Cross-linguistic Patterns in Infant Babbling
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1. Introduction

Infants begin to vocalize very soon after birth, and they begin to babble
about six months after they are born (Oller, 1980). The babbling stage is distinct
from the previous phase of vocalizations in that sounds — or gestures in infants
acquiring sign language — are now clearly organized in a syllabic structure. As
such, these utterances are the infant’s first linguistic productions.

In the works of Stark (1980) and Oller (1980), two stages were identified
within the babbling phase. Babies start with reduplicated babbling when they are
six to eight months old, and progress into “variegated” (Oller, 1980) or “non-
reduplicated” (Stark, 1980) babbling at 10 to 12 months. Work by Koopmans-
van Beinum and van der Stelt (1986) outlines a similar line of development,
with reduplicated babbling beginning at six months and lasting up until at least
12 months. They do not identify a specific non-reduplicated stage during this
period. In addition, Roug, Landberg, and Lundberg (1989) also identified
babbling stages similar to those proposed by Oller and Stark, with reduplicated
(consonant) babbling beginning at seven months, and variegated babbling
beginning at 12 months. The stages identified by these researchers differ only
slightly. Where they crucially converge is on the consensus that infants begin
their babbling at around six to eight months old, that they begin with
reduplicated utterances, and that they transition into producing variegated
utterances at around 10 to 12 months. The existence of these two stages has been
disseminated in introductory linguistics textbooks for years (e.g., Hoff, 2008).
Yet, the data on which these particular stages have been based came from
relatively small-scale studies and from primarily English-acquiring infants.

In the past decades, some studies have focused on finding out whether the
proposed stages still hold when data from a larger number of infants is taken
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into account, and whether they take the same form across languages. Smith,
Brown-Sweeney, and Stoel-Gammon (1989) in one notable example followed
10 English-learning infants from six to 18 months old, at three four-month
intervals. They found that while reduplicated utterances occurred more
frequently in the first two age groups (six to nine months and 10 to 13 months
respectively), both reduplicated and variegated utterances co-occurred across all
age three groups. Crucially they did not find a change with respect to the
frequency of reduplicated versus variegated babbling at the time when this
change was expected according to the above-mentioned literature, namely
between the first and second age groups. More recently, a study comparing
songbird and infant babbling by Lipkind et al. (2013) analyzed data of nine
English-acquiring infants from the Davis corpus (Davis & MacNeilage, 1995)
and showed that there was no difference between the ages of 8- through 29-
months old in American English-learning infants with respect to the amount of
reduplicated babbling found. Thus they found no discrete stage of reduplication
followed by one of variegation. Instead, what they found was that infants and
birds both tended to reduplicate newly-acquired sounds more than other sounds.

While Lipkind and colleagues present a crucial first step in a larger-scale
approach by making use of the data available in the CHILDES database
(MacWhinney, 2000), a wealth of previously-collected data that can give us an
even better understanding of babbling has remained unexplored up until now.
For the present study, we collected and systematically analyzed available corpus
data from different languages in order to finally determine unequivocally what
the universal developmental babbling patterns are, and to assess language-
specific influences on babbling. With this work, we thus present the first large-
scale, cross-linguistic survey of the babbling patterns of infants.

Our hypothesis was that if there are distinct developmental stages with
respect to babbling patterns (Oller, 1980; Stark 1980; see de Boysson-Bardies,
2001, Hoff, 2008, Vihman, 1996, etc. for reviews), we should see predominantly
reduplicated babbling in the period of seven to ten months and a switch to
predominantly variegated babbling in the period of ten to 12 months. An
alternative hypothesis, based on the findings of Koopmans-van Beinum and van
der Stelt (1986), and Roug et al. (1989), was that we should see predominantly
reduplicated babbling throughout the entire period of seven through 12 months
old. This would indicate that variegated babbling only truly begins later, with
the ontogeny of the lexicon. The aim of this work is thus to pinpoint if and
where a transition from one stage to another may occur. In addition, by
conducting a cross-linguistic analysis, our aim is to determine which aspects of
babbling development are universal, and to identify language-specific variation.

2. Language and Corpora Selection
The present study was carried out on datasets of child utterances from

different languages, made available through the PhonBank corpus (Rose &
MacWhinney, 2014). The datasets that were suited for our purpose were
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collected and transcribed by seven individual principle investigators for the
purpose of their own varied research goals. The transcriptions have since been
made available by these researchers to be used and analyzed by others with the
aid of the Phon software (Rose et al., 2006; Rose & MacWhiney, 2014).

From all the available datasets (n=33, from 12 different languages)
represented in PhonBank, we selected only those datasets that included phonetic
transcriptions in the International Phonetic Alphabet (IPA) and that included
child utterances recorded between our target age range of seven through 12
months. The lower limit of seven months was chosen, as this was the first age
group for which phonetically transcribed data in at least one language was
available, and, from a theoretical point of view, it is the lower end of the age
range at which infants begin to babble. The upper limit was chosen because it is
the age at which we expect variegated babbling to either begin to appear or even
to overtake reduplicated babbling.

Table 1. Languages studied, the names of the corpora from which the data was
taken, the country of recording, and the number of infants per age group
represented in each language.

Age in Months

Language Corpus Country of 7 8 9 10 11 12
Recording
Arabic Kern Tunisia 0 3 3 4 4 3
Dutch Zink Belgium 0 4 4 4 4 4
English Providence
Stanford USA 4 6 10 17 18 19
French Kern
Lyon France 1 2 5 8 9 12
Stanford
Japanese Ota 0 0 1 1 0 3
Stanford USA
Portuguese  Freitas Portugal 0 0 0 1 5
Romanian Kern Romania
Swedish Stanford Sweden 0 0

Datasets from eight different languages — Arabic (Kern, Davis & Zink,
2009), Dutch (Kern et al., 2009), English (Providence corpus, Demuth,
Culbertson, & Alter, 2006; Stanford corpus, de Boysson-Bardies & Vihman,
1991), French (Kern corpus, Kern et al., 2009; Lyon corpus, Demuth &
Tremblay, 2008; Stanford corpus, de Boysson-Bardies & Vihman, 1991),
Japanese (Ota corpus, Ota, 2003; Stanford corpus, de Boysson-Bardies &
Vihman, 1991), Portuguese (Freitas, 1997), Romanian (Kern et al., 2009), and
Swedish (de Boysson-Bardies & Vihman, 1991) — fit the criteria described
above. Table 1 lists the languages, the corpora from which those languages were
extracted, and the number of infants represented at each age group between
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seven and 12 months (per month, per corpus). Note that some languages are
represented by more than one corpus, and that some languages are not
represented at all ages.

The data included recordings from monolingual households. In most cases,
the infants were growing up in their country of origin. The Japanese infants were
recorded in the United States (San Francisco in the case of the Stanford corpus,
Washington DC in the case of the Ota corpus), but were raised in monolingual
Japanese households.

3. Corpus Data Collection

In order to identify and analyze reduplicated and variegated patterns, the
data had to be processed in such a way that each syllable was identified, labeled,
and compared to the other syllables in the utterance. In this way syllables could
be identified as the same (reduplicate) or different (variegated). Our interest was
not in the kind of syllables that were being reduplicated or used in variegated
sequences, but in the extent to which reduplication and variegation was present.
Thus after syllables in each utterance were identified, they were labeled in an
abstract way (assigned a unique letter within each utterance). Then, each type of
pattern was tallied for analysis. This process was done with the help of two
scripts that will be described in more detail below.

The first step that was necessary to identify the patterns in infant utterances
was syllabification. This was done with Phon’s built-in syllabifier.
Syllabification was applied to all records of each language. For all languages
except for two, a language-specific syllabifier was available that syllabifies
according to the rules of the language. The exceptions were Romanian and
Japanese. For these languages, the English syllabifier was used, and complex
utterances (eg., those with consonant clusters and geminates, longer utterances,
etc.) were manually inspected. No odd or incorrect syllabification was found.

For the next steps, namely abstraction from the phonetic content of the
syllable and comparison of two subsequent syllables, two scripts were written by
Greg Hedlund and Yvan Rose and added to the Online Scripts Library in Phon
(Phon 2.1, Rose et al.,, 2006). The first script, called SyllablePatternListing
(Hedlund & Rose, 2015, https://www.phon.ca/phontrac/wiki/scriptlibrary),
identifies the first syllable of an utterance, assigns it a letter (A), moves on to the
second syllable, and performs an identity comparison with the previous syllable.
If the first and second syllables are identical, the second syllable is also labeled
A, yielding a reduplicated AA pattern. If the first and second syllables are not
identical, the second syllable is labeled B, yielding a variegated AB pattern. For
utterances of longer length, the identity matching is performed on each syllable
as described above, and the comparison made with each of the previous
syllables. Table 2 shows the possible patterns identified by this script. A second
script named SyllablePatternSummary, tallied each of the patterns identified per
infant.
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Table 2. All possible combinations of syllables in two-, three-, and four-syllable
utterances, categorized roughly as reduplicated or variegated by their predominant
pattern. Bold pairs of syllables are reduplicated. Underlined pairs of syllables are
variegated.

Utterance length

Utt T Two- Three- Four-
crance 1ype syllable syllable syllable
Complete Reduplication AA AAA AAAA
Combination - 3 reduplications
Initial AAB AAAB
Final ABB ABBB
Internal AABB
Combination - 2 reduplications
Initial AABC
AABA
Final ABCC
ABAA
Internal ABBC
ABBA
Complete Variegated AB ABA ABAB
ABC ABAC
ABCB
ABCA
ABCD
4. Results

Our data collected from Phon consisted of 42,348 total utterances of one-,
two-, three- and four-syllable utterances from a total of 64 infants. Utterances
longer than four syllables were uncommon, and, from a practical point of view,
beyond the scope of the current exploratory work. Of the one- through four-
syllable utterances, 47% were one-syllable utterances (1SU), which cannot
inform us about syllable patterns. We thus focused our analysis primarily on
two- (2SU, 38%), three- (3SU, 11%), and four-syllable utterances (4SU, 4%).
Figure 1 illustrates how frequently infants in each language produced each type
of utterance, as well as the means across languages. Note that the longer the
utterance, the less frequently it is represented across almost all languages, the
exception being Portuguese, where 2SU (57.6%) are more frequent than 1SU
(25.4%). In Dutch, English, French, and Romanian on the other hand, 1SU made
up 60% and above of collected utterances.

In our primary analysis we will focus on the 2SU and 3SU. Because of their
complexity (see Table 2), 4SU will be discussed separately (see section 5).
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Across languages and across our age groups, the distribution of 2SU was
18.7% reduplicated and 81.3% variegated. When all age groups were pooled
together, Romanian had a higher instance of reduplicated 2SU than other
languages (30.3%), while English had a notably low rate of reduplication
(6.2%). Figure 2 shows the distribution of reduplicated (AA) and variegated
(AB) utterances in each language.
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Figure 1. Percentage of syllables represented in each language, and the
mean of all languages.
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Figure 2. Distribution of two-syllable utterances across all ages following a
reduplicated pattern (AA) and a variegated pattern (AB), in each language
individually, and a mean of all languages.

As shown in Table 2, 3SU can be broken down into five different patterns:
completely reduplicated (AAA), completely variegated (ABC), or containing
some element of both reduplication and variegation (ABB, AAB, and ABA).
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Figure 3 presents these patterns separately per language, pooling together all age
groups. It is immediately evident that the overwhelming majority of utterances
fell into the completely variegated pattern (ABC). Across all languages, this
pattern represented a mean of 65.5% of all three-syllable utterances. In English,
83.3% of 3SU were completely variegated, while only 3.2% were completely
reduplicated. All languages showed at least 50% completely reduplicated
utterances in the distribution of the patterns (Romanian was at 50%, while all
other languages were at approximately 65%).

1000% 1 7 T T T —
75.0% WABC
BABA
50.0% = DABB
DAAB
25.0%
BAAA

0.0%

Figure 3. Distribution of three-syllable utterances following a totally
reduplicated pattern (AAA), a totally variegated pattern (ABC) and
patterns containing some intermediary level of reduplication (ABB, AAB,
ABA).

The initial picture of the distribution of patterns across all age groups of
28U and 3SU clearly shows that across languages, within the seven through 12-
month-old range, infants actually tend to produce more variegation than
reduplication. We now turn to answering our main question: can we differentiate
an early stage with mostly reduplicated babbling and a late stage with mostly
variegated babbling in our large, cross-linguistic dataset?

4.1. Analysis
4.1.1. Two-Syllable Utterances

Although our total dataset included 65 infants across eight languages, and
all of these infants are presented in the figures for complete visual inspection
(see Figure 4), for the purpose of a proper statistical analysis, some pruning of
the data had to be done. Of the 65 infants, 14 individuals contributed only one
month worth of data. We removed those infants who were not followed
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longitudinally in their respective studies, leaving a total of 51 infants. Of these
51, we find that only six infants (12%) in three languages have data in the seven-
month range. This month is thus also removed from analysis.
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Figure 4. Development of two-syllable utterance patterns from seven to 12
months old across all languages. Y-axis label indicates the beginning of the
time course for the language.

As the original recordings were collected by several different researchers
for different research purposes, they also varied with respect to their frequency
of collection. Some of the corpora contained multiple recording sessions per
month while others included only one session. In order to make the data uniform
with the respect to the number of data points per child, the tallies of multiple
sessions within one month were averaged. In this way, each child now had one
datapoint per month, indicating how many utterances of each type he or she
produced on average in that month.

This dataset was analyzed with a generalized estimating equation [GEE;
geeglm in R, R Development Core Team (2015).]. GEEs, as opposed to linear
mixed models, do not attempt to model the individual variability in the data, and
can thus tell us more about the mean performances. The analysis was run per
pattern, with fixed effects of month and language. The factor of month was
centered at 10 months to avoid correlation between estimates of the intercept
and the slope. In addition, English was chosen as the reference language as this
language had the most data.

On pattern AA, no interaction between month and language was found
(X2=3.2, df=6, p=0.78), and no effect of month was found (X2= 0.07, df=1
p=0.79). An effect of language was found (X’=29, df=6, p<0.001). As no
interaction was found, this factor was removed, and a second model was run.
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Here too we found no effect of month (X’=8.06, df=6, p=0.09), and an effect of
language (X°=29, df=6, p<0.001). A Wald test reveals that Dutch and Romanian
differed significantly from English (Wald=5.46, p=0.02 for Dutch; Wald=14,
p<0.001 for Romanian). Both languages produced significantly more AA
patterns than English (see Figure 2).

The same analysis was run on the AB pattern and while no interaction
between month and language was found (X’=5.24, df=6, p=0.5), a significant
effect of month (X’=4.25, df=1, p=0.04) and a significant effect of language
(X’=17.26, df=6, p=0.008) were found. A second model with the interaction
effect removed yielded identical effects for month and language respectively.
Although significant effects of month and language were found, in the initial
model, further inspection of the details with a Wald test revealed no effect of
month (Wald=3.39, p=0.07), and no individual language differed from English.

4.1.2. Three-Syllable Utterances

All 3SU were analyzed in the same way as 2SU. Their development can be
inspected visually in Figure 5.
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Figure 5. Development of three-syllable utterance patterns from seven to 12
months old across all languages. Y-axis label indicates the beginning of the
time course for the language.

For pattern AAA, no interaction of month and language was found
(X’=9.68, df=6, p=0.14) and no effect of month was found (X’=0.79, df=1,
p=0.37. An effect of language was found (X’=12.57, df=6, p=0.05). A second
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model that excluded the interaction effect was run, confirming the presence of
the language effect (X’=12.71, df=6, p=0.05). Wald tests reveal that only Dutch
differed significantly from English with respect to this pattern (Wald=8.94,
p=0.003), with higher rates of AAA overall.

In pattern AAB, there was a significant interaction between month and
language (X°=14.5, df=6, p=0.025) and a significant effect of language
(X’=115.8, df = 6, p<0.001). However, no effect of month was found (X*=0.1,
df=1, p=0.772). Dutch (Wald=11.11, p<0.001) and Romanian (Wald=4.94,
p=0.02) were significantly different from English for this pattern. In addition,
this model also found an interaction between language and month in French
(Wald=5.85, p=0.02) and Romanian (Wald=5.24, p=0.02), both showing less of
this pattern over time. Particularly in Romanian, this pattern largely disappears
after 10 months.

For pattern ABA, there was an interaction between month and language
(X’=15.8, df=6, p=0.02), and an effect of language (X*=21.5, df=6, p=0.002), but
no effect of month (X°=2.1, df=1, p=0.15). Only Portuguese differed
significantly from English over time (Wald=8.48, p=0.004), with Portuguese
babies producing this pattern at 11 months but not at 10 or 12 months.

For pattern ABB, there was no interaction between month and language
(X’=11.3, df=6, p=0.08), or of month (X’=0.8, df=1, p=0.39). However an effect
of language was found (X’=114.3, df=6, p<0.001). As no interaction was found,
the interaction effect was removed from the model, and the same language effect
was found. Arabic (Wald=79.37, p<0.001), Dutch (Wald=26.55, p<0.001),
French (Wald=12.94, p<0.001), and Swedish infants (Wald=4.63, p=0.03) were
found to have significantly higher production rates of this pattern than infants
acquiring English.

Finally, for pattern ABC, there was no interaction between month and
language (X°=3.2, df=6, p=0.78), and no month effect (X’=0.7, df=1, p=0.39).
However a language effect was found (X°= 136.4, df=6, p < 0.001). With the
interaction effect removed, the effect of the month and language did not change.
Arabic (Wald=14.94, p<0.001) and Romanian (Wald=17.56, p<0.001) differed
with respect to this pattern from the baseline English, with Arabic showing
significantly more ABC productions than English, and Romanian significantly
fewer.

5. Four-Syllable Utterances

In comparison with shorter utterances, 4SU are both more numerous and
more complex with respect to the categorization of patterns. Therefore, they are
not analyzed in the same way as the 2SU and 3SU. Table 2 shows how the
utterances might be categorized as including both reduplication and variegation.
It is not straightforward whether to characterize certain utterances as either
reduplicated or variegated as they fall under both categories. For the scope of the
present work it thus suffices to present an overview of the results.
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Figure 6 shows the distribution of all possible 4SU over the eight languages.
There are 15 possible patterns. Visual inspection of the figure shows that the
pattern with the highest representation across most languages is the completely
variegated ABCD. The exceptions are Portuguese and Romanian, which have
more instances of the ABBB pattern. In Portuguese, the AAAA pattern is not
found at all, while the ABAA pattern occurs 17% of the time. This pattern is
found rarely or not at all in all other languages. Dutch also stands out as having
the highest frequency of the AAAA pattern, at just under 25% vs. 7.14% in
English and 6.33% in French.

100%
75%
50%
25%
0%

o0 » > L g & >

Ys%ox 9 & &’}\% (é’ 000 ‘b&% @@% & > 4@&% @Q‘v

< S QO@ & 8

BAAAA BAAAB EAABA AABB EAABC
DABAA Q@ ABAB OABAC O ABBA OABBB
NABBC WABCA ® ABCB BABCC OABCD

Figure 6. Distribution of four-syllable utterances following a totally
reduplicated pattern (AAAA), a totally variegated pattern (ABCD) and
patterns containing some intermediary level of reduplication.

In order to get a better idea of the development of 4SU, we grouped the 15
possible patterns into larger categories, depending on whether reduplication was
present and where this reduplication occurred in the string. Figure 7 shows the
grouping of the patterns into six categories, and their frequencies across the
represented age groups. When considering any pattern containing reduplication
as separate from a full variegation pattern, we can clearly see that full
variegation is well represented in most languages. In Arabic, English, French,
and Swedish, full variegation thus accounts for more than 50% of the utterances
in most age groups (although English, Japanese, and Swedish have fewer
variegated utterances over time, and Swedish contains no full variegation at all
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in month 12). Dutch on the other hand contains approximately 25% variegated
utterances, with most of the 4SU productions containing a reduplicated syllable.
Notably Arabic, Dutch, and French do not show a change over time, with their
frequency bars remaining constant across age groups.

Thus with the 4SU too, while we did identify some language specific
differences, no evidence was found for two distinct stages, nor for a
development towards increasingly more variegation.
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Figure 7. Development of four-syllable utterance patterns, grouped by
utterance type. Each bar indicates data from one month, from seven to 12
months, across all languages. Y-axis language label indicates location of
first age group for that language.

6. Discussion

The present study presents the first attempt at a large-scale and cross-
linguistic analysis of infant babbling utterances. Taken together, our results from
the 2SU, 3SU, and 4SU show that there is no evidence for clear stages of
development across the babbling period with respect to reduplication versus
variegation. Month was never an explanatory factor in our models for 2SU and
3SU, while for 4SU, no clear age effects could be discerned either. All age
effects interacted with language to show that in certain languages, certain
specific patterns (such as AAB) are produced more or less over time. However,
in no language did we find the predicted line of development in which
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reduplicated babbling is most prominent initially and is either gradually or
suddenly overtaken by variegated babbling. Instead we found that variegated
babbling is actually the most prominent pattern from the earliest stages of
babbling. This was the case in most languages in 2SU, 3SU, and 4SU.

Our data showed language effects on each individual pattern analyzed,
showing that there are some important differences between languages with
respect to babbling. For example, Dutch differed significantly from English, a
closely related language, with respect to the production of completely
reduplicated utterances like AA and AAA. Dutch infants had significantly more
such utterances than English-acquiring infants. Such between-language
differences raise many specific questions related to the connection between each
language and the frequency of various patterns. This presents an interesting
point of focus for future work. The linguistic profile (the phonology and the
morphology) of the native language may have an important role in shaping the
types of babbling patterns infants produce and the distribution of these patterns.

Finally, the work presented here may also be continued and expanded by
identifying exactly the types of syllables making up reduplicated and variegated
utterances. For example, is the variegation or reduplication taking the form of a
consonant change, a vowel change, or both? Does this change over time, and
does it differ between languages? Both reduplication and variegation may take
many forms. In the present work, the patterns were identified on the basis of
exact identity, yet this is another area where different language backgrounds
may yield different results.

Our large-scale analysis has thus shown that while the types of patterns
infants produce differ depending on their language background, the idea of
discrete stages may be abandoned in favor of more fruitful research into
explaining particularities of babbling patterns in different language
backgrounds.
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