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Abstract

Adults achieve successful coordination during conversation by using prosodic and lexicosyntactic
cues to predict upcoming changes in speakership. We examined the relative weight of these
linguistic cues in the prediction of upcoming turn structure by toddlers learning Dutch
(Experiment 1; N = 21) and British English (Experiment 2; N = 20) and adult control participants
(Dutch: N = 16; English: N = 20). We tracked participants’ anticipatory eye movements as they
watched videos of dyadic puppet conversation. We controlled the prosodic and lexicosyntactic
cues to turn completion for a subset of the utterances in each conversation to create four types of
target utterances (fully incomplete, incomplete syntax, incomplete prosody, and fully complete).
All participants (Dutch and English toddlers and adults) used both prosodic and lexicosyntactic
cues to anticipate upcoming speaker changes, but weighed lexicosyntactic cues over prosodic
ones when the two were pitted against each other. The results suggest that Dutch and English
toddlers are already nearly adult-like in their use of prosodic and lexicosyntactic cues in
anticipating upcoming turn transitions.

1. Introduction

Speakers in conversation take turns at talking (Sacks et al., 1974). The timing of speaker
transitions is precise, usually exhibiting a 200ms gap or a brief period of vocal overlap between
turns (Stivers et al. 2009). Considering that it takes approximately 600ms to initiate speech
production (based on object naming; Levelt, 1989), addressees must anticipate when the current
speaker’s turn will end and must start planning their response well in advance to achieve minimal
gap and minimal overlap transition timing (Levinson, 2013). This process requires the addressee
to perform multiple tasks at once—decoding and interpreting the speech signal, plus formulating
and articulating an appropriate response—all within the last few syllables of the ongoing turn
(Levinson, 2013). Children, whose linguistic skills are still developing, have a hard time
accomplishing these multiple tasks for turn-taking; it takes them several years before they master
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adult-like turn-taking behavior (age 6; Casillas et al., accepted; Ervin-Tripp, 1979; Garvey,
1984).

Despite their late mastery of turn-taking, children begin taking turns (of a sort) in infancy.
Caregivers respond to their 3—4-month-old infants’ vocalizations, movements, and vegetative
sounds as if they were “turns” in proto conversation (Bruner, 1975; Ginsburg and Kilbourne,
1988; Snow, 1977). Twelve-month-olds already understand conversational patterns well enough
to expect speech (but not non-speech) sounds to provoke a verbal response from an addressee
(Thorgrimsson et al., 20151). One- and two-year-olds watching videos of conversation look
anticipatorily to the upcoming responder at points of turn transition (Casillas and Frank, 2013).
However, in their spontaneous turn-taking behavior, and in their predictions about upcoming turn
boundaries, children are generally slower and less accurate compared to adults.

To anticipate upcoming turn structure accurately, children must learn to use predictive
information in the ongoing speech signal. Recent experimental findings demonstrate that toddlers
use both lexicosyntactic and prosodic information to predict upcoming speaker switches, but the
relative importance of these information sources for prediction remains largely undetermined
(Casillas and Frank, 2012; 2013; Keitel et al., 2013; Keitel and Daum, 2015). The current study
investigates how Dutch and English toddlers weigh lexicosyntactic and prosodic® cues against
one another in their online prediction of upcoming speaker switch.

Lexicosyntactic cues can provide critical information about upcoming speaker switches.
For example, incomplete syntactic structures (“I’m making the...”) hint that there is still more
information to come, frequent multi-word sequences or strong semantic associations between
words (“I need to brush my...”) can strongly indicate what exact words will come next, and the
word order of an utterance (interrogative vs. declarative) can help listeners predict how the
current turn will finish (and what will happen in the next turn). Lexicosyntactic information
appears to be critical for adult turn-end prediction: listeners anticipate turn-end timing more
accurately when they can predict the exact words that will make up the rest of the turn (Magyari
and de Ruiter, 2012). Speaker changes also almost always occur at points of lexicosyntactic
completion in task-oriented dialogues (Dutch: Caspers, 2003; English: Ford and Thompson,
1996), and lexical and syntactic cues to questionhood (e.g., wh-words and subject-auxiliary
inversion) occur early in the turn, thereby giving addressees more time to begin planning their
response early (Bogels et al., 2014).

At least one previous study suggests that lexicosyntactic information is more important
than prosodic information in adults’ predictions about upcoming speaker changes. De Ruiter and
colleagues (2006) asked participants to listen to fragments of speech and to press a button when
they felt that the speaker’s turn was coming to an end. Listeners achieved the same button press
accuracy for normal speech (with full linguistic information) and intonationally flattened speech
(with lexicosyntax, rhythm, and intensity, but no intonational information). In contrast,
participants’ accuracy significantly decreased for low-pass filtered speech (with full prosodic
cues, but no lexicosyntactic information). The authors took this result as evidence that
lexicosyntactic cues are primary, and possibly sufficient, for adult turn prediction, while prosodic
cues play a less important role.

The present study focuses on the role of intonation (one aspect of prosody) in children’s
prediction of upcoming speaker switches. We designed the stimuli to control for a few specific
intonational contours. But, because we used a full, unfiltered linguistic signal, our intonational
contours were accompanied by other prosodic cues (e.g., duration and intensity). For this reason
we adopt the broader term “prosody” rather than the more narrow term “intonation”.
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79 Other work has characterized lexicosyntactic and prosodic cues as having qualitatively
80 different functions for turn prediction. Under this view, lexicosyntax is particularly important in
81  assessing whether a turn is complete and, by extension, whether it is ripe for a speaker switch. In
82  natural speech, Dutch and English listeners rarely expect speaker switches when lexicosyntactic
83 information is incomplete, no matter what intonational contour is used (Caspers, 2001;
84  Wichmann and Caspers, 2001). But, when speakers have multi-utterance turns, and the addressee
85 has to pass over several lexicosyntactically complete phrases before reaching the true turn-end,
86 lexicosyntax alone does not provide sufficient information. Then prosody plays a critical role in
87 listeners’ ability to discriminate between potential completion points and true completion points.
88  Turn-ends are often accompanied by prosodic cues such as boundary tones, increased syllable
89 length, and post-turn silence (Ford and Thompson, 1996). Whether listeners expect a speaker
90 change at lexicosyntactically complete points is largely dependent on the prosodic cues in the
91  utterance (Caspers, 2001; Wichman and Caspers, 2001).
92 The present paper addresses how children learn to use lexicosyntactic and prosodic cues
93 in their prediction of upcoming turn structure. Generally speaking, children are sensitive to
94  prosodic information before they become sensitive to lexicosyntactic information. Newborn
95 infants use prosodic cues to distinguish their native language from other languages (Nazzi et al.,
96  1998). Seven-month-olds can also use prosodic information to distinguish between words spoken
97  with an angry, happy, or neutral voice (Grossmann et al., 2005). By ten months, they can also use
98  prosodic cues to segment the speech stream into smaller units (Christophe et al., 2008; Gleitman
99 and Wanner, 1982; Jusczyk, 1997).
100 It is often assumed that children’s sensitivity to prosodic information bootstraps their
101  sensitivity to lexicosyntactic information (Christophe et al., 2008; Mé&nnel and Friederici, 2010;
102  Morgan and Demuth, 1996). Newborns can discriminate categories of function words and content
103  words on the basis of their different prosodic characteristics (Shi et al., 1999). Children show
104  sensitivity to the word order of their native language as young as 7-8 months of age on the basis
105 of word frequency and prosody (Gervain and Werker, 2013; Hohle and Weissenborn, 2003).
106  Once children’s knowledge of lexicosyntactic information becomes more detailed, they can
107  access lexical and syntactic structures independently from the prosodic information available. For
108  example, children start to recognize distinct function words at 11 months of age (Shi et al., 2006)
109 and children at 12 months of age can use differences in word order to distinguish between
110  questions and declaratives (Geffen and Mintz, 2014).
111 Given that sensitivity to prosodic cues precedes, or even bootstraps, sensitivity to
112 lexicosyntactic cues, prosodic cues might have an early and primary role in children’s predictions
113 about upcoming speaker change. But recent studies have only found mixed evidence for this
114 hypothesis. Casillas and Frank (2013) showed videos of conversation to children and adults,
115  finding that children three and younger needed prosodic information to make above-chance
116  anticipatory gaze switches to upcoming speakers in the video. In the same study, children three
117  and older did show more gaze switches for lexical-only stimuli than for prosody-only stimuli, but
118 only for question-answer speaker switches: in conditions where lexical information was
119 available, children made more anticipatory gaze switches after hearing questions than non-
120  questions. Their results suggest an early, more global role of prosody in turn prediction and a
121  later, question-specific role of lexicosyntax. Importantly, the stimuli in their experiment were
122  phonetically manipulated to control for linguistic information, e.g., using speech that was low-
123  pass filtered, intonationally flattened, duration-controlled, and multi-layered (but see also Casillas




Lammertink et al. Linguistic cues in toddlers’ turn prediction
Under Review

124 and Frank, 2012). Children do not often hear this kind of phonetically controlled speech in their
125  natural language environment.

126 Keitel and colleagues (2013; 2015) performed a similar study, showing children videos of
127  conversation and using children’s age (rather than phonetic manipulation) to control for the
128 availability of lexicosyntactic cues; they tested both pre-verbal (6- and 12-month-old) and verbal
129  (24- and 36-month-old) children. To test for the role of intonation, half of the videos featured
130  pitch-flattened speech and the other half featured a full linguistic signal. Children only made
131  above-chance anticipatory gaze switches to the upcoming responder at 36 months—considerably
132  later than what Casillas and Frank (2013) found—and anticipated speaker changes less often
133  when intonational contours were removed (but only at 36 months). In contrast, adults’ turn
134  predictions were unaffected by the lack of intonational contours. The findings indicate that
135 intonation may be useful for children’s turn prediction, but only at age three and up, and not for
136  adults. But, again, the primary linguistic control in the stimuli depended on phonetic
137  manipulation of the speech signal. Thus, the results of these prior studies—Casillas and Frank
138  (2013) and Keitel et al. (2013; 2015)—are based on a comparison between natural (full signal)
139  and non-natural (phonetically manipulated) stimuli.

140 Unnatural speech is noticeable to children, and more generally changes the way listeners
141  process linguistic information. Twelve- and 36-month-olds prefer speech sounds to non-speech
142 (motor) sounds while watching videos of conversation (Bakker et al., 2011). If children in the
143  studies mentioned above interpreted the manipulated speech as degraded or even as non-speech,
144 they might have processed the lexicosyntactic and prosodic information differently than they do
145  in everyday interactions. Even for adults, acoustically unusual stimuli, such as synthetic speech,
146  can cause significant processing costs (Pisoni, 1981).

147 The current study is designed to assess the relative and the individual contributions of
148  prosody and lexicosyntax for turn structure prediction while using the full speech signal
149  (unfiltered speech with both lexicosyntactic and prosodic cues present). We used a full speech
150  signal so that we could test children’s use of linguistic cues for speaker-switch prediction with
151  stimuli that resemble speech in their natural environment—stimuli without any phonetic filtering
152 or resynthesis. Participants watched eight videos of short, scripted conversation. For a subset of
153  the utterances in each conversation, we controlled for the presence of lexicosyntactic and
154  prosodic cues to turn completion by cross-splicing snippets from multiple sentence recordings
155  (see Section 2.4.3). In one condition, both lexicosyntax and prosody signalled an upcoming
156  speaker switch (a fully complete turn). In the opposite condition, neither cue signaled an
157  upcoming speaker switch (a fully incomplete turn). In two more conditions, lexicosyntax and
158  prosody were pitted against each other to test for their relative primacy (i.e., complete
159 lexicosyntax with incomplete prosody or incomplete lexicosyntax with complete prosody). We
160  expected that young children would rely more on prosodic cues in their prediction of upcoming
161  turn structure, given their early acquisition of basic prosodic knowledge.

162 Following recent work, we measured children’s predictions about upcoming turn structure
163 Dby tracking their eye movements while they watched videos of dyadic conversation between

164  puppets. In line with previous studies investigating children’s anticipation of turn structure

165 (Casillas and Frank, 2013; Keitel and Daum, 2015), we used puppet dyads to capture children’s
166  attention while also conveniently removing the non-verbal cues to turn taking that often appear at
167  turn boundaries (e.g., gaze and gesture; Rossano et al., 2009; Stivers and Rossano, 2010). The
168  absence of non-verbal cues enabled us to focus on the role of linguistic cues.

169 Eye tracking is is a natural and passive measure of attention, but provides an online
170  measure of children’s predictive processing during conversation (Casillas and Frank, 2012; 2013;
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171  Keitel et al., 2013; Keitel and Daum, 2015). Prior work has shown that, compared to explicit
172  measures of turn-end prediction (e.g., button-press; De Ruiter et al., 2006), anticipatory eye
173 movements from the prior to the next speaker tend to occur quite late at points of speaker
174  transition (children: Casillas and Frank, 2012; 2013; Keitel et al., 2013; Keitel and Daum, 2015;
175 and adults: Hirvenkari et al., 2013; Tice and Henetz, 2011; but also see Holler and Kendrick,
176 2015 for earlier switching in adults). Eye-tracking measures therefore do not target turn-end
177  prediction the same way that button press measures do. Instead, they appear to index the
178  prediction of upcoming turn transitions and the onset of an upcoming response, both of which are
179  affected by linguistic material present in the pre-transition turn (e.g., question vs. non-question,
180  prosodic information, etc.). We track participants’ anticipatory eye movements to upcoming
181  speakers as a natural measure of their predictions about upcoming turn structure.

182 We sampled from two linguistic populations to test the robustness of our findings: Dutch
183  (Experiment 1) and British English (Experiment 2). Dutch and English use similar linguistic
184  structures to form simple declaratives and polar interrogatives; in both languages the subject
185  precedes the verb in declarative utterances, whereas interrogative utterances are created by
186  subject-verb inversion (Dryer, 2013). The prototypical intonation pattern for polar questions in
187  both languages also features a final rise? (e.g., Dutch: Haan, 2002; English: Grabe and Post,
188  2004).

189

190 Experiment 1

191 2. Materials and methods

192  2.1. Participants

193  Thirty-three native Dutch-speaking 2.5-year-olds participated in the experiment. Of these, twelve
194  were excluded because of equipment error (1) or inattention to the screen during the experiment
195  (11; see Section 2.6). As a result, 21 toddlers were included in the final analysis (Female = 13,
196 mean age = 29 months, range = 24-33 months). Sixteen adult participants (native Dutch
197  speakers, Female = 15, mean age = 23 years) participated as a control group. No hearing or vision
198  problems were reported. Ethical approval for the study was obtained from the Ethiek commissie
199 faculteit der Sociale Wetenschappen (ECSW) at Radboud University in Nijmegen.

200

201 2.2. Apparatus

202  We recruited and tested toddlers through the Baby Research Center (BRC) in Nijmegen, The
203  Netherlands. The data were obtained with a 17-inch Tobii 1750 eye-tracker (Tobii Technology
204  AB; binocular infrared light reflection, 50Hz sampling frequency, accuracy range: 0.5° to 1°,
205 recovery <100ms). Eye-tracker calibration and stimulus presentation were controlled by
206  ClearView 2.7.1 software. Audio speakers were placed at either side of the screen, hidden from
207  participant view. Participants sat approximately 60cm from the monitor, with toddlers sitting on
208  their parent’s lap.

209

2 Final-rising contours are considered prototypical for polar questions, but there are also many
other intonation contours used with polar questions in spontaneous speech (see, e.g., Couper-
Kuhlen, 2012).
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210 2.3. Procedure

211  Each session began with a 9-point infant-friendly calibration procedure. Data collection started
212 when good calibration for both eyes was obtained for at least five locations on the screen (every
213  corner and the center). Children then watched eight 30-second videos of conversation between
214  two puppets. Before each conversation, the experimenter displayed an animated smiley face on
215  the screen until children’s gaze returned to the center. After every two conversations, participants
216  saw a 4-9-second animated filler video (a train, a skating dog, and a running chick). The
217  experiment took five minutes in total. Two versions of the experiment were created, with
218  conversation videos ordered differently in each. In both versions, the same pair of puppets was
219  shown, at most, twice in a row. Participants were randomly assigned to one of the two versions.
220

221  2.4.  Audio Stimuli

222  2.4.1. Target utterances

223  We created four types of target utterances by controlling for lexicosyntactic and prosodic cues to
224 turn completion (Table 1). At the point of syntactic completion (or incompletion) for each target
225 utterance we inserted 500ms of silence (“[...]” in Table 1). Participants could then make a
226  prediction, depending on the linguistic information up to that point, about whether the same
227  speaker would continue or whether the addressee would respond. We measured participants’
228 anticipatory gaze to the addressee around these 500ms silent windows.

229 The utterances with cues to turn completeness featured polar interrogative syntax
230 (+SYN), a polar interrogative pitch contour (+PRQOS; a high, final rise in Standard Dutch; Haan,
231 2002), or both. The utterances with cues to turn incompleteness featured incomplete declarative
232 syntax (-SYN), incomplete non-interrogative pitch contours (-PROS), or both. The incomplete
233  non-interrogative pitch contours were deemed “incomplete” because they lacked boundary tones
234  at the onset of the inserted 500ms silence.

235 By this design, fully complete utterances were both lexicosyntactically and prosodically
236  complete, and took the form of polar interrogatives with a final rise pitch contour, followed by
237  500ms of silence (e.g. Shall we swim together? [...]). Meanwhile, fully incomplete utterances
238  were both lexicosyntactically and prosodically incomplete at the onset of the 500ms silence.
239  These fully incomplete utterances took the form of declarative sentences that had been split into
240  two parts by 500ms of silence; at the onset of the silence (where we measured participants’
241 anticipatory gaze), the in-progress utterance was lexicosyntactically incomplete and had no final
242  boundary tone (e.g. Today is a beautiful+ [...] +day for a swim.).

243 The two other target utterance types were only partially complete. For example,
244 utterances that were prosodically complete but lexicosyntactically incomplete took the form of
245  declarative sentences that had been split into two parts by 500ms of silence; at the onset of the
246  silence, the in-progress utterance was lexicosyntactically incomplete but prosodically complete,
247  with a final rise pitch contour (e.g., /t’s made especially for? [...] swimming in the ocean.)
248  Meanwhile, utterances that were lexicosyntactically complete but prosodically incomplete, took
249  the form of complete polar interrogatives that lacked a final boundary tone at the onset of the
250  500ms of silence (e.g., Do you enjoy swimming+ [...]). Table 1 gives an example conversation
251  that demonstrates the placement of the 500ms silences for each utterance type.
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252  Table 1. (A) Examples of target utterances in the four conditions. Each utterance is marked as
253  syntactically complete (+SYN) or incomplete (-SYN), and prosodically complete (+PROS) or
254  incomplete (-PROS). (B) Example of a conversation with the four target utterances embedded in
255  six filler sentences. The symbol “?” indicates a complete, polar interrogative pitch contour, “+”
256 indicates the lack of a boundary tone, and “[...]” indicates a 500ms silence. Examples are taken

257  from the British English stimuli used in Experiment 2.

(A) Target utterances (B) Conversation
Condition Cues Example Speaker Example
A
| think I’'1l go swimming
today.
(1) Fully -SYN Today is a beautiful+ [...] B (1) ' .
incomplete - +day for a swim. Today is a beautiful+ [...]
PROS +day for a swim.
B
And | have a new swimsuit.
(2) Incomplete -SYN It’s made especially for? B (2)
syntax +PRO [...] Swimming in the It’s made especially for?
S ocean. [...] Swimming in the
ocean.
A
Wow, you should try it out
then.
A
I bet you bought a really
nice one.
(3) Incomplete +SYN Do you enjoy swimming+ B (3) Do you enjoy swimming+
prosody - [...] [...]
PROS
A
Yes, | like to swim a lot.
(4) Fully complete  +SYN  Shall we swim together? B (4) Shall we swim together?
+PRO [...] [...]
S
B

That would be really fun.
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258 With this design, all lexicosyntactically complete utterances were interrogative and all

259 lexicosyntactically incomplete utterances were declarative. In designing the utterance types this
260  way, we created a maximal contrast in participants’ expectations about an upcoming turn switch
261  between the fully complete and fully incomplete utterances. Questions naturally project an answer
262 inthe next turn, and so observers could reliably expect a turn transition after hearing a question
263  (Casillas and Frank, 2012; 2013). Declaratives do not necessarily project a turn transition, and so
264  observers’ expectations after declaratives are much weaker. We sought to create a maximal

265  difference in the fully complete and incomplete conditions because they served as the baselines
266  for our primary conditions of interest: the partially complete conditions (incomplete syntax and
267  incomplete prosody).

268 We could have instead tried to keep word order the same across the complete and
269  incomplete lexicosyntactic conditions, but this would have created other problems. For example,
270  using interrogative word order for all utterance types would have signalled turn transition early
271 on in the utterance for all sentences, yielding ambiguous and unnatural sentences in the
272  lexicosyntactically incomplete condition (“Would you like a+”). Using declarative word order in
273  both conditions could have possibly worked; declarative polar questions do occur in spontaneous
274  Dutch and English (Englert, 2010; Gunlogson, 2001). But declarative polar questions are
275  primarily used for the initiation of repair or for confirmation requests, whereas interrogative polar
276  questions are primarily used for requesting information (Englert, 2010). Thus, even if we used
277  declarative word order for all utterance types, the speech acts would still differ across types.
278  Additionally, to use declarative polar questions, we would need to generate the required contexts
279  for declarative questioning into the scripts (e.g., potential mishearing/misunderstanding), thereby
280 introducing further variation across conversations. Considering these issues together, we decided
281  to use interrogative polar questions for lexicosyntactically complete conditions and unfinished
282  declaratives (at the onset of the 500ms silence) for lexicosyntactically incomplete conditions.
283  There were 8 target sentences in each conversation, resulting in 32 total target sentences. Each of
284  the four conditions for target sentences is described below.

285

286  2.4.2. Conversation design

287  The targets were embedded in eight 30-second scripted conversations about topics familiar to
288  2.5-year-olds (rabbits, snowmen, swimming, birthday parties, and bicycles; Zink and Lejaegere,
289  2003). Every conversation had six filler and four target utterances, including one target utterance
290  from each type (Table 1B). Targets and filler utterances were separated by 500ms of silence.

291 The order of the target utterances within the eight conversations was counterbalanced.
292  Target utterances were equally divided between the two speakers across the eight conversations
293  of the experiment. After fully incomplete and incomplete syntax target utterances, no turn
294  transition occurred following the 500ms of silence; the current speaker always completed her
295  turn. After incomplete prosody and fully complete target utterances, target turns were followed by
296  500ms and then a change in speakership 50% of the time. Each conversation contained from five
297  to seven turn transitions.

298

299  2.4.3. Stimulus preparation

300  The audio stimuli were recorded in a sound-attenuated booth by two female native speakers of
301  Standard Dutch. The audio for each experiment was collected over two recording sessions. In the
302 first session, both speakers were recorded simultaneously while they acted out the eight dialogues
303  together, three times each. Speakers were asked to read each conversation in an infant-directed
304  register. The filler utterances were then extracted from the best recording of each conversation
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305 and then set aside for use in the final stimuli. In the second recording session, speakers were
306  recorded individually as they read an additional set of recording utterances aloud. The additional
307  recording sentences were designed to elicit sub-parts of the target sentences—subparts that could
308 then be spliced together to create the final target utterances (see below). In the second recording,
309  speakers matched their pitch, speaking rate, and affect to the first recording by listening to the
310  first-session conversations over a pair of headphones. The final target utterances were then
311  spliced together from these second-session utterances, and then the conversations were spliced
312  together from a combination of the filler and target utterances.

313 We composed each target utterance from three or four parts: an initial part, a prosody part,
314  asilence, and (for lexicosyntactically incomplete utterances) a completion part (Figure 1). Each
315  part derived from a separate recording utterance (from the second recording session). The parts
316  were then spliced together to obtain the final set of target utterances (Praat; Boersma and
317  Weenink, 2012).

318 The “initial part” of the target utterance was two words long, with an utterance-initial
319  non-interrogative prosodic contour. For example, the “I’ve seen” in “I’ve see carrots behind the
320  swings” was extracted from the recording sentence “I’ve seen caramel” (Figure 1).

321 The “prosody part” was also two words long. For prosodically incomplete target
322  utterances, there was no prosodic boundary at the end of the second word. For example, “carrots
323  behind” was extracted from the recording sentence “/’ve seen carrots behind the broccoli for
324 weeks”. In these recording sentences, the utterance always continued beyond the splicing point to
325  ensure that there was no intonational phrase boundary at the end of the two-word prosodic part.
326  On the other hand, for prosodically complete utterances, the two-word prosody part had a
327  complete, interrogative prosodic contour. For example, “like bananas” was extracted from the
328  recording sentence “Said he: ‘like bananas?’” (Figure 1).

329 The prosody part was followed by 500ms of silence. Although 500ms is somewhat long
330 for an inter-turn gap in adult conversation (Stivers et al., 2009), it closely resembles the median
331 response latency for children in interaction with their parents (549ms for children’s responses at
332  2;4-2;5; Casillas et al., accepted) and it is much shorter than their median response latency with
333 their peers (900ms for children’s responses at 2;10-3;3; Garvey & Berninger, 1981). A pause of
334 500ms also gives participants (especially the children) substantial time to process the
335 lexicosyntactic and prosodic information in the utterance preceding a turn transition. The 500ms
336 window also allowed reliable measurement of children’s anticipatory eye movements because
337  toddlers need at least 300ms to plan a shift in gaze (Fernald et al. 2001).

338 Finally, the completion part (only present in the lexicosyntactically incomplete utterances)
339  contained between one and five words that syntactically completed the pre-silence portion. For
340 example, “the swings” was extracted from “I’ve seen carrots behind the swings” (Figure 1).

341

342  Insert Figure 1

343

344 To avoid audibly mismatched co-articulation, we matched the place of articulation for
345  phonemes at splicing boundaries. For example, the initial part “/’ve seen” was followed by a /k/
346  in the recording sentence to match the initial /k/ of the prosody part “carrots behind”. That way,
347  when spliced together, “I’ve seen” + “carrots behind” had no conflicting co-articulatory cues.
348  Similarly, we avoided co-articulatory cues to upcoming speech by controlling the phonemes
349  immediately following incomplete prosody parts. For example, “carrots behind” was followed by
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350 an /8/ (“the”) in the recording sentence. Because the /d/ in “behind” and the /8/ in “the”
351  approximately match in place of articulation, there is no co-articulation to cue further upcoming
352  speech. Alternately, the prosody part was followed by a phoneme with a neutral place of
353 articulation (/?/ or /n/), matched for the 500ms silence.

354 We also controlled for primary stress in the two-word initial parts that had interrogative
355  word order (fully complete and incomplete prosody). Though the primary prosodic cue for polar
356 interrogatives is a final high rise, they also often have high fundamental frequency at the start of
357  the utterance (Haan, 2002). To counteract this and to also prevent the presence of prosodic
358  boundary tones at points of intended prosodic incompleteness, we asked speakers to put emphasis
359  on words that came late in the utterance, thereby avoiding stress placement at the start of the
360 utterance or at the intended splicing points.

361

362 2.4.4. Stimulus pre-testing

363  We verified the status of our utterances as lexicosyntactically complete/incomplete with a web-
364  based experiment using a written version of the utterances. Fourteen participants (Female = 7,
365 mean age = 23.8 years old, native Dutch speakers) read and judged the completeness of the
366  thirty-two (16 -SYN and 16 +SYN) target sentences up to the point of the inserted 500ms silence
367  (Qualtrics Software Version 55939, 2014). All target sentences were found to be complete or
368 incomplete, as intended, by more than 75% of the participants.

369 We verified our manipulation of prosodic completeness with a listening experiment
370  conducted in Praat (Boersma and Weenink, 2012). Twelve participants (Female = 10, mean age =
371 24 years, native Dutch speakers) heard low-pass filtered versions of the target utterances (300 Hz
372 and 50 Hz Hanning window), and were asked to judge whether each one was a question or not.
373  Low-pass filtering removes segmental information so that only prosodic information remains.
374  Each target utterance was presented twice, with the order of utterances fully randomized. Eleven
375  (34%; five complete and six incomplete) targets were judged differently than intended (e.g.,
376  judged as an interrogative contour when it should have been non-interrogative, or vice versa) in
377  more that 25% of the judgments. These ambiguous prosodic contours were therefore taken into
378  account during data analysis and interpretation.

379  2.5. Video stimuli

380  Two pairs of puppets were used to create the stimulus videos. To match the puppet videos to the
381  audio stimuli as closely as possible, two puppeteers listened to the dialogues and simultaneously
382  moved the puppet mouths during video recording. The puppeteers aimed to complete an open-
383 close mouth movement for each syllable in the recording. With the exception of mouth
384  movements, the puppets were immobile. We then combined the puppet video recordings with the
385 audio stimuli, maximizing the quality of sound and speech alignment in Adobe Premiere Pro
386  video editing software.

387

388 2.6. Data pre-processing

389  Before analyzing children’s anticipatory gaze switches, the raw data set was pre-processed to
390 remove unreliable tracker output and to prepare gaze measurements for the main gaze-switch
391 analysis. We only counted participants’ gaze measurements when the Tobii output marked the
392 look as valid in at least one eye. Trials were excluded when a participant attended to the screen
393  for less than 75% of the total trial duration. If this happened for more than four trials, the
394  participant’s data was completely excluded from further analysis because of a general inattention
395  to the stimuli. In total, eleven toddlers (33%) were completely excluded by this criterion. No
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396  adults were completely excluded. From the remaining participants (21 toddlers and 16 adults), 27
397  trials (2.5%) were excluded in total (toddlers: 21, adults: 6). The final dataset contained gaze data
398  for 1056 trials.

399 Our main question was how toddlers use linguistic cues in their prediction of upcoming
400 speaker changes, so we only analyzed gaze switches that were initiated before children could
401 have reacted to speaker continuation/speaker switch. We used an algorithm for switch
402  identification developed by Casillas and Frank (under review). According to this three-step
403  checklist, switches are anticipatory if they fulfill the following criteria: (1) a participant fixates on
404  the prior speaker for at least 100ms at the end of the prior turn, (2) sometime thereafter the
405  participant switches to fixate on the upcoming speaker for at least 100ms and, (3) a gaze shift is
406 initiated within the first 300ms of the response turn for toddlers (Fernald et al. 2001), or 200ms
407  for adults®.

408 Random gaze switches between speakers can sometimes, by chance, conform to these three
409 criteria, and could therefore be mistakenly categorized as “true” gaze switches. Therefore, we
410  estimated and corrected for participants’ baseline random anticipatory looking behavior. Again,
411  algorithmic details were borrowed from Casillas and Frank (under review). We ran each
412  participant’s actual eye-tracking data through the exact same switch identification algorithm
413  (described above), but this time with 100 randomly-shuffled versions of the original turn-
414  transitions in the videos (Figure 2, Supplementary Materials). The idea was that, if we assume as
415  our null hypothesis that children’s switching behavior is random, their rates of anticipatory
416  switching should be the same no matter where we place our analysis windows (at real turn
417  transitions vs. anywhere else in the stimulus). We therefore made 100 versions of the original
418  analysis windows in which the original analysis windows for each stimulus were distributed
419  randomly between its start and end time (Figure 2, Supplementary Materials). Then, using the
420  three-step algorithm described above, we determined whether the participant made an
421  anticipatory switch or not for each turn transition in each randomly-shuffled version. This
422  procedure was repeated 100 times. Then we averaged the results to get a single baseline estimate
423  of random switching for each target turn transition for each participant. We then obtained
424 corrected anticipatory gaze switch values by subtracting the random anticipatory gaze switch
425  value from the original gaze switch value for each turn transition for each participant. These
426  corrected anticipatory switch values were then used in all statistical analyses (see also Figures 3
427  and5).

428  2.7. Results

429  The complete pre-processed dataset (toddlers and adults together) was analyzed using linear
430  mixed effect models (Ime4; Bates et al., 2012) in the statistical programming language R (R Core
431  Team, 2013). Significance of the predictors was evaluated by using the obtained z-score as a t-
432  statistic (Jt| >1.96 is significant at a=0.05).

433

434  2.7.1. Pre-analysis: Random anticipatory looking

® The children in the current experiment are older than those in Casillas and Frank (under review;
ages 1-6), so we adopted a shorter window (300ms, not 333ms) for the assumed time needed for
children to plan a gaze shift (Fernald et al. 2001).
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435  The original anticipatory gaze switches and the random baseline anticipatory gaze switches are
436  visualized in Figure 3. Participants switch less than would be expected by chance in the fully
437  incomplete (-SYN, -PROS) condition, at chance level for the incomplete syntax (-SYN, +PROS)
438  condition, and above chance for both the incomplete prosody (+SYN, -PROS) and fully complete
439  (+SYN, +PROS) conditions. This pattern suggests that participants use both lexicosyntactic and
440  prosodic cues for turn-projection: When both cues are incomplete, participants do not expect a
441  speaker change, whereas when both cues are complete, they do. When the cues are pitted against
442  each other, listeners weigh lexicosyntactic over prosodic cues.

443

444 Insert Figure 3

445

446  2.7.2. Lexicosyntactic and prosodic cues

447  In order to assess the effects of linguistic cue and participant age, we first fit a model to
448  participants’ baseline-corrected anticipatory switches (1056 observations; N = 37; Table 2). All
449  targets (N = 32) were included in the model. Recall that the prosodic pre-test (Section 2.4.2.)
450 showed that eleven targets had ambiguous prosodic contours. A model including these
451  ambiguous targets did not reveal qualitatively different results compared to a model excluding
452  these targets. Therefore the final model included all targets. The dependent variable was
453  participants’ baseline-corrected anticipatory gaze switches. Predictor variables included syntactic
454 completeness (incomplete vs. complete), prosodic completeness (incomplete vs. complete) and
455  age (toddler vs. adult). The predictor variables were contrast-coded (Table 2) and the intercept
456  was allowed to vary by subject and item.

457 The amount of linguistic information consistent with turn completion affected
458  participants’ anticipatory switching. Model coefficients show three significant effects in the
459  anticipatory gaze data. First, the proportion of anticipatory gaze switches was larger for the
460 lexicosyntactically complete versus incomplete targets (5=0.20, z=6.67, p<0.001). Second, more
461  anticipatory gaze switches were made for complete prosodic contours than for incomplete
462  prosodic contours (5=0.075, z=2.56, p<0.05). Third, there was an interaction between syntactic
463  completeness and age ($=0.024, z=2.03, p=0.05). No other coefficients reached significance.

464 Visual inspection of the data (Figure 4) suggests that interaction between syntactic
465  completeness and age comes from the fully complete condition, in which toddlers and adults
466  differed in their overall number of anticipatory switches (adults switch more than toddlers do).
467 We fitted a model restricted to the syntactically complete conditions (fully complete and
468  incomplete prosody, 528 observations, N = 37, Table 3, Supplementary Materials) to test this
469  hypothesis. No significant effect of age was found. Therefore this explanation for the interaction
470  was not verified in the statistical model.

471
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Table 2. Outcomes from the linear mixed effects model including both subject groups (Dutch

toddlers and adults; Number of observations: 1056; N = 37).

Predictor Contrast coding p t(2) p

Intercept 15 4.77

Syntactic completeness Incomplete (-1) Complete .20 6.67 <.001
1)

Prosodic completeness Incomplete (-1) Complete .075 2.56 <.05
(1)

Age Toddler (-1) Adult (1) .019 1.28

Syntactic completeness * Prosodic completeness -.0015 -.051

Syntactic completeness * Age .024 2.03 .05

Prosodic completeness * Age .022 1.82

Syntactic completeness * Prosodic completeness * Age .0065 0.54

Insert Figure 4

2.7.3. Relative weight of lexicosyntactic and prosodic cues

A second model was fit to test the relative weight of lexicosyntactic and prosodic cues. We
restricted the data to the two partially complete conditions (incomplete syntax and incomplete
prosody). The predictor variables were condition (incomplete syntax vs. incomplete prosody) and

age (toddler vs. adult). Again, the intercept was allowed to vary by subject and item.

The model showed that participants weighed lexicosyntactic cues over prosodic cues.
Participants made more anticipatory gaze switches after utterances with complete syntax
(incomplete prosody) compared to utterances with complete prosody (incomplete syntax; £=0.12,

z=2.62, p<0.05; Table 4). No other predictors reached significance.
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Table 4. Outcomes from the linear mixed effects model of the two partially complete conditions
for both subject groups (incomplete syntax, incomplete prosody, Number of observations: 528; N
=37).

Predictor Contrast coding p t(2) p
Intercept 15 3.14
Condition Incomplete syntax (-1) Incomplete prosody (1) .12 262 <.05
Age Toddler (-1) Adult (1) 012 0.57
Condition * Age .0026 0.15

2.7.4. Speaker change or speaker continuation

Recall that lexicosyntactically complete targets were followed by a change in speakership 50% of
the time. Ideally there should be no difference between cases of speaker change and speaker
continuation. If there were a difference, it could indicate that participants’ gaze switches were
triggered by the mouth movement of the responding or continuing puppet rather than by the
participants’ predictions alone.

We ran an additional analysis to test whether anticipatory gaze switches were influenced
by speaker change in the lexicosyntactically complete conditions (fully complete and incomplete
prosody), with speaker continuation (-1) and speaker change (1) contrast-coded. The analysis was
restricted to the lexicosyntactically complete conditions since syntactically incomplete targets
were always followed by continuation of the same speaker.

The model (528 observations, N = 37) revealed a significant effect of speaker change.
Participants made more anticipatory gaze switches when the target was followed by a speaker
change compared to a speaker continuation (f= 0.18, z=5.26, p<0.001; Table 5, Supplementary
Materials). No other coefficients reached significance.

A closer look at the video stimuli indeed showed that sound and mouth movement were
not adequately aligned in almost half of the syntactically complete target utterances: In nine of
the sixteen lexicosyntactically complete target utterances, mouth movement preceded the onset of
the audio signal by more than a few milliseconds. This early mouth movement could have
triggered participants’ gaze shifts toward the moving puppet, regardless of the linguistic content
available.

Additionally, because the prior speaker always continued after the silence for
lexicosyntactically incomplete targets, but only continued 50% of the time after
lexicosyntactically complete targets, there was a statistical bias in the stimuli that could have
caused participants to make fewer anticipatory gaze switches for lexicosyntactically incomplete
targets. If so, participants would have to learn this statistical bias during the course of the
experiment; it should only be present at the end of the experiment. We fit two linear mixed effect
models to (a) data from the first two trials (268 observations, N = 36) and (b) data from the last
two trials (248 observations, N = 34). In both models, the main effect of lexicosyntactic
completeness was present (First two trials: 5=0.146; z=3.052, p< 0.01; Last two trials: g =0.199,
z=4.885, p<0.0001, Table 6, Supplementary Materials). The results therefore do not support
statistical learning as a basis for the effects of lexicosyntactic completeness.
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522 2.8. Discussion

523  Both Dutch toddlers and adults used lexicosyntactic and prosodic cues in their anticipation of
524 upcoming speaker changes. Participants made the least anticipatory gaze switches when both
525  cues signalled an incomplete turn. The most anticipatory gaze switches were made when both
526  cues signalled a complete turn. When the lexicosyntactic and prosodic cues were pitted against
527  each other (incomplete syntax and incomplete prosody), listeners weighed lexicosyntactic over
528  prosodic cues.

529 The advantage for lexicosyntactic over prosodic cues in turn-projection is consistent with
530  prior work on adult turn-taking (De Ruiter et al., 2006; Caspers, 2001), but was unexpected for
531 toddlers. Recent work on children’s use of prosodic and lexicosyntactic cues in predicting
532  upcoming turn structure found an early global advantage for prosodic over lexicosyntactic cues
533 in one- and two-year-olds (Casillas and Frank, 2013). An early advantage for prosodic cues
534  would have also been consistent with the general pattern in language acquisition that sensitivity
535  to prosodic cues precedes sensitivity to lexicosyntactic cues (Nazzi et al., 1998; Christophe et al.,
536  2008).

537 Before accepting the hypothesis that 2.5-year-old toddlers weigh lexicosyntactic over
538 prosodic cues in their turn-projection, alternative explanations need to be explored. A first
539  explanation relates to the reliability of the prosodic contours in the stimuli. Recall that 11 of the
540 32 prosodic contours were ambiguous in whether they signalled interrogativity (completeness) or
541  not; pre-test participants classified these 11 contours incorrectly at least 25% of the time. The
542  results of the main experiment did not qualitatively shift when these ambiguous prosodic
543  contours were included (Section 2.7.2), but their presence could have affected overall task
544  performance. For example, toddlers may have noticed that the prosodic contours were strange or
545  unclear and therefore unconsciously shifted their attention away from the prosodic cues in favor
546  of the (less ambiguous) lexicosyntactic cues.

547 Another alternative explanation for toddlers’ reliance on lexicosyntactic cues is that the
548  puppet movements gave unintentional cues to turn hold or turn transition. Post-hoc analyses
549 revealed that participants made more anticipatory gaze switches when lexicosyntactically
550 complete turns were followed by a change in speakership compared to when they were followed
551 by a continuation of the same speaker. We found that non-verbal cues (e.g., opening mouth,
552  movements) preceded the onset of the acoustic signal in 9 of the 16 syntactically complete target
553 utterances. These early non-verbal cues could have enhanced the effect of lexicosyntactic
554  completeness, because early visual cues to speaker change were available in some of the
555  lexicosyntactically complete target utterances, while lexicosyntactically incomplete target
556  utterances were never followed with visual cues to speaker change (the same speaker always
557  continued; Table 1).

558 Despite these methodological issues, the results from Experiment 1 still suggest that
559  lexicosyntactic cues are weighed over prosodic ones in children’s prediction of upcoming turn
560  structure. To test the robustness (non-language specificity) of these findings, we conducted a
561  second experiment with British English toddlers and adults.

562

563 Experiment 2

564  Experiment 2 tested how English-speaking toddlers weigh prosodic and lexicosyntactic cues for
565  upcoming turn structure prediction. Diverging slightly from Experiment 1, the recording and
566  splicing for the target utterances in Experiment 2 used an extra criterion: the “prosody part” of
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567  the target utterances contained at least four syllables (only two were used in Experiment 1; see
568  Section 2.4.3). By extending the prosodic contour over more syllables, we gave the listener more
569  time to perceive the contour being used. We derived the criterion of “four syllables” from the
570  Dutch pre-test for prosodic completeness; most of the errors were made on prosody parts with
571  fewer than four syllables. As in Experiment 1, participants’ eye movements were recorded as
572  they watched eight videos of dyadic puppet conversation.
573

574 3. Materials and methods

575 3.1. Participants

576  Twenty-five native British English-speaking 2.5-year-olds participated in the experiment. Of
577  these, five were excluded because of equipment error (1) and inattention to the screen during the
578  experiment (4; see Section 2.6). As a result, twenty toddlers were included in the final set for
579  analysis (Female = 10, mean age = 29 months, range = 25-33 months). Twenty adult participants
580 (native British English-speakers, Female = 13, mean age = 21 years) participated as a control
581  group. No participants reported hearing or vision problems. Ethical approval was obtained via the
582  Ethics Committee for the School of Humanities and Social Sciences of the University of
583  Cambridge.

584

585 3.2. Apparatus and procedure

586  All participants were tested in the Psycholinguistics Lab of the Department of Theoretical and
587  Applied Linguistics in Cambridge, UK. Eye-tracker calibration and stimulus presentation were
588  controlled by Tobii Studio 3.2.1.190 software. The data were obtained with a Tobii X120 infrared
589  eye-tracking camera (Tobii Technology AB; binocular infrared light reflection, 120Hz sampling
590 frequency, accuracy range: 0.5° to 1°, recovery <300ms). The camera was placed below a 17-inch
591  monitor and calibrated for distance and angle relative to the monitor. The experimental procedure
592  was the same as for Experiment 1.

593

594 3.3. Materials

595 3.3.1. Target sentences

596  Target sentences were created and spliced using the same procedure as in Experiment 1 (Section
597  2.4; Table 1). Again, we verified the lexicosyntactic completeness of the targets with a web-based
598  experiment of the sentences in written form (N = 14, female = 8, mean age = 29 years old, native
599  British English speakers). All targets were found to be complete or incomplete, as intended, by
600 more than 75% of the participants. Also as before, we conducted a prosodic completeness
601 listening pre-test (Praat; Boersma and Weenink, 2012; N = 12, female = 10, mean age = 24 years,
602 native British English speakers), which showed that only two (both prosodically complete) target
603  sentences had ambiguous prosody. Their contours were judged as non-interrogative instead of
604 interrogative in more that 25% of the judgments.

605

606 3.3.2. Conversation and video construction

607  Conversations in Experiment 2 (English) were not restricted to word-for-word translations of the
608 conversations in Experiment 1 (Dutch) to allow for more freedom in using child-friendly and
609 culturally appropriate topics (Fenson et al., 1993). However, the structure (turns and placement of
610 conditions) and length (30s) of the conversations were identical between the two experiments.
611 Audio recordings were obtained using the same procedure from Experiment 1, but with
612 two female native Southern British English speakers (the local dialect in the testing region).
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613 The same pairs of puppets were used from Experiment 1. As before, we created puppet
614  video recordings to match the final audio stimuli. All video recordings were edited for speech
615 alignment and sound quality in Adobe Premiere Elements video editing software. If perfect
616 alignment of sound and movement could not be achieved, the audio signal always preceded the
617  video movement, so that movement of the mouths could not be used as an anticipatory cue for
618 turn transition. This criterion was added to avoid an effect of visual cues to turn transition on
619 participants’ looking behavior.

620

621 3.4. Data pre-processing and analysis

622 The same criteria and algorithms were used as in Experiment 1 for participant exclusion,
623 anticipatory gaze switche identification, and random-baseline correction of switching values
624  (Section 2.6; Figure 2, Supplementary Materials). In total, four toddlers (16%) were completely
625 excluded from the analyses for inattention to the screen. No adults were completely excluded. Of
626  the remaining participants (20 toddlers, 20 adults), 27 trials (2.3%) were excluded (25 for the
627  toddlers and 2 for the adults). The final data set contained gaze data for 1144 trials.

628

629 3.5. Results

630 3.5.1. Pre-analysis: random anticipatory looking

631  Participants switched less than would be expected by chance in the fully incomplete (-SYN -
632 PROS) condition, at chance level for the incomplete syntax (-SYN +PROS) condition, and above
633 chance for both the incomplete prosody (-SYN +PROS) and fully complete (+SYN +PROS)
634  conditions (Figure 5). This pattern again suggests that participants use both lexicosyntactic and
635 prosodic cues for turn-projection. As in Experiment 1, when both cues were incomplete,
636  participants were least likely to expect a speaker change, whereas when both cues were complete,
637  they were the most likely to expect one. When the cues were pitted against each other, listeners
638  weighed lexicosyntactic over prosodic cues.

639

640  Insert Figure 5

641

642 3.5.2. Lexicosyntactic and prosodic cues

643 A model similar to that fitted in Experiment 1 assessed the effects of linguistic cues and age on
644  participants’ baseline-corrected anticipatory gaze switches (1144 observations, N = 40; Table 7).
645 The dependent variable was participants’ baseline-corrected anticipatory switches. Predictor
646  variables included syntactic completeness (incomplete vs. complete), prosodic completeness
647  (incomplete vs. complete) and age (toddler vs. adult). The intercept was allowed to vary by
648  subject and item, and the predictor variables were contrast-coded (-1, 1).

649 Again we found that the amount of linguistic information consistent with turn completion
650 affected participants’ anticipatory switching (Figure 6). Model coefficients show four significant
651 effects (Figure 6; Table 7). First, the proportion of anticipatory gaze switches was larger for the
652  lexicosyntactically complete versus lexicosyntactically incomplete targets ($=0.17, z=10.55,
653 p<0.001). Second, more anticipatory gaze switches were made for complete prosodic contours
654  versus incomplete prosodic contours (5=0.084, z=5.12, p<0.001). Third, toddlers made more
655 anticipatory gaze switches overall than adults (5=-0.062, z=-4.37, p<0.001). Fourth, there was an
656 interaction between syntactic completeness and prosodic completeness ($=0.044, z=2.71,
657  p<0.05). No other coefficients reached significance.
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658 We fit separate post-hoc models of the lexicosyntactically complete target sentences (fully
659 complete and incomplete prosody) and the lexicosyntactically incomplete target sentences (fully
660 incomplete and incomplete syntax) to explain the interaction between syntactic completeness and
661  prosodic completeness. A model restricted to syntactically complete target sentences (572
662  observations, N = 40; Table 8, Supplementary Materials) showed a significant effect of prosodic
663  completeness, with more anticipatory gaze switches for prosodically complete than prosodically
664  incomplete contours ($=0.13, z=4.92, p<0.001). In comparison, a model restricted to syntactically
665 incomplete targets (572 observations, N = 40; Table 8, Supplementary Materials), only showed a
666  marginal effect of prosodic completeness ($=0.040, z=1.99, p=0.05). These post-hoc analyses
667 reveal that English listeners’ use of prosodic cues depends on whether the utterances are
668 syntactically complete; when utterances were lexicosyntactically incomplete, the effect of
669  prosody was only marginally significant.

670

671  Insert Figure 6

672

673 Table 7. Outcomes from main linear mixed effects model for both subject groups (English
674  toddlers and adults; Number of observations: 1144, N = 40).

Predictor Contrast coding p t(2) p

Intercept 15 7.88

Syntactic completeness Incomplete (-1) Complete A7 1055 <.001
1)

Prosodic completeness Incomplete (-1) Complete .084 512 <.001
(1)

Age Toddler (-1) Adult (1) -.062 -4.37 <.001

Syntactic completeness * Prosodic completeness .044 271 <05

Syntactic completeness * Age -.0084 -74

Prosodic completeness *Age -.013 -1.34

675 3.5.3. Relative weight of lexicosyntactic and prosodic cues

676  Similar to Experiment 1, we then fit a second model restricted to the two partially complete
677  conditions (incomplete syntax and incomplete prosody) to test the relative weight of
678 lexicosyntactic and prosodic cues (484 observations, N = 40; Table 9). The predictor variables
679  were condition (incomplete syntax vs. incomplete prosody) and age (toddler vs. adult).

680 The model showed that participants weighed lexicosyntactic cues over prosodic cues; they
681 made more anticipatory gaze switches when they only had complete syntax (incomplete prosody)
682  compared to when they only had complete prosody (incomplete syntax; p= 0.89; z=3.29, p<0.01).
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Table 9. Outcomes from the linear mixed effects model for the two partially complete conditions
for both subject groups (incomplete prosody, incomplete syntax, Number of observations: 572, N
= 40).

Predictor Contrast coding p t(2) p
Intercept A0 3.63
Condition Incomplete syntax (-1) Incomplete prosody (1)  .089 329 <01
Age Toddler (-1) Adult (1) -.067 -3.67 <.001
Condition * Age .0045 27

3.5.4. Speaker change or speaker continuation
We fit an additional model to the baseline-corrected switches in lexicosyntactically complete
target utterances (572 observations, N = 40; Table 10, Supplementary Materials) in order to check
whether more anticipatory gaze switches were made when there was a change in speakership
compared to when there was no change in speakership. The model suggested no effect of speaker
change/continuation (=0.039, z=1.53, p=n.s) Therefore, the effect of lexicosyntax in Experiment
2 cannot be attributed to early visual cues of speaker change (as was possible in Experiment 1).
Finally, we fit two models to data from (a) the first two trials (292 observations, N = 38)
and (b) the last two trials (252 observations, N = 33) of the experiment to test whether children
learned to not switch after lexicosyntactically incomplete utterances during the course of the
experiment. As in Experiment 1, the post-hoc tests showed significant main effects of
lexicosyntactic completeness in both the first two trials (5 =0.174, z= 4.574, p< 0.0001) and the
last two trials ($=0.183, z=7.252, p<0.0001, Table 11, Supplementary Materials). It is therefore
unlikely that our findings for lexicosyntactic completeness were driven by a learned statistical
bias.

3.6.  Discussion

The second experiment showed a very similar pattern of findings to Experiment 1: Toddlers and
adults used both lexicosyntactic and prosodic cues for turn projection. Also, both English toddlers
and adults weighed lexicosyntactic cues over prosodic cues when the two were pitted against
each other.

One difference in the results from Experiments 1 and 2 is that, in Experiment 2 (English),
toddlers made more anticipatory gaze switches than adults. This effect of children switching
more often than adults has been previously observed in studies with a similar design (Casillas and
Frank, 2012), having been explained as an effect of the videos being easy to follow. The
explanation is that adults find the videos easy to comprehend and therefore track the turn
structure less closely with their eye movements. This explanation fits with our findings in that the
presence of ambiguous prosodic contours in Experiment 1 may have made the task more difficult
for Dutch adults, leading them to track the conversations more closely than adults did in the
clearer, easier contours in the English stimuli.

A second difference between Experiments 1 and 2 is that English listeners used prosodic
cues when utterances were lexicosyntactically complete, but not when they were incomplete.




Lammertink et al. Linguistic cues in toddlers’ turn prediction
Under Review

718  This effect was not observed for the Dutch listeners, but it is consistent with prior experimental
719  work on English (Wichman and Caspers, 2001).

720 4. General discussion

721 In two experiments, we investigated toddlers’ and adults’ use of lexicosyntactic and prosodic
722  cues in making predictions about upcoming turn structure. The experiments were conducted in
723  two languages, Dutch and British English, to test whether the findings were based on language-
724 specific cues for turn prediction. Adults and toddlers in both languages used both lexicosyntactic
725 and prosodic cues in their anticipation of upcoming speaker changes. Participants made the most
726  anticipatory gaze switches when both cues were complete and interrogative (fully complete).
727  Participants also anticipated upcoming speaker changes when the lexicosyntactic cue alone was
728  complete and interrogative (incomplete prosody). Importantly, complete lexicosyntax alone was
729  not equivalent to the combined effect of complete lexicosyntax and prosody; participants showed
730  a benefit for prosody in that the fully complete targets elicited more anticipatory gaze switches
731  than the targets with complete lexicosyntax alone (incomplete prosody).

732 When only the prosodic cue was complete and interrogative (incomplete syntax),
733 participants’ anticipatory gaze switches did not differ from chance. Participants made the fewest
734  anticipatory gaze switches when both cues were incomplete and declarative (fully incomplete),
735  making fewer gaze switches than would be expected by chance. This last finding is the first to
736  demonstrate that toddlers know when not to switch; they keep their eyes on the current speaker
737  more often when lexicosyntactic and prosodic cues both signal an incomplete turn.

738 Our general finding, that listeners use both lexicosyntactic and prosodic cues for turn-
739  projection (but weigh lexicosyntactic information above prosody overall), is compatible with
740  previous findings showing an advantage for combined lexical and prosodic cues over lexical cues
741  alone (Casillas and Frank, 2012; 2013; Duncan, 1971; Ford and Thompson, 1996).

742

743 4.1.  Lexicosyntactic versus prosodic cues

744  We tested the relative weight of lexicosyntactic and prosodic cues by pitting them directly against
745  each other in two conditions (incomplete syntax and incomplete prosody). Adults were expected
746  to privilege lexicosyntactic information above all (De Ruiter et al., 2006; Magyari and de Ruiter,
747  2012), while toddlers were expected to privilege prosodic cues instead (Casillas and Frank, 2013;
748  Christophe et al., 2008; Gleitman and Wanner, 1982; Jusczyk, 1997; Morgan and Demuth, 1996).
749  Contrary to our expectations, adults and toddlers did not differ in their relative cue weights; both
750  showed a privilege for lexicosyntactic over prosodic cues in their predictions. There are at least
751  four reasons why this finding could have arisen, three derive from the design of our study and
752  one from the use of prosody for other functions.

753 Participant’s expectations about upcoming turn structure were maximally contrasted for
754 our fully incomplete (no speaker switch expected) and fully complete (speaker switch expected)
755  conditions. Targets in the fully incomplete condition were always declaratives whereas targets in
756  the fully complete condition were interrogatives. Interrogatives automatically cue a speaker
757  switch whereas declaratives don’t. As a result, it is important to keep in mind that (by design) the
758  stimuli confounded completeness with interrogative status: both the lexicosyntactic and the
759 prosodic cues to completeness created interrogative utterances, whereas the cues to
760 incompleteness created declarative utterances. Previous work suggests that infants are already
761  sensitive to lexicosyntactic and prosodic cues to questionhood by age two, and that they treat
762 interrogatives differently from declaratives (Lexicosyntax: Casillas and Frank, 2012; 2013;
763  Geffen and Mintz, 2014; Shi et al., 2006; Prosody: Soderstrom et al., 2011; Combined cues:
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764  Casillas and Frank, 2012; 2013; Geffen and Mintz, 2012). This pattern continues through
765  adulthood; adults in conversation also give special attention to questions (or other acts eliciting a
766  response; Stivers and Rossano, 2010). In our study, the lexicosyntactic cues to questionhood
767  (subject-auxiliary inversion and do-insertion in English) appeared earlier in the utterance than the
768  prosodic cue to questionhood (final high rise). Therefore, it is possible that children weigh
769  lexicosyntactic cues over prosodic cues simply because the lexicosyntactic cues appear earlier
770  than the prosodic ones in the utterances—not because they find lexicosyntactic cues more
771  informative or more important overall. Because our lexicosyntactically complete targets were
772  always formatted as questions (whereas our lexicosyntactically incomplete targets were always
773  formatted as declaratives), the main effect of lexicosyntax could therefore have been driven by a
774 higher response pressure for questions versus declaratives, instead of for lexicosyntactic complete
775  versus incompleteness. The current results leave which lexicosyntactic cues toddlers used for
776  prediction—completeness, interrogativity, or a combination of the two—as an open question for
777  future research.

778 As they stand, the current results add to the evidence that toddlers not only distinguish
779  between interrogative and declarative word order (Geffen and Mintz, 2014), but that they are also
780  sensitive to the difference in function between declarative and interrogative utterances. As seen in
781  similar work (Casillas and Frank, 2012; 2013) toddlers made more anticipatory gaze switches
782  after interrogatives compared to declaratives, suggesting that they expect the addressee to reply
783  when a question is (lexicosyntactically) introduced.

784 A second explanation for toddlers’ use of lexicosyntactic cues over prosodic ones is that
785  the lexicosyntactic cues to turn completeness were more consistent in their interpretation (and
786  therefore more reliable) compared to the prosodic cues to turn completeness. Although we took
787  care to select prosodic cues that are relatively consistent and prototypical in signaling a speaker
788  switch (high rising terminal contours to signal interrogativity), rising pitch at prosodic boundaries
789  can, in principle, signal multiple different meanings. There is no one-to-one mapping between
790 intonational contours and their pragmatic function in conversational contexts. Thus, the form-
791  function mappings for prosodic cues may have been less straightforward compared to the
792  mappings for lexicosyntactic cues.

793 A third, related, explanation derives from a difference in the pragmatic felicity of the two
794  partially complete conditions (incomplete prosody and incomplete syntax): the incomplete
795  prosody condition is less marked than the incomplete syntax condition. In natural conversation, it
796 is common for lexicosyntactically complete phases to lack prosodic boundaries (e.g., when the
797  syntactic phrase optionally continues beyond the first possible completion point). But questioning
798  contours rarely occur when lexicosyntax is incomplete, unless they are specifically conditioned
799 by contexts where (a) the addressee is making a repair (Did you mean to say, “That’s a very
800  high”?) or (b) the speaker is trying to elicit a sentence completion from the addressee, as parents
801 often do with young children during word-elicitation games (e.qg., “4 pig says ‘oink’ and a cow
802 says?”) As a consequence, it might have been more difficult to understand the incomplete syntax
803  target sentences compared to the incomplete prosody sentences, thereby explaining the fewer
804 anticipatory gaze switches in the incomplete syntax condition without any reference to cue
805 dominance.

806 A fourth explanation is that prosodic and lexicosyntactic cues are used differently to
807  signal linguistic function, either from the point of view of the type of linguistic information being
808  conveyed, or the extent of its predictive domain in conversational interaction. Although many
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809 studies have shown that children are capable of perceptually distinguishing the types of
810 intonational contours used in the current study (even before the acquisition of segmental and
811  syntactic structure; Snow and Balog, 2002), it is unclear how much of the prosodic system can be
812  acquired before children also master other aspects of the linguistic system. The acquisition of an
813 intonational system involves much more than the ability to produce and discriminate rising and
814  falling pitch movements. Children must also be able to map pitch contours to functional
815 meanings. This involves learning the language’s inventory of phonologically distinct intonational
816  contours (e.g., rising, falling, rising-falling, etc.), figuring out what their linguistic and
817  paralinguistic functions are (e.g., rising for interrogativity, but also continuation, etc.),
818 determining how they are realized within utterances (e.g., throughout a phrase, or only in the
819  accented syllable), and finding out what determines variation in their phonetic implementation
820 (e.g., interactions between perceived pitch and fundamental frequency during vowel production).
821  These aspects depend, to a large extent, on other components of the language, namely: metrics,
822  segmental structure, morphosyntax, semantics, information structure, and pragmatics. Therefore,
823  the full acquisition of the prosodic system must be closely intertwined with the development of
824  these other components (cf. Snow, 1994; Oller, 2000). Without these other components,
825  children’s predictive prosodic processing is likely to be limited.

826 Although children get an early start in acquiring prosodic knowledge (compared to
827  lexicosyntactic knowledge), current evidence supports the idea that the acquisition of a full-
828  fledged prosodic system takes many years. While certain aspects of intonational function are
829 acquired in early infancy (e.g., speech act discrimination: Galligan, 1987; Marcos, 1987,
830  Konopczynski, 1995; Prieto and Vanrell, 2007), others remaining elusive even for teenagers (e.g.,
831  some implications of nucleus placement and intonation grouping; Cruttenden, 1985). Intonational
832  development has been found to correlate with grammatical development (e.g., Snow, 1994; 2004)
833 and vocabulary size (Chen and Fikkert, 2007). Moreover, recent evidence suggests that children
834  only process prosodic information as intonational phrases once they have acquired a certain
835 amount of syntactic knowledge (phrasal structure; Mannel and Friederici, 2010). But it may also
836  be the case that emerging intonation is largely independent of grammatical development, at least
837  for some children (Prieto and Vanrell, 2007).

838 This explanation extends to the possible predictive value of the prosodic information in
839  our stimuli. The general finding that children’s sensitivity to prosodic cues precedes their
840  sensitivity to lexicosyntactic cues has primarily been attested in experimental tasks that tap into
841  more localized functions of prosodic cues, and tend to focus on processing that happens below
842  the level of the utterance (e.g., word segmentation; Christophe et al., 2008; Grossmann et al.,
843  2005; Nazzi et al., 1998). Compared to utterance comprehension in conversational interaction,
844  these experimental tasks operate at a different level of linguistic structure and therefore are likely
845 to utilize somewhat different speech processing mechanisms. Prosodic comprehension in
846  conversational contexts may be substantially different than in experimental contexts, since it is
847  used and understood with interactive goals in mind.

848 Relatedly, not all prosodic cues are equally useful for predicting upcoming linguistic
849  structure. Prosodic information in isolated linguistic forms, such as a pause or a change in pitch
850 contour, signals a concurrent event (e.g., a syllable with a high pitch as being stressed). In
851  contrast, prosodic information in conversation can also be used to signal upcoming events. More
852  specifically, it can be used to predict upcoming prosodic phrase boundaries that can help, in turn,
853  to pick out the intended speech act (e.g., questions vs. non-questions) and to anticipate upcoming
854  turn structure. The use of prosodic information to make predictions in conversation requires that
855  the listener both recognize prosodic phrase boundaries and map prosodic contours onto the
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856  multitude of possible pragmatic meanings. Evidently, the required linguistic knowledge that
857  underpins the predictive use and interpretation of prosodic information becomes available to
858 children eventually. We therefore suggest that at least some lexicosyntactic information is
859  necessary to put prosodic information to full use in predicting upcoming turn structure during
860  conversation (see also Ménnel and Friederici, 2010).

861 This fourth explanation also helps us to interpret the mixed evidence in prior studies about
862  the use of prosodic information for predictive processing (Casillas and Frank, 2012; 2013; Keitel
863 etal. 2013; Keitel and Daum, 2015). Casillas and Frank (2013) found an early, more global role
864  of prosody in turn prediction for one- and two-year-olds. In their study, children’s predictions
865  only substantially improved with age for utterances with lexically-realized question markers. But,
866  importantly, children still made the most anticipatory gaze switches when both prosodic and
867  lexicosyntactic cues were available, suggesting that prosodic knowledge works together with
868 lexicosyntactic information in predicting upcoming turn structure. In Keitel and colleagues’
869  (2013) study, only 36-month-olds were able to anticipate upcoming speaker changes and, when
870 they did, they anticipated speaker changes better when intonation was available. Their finding is
871  consistent with the idea that 36-month-olds use both lexicosyntactic and intonational information
872  to predict upcoming speaker changes: 36-month-old children have acquired a substantial amount
873  of lexicosyntactic knowledge that they can use to parse and comprehend intonation, thereby
874  helping them to predict upcoming speaker changes. Adult controls in the same experiment also
875 anticipated upcoming speaker changes, even without the benefit of intonation. But, because other
876  prosodic cues were still present in the pitch-flattened stimuli, the adults in that experiment could
877  have used alternative sources of prosodic information (final lengthening, stress and duration) to
878  make predictions based on prosodic structure, even without intonational contours.

879 4.2.  Turn-projection in a more natural context

880 One of the goals of the study was to investigate the relative weight of lexicosyntactic and
881  prosodic cues in full-signal speech. Prior studies have primarily used phonetic manipulation to
882 remove lexicosyntactic (low-pass filter) and prosodic information (pitch- and duration-
883  resynthesis Casillas and Frank, 2013; Keitel et al., 2013; Keitel and Daum, 2015). One other
884  study used more natural speech materials to control for the presence of lexical cues, but did not
885  control for prosody (Casillas and Frank, 2012). The current study is then the first to test the
886 relative weight of lexicosyntactic and prosodic cues to turn transition in unfiltered,
887  unsynthesized, and thus acoustically full, speech. The current results show that our splicing
888 method is sufficient for investigating the use of lexicosyntactic and prosodic cues on turn
889  prediction in both adults and toddlers.

890 Though we used full-signal speech, we did not aim for completely realistic stimuli.
891 Instead, by using full-signal speech (like the speech in children’s natural environment) we aimed
892  for a balance of experimental control and increased ecological validity. Future studies could
893  further improve the naturalness of the stimuli by making all recording stimuli in spontaneous
894 interactive contexts, instead of pre-scripting the utterances. Read speech differs from natural
895  speech in its prosodic properties in that it has a lower articulation rate, different pause structure
896  (Barik, 1977), and wider pitch range (Eskézani, 1992) than spontaneous speech. These properties
897 are, in fact, shared with characteristics of infant-directed speech (IDS), the register that used in
898 the present study (Fernald and Simon, 1984; Fernald et al., 1989). However, other prosodic
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899  characteristics of read speech are not common in IDS, such as fewer hesitations and fewer rising
900 movements (Levin et al., 1982).

901 In sum, we showed that the relative weight of linguistic cues in toddler and adult turn
902 projection can be investigated with relatively natural-sounding scripted conversations. Using this
903 technique, we showed that adults and toddlers use both lexicosyntactic and prosodic cues for turn
904  projection, but that lexicosyntactic cues are weighed over prosodic cues when the two are pitted
905 against each other. The results present a challenge for future work to tease apart which
906 lexicosyntactic cues children attend to in making their predictions, and how their use of different
907  cues changes throughout development.
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Figure captions

Figure 1. Division of two target sentences into their subparts. The initial part (green), the
prosody part (red) and the silence (green) were present in all target sentences. The completion
part (grey) was only present in lexicosyntactically incomplete target sentences.

Figure 2 (Supplementary Materials). Shuffling procedure for estimating random baseline
anticipatory switches. We created 100 randomly shuffled versions of the original analysis
window placement. The horizontal line represents the duration of one example dialogue. The
white boxes on the line represent the four 500ms silences after potential target turn transitions (32
in total across the 8 dialogues; See Table 1). The black boxes beneath the line represent the four
analysis windows for each target 500ms silence. In the original version, the analysis windows are
centered on the target 500ms silences. In the shuffled versions, the analysis windows are
randomly redistributed over the duration of the turn. We then re-ran the gaze identification
algorithm, pairing the eye tracker data with each randomly shuffled version to estimate the
baseline probability of making an anticipatory shift when the analysis windows are uncoupled
from the actual target 500ms silences.

Figure 3. Proportion of baseline (dashed) and actual anticipatory (solid) gaze switches to the
answerer, by condition and age. The conditions were: Fully incomplete (-SYN -PROS);
Incomplete syntax (-SYN + PROS); Incomplete prosody (+SYN -PROS); Fully complete (+SYN
+PROS). The vertical bars indicate the standard error of the mean.
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Figure 4. Proportion baseline-corrected anticipatory switches to the answerer by condition and
age (Adults: dashed; Toddlers: solid). The conditions were: Fully incomplete (-SYN -PROS);
Incomplete syntax (-SYN +PROS); Incomplete prosody (+SYN -PROS); Fully complete (+SYN
+PROS). The vertical bars indicate the standard error of the mean.

Figure 5. Proportion of baseline (dashed) and actual anticipatory (solid) gaze switches to the
answerer, by condition and age. The conditions were: Fully incomplete (-SYN -PROS);
Incomplete syntax (-SYN +PROS); Incomplete prosody (+SYN -PROS); Fully complete (+SYN
+PROS). The vertical bars indicate the standard error of the mean.

Figure 6. Proportion baseline-corrected anticipatory switches to the answerer by condition and
age (Adults: dashed; Toddlers: solid). The conditions were: Fully incomplete (-SYN —PROS);
Incomplete syntax (-SYN + PROS); Incomplete prosody (+SYN —PROS); Fully complete (+SYN
+PROS). The vertical bars indicate the standard error of the mean.
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