Impact Objectives
• Develop a real-world approach to the study of communication
• Discover how the multimodal cues (speech, gestures, eye gaze and intonation) present
in communication are integrated and used in language learning and comprehension
• Identify the neural networks engaged in real-world multimodal communication
• Use the knowledge obtained from this approach to develop interventions for developmental
and acquired language disorders

Understanding multimodal
communication
Professor Gabriella Vigliocco, University College London, and Professor Pamela Perniss, University
of Cologne, discuss the ECOLANG and ICONICITY projects investigating language learning and
comprehension in face-to-face interactions

Professor Gabriella
Vigliocco

Professor Pamela Perniss

Please tell us about the two projects.
Language has evolved, is learned and
generally used in face-to-face settings where
the listener has access to speech and other
visual and auditory (multimodal) cues. Our
projects aim to understand how multimodal
cues are distributed and integrated across
the different contexts of language learning
and processing in face-to-face interactions.
The ‘Ecological Language: A Multimodal
Approach to Language and the Brain’
(ECOLANG) project studies the different
cues in face-to-face communication,
including intonation (prosody),
onomatopoeia and sound effects (especially
important in speech with young children),
hand gestures co-occurring with speech and
the speaker’s mouth movements and eye
gaze. It asks how these cues are distributed
in the communication with children, adults
and people with aphasia (acquired language
disorder often consequent to stroke), how
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the cues are integrated and which neural
systems are involved in their processing.
The ‘Role of Iconicity in Word Learning’
(ICONICITY) project focusses on iconic
multimodal cues that evoke imagery of actual
objects or actions (e.g. imitating a lion’s
roar). It asks how multimodal iconic cues
are distributed in caregivers’ communication
to children and whether they help children
learning words.
Both projects will collate and annotate
a corpus of naturalistic face-to-face
communication. Analysis of the corpus allows
us to characterise the nature and distribution
of multimodal cues and their co-occurrence
and to derive quantitative measures of how
informative they are. From this, we hope to
develop mechanistic accounts of multimodal
communication at the cognitive and neural
levels to explain processing and learning in
children and adults and to provide insights
into treatment of developmental and acquired
language disorders.
Why are multimodal cues significant?
Theoretically, much of our current
understanding of language comes from the
study of text or speech stripped of these
other cues that are present in face-to-face
interaction. We take a more ecological
approach, examining language in its

multimodal manifestation and asking how
the brain orchestrates these different cues.
Our work is the first to characterise how these
auditory and visual cues are integrated in
the communication between caregivers and
children (2-4 years) and between adults. Some
of these cues are iconic (e.g. using rising pitch
to describe something moving up or saying,
‘bang bang’) and may be especially relevant
to language learning, helping children map
between words and referents in the world.
Understanding this has consequences for
both developmental and acquired language
disorders. We know very little about how
children and adults with language disorders
process the multimodal cues and whether
their learning and comprehension can
benefit from them. An estimated average
of two children in every UK primary school
class of 30 will experience developmental
language difficulties severe enough to hinder
academic progress. Understanding how
children learn language is therefore critical in
our attempts to prevent, diagnose and treat
language disorders. Knowing how caregivers
use multimodal cues could help us devise
ways of better supporting children’s language
development. Understanding how these
cues are used between adult interlocutors is
also very important and can have a positive
impact on interventions for people with
aphasia. ●

A real-world approach to
language development and
comprehension
An international research team are collaborating on the ECOLANG and ICONICITY projects that
explore multimodal communication and how multimodal cues support language development and
language comprehension

P

rincipal Investigator Professor Gabriella
Vigliocco, University College London (UCL),
leads two projects that study language
learning and comprehension within its
native face-to-face multimodal environment
using a real-world approach combined
with state-of-the-art modelling techniques,
innovative technology and comprehensive
analysis. The ‘Ecological Language: a
Multimodal Approach to Language and
the Brain’ (ECOLANG) project considers
how different cues dynamically contribute
towards learning and processing in children,
adults and aphasic patients. The ‘Role of
Iconicity in Word Learning’ (ICONICITY)
project investigates iconic multimodal cues
such as gestures and onomatopoeia and
considers how these can support language
learning.
Vigliocco emphasises that, ‘One novel
element of the current work is to take into
account that everyday communication
involves both processing of known words
and learning of new words for both children
and adults. The standard approach,
however, separates the two, focussing on
learning for children and processing for
adults.’ Perniss adds, ‘Moreover, one of key
features of language is its ability to refer
beyond the here and now, and in everyday
communication, speakers do talk about
things that are present or not in the physical
environment. We have little idea, however,
how speakers modify their speech and
other multimodal cues depending upon the

physical setting of the communication and
how this may impact the listener.’
To achieve these goals while ensuring that
the work reflects real-world communication,
caregivers are asked to talk to their two- to
four-year-olds about toys, some of which are
familiar (e.g. a cat), and some of which are
new (e.g. a sloth), when the toys are either
present or absent. Similarly, adults are asked
to talk about objects that are familiar or
new (e.g. tools used in ancient times) to a
known interlocutor (i.e. a friend or partner).
In this way, Vigliocco and Perniss say, it is
possible to assess how multimodal cues
are modulated depending upon whether a
person is speaking: to a child or to an adult,
about something known or unknown, about
objects that are present in the environment
or not. For example, the lab has found that
caregivers use iconic multimodal cues more
often when talking to their children about
new objects and especially when the objects
are not present.
NEW METHODS OF LANGUAGE RESEARCH
The traditional approach to studying
language acquisition and language use
focusses on speech or text, with little
consideration of the physical and social
context of communication. While this has
resulted in many important insights, an
approach that is more ecologically valid and
closer to everyday life in that it considers
face-to-face interaction is also needed.
Vigliocco takes this new approach, studying

language in more naturalistic contexts.
The ECOLANG project involves Professor
Pamela Perniss (University of Cologne), Drs
Jeremy Skipper and David Vinson (UCL),
Dr Stefan Frank (University of Nijmegen)
and Professor Laurel Buxbaum (Moss
Rehabilitation Research Institute, USA). It
combines behavioural and neuroimaging
work with children, adults and aphasic
patients and uses the elicitation method
described above to obtain a corpus of
face-to-face interactions between caregiverchild (aged 3-4 years) and adult-adult
dyads. The conversations are recorded
using different devices (video cameras,
microphone, eye tracker, motion tracker)
and then a combination of automatic and
crowd-sourced methods is used to annotate
the data, employing machine-learning
techniques for tasks such as detecting
faces in videos. These annotations identify
the multimodal cues. The team will then
use computational modelling to develop
models that link the different cues to specific
moments in the conversation (e.g. when
the speaker is introducing a new object or
talking about a known object). The models’
predictions are then tested in behavioural,
electrophysiological and neuroimaging
experiments.
The ICONICITY project is a collaboration
with Perniss, Dr Elizabeth Wonnacott
and Professor Chloe Marshall (UCL)
and Professor Susan Goldin-Meadow
(University of Chicago). In the first part of
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the project, the team used the elicitation
method described above, focussing on
caregivers talking to their children (aged 2-3).
Video-recordings were made and then coded
for onomatopoeia, gestures and prosody
and analysed to determine the distribution
of caregivers’ use of multimodal cues. In
a second part of the project, naturalistic
data are used. Video recordings were made
of caregiver-child interactions by GoldinMeadow as part of a larger project. Again,
the video-recorded data are annotated for the
types and presence of various iconic cues.
The final strand uses a learning game with
children and seeks to determine whether
and to what extent iconicity in different cues
supports better learning of new words.
Cross-disciplinarity is critical to the work
being accomplished on these two projects.
The teams leverage new developments in
audio-visual technologies, data analytics,
machine learning methods, neuroimaging
and linguistic analyses and well as benefitting
from international collaborations to guarantee
generalisability of findings and sharing of
resources and data.
CHALLENGES AND OPPORTUNITIES
Vigliocco states that ‘Firstly, it has been
challenging to convince the scientific
community of the value of investigating
multimodal communication and iconicity.’ As
reflected in the traditional dichotomy between
‘verbal’ and ‘non-verbal’ communication,
there is a strong bias to focus on the
information conveyed in speech (as language
and thus the linguistic content of interest)
while relegating other cues to the periphery
(as contributing to the social and affective
aspects of communication). The fundamental
premise of our research lies in a move
away from these traditional dichotomies of
verbal versus non-verbal, language versus
communication and linguistic versus nonlinguistic to an understanding of language
as communication, to which the body and
multimodality are integral.
She adds ‘There are also key methodological
challenges relating to streamlining the coding
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and analysis of the rich moment-by-moment
data from multiple channels.’ Where the
semi-naturalistic studies involved video
recordings, the researchers need to translate
these into categories and numbers that
could be analysed objectively.
Annotation of video recordings is a
major methodological challenge for the
researchers. Vigliocco says, ‘Machinelearning algorithms can help in some of
these tasks such as automatic transcription
of text, but whilst algorithms are useful in
very constrained tasks, their usefulness
in real-world situations is still limited.’ A
capability gap in data analysis has provided
an opportunity to develop new data analysis
strategies and one suggestion being
explored is the use of remote, crowdsourced data analysts. Vigliocco adds, ‘A
different challenge is ensuring that the
privacy of our participants is protected.
It is a logistical challenge and very timeconsuming, but necessary and worth it if
we want to bring our theories of language
in line with the language use in natural
contexts of face-to-face interaction.’
UNDERSTANDING REAL-WORLD
LANGUAGE
The ECOLANG and ICONICITY projects aim
to provide a window into the multimodal
nature of everyday communication and the
neural systems underpinning it. Vigliocco
states, ‘Multimodal cues always accompany
speech in face-to-face communication.
However, they are not often taken into
account in theories of language learning
and processing.’ She adds, ‘Although there
is a growing number of studies indicating
that each of them in isolation can support
language learning and comprehension, we
are the first to characterise how the different
auditory and visual cues are used jointly in
communication with children and adults.’
The researchers hope to further their work
in this area to develop new methods and
resources in the field as well as potential
interventions for supporting language
development in children and recovery in
people with aphasia. ●
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