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• Measures of turn-taking dynamics such as Interpausal Unit (IPU) durations and Floor-Transfer Offsets 

(FTO) have been shown to be useful metrics for understanding cognitive processing in conversation [1].

• Behavioral adaptations that result in changes of these metrics, such as a longer and more variable FTO 

distribution, have been observed when, for example, difficulty is introduced into the conversation by way 

of noise [2].

• It remains unclear which cues people are using to determine if their speech should be adapted or not.

• This study attempts to examine the sensitivity of talkers to a possible temporal cue, the timing of their 

partners turn-taking, by manipulating the channel between two talkers to increase response time.

• A previous study has evaluated the effect of delay on conversation in the context of transmission line 

latency in telephony [3], however the present study extends this analysis by varying delay and by 

analyzing the results through a modern understanding of conversational dynamics.

Tracking Conversational State and Manipulating Delay

• It is only necessary to add delay to one channel for it to be perceived by both talkers (see Fig. 1).

• Therefore, the delay is added to the microphone of only one talker, and it is only changed while their 

partner is speaking to avoid audible processing artifacts that could occur from adding or removing delay 

during speech.

• The presence of speech was identified on a block-by-block basis using simple voice activity detection 

based on the background noise level.

• The delay could be manipulated after floor transfers, which occurred when 3 conditions were met

• The person speaking did not already have the floor

• The person speaking had been doing so for at least 90 ms, to avoid non-speech acoustic bursts

• Their partner had not been speaking for at least 180 ms, to avoid misclassifying stop-consonants as 

pauses [4]

• Delay was manipulated by either padding zeros to the output signal or trimming out silent segments 

while the other person was talking, as illustrated in Figure 2.

Experimental Design
• 9 pairs of normal hearing native English talkers 

recruited as friends.

• Performed the DiapixUK tasks in combinations 

of quiet and noise, and no delay and delay.

• 3 replicates of each condition were completed.

• Delay values were drawn from a uniform 

distribution with bounds of 0 and 750 ms, 

chosen to match the FTO IQR increase of 

normal-hearing talkers in noise vs. quiet.

• Noise used was a synthesized 70 dB SPL 

babble.

Data Processing
• Speech activity detected using a VAD threshold 

30 dB down from the 99th percentile of power.

• Syllables identified with the Syllable Nuclei v3 

Praat script.

• Conversational state classification algorithm 

used to identify start and end times of IPUs and 

floor-transfers, ran with both real-time and 

delayed signals with information from the 

receiver’s perspective kept.

• Statistical analysis performed using general and 

linear mixed effects models.

Overlaps

Speech Production

Figure 3. Results of FTO analysis. Model results reveal a significant positive effect of Noise on the FTO (p < 

.01), a significant positive effect of Delay on FT rate ( p < .001), and a significantly negative effect on the 

Noise/Delay interaction (p < .01). The FT rate is normalized to account for delay.

Figure 4. Results of 

IPU analysis. Noise 

was found to have a 

statistically significant 

positive effect on IPU 

duration (p < .01), and 

syllables per IPU ( p < 

.001).

Figure 5. Results of 

pause analysis. Pause 

duration and rate were 

not found to vary 

significantly, although 

there does appear to 

be common trends.

Figure 6. Results of overlap analysis. The duration of overlaps-within was found to increase significantly with 

delay (p < .01). The overlapped speaking and non-speaking time, as proportions, both increased significantly 

with delay (p < .001). Overlapped speaking time also decreased significantly with noise (p < .001).

Figure 7. Results of analysis of speech features. The mean 

speech level in each conversation was found to increase 

significantly in noise (p < .001). The conversational mean 

articulation rate was also found to increase significantly in 

noise (p < .001).

Noise Results

• Effects of noise are not as significant as expected, especially in speech level and FTO variability, 

perhaps suggesting the noise used is not as efficient at masking as expected.

• Despite this, we do see significant effects of noise on the FTO, IPU duration, and speech level and rate.

Delay Results

• Delay, when evaluated from the receiver's perspective, had no effect on many of the traditionally 

evaluated turn-taking metrics.

• However, delay was found to have a significant effect on the periods of overlap in conversation.

• Overlaps-within became longer.

• A higher proportion of the conversation was spent with neither person talking.

• A higher proportion of the conversation was spent with both people talking.

• Delay also significantly affected the rate of floor-transfers.

• The normalized floor-transfer rate increased, indicating talkers turns shorten.

• Although delay did not affect the FTO, IPU, or Pause durations, it did significantly impact the interactions 

within the conversation, as evidenced by the increase in overlapped speech and silence. 

Follow up

• Evaluate masking performance of the noise used.

• Follow up with a different noise or varying noise levels.

• Re-evaluate delay level added as the range was chosen based on the dynamics of NH interacting with 

HI, which are different than NH-NH interactions.

• Potentially add more delay levels found from FTO variability increases based on hearing status.
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Figure 2. A signal flow diagram demonstrating the 

delay manipulation algorithm.
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Figure 1. A demonstration that a delay on one 

channel is perceived by both talkers.
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