spoken French (Goldman, 2007), as well as pitch movements aligned to 
syllable-sized targets in Greek (Kotsifas, 2011). The development of automatised prosodic annotation 
systems has also simplified the study of similarities and differences in music and speech (see e.g. 
Patel, 2006). These studies were mainly based on shorter units of speech such as words or utterances, 
and on already annotated data from corpora. This study will focus on longer time frames, to a greater 
extent giving a representation of child-directed speech as whole. Salselas & Herrera (2011) similarly 
examined differences in child-directed speech and singing between European and Brazilian Portuguese 
with the help of Prosogram, using data comparable to the one used for the current study, and found 
that the system was able to capture rhythmic and melodic patterns even with limited material. They 
did however also manually segment the material into utterance-based chunks in order to examine 
differences depending on intent of an utterance or a sung phrase.  
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3. Aims and Research Questions 
On the basis of previous findings, this study aims to detect and describe prosodic features of child-
directed speech during the child’s first year in order to identify possible differences over time. Several 
characteristic prosodic features of child-directed speech will be analysed using automatically extracted 
prosodic analyses provided by Prosogram. More specifically, this study will focus on pitch levels, 
pitch range and articulation rate.  

Additionally, the study aims to examine and evaluate the possible advantages of using Prosogram as a 
way of studying child-directed speech.  

In summary, this study aims to answer the following research questions: 
 

• Can changes in prosodic features of child-directed speech be detected during the child’s first year?  
• In what way are these possible changes realised? 
• Can automated prosodic annotation systems such as Prosogram be used to changes in prosodic 

features of child-directed speech? 

4. Method and Material 

4.1 Material 
The material for this study is taken from an on-going project at the Department of Linguistics at 
Stockholm University: Modelling of parent-child interaction, MINT3. MINT is a longitudinal study 
which aims to provide greater insight in how early communication between parents and their children 
affects the child’s linguistic development. The project started in 2013 when a randomised sample of 
parents in the metropolitan area of Stockholm with a child born in August or September 2013 were 
contacted and offered to take part in the project. 2000 families were contacted, and 80 of these later 
joined the project.  

Parents and children were recorded and filmed in spontaneous interaction every three months. The 
first recordings were made when the child is three months old, and the last will be recorded three years 
later. The recordings are normally around 20 minutes long and later annotated with information such 
as speech, touch, gaze and gesture.  

The recordings were made in a soundproofed room at the Department of Linguistics at Stockholm 
University, provided with blankets, pillows and a few selected toys. During part of the recordings 
parents were given picture books with suggestions for possible things to do, such as games, riddles or 
songs, but were still free to interact spontaneously with the child.  

Four cameras were used for the recordings, three fitted on the walls of the room, and one in-action 
camera placed on the parent’s chest to get an additional angle. This action camera was added after the 
                                                        
3 “Modelling infant language acquisition from parent-child interaction”, funded by Marcus and Amalia 

Wallenberg’s Foundation, 2011.007. 
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second recording. Three microphones were used to capture sound: two omnidirectional lapel 
microphones placed on the parent and the child, as well as an omnidirectional condenser microphone 
connected to the cameras.  

For this study, 10 children (6 boys and 4 girls) were randomly chosen from families that participated 
in the first four recording rounds of the project, that is when the children were 3, 6, 9 and 12 months 
old. Both mothers and fathers were invited to take part in the project, resulting in some children being 
accompanied by different parents at one or two occasions of recording. Out of the 40 recordings, 33 
consist of the mother interacting with the child, and 7 of the father interacting with the child. 

4.2 Method 
The 40 audio files chosen for this study consist of extractions only from the microphone placed on the 
parent, and were modified in Wavesurfer. They were edited leaving only the five minutes between 3 
and 8 minutes. This was done to avoid a researcher being present in the room, as this would disrupt the 
preferred naturalistic interaction. If the researcher was still in the room at the 3-minute mark, the first 
consecutive five minutes where the parent and child were alone were used. Secondly, disturbing 
sounds were removed, as they would possibly affect the analysis negatively. As the parent and the 
child are sat closely together during the recording, noises the child makes can at times leak into the 
parent’s microphone. These, as well as other non-verbal sounds such as banging from toys and other 
objects in the room were cut from the audio files. Table 1 shows remaining length of the files used for 
analysis. 

Table 1. Length of edited audio files in minutes and seconds for the 10 selected children at different ages 

 3 months  6 months 9 months 12 months 
Child 1 05:00 04:52 04:40 04:45 
Child 2 03:50 04:39 04:55 04:39 
Child 3 02:33 04:03 04:01 03:50 
Child 4 04:01 01:53 04:38 04:20 
Child 5 04:42 04:48 04:50 04:05 
Child 6 04:11 04:44 04:19 03:31 
Child 7 04:41 04:44 04:10 04:26 
Child 8 04:02 04:56 04:27 04:37 
Child 9 03:06 04:10 03:38 04:20 
Child 10 04:49 03:47 04:00 04:50 
 
The audio files were subsequently analysed in Prosogram, which is available as a script to Praat 
(5.3.55). The following Prosogram parameter settings were used: Frame period 0.005s; Glissando 
threshold G=0.16 T2 semitones per second where T is the duration of the tonal segment; Differential 
glissando threshold DG=20 ST/s minimum duration of tonal segment dmin=0.035. As it can be 
expected that the pitch range for child directed speech is greater than for adult directed speech, 
relatively high values for pitch detection were used, 100 to 600 Hz for mothers and 60 to 400 Hz for 
fathers.  

As mentioned earlier, Prosogram transforms the acoustic fundamental frequency curves into curves 
that mirror the perceived pitch patterns. These curves are segmented into syllable nuclei, which are 
then divided into smaller chunks of uniform slope on the basis of a perceptual threshold for pitch 
movement. This segmentation of the pitch curves allows Prosogram to calculate several speech related 
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values, including information about local and global pitch, fundamental frequency movement and 
aspects regarding speech rhythm. Following the semi-automised analysis, Prosogram provides graphs 
showing prosodic features in real time (see Figure 1 in section 2.2.2), as well as an information sheet 
with a prosodic profile for the entire audio file (see Figure 2 in section 2.2.2). A set of these more 
global pitch features were extracted from the Prosogram output: 

• articulation rate (syllables/second) 

• mean pitch (Hz) 

• pitch range (semitones, defined as the distance between the 2nd to the 98th percentile of 
the speakers pitch values) 

• relation between mean and top pitch (Hz) 

• percentage of syllables containing large a pitch glissando (>=4 semitones) 

These features were chosen in relation to previous studies on the subject, which gives evidence that 
they in some way are characteristics of child-directed speech. Additionally, information regarding 
these features can be extracted from Prosogram in a reliable manner.  

This information was then transported into a table for analysis. A mean for all categories at the 
different ages for all separate parents was calculated, as well as a mean for the age groups as a whole, 
and compared to detect possible differences.  

As the group of fathers participating was significantly smaller and mainly occurred in the last age 
group, only audio files with children who were accompanied by their mother at all four occasions were 
used for analysis where actual level of pitch was calculated. This is due to the fact that general 
difference in pitch level between men and women could not be controlled for. This includes mean 
pitch and its relation to top pitch. Hence for these two features, only 28 recordings were used for 
analysis.  
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5. Results 
Figure 1 shows average articulation rate for parents speaking to their children in the four age groups in 
syllables per second. The articulation rate starts at 6.0 syllable/second at 3 months and gradually 
increases at 6 and 9 months, with the highest average value at 6.8 syllable/second. The value then 
decreases slightly at 12 months, where the average articulation rate was calculated to 6.3 
syllables/second. Individual values for the 40 audio files can be seen in Appendix 1. 

 

Figure 1. Average mean articulation rate for parents speaking to children at 3, 6, 9 and 12 months of age 

shown in syllables per second on the vertical axis. The articulation rate concern spoken utterances not 

including pauses 

 
Figure 2. Average mean pitch shown in Hertz on the vertical axis for mothers speaking to their children at 

the 3, 6, 9 and 12 months of age 

Excluding male parents from the analysis, mean pitch values ranged from 243Hz to 305Hz. Figure 2 
shows average mean pitch for the 32 remaining parents. The highest mean pitch was found in the 3-
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month-old group, with an average of 276Hz, and the lowest in the 9-month-old group with an average 
of 258Hz. It can be noted that the first two groups, parents speaking to children aged 3 to 6 months, 
show somewhat higher values in comparison to the latter two. 

 

Figure 3. Average pitch range for parent speaking to their children at 3, 6, 9 and 12 months of age, 

defined as the distance between bottom and top pitch lines, shown in semitones on the vertical axis 

The range of pitch values during the recording, that is the difference between the highest and the 
lowest detected pitch value, ranged from 18.2 semitones to 28.6 semitones between the 40 parents. 
Figure 3 shows average pitch range for parents speaking to their children at the different age groups in 
semitones, and reveals that the range is centered around 24 semitones for all age groups, with 
somewhat lower values for parents speaking to a 3-month-old child.  

 

Figure 4. Average difference between mean and top pitch for mothers speaking to their children at 3, 6, 9 

and 12 months of age, shown in Hertz on the vertical axis 

In relation to these results, the average differences between mean pitch and the highest pitch value in 
Hertz for mothers speaking to their children at the four occasions can be seen in Figure 4. Individual 
differences ranged from 209 Hz to 306 Hz. The results show that the difference decreases as the child 
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grows older, although the value for the 6-month-old group is slightly higher than the 3-month-old 
group. It can however be seen that the results from parents speaking the children in the two older age 
groups are relatively lower than those for the first two. Paternal speech was excluded from these 
results.  

Figure 5 shows average percentage of utterances containing a pitch movement detected by the 
glissando threshold. The results show a slight increase in pitch movement over the four groups, with 
the highest value found at 12 months, where an average of 15.8% of utterances contained a pitch 
movement and the lowest at 3 months with an average of 14.6%. 

 

Figure 5. Average percentage of syllables containing a glissando, that is a pitch movement of 4 semitones 

or larger shown in the vertical axis, defined by the glissando threshold (G=0,16 T2) for parents speaking 

the their children at the age of 3, 6, 9 and 12 months.  
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6. Discussion 
The results show that several parameters in child-directed speech are altered during the child’s first 
year. Several of the results agree with previous research on the subject, which offers some evidence 
that the software Prosogram can be used as a method for prosodic annotation of child-directed speech. 

6.1 Results discussion 
Articulation rate, the number of syllables/second not including pauses, was found to be slowest in the 
3-month-old group and then increase in speed over the following two groups. Parents speaking to 
children aged 3 months used 6 syllables/second on average, whereas parents speaking to children aged 
9 months used almost one syllable more per second, with a mean of 6.8 syllables/second. Although the 
value decreased somewhat in the 12-month-old group, one can detect a noticeable increase in 
articulation speed with parents speaking to their children in the two older age groups. If one assumes 
that parents adjust their speech in accordance with the child’s preference, these findings agree with for 
example Panneton et al. (2006), who among other things found that 4-month-olds to a much higher 
extent preferred listening to slower speech than an older group of 8-month-olds. As child-directed 
speech is characterised by slower articulation rate, the increase in mean articulation rate after 6 months 
could be evidence that parents up to that point will use more elaborate child-directed speech. Kitamura 
and Lam (2009) discussed that children older than 6 months to a higher extent pay more attention to 
syntactic and semantic information in the speech signal, which would decrease the importance of 
facilitating speech by decreasing the articulation speed.  

This theory would additionally agree with this study’s result regarding mean pitch. The results show 
that average mean pitch for mothers speaking to their children is notably higher in the first two age 
groups than in the latter two. The highest value was found with mothers speaking to 3-month-olds, 
276Hz, and the lowest at 9-month-olds with an average mean of 258Hz. The drop in pitch between 6 
and 9 months might indicate a drop in child-directed speech as a whole, as higher pitch is also a 
characteristic trait of child-directed speech. Kitamura and Burnham (2003) found that pitch 
characteristics are largely reduced in speech to 9-month-old children in comparison to both younger 
and older groups, results that correspond with this study. They argued that this dampening of pitch is 
related to a decreased use of positive vocal affect associated with this age. Another study by Kitamura 
and Notley (2009) showed similar results when looking at acoustic characteristics of vowels in child-
directed speech. They found that a dramatic drop in preference for exaggerated acoustic properties of 
vowels occurred sometime between 6 and 10 months of age. 

As this study does not make any comparison to adult-directed speech, it is difficult to know if the pitch 
values obtained from the recordings are higher than they would have been if the parents were recorded 
conversing with other adults. However, Fant (1957) determined that average pitch values in 
conversational speech in European languages for women was 220Hz, a significantly lower value than 
those found in the results from this study, hence showing evidence that the parents are using some of 
the phonological child-directed speech related features presented by for example Baron (1990). This 
would additionally indicate that as the child grows older, the amount of pitch related child-directed 
speech decreases.  
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This possible drop in child-directed speech can in this study also be seen in the results showing 
difference between mean and top pitch for mothers. Speaking to children in the first two age groups, 
mothers occasionally use pitch values approximately 270Hz above their mean pitch when speaking to 
children aged 3 and 6 months, but only 255 and 247 for 9- and 12-month-old children. Again, as use of 
higher pitch values is characteristic for child-directed speech, this difference can be seen as a trend of 
decreased use of such.  

However, when looking at pitch range the results show no clear difference between the age groups. 
Here, the lowest value was found in the 3-month-old group with an average pitch range of 23.7 
semitones and the highest in the 6-month-old group with an only slightly higher value, all groups 
centered around 24 semitones. This can be compared to “normal speech”, in this case adult-directed, 
which usually ranges within one octave, 12 semitones (Kvavik, 1986). This gives evidence to the fact 
that child-directed speech ranges over greater values than adult-directed speech. Garnica (1977) found 
that while parents speaking to 5-year-olds did not increase their mean pitch, they still used a much 
larger pitch range than when speaking to an adult listener. It can hence be the case that a drop in pitch 
range does not occur until much later than the first year.  

As the range of pitch values are relatively alike at all four occasions, but the difference between mean 
and top pitch differs, it can be assumed that parents speaking to children in the two older age groups 
rather than raise their pitch in conversation lowers it below their mean pitch. This might possibly be 
affected by preferred topic of conversation or intention of utterances.  

The results for pitch movement, in this study realised as percentage of syllables containing a pitch 
movement of 4 semitones or larger, show a slight increase in the usage of pitch movement. As this 
value is not normally used as a way of demonstrating pitch movement, it is difficult to assess if the 
outcome shows trustworthy results, as well as discuss the found differences between the four 
occasions of recording. However, there is evidence that Swedish child-directed speech do contain 
more pitch movement than Swedish adult-directed speech (see e.g. Bredvad-Jensen, 1990), which 
would predict a decline rather than an increase for speech to children in the older age groups.  

It is possible that the first year of a child’s life does not provide enough prosodic variation to actually 
detect all differences in input of child directed speech that the child will receive. It is likely that as the 
child starts to communicate more freely, for example using complete utterances rather than isolated 
sounds and words, the input from the parent will change.  

Additionally, although some changes could be detected, the differences were in general small. For 
example, the difference in mean pitch between parents speaking to children aged 3 months and parents 
speaking to children aged 9 months was only 18 Hz, corresponding 1,2 semitones. Similarly, the 
difference found between the four occasions regarding the relation between mean and top pitch was 
only 24 Hz, corresponding 1,6 semitones. These differences, together with the other results found in 
this study, might not show considerable evidence of changes in child-directed speech during the child's 
first year, but does provide an indication as to how the way parents speak to their children changes as 
the child grows older.   

It would be of interest to compare the results from this study with data from recordings made with 
parents speaking to older children, possibly detecting continuous trends. If onset of speech production 
from the child will trigger a change in parents’ speech it is possible that the children used as a sample 
here are too young to detect a more consistent change in child-directed speech due to the age of the 
child. Bellinger (1980), although he mainly studied syntactic, semantic and pragmatic features, found 
the largest change in child-directed speech somewhere between the ages of 20 and 27 months, that is 
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significantly older children than those in the material used for this study. Stern et al.(1983) discovered 
a similar change in the usage of pitch movement somewhere during the child’s second year of life. 
Additionally, if comparisons could be made with data from the same parents using adult-directed 
speech, several results could be strengthened and possibly discussed more deeply. However such data 
does not presently exist.  

It must be taken into account that speech is very dependent on context, both concerning production 
and perception. Several individual differences were found within the group of ten parents, and these 
differences might depend on circumstances hard to control. It was not taken into account what the 
topic of conversation was during the five minutes used for analysis, or the mood of the child at the 
time. A crying child might have needed soothing, the outcome of which might look different from that 
of a parent speaking to a laughing child. If the sample for this study had been larger, this would not be 
a problem, as children are given all types of input in their every day life and variation depending on 
context would have been representatively distributed. However, as the sample for this study is 
relatively small, it is possible that these differences might have affected the outcome of the results. 

6.2 Method discussion 
As the data used for this study is spontaneous and recorded in a room with at least one other person, it 
is possible that the material is of a different quality than material used for some of the previous studies 
using Prosogram as a tool. This does not mean that the analysis shows misleading results, or that the 
software cannot be used for spontaneous speech in conversation, but rather that the results from this 
study might differ due to the noisy data used. Additionally, it should be mentioned that although the 
analysed audio files contain spontaneous speech, the data had to be somewhat manipulated in order for 
the analysis to work.  

As equality of parental leave can be regarded as the norm in Sweden, the child is theoretically exposed 
to equal amounts of maternal and paternal speech during the first year; hence it was desirable to not 
exclude fathers from the study. However, the distribution of participating fathers was irregular over 
the recording sessions (most fathers took part in the study when the children were 12 months old), 
which even with normalisation might have affected the results. Due to this fact, paternal speech was 
omitted from analysis where actual level of pitch was of importance. Furthermore, as only the speech 
produced by the parent was of interest, disturbing sounds leaking into the microphone were also 
removed from the analysed audio files. Occasionally this resulted in utterances being divided or 
disrupted, disabling studies of utterance-based features, such as turn-taking cues or pitch movement 
within shorter segments than the audio file as a whole. It is difficult to assess if removing disturbing 
sounds from the audio files might have affected the results. It is possible that Prosogram would have 
automatically removed undesirable values from the analysis, but this was not examined.   

Using spontaneous speech as data implicate several problems for prosodic annotation and analysis. 
Topic of conversation and general physical and psychological mood might affect the outcome and 
show misleading results. On the other hand, spontaneous (or even naturalistic) speech must be used in 
order to access information regarding how we actually use prosodic features in communication.  

Using Prosogram to study prosodic features such as pitch and rhythm provides several advantages. 
Apart from the fact that it saves a lot of time of manual prosodic annotation, it is language independent 
and does not demand much from the audio file either in terms of quality and pre-annotation or in 
segmentation. Data provided by Prosogram showed alignment with results from previous studies made 
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with manual prosodic annotation, and it was possible to detect several expected differences. 
Additionally, as the software mirrors human perception, one can assume that the information given is 
also perceivable and not just shown in the raw acoustic signal.  

The possibilities of studying prosodic features of child-directed speech has until recently been 
somewhat limited due to the tedious and time-consuming methods used. If Prosogram, and other 
similar tools, could show the same results that manual annotation would have produced, it will 
possibly allow scholars to study greater samples and thus extent our knowledge of supra-segmental 
units of speech.  



18 
 

7. Conclusion 
The results show that several aspects of child-directed speech change as the child grows older. In 
relation to previous studies, it is possible that as the child gets more accustomed to conversation and to 
a greater extent is able to communicate using linguistic features, speech from the parent will gradually 
change and become similar to adult-directed speech.  

The results from this study show a drop in the exaggerated usage of several prosodic features 
sometime between the ages of 6 and 9 months, for example a decreasing mean pitch and an increase in 
articulation rate. Other features did not show any substantial change between the four age groups, 
possibly due to a relatively small sample, or the short age range.  

Prosogram proved less time-consuming than manual annotation of child-directed speech, allowing 
larger samples and thus greater reliability in the results. 

Future studies should use a larger sample and a greater time range in order to detect continuous trends. 
Additionally, it would be of interest to further examine the characteristic features of child-directed 
speech by making comparisons to adult-directed speech.   
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Appendix 
Appendix 1- Individual results for the 40 recordings 

Child 1 3 months  6 months 9 months 12 months 
Mean pitch 246 273 244 262 
Pitch range 19,6 18,2 24,2 24,1 
% Glissando 12,3 13,1 11,7 17,2 
Articulation rate 6,3 5,34 6,31 5,86 
Top pitch 405 445 473 498 
Child 2 3 months  6 months 9 months 12 months 
Mean pitch 252 264 250 253 
Pitch range 26,7 26,3 21,8 23,5 
% Glissando 12,2 15,7 10 15,6 
Articulation rate 5,61 5,98 8,74 6,7 
Top pitch 537 570 485 492 
Child 3 3 months  6 months 9 months 12 months 
Mean pitch 265 265 257 270 
Pitch range 24,9 26,4 26,3 27 
% Glissando 8,5 13,6 15,4 16,5 
Articulation rate 5,75 5,41 6,33 5,8 
Top pitch 472 505 524 553 
Child 4 3 months  6 months 9 months 12 months 
Mean pitch 254 293 263 115 
Pitch range 23,2 28 21 22,6 
% Glissando 15,8 7,9 15,2 14,1 
Articulation rate 6,03 5,91 6,33 6,13 
Top pitch 463 557 483 251 
Child 5 3 months  6 months 9 months 12 months 
Mean pitch 223 242 251 150 
Pitch range 21,2 24,2 25,9 23,7 
% Glissando 18,8 20,1 16,3 8,3 
Articulation rate 6,87 6,77 7,71 8,46 
Top pitch 468 513 504 271 
Child 6 3 months  6 months 9 months 12 months 
Mean pitch 202 200 179 192 
Pitch range 19,4 21 24,9 27 
% Glissando 16,7 16,3 19,5 12,6 
Articulation rate 6,18 6,29 6,29 5,56 
Top pitch 378 424 316 347 
Child 7 3 months  6 months 9 months 12 months 
Mean pitch 262 264 120 107 
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Pitch range 28,1 27,5 25,7 22,5 
% Glissando 15,1 19,6 5,1 10,8 
Articulation rate 7,65 6,86 8,7 7,25 
Top pitch 527 534 269 230 
Child 8 3 months  6 months 9 months 12 months 
Mean pitch 305 279 260 275 
Pitch range 25,1 28,1 21,9 24,6 
% Glissando 12,1 16,7 12,9 20,4 
Articulation rate 4,69 5,97 5,38 5,64 
Top pitch 506 557 517 513 
Child 9 3 months  6 months 9 months 12 months 
Mean pitch 277 155 254 274 
Pitch range 21,2 22,7 28,6 23,8 
% Glissando 21,1 13,8 26,5 28,6 
Articulation rate 5,5 6,37 5,93 5,36 
Top pitch 527 284 551 530 
Child 10 3 months  6 months 9 months 12 months 
Mean pitch 292 235 265 243 
Pitch range 27,2 24,2 25,5 26,1 
% Glissando 13,4 11,3 14,7 13,6 
Articulation rate 5,43 6,29 6,6 6,23 
Top pitch 539 438 488 475 
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