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Abstract
Linguistic adaptation is a process by which interlocutors adjust
their production to their environment. In the context of human-
computer interaction, past research showed that adult speakers
adapt to computer speech in various manners but less is known
about younger age groups. We report the results of three prim-
ing experiments in which children in different age groups inter-
acted with a prerecorded computer voice. The goal of the exper-
iments was to determine to what extent children copy the pitch
properties of the interlocutor. Based on the dialogue model of
Pickering & Garrod, we predicted that children would be more
likely to adapt to pitch primes that were meaningful in the con-
text (high or low boundary tone) compared to primes with no
apparent functionality (global pitch manipulation). This predic-
tion was confirmed by our data. Moreover, we observed a de-
creasing trend in adaptation in the older age groups compared
to the younger ones.
Index Terms: alignment, pitch, adaptation, entrainment

1. Introduction
Speakers in all age categories adapt their speech to their linguis-
tic environment. They are likely to copy the syntactic structures
of their interlocutor, as in replying ‘at 6 o’clock’ to the ques-
tion ‘At what time does the store close?’ and ‘6 o’clock’ when
asked ‘What time does the store close?’ ([1], [2], [3]), and their
choice of lexical expressions ([4], [5]). Speakers also adjust
to each others’ accent and speech rate ([6]), voice onset timing
([7]), global pitch range ([8], [9]) and their phonetic realization
of repeated words ([10]), even in cases where they are not in
direct interaction with the source, e.g., when the words are pre-
sented to them in the form of an ambient sound ([11]). These
phenomena are all instances of linguistic adaptation (sometimes
referred to as alignment, coordination, mirroring, copying or
entrainment). They are assumed to be both the product of con-
scious ‘audience design’ and automatic coordinative processes
([12]). While the cognitive mechanism behind adaptation has
been subject to discussion (viz.[13] and the reactions to their
proposal), it appears that adaptation supports both language pro-
cessing, as well as social cohesion. As suggested by [14], it
could be the case that some types of linguistic adaptation are
typically related to language processing (e.g., using the same
lexical item as the interlocutor, even if it is the speaker’s less
preferred choice, in order to speed up the retrieval) while oth-
ers (e.g., dialect or pronunciation) are rather used as a signal of
group membership.

While adaptation has been investigated rather thoroughly
for adult speakers, less is known about the process in younger
age groups. Assuming that adaptation forms a part of the in-
trinsic mechanism supporting language acquisition and devel-
opment ([15]), the study of adaptation processes is crucial for
our understanding of language learning. Arguably, the detection

of shortcomings in the adaptation process may help us explain
particular problems in the development of a child’s social and
linguistic skills ([16]). From the perspective of cognitive de-
velopment, we might expect that typically developing children
would improve their adaptation abilities as their linguistic and
social skills improve. On the other hand, since adaptation is a
form of copying the behavior of others, one might argue that
speakers should adapt less as they grow older and develop their
individual identities.

In addition, previous experimental research on adaptation
has mainly concerned categorical linguistic phenomena (e.g.,
the choice between two syntactic structures) where speaker’s
choice can easily be described as identical or nonidentical to
the prime. However, prosodic features such as pitch (or inten-
sity, for that matter) do not always lend themselves easily to a
discrete-unit annotation ([17]). Given that speakers’ pitch range
generally differs, at least for some pitch parameters we thus
cannot expect adaptation to manifest itself as an identity rela-
tion but rather as a gradient adaptation or convergence (where
both speakers would be adjusting their prosody to achieve more
resemblance). This fact means that in prosodic adaptation re-
search, there are both methodological and theoretical issues to
be addressed. How can we appropriately measure the adapta-
tion of gradient phonetic and phonological features? What is
the purpose of gradient prosodic adaptation (copying, conver-
gence), compared to categorical adaptation? Do gradient and
categorical prosodic adaptation co-occur? What is the interac-
tion between these types of adaptation to other types of linguis-
tic adaptation (e.g., on the level of semantic representation)?

2. Current project
The current study thus tries to fill an important gap in our
knowledge of language development by investigating prosodic
adaptation in different age groups. In the research reported
here, we tackle the points discussed above in a series of prim-
ing experiments with Dutch participants. In the experiments,
we systematically manipulated the global pitch properties of the
voice (raised vs. lowered synthesis of the original recording) as
well as boundary tones (H%, L%) in the nuclear phrase of each
turn. As will be explained below, the experimental task con-
sisted of naming cards in an interactive computer game (viz.
fig.1). In the course of the game, the manipulation of the global
pitch had no apparent function but the boundary tones could
be interpreted as either signaling continuation (H%) or finality
(L%). On the basis of the dialogue model of Pickering & Gar-
rod ([13]), we predicted that adaptation would be more likely
to occur for linguistic features that were meaningful in the in-
teraction because they received a direct semantic ‘boost’. In
particular, in the model, if interlocutors adapt on one level of
linguistic representation, the likelihood increases that they will
adapt on other levels as well.
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Figure 1: Screenshot of the Powerpoint-based computer game
‘Treasure Hunt’ developed for the pitch priming experiments.

2.1. Experiment I

2.1.1. Methodology

Fourty-two Dutch speaking elementary school children (18
male, 23 female) from three different age groups (4-5, 7-8
and 10-12 years) participated in the computer game ‘Treasure
Hunt’. After the completion of the experiment which took place
in the school building, they received a small reward.

In the game, the children competed with the computer in
collecting treasure chests which were hidden on the back of
three of the eight game cards. The depicted objects were an-
imals, Disney characters and toys. In total, there were three dif-
ferent card sets (A, B and C), each of which was used two times
in the order A-B-C-A-B-C. The computer and the child thus
played six rounds in total, taking turns in naming the pictures on
the cards they wanted to turn. In the first three rounds, the com-
puter (a prerecorded female voice) always used a high boundary
tone at the utterance boundary (e.g., Ik neem de PANDAH% -
“I’ll take PANDA”); in the subsequent three rounds, the com-
puter always used a low boundary tone. During the game, the
participants were under the impression that the computer inter-
acts with them by means of a speech interface. In reality, the
computer was steered by one of the experimenters in a manner
that could not be detected by the participants.

The computer voice consisted of a number of prerecorded
audio files with a young native Dutch female voice. For the
recordings, the speaker was instructed to create as natural as
possible renderings of the two types of boundary tones. The
voice manipulation was validated perceptually and with the help
of the PRAAT pitch tracker.

Each experimental session started with instructions and a
trial game, both of which were prerecorded. The cards that were
selected by the computer were first described by the computer
voice and then turned over on the computer screen. The exper-
imental participant was seated opposite to the computer screen
and was turning over the paper cards lying in front of her on
the table. After she announced which card she would be turn-
ing, the computer would “register” the move and either play on,
or – if the child managed to locate three treasure chests before
the computer did – end the game round by an applause. During
the experiment, the children were assisted by one of the experi-
menters who prior to each game made sure that the participants

Figure 2: Over the course of the three rounds in experiment I,
adaptation increased significantly with H%.

were familiar with the objects on their own game cards.
Each experimental session was recorded with the Audac-

ity software (v.1.2.5.) and saved as an uncompressed wav-file.
The boundary tones in the voice recordings of the participants
were independently annotated by two trained annotators based
on their perceptual judgment and a validation by the PRAAT
pitch tracker (v.5.0.13.). In case the two annotators disagreed,
they could consult a third annotator.

Table 1: The mean percentage of adaptation per gender in Ex-
periment I. (F(1,35)=4.51, p<.05, η2

p = .114).

95 % Confidence Interval
Lower Upper

Gender Mean S.E. Bound Bound
Male 60.27 4.46 51.23 69.23
Female 72.90 3.91 64.96 80.84

2.1.2. Results

Overall, participants adapted in 67% of the turns, reliably above
the chance level (t(41)=5.65, p<.001). The youngest age group
was observed to adapt most frequently (71%), compared to
the second youngest age group (69%). The oldest age group
adapted least frequently (62%). For each of the six games,
we calculated the proportional adaptation between the com-
puter and the child as the number of cases the child adapted
to the prime divided by the number of the child’s turns in the
game. Each game consisted of a different number of turns,
depending on how quickly one of the players discovered the
three treasure chests. There was a higher proportion of adap-
tation for low boundary tones than for high boundary tones
(F(1,35)=10.80, p<.01, η2

p=.236). Adaptation increased signif-
icantly over the course of the 3 rounds in a series (F(2,70)=8.16,
p<.001, η2

p=.189), viz. fig.2 for adaptation with H%. Overall,
female participants adapted more frequently than male partici-
pants (viz. table 1).

2.1.3. Discussion

Our first experiment thus revealed strong support for the view
that children adapt phonologically distinct, local pitch patterns,
viz. high or low boundary tones, to those of their speaking part-
ner. Interestingly, this trend is stronger for younger children,
and stronger for female participants, and the adaptation is espe-
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cially true for low boundary tones. In addition, there appears
to be a learning effect in that the proportion of pitch adaptation
increases in games that are played later in the experiment.

2.2. Experiment II

2.2.1. Methodology

In the second experiment, a different group of participants (18
male, 22 female, from three different age groups 4-5, 7-8 and
10-12 years) played the same computer game as in Experiment
I. The computer voice consisted of audio recordings with a low
boundary tone from the previous experiment that were manip-
ulated by either raising or lowering their global pitch by 30 Hz
and resynthesized. The resulting difference was a clearly per-
ceptible low and high variant of the original female voice with
no unnatural effects. A perceptual pretest performed by three
listeners confirmed that the synthesized recordings could not be
distinguished from the natural recordings.

At the start of the experimental session, the children en-
gaged in a non-interactive task during which they were asked to
name the cards with which they were going to play. During the
task, recordings were made with Audacity (v.1.2.5) and saved
as uncompressed wav-files. The recordings of the participants’
voices in the non-interactive task were subsequently used in the
analysis to calculate the Mean Pitch of the participant’s voice.

As before, the interactive priming task started with a pre-
recorded explanation and a trial game followed by 3 game
rounds with the globally higher computer voice and 3 game
rounds with the globally lower computer voice. If the partic-
ipants would adapt to the global pitch, we would expect them to
produce a lower pitch in game 4 to 6, compared to game 1 to 3.

The voice recordings were analyzed with the help of
PRAAT scripts with respect to four pitch parameters: Maxi-
mum Pitch, Minimum Pitch, Pitch Span and Mean Pitch.

2.2.2. Results

The three age groups differed significantly in their Mean Pitch
(F(1,34)=7.90, p<.05, η2

p=.317) which decreased with age. Fur-
thermore, on average, female participants had a lower Mean
Pitch than male participants (F(1,34)=4.60, p<.05, η2

p =.119).
The authors are unaware of any study that compares average
pitch in the specific age categories of this study; therefore, it is
hard to judge whether this difference is a typical one or not (e.g.,
the girls’ lower pitch could be due to a higher degree of physi-
cal maturity). There was no statistically reliable difference for
any of the pitch properties averaged over the first three games
compared to games 4 to 6. We observed that over the first three
games, Mean Pitch decreased (F(2,68)=6.96, p<.05, η2

p =.170),
with a subsequent reset to high after the third round.

2.2.3. Discussion

In spite of the fact that the current experiment with gradient
manipulations in pitch did not reveal strong evidence for adap-
tation, we do seem to find some subtle form of pitch adjustment.
That is, while the pitch range of the child’s utterances decreases
as a function of game position (probably due to some global
declination effect), we observe a reset in pitch range when game
4 starts. Interestingly, this game happens to be the one where
the computer voice changes from a higher pitch range to a lower
one. So even when the child does not adapt its pitch in the same
direction (from high to low), the reset does seem to indicate that
the child has detected a change in pitch pattern in the utterances
of the speaking partner.
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Figure 3: Child A adopting the low boundary tone of the prime
in turn T (experiment III).
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Figure 4: Child A adopting the high boundary tone of the prime
in turn T+1 (experiment III).

2.3. Experiment III

In the first experiment, we found a clear priming effect of the
boundary tone manipulation over the course of three games. In
order to exclude the possibility that the adaptation effects were
due to boundary tone strategy the participants developed over
the course of the three games, we conducted a third experiment
in which the primes with low and high boundary tones in the
nuclear phrase were presented in a random variation. For the
participant group, we selected the youngest age category that
was adapting most frequently in experiment I.

2.3.1. Methodology

The methodology was the same as in experiment I. The partici-
pants were thirteen children (7 male, 6 female), all 4-5 years old
(Dutch grade 1/2), who were not involved in any of the two pre-
vious experiments. The computer voice consisted of the same
audio recordings as in experiment I, presented randomly with
respect to the boundary tone type.

The experimental sessions were recorded with Audacity
and the boundary tones in the voice recordings of the par-
ticipants were annotated by two trained annotators based on
their perceptual judgment and a validation by the PRAAT pitch
tracker (viz. fig.3 and fig.4). In case the two annotators dis-
agreed, a third annotator was consulted.
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2.3.2. Results

Overall, the participants adapted in 71% of the turns, well above
chance level (t(12)=4.12, p<.01). They also adapted more fre-
quently in the first three games compared to the second series,
i.e., game 4-6, (F(1,12)=7.99, p<.05, η2

p=.400). Possibly, this
was due to the fact that in the second series, children received
significantly more high primes than low primes (MH%=7.6,
ML%=6.2, p<.05), while in the first series, they received more
low primes than high primes; the difference was marginally
significant (MH%=7, ML%=8, p=.059).1 Given that the low
boundary tone appears to be the default choice in the context
of the game, the chance of adaptation could be seen as a priori
higher in the first series.

2.3.3. Discussion

The results of experiment III are consistent with those of ex-
periment I in showing that the child’s choice for a low or high
boundary tone is triggered immediately by what the computer
had produced in a prior turn of the game, also when the oc-
currence of tone type is fully randomized. The fact that we no
longer observe a learning effect could be due to a confound: in
principle, the proportion of low or high boundary tones in the
computer voice was fully balanced, but since the length of the
game was unpredictable, it coincidentally happened to be the
case that the computer had produced more low tones (the de-
fault choice in the context of the game) in the earlier section of
the experiment.

3. General discussion
In the studies we reported here, we explored prosodic adaptation
among different age groups of younger speakers. In particular,
we investigated adaptation on different levels of pitch structure
in a series of priming experiments where we manipulated either
categorical or gradient pitch properties. This particular prosodic
manipulation is interesting from a theoretical point of view, be-
cause adaptation research so far has mainly concerned categor-
ical linguistic features, such as lexical items or syntactic struc-
tures. Given that adaptation appears to serve a number of goals
in linguistic and social interaction, it is important to disentan-
gle its manifestation in terms of identity (copying) from gradi-
ent adaptation or convergence. While in the first case, adapta-
tion consists in choosing the identical linguistic category, in the
second case, the interlocutors can arguably only approach the
other’s manner of speaking but they can never imitate it fully.
One might argue that from the point of view of language pro-
cessing, using the identical linguistic feature can speed up both
perception and production, but adapting to gradient phenomena
offers little advantage. More plausibly, it could be used by the
speaker to signal her social identity with the addressee.

Our data reveal a clear tendency to adapt to the categorical
prosodic feature but no adaptation to the gradient one. There
can be a number of explanations for these findings. Taking into
account the results of [8] and [9], we might argue that because
gradient pitch adaptation functions as a signal of social cohe-
sion, it did not occur due to the lack of perceived social identity
of the computer. In that case, we would predict that in an exper-
iment where children would communicate with a talking head
or an appealing computer avatar, they would be more likely to

1The number of high and low primes could not be counterbalanced
because of the design of the game where the primes were anchored to
particular cards and the participants picked the cards (i.e., the primes)
themselves.

adjust their pitch in a gradient way as well. Another possible
explanation is that the gradient pitch manipulation had no ap-
parent functionality in the interaction, while the categorical ma-
nipulation was meaningful. In that case, we would expect that
in a task where global pitch raising or lowering affects inter-
pretation, such as in the introduction of new discourse topics,
adaptation would be more likely to occur.

Finally, a comparison of the experimental data for human-
computer interaction to data obtained in a face-to-face setting
is likely to result in more insight into the prosodic adaptation
processes and their functions in linguistic interaction.
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