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Abstract

Posture shifts involving movement of half or
more of the body are one of the most conspicu-
ous non-verbal events in conversation. Despite
this we know less about what these movements
signal about the interaction than we do about
smaller scale movements such as nods and
gestures. This paper reports an exploratory
study of posture shifts in seated conversation.
Using data from video analysis and bespoke
pressure sensors in clothing, we are able to dis-
tinguish different types of posture shifts and
detect them in speakers and listeners. The re-
sults show that large scale posture shifts are
performed by both speaker and listener, ap-
pear to be distinct from smaller movements as-
sociated with preparing to speak and that the
posture shifts associated with speech offset are
less clearly defined. We discuss the potential
of using pressure sensors to investigate these
salient conversational states.

1 Introduction

One of the most salient body movements peo-
ple make in natural conversation is a general pos-
ture shift in which most or all of the body goes
through a momentary adjustment. While these
movements could, of course, be explained by fa-
tigue or physical discomfort there is also an intu-
ition that they have communicative significance.
Unlike, say, iconic gestures or nods that accom-
pany each utterance these are relatively global, in-
frequent movements that seem to mark larger con-
versational units or signal something about partic-
ipant’s stance towards an issue. Scheflen (1964)
was one of the first to document these moments
in detailed case studies of psychotherapy sessions.
He defined posture shifts as movements involving
at least half the body and proposed that they are
organised around changes in position or point of
view.

Others have since elaborated on Scheflen’s find-
ings, describing posture shifts as self synchro-
nised movements to speaker turns (Condon and
Ogston, 1966), as signals for different levels of en-
gagement in a conversation (Schegloff, 1998) or
to correlate with tonic stress (Bull and Connelly,
1985). In most cases, postural changes are linked
to speaker behaviours. They can accentuate it in
fine grained ways (Ekman and Friesen, 1969), and
also accompany the change of speech categories
(Bull and Brown, 1977). Posture shifts can also
appear outside of speech and may be interesting
signals in interaction in their own right. For exam-
ple Bull has considered frequent posture changes
as a marker of boredom (Bull, 2016).

Although there is an intuition that posture shifts
are important non-verbal signals, not least because
of their relative scale, the literature on them is
limited. More attention has been given to pos-
ture as a static feature of participation in conver-
sation, especially in relation to posture matching
as indication of affiliation or attraction (Beattie
and Beattie, 1981; Bianchi-Berthouze et al., 2006;
Mehrabian, 1969), and in their spatial formation
(Kendon, 1976).

The work on posture reviewed above relies on
video combined with human coded judgements
of posture type for analysis. More recently there
has been an increase of interest in the use of mo-
tion capture and markerless computer vision tech-
niques as ways of automatically measuring pos-
ture (Wei et al., 2016). Here we extend this to
considering the use of pressure sensors as a way
of sensing changes in seated postures. This has
the advantage that it is not susceptible to problems
with occlusion that can affect camera-based tech-
niques (e.g. see Tan et al. (2001), Meyer et al.
(2010) and Skach et al. (2017)). It can also detect
subtle changes in pressure that do not necessarily
translate to overt visual cues. Furthermore, we in-



troduce pressure sensors made of conductive tex-
tiles integrated into fabric surfaces as a method to
capture shifts in movement and behavioural cues.
We use bespoke ’smart’ trousers with an integrated
sensor matrix to record pressure data around the
thighs and the buttocks. This is used in an ex-
ploratory study of changes of posture both for lis-
teners and speakers in multiparty seated conversa-
tions. We explore the potential of pressure sensors
in trousers to detect changes of state in the conver-
sation and discuss the qualitative characteristics of
some of the events they detect.

2 Background

There are several suggestions as to what postural
shifts mean and what role they play in punctuat-
ing communication between interactants, between
speakers and addressees, and also when in conver-
sation they are most likely to appear. Generally,
posture shifts have been associated with changes
in topic (”locution cluster”, coined by Kendon
(1970)) or situations (Gumperz, 1982). Condon
(1976) and Lafrance (1976) also reported on pos-
tural synchrony, leading to higher rapport, or if
incongruent, are indicators for negative relations
between people (Lafrance and Broadbent, 1976).
Furthermore, the exposure and intensity of such
movement may present cues to interpersonal rela-
tionships. For example, Wiemann et al. (1975)
suggested that the more familiar interactants are
with each other, the more subtle the postural shifts
and bodily movement, moving parts of limbs (fin-
gers) rather than entire body parts. This can be
linked to Kendon’s observation (1972) that gener-
ally, those body parts are in more motion than the
torso and the legs.

2.1 Speakers and Listeners

Postural changes have been reported most com-
monly in connection to speaker behaviours, or lis-
teners’ perception of speakers. Hadar (1984) re-
ports that they appear primarily at the start of a
speaking turn, when the interactant changes their
state from listener to speaker, or after a long
speaker pause.

Speakers are said to punctuate the end of their
turn and maintain a more upright posture over-
all, leaning rather forward than backwards (Wie-
mann and Knapp, 1975), or emphasise words and
phrases. Even micro-movements like facial ex-
pressions, e.g. raising an eyebrow, can be in line

with changes in tonality, e.g. lowering voice (Con-
don and Ogston, 1966). Bull and Brown (1985)
identified 3 postures related to the upper body and
5 related to the lower body, evaluating them in re-
lation to 6 different categories of speech.

Listeners’ postures are examined less often. It
is suggested that the status of an addressee can be
interpreted by the openness of their legs and arms
(Mehrabian, 1968), and that listeners synchronise
with speakers (Condon and Ogston, 1966) and
shared postures between them are linked to a high
rapport (Lafrance and Broadbent, 1976). Also
pauses between speech as listener turns are asso-
ciated with postural adjustments by Hadar et al.
(1984).

2.2 Sensing Social Cues

Sensing bodily movement as behavioural or affec-
tive signals has been subject to numerous human-
centred research, both for interaction with each
other or with a device (HCI). While convention-
ally, video and audio recordings were used, other
modalities have been explored in more recent
years. One of the goals for new technologies is
to maintain an undisturbed environment, deploy-
ing sensors unintrusively. Ambient interior design
and the utilisation of everyday objects has been
successful a contribution to such ubiquitous com-
puting (see e.g. Vinciarelli et al. (2009) or Venkat-
narayan and Shahzad (2018)).

A material that is closest to our skin, follows
our movements organically and is a natural inter-
face we have used for thousands of years is fab-
ric. Therefore, using our own clothing as a sens-
ing surface seems appropriate to capture bodily ac-
tions and behaviours (such as in Mattmann et al.
(2007)).

Here, we exploit trousers and test their per-
formance to capture postural shifts as dynamic
movements as opposed to static postures, which
we have proven to reliably identify with sensing
trousers before (Skach et al., 2018).

3 Methodology

In this section, we report on the design of the
’smart’ trousers and the development of custom-
made textile sensors, as well as on the process of
collecting video data in a user study.

The data is drawn from a corpus of seated,
three-way unscripted conversations (Figure 1).
The conversations were video recorded to allow



Figure 1: Examples of postural shifts, to be read from
top to bottom: Left: Listener leans towards speaker,
responds to their posture change (leaning forward).
Right: Listener posture shifts on the left; postural tran-
sitions from listener to speaker and back, on the right.

for hand coding of non-verbal behaviours using
two cameras from different angles to reduce prob-
lems with occlusion. In addition, participants
wore specially constructed trousers with an ar-
ray of fabric pressure sensors built in (see below)
to detect lower body movements. These sensing
trousers continuously recorded changes of pres-
sure across thighs and buttocks.

This combination makes it possible to identify
conversational phenomena such as speaking or lis-
tening and identify whether they are systemati-
cally associated with lower body movements.

3.1 Textile Sensors in Trousers

A fabric sensor matrix of 10x10 data points was
designed (adapted from Donneaud and Strohmeier
(2017)) and embedded in custom made stretch
trousers, as seen in Figure 1. Each leg's ma-
trix therefore consists of 100 sensors and is de-
ployed around the upper leg, covering the area
from the knee upwards to the buttocks in the back
and the crotch in the front, as illustrated in Figure
2. Placement, shape, amount and type of the sen-
sors, as well as the type of trousers that were cho-
sen for the sensor integration derived from ethno-
graphic observations of multi-party social interac-
tions. The use of soft, textile conductive materi-
als, of which the pressure sensors consist, enables
unintrusive sensing without augmenting conven-
tional trousers' properties. A detailed documen-
tation of the design and manufacturing process of
this wearable sensing system is reported in (Skach

Tier Description
Talk on- and offset of overt speech
Pre-Speech 2 sec immediately before talk
Post-Speech 2 sec immediately after talk
Posture Shift gross movement of torso & legs

Table 1: Overview of the hand coded annotations in
Elan

et al., 2018).

3.2 Data Collection

3.2.1 Participants

A total of 42 participants were grouped into 14
three-way conversations, each of them was given
a pair of sensing trousers1. A subset of 5 partici-
pants were annotated and analysed here: 4 female,
1 male. These participants were selected randomly
from a predetermined subset of participants that
performed above average in preliminary posture
classi�cation tasks.

3.2.2 Procedure

Participants were seated on a round table and
given the task to resolve a moral dilemma between
them. Conversations lasted 15 to 20 minutes and
were captured from two angles with video cameras
in addition to recording the pressure data from the
sensing trousers that each participant was wearing
during the entire time of the recording.

3.2.3 Sensor Data Processing

The pressure readings from the fabric sensors were
recorded with a time stamp and were stored on a
microSD card integrated and hidden in the hem of
the trousers. The data was captured at 4Hz by a
microcontroller placed in the hem, too. For further
processing, the data of each of the 200 sensors was
normalised.

3.3 Annotations

The recorded videos were hand coded using
the software package Elan (Brugman and Rus-
sel, 2004), with two annotators for determining
speech, and one annotator to code posture shifts.

First pass coding focused on overt speech with
starts and ends of annotations de�ned by onset
and offset of audible speech. Second pass anno-
tation then coded the moments immediately be-
fore and after speaking arbitrarily de�ned as 2 sec-

1We manufactured multiple trousers in different sizes
(Small, Medium, Large) to accommodate all participants.




