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Introduction 

Fundamental Frequency (F0) or Pitch of human voice is an important aspect in 
human verbal communication. It is related to prosody and intonation, conveying 
information of questioning, affirmation, denying and general emotion. In some 
languages like Chinese, the trend of F0 can even distinguish words. F0 is an im-
portant research topic. 2010 International Meeting for Autism Research has pres-
entations [1] [2] reporting that children with autism exhibit higher elevation and 
larger variation in F0 compared with children of typical development. The results 
are based on laboratory data. It would be interesting to study the statistics of F0 
using LENA natural home environment data. Furthermore, LENA data contains 
adult speech in natural home environment during their interaction with children or 
among themselves. The investigation of these data will enhance our understand-
ing from one particular angle on child development and how environment can im-
pact on it, and even how child development can conversely influence adult be-
havior.  
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Data 

LENA data contains daylong recordings for children with 
typical development (TD), language delay (LD) and au-
tism (ASD) (refer to 2010 July PNAS paper [3]). The TD 
group has 106 children with 802 recordings; the LD 
group has 49 children with 333 recordings. The ASD 
group has recordings with/without therapy. The re-
cordings containing therapy time are excluded from the 
study because therapy may affect both child and adult’s 
F0 and should be studied separately. The ASD group 
without therapy has 71 children with 228 recordings.  

 

The LENA Framework 

Turn on the DLP and 
place it in the pocket 
of the child’s LENA 
clothing at the begin-
ning of the recording 
session (when the 
child wakes up in the 
morning typically ).  

At the end of the re-
cording session, plug 
the LENA DLP into a 
Windows-based com-
puter. The software 
automatically uploads 
and processes the 
audio recording file.  

The processing re-
sults can be gener-
ated in different for-
mats. The resolution 
of the reports can be 
by second, minute, 
hour, day, etc., or by 
sound segments. 

Daylong audio recordings are collected by having the child wear a 
lightweight digital recorder. Audio data is automatically segmented 
into a sequence of eight sound categories: Key-Child, Other-Child, 
Adult-Male, Adult-Female, Overlap, Noise, Silence, and TV/
Electronic Media. Non-silence categories are further divided by 
likelihood tests into clear/faint sub-categories (in an approximation 
to near/far categories.)  
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Method 

All recording are automatically segmented into catego-
ries of Key-Child, Other-Child, Adult-Female, Adult-Male, 
Noise, Silence, Overlapped-Sounds and TV/Electronic 
Media. These segments are further classified as near/far 
(or clear/faint). In this study, Key-Child-Near segments 
are processed to obtain F0 for children. Adult-Female-
Near segments are divided into two groups depending on 
whether they are next to Key-Child-Near segments or 
not. It is believed that if an adult segment is next to a 
Key-Child segment, the adult speech is directed to the 
child. This way, adult behavior such as motherese can be 
studied. Adult-Male-Near segments are processed and 
analyzed in the same way as Adult-Female-Near ones.  

Conclusion 

As shown in the graphs, horizontal axis is 
the child age in month; vertical axis is either 
F0 or its standard deviation. Each vertical 
bar shows one standard deviation range. 
From the graphs, we can preliminarily con-
clude: 1. children with ASD have higher F0 
elevation and larger F0 variation, consistent 
with what reported in 2010-IMFAR; 2. Chil-
dren of TD slightly lower their average F0 
when they grow; their F0 variation drops sig-
nificantly with the increase of their age; 3. 
Children of LD slightly raise their average F0 
and keep F0 variation during their growth; 
their  F0  variations  are  also  significantly 
higher  than TD children after  age of  30 
months; 4. When speaking to child, adult-
females significantly raise their F0 and F0 
variation which is the effect of motherse, this 
is even stronger for those of ASD group; 5. It 
seems that adult-females of ASD group have 
higher F0 and F0 variation no matter speak-
ing to child or not, they are affected by ASD 
children significantly. 




