
Factors affecting speech intelligibility and trait 
perception in virtual meeting contexts
Ziyun Zhang1, Carolyn McGettigan1
1Department of Speech, Hearing and Phonetic Sciences, University College London, United Kingdom

Introduction

Methods

Conclusions & Future Directions

Results
• The COVID-19 pandemic drastically increased our use of virtual meeting platforms.

However, the nature of virtual meetings brings challenges to interactive
communication, especially when connection quality is poor.

• Previous studies have reported the interactive effects of auditory and visual signal
degradation on speech intelligibility [1] and the relative weighting of audio and visual
cues for speech perception [2].

• There is a surprising gap in our understanding of how the kinds of signal
degradation encountered in virtual meetings affect the perception of speech and
speakers.

• In two studies, we simulated types of audiovisual asynchrony that may arise in virtual
meetings to investigate their effects on intelligibility and trait perception.

Reference

Experiment 1: Audiovisual onset asynchronies
Participants
• Speech intelligibility task: n=160; Trait perception task: n = 50 (participants aged 18-40,
native English speakers).

Materials
• 50 Sentences from the Harvard IEEE corpus (e.g. “Kick the ball straight and follow
through”)

Signal manipulations
• Audio manipulation: alternating 50-ms segments of sound and silence, mimicking sudden
amplitude drops in online meetings (see Fig.1A)

• Video display: unmanipulated view of talker (see Fig.1B)
• Audio-visual stimuli:
- 5 conditions: combining manipulated audio and a clear video with different audio-to-video
time lags (in ms): 1000, 500, 0 (synchronised), -500, -1000 (see Fig.1C)

Design & Procedure
• within-subject design: each participant experienced 5 conditions.
• 1 sentence for 1 trial, 10 trials per condition, 50 trials in total
• 5 versions of the experiment were made, to make sure each sentence occurred the same
number of times under each condition

• the order of trials was randomised
Measure the impact on perception
• Intelligibility: typed sentence report (the proportion of correct keywords: 0.00-1.00)
• Traits (pilot): rate Confident, Likable, and Trustworthy (rating 0-9)

Experiment 1: Audiovisual onset asynchronies
Intelligibility
• Performance in the synchronised condition was significantly higher than all

asynchronised conditions.
• In asynchronised conditions with the same onset order (i.e. AàV or VàA), 

performance with a shorter time lag was significantly better.
• For conditions with the same time lag, performance for AàV stimuli was slightly 

better than for VàA, though not significant. (See Fig.2A)
Traits (pilot)
• No significant effect was found (see Fig.2-B).
• However, ratings of Likeability showed similar trends to the intelligibility scores.

Figure 2: Boxplots of the effects of asynchronized conditions on A) speech intelligibility and B)
perception of three personality traits. Midlines represent median, the bottom and top of the box are
the 25th and 75th percentiles, diamonds represent mean, and error bars show 95% confidence
interval. While significant differences are found in intelligibility across asynchronized conditions, no
significance is found in trait scores.

• We observed strong evidence that signal asynchrony and mismatches in audiovisual
playback speed hinder speech intelligibility. Generally, the more severe the manipulation,
the worse performance, though there were some exceptions.

• Effects on trait perception are less clear, but are difficult to estimate with only 1 speaker.
• Follow-up experiments will investigate the effects on speech and speaker perception

using more naturalistic stimuli with larger speaker variability.

Figure 1: A) a waveform example of a section of a manipulated audio with alternate 50-ms segments
of original and zero amplitude; B) an example of video display (a screenshot); C) a depiction of an
asynchronized onset example (Experiment 1); D) a depiction of a speed mismatch example
(Experiment 2).
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Experiment 2: simulating speeded signal
Participants
• N=166 (aged 18-40, native speakers of English).
Signal manipulations
• Audio and video: as in Experiment 1.
• Audio-visual stimuli:
- 13 conditions: 1 control condition: x1 speed, synchronised;

12 manipulated conditions combining audio and a clear video with different Orders,
Speeds, and Modalities (manipulations): (see Fig.1D as an example)

A) Amplitude-manipulated waveform B) Video display

C) Depiction of stimulus with audiovisual onset asynchrony

D) Depiction of stimuli with audiovisual speed mismatch

Experiment 2: Audiovisual speed mismatches
Intelligibility
• Performance in the unspeeded synchronised condition was significantly

higher than all other conditions.
• For all manipulated conditions (excluding the synchronised baseline), we found a

significant main effect of Speed (x1.5 > x2.0), a significant main effect of Modality
(Both synchronously speeded > Normal Audio + Speeded Video > Normal Video +
Speeded audio), and a significant interaction of Speed and Modality.

• No significant main effect and interaction were found on Speed (see Fig.3).

B) Trait ratings by conditionA) Intelligibility performance by condition

A) Intelligibility performance by condition

Figure 3: A) Boxplot of the
effects of all conditions on
intelligibility scores.
After excluding the
synchronized condition, data
analysis showed B) the main
effect of Speed, C) the main
effect of Modality, and D) the
interaction of Speed and
Modality. Midlines represent
median, the bottom and top of
the box are the 25th and 75th
percentiles, diamond symbols
represent mean, and error
bars show 95% confidence
interval.
The Speed and Modality (the
type of signal being speeded
up) have significant effects on
intelligibility, while the
speeding and frozen orders
have no significant impact.
However, the effects of Speed
on different modalities are not
consistent.

Scan the QR code for 
more stimuli examples.

Design & Procedure
• mixed design: between-subjects for Order (i.e. frozenàspeeded vs speededàfrozen),
within-subject for Speed (i.e. x1.5 vs x2) and Modality (video speeded vs audio speeded
vs both synchronisely speeded).

• 1 sentence for 1 trial, 7 trials per condition, 49 trials in total
• 7 versions of the experiment were made, to make sure each sentence occurred the
same number of times under each condition

• the order of trials was randomised
Measure the impact on perception
• Intelligibility: typed sentence report (the proportion of correct keywords: 0.00-1.00)

B) Speed            C) Modality       D) Interaction(Speed × Modality)


