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Abstract
Conversational turns proceed with only
very brief pauses between speakers. In
order to maintain this “no gap, no overlap” turn-taking, we must be able to anticipate when an ongoing utterance will end,
tracking the current speaker for upcoming
points of potential floor exchange. The precise set of cues that listeners use for turnend boundary anticipation is not yet established. We used an eyetracking paradigm
to measure adults’ and children’s online
turn processing as they watched videos of
conversations in their native language (English) and a range of other languages they
did not speak. Both adults and children
anticipated speaker transitions effectively.
In addition, we observed evidence of turnboundary anticipation for questions even in
languages that were unknown to participants, suggesting that listeners’ success in
turn-end anticipation does not rely solely
on lexical information.
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Introduction

Turn-taking in human communication is efficient:
we switch between speakers with only the briefest
of pauses. The median gap between conversational turns is close to zero milliseconds, and
maintaining this kind of brief inter-speaker junction may be universal to human languages (Stivers
et al., 2009). These gaps, though extremely brief,
result in minimal overlap, and beg the question of
how we manage to come in with such precise timing.
Sacks, Schegloff, and Jefferson (1974) noted
that inter-speaker gaps are too brief for listeners
to be relying on turn-end silences before start-

Michael C. Frank
Stanford University
Department of Psychology
mcfrank@stanford.edu

ing up their response. They suggested that instead we track ongoing turns for cues to their
eventual end, using linguistic information about
syntactic, propositional, and intonational structure. Using these cues, listeners should be able
to predict the moment at which a speaker will
stop speaking with high accuracy. This insight
was important, but they did not further investigate which cues—whether linguistic or nonlinguistic–listeners track.
More recent research has addressed this question, investigating which linguistic cues might be
most informative in anticipating the close to an
ongoing turn. Corpus study of available cues
has yielded somewhat inconclusive results since
so many linguistic boundaries co-occur (Caspers,
2003; Ford and Thompson, 1996). Even if reliable turn-end cues were apparent, we could not be
confident that listeners actually attended to them
to in conversation without experimentally manipulating them and measuring their effects on listeners.
De Ruiter and colleagues (2006) created an experimental paradigm to measure turn boundary
anticipation while also beginning to test which
cues were most informative in this process. They
extracted utterances from a recording of a spontaneous conversation and presented them to participants over headphones. Participants were asked to
press a button at the moment they anticipated the
speaker would stop speaking. Participants were
extremely accurate in identifying the moment before a turn was about to end. To test the effects
of different cues on anticipation, they separately
controlled for the presence of intonation and lexical information. There was no significant difference between participants’ accuracy when intona-

tion was present and when it was omitted from
the stimulus. When lexical information was taken
away, however, participants’ accuracy declined
significantly. De Ruiter et al. thus suggested that
word-level information is of primary importance
in turn-boundary anticipation.
Although the De Ruiter study was carefully
controlled, the button-pressing task was unnatural
and highly explicit: It might easily have focused
participants’ attention on words and word-level
information more so than they would have been
otherwise, especially since the instructions asked
for precisely-timed responses. If this were the
case, their results would reflect a use of linguistic cues under somewhat unnatural conditions. In
addition, De Ruiter et al. (2006) did not control
for all prosodic cues—duration was left unmodified in their stimuli. This information might have
accounted for some of their accuracy effects in the
condition without intonation. Many people have
the intuition that intonation and rhythm are part of
the projection process, but may be more important
prior to the end of the turn, at which point lexical
information may be most informative.
To circumvent the limitations of explicit
paradigms like that of De Ruiter et al. (2006), our
current work uses eye-tracking as an implicit measure of turn boundary anticipation. This method
allows us to study both adults and children and
to systematically manipulate the content of the
videos we track. In the remainder of the introduction, we describe our “Observer Gaze” method
and how it is applied in the current study.
Tice & Henetz (2011) explored eyetracking as
a possible alternative method for measuring online turn processing, which they call Observer
Gaze. They seated participants in front of a large
screen, under which was tucked a small digital video camera tilted toward participants’ faces.
While viewing a one-minute dyadic, split-screen
conversation in English, participants consistently
tracked the current speaker with their gaze. In addition, they anticipated the ends of turn boundaries by looking at the next speaker on questionanswer pairs. Observer Gaze is founded upon natural looking behavior—observers tend to look at
the current speaker during his or her turn(Kendon,
1967; Bavelas et al., 2002). It requires little or
no instruction and allows experimenters to collect high temporal resolution looking data over
the course of a conversation. Thus, this method

provides a measure of turn-boundary anticipation
that we can use to investigate the cues that contribute to this ability.
Since it is a passive method founded on natural,
spontaneous behavior, Observer Gaze can be used
with both child and adult participants to begin exploring the developmental trajectory of turn-end
boundary projection. We are interested in comparing adult turn-end projection skills with those
of children because of the protracted development
of turn-taking. By age five, children’s turn-taking
skills are still not up to the timing standards of
adults. Even in adjacency pairs, when the response is often restricted and the context makes
clear who the next speaker is, children’s responses
are still delayed. It has been proposed that their
delay is due to complexity and predictability level
of responding to the question at hand (Garvey and
Berninger, 1981; Tice, under review), but we do
not yet know whether children’s delay is due to
the need to formulate a response or a slowly developing ability to project turn-end boundaries.
The eye-tracking method described above makes
it possible to compare adults and children directly,
allowing for investigation of this question in our
study.
In the current study, we introduce a simple
method for controlling word-level information in
the speech signal: we show participants videos
of languages that they do not speak. Though
the non-lexical signals in the videos (e.g., intonation, prosody, gaze, gesture) are foreign to the
participants, the information may still be robust
enough to support online turn-tracking. Because
the linguistic cues are foreign, eye gaze behavior while watching a foreign language (which has
similar, but not identical cues) is a more stringent test of the use of non-lexical cues in onlineturn-processing than the low-pass filtering methods used by de Ruiter et al. (2006). To keep
the stimuli engaging for children, we used childoriented speech (as described below) in the video
stimuli.

2
2.1

Methods
Participants

Nineteen pre-school aged children (7 three-yearolds, 5 four-year-olds, and 7 five-year-olds) and
11 adults participated in the study.

2.2

The video segments were recorded in a soundattenuated booth by two native speakers of each
language. Each person was audio recorded from a
lapel microphone (one on the right channel and
one on the left) feeding into a Marantz PMD
660 solid state field recorder. Participants were
video-recorded from the iSight of a MacBook.
Pairs of speakers were selected by native language, and ranged from acquainted individuals
to good friends. They were asked to speak on
four topics for 20 minutes (five minutes each on
favorite foods, entertainment, hometown layout,
and pets). Following this recording they were
asked to choose a topic relevant to young children (e.g., riding a bike, eating breakfast, siblings) and improvise on that topic as if they were
on a children’s television show until they had at
least 30 seconds of continuous material. Most
pairs took less than three minutes to record these
“child-friendly” conversations, and the resulting
recordings, though they can be considered semiscripted, remained natural but engaging for both
young children and adults. The audio and video
recordings were aligned afterward using video
editing software.
The child-friendly videos were then edited to
include 30 seconds from each language with maximal turn activity and were wedged between entertaining filler videos (e.g., running puppies,
singing muppets, flying bugs) for an experimental
stimulus that was approximately six minutes long.
The order of the non-English videos (videos 2–5)
was varied in four versions of the final stimulus,
so that no consistent order effects might skew the
data. The first and last videos in English (videos
1 and 6) were always kept the same.
2.3

Group
Children

Materials

Procedure

Participants were seated in front of an SMI infrared remote eye tracker and a large screen with
speakers placed on a table at each side of the
screen. The eye-tracker is mounted beneath a flatpanel display; the display is in turn mounted on
an ergonomic arm so that it can be positioned at a
comfortable height approximately 60cm (an adult
arm’s length) from the participant. After being
seated, participants were told that they would hear
videos in a number of different languages. We
used a 5-point calibration routine in which participants followed a point on the screen with their

Adults

Language
English
Non-Eng
English
Non-Eng

Speech
0.44
0.30
0.47
0.41

Silence
-0.11
0.06
-0.02
0.15

Table 1: Average direction of gaze to the each speaker
while he or she is speaking and silent. 1 = looking
exclusively at the current speaker and -1 = exclusively
at the non-current speaker.

eyes. For purposes of engaging children, Elmo
(an animated puppet) was used as the calibration
image.
In the body of the study, participants watched a
six-minute video containing six 30 second dyadic
conversations with 15–30 second filler videos between them. The first and last conversations
(numbers 1 and 6) were in American English and
the intervening conversations (2–5) were recorded
in Hebrew, Japanese, German, and Korean.
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Results and discussion

Child and adult observers in both the English and
non-English videos were more likely to keep their
eyes on a speaker when that person was speaking rather than when they were silent (Table 1),
though they also glanced back at silent participants around 20% of the time. Children were less
likely than adults to keep their eyes on the current
speaker while watching the non-English videos,
but still showed a reliable difference in gaze to a
speaker during speech and during silence. This
result indicates that participants were performing
basic turn-tracking with their gaze while viewing
the stimuli (Kendon, 1967). When point-of-gaze
is averaged across the entire recording in this way,
there do not appear to be large developmental differences between children and adults in their ability to track the current speaker, though the adults
were slightly more consistent.
We next turn to the question of the quick, anticipatory eye-movements around conversational
turns observed in previous work (Tice and Henetz,
2011). We test for the presence of turn-end anticipation by measuring shifts in gaze near the interspeaker gap. Using the average direction of gaze
(between previous and upcoming speakers), we
compare the 200 ms window prior to the onset of
an inter-speaker gap and the 200 ms window following the offset of that inter-speaker gap. Since
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Figure 1: Children and adults’ average direction of gaze during pre- and post- gap 200 ms windows of speaker
switches where 1 = the previous speaker and -1 = the upcoming speaker. Error bars show standard error of the
mean across participants.

it would take adults and children at least 200 ms
to plan an eye movement, any significant shift in
gaze during the 200 ms post-gap window indicates a movement planned prior to the onset of
speech by the second speaker. Using this comparison, we find that while viewing English and
non-English stimuli, participants tend to anticipate upcoming turn-end boundaries such that they
spontaneously shift between the current and previous speaker before the previous speaker has the
opportunity to begin his or her response (Figure
3).
Speaker exchanges in the non-English videos
which appeared to be question-answer adjacency
pairs to the first author (primarily based on au-

ditory information, including a rising intonation)
were coded as “questions”. We find that both
adult and child observers show divergent performance on question and non-question exchanges
during all of the videos. Though their gaze begins
to shifts dramatically in nearly every case across
the pre- and post- gap windows, participants show
an advantage for question-answer pairs such that
they are more likely to shift earlier on and already
be looking at the answerer when he or she begins
to speak (Figure 3).
This behavior indicates spontaneous response
anticipation during online processing of the stimuli. The average inter-speaker gap across languages and exchange types was 335 ms. The av-

0 0

500

1.0
0.5
0.0

1000

-1000

-500

0 0

500

Time (pre- and post-gap)

Children, English

Children, Non-English

0 0

500

1000

Time (pre- and post-gap)

0.5
0.0
-1.0 -0.5

Average Look Direction

0.5
0.0

-500

1000

1.0

Time (pre- and post-gap)

-1.0 -0.5
-1000

-1.0 -0.5

Average Look Direction

1.0
0.5
0.0

-500

1.0

-1000

Average Look Direction

Adults, Non-English

-1.0 -0.5

Average Look Direction

Adults, English

Question
Non-question
-1000

-500

0 0

500

1000

Time (pre- and post-gap)

Figure 2: Children and adults’ trajectory of gaze over the preceding and following 1-second window of interspeaker gaps for questions and non-questions in English and non-English videos. Error bars show standard error
of the mean across participants.

erage for questions across languages was 319 ms
and 350 ms for non-questions, though the stimuli
contain many cases of sub-200 ms inter-speaker
gaps. This means that listeners may still rely on
a turn-end pause in some cases. However, if participants were universally reacting to silence, we
would not expect the earlier switch in questionanswer pairs. More generally, the pattern of reliable performance even with inter-speaker gaps
shorter than 200 ms suggests that participants
make use of cues that are present in the signal
prior to the turn-end silence.
We fit two separate linear mixed-effects models (Gelman and Hill, 2007) to participants’ average gaze direction at pre- and post- gap win-

dows: one model for adult data and another for
the child data. We used a maximal random effects
structure to control for variability between participants on the variables of interest. Model coefficients suggest that the advantage for questions
over non-questions was significant or nearly significant for both children and adults (t=-4.9 and
-1.78, respectively). For children, there was also
a significant effect of language group (English vs.
non-English, t=-4.0) and a significant interaction
between language group and turn type (question
vs. non-question, t=2.8). The effect of language
group was similar, but non-significant, in the adult
data (t=-1.3), and there was no interaction between language group and turn type.
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Figure 3: Frequency of saccades over the time course of one video in English. Vertical bars in blue indicate
inter-speaker gaps.

These statistical results suggest that adults were
able to integrate non-native cues in their online turn processing more effectively than children were, providing some guidance for an account of the development of turn-end anticipation. For both age groups, there was a significant
effect of turn type: question vs. non-question.
There may have been many divergent cues in
these cases which led participants to earlier and
more successful anticipation in the presence of
questions. However, since the determination of
what counts as a “question” in the non-English
videos mainly relied on prosodic similarity to English questions, we have reason to believe that it
is precisely because speakers rely on intonational
information that they show this advantage. Thus
it would be inaccurate to characterize online turnprocessing as solely dependent on lexical information. Rather, participants perform remarkably
well when no lexical information is present at all.
Consistent with our previous work, the current
results provide us with further empirical evidence
for spontaneous anticipation of turn-end boundaries. The anticipatory looking behavior we observed is unlikely to be due to continuous gaze
shifting during the video, since saccades show
spiked increases only near potential turn boundaries, not between. For example, a time-course
rendering of eye-tracking data from one representative video of English conversation shows a considerable spike in saccades prior to turn gaps (Figure 3). Thus, we do not believe that random shift-

ing accounts for our results.
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Conclusion

Children and adults track the current speaker with
their gaze. They also spontaneously make anticipatory looks to upcoming speakers at speaker exchanges, indexing their online processing of turnstructure (their anticipation of an ongoing turn’s
end and the beginning of a responder’s turn).
Their anticipatory gaze is stronger when prosodic
and other non-lexical cues suggest question status
(e.g., ending in a high-rise terminal tone).
Even without lexical information, we track
turns as they unfold. Participants not only continued to track current speakers during non-English
videos, they showed an advantage for questiontype turns over non-question-type turns. A model
of how we manage to take turns on time must account for prosodic and other non-lexical information.
We found that adults and children performed
almost equally well, with the exception that children had more difficulty maintaining speaker
tracking and anticipation during the non-English
videos. This may in part be due to their uninhibited lack of interest which resulted in more variable looking patterns than well-behaved adults.
Investigation of this possibility will require more
data from both age groups and denser developmental data. Children’s success in projecting turn-end boundaries and tracking the current
speaker suggests that they master this skill early

on. It therefore seems likely that their delays in
responding to questions (Garvey and Berninger,
1981; Tice, under review) has more to do with
formulating a response than anticipating when to
come in.
In the present study we used recordings of
non-English languages to test for turn-processing
success when lexical information is not present.
Though the non-lexical stimuli are highly naturalistic, they do not directly test which English cues
English speakers use. There is a significant effect of language group for child participants and a
similar, but non-significant effect for adults, suggesting that we can most accurately measure turnprocessing performance in English by using English stimuli. To perform the appropriate experiment, we must create phonetically-manipulated
stimuli to control for turn-end linguistic cues including prosody and lexical information. We plan
to run this follow-up study to compare how performance changes with carefully controlled, but
less naturalistic stimuli.
Until recently, we did not have any experimental evidence of turn-end anticipation. But, in the
past few years at least two studies have demonstrated that turn-end projection is a measurable
behavior (De Ruiter et al., 2006; Tice and Henetz,
2011). The present study is the first to show evidence that we can project turn-end boundaries
when attending to languages that we do not speak.
This result tells us that the ability to project upcoming turn-end boundaries is not reliant on lexical information alone; rather, we spontaneously
apply (even non-native) prosodic and non-verbal
information to continue tracking upcoming turn
junctures accurately. Taking all of the experimental work on turn-end anticipation together, our
turn processing mechanism is best characterized
as a flexible one which makes use of the information available to it in the current conversational
environment. These findings indicate that further experimental work will be able to distinguish
what cues are attended to as speech unfolds and
projection takes place under different conditions.
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