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ABSTRACT

As spoken language systems become more conversational in
nature, new interfaces are emerging with animated characters
that are designed to elicit and manage a conversation with the
user. In the present study, the spoken language of ten 6-to-10-
year-old children was compared while interacting with an
animated character in the I SEE! interface and again while
interacting with a human adult. Analyses revealed that 25% of
children’s utterances contained disfluencies or idiosyncratic
lexical content that would be difficult for a recognizer to
process. Children had significantly higher disfluency rates than
adults, and a steeper slope in their rate of disfluencies as a
function of utterance length. The long-term goal of this research
is the development of appropriate and robust conversational
interfaces for children.

1. INTRODUCTION

As spoken language systems gradually have evolved toward
more conversational exchanges, parallel interest has grown in
developing interfaces with animated characters than can manage
human-computer conversation effectively. However, little is
known about how users will speak to animated characters,
especially child users. Previous language development literature
indicates that children’s speech production is considerably more
challenging than that of adults, because it is less mature, more
variable, and dynamically changing from year to year ([3], [9],
[11]). Very recent research has estimated that children’s speech
is subject to 2-to-5-fold higher recognition error rates than adult
speech ([1],[2], [8],[10]). It therefore is clear that considerable
corpus collection, language modeling, and tailored interface
design will be needed before successful conversational
interfaces can be developed for children’s educational software
and other applications.

Since so little research has addressed children’s spoken
language to computers, this study aimed to analyze the
potentially hard-to-process articulatory, grammatical, and
lexical features of children’s spoken conversations with an
animated character. For example, disfluencies are widely
recognized as presenting a major challenge and source of failure
for current spoken language systems. Although they have been
analyzed quite extensively in adult speech to computers ([6],
[5]), they have yet to be evaluated in adult speech to animated

characters, or in children’s speech. Previous research has shown
that disfluencies are landmark features of spoken language [6],
although they occur at consistently higher rates in adult
interpersonal speech than in human-computer speech [5].
During adult human-computer communication, the rate of
disfluencies bears a positive linear relation with utterance
length, which accounts for 80% of their variance ([6],[5]).
Recent computer interfaces have been designed that can
substantially minimize disfluencies (e.g., up to 80%), while still
remaining transparent to users [6].

2. GOALS OF THE STUDY

In the present study, the spoken language production of ten 6-to-
10-year-old children was compared while interacting with an
animated character in the I SEE! interface, and again while
interacting with a human adult partner. The following general
questions were addressed by the present investigation: (1) Will
children engage in extended conversations with an animated
character? (2) What are the characteristics of children’s speech
and language with animated characters? (3) Do children speak
differently to an animated computer agent than to an adult
human? (4) Is children’s speech to an animated character harder
to process than adult speech to a computer?  (5) How disfluent
is their spoken language within a conversational interface?

With respect to disfluent language, we were interested in
comparing (1) the rate of disfluencies in children’s speech with
that previously estimated for different types of adult speech. For
comparable types of spoken interaction, we hypothesized that
child disfluency levels might be elevated. We also were
interested in (2) directly comparing the rate of disfluencies in
children’s speech to an animated computer partner with that
addressed to a human adult. An additional goal was (3) to
evaluate whether utterance length bears the same strong linear
relation with children’s spoken disfluency rates, as it does in
adults’ speech. Alternatively, if children experience greater
cognitive load associated with planning utterances of increasing
length, then the slope of their linear function may be steeper
than that for adults. In addition to these specific articulatory
issues, a further aim of the present study was (4) to explore
other potentially hard-to-process features of children’s speech,
including invented or misapplied lexical content, and immature
grammatical constructions.
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3. METHODS

3.1  Participants, Tasks and Procedure

Ten children between 6 years, 8 months and 10 years, 9 months
of age participated in this research. The study consisted of two
data collection phases. During the first part, children interacted
with the simulated I SEE! system (for details see [4]) in a room
set up as an informal children’s bedroom and playroom. During
the session, children sat on the sofa with a Fujitsu 1200 hand-
held PC angled in front of them. Each child received a 10-15
minute hands-on orientation to the I SEE! system and its
coverage, including how to: (1) use speech and pen input, (2)
make corrections, (3) control the movies, (4) use the system to
learn about different animals, and (5) make a graph
summarizing their findings. Children also interacted with three
practice animals, and created their own graph about them.

Then the experimenter left the child alone to play with the I
SEE! system, which involved interacting with eight undersea
animals (e.g., manatee, stonefish). Children were told that they
could ask the animals anything they wished, but to be sure to
ask Spin the dolphin’s question each time they met a new
animal (e.g., “Are you poisonous or not?”). They also were
asked to enter the answer to Spin’s question on their graph,
which they could print and keep. A video record was made of
the entire interaction, along with a transcription.

During the second phase of the study, the same children were
audiotaped while participating in a game of twenty questions
with the adult experimenter as they attempted to discover the
identity of different animals. In both phases of the study,
children were involved in a game-like interaction in which the
goal was to extract information about the features or identity of
different animals. For both tasks, children took the initiative to
ask questions as they retrieved information and solved a simple
problem. However, in phase one their conversational partner
was an animated software agent, and in phase two it was a
human adult.

3.2  I SEE! Application and Interface

Figure 1 illustrates I SEE’s interface. The left side of the screen
displays movies of marine animals, which the child could
control with speech or pen input. When stopped, the marine
animal was embellished with animated eyes that blinked
naturally, which indicated that is was available as a
“conversational partner” for answering questions about itself
(e.g., a manatee could identify its diet, habitat, unique behavior,
endangered species status). The animated eyes provided
attentional cues, and also marked the transition from passive
movie viewing to conversational availability.

The upper right side of Figure 1 illustrates a bar graph created
by an 8-year-old after querying six different animals about their
endangered species status. The I SEE! interface permitted
children to construct their graph using pen input (e.g., artwork,
names, marks) on the correct side of the graph, or by pointing to
a field and speaking their input. The lower right corner also
illustrates an animated dolphin character named “Spin.” Spin
was a guide that helped children make their graph, provided
praise, and told jokes. The dolphin was animated with eye
movements, lip synching, facial expressions, gestures, and

exuberant large body movements. The dolphin and marine
animals both responded using text-to-speech (TTS). The voices
used for this application were from Microsoft’s Whisper TTS
version 4.0, with hand-tailoring of pitch, duration, volume,
intonation, and pronunciation. The voices were crafted to
optimize intelligibility and character individuation, and were
pilot tested for intelligibility with children and modified as
needed.

3.3  Transcription and Data Coding

Each participant’s speech was transcribed from videotape and
audiotape. Attention was paid to transcribing verbatim spoken
input, which included repetitions, disfluencies and self-repairs,
confirmations, and so forth. Children’s speech also was
distinguished into responses elicited by the system versus child-
initiated spoken dialogue. The present analyses focus on child-
initiated spontaneous speech, which comprised 95% of this
corpus.

The total number of spoken words, mean length of utterance,
and rate of spoken disfluencies all were totaled for each child
during their human-computer and interpersonal communication
sessions (see [6] for details). In addition, linguistic
idiosyncrasies such as the following were scored: (1) invented
words (e.g., “Are you a tape-eater?”), (2) incorrect lexical
selections (e.g., “Are you endangered or instinct?”), (3)
concatenated words (e.g., “What are krill-shellfish?”), (4) ill-
formed grammatical constructions (e.g., “Have you ever ate
spaghetti?”), and (5) mispronounced or highly emotive
articulations (e.g., “What are mullooskies?”; “Whoooaaaa!”).

4. RESULTS

The data yielded a corpus of 10,000 words, including over 500
disfluencies for analysis. Figure 2 illustrates that the same
children had significantly higher levels of spontaneous speech
disfluencies during interpersonal communication than while
conversing with animated characters, paired t-test, t = 4.55 (df =
9), p < .0005, one-tailed. The children’s disfluency rate
averaged 6.71% during interpersonal communication, compared
with 2.32% during human-computer communication, which

Figure 1. I SEE! user interface.



represented almost a 3-fold higher rate during interpersonal
communication.

Analyses revealed that the ratio of children’s speech comprised
of verbatim utterance repetitions averaged 20% during human-
computer communication, but only 7% during interpersonal
interaction. That is, children’s speech directed to animated
characters was significantly more repetitive, paired t =  3.62 (df
= 9), p < .003, one-tailed. However, after removing all
repetitions, children’s disfluency rate still was significantly
higher during interpersonal communication than while talking to
an animated character, paired t = 3.99 (df = 9), p < .0015, one-
tailed. In addition, children’s utterance length averaged 4.8
during human-computer interaction and 4.3 during human-
human interaction, which was not a significant difference.
Therefore, utterance length could not have accounted for the
difference observed between human-computer and interpersonal
disfluency rates.

Further analyses revealed that children’s disfluency rate was
higher than that previously reported for adults during
unconstrained human-computer interaction involving a visual-

spatial task, paired t-test, t = 2.35 (df = 10), p < .025, one-tailed.
These comparisons involved child and adult utterances matched
on MLU, since children’s MLU is shorter than that of adults.
After matching on utterance length, the overall disfluency rate
averaged 64% higher for children than the rate previously
reported for adults.

A regression analysis indicated that the strength of predictive
association between utterance length and spoken disfluency rate
for 6-to-10-year-old children was ρ2

XY = .88 (N = 11). That is,
88% of the variance in the rate of spoken disfluencies for
children was predictable simply by knowing an utterance’s
specific length. This is similar to, but slightly higher than, the
79% strength of predictive association documented previously
for adults in a map-based visual-spatial domain. The linear
function illustrated in the scatterplot in Figure 3 summarizes this
relation for both children and adults. For children, the y-axis
constant coefficient is –0.41, and the x-axis beta coefficient of
+0.39 represents utterance length. Children’s regression line is
the steeper slope shown on the left of Figure 3. Their disfluency
rate rises above 3% after an MLU of 7 has been reached, in
comparison with an MLU of 12 for adults.

The level of idiosyncratic linguistic constructions in children’s
speech averaged 1.83% overall for this age group, with no
significant difference between human-computer (2.42%) and
interpersonal speech (1.24%) in rate of occurrence. A median-
split comparison of the rate of idiosyncratic language as a
function of age (i.e., 6-8 versus 8-10 years) revealed a
significantly higher level in 6-to-8-year-olds than 8-to-10-year-
olds during human-computer interaction, paired t = 3.12 (df =
8), p < .01, one-tailed. Figure 4 illustrates the cumulative
percentage of children’s spoken language that contained hard-
to-process disfluencies or idiosyncratic language, which
averaged about 5% of all human-computer communication and
8% of interpersonal communication during the age range
studied.

5. DISCUSSION

The following conversation between 8-year-old Edward and the
thimble jellyfish demonstrates that children can indeed become
very engaged while interacting with animated characters:

Edward: “Whoaaa! Hello. What are you?” (videotape stops;
jellyfish looks at Edward and blinks)
Thimble jelly: “I am a thimble jellyfish.”
Edward: “Cool. Are you poisonous?”
Thimble jelly: “Yes, I am poisonous.”(Edward draws a fish on
the poisonous side of his bar graph)
Edward: “You kinda look like a jellybean. What is your
name?”
Thimble jelly: “I am Tiny the thimble jelly. I swim with
hundreds of other jellies.”
Edward: “Are you common or exti— instinct?”
Thimble jelly: “I am very common.”
Edward: “Do— um— what- what do you eat?”
Thimble jelly: “I eat plankton. Sometimes sea turtles eat me.”

Edward’s conversation with the thimble jelly also illustrates the
relatively disfluent, repetitious, and sometimes idiosyncratic
linguistic constructions that were typical of 6-to-10-year-old
children’s speech to the computer, which clearly would be
difficult for current speech technology to process. In fact, Figure

Figure 2. Rate of spoken disfluencies during
children's human-computer and interpersonal
communication for each of the ten study participants.

Figure 3. Linear regression model summarizing increasing
rate of spoken disfluencies per 100 words as a function of
utterance length during visual-spatial task, comparing 6- to
10-year old children with adults.



4 clarifies that 5% of children’s spoken language during these
interactions involved disfluencies, invented or misapplied
words, and ill-formed syntactic constructions. Given that
children’s average MLU was five words long, this means that 1
in 4 utterances (i.e., 25%) contained hard-to-process language.

This study confirms that children’s disfluency rates are
substantially and consistently higher during interpersonal than
human-computer communication, even though the latter
interaction is with an animated “persona.” In fact, the disfluency
rate during children’s interpersonal communication averaged 3-
fold higher, and all ten children had higher disfluency rates
when speaking with a real person, as illustrated in Figure 2. This
difference is very parallel with the 2.5- to 3-fold higher
disfluency rate that is typical of adult speech during human-
human communication ([5], [6]). One implication of these
findings is that 6-to-10-year-old children do distinguish
animated from real human partners, even though at times they
may seem completely absorbed with their “new friends.”
Children’s speech not only is distinctly different to a computer
partner, like adult speech, it also is clearer, more repetitious, and
hyperarticulated [7].

After controlling for utterance length, children’s disfluency rates
averaged 64% higher than comparable adult speech during a
spatially-oriented task. As far as we know, analyses have not yet
been computed of adult disfluency rates while conversing
specifically with animated characters. Such data will be needed
to interpret whether children’s disfluency rates are elevated
above those of adults in general, or whether disfluency rates are
higher for both children and adults when talking to animated
characters than to other types of visual-spatial display.

Children’s spontaneous spoken disfluencies also were
confirmed to be sensitive to utterance length. Of all the variance
in spoken disfluencies in the present data, 88% was predictable
simply by knowing an utterance's specific length. This rate is
higher than the 79% strength of association found previously for
adult speech, and Figure 3 clarifies that the slope of this
function is steeper in children’s speech. Basically, higher
disfluency rates are precipitated at lower utterance lengths in
children’s speech. In children’s speech, the disfluency rate
begins exceeding 3% after an utterance length of 7 words is
reached, whereas a 3% disfluency rate is not exceeded in adult
speech until 12 words or longer. This may indicate that the

planning load associated with increased utterance length has a
greater impact on children, even within the range of brief to
moderate sentence lengths.

The design of future interactive technologies for children will
require analyses of children’s spoken language within simulated
or real conversational interfaces. In addition, large corpus
collection efforts will be needed on children of different ages, as
will new language models that represent the central and
sometimes idiosyncratic features of children’s spoken language.
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