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Abstract
How are human communication systems created, and how do they evolve through interaction? In
the present thesis, I address these questions through 8 referential communication experiments. In
Chapter 1, I present a model of sign creation and change, explaining how people bootstrap novel
communication systems in the absence of shared language, and how these systems evolve through
interaction to become shared and refined. I argue 1) the production of motivated signs (i.e., signs
that share a non-arbitrary resemblance to their referent) is essential to ground meaning, and 2)
repeated interactions lead to shared and efficient communication systems that refine and symbolize
over time. In Chapter 2, I test this model through 3 referential communication tasks in which adult
participants attempt to communicate lists of meanings to a partner, through gestures or non-lexical
vocalizations (sounds that are not words). In Chapter 3 I extend my findings from Chapter 2 in a
developmental context, testing how children (aged 6 – 12 years) create and interpret novel
communication systems. In Chapter 4 I develop a new referential task, that tests how people
bootstrap communication systems when there is varied task complexity. Participants communicate
one-word, two-word or three-word phrases to a partner, using only-gestures or a combination of
gestures-plus-vocalizations. I compare participants’ communication success, communication
confidence and communication efficiency at each phrase length, in the gesture-only and combined
modalities, to test whether it is adaptive to vocalize when communicating more complex phrases.
My results support an account of language creation in which gesture played an integral role.

viii

ix
Acknowledgements
It is strange, retrospectively, to realise what a substantial chunk of the last half-decade has
led me to this moment. I would like to thank the people who have stuck it out with me, helped me to
survive and motivated me to reach this point (at last).
Firstly, I would like to thank my supervisors, Nicolas Fay and Jeneva Ohan, for their
unwavering positivity and support. Nic, your enthusiasm has bolstered mine when my morale was
dwindling. With your encouragement I have actually become relatively proficient at statistical
analyses (a feat I would not have believed possible 5 years ago). Most of all, you have taught me
how to communicate my ideas, a skill that transcends thesis writing, and from which I believe I will
benefit for the rest of my life. For these things among many others, I am very grateful. Jeneva, your
presence of mind has helped calm my jangled nerves countless times, whether you were reminding
me about forms I had forgotten to submit, ethics application deadlines, or helping me find children to
recruit for my developmental studies, your pragmatic attitude and can-do positive outlook has
stopped me losing my head repeatedly! Thank you for helping to keep me organised and sane during
the most testing times of my PhD, and for cheerfully agreeing to read my thesis drafts when I finally
got them to you at the 11th hour. I am so appreciative.
To Brad, Mark, Tiarn, Keely and Whitney, all of whom have contributed invaluably to my
experiments. Thank you for your help with programming, reliability coding, participant testing, and
for your advice and support in general. You’re all legends and I couldn’t have done it without you.
And to the rest of Comlab, thank you for stopping me from becoming a total hermit over the last few
years. Data analysis, research and thesis writing can be very isolating endeavours, but because of
you I felt I had a reason to actually come into Uni (albeit rather occasionally). It will be nice to leave
UWA having completed a PhD, but it’s even nicer to leave it having made friends with all of you.
I would also like to thank the lovely people at the Goldin-Meadow Laboratory at the University
of Chicago, for welcoming me to their lab twice over the course of my PhD. These were wonderful
learning experiences, which I was very lucky to receive.
To my friends, particularly those of you who brought me cups of tea while I coded videos,
distracted me from my ruminations with nights out, sent me motivational texts and made my life
outside of Uni rich and enjoyable, you know who you are, and I count myself very lucky to have you.

x
And last, but most certainly not least, to my family. To Mum and Dad, if I were to recount all
the moments in the last 4.5 years in which you have pulled me back from the precipice of total panic
this acknowledgements section would be longer than my thesis. For all the meals you have fed me,
pep-talks you have given me, for the reassurances and encouragement, for all the tearful
conversations you have weathered, for funding my education, for instilling in me a love of science
and learning, and – basically – for being the very best parents I could hope for: thank you. To the
rest of my family, Em, Scot, Ry, Amber, Miles, James, Henry, Finn and Addy. Thank you for always
being there for me. For your empathy, support, encouragement, and words of wisdom. And for being
fun and great and my all-round favourite people. I love you all even more than I love having finished
this thesis (and that’s a lot).
This research was supported by an Australian Postgraduate Award (APA) Scholarship and
by an Australian Government Research Training Program (RTP) Scholarship.

xi
Author Contributions
The author played a significant role in all aspects of the experiments reported within this thesis. This
included experimental design and development, participant recruitment and testing, data entry, data
analysis, interpretation of the results, and the preparation and revision of the published manuscript
reported in Chapter 1. This manuscript was written in collaboration with the author’s supervisors, Dr
Nicolas Fay and Dr Jeneva Ohan.

xii

Contents

Thesis Declaration ............................................................................................................................ iii
Authorship Declaration: .................................................................................................................... v
Abstract ............................................................................................................................................. vii
Acknowledgements .......................................................................................................................... ix
Author Contributions........................................................................................................................ xi
Chapter 1. How to create a human communication system: a theoretical model ..................... 1
Introduction ...................................................................................................................................... 1
Theoretical Model ............................................................................................................................ 3
1.1)

Process 1: Motivated Signs Get Communication Systems Started ................................ 6

1.2)

Process 2: Behaviour Alignment Enhances Cognitive Alignment................................. 10

1.3)

Process 3: Sign refinement drives symbolization.......................................................... 12

Conclusion ..................................................................................................................................... 14
Chapter 2. Testing the model of sign creation and change ........................................................ 16
Introduction .................................................................................................................................... 16
2.1)

Cognitive Alignment leads to effective communication systems .................................. 18

2.2)

Motivated signs ground shared meaning and facilitate cognitive alignment ................ 19

2.3)

Aligning on a shared sign system enhances cognitive alignment................................. 21

2.4)

Refining and symbolizing the sign system makes communication more efficient ........ 22

2.5)

Testing the model of sign creation and change ............................................................ 23

Experiment 1: ................................................................................................................................. 25
A non-interactive study of sign creation through gestures and vocalizations ............................... 25
Method ............................................................................................................................................ 26
Results ............................................................................................................................................ 29
Discussion ....................................................................................................................................... 37

xiii
Experiment 2: ................................................................................................................................. 38
An interactive study of sign creation through gestures and vocalizations .................................... 38
Method ............................................................................................................................................ 39
Results ............................................................................................................................................ 41
Discussion ....................................................................................................................................... 61

Experiment 3: ................................................................................................................................. 65
Comprehension of novel gestures and vocalizations: an overseer study .................................... 65
Method ............................................................................................................................................ 66
Results ............................................................................................................................................ 67
Discussion ....................................................................................................................................... 69

General Discussion ........................................................................................................................ 70
Chapter 3. Creating new communication systems: Children are old hands at gesture ......... 77
Introduction .................................................................................................................................... 77
Testing Sign Creation and Comprehension in Children ............................................................ 79
Experiment 4: ................................................................................................................................. 81
How do children create novel sign systems? ................................................................................ 81
Method ............................................................................................................................................ 82
Results ............................................................................................................................................ 86
Discussion ....................................................................................................................................... 93

Experiment 5: ................................................................................................................................. 95
How do children comprehend novel sign systems? ...................................................................... 95
Do sign comprehension abilities develop before sign creation abilities? ................................. 96
Method ............................................................................................................................................ 96
Results .......................................................................................................................................... 100
Discussion ..................................................................................................................................... 106

General Discussion ...................................................................................................................... 108
Chapter 4. Why speak when gesture is better: a new experimental paradigm ...................... 110
Introduction .................................................................................................................................. 110
4.1)

Reviewing the benefits of gesture ............................................................................... 111

xiv
4.2)

The undeniable case for vocalization .......................................................................... 113

4.3)

When does vocalization help? ..................................................................................... 114

4.4)

A limitation of many referential communication tasks ................................................. 115

4.5)

The present study ........................................................................................................ 118

Experiment 6: ............................................................................................................................... 119
When is Vocalization Useful? A Non-Interactive Multi-Word Study ............................................ 119
Method ............................................................................................................................................... 120
Stage One ..................................................................................................................................... 120
Stage Two ..................................................................................................................................... 123
Results ............................................................................................................................................... 125
Discussion ......................................................................................................................................... 131

Experiment 7: ............................................................................................................................... 133
When is Vocalization Useful? An Interactive Multi-Word Study .................................................. 133
Method ............................................................................................................................................... 134
Results ............................................................................................................................................... 137
Discussion ......................................................................................................................................... 149

Experiment 8: ............................................................................................................................... 150
When is Vocalization Useful? An Interactive Multi-Word Study with Enforced Vocalization...... 150
Method ............................................................................................................................................... 151
Results ............................................................................................................................................... 152
Discussion ......................................................................................................................................... 163

General Discussion ...................................................................................................................... 164
Chapter 5 General discussion ..................................................................................................... 168
Summary of research aims and rationale .................................................................................... 168
5.1)

Chapter 1: Summary and Key Findings ...................................................................... 168

5.2)

Chapter 2: Summary and Key Findings ...................................................................... 169

5.3)

Chapter 3: Summary and Key Findings ...................................................................... 171

5.4)

Chapter 4: Summary and Key Findings ...................................................................... 173

My Findings in the Context of Language Evolution ..................................................................... 174
5.5)

Motivated signs get language started .......................................................................... 174

xv
5.6)

But…Are Motivated Signs Enough? ............................................................................ 176

Directions for Future Research .................................................................................................... 177
5.7)

Are Motivated Signs All We Need? ............................................................................. 177

5.8)

When Do Sign Systems Refine and Symbolize? ........................................................ 179

5.9)

When does vocalization become adaptive? ................................................................ 181

Conclusion ................................................................................................................................... 183
References. ..................................................................................................................................... 185
Appendix. ........................................................................................................................................ 196
Appendix 1. .................................................................................................................................. 196
Appendix 2. .................................................................................................................................. 197

1

Chapter 1.

How to create a human communication system: a theoretical model

How to create a human communication system: a
theoretical model

‘The world was once devoid of people; the world was once devoid of language’
(Hockett, 1978)
Introduction
We do not know how or when language first arose (Dediu & Levinson, 2013). Because our
pre-linguistic ancestors no longer exist, we cannot know with certainty how the earliest human
communication systems were created. This complex question has been addressed by investigators
from a range of disciplines. For example, primatologists make inferences about the physical (pre-)
adaptations for language that our last common ancestor may have had, and examine great ape
communication in the absence of a fully-fledged language (for reviews see Arbib, 2005; Arbib, Liebal,
&

Pika,

2008;

Deacon,

1998;

Fitch,

2005;

Seyfarth,

Cheney,

&

Bergman,

2005).

Paleoanthropologists, geneticists, and archaeologists examine the evidence for early language use
through the excavation of human remains and cultural artefacts (for reviews see Hurford, 2007;

 This chapter has been published as a review article; Lister, C. J. and Fay, N. (2017). How to create a human
communication system: a theoretical model. Interaction Studies, 18(3), 316-331.
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Tallerman & Gibson, 2012) and computational linguists model the emergence of simple artificial
languages using agent-based computer simulations (e.g., Cangelosi & Parisi, 2002; Gasser, 2004;
Kirby, 2001; Steels, 2011).
These findings are complemented by research studying the emergence of human
communication systems in naturalistic and experimental settings. Naturalistic studies examine
language creation and change in its natural habitat. For example, by observing the creation of
Nicaraguan Sign Language, researchers have documented how people without a shared language
collectively create a manual communication system (for a review see Goldin-Meadow, 2010).
Developmental studies track the cognitive and social processes that drive language acquisition by
infants (e.g., Oudgenoeg-Paz, Volman, & Leseman, 2012; Rowe & Goldin-Meadow, 2009) and
historical linguists examine language change over time (e.g., Atkinson, Meade, Venditti, Greenhill,
& Pagel, 2008; Lieberman, Michel, Jackson, Tang, & Nowak, 2007; Pagel, Atkinson, Calude, &
Meade, 2013).
Experimental simulations of language creation, under controlled laboratory conditions and
using modern humans, complement these approaches by testing cause-and-effect relationships
between factors that are thought to be important to language creation, extension and evolution. For
example, by studying how people create new labels for novel objects using their existing language,
spoken language experiments study the factors important to language extension and change (e.g.,
Clark & Wilkes-Gibbs, 1986; Garrod & Anderson, 1987; Schober & Clark, 1989). Other experimental
approaches examine the factors important to language creation and evolution. In these studies,
participants are prohibited from using their existing language, and must instead create a new
communication system from scratch (e.g., Fay, Lister, Ellison, & Goldin-Meadow, 2014; Galantucci,
2005; Garrod, Fay, Rogers, Walker, & Swoboda, 2010; Perlman, Dale, & Lupyan, 2015; Roberts,
Lewandowski, & Galantucci, 2015).
In this paper, I first outline the proposed theoretical model of how simple human
communication systems might have first arisen and evolved. I then synthesize the findings of
naturalistic and experimental studies that inform the proposed model (Sections 1.1 - 1.3).

3
Theoretical Model
The proposed model, shown in Figure 1.1, describes three key processes underlying the
creation and evolution of human communication systems. The first process is the use of ‘motivated’
signs (i.e., signs that bear a non-arbitrary resemblance to their meaning) to bootstrap mutual
understanding between people. Motivated signs fall into two basic categories; icons and indices
(Peirce, 1960). Icons directly resemble their meaning, in other words, they look like or sound like the
meaning they represent. For example, a photograph of an apple is an iconic representation of that
apple. Indexical signs bring their meaning to mind via natural association, for example, the smell of
smoke is an index of fire (Fay, Arbib, & Garrod, 2013). In contrast, non-motivated symbolic signs
share an arbitrary association with their meaning, and therefore must be learned (Fay et al., 2013).
As Wescott (1971) noted, “iconicity is a relative rather than an absolute characteristic of any
communication system… the only realistic question we can ask about a given form is not ‘Is it iconic?’
but rather ‘How iconic is it?’”. Following Wescott (1971), we consider signs to lie on a continuum that
ranges from absolutely motivated to absolutely arbitrary. Icons lie closest to the ‘absolutely
motivated’ end of the continuum. Symbols lie closer to the ‘absolutely arbitrary’ end. Indices are more
motivated than symbols, but less motivated than icons, and therefore lie somewhere in between.
Bearing this relative continuum in mind, we do not distinguish categorically between icons, indices
or symbols. Rather, we use ‘motivated signs’ to refer to signs that bear a more non-arbitrary
resemblance to their referent, and ‘non-motivated’ signs to refer to signs that bear a more arbitrarily
relationship to their referent. We regard all signs as varying in their degree of motivation, lying on a
continuum between these two extremes.
Because motivated signs share a non-arbitrary resemblance to their meaning, they are able
to bridge the gap between form and meaning (Fay et al., 2013), making it easier for people to
understand a sign’s meaning on first encounter. After all, it is easier to interpret the meaning of a
sign if it looks like or sounds like what it represents. We therefore argue that motivated sign
production is the first step in establishing mutual understanding between people. In our model, we
refer to mutual understanding between people as cognitive alignment. Successful communication
occurs when people are cognitively aligned as both parties share the same underlying interpretation
of the sign’s meaning. Motivated sign production is a crucial first step to enable successful
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interpersonal communication. This is reflected in our model (Figure 1.1), in which the unidirectional
arrow leads from ‘motivated sign production’ to ‘cognitive alignment’. A one-way arrow is used to
capture the causal relationship between sign motivation and cognitive alignment.
Behaviour alignment between interacting people (or behaviour matching) is the second key
process in our model. Behaviour alignment is the tendency, over repeated interactions, for people to
use the same sign-to-meaning mappings as their partner (e.g., Clark & Wilkes-Gibbs, 1986; Garrod
& Anderson, 1987; Wilkes-Gibbs & Clark, 1992). Behaviour alignment is argued to enhance cognitive
alignment (Pickering & Garrod, 2004). Aligning upon a shared inventory of sign-to-meaning
mappings also minimizes cognitive effort; rather than storing two inventories of sign-to-meaning
mappings (yours and your partner’s) you need only store a single shared inventory. In our model,
behaviour alignment upon a shared inventory of signs enhances cognitive alignment, improving
communication success.
We also argue that behaviour alignment and cognitive alignment are mutually reinforcing,
with behaviour alignment reinforcing cognitive alignment, and cognitive alignment reinforcing
behaviour alignment. It can of course happen that people align their behaviour without being
cognitively aligned. For example, two people may align upon the phrase ‘the neighbour’s dog’, each
unaware that their partner has a different neighbour and a different dog in mind. However, we
suspect that this is relatively atypical, and that typically behavioural alignment is a proxy for cognitive
alignment, as per Pickering and Garrod (2004). The mutually reinforcing nature of cognitive
alignment and behaviour alignment is reflected in our model, where bidirectional arrows connect
‘behaviour alignment’ and ‘cognitive alignment’.
The third key process in our model is sign refinement and symbolization. Sign refinement
gives rise to signs that are simpler and easier to produce (for example in spoken language, the sign
‘going to’ is often refined to ‘gonna’). This enhances the efficiency of the evolving communication
system (e.g., Clark & Brennan, 1991; Clark & Wilkes-Gibbs, 1986). and causes the initially motivated
signs to become increasingly symbolic. In our model, we argue that moment-to-moment partner
feedback (e.g., requesting clarification or indicating comprehension) drives sign refinement, and that
this increases the efficiency of the evolving communication system.
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In the model proposed, sign refinement follows cognitive alignment. This is reflected by the
uni-directional arrow from ‘cognitive alignment’ to ‘sign refinement’. Once interacting partners are
cognitively aligned, subsequent sign refinement improves the efficiency of the evolving
communication system. As the signs are increasingly refined, partners continue to behaviourally
align their signs. This process maintains and reinforces cogntive alignment onto an inventory of
increasingly simple symbolic signs. The arrows from ‘sign refinement’ to ‘behavioural alignment’, and
‘behaviour alignment’ to ‘cognitive alignment’ capture this dynamic process.

Figure 1.1

Model of sign creation and evolution: Motivated signs facilitate cognitive alignment; behaviour

alignment (indicated by the dotted lines) reinforces cognitive alignment and drives the creation of an inventory
of shared sign-to-meaning mappings; concurrent partner feedback (indicated by the dashed lines) drives sign
refinement, making communication more efficient.

This paper is structured around a discussion of each of the three processes described and
the evidence supporting its inclusion in the model. In Section 2, we review the evidence that
motivated signs facilitate cognitive alignment, enabling new human communication systems to get
started. In Section 3, we review studies demonstrating that behaviour alignment enhances cognitive
alignment. In Section 4, we review the evidence that partner feedback improves sign efficiency and
leads to the emergence of symbolic signs.

6
1.1)

Process 1: Motivated Signs Get Communication Systems Started
A fundamental requirement of a communication system is that it can be understood. In

modern language, where the relationship between forms and meanings is arbitrary (de Saussure,
1916), one way to understand the meanings of novel symbols is to define them in terms of our preexisting symbols (e.g., definitions in dictionaries). For example, the words ‘dog’ and ‘chien’ are
arbitrarily related to their meaning. A language user who is unfamiliar with the sign ‘dog’ can be
taught its meaning using a description in their pre-existing language (e.g., ‘a hairy four-legged
animal’). It would be much more difficult, however, to use this method to teach novel symbols to a
baby or child, whose pre-existing language is too sparse or rudimentary to comprehend such
definitions. This begs the question of how our ancestors were able to produce mutually intelligible
signs when they had no pre-existing language through which to define them. Harnad (1990)
describes this as the Symbol Grounding Problem. He argues that, for our ancestors, bootstrapping
a symbolic communication system like the one we use today would have been near-impossible.
A potential solution to the Symbol Grounding Problem is an ability to produce motivated signs
that share a non-arbitrary relationship with their meaning (Imai & Kita, 2014; Perniss & Vigliocco,
2014; Perniss, Thompson, & Vigliocco, 2010). Because they bring their meaning to mind, either
through direct resemblance (icons) or natural association (indices), motivated signs may act as a
bridge between form and meaning (Perniss & Vigliocco, 2014). In our model, the production of
motivated signs is the first step in language creation. Motivated signs facilitate cognitive alignment
(i.e., mutual understanding), thereby helping to bootstrap successful communication.
Naturalistic studies indicate that motivated signs help communication systems get started.
For instance, while the words of modern spoken languages are arbitrarily linked to their meaning,
words learnt earlier in development, such as onomatopoeic animal noises (e.g., ‘moo’) are more
motivated relative to words learnt later in development (Imai & Kita, 2014; Monaghan, Shillcock,
Christiansen, & Kirby, 2014; Perry, Perlman, & Lupyan, 2015). This indicates that motivated signs
facilitate language acquisition. The same pattern is observed in gesture-based communication:
children are faster to learn motivated hand signs than symbolic ones (Bohn, Call, & Tomasello,
2016), and new signers are better at learning motivated manual signs compared to non-motivated
manual signs (Baus, Carreiras, & Emmorey, 2013).
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When adults create novel communication systems in the lab, they begin by producing
motivated signs (e.g., Fay, Garrod, & Roberts, 2008; Garrod, Fay, Lee, Oberlander, & MacLeod,
2007). Garrod et al.’s (2007) Pictionary study provides a concrete example of how motivated signs
help bootstrap human communication systems (see Figure 1.2). In this study, pairs of participants
try to communicate a range of recurring meanings to a partner over six games. Like the game
Pictionary, participants communicate by drawing on a virtual whiteboard, but are prohibited from
using conventional language (spoken or written). On each game, one participant (the Director) tries
to communicate a list of meanings to their partner (the Matcher). The Matcher has the same list of
meanings (in a different order) and tries to note down the order in which each meaning was
communicated by the Director. Matchers are allowed to interact with Directors during each game by
drawing on the whiteboard in a different coloured ink (e.g., in Figure 1.2 the Matcher has made
additions in green ink at Game 1). Participants alternate directing and matching roles from game-togame (for a review of Pictionary-type studies see Fay, Ellison, & Garrod, 2014). As Figure 1.2 shows,
in early games (especially Games 1 and 2), the participants use motivated signs (i.e., detailed
drawings of a figure thinking of a house) to communicate ‘homesick’. Because participants can
interact within games, at Game 1, the Matcher is able to annotate the Director’s drawing (adding a
sad expression to the figure’s face) to clarify the meaning of the sign. During later games, the signs
lose much of their detail, and by Games 5 and 6 the signs used to communicate ‘homesick’ are
mostly symbolic; the human figure is absent and the house has been simplified to the point where it
barely resembles a house (the door and windows are now gone).
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Figure 1.2

Signs produced by a pair of participants communicating ‘homesick’ (from Garrod et al., 2007).

The green ink at Game 1 represents the Matcher’s annotations during within-trial interaction. Early drawings
(Games 1-2) are detailed and motivated, showing a figure thinking of a house. Later drawings (Games 5-6)
are simpler and more symbolic; the human figure is absent, as are important house features, such as the door
and windows. Across games, participants demonstrate behaviour alignment and sign symbolization: their signs
become more similar and simpler.

Compared to vocal communication, gesture more naturally lends itself to the production of
motivated signs. For example, it is easier to imagine how to create a motivated sign for the meanings
‘running’, ‘tired’ or ‘apple’ by gesture than by non-lexical vocalization (making sounds that are not
words).

If correct, it follows that gesture will be a better means of bootstrapping a human

communication system compared to non-lexical vocalization. This was tested by Fay et al. (2013;
2014). They compared communication in these two modalities and predicted that participants would
be more successful at bootstrapping a novel communication system through gesture than through
vocalization. They had participants play a ‘charades game’ that prohibited the use of the participants’
pre-existing language, limiting communication to gestures or non-lexical vocalizations. Their results
confirmed the hypothesis: participants who gestured were more successful at communicating a
range of different meanings (emotion, action and object words) to a partner, compared to those who
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relied solely on vocalizations. These findings suggest that motivated signs help new communication
systems get started because they facilitate mutual understanding (i.e., cognitive alignment).
Although Fay et al. (2013; 2014) demonstrated a benefit of gesture over non-lexical
vocalization for bootstrapping human communication, they did not measure sign motivation. To
examine the relationship between sign motivation and communication success, Lister, Fay, Ellison
and Ohan (2015) ran a similar study with a larger range of meanings (over 1000 nouns, verbs and
adjectives), and had judges rate the degree of motivation for each sign. They predicted that gestures
would be more motivated than vocalizations, arguing that that this is why gestures are better suited
to language creation compared to vocalization. Each sign was rated on a Likert scale from 0 (not at
all motivated) to 6 (highly motivated).
Gestured signs were rated as more motivated than vocal signs. The distribution in the ratings
of sign motivation for gestural and vocal signs is shown in Figure 1.3. As the figure shows, gestured
signs tended to be rated as more motivated than vocal signs. As per Fay et al. (2013; 2014),
participants who used gesture to communicate were more successfully than participants who used
vocalization to communicate (i.e., they demonstrated greater cognitive alignment). Moreover, across
both modalities, signs that were rated as more motivated tended to be guessed correctly by the
Matcher (see also Perlman et al., 2015 for a similar pattern of results in the vocal-only modality).
This finding demonstrates a direct link between sign motivation and cognitive alignment. In addition,
these findings are complemented by studies showing that when motivated sign production is
impeded, communication success decreases (e.g., Galantucci, 2005; Roberts et al., 2015; ScottPhillips, Kirby, & Ritchie, 2009).
In summary, motivated signs help bootstrap human communication systems. This is reflected
in our model, in which motivated sign production is the first step and is directly linked to cognitive
alignment. In the model, a unidirectional arrow connects ‘motivated sign production’ to ‘cognitive
alignment’.
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Figure 1.3

Distribution of sign motivation ratings for signs produced by gesture or by non-lexical

vocalization. A rating of 0 indicates no sign motivation (i.e., symbolic) and a rating of 6 indicates high sign
motivation (i.e., iconic).

1.2)

Process 2: Behaviour Alignment Enhances Cognitive Alignment
How do sign systems become shared? We argue that people align their signs over repeated

interactions. Interactive behaviour matching (i.e., behaviour alignment) leads to a shared
communication system in which people use the same signs to communicate the same meanings.
Figure 1.2 illustrates behaviour alignment between participants in Garrod et al.’s (2007) graphical
communication task. The pair aligns upon increasingly similar signs to represent the meaning
‘homesick’ across games.
Behaviour alignment upon a shared sign system enhances cognitive alignment
(communication success), and reduces cognitive effort because people only need to recall one set
of sign-to-meaning mappings, as opposed to remembering both their set, and their partner’s set.
This process is captured by our model: once people understand each other (cognitive alignment),
they then align behaviourally, using the same signs to communicate the same meanings. Behaviour
alignment gives rise to a shared inventory of signs, and this reinforces cognitive alignment. Bidirectional arrows connect ‘cognitive alignment’ and ‘behaviour alignment’ because these processes
are mutually reinforcing in our model.
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What is the benefit of behaviour alignment? Garrod and Pickering (2004) suggest that people
align their linguistic behaviour because it makes conversation easier. If you and your partner use the
same signs to communicate the same meanings, it is likely that you also share similar mental
representations (i.e., you are cognitively aligned). This frees people from having to repeatedly infer
their partner’s brain state – they can assume it is the same as their own (Garrod & Pickering, 2004;
Pickering & Garrod, 2004). In this way, behaviour alignment facilitates cognitive alignment.
Experimental simulations support this suggestion. When interacting participants use the same signs
to communicate the same meanings, they enjoy more successful communication. This is seen in
tasks in which participants communicate using their pre-existing language (e.g., Fusaroli et al.,
2012), and in tasks in which participants must create new communication systems from scratch; by
drawing (e.g., Fay, Garrod, Roberts, & Swoboda, 2010; Galantucci, 2005; Garrod et al., 2007), by
gesture (e.g., Fay et al., 2013, 2014; Lister et al., 2015), or by vocalization (Perlman & Cain, 2016;
Perlman et al., 2015).
These studies indicate a correlation between behaviour alignment and cognitive alignment,
but do not speak to the causal role of behaviour alignment on cognitive alignment. This was
examined by Fay, Walker, Swoboda and Garrod (2018) using a Pictionary-type task. Pairs of
participants took turns communicating a range of experimenter-specified meanings to their partner
over a virtual whiteboard. However, one group of participants was instructed not to copy their
partner’s signs, thereby eliminating the opportunity for behaviour alignment. As predicted, pairs who
were prevented from aligning their signs demonstrated lower cognitive alignment compared to pairs
of participants permitted to align their signs. This study demonstrates a causal relationship between
behaviour alignment and cognitive alignment, such that behaviour alignment drives cognitive
alignment.
In our model, we propose that causality operates in both directions, i.e., that behaviour
alignment drives cognitive alignment and cognitive alignment drives behaviour alignment. With
regards to the latter, one must at least partially understand the meaning of the sign produced by their
partner if they are to reuse that sign to communicate the same meaning. Thus, we argue that a
mutually reinforcing relationship develops between behaviour alignment and cognitive alignment,
with cognitive alignment driving behaviour alignment, and behaviour alignment driving cognitive
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alignment. This relationship is reflected in the bidirectional arrows connecting ‘behaviour alignment’
and ‘cognitive alignment’ in our model.

1.3)

Process 3: Sign refinement drives symbolization
In Section 2, we argued that motivated signs help ground shared meanings when creating a

novel communication system. However, a review of modern languages indicates that signs do not
remain motivated. Even signed languages, regarded as highly motivated communication systems,
undergo symbolization and become less motivated over time (Bellugi & Klima, 1976; Sandler,
Aronoff, Meir, & Padden, 2011). Peirce (1960) suggested that symbols arise out of pre-existing
motivated signs, such as icons. What drives sign symbolization, and what are the benefits of symbols
over motivated signs?
The transition from motivated signs to symbolic signs has been observed in a range of
contexts. For instance, since its inception in 1816, American Sign Language signs have gradually
lost their motivation and become increasingly symbolic (Frishberg, 1975). Similarly, early written
scripts (e.g., early Egyptian, ancient Chinese, Sumerian) are more motivated compared to later,
more symbolic versions (Wescott, 1971). Westcott (1971) notes that the older a script is, the more
motivated it tends to appear (for example, Roman numerals are more motivated than Arabic
numerals). If you look back far enough, Westcott (1971) argues, you can uncover the motivated roots
of many language systems. For instance, in our modern alphabet, ‘A’ derives from an earlier sign,
‘’, which depicted a horned ox head (Wescott, 1971).
A similar icon-to-symbol transition has been observed in experimental studies. In spoken
language studies, participants’ object descriptions become more succinct and less motivated over
repeated interactions. For instance, in Clark & Wilkes-Gibbs’ (1986) study, participants repeatedly
described a variety of geometric shapes to a partner. Initially, participants used elaborate figural
descriptions to communicate the shapes, but over repeated interactions the object descriptions
became more succinct and abstract. For example, ‘‘[it] looks like a person who’s ice skating, except
they’re sticking two arms out in front’ became ‘the ice skater’ over repeated interactions (for similar
results, see Garrod & Anderson, 1987). The same pattern is evident in the example from the
graphical communication task shown in Figure 1.2. Over repeated interactions, the motivated signs
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became simpler and more symbolic. This icon-to-symbol transition has been widely replicated in a
range of graphical referential communication tasks (Fay & Ellison, 2013; e.g., Fay et al., 2008;
Garrod et al., 2007; Healey, Swoboda, Umata, & Katagiri, 2002; Theisen, Oberlander, & Kirby, 2010).
While motivated signs help bootstrap human communication systems, the signs invariably shift
towards arbitrariness over time.
What drives this transition from motivated signs to arbitrary signs? In our model, concurrent
partner feedback (i.e., moment-to-moment feedback between Director and Matcher) drives sign
refinement. We suggest that sign symbolization occurs as a consequence of this interactive
feedback. As signs become simpler (refinement), they are stripped of elements that are nonessential to conveying their meaning (Garrod et al., 2007). The less information contained in the
sign, the fewer iconic or indexical elements it can possess, so motivation decreases. This causes
the signs to become more arbitrary over time.
Support for these processes comes from Garrod et al. (2007), who highlighted the importance
of concurrent partner feedback to the refinement and symbolization of emerging communication
systems. In their graphical referential communication task, they manipulated partner feedback such
that Matchers could or could not provide concurrent feedback to the Director. Garrod et al. (2007)
found that participants who were allowed to interact directly and provide concurrent feedback
produced increasingly refined and symbolic signs over games. By contrast, Directors who did not
receive feedback from their partner produced signs that became increasingly complex across
games. These findings demonstrate the importance of moment-to-moment interactive feedback
between partners when refining and symbolizing an emerging communication system. A similar
pattern of results is returned by Fay et al. (2018). In addition, similar results are seen in verbal
referential communication studies (e.g., Bavelas, Coates, & Johnson, 2000; Brennan & Clark, 1996;
Fusaroli et al., 2012; Hupet & Chantraine, 1992; Schober & Clark, 1989). Together, these studies
convincingly demonstrate that concurrent feedback is crucial to sign refinement. As the signs are
refined they become more symbolic, leading to an increasingly efficient and arbitrary communication
system.
What is the benefit of transitioning from motivated signs to more symbolic signs? We suggest
two benefits. First, it makes communication more efficient. The principle of least collaborative effort
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(Clark & Wilkes-Gibbs, 1986) suggests people tend to develop communication systems that require
minimum effort to process. Simple signs require less cognitive effort to produce and perceive, thus,
once people understand each other, it is beneficial for them to simplify their signs to reduce their
collaborative effort. Second, transitioning to more symbolic signs facilitates lexicon expansion
(Perniss et al., 2010). In symbolic spoken languages, we can make fine-grained distinctions between
semantically related concepts (e.g., ‘running’, ‘jogging’, ‘sprinting’). Semantically related concepts
would be harder to distinguish using motivated signs as motivated signs for similar meanings will
look or sound similar. Computer simulations show that motivated signs are most useful when there
is a small lexicon, and therefore a low chance of producing confusable signs (Gasser, 2004), but as
the lexicon expands, arbitrary signs are preferred. We argue that a pressure to communicate
efficiently, plus the opportunity for lexicon expansion, is facilitated by sign refinement and
symbolization.
Our model captures the transition from motivated sign to symbol through sign refinement. An
arrow leads from ‘cognitive alignment’ to ‘sign refinement’ to show that once interacting partners
have cognitively aligned, their sign system does not need to remain motivated, and can then be
refined and become more symbolic. As each sign is refined, partners continue to align upon the
simplified sign. This is reflected by the arrow that leads from ‘sign refinement’ to ‘behaviour
alignment’. Sign refinement relies on concurrent partner feedback, which is indicated by the dotted
lines. Thus, concurrent partner feedback enhances the efficiency of the communication system
through the refinement and symbolization of the signs.

Conclusion
We propose an empirically derived theoretical model that describes how simple human
communication systems arise and evolve through social interaction. We describe three key
processes that contribute to the evolution of shared, symbolic sign systems. First, motivated signs
allow people to directly link form to meaning. This helps bootstrap communication by enabling
interacting partners to understand each other. Second, once mutual understanding is established
(cognitive alignment) people tend to align their signs (behaviour alignment), leading to a shared
inventory of sign-to-meaning mappings. In addition, behaviour alignment reinforces cognitive
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alignment. Third, after mutual understanding is established, people tend to refine and symbolize their
initially motivated signs. This process improves the efficiency of the evolving communication system
and facilitates lexicon expansion. Together, these processes allow new sign systems to be created,
and to become shared and efficient. In other words, through these processes communication
systems become functionally adapted for use.
The emergence of communication systems is widely researched, however there is currently
no big-picture model of the basic processes underpinning sign creation and evolution. Through our
synthesis of the literature, we have developed a theoretical model that captures these processes.
Because it is not bound to a single modality, the model allows us to describe the creation of sign
systems more generally and helps conceptualize language evolution across a range of contexts.

16

Chapter 2.

Testing the model of sign creation and change

Testing the model of sign creation and change

Introduction
Human languages are ubiquitous, complex and dynamic, and the processes that underpin
their creation and evolution are still not fully understood. Languages do not fossilize, so we cannot
find conclusive answers about language origin in the fossil record. In the absence of direct physical
evidence, researchers try to model the processes by which human communication systems (such
as language) arise and become shared, symbolic and structured. Though we do not know the exact
circumstances under which our original language arose (Dediu & Levinson, 2013), two facts are
uncontested: 1) at some point in the past our ancestors had no language, and 2) modern humans
now have a complex, symbolic, and shared language. Thus, a good model of language origin and
evolution needs to explain how effective (understandable) communication systems can be created,
as well as how they can become symbolic and shared.
In this chapter, I use an experimental approach to test the model of sign creation and change
proposed in Chapter 1 (Lister & Fay, 2017). This model (see Figure 2.1) describes three processes
that I argue are key to bootstrapping an effective communication system. A communication system
is effective if its users are able to understand each other (in other words, if they are ‘cognitively
aligned’). Thus, each of the 3 processes within the model facilitates, or is driven by, cognitive
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alignment. First, the production of motivated signs (i.e., iconic or indexical signs that share a nonarbitrary relationship with their referent) helps ground meaning and ensure that people understand
one another, leading to cognitive alignment. Second, behaviourally aligning one’s sign-to-meaning
mappings with a partner results in a shared communication system. This enhances cognitive
alignment. Third, after interlocutors are cognitively aligned, refinement and symbolization of signs
leads to a more efficient, symbolic communication system. In the model, an arrow leads from sign
refinement to behaviour alignment, to indicate that the two processes occur alongside one another.
As the sign system is refined, its users continue to align their signs, enhancing sign sharedness and
driving sign symbolization.

Figure 2.1

Model for sign creation and change proposed by Lister and Fay (2017). Motivated signs

facilitate cognitive alignment; behaviour alignment (indicated by the dotted lines) reinforces cognitive alignment
and drives the creation of an inventory of shared sign-to-meaning mappings; concurrent partner feedback
(indicated by the dashed lines) drives sign refinement, making communication more efficient.

In this chapter, I describe three referential communication experiments that explore the
processes within the model. The experiments employ a similar methodology to the referential
communication task conducted by Fay, Lister et al. (2014), in which pairs of participants try to
communicate lists of words to a partner through gestures or through non-lexical vocalizations
(sounds that are not words). In the present experiments, I examine: 1) participants’ ability to produce
motivated signs (i.e., signs that directly resemble their meaning) through gestures and vocalizations,
2) participants’ ability to comprehend the meanings of their partner’s gestures and vocalizations, 3)
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the degree to which interacting pairs of participants establish a shared communication system, and
4) the degree to which interacting participant pairs refine their communication system with repeated
use. This enables me to explore each process within the model, and to determine the extent to which
the processes interrelate.
In Sections 2.1 – 2.4 I elaborate on each of these processes and the research that supports
its inclusion in the model. In Section 2.5, I outline the experiments I conducted to empirically test the
model. I then describe the experimental hypotheses and report the results of each experiment.
Finally, I discuss whether the findings support my model of sign creation and change proposed in
Chapter 1 (Lister & Fay, 2017).

2.1)

Cognitive Alignment leads to effective communication systems
For a communication system to function effectively, it needs to be understandable. In my

model (Lister & Fay, 2017), I use the term ‘cognitive alignment’ to refer to a situation in which
interlocutors have coordinated their mental states, and consequently understand each other. In
referential communication tasks that require participants to communicate meanings to a partner,
cognitive alignment is often operationalized in terms of ‘communication success’ or ‘identification
accuracy’. Participants’ identification accuracy is the percentage of their partner’s meanings that they
are able to identify correctly. Correctly identifying your partner’s meaning leads to greater
communication success. Thus, the terms are often used interchangeably. In referential
communication tasks, such as Fay, Lister et al. (2014), measures of cognitive alignment are the
dependent variable of interest.
In my model (Lister & Fay, 2017), cognitive alignment is the main objective measure to which
the other processes in the model relate. Measuring participants’ identification accuracy allows me to
assess the degree to which they are cognitively aligned with their partner, and to determine whether
the developing communication system is serving its primary function: enabling information to be
accurately passed from one individual to another. In the subsequent sections (Sections 2-4) I
describe the three remaining processes within the model: motivated sign production, behaviour
alignment, and sign refinement. Because the model describes the establishment of a successful
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communication system, these processes either facilitate, enhance or accompany cognitive
alignment.

2.2)

Motivated signs ground shared meaning and facilitate cognitive alignment
Any model that seeks to explain how communication systems originate is tasked with

providing a solution to the Symbol Grounding Problem (Harnad, 1990). That is, the model must
explain how individuals come to be able to assign meanings to novel signs in the absence of a preexisting language through which to define them. In Chapter 1 (Lister & Fay, 2017), I argue that using
motivated signs is the first key step in bootstrapping a communication system. Because motivated
signs look like or sound like the concepts they represent, they can be understood in the absence of
a shared language.
The utility of motivated signs in bootstrapping communication systems is well supported.
Naturalistic studies show that children learn motivated words earlier in development, both in signed
and spoken languages (Bohn et al., 2016; Imai & Kita, 2014; Monaghan et al., 2014; Perry et al.,
2015). Children as young as 14 months are also better at learning novel names for shapes when the
names are motivated (Miyazaki et al., 2013). For instance, Miyazaki et al. (2013) found that 14month-olds were better able to learn the word ‘kipi’, a sound with sharp inflections, when given as
the name for a spiky shape, and ‘moma’, a sound with softer inflections, when given as the name for
a rounded shape (see also Köhler, 1947; Westbury, 2005). This suggests that motivated signs
facilitate language acquisition. Similar findings are reported for adults learning novel signs. For
instance, Kita, Özyürek, Allen and Ishizuka (2010) found that English speaking adults understood
the meanings of motivated sounds produced by Japanese toddlers at above chance levels, indicating
that motivated signs can be understood in the absence of a shared language.
In referential tasks that prevent participants from using their pre-existing language,
participants who create more highly motivated signs enjoy greater communication success
compared to those whose signs are less motivated (e.g., Fay et al., 2008; Garrod et al., 2007;
Perlman et al., 2015). In their referential communication task, Fay, Lister et al. (2014) had
participants play a ‘charades’ game that restricted their communication to either only gestures, only
non-lexical vocalizations (sounds that are not words), or a combination of gestures and vocalizations.
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Participants took part in pairs and were asked to communicate a series of 18 recurring meanings
(emotion, action and object words) to their partner over 12 games. Across games, participants
alternated roles between Directing (i.e., communicating the meanings to their partner) and Matching
(i.e., attempting to guess what meaning their partner was communicating). Fay, Lister et al. (2014)
found that Matchers guessed a higher percentage of meanings correctly across all games when their
partner communicated using gesture, compared to Matchers whose partner communicated using
only non-lexical vocalizations (see also Fay et al., 2013 for a similar pattern of results). The authors
speculated that participants who gestured were more successful than those who vocalized because
of the greater affordance of motivated signs in the gestural modality, compared to the Vocal modality.
They argued that motivated signs play an important role in getting new communication systems
started because they help interlocutors to cognitively align their mental representations for each
meaning. As a result, participants who gesture are better able to understand each other; i.e., they
have enhanced communication success.
Though Fay, Lister et al. (2014) measured communication success (i.e., the percentage of
meanings that participants guessed correctly), they did not measure sign motivation. Sign motivation
is often conceptualized in terms of categories that reflect a sign’s degree of motivation (e.g., Peirce,
1960). For instance, according to Peirce (1960), a sign may be classed as an icon, an index or a
symbol. Icons bring their referent to mind through a direct perceptual resemblance (e.g., a photo of
an apple directly resembles the apple); indices bring their referent to mind through a natural
association between the sign and the referent (e.g., the smell of smoke is an index of fire); and
symbols share no direct resemblance to, or natural association with, their referent (e.g., there is
nothing about the written symbol ‘house’ that brings a house to mind, aside from learned
association).
Though these groupings do reflect levels of sign motivation (for instance, icons are more
motivated representations than indices, as they are less abstracted from their referent), they do not
reflect the continuous nature of sign motivation. Wescott (1971) noted that sign motivation “is a
relative rather than an absolute characteristic of any communication system”. Three categorical
levels of motivation (icon, index, symbol) do not adequately capture this continuous spectrum, and
may artificially ‘cap’ the degree to which we can understand the impact of motivation on
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communication success. Thus, in Experiments 1 and 2, rating scales are used to capture the
continuous nature of sign motivation. Each sign a participant produces is rated in terms of how
closely it resembled its meaning, from 0 (highly symbolic) to 6 (highly motivated). Through this rating
scale, I aim to better understand, with improved resolution, how sign motivation changes as a result
of social interaction, and how it relates to communication success.

2.3)

Aligning on a shared sign system enhances cognitive alignment
One feature of modern languages is their sharedness. That is, people who speak the same

language predominantly use the same signs to represent the same meanings. For a sign system to
become shared, interlocutors must copy each other’s signs when communicating the same
meanings. This pair-wise copying has been shown to lead to population-level shared systems (e.g.,
Fay et al., 2010). Garrod and Pickering (2004) argue that alignment upon a shared sign system
reduces the cognitive effort required for communication because individuals in conversation only
need to remember one set of sign-to-meaning mappings (as opposed to remembering their own and
their partner’s). In this way, behaviour alignment leads to greater cognitive alignment and increased
communication success; if less cognitive effort is required to comprehend your partner’s meaning,
you are likely to communicate successfully more often.
Referential communication tasks support this suggestion. Whether they are communicating
in their pre-existing language (e.g., Fusaroli et al., 2012), or creating a new communication system
from scratch (e.g., Fay et al., 2010; 2014; Galantucci, 2005; Garrod et al., 2007; Perlman & Cain,
2016; Perlman et al., 2015), participants who align their sign-to-meaning mappings with their partner
communicate more successfully (i.e., they achieve greater cognitive alignment). Moreover, when
participants are prevented from aligning upon a shared sign system, their communication success
is impaired (Fay et al., 2018). I have suggested that behaviour alignment and cognitive alignment
are mutually reinforcing processes; increased behaviour alignment facilitates cognitive alignment,
and increased cognitive alignment facilitates behaviour alignment (Lister & Fay, 2017). In
Experiments 1 and 2, I use a Likert-type rating scale to rate participants’ signs in terms of how similar
they are to their partner’s sign for the same meaning. A rating of 0 indicates no similarity between a
participant’s sign and their partner’s, a rating of 6 indicates high similarity between a participant’s
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sign and their partner’s. This helps me to capture the progression from signs that are not aligned to
those that are highly aligned. In line with Fay, Lister et al. (2014) I predict that behaviour alignment
with be positively associated with cognitive alignment (i.e., behaviour alignment will facilitate
improved communication success).

2.4)

Refining and symbolizing the sign system makes communication more efficient
Given that motivated signs are important when bootstrapping communication systems, a

good model for language evolution must explain why the communication systems we use today are
predominantly symbolic, and how they came to be that way. In Chapter 1 (Lister & Fay, 2017), I
argue that communication systems become more symbolic over time because people refine their
signs through repeated social interactions, making their communication system more efficient. When
a sign is refined and simplified, some of the information it contains is lost. This can reduce the extent
to which the sign resembles its meaning, resulting in a loss of motivation (see also Garrod et al.,
2007). Although this reduction in motivation may make it more difficult for a naïve viewer to
comprehend the meaning of the sign, it is not a problem for the pair who has refined the sign through
interaction. These individuals can remember the original meaning of the sign irrespective of its loss
in motivation. In effect, the motivation of the sign has become embedded in the pair’s interactional
history, so it can be refined without lowering communication success. With repeated interaction,
these individuals enjoy improved communication success as a consequence of cognitive and
behavioural alignment, and improved communication efficiency as a consequence of sign
refinement.
Sign refinement is observed in spoken language studies, in which participants’ originally
detailed and motivated descriptions for objects become increasingly succinct and less motivated with
repeated interaction (e.g., Brennan & Clark, 1996; Clark & Wilkes-Gibbs, 1986; Garrod & Anderson,
1987; Schober & Clark, 1989). Likewise, in graphical communication tasks that require participants
to make up novel signs from scratch, participants’ drawings refine and symbolize over repeated
interactions (Fay, Ellison, et al., 2014; Fay & Ellison, 2013; Fay et al., 2008; Garrod et al., 2007;
Healey et al., 2002; Theisen et al., 2010). Because interlocutors in these studies began by grounding
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meaning through the use of motivated signs, their signs could refine and symbolize without a
reduction to communication success. In fact, in these studies, communication success improves.
Different techniques are used to quantify sign refinement and sign symbolization. Fay and
Ellison (2013) used the time participants took to produce graphical signs as a measure of sign
efficiency. In other graphical communication tasks, ‘perimetric complexity’ (as described by Pelli,
Burns, Farell, & Moore-Page, 2006) is used as a means of quantifying sign complexity (see also Fay,
Garrod, MacLeod, Lee, & Oberlander, 2004; Garrod et al., 2007, 2010; Walker, Fay, Rogers, &
Swoboda, 2009). As an alternative measure of sign symbolization, Garrod et al. (2007; see also Fay
et al., 2008) ran an ‘overseer study’. They took signs produced by interacting participants at Games
1 and 6 and presented them to naïve viewers. Viewers shown signs at Game 1 were more successful
than those shown signs from Game 6. Garrod et al. (2007) argued that Game 1 signs were easier to
interpret because they were more highly motivated compared to the signs produced at Game 6,
which had undergone refinement and symbolization.
While these studies adopt measures associated with sign symbolization, they do not measure
sign symbolization directly. For instance, Pelli et al. (2006) assume that a reduction in sign
complexity means that the communication system has undergone symbolization. In the current
experiments, my motivation ratings provide a direct measure of sign symbolization. Highly motivated
and highly symbolic signs lie at opposite ends of the spectrum of sign motivation, which ranges from
0 (highly symbolic) to 6 (highly motivated). Thus, a reduction in sign motivation across games
indicates that participants are symbolizing their communication system. By using a rating scale to
measure changes to sign motivation, I examine sign symbolization directly. In line with graphical
(e.g., Garrod et al., 2007) and spoken language studies (e.g., Clark & Wilkes-Gibbs, 1986; Garrod
& Anderson, 1987), I predict that participants will refine their sign systems over repeated social
interaction, resulting in a reduction in sign motivation.

2.5)

Testing the model of sign creation and change
Although the model proposed in Chapter 1 (Lister & Fay, 2017) is based upon a review of

findings across observational and experimental studies, it has not been empirically tested. The
studies that inform the model focus on one or two of the processes, but no single study has examined
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all three processes at once. The goal of this chapter is to determine how interacting individuals
collaboratively create novel communication systems in a task that prohibits them from using a shared
language. In the following experiments, participants play a communication game (based on Fay,
Lister et al., 2014), in which they must communicate meanings to a partner through either gestures
or non-lexical vocalizations (sounds that are not words). I quantify sign motivation, behaviour
alignment and sign refinement, and determine how these processes relate to cognitive alignment
(communication success). This allows me to empirically test the model outlined in Chapter 1 (Lister
& Fay, 2017).
There is a potential confound in the methods used by Fay, Lister et al. (2014) that is
addressed in Experiment 1. In Fay, Lister et al. (2014), participants took part in pairs, and were able
to interact with their partner in real-time (i.e., to indicate confusion or comprehension, or to request
clarification). In the Gesture modality, participants were seated face-to-face across a table. In the
Vocal modality, participants were seated back-to-back, to prevent them from conveying additional
information to their partner through inadvertent gestures or facial expressions. This design may have
benefited communication in the Gesture modality, as participants were able to see the moment-tomoment expressions of comprehension or confusion on their partner’s face, or through their partner’s
body language, as well as to take note of when their partner struggled or made their guess for each
meaning. In the Vocal modality, this fine-grained concurrent interactive feedback was not available.
This difference may account for the improved effectiveness of communication in the Gesture
modality. Thus, before examining how participants created novel communication systems through
interaction, I needed to confirm that superiority of gestural communication observed in Fay, Lister et
al. (2014), was not simply a consequence of the experimental design. Experiment 1 removed this
potential confound by preventing face-to-face interaction in both gestural and vocal modalities.
Instead of communicating to a partner across a table, participants took part individually,
communicating their lists of meanings to a video camera. Their partner viewed these recordings at
a later date. This eliminated the opportunity for interactive feedback from both modalities, making
the Gesture and Vocal modality conditions directly comparable.
Experiment 1 confirmed that the findings in Fay, Lister et al. (2014) could be replicated when
face-to-face interactive feedback was prevented. Thus, Fay, Lister et al.’s (2014) observations of
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gestural superiority were not an artifact of their interactive experimental design. This meant I could
return to an interactive design based on Fay, Lister et al. (2014) in Experiment 2. In Experiment 2, I
examine sign motivation, behaviour and alignment as they develop between interacting participants.
Allowing participants to interact in real-time means I can examine sign motivation and behaviour
alignment over repeated social interactions. This was not possible in Experiment 1, as participants
only played one game. In both Experiments 1 and 2, ratings scales are used to quantify sign
motivation and behaviour alignment across a series of communication games.
Experiments 1 and 2 also address a potential limitation common to referential communication
tasks, and experimental psychology tasks more generally. Often these tasks require participants to
communicate the same 20 concepts (or fewer) to a partner (e.g., Fay et al., 2013; 2014; Garrod et
al., 2007; Perlman, Dale, & Lupyan, 2014). Using a small meaning set limits the generalizability of
any findings, as it is possible that results are specific to the experimenter-selected meanings and
may not apply beyond them. For example, the 18 meanings Fay, Lister et al. (2014) presented to
participants may have lent themselves more readily to communication in the Gesture modality
relative to the Vocal modality. In the following experiments, meanings are sampled from a list of 1000
of the most common nouns, verbs and adjectives in English. This strengthens the generalizability of
the findings. To my knowledge, these are the first referential communication experiments to sample
from such a wide range of meanings, or to simultaneously explore the three processes that I argue
are key to establishing a new communication system (Lister & Fay, 2017).

Experiment 1:
A non-interactive study of sign creation through gestures and vocalizations
Experiment 1 examined how people create novel communication systems in a non-interactive
setting, when prohibited from using their pre-existing language. Participants played a charades-like
game in which they were asked to communicate lists of meanings to a video camera, in such a way
that a partner could identify the meanings at a later date. Participants were asked to communicate
using only gestures or non-lexical vocalizations (sounds that are not words). The experiment
comprised two games. At Game 1, a group of participants communicated their lists of meanings to
the camera (i.e., acting as Director). At Game 2, a second group of participants viewed the recordings
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of the Game 1 participants and tried to guess what meanings were being communicated (i.e., acting
as Matcher). Game two participants then took on the role of Director. The participants were instructed
to communicate the same list of meanings they viewed in the recordings (in a different order) to the
video camera, in such a way that their original partner could identify the meanings (however these
videos were never replayed to the original partner).
Because gesturing has been associated with greater communication success compared to
vocalizing (e.g., Fay, Lister et al., 2014), I expect to find greater cognitive alignment (i.e., more correct
guesses made by Matchers) in the Gesture modality, compared to the Vocal modality. As gestures
also lend themselves more naturally to the production of motivated signs compared to vocalizations,
I expect to find greater sign motivation in the Gesture modality, compared to the Vocal modality. In
line with the predictions of the model in Chapter 1 (Lister & Fay, 2017), I expect to find a positive
association between motivated sign production by Directors at Game 1 and cognitive alignment of
Matchers at Game 2. In line with Fay, Lister et al. (2014), I expect there to be greater behaviour
alignment in the Gesture modality compared to the Vocal modality (measured by comparing the
similarity between the signs produced by participants at Game 1 with the signs produced by their
partners at Game 2). Finally, in line with the model predictions, I expect cognitive alignment at Game
1 to enhance behaviour alignment at Game 2.

Method

Participants
Sixty undergraduate students (42 females) aged between 16- and 35-years old (M = 19.78,
SD = 3.44), participated in exchange for partial course credit, and completed the testing session in
30 minutes. All were free of auditory, visual, speech and motor impairments. Participants viewed an
information sheet before giving written consent to take part in the experiment. Information sheets
and consent forms were approved by the University of Western Australia Human Ethics Committee.
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Materials
The task was presented on an iPad. When directing, participants were presented with a list
of 18 target meanings (six adjectives, six nouns, six verbs). Target meanings were presented one at
a time on the Director’s iPad screen and Directors tried to communicate each meaning before moving
onto the next meaning. When matching, participants’ iPad screens displayed all of the 18 target
meanings, as well as six distractor meanings (two adjectives, two nouns, two verbs). Distractor
meanings were included to prevent Matchers from working out the correct response by a process of
elimination. Five-hundred and forty target meanings were sampled from a list of 1000 of the most
frequently used words in American English (from the Corpus of Contemporary American English;
Davies, 2008). Target meanings were sampled such that every meaning was communicated once
in each modality. For each pair, one set of target meanings would be generated for the Gesture
modality, and a different set of meanings would be generated for the Vocal modality. These
meanings sets would then be presented to a second pair, in the opposite modality to the first pair.
For instance, if Pair 1 communicated the meaning ‘Scared’ in the Gesture modality and ‘Brother’ in
the Vocal modality, Pair 2 would communicate ‘Brother’ in the Gesture modality and ‘Scared’ in the
Vocal modality. Those meanings (‘Scared’ and ‘Brother’) would not be sampled again for any other
pair.
Distractor meanings comprised the same 12 meanings for all participant pairs; 6 of these
were presented in the Gesture modality, and 6 in the Vocal modality. Though the same distractor
meanings were used for all pairs, each pair had a different combination of the 12 distractors, i.e., for
some pairs a meaning would be a distractor in the Vocal modality, for other pairs it would be a
distractor in the Gesture modality. Distractors were never used as target meanings, and target
meanings were never used as distractors (see Table 2.1 for a sample set of target and distractor
meanings). For the full list of all meanings sampled see Supplementary Materials 1.

Table 2.1

A sample of the experimental meanings participants tried to communicate to their partner via

the video camera (distractor meanings are given in italics).
Adjective

Noun

Verb
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Domestic

Image

Describe

Remote

Area

Gather

Permanent

Company

Smile

Fellow

Memory

Dominate

Scared

Food

Eat

Round

End

Describe

Ugly

Newspaper

Attach

Bitter

Forest

Smell

Task and Procedure
Participants tried to communicate 18 meanings to an absent partner via a video camera, in
such a way that their partner could correctly identify the intended meanings when later viewing the
video recordings. Like the game Charades, participants were prohibited from using their pre-existing
language. Instead, they had to communicate either in the Gesture modality (i.e., through movements
of the hands, body and face), or in the Vocal modality (i.e., by making sounds that are not words,
using the body or vocal chords).
As mentioned, the experiment occurred as two separate games across two cohorts of
participants. During Game 1, the first cohort (N = 30) communicated their list of meanings to the
camera (acting as Director). Meanings were presented one at a time on the Director’s iPad (Figure
2.2a). After communicating each meaning, Directors clicked a button to progress to the next
meaning. During Game 2, the second cohort of participants (N = 30) began in the role of Matcher
and were paired with a partner from the first cohort. Each participant viewed the recordings of the
signs produced by their partner and tried to guess which meanings were being communicated from
a list on their iPad. Matchers were presented with all 18 target meanings, plus 6 distractor meanings
for each modality (Figure 2.2b). In the Gesture modality, Matchers viewed muted video clips. In the
Vocal modality, they listened to audio-only clips. Matchers were shown their partner’s signs for each
meaning one at a time, in the same order in which their partner had produced them. Matchers made
their guesses using the iPad touch screen. Following this, the participants in the second cohort took
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on the role of the Director. They were presented with the same list of meanings as their partner (in
a different order) and asked to communicate those meanings to the camera. All participants took
part in the Gesture and Vocal modalities.

Figure 2.2

a) An example of a word presented to a Director the Gesture modality. Directors would

communicate each word to a video camera before clicking a ‘next’ button to progress to the next trial, b) An
example of a video recording of a Director presented to a Matcher, with all possible responses listed
underneath. Once they had made their response, Matchers clicked a ‘next button to progress to the next trial.

Meanings were counterbalanced across modalities so that each meaning was
communicated by one pair in the Gesture modality and one pair in the Vocal modality. For
example, if Pair 1 communicated the meaning ‘dog’ in the Gesture modality, and ‘angry’ in the
Vocal modality, Pair 2 would communicate the meaning ‘angry’ in the Gesture modality, and ‘dog’
in the Vocal modality. This ensured that all meanings were communicated in both modalities, but
that no one pair communicated the same meanings across both modalities.

Results

The data was analysed using logistic and linear mixed effects modeling. All analyses were
conducted in R (R Development Core Team; Venables & Smith, 2006). Models were estimated using
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the glmer() and lmer() functions of lme4 (Bates & Sarkar, 2007). All predictors were centered prior
to analysis. Following Barr (2013), a maximal random effects structure was specified where possible.
Sections 1-3 examine cognitive alignment (operationalized as communication success), sign
motivation and behaviour alignment between the Gesture and Vocal modalities. Section 4 examines
the relationships between cognitive alignment, sign motivation and behaviour alignment.

1. Cognitive Alignment in the Gesture and Vocal Modalities
Cognitive alignment was measured in terms of communication success; whether (or not) a
Matcher guessed a given sign correctly. This was a binary measure; if a sign was guessed correctly
it was coded as ‘1’, if it was guessed incorrectly it was coded as ‘0’. Communication success was
recorded for every sign shown to the Matchers at Game 2. The data was analysed using a logistic
mixed effects model. Communication success (0, 1) was the dependent variable. Modality was
entered as a fixed effect. The random effects structure included intercepts for meaning type
(adjective, noun, verb), and participant dyads, as well as a by-dyad random slope for the effect of
modality. This was the maximal model that would converge. In line with Fay, Lister et al. (2014), I
expected to observe greater communication success (i.e., a higher percentage of correctly guessed
items) in the Gesture modality, compared to the Vocal modality. The data supported this prediction;
communicating through gesture led to greater communication success than communication through
vocalizations (Table 2.2, Figure 2.3a).

Table 2.2

Cognitive alignment (i.e., communication success) in the Gesture and Vocal modalities:

results of the logistic mixed effects model.

Fixed effects

Estimate

Standard Error

z value

Pr (>|z|)

-9.410

< .001 ***

Final logistic mixed effects model (BIC = 1274.1)
Modality

-1.7168

0.1824

Note: The results reported in Table 2.2 were confirmed by model comparisons.
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Figure 2.3

a) Cognitive alignment (operationalized as communication success; the percentage of correct

guesses made by Matchers) in the Gesture and Vocal modalities; b) Mean sign motivation in the Gesture and
Vocal modalities at Games 1 and 2 (a rating of 0 indicates no sign motivation, a rating of 6 indicates high sign
motivation); and c) Mean behaviour alignment between pairs of participants across Games 1 and 2 in the
Gesture and Vocal modalities (a rating of 0 indicates no alignment, a rating of 6 indicates high alignment).
Each data point represents a dyad’s performance on each measure in the Gesture and Vocal modalities. Error
bars represent 95% confidence intervals.

2. Sign Motivation in the Gesture and Vocal Modalities
I predicted that sign motivation would be greater in the Gesture modality compared to the
Vocal modality. To quantify sign motivation, video recordings of participants signs at Game 1 and
two were viewed (2160 videos in total), and their signs were coded with respect to their degree of
motivation on 7-point Likert scale (with 0 indicating that the sign is highly symbolic and 6 indicating
that the sign is highly motivated). I rated all signs at Game 1 and 2 in terms of their motivation. A
second coder coded 20% of the videos (432 videos) for sign motivation. Inter-rater reliability was
supported by the high Krippendorff's alpha, α = .73.
The sign motivation data was analysed using a linear mixed effects model. Sign motivation
(0 - 6) was the dependent variable. Modality (Gesture, Vocal) and Game (1 - 2) were entered as
fixed effects with interaction. The random effects structure included an intercept for participant dyads
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and meaning type, as well as a by-dyad random slope for the interaction between modality and
game, and a by-meaning type random slope for the effect of game. This was the maximal model that
would converge. In line with my predictions, sign motivation was significantly greater when
participants gestured compared to when they vocalized (Table 2.3, Figure 2.3b).

Table 2.3

Sign motivation in the Gesture and Vocal modalities: results of the linear mixed effects model.

Fixed effects

Estimate

Standard Error

df

t value

Pr (>|z|)

Initial linear mixed effects model (BIC = 8996.4)
Modality

-2.5556

0.1265

30.0200

-20.198

< .001 ***

Game

0.1537

0.1157

10.2600

1.328

0.213

Modality * Game

-0.1148

0.1626

220.6500

-0.706

0.481

30.2560

-20.51

< .001 ***

Final linear mixed effects model (BIC = 8983.0)
Modality

-2.5755

0.1256

Note: The results reported in Table 2.3 were confirmed by model comparisons.

The effect of game upon sign motivation did not reach statistical significance, χ2(1) = 2.47,
p= 0.291. Thus, participants produced more motivated signs in the Gesture modality compared to
the Vocal modality, but sign motivation did not change from Game 1 to Game 2 in either modality.

3. Behaviour Alignment in the Gesture and Vocal Modalities
I predicted that behaviour alignment would be greater in the Gesture modality compared to
the Vocal modality. To quantify behaviour alignment, video recordings of participants’ signs were
viewed, and their signs were coded with respect to their degree of alignment. Participants’ signs
were rated on a 7-point Likert-type scale (where 0 indicates that the pair’s signs are not aligned, and
6 indicates that the pair’s signs are completely aligned). To rate behaviour alignment, a participant’s
sign needs to be compared with the sign their partner used on the previous game when
communicating the same meaning. Thus, behaviour alignment ratings were made between Games
1 and 2, yielding a single rating for each meaning, per pair. I rated all participants’ Game 2 signs in
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terms of how closely they resembled their partner’s Game 1 signs for the same meanings. A second
coder rated 20% of the videos (864 videos) for behaviour alignment. Inter-rater reliability was
supported by the high Krippendorff's alpha, α = .81.
The behaviour alignment data was analysed using a linear mixed effects model. Behaviour
Alignment (0 - 6) was the dependent variable. Modality (Gesture, Vocal) was entered as a fixed
effect. The random effects structure included by-dyad and by-meaning type random intercepts. This
was the maximal model that would converge. In line with my predictions, participants who gestured
aligned upon a shared sign system to a greater extent than those who vocalized (Table 2.4, Figure
2.3c).

Table 2.4

Behaviour alignment in the Gesture and Vocal modalities: results of the linear mixed effects

model.

Fixed effects

Estimate

Standard Error

df

t value

Pr (>|z|)

1050.000

-14.02

< .001 ***

Final linear mixed effects model (BIC = 4562.7)
Modality

-1.66667

0.11887

Note: The results reported in Table 2.4 were confirmed by model comparisons.

4. Does Motivation Facilitate Cognitive Alignment?
I predicted that greater sign motivation at Game 1 would lead to greater cognitive alignment
(i.e., improved communication success; more correct guesses made by Matchers) at Game 2. To
test this, I ran a logistic mixed effects model on the data. Communication success (0, 1) was my
dependent variable. Sign Motivation (0-6) and Modality (Gesture, Vocal) were entered as fixed
effects with interaction. The random effects structure included intercepts for participant dyad and
meaning type, as well as a by-dyad and by-meaning type random slopes for the effect of modality.
This was the maximal model that would converge.
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Greater sign motivation at Game 1 was associated with higher communication success at
Game 2. In addition, sign motivation and communication success were greater in the Gesture
modality compared to the Vocal modality (Table 2.5, Figure 2.4). There was an interaction between
sign motivation and modality (marginal effect). Removing the interaction reduced model fit (χ2(1) =
3.893, p = .0485). The interaction reflects the strength of the relationship between sign motivation
and communication success in the Gesture modality ( = 0.3821) compared to the Vocal modality
( = 0.5456). Higher sign motivation in the Vocal modality was more strongly associated with
communication success (i.e., greater cognitive alignment) compared to the Gesture modality.
Though participants in the Vocal modality had lower overall sign motivation and communication
success compared to participants in the Gesture modality, improvements in sign motivation in the
Vocal modality were related to correspondingly greater improvements in communication success,
compared to signs in the Gesture modality.

Figure 2.4

Relationship between sign motivation at Game 1, and communication

success

(operationalized as the percentage of correct guesses made by Matchers) at Game 2. Each data point
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represents a participant dyad. The linear regression lines for each modality are indicated in blue, the grey
shading on either side of each regression line represents a 95% confidence interval.

Table 2.5

Sign motivation and modality at Game 1 predict cognitive alignment (communication success)

at Game 2: results of the logistic mixed effects model.

Fixed effects

Estimate

Standard Error

z value

Pr (>|z|)

Final logistic mixed effects model (BIC = 1157.9)
Sign Motivation

0.4648

0.0417

11.134

< .001 ***

Modality

-1.0131

0.2888

-3.508

< .001 ***

Sign Motivation * Modality

0.1628

0.0834

1.952

0.050912 .

Note: The results reported in Table 2.5 were confirmed by model comparisons.

5. Does Cognitive Alignment Enhance Behaviour Alignment?
Behaviour alignment drives cognitive alignment (Fay et al., 2018). Does this relationship
operate bi-directionally (i.e., does cognitive alignment also drive behaviour alignment)? I predicted
that greater cognitive alignment (i.e., communication success; the percentage of correct guesses
made by Matchers) at Game 1 would lead to greater behaviour alignment at Game 2. To test this, I
analysed the data using linear effects modeling. Behaviour Alignment (0-6) was my dependent
variable. Communication success (0, 1) and Modality (Gesture, Vocal) were entered as fixed effects
with interaction. The random effects structure included by-dyad and by-meaning type random
intercepts, as well as a by-dyad random slope for the effect of modality. This was the maximal model
that would converge.
In line with my predictions, greater communication success at Game 1 led to greater
behaviour alignment at Game 2 in both modalities (Table 2.6, Figure 2.5). There was also a
significant interaction between modality and communication success (Table 2.6). Removing the
interaction reduced model fit, χ2(1) = 11.502 p <.001. In both modalities, communication success at
Game 1 was positively associated with behaviour alignment at Game 2, however this association
was stronger in the Gesture modality ( = 2.28), compared to the Vocal modality ( = 1.43).
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Table 2.6

Communication success (cognitive alignment) and modality at Game 1 predict behaviour

alignment at Game 2: results of the linear mixed effects model.

Fixed effects

Estimate

Standard Error

df

t value

Pr (>|z|)

Final linear mixed effects model (BIC = 4338.3)
Communication Success

2.2977

0.1537

1066.80 14.952

< .001 ***

Modality

-0.7244

0.1757

54.20

-4.122

< .001 ***

Communication Success *

-0.8510

0.2500

1073.80 -3.405

< .001 ***

Modality
Note: The results reported in Table 2.6 were confirmed by model comparisons.

Figure 2.5

Relationship between communication success (operationalized as the percentage of correct

guesses made by Matchers) at Game 1, and behaviour alignment at Game 2. Each data point represents a
participant dyad. The linear regression lines for each modality are indicated in blue, the grey shading on either
side of each regression line represents a 95% confidence interval.
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Discussion

The results of Experiment 1 support the predictions of my model (Lister & Fay, 2017). In line
with the model predictions, motivated signs were associated with greater communication success
(i.e., improved cognitive alignment) across both Gesture and Vocal modalities. This supports my
argument that motivated signs are integral when bootstrapping a communication system because
they enable interlocutors to align their mental representations (i.e., to understand each other).
Though motivated sign production was positively related to cognitive alignment in both modalities,
gestured signs were generally more highly motivated than vocal signs. These findings speak to the
greater affordance of motivated signs in the Gesture modality, supporting previous observations of
gestural superiority when bootstrapping a communication system (Fay et al., 2013; 2014).
My model also predicts that greater cognitive alignment leads to enhanced behaviour
alignment (Lister & Fay, 2017). Interlocutors who do not achieve sufficient cognitive alignment (i.e.,
who do not adequately understand each other’s meanings), will be unlikely to copy their partner’s
signs when communicating the same meanings. If you do not understand the meaning of your
partner’s sign, it will be difficult to use it in the appropriate context, thus lower cognitive alignment
should be associated with lower behaviour alignment. The results support this prediction; participants
who had greater cognitive alignment at Game 1 demonstrated greater behaviour alignment at Game
2 (Figure 2.4), and this effect was stronger in the Gesture modality. This may be because participants
in the Gesture modality were better able to produce motivated signs. Motivated signs, being easier
to comprehend, would thus be copied more often, leading to greater behaviour alignment in the
Gesture modality, compared to the Vocal modality.
Experiment 1 was non-interactive; pseudo-partners were separated from each other in space
and time. This enabled me to explore sign motivation, cognitive alignment, and behaviour alignment
in a highly controlled environment. However, as Pickering and Garrod (2004) note, language occurs
most naturally in the form of dialogue between two co-present individuals, interacting in real-time;
consequently, preventing moment-to-moment interactions between partners likely affected the sign
systems they developed. Thus, a natural extension to Experiment 1 is to have participants play the
same communication game in an environment that allows them to interact with a partner in real-time.
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This enables me to observe how a sign system develops over a series of interactive games, and to
determine how sign motivation, cognitive alignment, behaviour alignment and sign refinement
change over repeated social interactions.
According to the model I proposed in Chapter 1 (Lister & Fay, 2017), receiving interactive
feedback from a conversation partner (e.g., expressions of comprehension or confusion) leads to a
more refined and efficient communication system. I have not yet tested the impact of interactive
feedback on an emerging gestural or vocal sign system. In Experiment 1, participants were also not
able to take turns at directing and matching with a partner. In conversation, role switching (dialogue)
occurs naturally and ubiquitously. Enabling participants to interact in real-time and to take turns at
directing and matching would allow me to explore how sign systems change in a setting more akin
to an interactive dialogue. Experiment 2 addresses these questions.

Experiment 2:
An interactive study of sign creation through gestures and vocalizations
Human communication occurs most naturally as interactive dialogue (Pickering & Garrod,
2004). Experiment 2 extends Experiment 1 by examining the relationships between sign motivation,
cognitive alignment, behaviour alignment and sign refinement/symbolization in an interactive setting.
Participants take turns communicating lists of recurring concepts to a (co-present) partner using
either gestures or non-lexical vocalizations. This enables them to interactively negotiate a new sign
system. Because participants can interact they do not need to be tested separately across games
and can communicate together in real-time. Consequently, I can examine how their sign systems
develop across six games, as opposed to the two isolated games played by the pseudo-partners in
Experiment 1. As in Experiment 1, I measure sign motivation, cognitive alignment and behaviour
alignment. Because participants played six games in each modality, I can also examine sign
refinement and sign symbolization over an extended period of repeated interactions.
In line with Experiment 1, I expect to find that motivated signs facilitate cognitive alignment.
This result would speak to the affordance of motivated signs when bootstrapping a communication
system. Because gestures facilitate the production of motivated signs (Fay et al., 2013; 2014), I
expect sign motivation and cognitive alignment to be greater in the Gesture modality, compared to
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the Vocal modality. According to my model (Lister & Fay, 2017), although they may be initially
motivated, human communication systems tend to become increasingly refined and symbolic with
repeated use. Thus, after interlocutors have achieved cognitive alignment (i.e., once they understand
each other), I predict that sign refinement and symbolization will increase across games, as the
participants simplify and symbolize their communication systems. This would be reflected in a loss
of sign motivation across games in both modalities. In line with Fay et al. (2014), I predict behaviour
alignment will be greater in the Gesture modality, and to increase across games in both modalities
as interacting participants increasingly copy each other’s signs. Based on the predictions of my
model (Lister & Fay, 2017), I expect to find a mutually reinforcing relationship between cognitive
alignment and behaviour alignment, whereby cognitive alignment enhances behaviour alignment,
and behaviour alignment enhances cognitive alignment, leading to a shared and effective
communication system.

Method

Participants
One hundred and six undergraduate students (63 females), aged between 19 and 64-years
old (M = 23.84, SD = 8.99), participated in exchange for partial course credit. All participants viewed
an information sheet before giving written consent to take part in Experiment 2. Information sheets
and consent forms were approved by the University of Western Australia Human Ethics Committee.
Participants were placed into unacquainted pairs and completed the testing session in approximately
one hour. All were free from auditory, visual, speech and motor impairments.

Materials
I sampled meanings from the same corpus used in Experiment 1; however, because more
participants took part in Experiment 2, more meanings were sampled (954 meanings).

Task and Procedure
As in Experiment 1, participants tried to communicate lists of meanings to a partner and their
partner tried to guess what meanings were being communicated. Participants were prohibited from
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using their pre-existing language and instead had to communicate either through gestures or through
non-lexical vocalizations. In contrast to Experiment 1 (which was non-interactive), in Experiment 2,
participants were seated in the same room as their partner and were allowed to interact in real-time.
In the Gesture modality, participants sat facing each other across a round table 1 meter in diameter.
In the Vocal modality, participants sat facing away from each other to prevent any communication
through gesture. Participant pairs communicated in both modalities. Each pair played a series of six
consecutive ‘communication games’ in one modality before swapping to the other modality and
playing a further six games. The order in which pairs took part in each modality was counterbalanced,
so that half the pairs played six games in the Gesture modality first, and half the pairs played six
games in the Vocal modality first.
During each game, one participant (the Director) would try to communicate a list of 18
meanings to their partner (the Matcher). The Matcher would try to guess what meaning their partner
was communicating. Participants swapped Directing and Matching roles from game to game. In other
words, at Games 1, 3, and 5, Participant 1 would be the Director, and her partner would be the
Matcher. On Games 2, 4, and 6, Participant 1 would be the Matcher, and her partner would be the
Director. The task was conducted using iPads, with an interactive version of the program used in
Experiment 1. During each game, the 18 target meanings appeared sequentially on the Director’s
iPad (Figure 2.6a). The Matcher’s iPad displayed all 18 target meanings, plus the 6 distractor
meanings, for the duration of the game (Figure 2.6b).
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Figure 2.6

a) An example of a word presented to a Director the Vocal modality. In both modalities,

Directors would attempt to communicate each word in their list, one at a time, to their partner (the Matcher), b)
An example of a Matcher’s screen with all possible responses listed underneath. Once the Matcher made their
guess, the next trial would begin.

Matchers would guess what meaning the Director was communicating using their
touchscreen. Once the Matcher made their selection, the next target meaning would appear on the
Director’s iPad. Though six games were played in Experiment 2, the method for sampling target and
distractor meanings was the same as that used for the two games in Experiment 1. For each pair,
target and distractor meanings remained the same throughout the six games, but they were
presented to Directors in a different, random order at each game. Matchers could select the same
meaning multiple times within the same game but were informed that each meaning would only be
communicated once by the Director in each game. Directors could produce as many gestures or
vocalizations for each meaning as they wished. After the Director had finished communicating all 18
meanings, the game would end, participants would swap directing/matching roles, and next game
would begin. Once a pair had finished communicating in one modality (Gesture or Vocal), they would
receive a new set of target and distractor meanings to communicate in the other modality.
Two closed-circuit video cameras were used to film the participants (one trained on each
member of the pair). These recorded the interactions between the participants for the duration of the
experiment.

Results

Removal of trials on which cheating occurred
Participants’ video recordings were examined to ensure that cheating had not occurred
during the trials. In the Gesture modality, cheating included instances of Directors mouthing the
meaning they were attempting to communicate, making a ‘sounds like’ gesture before miming a
different meaning (e.g., ‘sounds like head’ to communicate ‘dead’), or holding up their fingers to
indicate the number of letters in the meaning. In the Vocal modality, cheating included instances of
Directors making vocalizations that resembled the sound of the target meaning (e.g., making a ‘doh’
vocalization when communicating ‘dog’), using an alternate English word with an associated
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meaning (e.g., saying ‘twinkle, twinkle’ to communicate ‘star’), humming a song containing the target
meaning, or inadvertently saying the target meaning aloud. If cheating was identified, all trials for
that particular meaning were removed from further analysis from that pair. In the Gesture modality,
cheating occurred on 54 trials (0.47% of the data). In the Vocal modality, cheating occurred on 96
trials (0.84% of the data).
As in Experiment 1, I analysed the data using logistic and linear mixed effects modeling in R
(R Development Core Team; Venables & Smith, 2006). Models were estimated using the glmer()
and lmer() functions of lme4 (Bates et al., 2007). P-values were obtained by likelihood ratio tests of
the full model against the model without the predictors. All predictors were centered prior to analysis.
As in Experiment 1, a maximal random effects structure was specified where possible. Sections 1-3
examine cognitive alignment, sign motivation and behaviour alignment between the Gesture and
Vocal modalities. Section 4 examples the relationships between cognitive alignment, sign motivation
and behaviour alignment.

1a. Cognitive Alignment
As in Experiment 1, cognitive alignment was measured in terms of communication success
(whether a Matcher successfully identified a meaning on any given trial). In line with Experiment 1, I
predicted that communication success would be greater in the Gesture modality, compared the Vocal
modality, and that in both modalities, communication success would increase across games.
Communication success (0 = incorrect, 1 = correct) was recorded for every sign at every game (i.e.,
at Games 1, 2, 3, 4, 5 and 6). Data visualization of communication success across games indicated
one outlying pair. This pair was 2.9 standard deviations lower than the average pair on
communication success. They were removed from all subsequent analyses.
The cognitive alignment data was analysed using a logistic mixed effects model.
Communication success (0 or 1) was the dependent variable. Modality (Gesture, Vocal) and Game
(1-6) were entered as fixed effects with interaction. The random effects structure included by-dyad
and by-meaning type random intercepts, as well as a by-dyad random slope for the effect of
modality. This was the maximal model that would converge. In line with my predictions,
communication success was higher in the Gesture modality compared to the Vocal modality and
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increased across games in both modalities (Table 2.7, Figure 2.7 – top row). There was also a
significant interaction between modality and communication success. Removing the interaction
reduced the model fit, χ2(1) = 59.387, p < 0.001. Though communication success increased across
games in both modalities, it increased to a greater extent across games in the Gesture modality (
= 0.395) compared to the Vocal modality ( = 0.178).

Figure 2.7

Communication success (operationalized as the percentage of correct guesses made by

Matchers) across games in the Gesture and Vocal modalities. The top row shows communication success
across games in the full dataset. The bottom row shows communication success across games after the
removal of any item that was guessed correctly at Game 1. Each coloured line represents a dyad’s percentage
of correct responses across games in the Gesture and Vocal modalities, for the filtered and unfiltered datasets.
The linear regression line is indicated in black, the grey shading on either side of the regression line represents
a 95% confidence interval. The red dashed line shows the percentage of correct guesses expected by chance.
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Table 2.7

Communication success (cognitive alignment) across games in the Gesture and Vocal

modalities: results of the logistic mixed effects model.

Fixed effects

Estimate

Standard Error

z value

Pr (>|z|)

Final logistic mixed effects model (BIC = 11948.8)
Modality

-2.1941

0.1166

-18.826

< .001 ***

Game

0.2871

0.0142

20.255

< .001 ***

Modality * Game

-0.2166

0.0283

-7.646

< .001 ***

Note: The results reported in Table 2.7 were confirmed by model comparisons.

1b. Cognitive Alignment: Use of Conventional Signs
Participants in this study were all English-speaking adults. Thus, though they were prevented
from using their pre-existing shared language, it is possible that they exploited certain language-like
conventions that they knew to be shared within their culture. For instance, when communicating the
meaning ‘money’, gesturing participants often rubbed their fingers and thumb together, while
vocalizing participants often made the sound ‘cha-ching’. Though they were not technically using
their shared language, participants may have benefitted from the use of these consensually
understood signs. To address this, I ran follow-up analyses on a subset of data containing only those
signs that were not correctly guessed at Game 1. By removing meanings that were correctly guessed
at Game 1, I eliminated any signs that may have been conventions; immediately recognizable to the
participants because of their shared cultural knowledge.
Filtering the data to remove these items resulted in a reduced data set. I removed 3336 trials
in the Gesture modality (29.70% of the original data), and 1440 trials in the Vocal modality (12.82%
of the original data). Removing all meanings that were guessed correctly at Game 1 artificially
reduced all Game 1 communication success scores to 0. Consequently, Game 1 was not included
in any subsequent analyses. As in my analysis of the unfiltered data, I expected that in the filtered
data, communication success would be greater in the Gesture modality, compared the Vocal
modality, and that in both modalities, communication success would increase across games. I
analysed the filtered data using a logistic mixed effects model. Communication success (0 =
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incorrect, 1 = correct) was our dependent variable. Modality (Gesture, Vocal) and Game (2-6) were
entered as fixed effects with interaction in a logistic mixed effects model. The random effects
structure included by-dyad and by-meaning type random intercepts, as well as a by-dyad random
slope for the effect of modality. This was the maximal model that would converge.
In line with my predictions, communication success was higher in the Gesture modality
compared to the Vocal modality and increased across Games 2-6 in both modalities (Table 2.8,
Figure 2.7 – bottom row). There was also a significant interaction between modality and cognitive
alignment. Removing the interaction reduced the model fit, χ 2(1) = 12.767, p < 0.001. Thus, the
pattern of results replicates those observed in the unfiltered data: Communication success improved
across games in both modalities but was higher in the Gesture modality compared to the Vocal
modality and improved at a greater rate across games in the Gesture modality ( = 0.294), compared
to the Vocal modality ( = 0.125).

Table 2.8

Communication success (cognitive alignment) across Games (2-6) in the Gesture and Vocal

modalities: results of the logistic mixed effects model on the filtered dataset (after removing all items guessed
correctly on Game 1).

Fixed effects

Estimate

Standard Error

z value

Pr (>|z|)

Final logistic mixed effects model (BIC = 6307.8)
Modality

-1.8775

0.14334

-13.094

< .001 ***

Game

0.1851

0.0222

8.325

< .001 ***

Modality * Game

-0.1685

0.0473

-3.565

< .001 ***

Note: The results reported in Table 2.8 were confirmed by model comparisons.

2a. Sign Motivation
As in Experiment 1, I predicted that sign motivation would be greater in the Gesture modality
compared to the Vocal modality. In line with the predictions of the model (Lister & Fay, 2017), I
expected high sign motivation to be necessary during the early games in order for participants to
cognitively align with their partner. Thereafter, I expected sign motivation to diminish over later
games, as the participants began to favour increased communication efficiency over sign motivation.
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Motivation was rated on the 7-point Likert scale used in Experiment 1. Ratings were made for every
sign at every game (i.e., on Games 1, 2, 3, 4, 5 and 6). I coded all signs for sign motivation. A second
coder who was naïve to the experimental hypothesis coded sign motivation on 20% of the trials
(2290 trials). Inter-rater reliability was confirmed by the high Krippendorff's alpha, α = .72.
I analysed the sign motivation data using a linear mixed effects model. Sign Motivation (0-6)
was the dependent variable. Modality (Gesture, Vocal) and Game (1-6) were entered as fixed effects
with interaction. The random effects structure was the same as for the previous analysis with
conventional signs included. This was the maximal model that would converge. In line with my
predictions, sign motivation was higher in the Gesture modality compared to the Vocal modality.
Contrary to my predictions, sign motivation did not increase over early games then decrease over
late games. Instead, there was a significant increase in sign motivation across games in both
modalities (Table 2.9, Figure 2.8 – top row). Allowing Modality and Game to interact did not improve
model fit, χ2(1) = 0.002, p = .962. Sign motivation was higher in the Gesture modality compared to
the Vocal modality and increased across Games 1-6 in both modalities.

Table 2.9

Sign Motivation across games in the Gesture and Vocal modalities: results of the linear mixed

effects model.

Fixed effects

Estimate

Standard Error

df

t value

Pr (>|z|)

Initial linear mixed effects model (BIC = 46992.5)
Modality

-3.1520

0.0847

52.00

37.224

< .001 ***

Game

0.0476

0.0107

239.1

4.451

< .001 ***

Modality * Game

6.410e-04

0.0216

838.2

0.030

0.976

Final linear mixed effects model (BIC = 46983.1)
Modality

-3.1520

0.0846

52.00

-37.251

< .001 ***

Game

0.0476

0.0107

2454.80

4.451

< .001 ***

Note: The results reported in Table 2.9 were confirmed by model comparisons.
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Figure 2.8

Mean sign motivation ratings across games in the Gesture and Vocal modalities. The top row

shows mean sign motivation across games in the full dataset. The bottom row shows mean sign motivation
across games after the removal of any item that was guessed correctly at Game 1. Each coloured line
represents a dyad’s mean motivation across games in the Gesture and Vocal modalities, for the filtered and
unfiltered datasets. The linear regression line is indicated in black, the grey shading on either side of the
regression line represents a 95% confidence interval.

2b. Sign Motivation: Use of Conventional Signs
As in my analysis of communication success, I ran a follow-up analysis, filtering the dataset
to remove all meanings that were guessed correctly from Game 1. By filtering the data, I removed
any of the participants’ signs that were shared conventions; recognizable to their partner because of
their shared culture. In line with my predictions for the unfiltered dataset, I expected sign motivation
to be higher in the Gesture modality compared to the Vocal modality. I also expected sign motivation
to increase during early games, and decrease during later games, resulting in an inverted U-curve
(as an example, see the simulated dataset modelled by Winter & Wieling, 2016).
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I analysed the filtered sign motivation data using a linear mixed effects model. Sign motivation
(0 - 6) was the dependent variable. Modality (Gesture, Vocal) and Game (1-6) were entered as fixed
effects with interaction. The random effects structure was the same as for the previous analysis with
conventional signs included. This was the maximal model that would converge. As for the unfiltered
data, sign motivation was consistently higher in the Gesture modality compared to the Vocal
modality. Contrary to my predictions, sign motivation did not increase over early games then
decrease over late games. Instead, there was a significant increase in sign motivation across games
in both modalities (Table 2.10, Figure 2.8 – bottom row). There was also a significant interaction
between modality and game. Removing the interaction significantly reduced model fit, χ2(1) = 6.252,
p = .0124. In both modalities, there was an improvement in communication success across games,
but this improvement was greater in the Gesture modality ( = 0.12) compared to the Vocal modality
( = 0.05).

Table 2.10

Sign Motivation across games in the filtered dataset (after removing all items guessed

correctly on Game 1), for the Gesture and Vocal modalities: results of the linear mixed effects model.

Fixed effects

Estimate

Standard Error

df

t value

Pr (>|z|)

Final linear mixed effects model (BIC = 26229.3)
Modality

-2.7285

0.1245

51.570

-21.925

< .001 ***

Game

0.0730

0.0133

109.570

5.494

< .001 ***

Modality * Game

-0.0691

0.0269

145.090

-2.567

0.0113 *

Note: The results reported in Table 2.10 were confirmed by model comparisons.

2c. Sign Motivation: Refinement and Symbolization over Adjusted Games
In my model of sign creation (Lister & Fay, 2017), I argue that motivated sign production is
initially necessary when bootstrapping a communication system. According to the model, once
interlocutors understand one another, motivated signs are no longer necessary to ground shared
meaning and they can be refined and simplified to increase communication efficiency. If this is
correct, we should observe a reduction in sign motivation across repeated interactions. So far, the
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results do not support this hypothesis. As sections 2a) and b) show, sign motivation appears to
increase, rather than decrease, across games. This would suggest that participants’ signs do not
refine or symbolize with repeated interaction.
An important point to consider when thinking about changes to sign motivation over games
is that not all signs develop along the same trajectory. If, for instance, a participant was
communicating a meaning for which a motivated sign was easy to produce, it is likely that they would
have high motivation and communication success scores from Game 1 onwards. On the other hand,
if a participant had to communicate a meaning for which a motivated sign was not easily available,
they might have initially low sign motivation scores and low communication success. For this (more
difficult) meaning, the pair may not produce a highly motivated sign - or communicate successfully until Game 4. Averaging all motivation ratings at each game may have washed out the nuanced
ways in which individual signs evolved.
To examine changes to sign motivation more closely, I used an ‘Adjusted Game’ measure
that centered each individual meaning around a new ‘Game 1’ (see Figure 2.9). For each meaning,
Game 1 was the game on which that meaning was first guessed correctly by the Matcher. Game 0
was not included, thus games prior to the first correct guess ranged from -6 to -1, and games
following the first correct guess ranged from 1 to 6. For example, if a Matcher’s first correct guess
(FCG) of the meaning ‘sad’ was on Game 3, that game would become ‘Adjusted Game 1’. Game 2
would then become Adjusted Game -1, and Game 1 would become Adjusted Game -2. If a meaning
was never communicated successfully, it would never reach Adjusted Game 1. Instead, it would run
from Adjusted Games -6 to -1. If a meaning was guessed correctly on Game 1, it ran from Adjusted
Game 1 to Adjusted Game 6 (Figure 2.9).
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Figure 2.9

The Adjusted Game measure, with examples of meanings first guessed correctly at different

games; a) meaning first guessed correctly at Game 1, b) meaning first guessed correctly at Game 3 and c)
meaning never guessed correctly. The Adjusted Games scale (in black) ranges from -6 to 6. Games before
the first correct guess range from -6 to -1. Games after (and including) the first correct guess range from 1 to
6. The grey lines represent where each meaning lies on the Adjusted Games scale based on when the Matcher
made their first correct guess (first correct guesses are represented by a circle).

By adjusting the games in this way, all motivation ratings were centered around a common
point: the point at which each meaning was first correctly guessed. Figure 2.10 shows the change in
sign motivation across Adjusted Games -6 to 6 in both modalities. In the Gesture modality, signs
increase in motivation up until the point at which they are first guessed correctly (Adjusted Game 1).
Thereafter, motivation continues to increase across games, but at a slower rate. In the Vocal
modality, on the other hand, motivation appears to increase at a comparable rate across games both
before and after the Matchers’ first correct guess.
For each modality, I wanted to determine whether sign motivation increased at a greater rate
leading up to participants’ first correct guess, compared to the games after their first correct guess.
To do this, I categorized all games in terms of their relation to the Matcher’s first correct guess (FCG).
Adjusted Games -6 to -1 were classed as Before FCG. Adjusted Games 1 to 6 were classed as After
FCG. Thereafter, absolute values were used for the game measure in both groups (i.e., games ran
from 1 – 6 in the Before FCG group and in the After FCG group).
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Figure 2.10

Mean sign motivation across Adjusted Games in the Gesture and Vocal modalities. From

Adjusted Games -6 to -1, Matchers have failed to successfully guess their partner’s meaning. Adjusted Game
1 represents the game at which the Matcher makes their first correct guess (FCG) of each meaning. Adjusted
Games 2-6 represent the games following the Matchers’ first correct guesses of each meaning. Each coloured
line represents a dyad’s mean motivation across Adjusted Games in the Gesture and Vocal modalities. The
linear regression line is indicated in black, the grey shading on either side of the regression line represents a
95% confidence interval.

I ran linear mixed effects models on each modality separately. Sign Motivation (0 - 6) was
the dependent variable, and Game (1 - 6) and Relation to FCG (Before/After) were entered as fixed
effects with interaction. The random effects structure included intercepts for participant dyads and
meaning type. This was the maximal model that would converge. In the Gesture modality, sign
motivation increased across games both before the FCG, and after the FCG, however it increased
at a greater rate in the games before the FCG ( = 0.33), compared to the games after the FCG (
= 0.06) (Table 2.11, Figure 2.10)

52

Table 2.11

Sign motivation across Adjusted Games in the Gesture modality: results of the linear mixed

effects model.

Fixed effects

Estimate

Standard Error

df

t value

Pr (>|z|)

Final linear mixed effects model (BIC = 23621.5)
Game

0.0572

0.0175

5514.00

3.275

0.00107 **

Relation to FCG

-3.1912

0.2975

5548.00

-10.727

< .001 ***

Game * Relation to FCG

0.2757

0.0585

5536.00

4.717

< .001 ***

Note: The results reported in Table 2.11 were confirmed by model comparisons.

In the Vocal modality, sign motivation increased across games both before the FCG, and after the
FCG, however unlike the Gesture modality, in the Vocal modality sign motivation increased at the
same rate before and after the FCG (Table 2.12, Figure 2.10). Removing the interaction between
Game and Relation to FCG did not reduce model fit, χ2(1) = 1.424, p = .2327.

Table 2.12

Sign motivation across Adjusted Games in the Vocal modality: results of the linear mixed

effects model.

Fixed effects

Estimate

Standard Error

df

t value

Pr (>|z|)

Initial linear mixed effects model (BIC = 21532.1)
Game

0.1046

0.0192

5486.00 5.436

< .001 ***

Relation to FCG

-0.9914

0.1116

5453.00 -8.882

< .001 ***

Game * Relation to FCG

-0.0332

0.0278

5487.00 -1.194

0.232

Final linear mixed effects model (BIC = 21524.9)
Game

0.0887

0.0139

5491.00 6.378

< .001 ***

Relation to FCG

-1.1109

0.0497

5257.00 -22.336

< .001 ***

Note: The results reported in Table 2.12 were confirmed by model comparisons.
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3a. Behaviour Alignment
In line with the predictions of my model (Lister & Fay, 2017), I expected to see behaviour
alignment between interacting pairs increase across games, as participants aligned on a shared sign
system. Behaviour alignment was rated on the same scale used in Experiment 1. Participants’ signs
were rated in terms of how closely they resembled their partner’s sign for the same meaning on the
previous game, from 0 (highly dissimilar) to 6 (highly similar). As in Experiment 1, behaviour
alignment ratings were made between each game, by comparing a participant’s sign on one game
with their partner’s sign on the previous game (i.e., Games 1-2, 2-3, 3-4, 4-5 and 5-6). A primary
coder coded all signs for behaviour alignment. A second coder who was naïve to the experimental
hypotheses coded behaviour alignment on 20% of the trials (1908 trials). Inter-rater reliability was
confirmed by the high Krippendorff's alpha, α = .87.
I analysed the behaviour alignment data using a linear mixed effects model. Behaviour
alignment (0-6) was the dependent variable. Modality (Gesture, Vocal) and Game (1-2, 2-3, 3-4, 45, 5-6) with interaction were entered as fixed effects in a linear mixed effects model. The random
effects structure included by-dyad and by-meaning type random intercepts, as well as a by-dyad
random slope for the modality by game interaction. This was the maximal model that would
converge. In line with my predictions, behaviour alignment increased across games in both
modalities (Table 2.13, Figure 2.11 – top row). There was also a significant interaction between
Modality and Game; in both modalities behaviour alignment increased across games, however it
increased at a greater rate in the Gesture modality (  = 0.41), compared to the Vocal modality ( =
0.19). Removing the interaction between Modality and Game reduced the model fit, χ 2(1) = 36.31, p
< .001.
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Figure 2.11

Mean behaviour alignment ratings across games in the Gesture and Vocal modalities. The

top row shows mean behaviour alignment across games in the full dataset. The bottom row shows mean
behaviour alignment across games after the removal of any item that was guessed correctly at Game 1. Each
coloured line represents a dyad’s mean behaviour alignment across games in the Gesture and Vocal
modalities, for the filtered and unfiltered datasets. The linear regression line is indicated in black, the grey
shading on either side of the regression line represents a 95% confidence interval.

Table 2.13

Behaviour alignment across games in the Gesture and Vocal modalities: results of the linear

mixed effects model.

Fixed effects

Estimate

Standard Error

df

t value

Pr (>|z|)

Initial linear mixed effects model (BIC = 63356.2)
Modality

-2.6718

0.1139

51.97

-23.45

< .001 ***

Game

0.2907

0.0156

51.81

18.70

< .001 ***

Modality*Game

-0.2220

0.0303

52.20

-7.33

< .001 ***

Note: The results reported in Table 2.13 were confirmed by model comparisons.
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3b. Behaviour Alignment: Use of Conventional Signs
As in the analyses of cognitive alignment and sign motivation, I ran a follow-up analysis on
participants’ behaviour alignment after removing all meanings that were guessed correctly from
Game 1. I predicted that behaviour alignment would increase across games in both modalities but
would be greater in the Gesture modality compared to the Vocal modality. I analysed the data using
a linear mixed effects model. Behaviour alignment (0 – 6) was the dependent variable. Modality
(Gesture, Vocal) and Game (1-2, 2-3, 3-4, 4-5, 5-6) with interaction were entered as fixed effects in
a linear mixed effects model. The random effects structure was the same as for the previous analysis
with conventional signs included. This was the maximal model that would converge.
In line with my predictions, behaviour alignment increased across games in the Gesture and
Vocal modality but was consistently higher across games in the Gesture modality (Table 2.14, Figure
2.11 – bottom row). There was also a significant interaction between Modality and Game. Removing
the interaction reduced the model fit, χ2(1) = 43.47, p < .001. In both modalities behaviour alignment
increased across games, but it increased at a greater rate in the Gesture modality ( = 0.55),
compared to the Vocal modality ( = 0.20).

Table 2.14

Behaviour alignment across games in the Gesture and Vocal modalities: results of the linear

mixed effects model on the filtered dataset (with items correctly guessed at Game 1 removed).

Fixed effects

Estimate

Standard Error

df

t value

Pr (>|z|)

Final linear mixed effects model (BIC = 22884.7)
Modality

-2.2580

0.1356

51.10

-16.654

< .001 ***

Game

0.3236

0.0224

109.40

14.422

< .001 ***

Modality*Game

-0.3508

0.0423

388.90

-8.298

< .001 ***

Note: The results reported in Table 2.14 were confirmed by model comparisons.

4a. Sign Motivation Facilitates Cognitive Alignment
In Experiment 1, I predicted that motivated sign production would facilitate cognitive
alignment (i.e., it would lead to improved communication success) among interacting pairs. To
confirm this hypothesis, I compared sign motivation at Game 1 with communication success at Game
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2. In Experiment 2, participants’ sign motivation and cognitive alignment scores were collected for
all six games. Figure 2.12 shows the relationship between sign motivation and communication
success from Game 1 to Game 6. There is a ceiling effect in the Gesture modality, which becomes
increasingly pronounced across games, leading to a loss of variance in participants’ communication
success scores at later games. Because of this, I analysed the relationship between sign motivation
and communication success at Game 1 only, when variance in both modalities was maximal. As in
Experiment 1, I predicted that motivated sign production would be positively related to
communication success among interacting pairs at Game 1.

Figure 2.12

Relationship between sign motivation and communication success (operationalized as the

percentage of correct responses made by Matchers) across games in the Gesture and Vocal modalities. Each
data point represents a participant dyad at each game, in the Gesture and Vocal modalities. The linear
regression lines for each modality are indicated in blue, the grey shading on either side of each regression line
represents a 95% confidence interval.
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I analysed the data using logistic mixed effects modeling. Communication success (0, 1) was
the dependent variable. Sign motivation (0-6) and Modality (Gesture, Vocal) were entered as fixed
effects with interaction in a logistic mixed effects model. The random effects structure included bydyad and by-meaning type random intercepts, as well as a by-dyad random slope for the effect of
modality. This was the maximal model that would converge. In line with my predictions, there was a
positive relationship between motivated sign production and communication success (cognitive
alignment) at Game 1, in both the Gesture and Vocal modalities (Figure 2.12, Table 2.15). There
was no statistical evidence of an interaction between sign motivation and modality. In both
modalities, the production of motivated signs leads to improved communication success.

Table 2.15

Sign Motivation predicts Cognitive Alignment: results of the logistic mixed effects model.

Fixed effects

Estimate

Standard Error

z value

Pr (>|z|)

Initial logistic mixed effects model (BIC = 2157.5)
Motivation

0.3221

0.0331

9.742

< .001 ***

Modality

-0.6377

0.1837

-3.472

< .001 ***

Motivation * Modality

0.0601

0.0568

1.058

0.289919

Final logistic mixed effects model (BIC = 2151.1)
Motivation

0.3429

0.0270

12.704

< .001 ***

Modality

-0.5214

0.1484

-3.513

< .001 ***

Note: The results reported in Table 2.15 were confirmed by model comparisons.

4b. Cognitive Alignment Enhances Behaviour Alignment
In Experiment 1, I predicted that cognitive alignment (communication success) would
enhance behaviour alignment among interacting pairs. In Experiment 2, I made the same prediction,
examining the relationship between cognitive alignment and behaviour alignment, across games.
Each behaviour alignment rating was made by comparing a participants’ sign on one game with their
partner’s sign on the previous game. This means that behaviour alignment ratings occurred between
two games, rather than on each game. Thus, to determine whether cognitive alignment enhances
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subsequent behaviour alignment, I compared participants’ cognitive alignment scores from Games
1-5, with their behaviour alignment scores from Games 1-2 to 5-6. In other words, participants’
cognitive alignment scores at Game 1 were compared with their behaviour alignment ratings at
Game 1-2; their cognitive alignment scores at Game 2 were compared with their behaviour alignment
ratings at Game 2-3, and so on. Figure 2.13 shows the relationship between participants’ cognitive
alignment scores with their behaviour alignment scores from Games 1-2 to 5-6. Again, there is a
ceiling effect in the Gesture modality, which becomes increasingly pronounced across games.
Because of this, I analysed the relationship between communication success and behaviour
alignment at Game 1 only, when variance in both modalities was maximal.

Figure 2.13

Relationship between communication success at game N (operationalized as the percentage

of correct guesses made by Matchers), and subsequent behaviour alignment at game N+1 in the Gesture and
Vocal modalities. Each data point represents a participant dyad at each game, in the Gesture and Vocal
modalities. The linear regression lines for each modality are indicated in blue, the grey shading on either side
of each regression line represents a 95% confidence interval.

I analysed the data using a linear mixed effects model. Behaviour Alignment (0 – 6) was the
dependent variable. Communication success (0, 1) and Modality (Gesture, Vocal) were entered as
fixed effects with interaction. The random effects structure included by-dyad and by-meaning type
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random intercepts, as well as a by-dyad random slope for the modality by game interaction. This
was the maximal model that would converge. Supporting my predictions, greater communication
success at Game 1 led to enhanced behaviour alignment at Game 1-2, in both the Gesture and vocal
modalities (Table 2.16, Figure 2.13 – Game 1-2). There was also an interaction between modality
and communication success. Removing this interaction reduced the model fit, χ 2(1) = 13.42, p <
.001. In both modalities, there is a positive relationship between communication success and
behaviour alignment, but this relationship is stronger in the Gesture modality ( = 2.28), compared
to the Vocal modality ( = 1.55). These results confirm that improved communication success
enhances subsequent behaviour alignment in both Gesture and Vocal modalities.

Table 2.16

Communication success at Game 1 enhances behaviour alignment at Game 1-2: results from

the linear mixed effects model.

Fixed effects

Estimate

Standard Error

df

t value

Pr (>|z|)

Final linear mixed effects model (BIC = 7935.2)
Communication success

1.9008

0.1036

1845.00

18.354

< .001 ***

Modality

-1.2120

0.1305

1829.80

-9.285

< .001 ***

Communication success

-0.7567

0.2062

1845.80

-3.670

< .001 ***

* Modality
Note: The results reported in Table 2.16 were confirmed by model comparisons.

4c. Behaviour Alignment Enhances Cognitive Alignment
My model (Lister & Fay, 2017) predicts that behaviour alignment and cognitive alignment
(operationalized as communication success) are mutually reinforcing processes. In the previous
section, I showed that if cognitive alignment is high at game N, behaviour alignment will be high at
game N+1. In the present section, I predicted that high behaviour alignment at game N will be
associated with high cognitive alignment at game N+1. To determine whether behaviour alignment
enhances subsequent cognitive alignment, I compared participants’ behaviour alignment scores
from Games 1-2 to 5-6, with their cognitive alignment scores from Games 2 to 6. In other words,
participants’ behaviour alignment ratings at Game 1-2 were compared with their cognitive alignment
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scores at Game 2; their behaviour alignment ratings at Game 2-3 were compared with their cognitive
alignment scores at Game 3, and so on. Figure 2.14 shows the relationship between participants’
cognitive alignment and their behaviour alignment. Again, there is a ceiling effect in the Gesture
modality, which becomes increasingly pronounced across games. Because of this, I analysed the
relationship between behaviour alignment and communication at Game 1-2 only, when variance in
both modalities was maximal.

Figure 2.14

Relationship between behaviour alignment at game N and subsequent communication

success (operationalized as the percentage of correct guesses made by Matchers) at game N+1, in the
Gesture and Vocal modalities. Each data point represents a participant dyad at each game in the Gesture and
Vocal modalities. The linear regression lines for each modality are indicated in blue, the grey shading on either
side of each regression line represents a 95% confidence interval.

I analysed the data using a logistic mixed effects model. Communication success at Game 2
(0 = incorrect, 1 = correct) was the dependent variable. Behaviour alignment at Game 1-2 (0-6) and
Modality (Gesture, Vocal) were entered as fixed effects with interaction. In line with the model
predictions, behaviour alignment at Game 1-2 was positively related to subsequent communication
success at Game 2, in both modalities (Table 2.17, Figure 2.14 – Game 1-2). In other words, if
partner B reproduces partner A’s game-1-sign at Game 2, partner A is more likely to correctly guess
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its meaning. The strength of the relationship between behaviour alignment at Game 1-2 and
communication success at Game 2 was the same across modalities; removing the interaction
between behaviour alignment and modality did not affect model fit, χ2(1) = 0.796, p = .3723.

Table 2.17

Behaviour alignment at Game 1-2 predicts communication success at Game 2: results of the

logistic mixed effects model.

Fixed effects

Estimate

Standard Error

z value

Pr (>|z|)

Initial logistic mixed effects model (BIC = 1965.0)
Behaviour alignment

0.3891

0.0273

14.277

< .001 ***

Modality

-1.3306

0.1813

-7.338

< .001 ***

Behaviour alignment * Modality

-0.0484

0.0544

-0.891

0.373

Final logistic mixed effects model (BIC = 1958.3)
Behaviour Alignment

0.3893

0.0272

14.311

< .001 ***

Modality

-1.4146

0.1545

-9.156

< .001 ***

Note: The results reported in Table 2.17 were confirmed by model comparisons.

Discussion

Experiment 2 replicated and extended Experiment 1 in an interactive setting. By allowing
participants to interact, I could observe the development of their communication systems over six
consecutive games. This enabled me to measure communication success (cognitive alignment) and
sign refinement over a series of repeated interactions. Because participants alternated roles between
directing and matching, I was also able to measure behaviour alignment. In line with my first
hypothesis, and supporting Experiment 1, cognitive alignment (measured as communication
success) was greater in the Gesture modality compared to the Vocal modality. Cognitive alignment
increased across games in both modalities but increased at a greater rate in the Gesture modality.
In other words, participants communicated more successfully and improved across games
regardless of communication modality, but those who used gesture did so more quickly and
successfully compared to those who vocalized. This is in line with previous findings (e.g., Fay, Lister
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et al., 2014), which show that it is easier to create a novel communication system through gestures
than through vocalizations.
Why did the participants who gestured outperform those who vocalized? My model (Lister &
Fay, 2017) predicts that motivated signs are essential when bootstrapping a communication system.
Motivated signs directly resemble their referent, which makes their meaning easier to call to mind.
When participants gestured, their signs were consistently more motivated than when they vocalized.
Thus, the higher communication success among participants who gestured is likely due to the
greater affordance of motivated signs in the Gesture modality, compared to the Vocal modality. To
test this, I examined the relationship between sign motivation and communication success at Game
1. Sign motivation at Game 1 significantly predicted subsequent communication success. This
confirms that the production of motivated signs leads to improved communication success,
supporting the model predictions.
In my unfiltered analysis of sign motivation over repeated interactions (in which signs
guessed correctly at Game 1 were included), motivation increased across games in both the Gesture
and Vocal modalities. After removing signs guessed correctly at Game 1, sign motivation increased
across games at a greater rate in the Gesture modality, compared to the Vocal modality. This is
likely a consequence of the conservative approach I took to remove signs that were potentially
conventions: by removing signs guessed correctly at Game 1, I eliminated all those that might be
learned conventions (i.e., immediately recognizable to participants because of their shared culture).
However, this method would also have resulted in the removal of signs that were highly motivated
and immediately recognizable simply because they strongly resembled their meaning. Removing the
signs that were highly motivated from Game 1 would leave only those signs that had lower initial
motivation and grew more motivated across games. This would inflate the rate of improvement in
sign motivation from Game 1 to 6. The effect would have been more pronounced in the Gesture
modality, as participants who gestured were more likely to be producing highly motivated and
immediately recognizable signs.
The filtered and unfiltered analyses of sign motivation contradicted my original hypothesis:
that sign motivation would increase until the point at which participants achieved cognitive alignment,
and then decrease as the sign system became more efficient and symbolic. However, when looking
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at changes to sign motivation across Adjusted Games (Figure 2.10), a different pattern of results
emerged. By looking at the developmental trajectory of individual signs through the Adjusted Games
measure I confirmed that, in the Gesture modality, sign motivation increased most dramatically prior
to the point at which the meaning was first correctly guessed by the Matcher. Thereafter, increases
to sign motivation were less pronounced. This suggests a baseline level of sign motivation is required
for a meaning to be identified correctly. When a meaning was not accurately identified by the
Matcher, the pair would elaborate upon their sign for that meaning, increasing its motivation to the
point at which it was successfully communicated. Once a Matcher had correctly identified a sign, the
pressure to increase its motivation diminished and sign motivation increased across games to a
lesser extent. This pattern was not evident in the Vocal modality. One explanation is that higher
levels of sign motivation and cognitive alignment must be achieved before sign motivation starts to
plateau. Low cognitive alignment and sign motivation across all games in the Vocal modality
suggests that participants never reached this point.

Behaviour Alignment
A fundamental feature of modern languages is that they are shared. Being able to
behaviourally align one’s signs with those of a partner is an important step in creating a functional
and shared communication system. Behaviour alignment increased over games in both modalities
but increased to a greater extent in the Gesture modality. When participants gestured, they were
more likely to arrive at a shared communication system in which both members of a pair used the
same signs to communicate the same meanings. This is likely because participants who gestured
were better able to create motivated signs that their partner could comprehend. My model predicts
that behaviour alignment follows (and subsequently reinforces) cognitive alignment (Lister & Fay,
2017). As gesturing leads to greater cognitive alignment, and cognitive alignment reinforces
behaviour alignment, I predicted that behaviour alignment would be greater in the Gesture modality
compared to the Vocal modality. The results supported this prediction. Directors who gestured
demonstrated greater behaviour alignment across all games, compared to those who vocalized.
Moreover, greater communication success (i.e., cognitive alignment) at Game 1 was associated with
greater behaviour alignment at Games 1-2 in both modalities (see Figure 2.13). In other words,
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Matchers who correctly guessed the meaning of their partner’s sign at Game 1 were more likely to
reproduce that sign (i.e., to behaviourally align with their partner) when it was their turn to direct at
Game 2. This supports the model, which predicts that cognitive alignment facilitates behaviour
alignment.
My model also predicts that, with interaction, a mutually reinforcing relationship will develop
between behaviour alignment and cognitive alignment (Lister & Fay, 2017). In other words, not only
does cognitive alignment enhance subsequent behaviour alignment, but behaviour alignment also
enhances subsequent cognitive alignment. The results support this prediction. Behaviour alignment
at Game 1-2 predicted later cognitive alignment (communication success) at Game 2 (Figure 2.14).
A Matcher was more likely to correctly identify a sign their partner produced if it was the same sign
that the Matcher herself had used when communicating the same meaning on the previous game.

Sign Refinement: Why did participants not symbolize their sign systems?
Referential communication tasks that require participants to create novel signs in the
graphical modality (e.g., the Pictionary-based tasks used by Fay & Ellison, 2013; Fay, Lister et al.,
2014; Garrod et al., 2007) demonstrate that participants refine and symbolize their communication
systems with repeated interactions. In these studies, participants’ signs rapidly become simpler and
more symbolic, to the point at which naïve observers struggle to comprehend them (this pattern is
also observed in verbal referential studies where participants use conventional language, e.g.,
Schober & Clark, 1989). However, in the current experiment, participants’ signs became more
motivated across games. Why are my findings not in line with those of Fay and Ellison (2013), Garrod
et al. (2007) or Fay et al. (2014)?
Possibly, gestured signs do not refine and symbolize to the same extent that graphical signs
do. As gestures tend to be inherently iconic, gestured signs may retain high motivation even as they
undergo a degree of refinement. Alternatively, it is possible that sign motivation did decrease slightly
across games, but the motivation rating scale was not sensitive enough to pick up this change. High
interrater reliability for the motivation ratings shows the coding scheme has good reliability, however,
it may lack validity. That is, the 7-point rating scale may not be fine-grained enough to reveal a small
reduction in sign motivation (if present) across games.
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Naïve observer studies provide an alternate measure of sign refinement and symbolization.
These studies measure whether or not a sign is motivated enough to be understood by someone
who was not involved in establishing the communication system. As they do not rely on rating scales,
but rather on identification accuracy, observer studies can provide a more sensitive measure of sign
refinement and symbolization. In the next experiment, I conduct a naïve observer study to determine
whether there is a reduction in sign motivation across games in Experiment 2 that was not picked
up by the original rating system.

Experiment 3:
Comprehension of novel gestures and vocalizations: an overseer study

Based on the model predictions (Lister & Fay, 2017), I expected to find a reduction in sign
motivation across games in Experiment 2, as participants refined their initially motivated sign
systems to be simpler and more symbolic. Instead, my analyses showed sign motivation increasing
across games. In Experiment 3, I run an overseer study to provide an alternate measure of changes
to sign motivation across games. In overseer studies, the signs produced by interacting participants
are presented to naïve viewers (‘overseers’), who have not been involved in creating the signs (e.g.,
Fay et al., 2008; Garrod et al., 2007). If the naïve viewers can correctly identify the meanings of the
signs, the signs are deemed to be more motivated. If the naïve viewers cannot identify the meanings
of the signs, the signs are deemed to be less motivated and more symbolic.
Experiment 3 uses recordings of participants’ signs taken from Experiment 2. The recordings
become the stimuli for an overseer study, providing a measure of sign refinement and symbolization
over games. By conducting an overseer study with the recordings from Experiment 2, I can
determine whether interacting participants’ sign systems become more difficult for naïve viewers to
interpret over games (i.e., whether the signs gradually lose motivation across repeated interactions).
In my model (Lister & Fay, 2017), I argue that initially motivated sign systems refine with repeated
interaction. As signs are refined, they may lose resemblance to their meaning and become less
motivated. If the overseers in Experiment 3 are less successful at identifying the meanings of signs
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at Game 6 compared to Game 1, this would indicate that the sign system has become less motivated
across repeated interactions, supporting the model.

Method

Participants
Twenty-eight undergraduate students (9 females) aged 17 to 23 years old (M = 19.46, SD =
1.91), participated in exchange for partial course credit. All participants viewed an information sheet
before giving written consent to take part in Experiment 3. Information sheets and consent forms
were approved by the University of Western Australia Human Ethics Committee. Participants took
part individually and completed the testing session in approximately one hour. All were free from
auditory, visual, speech and motor impairments.

Materials
Video and audio recordings from Experiment 2 were the experimental stimuli in Experiment
3. In the Gesture modality, overseers viewed muted video recordings, in the Vocal modality they
heard audio-only recordings. The recordings showed Directors communicating their lists of
meanings from Game 1 and Game 6. Each recording played from the point at which the Director
began communicating a meaning to the point at which their interacting partner selected the meaning
they thought was being communicated.
Each overseer was shown 144 recordings, sampled without replacement from Game 1 and
Game 6 in Experiment 2. Each overseer viewed recordings from four different pairs (36 recordings
per pair). For each pair, overseers watched an entire game in the Gesture modality (18 video
recordings) and an entire game in the Vocal modality (18 audio recordings). Recordings were
selected so that overseers never saw the same pair at both Game 1 and Game 6 within the same
modality. For instance, if an overseer viewed a pair communicating through gestures at Game 1,
they would see that same pair communicating through vocalizations at Game 6. This was done to
eliminate the possibility that overseers might know the meaning of a sign simply because they had
already viewed it on an earlier or later game. Recordings were sampled such that every recording
was presented to two overseers. Recordings were displayed on a desktop computer screen.
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Task and Procedure
Overseers took part individually; seated in front of a computer with headphones on to block
out external noise. Each overseer viewed the recordings of Directors from Experiment 2 and tried to
guess which meanings were being communicated from a list on their computer screen. Overseers
were shown the same list of target and distractor meanings that the Director’s original partner had
been shown (i.e., 18 target meanings and 6 distractor meanings). Overseers viewed Directors
communicating one meaning at a time and made their guesses by selecting a meaning from the list
using their computer mouse (Figure 2.15b). Overseers could view each recording only once. A ‘play’
button had to be clicked before each recording began to ensure that overseers were ready and
paying attention (Figure 2.15a). Once the overseer had made their guess, the next recording would
appear on the screen.

Figure 2.15

a) Overseers were presented with a video or audio recording which would begin after they

clicked the ‘play’ button, b) Once they had viewed a recording, Overseers made their guess by selecting one
of the meanings presented below the recording. After making their selection, they would be presented with a
new recording, and the next trial would begin.

Results
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1. Overseer Accuracy
I predicted that overseer accuracy would be higher in the Gesture modality compared to the
Vocal modality, at Game 1 and at Game 6. I also predicted that overseer accuracy would be lower
at Game 6 compared to Game 1 in both the Gesture and Vocal modalities. To test this, I analysed
the overseer accuracy data using a logistic mixed effects model. Overseer accuracy (0, 1) was the
dependent variable. Modality (Gesture, Vocal) and Game (1, 6) were entered as fixed effects with
interaction. The random effects structure included intercepts for participant and meaning type, as
well as a by-participant random slope for the effect of modality. This was the maximal model that
would converge. There was a significant main effect of modality. All other effects did not reach
statistical significance. Overseers were more successful at identifying the meanings of signs
produced in the Gesture modality, compared to the Vocal modality, but there was no difference in
interpretation accuracy at Game 1 and Game 6 in either modality (Table 2.18, Figure 2.16).

Table 2.18

Overseer accuracy at Game 1 and Game 6, in the Gesture and Vocal modalities: results of

the logistic mixed effects model.

Fixed effects

Estimate

Standard Error

z value

Pr (>|z|)

Initial logistic mixed effects model (BIC = 4344.9)
Modality

-1.4678

0.1224

-11.996

< .001 ***

Game

0.0356

0.0771

0.462

0.644

Modality * Game

0.0589

0.1550

0.380

0.704

-15.308

< .001 ***

Final logistic mixed effects model (BIC = 4328.8)
Modality

-1.4381

0.0939

Note: The results reported in Table 2.18 were confirmed by model comparisons.
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Figure 2.16

Overseer accuracy (percentage of correctly identified meanings) at Games 1 and 6 in the

Gesture and Vocal modalities. Each data point represents an Overseer’s percentage of correct responses at
Game 1 and Game 6 in the Gesture and Vocal modalities. Error bars represent 95% confidence intervals. The
red dashed line indicates the percentage of correct guesses predicted by chance.

Discussion
Experiment 3 confirmed that participants’ signs from Experiment 2 did not lose motivation
over games; signs produced by interacting participants at Game 6 were just as easy for an overseer
to interpret as those produced by the same pair at Game 1. This finding lends validity to the
motivation rating scales used in Experiment 2. The Experiment 2 rating scale showed no reduction
in sign motivation over games. Indeed, in Experiment 2, I observed a significant, but small, increase
in sign motivation across games in the Gesture and Vocal modalities. This marginal improvement in
sign motivation seems to have been insufficient to affect naïve observers’ identification accuracy.
Thus, my original hypothesis that participants would refine and symbolize their sign systems over
repeated social interactions has not been supported. Two separate measures of sign motivation
confirm that participants do not refine or symbolize their gestures or vocalizations with repeated
interaction.
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General Discussion
The findings from Experiments 1, 2 and 3 can be summarized as follows: 1) the production
of motivated signs facilitates cognitive alignment, helping individuals to bootstrap a novel
communication system; 2) behaviour alignment enhances cognitive alignment, and cognitive
alignment enhances behaviour alignment; together these processes lead to a shared and effective
sign system; and 3) signs do not refine or symbolize notably over repeated social interactions in
either the Gesture or Vocal modalities. I now discuss each of these findings in turn.

1. Motivated signs facilitate cognitive alignment
Experiments 1 and 2 confirmed that the production of motivated signs helped bootstrap
communication systems. Whether participants were in a non-interactive (Experiment 1) or interactive
(Experiment 2) setting, the production of motivated signs facilitated cognitive alignment. In other
words, using motivated signs enhanced communication success. The utility of motivated signs is
well supported. In modern languages, the gestures that accompany speech are often motivated, as
are many of the prosodic elements of the speech itself (Perniss & Vigliocco, 2014). Perniss and
Vigliocco (2014) argue that these motivated elements of communication contribute to improved
comprehension. Children are also more successful at learning the meanings of words when the
words contain sound symbolic (i.e., motivated) elements (Imai & Kita, 2014), and in signed
languages, signs are easier to learn and produce when they are motivated (Thompson, Vinson, Woll,
& Vigliocco, 2012). The current experiments add further support to these findings, showing that
motivated signs facilitate understanding in the early stages of language creation. Moreover, these
findings support my model of sign creation and change (Lister & Fay, 2017), which predicts that
motivated sign production is the first key step in ensuring that interlocutors are able to understand
each other.
Experiments 1 and 2 also support my prediction that gestured signs tend to be more highly
motivated than vocal signs. Previous comparisons of communication in the gestural and vocal
modalities found greater communication success in the gesture modality compared to the vocal
modality (e.g., Fay et al., 2013; 2014). Fay et al. (2013; 2014) speculated that participants who
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gesture outperform those who vocalize because gesturing allows for the production of highly
motivated signs. However, the authors did not quantify sign motivation, so a direct comparison
between participants’ sign motivation and their communication success was not possible.
Experiments 1 and 2 not only quantify sign motivation, but directly test the relationship between
motivated sign production and subsequent cognitive alignment. In both modalities, motivated signs
facilitated cognitive alignment. Gestured signs were also consistently more motivated than vocal
signs. Consequently, participants were far more successful at establishing novel communication
systems through gestures than through vocalizations.
The modality (or modalities) that our ancestors first used to communicate is a topic of great
debate. Though my results suggest that it is easier to bootstrap a communication system through
motivated gestures, compared to vocalizations (which tend to be less motivated), this does not
preclude a role for vocalization in Homo sapiens’ earliest communication systems. On this subject, I
agree with the ‘catch-as-catch-can’ account proposed by Bickerton (2007), in which our ancestors’
protolanguage evolved out of any basic gestures or vocalizations that were able to carry meaning
effectively. However, based on the current findings, it is likely the gestural modality played a primary
role in allowing early humans to bridge the gap between form and meaning.

2. Cognitive alignment drives behaviour alignment, leading to a shared and effective
communication system
In my model (Lister & Fay, 2017), I argue that communication success facilitates behaviour
alignment, as interlocutors will be more likely to reproduce a sign used by their partner if they first
understand the sign’s intended meaning (i.e., if the interlocutors are cognitively aligned). I also
suggest that behaviour alignment may enhance cognitive alignment, as interacting individuals are
more likely to understand the meaning of a partner’s sign when they represent the meaning in a
similar way themselves. Thus, in my model, these processes are mutually reinforcing (refer to the
bi-directional arrows leading from cognitive alignment to behaviour alignment, and from behaviour
alignment to cognitive alignment).
Supporting the predictions of the model, Experiment 2 showed that cognitive alignment
facilitates behaviour alignment. In other words, understanding your partner’s meaning makes you
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more likely to align your behaviour with theirs (i.e., by using the same signs to represent the same
meanings). Moreover, this causality appears to operate in both directions, as greater behaviour
alignment is associated with increases in subsequent cognitive alignment (communication success).
This suggests that aligning on a shared sign system can further improve communication success.
These findings are in line with those that show interacting individuals tend to align their linguistic and
mental representations across many levels; such as syntax, pronunciation and phonology (Pickering
& Garrod, 2004).
Experiments 1 and 2 also confirmed that participants were more likely to behaviourally align
upon a shared sign system when they communicated through gestures, compared to vocalizations.
This is in line with previous studies (e.g., Fay, Lister et al., 2014), which show that interacting
participants who create novel sign systems through gesture increasingly use the signs to
communicate the same concepts. Based on the model predictions, behavioural alignment is likely
greater in the Gesture modality because the production of motivated signs was greater in the Gesture
modality. Using motivated signs enabled interlocutors to cognitively align on a greater number of
meanings in the Gesture modality compared to the Vocal modality. Improved cognitive alignment in
the Gesture modality enhanced subsequent behaviour alignment, and the two processes continued
to reinforce each other, culminating in the establishment of more shared and more effective
communication systems in the Gesture modality. Experiment 2 supports this suggestion; participants
increasingly aligned upon a shared sign system across six games, and behaviour alignment was
consistently higher in the Gesture modality compared to the Vocal modality.

3. Signs do not refine or symbolize over repeated interactions
In line with my model (Lister & Fay, 2017), I expected participants to refine and symbolize
their sign systems over repeated interactions. However, there was no evidence of sign refinement
or sign symbolization over games in Experiment 2. This finding does not support the model
predictions, and conflicts with a growing body of knowledge that suggests communication systems
tend to become more symbolic over time (e.g., Clark & Wilkes-Gibbs, 1986; Fay et al., 2014; Fay &
Ellison, 2013; Frishberg, 1975; Garrod et al., 2007; Wescott, 1971).
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Though I did not observe sign symbolization and refinement, the current experiments are
distinct from these other studies in a number of important ways. First, in observations of sign
refinement and symbolization in natural language (e.g., Wescott, 1971; Frishberg, 1975), changes
occur over significantly longer time periods (months, years or centuries), relative to the single hour
that participants spent interacting in Experiment 2. As Wescott (1971) observed, many modern
symbolic languages were initially motivated. For instance, the Roman numerals ‘II’ and ‘III’ are more
highly motivated than the later-evolved Arabic numerals ‘2’ and ‘3’. However, these changes
happened over much longer time frames relative to the present experiments. I may have not
observed sign refinement or symbolization simply because of the brief time that participants spent
interacting. Moreover, referential communication tasks that successfully demonstrate sign
refinement and symbolization in shorter time frames tend to do so either through communication in
natural language (e.g., Clark & Wilkes-Gibbs, 1986), or in the graphical modality (e.g., Garrod et al.,
2007). It is possible that communication in the Gesture and Vocal modalities is less amenable to
rapid refinement and symbolization, and that my task was not long enough for this to occur. Owing
to its affordance of motivated signs, the gestural modality in particular may tend to retain more
residual iconicity that only diminishes over a prolonged period of time spent interacting.
One reason the Gesture and Vocal modalities may be less amenable to rapid refinement is
that motivated gestures and vocalizations do not necessarily take a long time to produce. In graphical
communication studies, there is a positive relationship between the complexity of a participant’s
drawing, and its motivation (e.g., see Fay et al., 2018; Garrod et al., 2007). More complex (motivated)
drawings take longer to produce, so there is a direct benefit to individuals who are able to symbolize
their sign; it becomes more efficient to produce. Conversely, many motivated gestures (e.g., miming
the action of digging to communicate ‘dig’; making a sad face to communicate ‘disappointed’) can
be produced very quickly, while retaining high motivation. Motivated vocalizations (though fewer in
number, compared to gestures) can also be produced efficiently (e.g., making a sobbing noise to
communicate ‘cry’, or a ‘pow-pow!’ sound to communicate ‘gun’). Consequently, in the Gesture and
Vocal modalities there may be less tension between the pressure to communicate accurately through
motivated signs, and the pressure to communicate efficiently through refined signs; both
requirements can be met. As communication success was also substantially lower in the Vocal
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modality, it is possible that participants continued to produce motivated vocalizations wherever
possible simply to avoid further reducing their (already low) communication success.
Another explanation for the lack of observable sign symbolization in the Gesture and Vocal
modalities is that specific environmental pressures force communication systems to refine and
symbolize, and that none of these pressures existed in the current experiments. In graphical
communication tasks that demonstrate sign symbolization (e.g., Fay et al., 2008, 2010; Garrod et
al., 2007), participants are asked to communicate semantically related concepts, for instance ‘art
gallery’ and ‘museum’, or ‘Arnold Schwarzenegger’ and ‘Brad Pitt’, or ‘television’ and ‘microwave’.
Gasser (2004) suggests that communication systems become more symbolic in response to an
increasing vocabulary with more semantically related concepts. Highly motivated communication
systems are not optimal under these circumstances, because motivated signs for semantically
related concepts may look or sound similar and be easily confused. In these situations, it is beneficial
to symbolize the communication system to avoid such confusion. By asking participants to
communicate semantically related concepts, Garrod et al. (2007), and Fay et al. (2008, 2010) may
have imposed a pressure to distinguish between similar concepts, driving the communication system
towards arbitrariness. In the current experiments, to-be-communicated meanings were randomly
selected for each participant pair. Thus, though some participants may have communicated related
concepts by chance, semantic crowding was not a design feature of the study. The communication
systems that emerged in the current studies benefitted from retaining their motivation, with no
pressure to symbolize in order to improve distinguishability.
Studies that demonstrate refinement and symbolization may also do so because Matchers
are able to cut Directors off at the point at which they comprehend their meaning. For instance, in
Fay et al. (2018), participants played a graphical communication task similar to the game Pictionary.
On each trial, Directors attempted to communicate a meaning by drawing on a ‘virtual whiteboard’,
and Matchers attempted to guess what meaning their partner was communicating. Importantly, as
soon as Matchers made their guess, that trial would end, and the Director would have to produce a
new graphical sign for a new meaning. In this study, the Matcher was able to unambiguously interrupt
the Director while they were in the middle of communicating. This may have encouraged the Director
to produce increasingly refined signs, as their partner cut them off before they could add superfluous
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details. In Experiment 2, trials also ended when the Matcher made their guess. However, in this
case, Directors were not actively prevented from completing their gesture or vocalization. As
Directors were not forcibly ‘cut-off’ by their partner, there may have been less selective pressure on
their sign system to refine at the same rate as in the graphical study. This could have contributed to
the lack of sign refinement and symbolization in Experiment 2. Additionally, there was no time limit
for communication in the current experiment, so participants were not encouraged to preference
speed over accuracy. Consequently, participants may have determined that it was more important
to communicate accurately than to communicate efficiently, thereby taking longer to produce each
sign in an effort to communicate it accurately.
Finally, it is important to note that in the present experiments, communication differed
significantly between the Gesture and Vocal modalities. In the Vocal modality, sign motivation and
communication success remained relatively low across all games. In the Gesture modality, sign
motivation and communication success were comparatively high across all games. Perhaps vocal
signs were not communicated with enough consistent success to lead to their refinement and
symbolization. According to my model (Lister & Fay, 2017), sign refinement and symbolization make
communication systems more efficient. But there is no benefit in increasing the efficiency of a
communication system if the system is not first and foremost effective (understandable). In the
absence of successful communication, there would have been little point in refining the sign system.
In the Gesture modality, I may have failed to observe sign refinement and symbolization
because gestures are inherently more motivated and take longer to lose that motivation.
Observational studies of signed languages demonstrate a high retention of motivated signs, even as
those languages become systematized and grammatical (Perniss et al., 2010). This may be because
motivated graphical representations are time consuming to produce, while motivated gestures can
be made quickly and easily (e.g., miming the action of drinking is a motivated gesture that is fast and
easy to produce, whereas drawing a motivated representation of an individual drinking is less timeefficient). Thus, though I have not observed sign refinement or symbolization, it would be premature
to exclude these processes from the model (Lister & Fay, 2017), particularly as there is good
evidence for sign symbolization in cross-sectional studies of signed languages (e.g., Frishberg,
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1975). It may be that sign refinement occurs over longer periods of interaction, as a response to
certain environment pressures, or to different extents depending on the modality being explored.

4. Testing the model of sign creation and change: closing thoughts
The three experiments discussed within this chapter have empirically tested and validated all
but one of the model components outlined in Chapter 1 (Lister & Fay, 2017). Experiments 1 and 2
demonstrated that motivated signs are essential when bootstrapping a communication system, as
they enable interlocutors to cognitive align their mental representations (i.e., to understand each
other). This is best achieved when participants create new communication systems through gesture,
because gesture lends itself to the creation of highly motivated signs. Once interlocutors are
cognitively aligned, interaction enables them to behaviourally align upon the same signs to represent
the same meanings. With continued interaction, a mutually reinforcing relationship develops
between behaviour alignment and cognitive alignment, whereby each process enhances the other.
This too, is in line with the model proposed in Chapter 1.
Though Experiments 2 and 3 did not provide evidence of sign refinement across repeated
participant interactions, further investigation into the processes that lead to sign refinement and
symbolization is called for. Our modern languages are testament to the fact that communication
systems refine and symbolize over time. Subsequent studies should look for sign refinement and
symbolization across longer periods of interaction, or under circumstances that may encourage
refinement or symbolization (e.g., when there is pressure to maximize communicative efficiency over
accuracy, or when there is semantic crowding among the to-be-communicated meanings). Such
studies would further elucidate the processes that contribute to the evolution of complex, shared and
symbolic communication systems, like the one we use today.
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Chapter 3.

Creating new communication systems: Children are old hands at gesture

Creating new communication systems: Children are
old hands at gesture

Introduction
In the 19th Century, Ernst Haeckel coined the phrase ‘Ontogeny recapitulates phylogeny’
(Haeckel & Lankaster, 1876) to capture the idea that evolutionary milestones achieved by a species
are re-experienced during the development of individuals within that species (for example, that foetal
gills reflect our aquatic ancestry). This ‘Recapitulation Theory’ (Haeckel & Lankaster, 1876) was
once a popular explanation for the origins of language. Proponents argued that the stages of
language development in modern children (i.e., pointing/gesturing, one word phrases, multi-word
phrases, compositional grammar) paralleled the stages of language evolution that our ancestors
experienced as we became verbal (Slobin, 2004). It was an appealing theory. If it were true, it would
mean that we could understand our linguistic history simply by observing developmental changes
among infants of our own species. Unfortunately, subsequent research demonstrated that even preverbal human infants today possess communicative abilities that far exceed those of our closest
ancestors (Slobin, 2004). The developing brains of modern human children are not an appropriate
short-hand for primitive humans with primitive brains.
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Today, we look at developmental stages in language acquisition not because they provide a
parallel for our evolutionary history, but because they allow us to explore language development and
use in individuals with less crystallized or complex language skills. For instance, Iverson and GoldinMeadow (2005) examined the relationship between gesture and speech in 10-24 month-olds. Their
results suggested that early gestures pave the way for speech development. Such a study would not
have been possible in adults, for whom speech and gesture-based communication systems are
already fully developed. Much research has also examined the relationship between language
production and language comprehension in children at different stages of development (e.g.,
Bornstein & Hendricks, 2012; Fraser, Bellugi, & Brown, 1963; Goldin-Meadow, Seligman & Gelman,
1976; Ünal & Papafragou, 2016). The ability to produce language, and the ability to comprehend it,
are essential for effective communication. In adults, these two processes are already well developed
and closely integrated (Ünal & Papafragou, 2016). Thus, we cannot easily determine whether one
process develops before the other (but see Tasseva-Kurktchieva, 2015 for a study of
comprehension-production asymmetries among adults learning a second language). Children offer
a unique opportunity for researchers to observe instances of comprehension without production, and
production without comprehension (e.g., Clark & Hecht, 1983; Ünal & Papafragou, 2016), and to test
whether the development of one process precedes the development of the other.
Studies of language production and comprehension in children show that, in the majority of
cases, comprehension precedes production (Goldin-Meadow et al., 1976; Ünal & Papafragou,
2016). For instance, before they are able to speak, most children can respond appropriately to
certain requests (e.g., ‘get the ball’). In a comparison of 2-year-olds’ productive and receptive
vocabularies (i.e., their production and comprehension), Goldin-Meadow et al. (1976) found that
children could accurately comprehend and respond to the word ‘dog’ by pointing to an image of a
dog, but when asked to name the image, would respond with a ‘child word’ such as ‘wuf-wuf’, or
would not respond at all. This suggests that young children can comprehend the meanings of words
that they are not yet able to produce.
Studies such as these test child production and comprehension of pre-existing languages. In
the previous chapters (Chapters 1 and 2), I describe and test processes that I suggest underpin the
creation of novel communication systems. I present a model for sign creation (Lister & Fay, 2017),
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in which the production of motivated signs (i.e., iconic or indexical signs that share a non-arbitrary
resemblance to their meaning) facilitates cognitive alignment (comprehension) between interacting
individuals. In other words, using motivated signs helps interlocutors to understand each other. In
Chapters 1 and 2, I argue that the use of motivated signs facilitates effective communication for
adults bootstrapping a new sign system.
When interacting adults create novel communication systems, using motivated signs
improves their communication success. If you produce motivated signs, it is more likely that others
will understand you (i.e., that they will cognitively align their mental representations with yours).
Likewise, you are more likely to comprehend another person’s sign if that sign is motivated. The
ability to produce motivated signs and the ability to comprehend motivated signs are thus beneficial
when communicating with individuals who do not share your pre-existing language. Currently, we do
not know whether children develop these abilities in tandem, or whether one precedes the other. Is
the ability to create a motivated sign simply a feature of being able to comprehend the meaning it
represents? Or, is motivated sign production a skill that emerges after comprehension and improves
with age, in much the same way that production follows comprehension for children learning
conventional language? In this chapter, I present two developmental experiments that explore how
children of different ages create and comprehend novel motivated signs when bootstrapping new
communication systems.

Testing Sign Creation and Comprehension in Children
In the following experiments, I use the paradigm developed in Chapter 2 to examine
children’s ability to create and comprehend novel communication systems. I conduct two
experiments, examining sign creation (Experiment 4) and sign comprehension (Experiment 5) in
children across three age groups, defined as Young, Middle and Old. Children were grouped into
age groups that overlapped with early, middle and upper primary school years. As such, the Young
group contained children of 6-7 years, the Middle group contained children of 8-9 years, and the Old
group contained children of 10-12 years. Owing to the difficulty of regulating adherence to
experiment rules in younger children, in both experiments, participants take part individually. In
Experiment 4, children take the role of Director, communicating signs to a video camera, either
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through gestures or non-lexical vocalizations (sounds that are not words). These recordings are later
played back to adult partners (Matchers) who try to guess what meanings are being communicated.
In Experiment 5, children take the role of Matcher, viewing recordings of gestural and vocal signs
produced by adult Directors and try to guess the meanings of the signs.
Pairing children with adult partners allowed me to look at the effect of child age on sign
creation and sign comprehension independently. This is important, because if children act as
Directors and Matchers within the same study, it is difficult to separate the effects of child age on
sign creation and sign comprehension. For instance, perhaps 6-year-olds are good sign
comprehenders but poor sign innovators. If 6-year-olds act as Directors (creating signs) and
Matchers (attempting to comprehend signs) for the same study, it would be difficult to determine
whether poor-performance was a consequence of poor sign comprehension, poor sign creation, or
both.
Children’s language comprehension and production abilities improve with age (e.g.,
McCarthy, 1933). Thus, in Experiments 4 and 5, I expect older children to have better sign production
and comprehension abilities, compared to younger children. In Experiment 4, this would be reflected
in higher accuracy scores, and higher ratings of confidence by the adult Matchers. In Experiment 5,
this would be reflected in higher accuracy scores, and higher ratings of confidence by the child
Matchers. Much of the research on child language processing and comprehension indicates that
children can comprehend elements of language before they can produce them (e.g., Goldin-Meadow
et al., 1976; Ünal & Papafragou, 2016). In line with these studies, I expect to find that the ability to
comprehend a novel sign system also precedes the ability to create a novel sign system. If
comprehension does precede creation, I would expect to find an asymmetry in the performance of
the different age groups in Experiment 4 (production) compared to Experiment 5 (comprehension).
That is, age groups that struggle to produce a novel sign system in Experiment 4 (production) may
be able to successfully comprehend a novel sign system in Experiment 5 (comprehension). For
example, production abilities may be significantly higher in the Old age group compared to the Middle
and Young age groups, while comprehension abilities may be equal (and high) across all age groups.
This would reflect a delay in the development of production abilities in the Middle and Young age
groups relative to the Old age group, but comparably high comprehension abilities across all age
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groups. Such a result would indicate that younger age groups have developed sign comprehension
abilities comparable with the Old age group but have yet to develop equivalent sign production
abilities.
As in Chapter 2, recordings of participants’ signs from Experiments 4 and 5 will also be
viewed by independent coders, who will rate each sign in terms of its degree of motivation (i.e., the
extent to which the sign shares a non-arbitrary relationship with its meaning) on a 7-point Likert-type
rating scale. In line with my previous experiments, I expect that sign motivation will be greater for all
participants (adults and children) who gesture, compared to those who vocalize. I also expect that
older children will create more motivated signs compared to younger children. In my model (Lister &
Fay, 2017), I argue that an ability to create and comprehend motivated signs is essential when
creating a novel communication system. Experiments 4 and 5 test whether these abilities are better
developed in older children compared to younger children.

Experiment 4:
How do children create novel sign systems?
Experiment 4 tests how the ability to create novel sign systems differs as a function of
children’s age. Language creation among children has been observed in studies of Nicaraguan Sign
Language (NSL), which is a sign language system that emerged spontaneously among a group of
children at a Nicaraguan school for the deaf (Senghas, 2003; Senghas, Kita, & Özyürek, 2004). In
the absence of a shared sign language, these children created a novel gestural communication
system from scratch which, over time, acquired the same features as conventional language (e.g.,
syntax, grammar). Thus, according to Senghas (2003), children are capable of driving language
creation and change. If children can create a novel language under these circumstances, how do
they fare when asked to create a novel communication system from scratch in an experimental
setting, and how does this ability differ with age? In Experiment 4, children aged 6-12 are asked to
communicate one series of meanings to a video camera through gestures, and to communicate
another series of meanings through non-lexical vocalizations (sounds that are not words).
In Chapter 2, I demonstrated that motivated signs are essential when adults bootstrap a novel
communication system, as they enhance communication success. In Experiment 4, I aim to
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determine whether 1) the ability to communicate successfully, and 2) the ability to produce motivated
signs, are higher amongst older children, compared to younger children. Successful communication
will be measured based on two variables: 1) the percentage of correct guesses made by adult
Matchers (communication success), and 2) the Matchers’ ratings of how confident they are that their
guess is correct (communication confidence). By having Matchers guess the meanings of each sign
and rate their confidence in each guess, I gain an objective measure of accuracy (communication
success), and a subjective measure of accuracy (communication confidence). Sign motivation will
be measured by way of a coding system; children’s signs will be rated by naïve adults on a 7-point
Likert-type scale, based on the degree to which they resemble their meaning (0 = the sign bears no
direct resemblance to its meaning; 6 = the sign strongly resembles its meaning).
Children’s language production abilities improve with age (Singleton & Ryan, 2004). Thus, I
expect to find that children in the Old age group communicate more successfully than children in the
Middle age group, who in turn communicate more successfully than children in the Young age group.
This would be reflected in higher communication success scores, and higher confidence ratings for
adult Matchers viewing signs produced by older children compared to the signs produced by younger
children. I also expect to find evidence that children’s ability to produce motivated signs improves
with age; specifically, that children in the Old age group will produce the most motivated signs, that
children in the Middle age group will produce moderately motivated signs, and that children in the
Young age group will produce the least motivated signs. To my knowledge, this is the first experiment
to test whether improvements in children’s communicative abilities are associated with increased
production of motivated signs. Lastly, as in my previous experiments, I expect to find a positive
relationship between sign motivation and communication success in both modalities and across all
age groups. That is, greater sign motivation will result in greater communication success (i.e., a
higher percentage of signs guessed correctly by the Matcher) for all age groups.

Method

Following the procedures used in Experiment 1 (Chapter 2), in Experiment 4, there were two
separate stages of testing. In the first stage, children produced gestural and vocal signs to
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communicate lists of meanings. In the second stage, adults viewed recordings of the children’s signs,
and attempted to guess what meanings were being communicated.

Participants
Fifty-four children (27 girls) were recruited from three age groups (6-7, 8-9 and 10-12 years).
The children produced the stimuli (at Stage 1) that would later be presented to adult participants (at
Stage 2). Thirty-six adult participants (25 females) from the University of Western Australia took part
at Stage 2 in exchange for partial course credit. Owing to a technical error, age was not recorded for
the adult participants. All participants read information sheets prior to giving written consent to take
part in the experiment. Each child’s primary caregiver viewed their own information sheet before
giving written consent for their child to participate. Information sheets and consent forms were
approved by the University of Western Australia Human Ethics Committee. All participants were free
of auditory, visual, speech and motor impairments.

Materials
Children tried to communicate one set of 18 target meanings (6 adjectives, 6 nouns, 6 verbs)
to a video camera through only gestures (i.e., movements of the hands, body and face), and a
different set of 18 meanings (6 adjectives, 6 nouns, 6 verbs adjectives) through only non-lexical
vocalizations (i.e., sounds that are not words). Meanings were sampled from a corpus of 108 ageappropriate words (e.g., ‘dog’, ‘hot’, ‘chase’). A meaning was deemed age-appropriate if it had a
Flesch-Kincaid readability score of at least 121.2 (Flesch, 1948), indicating that it is understandable
to most children of four years and older (see Appendix 1 for a list of all meanings sampled). Within
each age group, every child was presented a different set of meanings. These were sampled such
that in each age group, every meaning was presented to 3 participants in the Gesture modality, and
another 3 participants in the Vocal modality. The same lists of meanings were presented to each
age group.
Adults were presented with video and audio recordings of 3 children (one from each age
group, randomly sampled), communicating in both modalities (Gesture and Vocal). Twenty-four
meanings were presented underneath each recording (see Figure 3.2a). These comprised 18 target
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meanings (the set of meanings that the child communicated within that modality), and 6 distractor
meanings (2 adjectives, 2 nouns, 2 verbs). Distractor meanings were never communicated by the
child and were included to prevent the adult making a correct guess by a process of elimination.
Distractor meanings were sampled from a list of 36 meanings (12 adjectives, 12 nouns, 12 verbs).
Matchers were presented with a different set of 6 distractors for each modality and distractors were
resampled from the full list for each participant.

Task and Procedure
Stage 1. Children took part individually, acting as the Directors. In line with the paradigm
used by Fay et al. (2013; 2014), children were prohibited from using their pre-existing language, and
were asked to communicate lists of meanings to a video camera using either gestures or
vocalizations. All children took turns communicating in both the Gesture and Vocal modalities. The
order in which the modalities were presented was counterbalanced across children (i.e., half of the
children would begin by gesturing; half would begin by vocalizing). To prevent boredom or fatigue,
we alternated modalities after every 9th meaning, so a child who began by gesturing would
communicate 9 meanings through gesture, 9 meanings through vocalizations, 9 meanings through
gesture, and a final set of 9 meanings through vocalization. An experimenter read the meanings oneby-one to each participant from an iPad screen, In the Gesture modality, children were asked to
‘make an action’ for each meaning (Figure 3.1a). In the Vocal modality, they were asked to ‘make a
sound’ for each meaning (Figure 3.1b). Children were encouraged to produce a sign for every
meaning, however if they were unable to produce a gesture or a vocalization for a certain meaning,
they were allowed to skip that meaning and move onto the next.
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Figure 3.1

a) An example of a word presented to a child Director the Gesture modality, b) An example of

a word presented to a child Director in the Vocal modality. Once the child had made a gesture or vocalization
for a word, the experimenter would click the ‘next’ button to progress to the next trial. If the child was unable
to think of a gesture of vocalization for a particular word, the experimenter would press the ‘skip’ button to
progress to the next trial.

Stage 2. We played the children’s recorded signs to the adult cohort. Every adult viewed the
recordings of one child from each age group, in both modalities (approximately 18 videos per
modality; or fewer if the child did not produce a sign for every meaning). Signs produced in the
Gesture modality were presented as video recordings without audio. Signs produced in the Vocal
modality were presented as audio recordings without video. For each adult, videos were sampled
such that they would see the same list of words communicated by a child in the young age group, a
child in the middle age group, and a child in the old age group. Adults watched all of the recordings
produced by all 3 children in one modality, then watched all of the recordings produced by the same
3 children in the other modality. After each clip, the Matcher would guess which meaning they thought
the child in the video was communicating (Figure 3.2a). Matchers were able to replay each clip as
many times as they liked, and could select the same meaning multiple times, but they were not able
to return to clips they had viewed previously. After each guess, the Matcher would be asked to rate
how confident they were that they had guessed the correct meaning (Figure 3.2b), on a 7-point
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Likert-type scale (0 = not at all confident, 6 = highly confident). After Matchers had rated their
confidence, the next clip would play.

Figure 3.2

a) An example of a video recording presented to an adult Director in the Gesture modality,

showing a child communicating the word “sneeze”. All possible responses are presented underneath the
recording, b) the confidence rating scale presented to Matchers after they had viewed each recording and
made a response. Matchers selected how confident they were that they had guessed the correct meaning of
the child’s sign from 0 (not at all confident) to 6 (extremely confident). After Matchers had rated their
confidence, the next trial would begin.

Results

Cognitive Alignment (Comprehension)
I predicted that adults would have high cognitive alignment when comprehending signs
produced by older children compared to younger children. If correct, these predictions would be
reflected in high communication success (i.e., a high percentage of correctly guessed meanings)
when adults interpreted signs produced by children in the Old age group, intermediate
communication success when they interpreted signs produced by the Middle age group, and low
communication success when they interpreted signs produced by the Young age group. As in my
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previous experiments (Chapter 2), I also expected communication success to be higher in the
Gesture modality compared to the Vocal modality, across all age groups.
I analysed the data using logistic mixed effects modeling. Communication success (0, 1) was
my dependent variable. Age Group (Young, Middle, Old) and Modality (Gesture, Vocal) were entered
as fixed effects with interaction. The random effects structure included intercepts for participant and
meaning type, as well as a by-participant random slope for the effect of modality. This was the
maximal model that would converge. In line with my predictions, there was a main effect of Modality
on communication success; communication success was significantly lower in the Gesture modality
compared to the Vocal modality (Table 3.1, Figure 3.3). There was also a main effect of Age Group;
communication success was higher when adults interpreted signs produced by the Old age group
compared to the Middle (p = .009) and Young (p = .011) age groups. There was no difference in
communication success when adults interpreted signs produced by the Middle age group compared
to the Young age group (p = .918).

Table 3.1

Modality and Age Group predict communication success: results from the logistic mixed

effects model.

Fixed effects

Estimate

Standard Error

z value

Pr (>|z|)

Initial logistic mixed effects model (BIC = 4229.6)
Modality

-1.1539

0.0796

-14.488

< .001 ***

Age Group

0.1215

0.0462

2.629

0.00857 **

Modality * Age Group

-0.0880

0.0921

-0.956

0.33913

Final logistic mixed effects model (BIC = 4222.4)
Modality

-1.1525

0.0795

-14.502

< .001 ***

Age Group

0.1182

0.0461

2.566

0.0103 *

Note: The results reported in Table 3.1 were confirmed by model comparisons.
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Figure 3.3

Cognitive alignment (i.e., percentage of correct guesses) for adult Matchers shown signs

produced by Young (6-7 years), Middle (8-9 years) and Old (10-12 years) Directors. Each data point represents
an adult matcher’s percentage of correct responses for signs produced by the Young, Middle and Old age
groups, in the Gesture and Vocal modalities. Error bars represent 95% confidence intervals. The red dashed
line indicates the percentage of correct guesses predicted by chance.

Matcher Confidence
I expected to find the same pattern of results for matcher confidence that I found for cognitive
alignment. I analysed the data using linear mixed effects modeling. Matcher Confidence (0 - 6) was
my dependent variable. Age Group (Young, Middle, Old) and Modality (Gesture, Vocal) were entered
as fixed effects with interaction. The random effects structure was the same as that used in the
analysis of cognitive alignment. This was the maximal model that would converge. The analysis
returned a main effect of Modality; across age groups, Matcher confidence was higher in the Gesture
modality compared to the Vocal modality. There was also a main effect of Age Group (Table 3.2,
Figure 3.4); matcher confidence was higher when adults interpreted signs produced by the Old age
group compared to the Middle (p = .014) and Young (p = .023) age groups. There was no difference
in communication success when adults interpreted signs produced by the Middle age group
compared to the Young age group (p = .949).
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Table 3.2

Modality and Age Group predict Matcher confidence: results of the linear mixed effects model.

Fixed effects

Estimate

Standard Error

df

t value

Pr (>|z|)

Initial linear mixed effects model (BIC = 13577.1)
Modality

-1.0383

0.0729

36.00

-14.249

< .001 ***

Age Group

0.0899

0.0403

3215.00

2.231

0.0258 *

Modality * Age Group

-0.0744

0.0808

3227.00

-0.921

0.3573

Final linear mixed effects model (BIC = 13569.9)
Modality

-1.0383

0.0727

36.00

-14.281

< .001 ***

Age Group

0.0902

0.0403

3215.00

2.237

0.0253 *

Note: The results reported in Table 3.2 were confirmed by model comparisons.

Figure 3.4

Matcher confidence (0-6) for signs produced by the Young (6-7 years), Middle (8-9 years) and

Old (10-12 years) Directors. A rating of 0 indicates the Matcher has low confidence in their guess, a rating of
6 indicates the Matcher has high confidence in their guess. Each data point represents a Matcher’s mean
confidence rating for signs produced by the Young, Middle and Old age groups, in the Gesture and Vocal
modalities. Error bars represent 95% confidence intervals.
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Sign Motivation
I predicted that older children would produce more highly motivated signs than younger
children. In line with Experiments 1 and 2, I also predicted that sign motivation would be greater in
the Gesture modality, compared to the Vocal modality. I analysed the sign motivation data using a
linear mixed effects model. Sign Motivation (0 - 6) was my dependent variable. Age Group (Young,
Middle, Old) and Modality (Gesture, Vocal) were entered as fixed. Again, the random effects
structure was the same as that used in the analysis of cognitive alignment. This was the maximal
model that would converge. In line with my predictions, there was a main effect of Modality on sign
motivation; sign motivation was greater in the Gesture modality compared to the Vocal modality
across all age groups. There was also a main effect of Age Group, though this was complicated by
a marginal Modality by Age Group interaction (Table 3.3, Figure 3.5). This interaction arose because
there was a significant main effect of Age Group on sign motivation in the Gesture modality (p <
.001) that was absent in the Vocal modality (p = .852). In the Gesture modality, sign motivation was
lower for signs produced by the Young age group compared to the Middle (p = .012) and Old (p <
.001) age groups. There was no difference in sign motivation between the Old and Middle age groups
(p = .329).

Table 3.3

Modality and Age Group predict sign motivation: results of the linear mixed effects model.

Fixed effects

Estimate

Standard Error

df

t value

Pr (>|z|)

Final linear mixed effects model (BIC = 14629.2)
Modality

-2.2263

0.1131

36.00

-19.688

< .001 ***

Age Group

0.1189

0.0477

3221.00

2.496

0.0126 *

Modality * Age Group

-0.1817

0.0956

3222.00

-1.901

0.0574 .

Note: The results reported in Table 3.3 were confirmed by model comparisons.
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Figure 3.5

Motivation of signs produced by children in the Young, Middle and Old age groups. A rating

of 0 indicates low sign motivation (i.e., a symbolic sign). A rating of 6 indicates high sign motivation. Each data
point represents one child’s mean sign motivation, shown for each age group in the Gesture and Vocal
modalities. Error bars represent 95% confidence intervals.

Does Sign Motivation predict Cognitive Alignment?
I predicted that there would be a positive relationship between sign motivation and cognitive
alignment for all age groups. That is, adult Matchers would be more successful at interpreting the
meanings of highly motivated signs. To confirm this hypothesis, I ran a logistic mixed effects model.
Communication success (0, 1) was my dependent variable. Sign Motivation (0-6), Age Group
(Young, Middle, Old) and Modality (Gesture, Vocal) were entered as fixed effects. The random
effects structure included intercepts for participant and meaning type, as well as a by-participant
random slope for the effect of modality. This was the maximal model that would converge. In line
with my predictions, greater sign motivation led to greater cognitive alignment across all age groups,
in both modalities (Table, 3.4, Figure 3.6). There was also a main effect of modality; children
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produced more motivated signs through Gesture than through Vocalization. All other effects did not
reach significance.

Table 3.4

Modality and Motivation predict communication success across all age groups: results from

the logistic mixed effects model.

Fixed effects

Estimate

Standard Error

z value

Pr (>|z|)

Initial logistic mixed effects model (BIC = 3765.3)
Modality

-0.4257

0.0966

-4.408

< .001 ***

Motivation

0.3803

0.0183

20.762

< .001 ***

Age Group

0.0802

0.0542

1.480

0.1388

Modality * Motivation

-0.0287

0.0362

-0.792

0.4284

Modality * Age Group

-0.0846

0.1088

-0.778

0.4366

Motivation * Age Group

-0.0391

0.0223

-1.754

0.0794 .

Modality * Motivation * Age Group

0.0132

0.0443

0.297

0.7664

Final logistic mixed effects model (BIC = 3731.6)
Modality

-0.4065

0.0953

-4.267

< .001 ***

Motivation

0.3801

0.0181

20.963

< .001 ***

Note: The results reported in Table 3.4 were confirmed by model comparisons.
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Figure 3.6

Relationship between sign motivation (of signs produced by child Directors) and the

percentage of correct guesses made by the adult Matchers, in the Gesture and Vocal modalities. A motivation
rating of 0 indicates a sign that is not motivated (i.e., symbolic), a motivation rating of 6 indicates a sign that is
highly motivated. Each data point represents a child-adult participant dyad. The linear regression lines for each
modality are indicated in blue, the grey shading on either side of each regression line represents a 95%
confidence interval.

Discussion

Experiment 4 confirmed that adults are better at comprehending the meanings of signs
produced by children in the Old age group, compared to children in the Middle and Young age
groups. Adults were also more confident in guessing the meanings of the signs produced by the Old
age group, compared to the Middle and Young age groups. Children in the Old and Middle age
groups produced more highly motivated signs relative to children in the Young age group. It is well
known that children become more proficient at language production with age (Singleton & Ryan,
2004). These findings demonstrate that children also become more proficient at sign creation with
age. This effect may in part be due to the fact that older children produce more highly motivated
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signs that bear a non-arbitrary resemblance to their referent, making them easier for adults to
interpret.
Interestingly, although children in the Middle age group produced signs that were as
motivated as children in the Old age group, adult comprehension of these signs was lower. Adults
were significantly better at guessing the meanings of signs produced by older children but showed
reduced communication success when guessing the meanings of the Middle and Young age groups.
This suggests that sign comprehension is not simply a consequence of how motivated or unmotivated a sign is. Possibly, there are other qualities to a sign that affect the ease with which it can
be comprehended. For example, consider these two gestured signs for the meaning ‘drink’: 1) a child
stands on all fours like a dog, and mimes lapping from a water bowl, 2) a child imitates pouring a jug
of water into a glass, then holds the glass to their mouth and tips. Both gestures are highly motivated
re-enactments of the meaning ‘drink’. However, the second example is more likely to be interpreted
correctly, possibly because it is a more common action, and/or an action that people perform
themselves, making it more readily recognizable. When a more elaborate or unusual sign is used
(e.g., drinking from a bowl on all fours), there is a wider range of potential meanings the sign may
represent. For instance, could the child on all fours be communicating ‘dog’ or ‘puddle’?
Thus, although the Middle and Old children had comparable sign motivation, the Old children
may have been producing more easily recognizable motivated signs, compared to the Middle
children. In other words, the signs produced by the Old children may have had enhanced audience
design (Clark & Murphy, 1982). Audience design is the process of learning to adapt your
communication to suit your audience’s particular needs. Effective audience design requires an ability
to make inferences about what your audience knows and understands. Thus, it likely depends upon
the development of Theory of Mind; an ability to impute the mental states of others (first described
by Premack & Woodruff, 1978). As with other language skills, audience design improves across
development (Fukumura, 2016). The ease with which adults interpreted the meanings of older
children’s signs may thus be a result of improved theory of mind, and consequently better audience
design, in that age group, in addition to an improved capacity to produce motivated signs.
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Experiment 5:
How do children comprehend novel sign systems?

In Experiment 4, I demonstrated that older children are better at innovating novel sign
systems compared to younger children. Younger children were also less successful at producing
motivated signs. This suggests that, with age, children become more proficient at 1) innovating
motivated signs that directly resemble their meaning, and 2) selecting those motivated signs that will
be most easily recognizable to their specific audience. However, successful, interactive
communication relies not only on production, but also comprehension. Do the findings from
Experiment 4, in which children are the language producers, also apply when children are the
language comprehenders?
Experiment 5 compares children’s ability to comprehend novel sign systems differs as a
function of their age. It is well established that children begin to comprehend language before they
are able to express it (e.g., Bornstein & Hendricks, 2012). This makes sense intuitively – how could
a child know to produce an appropriate word in the right context if they did not at least have a
rudimentary understanding of its meaning? However, these studies explore children’s ability to
comprehend words in a pre-existing language to which they have been exposed since birth. How do
children perform when asked to infer the meanings of novel signs that they have not previously been
exposed to? Do their comprehension abilities depend on their age, and if so, can age-based
differences be seen across school aged children? Finally, does sign motivation play a role in
facilitating comprehension of a new sign system? Experiment 5 addresses these questions.
In Experiment 5, instead of children producing gestures and vocalizations for adults to
comprehend, adults produce gestures and vocalizations for children to comprehend. As in
Experiment 4, children are tested across three age groups; Young (6-7), Middle (8-9), Old (10-12).
In line with Experiment 4, I expect that children’s comprehension abilities will differ as a function of
their age. Thus, children in the Old age group will have the most success interpreting the meanings
of the adults’ signs (i.e., they will correctly guess the meanings of a higher percentage of signs),
children in the Middle age group will have intermediate success, and children in the Young age group
will have the lowest success. I also expect children in the Old age group to be more confident in their
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language abilities (i.e., to provide higher confidence ratings) compared to children in the Middle age
group, and I expect children in the Middle age group to be more confident compared to children in
the Young age group. In line with the predictions of my model (Lister & Fay, 2017), I expect that
children in all age groups will be more proficient at interpreting the meanings of more highly motivated
signs. As gestures tend to be more highly motivated compared to vocalizations, this would result in
greater communication success across all age groups in the Gesture modality compared to the Vocal
modality. My final (related) prediction is that adults will produce more highly motivated signs in the
Gesture modality compared to the Vocal modality. This finding would support my observations of
gestural superiority among adults in Experiments 1-3.

Do sign comprehension abilities develop before sign creation abilities?
In Experiment 4, I found that adults demonstrated higher cognitive alignment and higher
confidence when guessing the meanings of signs produced by the Old age group, compared to the
Young and Middle age groups. This shows that the Old age group have better-developed sign
production abilities compared to the Young and Middle groups. If comprehension precedes
production when creating a new sign system, in Experiment 5, I expect to find an asymmetry in the
comprehension performance of the different age groups, compared to the production performance
they demonstrated in Experiment 4. This asymmetry would be reflected in one of two possible
results: 1) all three age groups perform comparably well, suggesting that the young and middle age
groups have comprehension (but not production) abilities comparable with the old age group, or 2)
the middle age group has sign comprehension abilities similar to the old age group, while the young
age group still has comparably lower comprehension abilities. In line with numerous studies showing
that language comprehension precedes language production (e.g., Goldin-Meadow et al., 1976;
Ünal & Papafragou, 2016), I expect to observe one of these two potential patterns of results.

Method
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Experiment 5 replicated the design of Experiment 4; however, instead of having children
produce signs for adults to guess, adult participants produced signs for children to guess. All
participants viewed information sheets prior to giving written consent to take part in the experiment.
Each child’s primary caregiver also viewed their own information sheet before giving written consent
for their child to participate. Information sheets and consent forms were approved by the University
of Western Australia Human Ethics Committee.

Participants
Eighteen adults (9 females) took part in the first stage of this experiment. Owing to a technical
error, age was not recorded for the adult participants. The adults produced signs that were recorded
and shown to 54 children (25 girls) during the second stage. As in Experiment 4, the children were
split evenly into three age groups (6-7, 8-9 and 10-12 years). All participants were free of auditory,
visual, speech and motor impairments.

Materials
Experiment 5 reuses the same word lists that were used in Experiment 4.

Task and Procedure
Replicating the method in Experiment 4, Experiment 5 comprised two stages. At Stage 1,
adult participants acted as the Directors, individually communicating their list of meanings to a video
camera. Participants were prevented from using their pre-existing language, and instead created
signs through gestures and non-lexical vocalizations. Each adult took part in both the Gesture and
Vocal modality conditions and communicated 18 different words in each modality (Figures 3.7 a and
b). The starting modality was counterbalanced across participants. Unlike Experiment 4, in which
the children swapped modalities after every 9th meaning, in Experiment 5, adult participants
communicated all 18 meanings in one modality before swapping to the next modality. It was not
necessary to alternate between modalities during each task in the adult trials because participants
did not show any effect of boredom or fatigue. Meanings were sampled randomly from the total 108
meanings but were counterbalanced across participants such that all meanings were communicated
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by 3 participants in the Vocal modality, and 3 participants in the Gesture modality. Meanings were
presented in a random order for each participant, and no participant communicated the same
meaning in both modalities.

Figure 3.7

a) An example of a word presented to an adult Director the Gesture modality, b) An example

of a word presented to an adult Director in the Vocal modality. Once the adult had made a sign for a word, the
experimenter would click the ‘next’ button to progress to the next trial. Adults were not allowed to skip trials
and were required to produce a sign for every word.

In the second stage of the experiment, we played the adults’ recorded signs to the child
cohort. Each child viewed each of the gestures and vocalizations produced by one adult (36
recordings in total), in a random order. As there were 18 children in each age group, this meant that
every adult’s signs were viewed once in each age group. On each trial, children were presented with
12 meanings underneath the video or audio clip (Figure 3.8a). As some children were unable to read
the meanings off the screen, each child was offered the option of having the meanings read out loud
by the experimenter. Thus, to limit demands on working memory, children were presented with fewer
meanings in Experiment 5 (12 meanings) compared to the adult Matchers in Experiment 4 (24
meanings). This ensured that communication success was not artificially reduced by memory
demands.
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The 12 meanings presented to the children on each trial comprised 9 ‘target meanings’ and
3 ‘distractor’ meanings (1 adjective, 1 noun, 1 verb). In each modality, target meanings were sampled
from the full list of 18 meanings that the Director communicated. One of the target meanings
presented was the correct meaning, the others were randomly sampled at each trial from the 18
target meanings for that Director. Distractor meanings were sampled from a list of 36 meanings.
These meanings were never communicated and were sampled such that each participant received
one set of distractor meanings in the Gesture modality (these remained constant across all 18
gesture trials), and another set of distractor meanings in the Vocal modality (these remained constant
across all 18 vocal trials). Distractor meanings were included to prevent participants from guessing
the correct response by a process of elimination.
The children were able to read each meaning from the list of options, but to ensure that every
meaning was comprehended, they were also read aloud by the experimenter. After each clip, the
participant would guess which meaning they thought the adult in the video was communicating.
Participants were able to replay each clip as many times as they liked, and to select the same
meaning multiple times, but they were not able to return to clips they had viewed previously. After
each guess, the participant would be asked to rate how confident they were that their response was
correct, on a scale from 0 (not at all confident) to 6 (highly confident) (Figure 3.8b). After they had
rated their confidence the next clip would play.
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Figure 3.8

a) An example of a video recording presented to a child Matcher in the Gesture modality,

showing an adult communicating the word “lion”. All possible responses are presented underneath the
recording, b) the confidence rating scale presented to Matchers after they had viewed each recording and
made a response. Matchers selected how confident they were that they had guessed the correct meaning of
the adult Director’s sign from 0 (not at all confident) to 6 (extremely confident). After Matchers had rated their
confidence, the next trial would begin.

Results

Cognitive Alignment
Cognitive Alignment was operationalized in terms of the percentage of meanings each child
guessed correctly (i.e., communication success). I predicted that across all age groups, children
would be better able to comprehend the meaning of signs produced by adults in the Gesture
modality. I also predicted that, in both modalities, children in the Old age group would be better at
comprehending adults’ signs than children in the Middle age group, who would in turn be better at
comprehending adults’ signs than children in the Young age group. I analysed the data using logistic
mixed effects modeling. Communication Success (0, 1) was my dependent variable. Age Group
(Young, Middle, Old) and Modality (Gesture, Vocal) were entered as fixed effects with interaction.
The random effects structure included by-participant and by-meaning type random intercepts, as
well as a by-participant random slope for the effect of modality. This was the maximal model that
would converge.
In line with my predictions, there was a significant main effect of modality; communication
success was higher in the Gesture modality compared to the Vocal modality. There was also a
significant main effect of Age Group (Table 3.5, Figure 3.9); communication success was lower in
the Young age group compared to the Middle and Old age groups (ps < .001). There was no
difference in communication success between the Middle and Old age groups (p = .333).

Table 3.5

Communication success across age groups in the Gesture and Vocal modalities: results from

the logistic mixed effects model.

Fixed effects

Estimate

Standard Error

z value

Pr (>|z|)
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Initial logistic mixed effects model (BIC = 2485.3)
Modality

-1.2102

0.1043

-11.600

< .001 ***

Age Group

0.3447

0.0833

4.138

< .001 ***

Modality * Age Group

-0.0628

0.1260

-0.498

0.618564

Final logistic mixed effects model (BIC = 2478.0)
Modality

-1.2071

0.1040

-11.602

< .001 ***

Age Group

0.3341

0.0806

4.145

< .001 ***

Note: The results reported in Table 3.5 were confirmed by model comparisons.

Figure 3.9

Cognitive alignment (i.e., the percentage of items correctly guessed by child Matchers) in the

Gesture and Vocal modalities, across Young, Middle and Old age groups. Each data point represents a child’s
percentage of correct responses in the Gesture and Vocal modalities. Error bars represent 95% confidence
intervals. The red dashed line indicates the percentage of correct guesses predicted by chance.
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Matcher Confidence
I predicted that older children would be more confident when guessing the meanings of
adults’ signs compared to younger children. I also predicted that, in all age groups, children would
be more confident guessing the meaning of adults’ gestures compared to their vocalizations. I
analysed the Matcher confidence data using linear mixed effects modeling. Matcher Confidence (0
- 6) was my dependent variable. Age Group (Young, Middle, Old) and Modality (Gesture, Vocal)
were entered as fixed effects with interaction. I used the same random effects structure as in my
previous analysis of cognitive alignment. This was the maximal model that would converge.
In line with my predictions, there was a significant main effect of Modality; children had higher
confidence when interpreting gestures, compared to vocalizations (Table 3.6, Figure 3.10). Matcher
confidence was also higher in the Old age group compared to the Middle age group, though the
significance of the effect was marginal (p = .073). Matcher confidence was higher in the Old age
group compared to the Young age group (p = .026). There was no difference in matcher confidence
between the Middle and Young age groups (p = .981).

Table 3.6

Modality and Age Group predict Matcher confidence: results of the linear mixed effects model.

Fixed effects

Estimate

Standard Error

df

t value

Pr (>|z|)

Initial linear mixed effects model (BIC = 7333.1)
Modality

-0.7037

0.0800

54.00

-8.801

< .001 ***

Age Group

0.1752

0.0993

53.58

1.764

0.0834 .

Modality * Age Group

-0.0849

0.0979

54.00

-0.867

0.3899

Final linear mixed effects model (BIC = 7326.3)
Modality

-0.7037

0.0805

54.00

-8.741

< .001 ***

Age Group

0.1927

0.0972

53.54

1.983

0.0526 .

Note: The results reported in Table 3.6 were confirmed by model comparisons.
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Figure 3.10

Matcher confidence for the Young, Middle and Old age groups. A rating of 0 indicates that the

Matcher is not at all confident that they have guessed correctly. A rating of 6 indicates that the Matcher is
highly confident that they have guessed correctly. Each data point represents a child’s mean confidence rating,
for the Young, Middle and Old age groups, in the Gesture and Vocal modalities. Error bars represent 95%
confidence intervals.

Sign Motivation
Based on Experiments 1 and 2, I predicted that adult participants would produce more
motivated signs in the Gesture modality, compared to the Vocal modality. I analysed the data using
a linear mixed effects model. Sign Motivation (0 - 6) was my dependent variable. Modality (Gesture,
Vocal) was entered as a fixed effect. I used the same random effects structure as in the previous
analysis. This was the maximal model that would converge. In line with my predictions, adults’ signs
produced through gesture were more motivated than those produced through vocalization (Table
3.7, Figure 3.11).

Table 3.7

Modality predicts sign motivation: results of the linear mixed effects model.
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Fixed effects

Estimate

Standard Error

df

t value

Pr (>|z|)

18.0000

-13.35

< .001 ***

Final linear mixed effects model (BIC = 2847.0)
Modality

-2.5432

0.1905

Note: The results reported in Table 3.7 were confirmed by model comparisons.

Figure 3.11

Motivation ratings for signs produced by adult Directors in the Gesture and Vocal modalities.

A motivation rating of 6 reflects a highly motivated sign, a rating of 0 reflects an unmotivated (i.e., symbolic)
sign. Each data point represents the average sign motivation rating for one adult in the Gesture and Vocal
modalities. Error bars represent 95% confidence intervals.

Does Sign Motivation predict Cognitive Alignment?
I predicted that there would be a positive relationship between sign motivation and cognitive
alignment across all age groups. That is, across all age groups, children would be more successful
at correctly guessing the meanings of adults’ signs, when those signs were more highly motivated.
To confirm this hypothesis, I used logistic mixed effects modelling to compare sign motivation for
adult Directors with cognitive alignment of child Matchers. Communication Success (0, 1) was my
dependent variable. Modality (Gesture, Vocal), Sign Motivation (0-6) and Age Group (Young, Middle,
Old) were entered as fixed effects. The random effects structure included an intercept for participant
(child matchers). This was the maximal model that would converge.
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In line with my predictions, greater sign motivation led to improved cognitive alignment
(reflected in the percentage of correct guesses made by the child matchers). The analysis also
returned a significant main effect of Modality (cognitive alignment was higher in the Gesture modality
compared to the Vocal modality), and a significant main effect of Age Group (Table 3.8, Figure 3.12).
Children in the Young age group demonstrated lower cognitive alignment compared to children in
the Middle and Old age groups (ps < .001). There was no significant difference in cognitive alignment
between the Middle and Old age groups (p = 312). These findings replicate the pattern of results
returned from my previous analysis of the effect of Age Group on cognitive alignment in which sign
motivation was not included as a predictor.

Figure 3.12

Relationship between sign motivation (of signs produced by adult Directors) and the

percentage of correct guesses made by the child Matchers. A motivation rating of 0 indicates a sign that is not
motivated (i.e., symbolic), a motivation rating of 6 indicates a sign that is highly motivated. Each data point
represents an adult-child participant dyad. The linear regression lines for each modality are indicated in blue,
the grey shading on either side of each regression line represents a 95% confidence interval.

Table 3.8
modalities.

Sign motivation predicts communication success across age groups, in the Gesture and Vocal
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Fixed effects

Estimate

Standard Error

z value

Pr (>|z|)

Initial logistic mixed effects model (BIC = 2209.4)
Modality

-0.2634

0.1231

-2.140

0.0324 *

Motivation

0.3937

0.0266

14.818

< .001 ***

Age Group

0.3746

0.0962

3.895

< .001 ***

Modality * Motivation

0.0689

0.0525

1.312

0.1896

Modality * Age Group

-0.0904

0.1508

-0.600

0.5488

Motivation * Age Group

-0.0308

0.0324

-0.951

0.3418

Modality * Motivation * Age Group

-0.0352

0.0645

-0.546

0.5850

Final logistic mixed effects model (BIC = 2182.5)
Modality

-0.2443

0.1220

-2.003

0.0452 *

Motivation

0.4037

0.0256

15.768

< .001 ***

Age Group

0.4002

0.0886

4.517

< .001 ***

Note: The results reported in Table 3.8 were confirmed by model comparisons.

Discussion

In Experiment 5, I tested 1) whether older children are better at comprehending a novel
communication system compared to younger children; 2) whether older children are more confident
in their ability to comprehend a novel communication system compared to younger children; 3)
whether children have more success interpreting the meanings of highly motivated signs compared
to less motivated signs; and 4) whether children are more successful interpreting the meanings of
gestures compared to vocalizations. In line with my predictions, children in the Old and Middle age
groups were more successful at interpreting the meanings of adults’ signs, compared to children in
the Young age group. These results suggest that the ability to comprehend novel signs may improve
with age. Older children were also more confident that they had interpreted the meanings correctly,
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compared to children in the Middle and Young groups. Across all age groups, children were more
successful at correctly interpreting the meanings of signs when the signs were highly motivated. As
in my previous experiments (Chapter 2, Experiments 1, 2 and 3), adult Directors produced more
highly motivated signs through gesture than through vocalization. Thus, children in all age groups
tended to be more successful at interpreting the meanings of gestures, compared to vocalizations.
When using conventional languages, children’s comprehension abilities improve with age
(Oviatt, 1980; Szaflarski et al., 2012). The current findings suggest that children also become better
at comprehending novel communication systems with age. In conventional languages, the degree
to which a child has been exposed to language is positively related to their language proficiency
(Romeo et al., 2018). Thus, in tasks that test children’s comprehension of conventional language,
older children may outperform younger children because they have had more years of exposure to
that language. In the present study, children in all age groups were viewing novel signs for the first
time. Consequently, the success of the older children cannot be due to greater familiarity with the
communication system. Why, then, are older children better at correctly inferring the meaning of
novel signs? In my model (Lister & Fay, 2017), I argue that people bootstrap communication systems
by using highly motivated signs. Because they closely resemble their meaning, motivated signs bring
their referent to mind more readily. However, these benefits only exist if interlocutors are using
motivated signs to communicate shared knowledge of the real world. For instance, tracing the outline
of a tree in the air is a highly motivated representation of the meaning ‘tree’ and would be easily
comprehended by anyone familiar with trees. For someone who had never seen a tree before, the
gesture would be meaningless, despite it being highly motivated. Possibly, older children were better
able to comprehend the adults’ signs because they simply had accumulated a greater wealth of
shared knowledge from which they could draw. As a result, they were able to correctly interpret the
meanings of a greater range of motivated signs produced by the adults.
Interestingly, communication success was comparable for the Middle and Old age groups,
but confidence was lower in the Middle age group relative to the Old age group. Children in the
Middle age group were only as confident as children in the Young age group, despite demonstrating
higher communication success. Perhaps this reflects a transitional period; children in the Middle age
group may have developed communication skills comparable with those in the Old age group more
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recently. As a result, they may be more uncertain about their performance, having had fewer years
to consolidate their skills and receive feedback from the environment that verifies that their
comprehension is accurate.

General Discussion
We know that children’s ability to use and perceive conventional language improves with age (Oviatt,
1980; Singleton & Ryan, 2004; Szaflarski et al., 2012). Experiments 4 and 5 confirmed that the same
is true for novel communication systems: compared to younger children, older children are more
proficient at both creating, and comprehending, new sign systems. In Experiment 4, children in the
Old age group were significantly better at innovating novel signs, producing signs that adults could
more easily comprehend compared to children in the Young age group. In Experiment 5, children in
the Old age group were significantly better at comprehending novel signs, demonstrating higher
communication success scores compared to children in the Young age group. These findings show
a clear developmental pattern, whereby older children are better at innovating and comprehending
new communication systems compared to their younger counterparts.
What leads to this developmental improvement in sign creation and comprehension? In my
model (Lister & Fay, 2017), I argue that highly motivated signs facilitate comprehension when
interlocutors are innovating a new communication system. Thus, developing an ability to create and
comprehend motivated signs would enable children to communicate with increasing proficiency as
they age. My results from Experiments 4 and 5 support this suggestion. In Experiment 4, older
children produced more highly motivated signs relative to younger children. These motivated signs
were more likely to be successfully understood by the adult Matchers. Likewise, in Experiment 5,
children across all age groups were shown the same adult-produced signs, but older children were
more successful at correctly interpreting the signs compared to younger children.
A goal of Experiments 4 and 5 was to determine whether the production-comprehension
asymmetries that have been observed in children learning conventional languages also exist when
children are asked to create and comprehend novel communication systems. Studies of child
language development often show that, for conventional languages, comprehension abilities
precede production abilities (e.g., Goldin-Meadow et al., 1976; Ünal & Papafragou, 2016). The
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performance of children in the Middle age group in Experiments 4 and 5 suggests that these
asymmetries may exist for children creating and interpreting novel communication systems as well.
In Experiment 4, children in the Middle age group had production abilities comparable with the Young
age group, while in Experiment 5, children in the Middle age group had comprehension abilities
comparable with the Old age group. This suggests that the ability to create novel communication
systems lags behind the ability to comprehend them. These findings support previous studies
showing that children acquire more highly developed language comprehension abilities before they
develop equivalent language production abilities (e.g., Goldin-Meadow et al., 1976; Ünal &
Papafragou, 2016). Moreover, these results show that the asymmetry between production and
comprehension exists not only for conventional languages, but for novel sign systems as well.
In line with my previous experiments (Chapter 2) and confirming my last hypothesis, adults
and children produced more highly motivated signs in the Gesture modality, compared to the Vocal
modality. These findings support my model (Lister & Fay, 2017), in which I argue that highly
motivated signs are essential when bootstrapping communication systems, and that it is easier to
produce motivated signs through gestures than through vocalizations. Because they closely
resemble their meaning, motivated gestures help bring their referent to mind. This enables
interlocutors to understand each other (i.e., to cognitively align their communication models).
Experiments 4 and 5 confirm that, like adults, children’s communication is facilitated by the use of
motivated signs, in particular, motivated gestures. In Experiment 4, across all age groups, children’s
gestures were easier for adults to comprehend compared to their vocalizations. In Experiment 5,
across age groups, children were more successful at guessing the meanings of adults’ gestures,
compared to their vocalizations. In line with my previous experiments (Chapter 2), the current
findings support an integral role for gesturing in the creation of early communication systems.
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Chapter 4.

Why speak when gesture is better: a new experimental paradigm

Why Speak When Gesture is Better: A New
Experimental Paradigm

Introduction

Those interested in the origins and evolution of human communication systems seek to
answer two fundamental questions; 1) How do human communication systems arise, and 2) How
do these communication systems evolve to be complex, shared and symbolic? Like detectives
studying a pair of footprints receding into the sand, finding answers to these questions often depends
on extrapolating backwards, making inferences about our ancestors’ communication from
observations of modern-day humans. In Chapter 1, I proposed a model describing how new
communication systems can be created, and how these systems can become symbolic and shared
(Figure 1.1). In Chapters 2 and 3, I tested this model through five referential communication tasks in
which participants communicated single-word meanings to a partner, either through gestures or nonlexical vocalizations (sounds that are not words). My findings showed that participants
communicated more successfully through gestures than through vocalizations, supporting a key role
for gesturing in the creation of novel communication systems. A reasonable question to ask in
response to these findings is: if gesturing leads to more successful communication compared to
vocalizing, why are modern human communication systems now largely speech-based?
In this chapter I argue that there are benefits to vocalizing that have not been demonstrated
by our current referential communication tasks. I present a new referential task that explores one of
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these as-yet-untested benefits: I test whether vocalizing becomes adaptive as communicative
complexity increases. In Section 4.1, I review the benefits of gesture and the evidence supporting a
key role of gesture when creating novel sign systems. In Section 4.2, I argue that at some point in
our evolutionary history, the use of vocalizations must have conferred an adaptive advantage to our
forebears (otherwise it would not persist today). I then outline potential situations in which vocalizing
may become a useful communication strategy (Section 4.3) and argue that these situations have not
been replicated or tested in an experimental setting (Section 4.4). Last, I describe Experiments 6, 7
and 8, which explore one of these situations by testing whether vocalizations become adaptive under
increased pressure to communicate complex, multi-word concepts.

4.1)

Reviewing the benefits of gesture
Gesture is regarded by many to be the antecedent of spoken language (e.g., Arbib et al.,

2008; Corballis, 2009; Vauclair, 2004). Studies of non-human primates show that our closest living
relatives have good volitional control of the forelimbs and face, but comparatively less flexible control
over their vocalizations (Arbib, 2003). Moreover, attempts to teach chimpanzees to ‘speak’ through
vocalizations have largely failed, while attempts to teach them to communicate via gestured signs
have been far more successful (Gardner, Gardner, & Cantfort, 1989). This suggests that a capacity
to produce gestured signs was present in our last common ancestor and evolved before the capacity
to produce vocal signs.
In developmental studies, children’s use of communicative gestures precedes and predicts
their subsequent acquisition of spoken language (Iverson & Goldin-Meadow, 2005). Congenitally
deaf children who have not been exposed to conventional sign languages are also able to make up
their own ad hoc gesture-based communication systems, referred to as Homesign (Goldin-Meadow,
2005). Similarly, at a Nicaraguan school for the deaf, the students developed their own gestural
communication system, which soon took on the grammatical and syntactic complexities of a fullyfledged language (Kegl, 1999; Senghas et al., 2004). These studies indicate that gesture-based
languages can emerge spontaneously in populations whose members have not been taught
conventional signed or spoken languages.
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In experimental semiotics studies, when participants are asked to create novel
communication systems from scratch through gestures or non-lexical vocalizations (e.g., Fay, Arbib,
& Garrod, 2013; see also Chapters 2 and 3 of this thesis), those who use gestures have greater
communication success and are more likely to arrive at a shared system of signs, compared to those
who communicate with vocalizations. In Chapters 2 and 3, I ran a series of referential communication
experiments examining how people create novel communication systems using either only gestures
or only non-lexical vocalizations. Participants were presented with lists of words and were asked to
communicate each word to a partner without using their pre-existing language. Across all
experiments, participants were more successful at establishing a novel communication system when
they gestured compared to when they vocalized. This effect was observed in adults (Experiments 13) and in children (Experiments 4 and 5), for exchanges that occurred in real-time (Experiment 2)
and for exchanges that occurred via video recordings (Experiments 1, 3, 4 and 5). I argued that it is
easier to create novel communication systems through gestures, as gestured signs tend to be more
highly motivated (i.e., they share a direct resemblance to their meaning), and are thus are easier to
interpret.
The methods and tasks employed in Experiments 1-5 were based on those used by Fay,
Lister et al. (2014). In their study, Fay, Lister et al. (2014) had pairs of participants communicate lists
of recurring words (emotions, actions and objects) to a partner using either gestures, non-lexical
vocalizations, or a combination of gestures and vocalizations. As per experiments (1-5), Fay, Lister
et al. (2014) found that participants who gestured enjoyed more successful communication (i.e., their
partner interpreted a greater proportion of their signs correctly), compared to those who only
vocalized. Fay, Lister et al. (2014) hypothesized that the greatest communication success would be
found for participants in the Combined (gesture-plus-vocalization) modality, as they had the
advantage of two channels of communication rather than one. This hypothesis was not supported.
Instead, communication success in the Combined modality was comparable to that in the Gestureonly modality. Moreover, when communicating action words, participants in the Gesture-only
modality outperformed those in the Combined modality. The authors speculated that instead of
improving communication success, vocalizations may have distracted participants from the
information conveyed by their partner’s gestures. Supporting this, Fay, Lister et al. (2014) found that
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participants who vocalized more frequently in the Combined modality had lower communication
success.
Together, these studies make a compelling case for the utility of gestural communication over
vocal communication. Great apes are more readily taught signed languages than spoken; in child
development, gesture precedes speech; deaf populations can create their own sign languages; and
in referential communication tasks, participants who gesture communicate more successfully than
those who vocalize, while combining gestures with vocalizations lowers communication success,
instead of improving it. Despite these findings, a complicating fact remains unexplained: modern
humans speak.

4.2)

The undeniable case for vocalization
Modern languages are vocal-dominant. Given an ability to hear and produce vocal sounds,

and exposure to spoken language, all cognitively normal people will acquire a spoken language
(Goldin-Meadow & McNeill, 1999). The ubiquity of speech-based language, and the fact that gesturebased languages only emerge when spoken language is untenable (i.e., in deaf populations; GoldinMeadow & McNeill, 1999), suggests an adaptive advantage to the use of speech over gesture as a
primary means of communication. This adaptive advantage must have been significant, as the
lowering of the larynx (which enabled speech) resulted in humans having only one passage for
breathing and swallowing. This significantly increased our risk of death by choking (Arbib, 2003).
The advantages of speech must have been great enough to eclipse the costs associated with the
physical changes that enabled it.
Although the studies cited in Section 4.1 show gesture to be more useful than vocalization
when bootstrapping communication systems, this does not preclude a role for vocalization in early
human communication systems. In fact, evidence of co-lateralization between brain regions
controlling praxis (intentional, planned motor movements or gestures) and those controlling
language in modern humans suggests that these communicative behaviours may have become
associated early in our evolution (Vingerhoets et al., 2013). The McGurk effect, where listeners
misinterpret audio information as a consequence of conflicting visual information, also reveals the
tight integration of the systems that perceive gestures/movement, and those that perceive speech
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(e.g., when audio of the sound ‘ga’ is presented alongside video of a mouth saying ‘ba’, the stimuli
from both modalities are misperceived as ‘da’; a mid-point or compromise between the audio and
visual stimuli; McGurk & Macdonald, 1976).
Comparative psychology also supports a role for vocalizations in the emergence of human
communication systems. Though not adept at producing vocalizations with the complex acoustic
properties of human speech, great apes demonstrate relatively good language comprehension,
performing at about the level of human toddlers (Arbib, 2003). Moreover, the food and alarm calls
observed in many primate species suggest that at least some form of vocal communication was
present in our last common ancestor (e.g., Seyfarth, Cheney, & Marler, 1980). The ubiquity of
speech-based language in modern humans suggests that there is an evolutionary advantage to
communicating through vocalizations instead of (or in addition to) gestures that my studies
comparing gesture-only and vocal-only communication do not adequately reflect. Possibly these
tasks have not replicated the specific environmental circumstances in which vocal communication is
preferred. A reasonable question to ask, then, is: under what circumstances is vocalization an
adaptive strategy?

4.3)

When does vocalization help?
There are many instances in which it may have been beneficial for our ancestors to vocalize

instead of (or in addition to) gesturing. For instance, Corballis (2004; 2009) suggests that pressure
to communicate when visibility was poor (e.g., at night, or in dense forest) may have driven
communication from the gestural modality into the vocal modality. Vocalizing can also quickly
capture the attention of an addressee, where silent gestures may be less effective. This vocal
attention-getting behaviour has been observed in modern chimpanzees (Taglialatela, Russell,
Schaeffer, & Hopkins, 2011). Another possibility is that with more frequent communication (or an
increasing vocabulary) vocalization became the preferred modality, as it required less physical effort
than manual gesture (Corballis, 2009) and freed the hands, allowing manual tasks to be performed
while communicating (Corballis, 2004, 2009). Corballis (2004) argues that freeing the hands during
communication enabled the development of verbal pedagogy (spoken instruction), facilitating Homo
sapiens’ many technological advances.

115
Though spoken language has historically been viewed as almost entirely symbolic (de
Saussure, 1916), increasing evidence for iconicity in modern languages (e.g., onomatopoeia,
ideophones, expressives, mimetics and prosody) calls into question the assumptions that vocal
communication is arbitrary (e.g., Perlman & Lupyan, 2018; Zlatev, Wacewicz, Zywiczynski, & van de
Weijer, 2017; Dingemanse, Blasi, Lupyan, Christiansen, & Monaghan, 2015; Monaghan et al., 2014;
Imai & Kita, 2014; Wescott, 1971). The vocal modality is capable of conveying more iconic meaning
than was previously assumed and may have facilitated communication in circumstances when vision
was occluded, or the hands were busy. Communicating in the vocal and gestural channels may have
also increased communicative efficiency, allowing our ancestors to communicate multiple meanings
simultaneously in two channels, as opposed to communicating meanings sequentially in a single
channel. Last, Corballis (2004) suggests that vocalizations could have originally added
distinctiveness to orofacial gestures, allowing similar lip shapes to be discerned (e.g., with added
voicing, the same pursed lip shape can elicit the sound /p/ or /b/, effectively turning one sign into
two). In this way, vocalization may have emerged as a marker, adding distinctiveness to otherwise
identical gestures.

4.4)

A limitation of many referential communication tasks
The possible advantages of vocal communication are numerous but have not yet been well

demonstrated in referential communication tasks. In this chapter, I argue that we have not observed
the benefits of vocalization because these referential communication tasks have not adequately
replicated the environments in which vocalizing potentially becomes adaptive (e.g., when visibility is
low; when the hands are otherwise occupied; or with increased complexity of the communication
system due to a growing vocabulary of signs). In the following experiments, I test one hypothesis
regarding the emergence of vocalizations: vocalizations emerge as an adaptive response to the
pressure to communicate a growing vocabulary of meanings.
Might the pressure of a growing vocabulary push communication from the gestural modality
into the vocal modality? Bickerton (2004) argues that early communication systems were based
around a small number of discrete signs that gradually got ‘strung together’ with increasing
vocabulary size. If this is true, most referential communication tasks to date have only assessed the
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earliest stages of language creation: asking participants to communicate single meanings, one at a
time. It is possible that the advantages of vocal communication only emerge as communication
systems increase in complexity. Greater communication complexity (e.g., the need to communicate
a larger vocabulary of signs) may have pushed our ancestors away from the gestural modality,
towards a combination of gestures and vocalizations.
According to Gasser (2004), when bootstrapping a sign system with a small number of
semantically distinct meanings, motivated signs are useful because they directly resemble their
referent. This makes them easier to comprehend. As gesture enables the production of highly
motivated signs, people who create new communication systems through gesture are more
successful than those who vocalize (see Experiments 1-5). However, as sign systems grow, relying
exclusively on motivated signs may disadvantage communication, as semantically related signs tend
to be less distinctive (Gasser, 2004). For instance, a motivated gesture for the meaning ‘running’
would closely resemble a motivated gesture for the meaning ‘sprinting’. Adding arbitrary vocal
markers at this point may have been adaptive, allowing for increased discernibility of similar
gestures. Because arbitrary signs are not constrained by a pressure to resemble their referent, they
can take on a wider range of forms. This makes them easier to distinguish from one another (Gasser,
2004).
If vocabulary size does affect participants’ likelihood of vocalizing, this is a variable that has
not yet been quantified, controlled or experimentally manipulated. In the present chapter, I conduct
multi-word referential experiments that test participants’ communication across one-word, two-word
and three-word phrases. This allows me to quantify and directly manipulate communication
complexity. To my knowledge, only one experimental semiotics study has directly compared
communication in the Gesture and Gesture-plus-vocal modalities with a multi-word communication
task. Zlatev, Wacewicz, Zywiczynski, and van de Weijer (2017) ran a referential communication task
that compared two accounts of language origin: a ‘pantomime-first’ account (in which language
evolved primarily out of actions that gradually took on a communicative meaning), and a ‘multimodal
first’ account (in which gestures and vocalizations were both used from the beginning). Four actors
were recruited and asked to communicate a series of phrases describing transitive events (subjectverb-object phrases) using either only gestures, or a combination of gestures and non-lexical

117
vocalizations. The actors were recorded, and the signs they produced were later replayed to a cohort
of naïve participants (Matchers), who attempted to guess what phrases were being communicated.
Supporting a pantomime-first account, the authors found no benefit to communication when
the actors communicated multi-modally; those who used silent gestures communicated as
successfully as those who used vocalizations and gestures (Zlatev et al., 2017). However, after the
task, the Matchers were asked whether or not the actors’ vocalizations were ‘helpful’ in interpreting
the meanings of their signs. The majority reported that the actors’ vocalizations made their signs
easier to guess. A follow up study revealed that the actors’ vocalizations contained information about
the emotional valence of the phrase (positive or negative), which may have made the Matchers more
confident in their guesses.
Zlatev et al. (2017) make an important contribution to the language origin debate.
Counterintuitively, their results indicate that adding more information (in the vocal domain) does not
improve performance. This strengthens the argument that language originated gesturally. However,
for several reasons, further testing is necessary to be confident in these findings. First, the authors
used four actors to provide the stimuli for participants to interpret. This constrains the variability in
the signs participants interpreted. Possibly the four actors were not representative of the wider
population, which may limit the generalizability of the results. Second, though their task simulated
an interaction, with the actors producing signs designed to communicate their meanings to another
party, there was no interaction in real-time between participants and the actors. My previous
experiments (Chapter 2) demonstrate the importance of face-to-face interactive feedback when
creating a novel communication system. The absence of this feedback may have artificially reduced
participants’ communication success or affected the types of gestural/vocal signs they produced.
Last, the authors’ most intriguing finding – that Matchers found the actors’ vocalizations helpful in
interpreting their meaning, warrants further exploration. Participants were interviewed about the task
only after it had ended. On reflection, they may have been biased to assume that the vocalizations
were helpful for the same reason that it is intuitively appealing to assume that more information is
better than less.
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4.5)

The present study
In this chapter, I test the hypothesis that vocalizations become adaptive as communication

complexity increases, and extend the findings of Zlatev et al. (2017) using an interactive
communication task based on my previous experiments (Chapters 2 and 3). In this task, participants
communicate series of phrases to a partner, through either only-gestures or a combination of
gestures and vocalizations. In Experiments 6, 7, and 8, phrases are communicated by different
cohorts of participants, enabling me to observe sign creation across a range of individuals (30-60
participants in each experiment). In Experiments 7 and 8, participants are also able to interact in
real-time across a series of games. This increases the ecological validity of the task, making
participants’ interactions more akin to a dialogue, with members of each dyad taking turns speaking
and listening. It also allows me to observe how participants’ sign systems change over time. After
each phrase is communicated, participants will be asked to rate their confidence that they have
communicated successfully. This enables me to explore Zlatev et al.’s (2017) intriguing finding that
vocalizing is ‘helpful’ on every phrase, immediately after it has been communicated. Finally, though
they used multi-word phrases, Zlatev et al. (2017) did not quantify or experimentally manipulate
communication complexity. In the following experiments participants communicate one-word, twoword or three-word phrases, comprised of noun, verb and adjective combinations (e.g., ‘happy goat
dances’). Manipulating phrase length enables me to quantify complexity and test whether vocalizing
becomes more advantageous when the demands of the communication system are high (i.e., when
participants are required to communicate three meanings in a single trial), compared to when
communication demands are intermediate (i.e., when participants are required to communicate two
meanings in each trial), or low (i.e., when participants are required to communicate a single meaning
in each trial).
If vocalization emerges as an adaptive strategy when communication demands increase,
there should be more frequent vocalizations in the Combined (gesture plus vocal) modality when
participants communicate 3-meaning phrases, compared to when they communicate 1- or 2meaning phrases. When communication demands are lower (in the 1-meaning trials), I expect
participants in both modalities to rely primarily upon gestures to get their meanings across. Although
Fay et al. (2014) observed lower communication success for participants in the Combined modality
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compared to the Gesture-only modality, it is possible that vocalization does not confer a
communicative advantage in situations where communication demands are lower. Thus, when
participants are only communicating single-meaning phrases, I expect communication success to be
comparable across the Gesture-only and Combined modalities. As communication demands
increase (i.e., as participants are required to communicate multi-word phrases), I expect participants
in the Combined modality to have greater success than those in the Gesture-only modality, because
they have the added advantage of using vocalizations as well as gestures.
In Experiment 6, I test my new experimental paradigm in a non-interactive setting to gain a
baseline level of participant performance in the Gesture and Combined modalities. In Experiments
7 and 8, pairs of participants take part in the same task across a series of interactive games.

Experiment 6:
When is Vocalization Useful? A Non-Interactive Multi-Word Study

Experiment 6 examines how people create new communication systems when prohibited
from using their pre-existing language. Participants play a non-interactive Charades-like game in
which they must communicate one-word, two-word and three-word phrases to an absent partner via
a video camera. Instead of using their shared language, participants are restricted to communicating
using either only gestures, or a combination of gestures and non-lexical vocalizations (sounds that
are not words). Because the game is non-interactive, testing takes part in two stages, with
participants at Stage One communicating their lists of phrases to the video camera (i.e., acting as
Director). At Stage Two, a second cohort of participants view the recordings of participants from
Stage One, and attempt to guess what one-word, two-word and three-word phrases are being
communicated (i.e., acting as Matcher).
If vocalizing becomes an adaptive strategy when greater demands are placed upon
communication, Directors in the Combined (gesture plus vocalization) modality condition will
vocalize most often when communicating three-word phrases, will vocalize moderately when
communicating two-word phrases, and will vocalize least often (or not at all) when communicating
one-word phrases. If vocalizing confers an advantage when people have to communicate more
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complex meanings, participants in the Combined modality will have more successful communication,
greater confidence in their communication success, and more efficient communication for more
complex (i.e., two- or three-word) phrases, compared to participants in the Gesture-only Modality.
Communication success is operationalized as the proportion of correct guesses made by the
Matcher. Communication confidence is operationalized as the Matcher’s degree of confidence that
they have made a correct guess. Communication efficiency is operationalized as the time taken to
communicate each phrase (i.e., from when the Director begins to produce their sign, to the point at
which the Matcher makes their guess). In line with my hypothesis that vocalization only becomes
useful as communication demands increase, I expect to find no difference in communication success
or communication efficiency between the Combined and Gesture-only modalities for less complex
(i.e., one-word) phrases, as communication demands are low.

Method
Participants
Sixty undergraduate students (38 females, 1 non-binary) aged between 17 and 48-years old
(M = 20.4, SD = 5.4), participated in exchange for partial course credit, and completed the testing
session in approximately one hour. All were free of auditory, visual, speech and motor impairments.
Participants viewed an information sheet before giving written consent to take part in the experiment.
Information sheets and consent forms were approved by the University of Western Australia Ethics
Committee.

Stage One

Materials
Stage One was presented to Directors (N = 30, 18 females) on an iPad. The task comprised
18 trials in the Gesture-only modality, and 18 trials in the Combined (gesture-plus-vocalization)
modality. Directors were shown six one-word, six two-word and six three-word phrases in each
modality. These phrases were constructed by randomly sampling combinations of nouns, verbs and
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adjectives from a collection of pre-selected common words (from the Corpus of Contemporary
American English; Davies, 2008; see Appendix 2 for the complete list of all words sampled).
One-word phrases consisted of single adjectives, nouns or verbs. These were sampled
equally, such that every Director communicated two single-adjective phrases, two single-noun
phrases and two single-verb phrases in each modality. Two-word phrases consisted of combinations
of adjectives-and-nouns, or of nouns-and-verbs (see Table 4.1 for examples of one-word, two-word
and three-word phrases). Directors communicated three adjective-noun phrases (e.g., ‘blue potato’),
and three noun-verb phrases (e.g., ‘moon dances’) in each modality. Because a noun was used in
every two-word phrase, more nouns were sampled overall, compared to adjectives and verbs (140
nouns, 110 adjectives and 110 verbs were used). Three-word phrases consisted of adjective-nounverb combinations (e.g., ‘blue potato dances’). Directors communicated six three-word phrases in
each modality.
For each Director, one set of 18 phrases would be generated for the Gesture-only modality
condition, and a different set of 18 phrases (composed of different words) would be generated for
the Combined modality condition. These lists would be reused for another Director with the
modalities reversed (e.g., if Director 1 communicated ‘jumping shoe’ in the Gesture-only modality,
and ‘yellow hat’ in the Combined modality, Director 2 would communicate ‘jumping shoe’ in the
Combined modality, and ‘yellow hat’ in the Gesture-only modality). The order in which modalities
were presented was counterbalanced across participants. No Director saw the same word in both
modalities, or in more than one phrase. Across all trials, verbs were presented in the present tense
to ensure that they were never mistaken for adjectives (e.g., ‘cleans’ is clearly a verb, while ‘clean’
could be interpreted as an adjective or a verb). To make it clear that the 2-word and 3-word phrases
were holistic concepts and not just lists of individual words, ‘the’ was placed in front of the first word
(e.g., ‘happy dog’ would become ‘the happy dog’).

Table 4.1

A sample of the One-, Two- and Three-word phrases presented to Directors. Word types are

abbreviated (a indicates adjective, n indicates noun, v indicates verb) and are shown in italics.

One-word

Two-word

Three-word
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Broken (a)

The Gentle nose (a-n)

The Angry thumb protects (a-n-v)

Light (a)

The Lively ball (a -n)

The Fat table eats (a-n-v)

Circle (n)

The Small roof (a -n)

The Flaky plane disappears (a-n-v)

Pipe (n)

The Drawer works (n-v)

The Healthy potato washes (a-n-v)

Bites (v)

The Leaf rests (n-v)

The Skinny sheep refuses (a-n-v)

Drops (v)

The Shirt yawns (n-v)

The Weak parcel visits (a-n-v)

Task and Procedure
Stage One was presented to Directors on an iPad. Directors were shown one-word, two-word
and three-word phrases (presented in a random order) and asked to communicate each phrase to a
video camera, so that a partner viewing the recordings could identify the meanings within each
phrase. Phrases were presented one at a time on the iPad screen, and Directors were asked to
attempt to communicate each phrase before moving onto the next (see Figure 4.1). Like the game
Charades, Directors were prohibited from using their pre-existing language. Instead, they had to
communicate either through gestures-only (i.e., through movements of their hands, body and face),
or through a combination of gestures and non-lexical vocalizations (i.e., by gesturing and/or making
sounds that are not words). Directors communicated 18 phrases in the Gesture-only modality, and
18 phrases in the Combined modality, and would complete all 18 trials in one modality before moving
onto the next. There was no limit on the time Directors could take to communicate each phrase;
when they were satisfied they had communicated a phrase, they would click a ‘next’ button to
progress to the next trial.
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Figure 4.1

An example of a three-word phrase presented to a Director. The mouth and hand images

indicate that the phrase should be communicated using a combination of non-lexical vocalizations and
gestures. This is reinforced by the instruction ‘We would like you to make SOUNDS for this word, using your
voice and body, and also ACTIONS, using your hands, body and face’. After communicating the phrase, the
Director would click the ‘next’ button to progress to the next trial.

Stage Two

At Stage Two, a second cohort of participants (N = 30, 20 females, 1 non-binary) took on the
role of Matcher, viewing the recordings produced by Directors at Stage One and attempting to guess
what phrases were being communicated.

Task and Procedure
Stage Two was presented to participants on a desktop computer. Each Matcher viewed all
the recordings from two Stage One Directors. This means every Matcher viewed a total of 72 trials,
separated into four 18-trial blocks (e.g., 18 trials from Director 1 in the Gesture modality; 18 trials
from Director 1 in the Combined modality; 18 trials from Director 2 in the Gesture modality; 18 trials
from Director 2 in the Combined modality). Participants viewed all 18 recordings from one block,
before moving onto the next block. The order of the blocks was randomized, as was the order of
recordings within each block. Each video recording was presented one-by-one at the top of the
screen. Matchers clicked a ‘play’ button to start each clip. They could replay each video clip as many
times as they liked. Underneath each video clip were all 36 words communicated by the Director

124
within that block. These words were not grouped together into phrases but were presented on the
screen in alphabetical order (Figure 4.2a).

Figure 4.2

a) An example of a recording presented to a Matcher, with all possible responses listed

underneath. Matchers could select 1, 2 or 3 words as their response, and could replay each video as many
times as they wished. Once they had made their response, Matchers would click the ‘submit’ button to progress
to the next screen, b) The confidence rating scale presented to Matchers after they had guessed each phrase.
Matchers selected how confident they were that they had guessed the phrase correctly from 0 (not at all
confident) to 6 (extremely confident). Confidence ratings were made using the mouse. After rating their
confidence, Matchers would click the ‘submit’ button and then view the next recorded phrase.

Matchers were not told how many words the Director was communicating in each trial.
Instead, for each video, they made their selection of 1, 2 or 3 words by clicking on the words in turn.
Once they had made their selection, they would click a ‘submit’ button. This would take them to a
new screen in which they would record their level of confidence that they had guessed the words
correctly (Figure 4.2b). Confidence ratings were presented on a 7-point Likert-type scale from 0 (not
at all confident) to 6 (highly confident). After selecting the confidence level, Matchers would be shown
the next video recording. Matchers could not return to a video they had previously viewed.
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Results
The data was analysed using logistic and linear mixed effects modeling. All analyses were
conducted in R (R Development Core Team; Venables & Smith, 2006) and models were estimated
using the glmer() and lmer() functions of lme4 (Bates & Sarkar, 2007). P-values were obtained by
likelihood ratio tests of the full model against the model without the predictors. All predictors were
centered prior to analysis. Following Barr (2013), a maximal random effects structure was specified
where possible. Where predicted effect was absent, I used Bayesian Factor analysis (Morey &
Rouder, 2014) to compare the fit of the data under the null hypothesis and the alternative hypothesis.
The following sections examine Cognitive Alignment (operationalized as communication success),
Matcher Confidence and communication efficiency across phrase lengths, in the Gesture and
Combined modalities.

Cognitive Alignment
Cognitive Alignment was measured in terms of communication success; that is, whether (or
not) a Matcher guessed a given phrase correctly. For a phrase to be guessed correctly, the Matcher
would need to guess all the words within that (one-word, two-word or three-word) phrase, in the
order in which they were presented to the Director, and without guessing any additional words that
were not present. If a Matcher failed to guess every word within that phrase correctly, guessed the
correct words out of order, or guessed any additional words that were not present, they would be
marked as incorrect. Thus, communication success was a stringent and binary measure; if a phrase
was guessed correctly in its entirety, it was coded as ‘1’, if it was guessed incorrectly it was coded
as ‘0’. Communication success was recorded for every phrase shown to the Matchers in both the
Gesture and Combined modalities.
I predicted that communication success would be higher for the one-word phrases, and
lowest for the three-word phrases, with two-word phrases falling in between. I also predicted that
communication success (i.e., Cognitive Alignment) would be higher in the Combined modality
compared to the Gesture-only modality, but only when communication demands were increased
(i.e., for the two-word and three-word phrases). This would lead to a Modality by Phrase Length
interaction, reflecting greater cognitive alignment in the Combined modality compared to the Gesture
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modality, but only for longer phrase-lengths. The data was analysed using a logistic mixed effects
model. Cognitive Alignment (0 or 1) was the dependent variable. Modality (Gesture, Combined), and
Phrase Length (One-word, Two-word, Three-word) were entered as fixed effects with interaction. As
random effects, I had a random intercept for dyads, as well as a by-dyad random slope for the effect
of modality. This was the maximal model that would converge.
In line with my predictions, Cognitive Alignment was significantly different at all phrase
lengths (ps < .001); in both modalities, Cognitive Alignment was highest for the one-word phrases,
lower for the two-word phrases, and lowest for the three-word phrases (Table 4.2, Figure 4.3). There
was no significant difference in Cognitive alignment between the Combined and Gesture modalities,
for any of the phrase lengths. Supporting this, a Bayes Factor analysis (Morey & Rouder, 2014) with
default prior scales indicated strong evidence in favour of the null hypothesis (BF 01 = 4.61) for the
effect of Modality on Cognitive Alignment.

Table 4.2

Cognitive Alignment across modalities and phrase lengths: results of the logistic mixed effects

model.

Fixed effects

Estimate

Standard Error

z value

Pr (>|z|)

Initial logistic mixed effects model (BIC = 2182.3)
Modality

-0.2530

0.1375

-1.840

0.0658 .

Phrase Length

-1.5651

0.0786

-19.901

< .001 ***

Modality * Phrase Length

-0.2192

0.1573

-1.394

0.1633
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Final logistic mixed effects model (BIC = 2170.7)
Phrase Length

-1.5583

0.0782

-19.922

< .001 ***

Note: The results reported in Table 4.2 were confirmed by model comparisons.

Figure 4.3

Cognitive Alignment (operationalized as the percentage of correct guesses made by

Matchers) for one-word, two-word and three-word phrases, in the Gesture and Combined modalities. The error
bars represent 95% confidence intervals. Each data point represents a dyad’s percentage of correct responses
for one-word, two-word and three-word phrases in the Gesture and Combined modality.

I)

Matcher Confidence
For every phrase in the Gesture and Combined modalities, Matchers rated their confidence

that they had made a correct guess. A rating of 0 indicated no confidence that the guess was correct,
a rating of 6 indicated high confidence that the guess was correct. I predicted that Matchers would
be most confident guessing the meanings of one-word phrases, less confident guessing the
meanings of two-word phrases, and least confident guessing the meanings of three-word phrases. I
also predicted that, for longer (i.e., two- or three-word) phrase lengths, Matchers would be more
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confident when guessing meanings in the Combined modality compared to the Gesture modality. I
analysed the data using linear mixed effects modeling. Matcher Confidence (0-6) was my dependent
variable. Phrase Length (One-word, Two-word, Three-word) and Modality (Gesture, Combined)
were entered as fixed effects. As random effects, I included a random intercept for dyads, as well as
a by-dyad random slope for the interaction between modality and phrase length. This was the
maximal model that would converge.
In line with my predictions, Matcher Confidence was significantly different at all phrase
lengths (ps < .001); in both modalities, Matcher Confidence was highest for the one-word phrases,
lower for the two-word phrases, and lowest for the three-word phrases (Table 4.3, Figure 4.4). There
was no effect of modality on Matcher Confidence. Supporting this, a Bayes Factor analysis (Morey
& Rouder, 2014) with default prior scales indicated strong evidence in favour of the null hypothesis
(BF01 = 5.34) for the effect of Modality on Matcher Confidence.

Table 4.3

Matcher Confidence across modalities and phrase lengths: results of the linear mixed effects

model.

Fixed effects

Estimate

Standard Error

df

t value

Pr (>|z|)

Initial linear mixed effects model (BIC = 8113.2)
Modality

-0.0534

0.0939

30.0700

-0.569

0.574

Phrase Length

-0.3855

0.0541

31.3100

-7.126

< .001 ***

Modality * Phrase

0.0515

0.0870

60.4500

0.593

0.556

Length
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Final linear mixed effects model (BIC = 8098.6)
Phrase Length

-0.3751

0.0518

36.9300

-7.237

< .001 ***

Note: The results reported in Table 4.3 were confirmed by model comparisons.

Figure 4.4

Matcher Confidence across one-word, two-word and three-word phrases in the Gesture and

Combined modalities. A rating of 0 indicates no confidence that the guess was correct, a rating of 6 indicates
high confidence that the guess was correct. The error bars represent 95% confidence intervals. Each data
point represents a matcher’s mean confidence ratings for one-word, two-word and three-word phrases in the
Gesture and Combined modality.

II)

Communication Efficiency
I predicted participants would take longer to communicate two-word phrases compared to

one-word phrases and would take longer to communicate three-word phrases compared to two-word
phrases. I also expected that participants would take longer to communicate in the Gesture modality
compared to the Combined modality as they would not have two modalities available to use for sign
creation. The data were not normally distributed, with skewness of 1.89 and kurtosis of 4.77 in the
Gesture modality (SE = 0.70) and skewness of 2.35, and kurtosis of 8.68 in the Combined modality
(SE = 0.71). However, In line with Lo and Andrews (2015), I did not transform the communication
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efficiency data, as generalized linear mixed effects models are considered robust with respect to
violations of the normality assumptions.
I analysed the data using linear mixed effects modelling. Communication Efficiency was my
dependent variable. Phrase Length (One-word, Two-word, Three-word) and Modality (Gesture,
Combined) were entered as fixed effects. The random effects structure included a by-dyad random
intercept, as well as a by-dyad random slope for the interaction between modality and phrase length.
This was the maximal model that would converge. Phrase length was the only factor that significantly
drove changes in Communication Efficiency (Table 4.4, Figure 4.5). In both modalities, participants
took longer to communicate two-word phrases compared to one-word phrases and took longer to
communicate three-word phrases compared to two-word phrases (ps < .001). There was no
difference in Communication Efficiency between the Gesture and Combined modalities. Supporting
this, a Bayes Factor analysis (Morey & Rouder, 2014) with default prior scales indicated strong
evidence in favour of the null hypothesis (BF 01 = 5.80) for the effect of Modality on Communication
Efficiency.

Table 4.4

Communication efficiency across modalities and phrase lengths: results of the linear mixed

effects model.

Fixed effects

Estimate

Standard Error

df

t value

Pr (>|z|)

Initial linear mixed effects model (BIC = 19205.7)
Modality

-0.7163

1.7775

30.2100

-0.403

0.690

Phrase Length

8.3178

0.8328

32.0600

9.988

< .001 ***

Modality * Phrase Length

-1.2164

1.3729

36.4300

-0.886

0.381

34.1800

10.38

< .001 ***

Final linear mixed effects model (BIC = 19191.1)
Phrase Length

8.3440

0.8042

Note: The results reported in Table 4.4 were confirmed by model comparisons.
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Figure 4.5

Time taken to communicate across one-word, two-word and three-word phrases in the

Gesture and Combined modalities. Error bars represent 95% confidence intervals. Each data point represents
a dyad’s mean time taken to communicate (in seconds) for one-word, two-word and three-word phrases in the
Gesture and Combined modality.

Discussion
I predicted that vocalizing would become adaptive when greater demands were placed on
individuals’ communication. If true, the data would have revealed a significant interaction effect
between Phrase Length and Modality, showing that participants in the Combined modality performed
better than those in the Gesture-only modality, but only for longer phrase lengths. The data did not
support this prediction; there was no significant interaction between Phrase Length and Modality on
any of the recorded measures of performance; Communication Success, Communication
Confidence and Communication Efficiency. There was also no main effect of modality upon
communication success, communication confidence or communication efficiency, indicating that
irrespective of phrase length, there is no communicative advantage to vocalizing above that already
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conferred by gesture. Once again, these findings speak to the affordance of gesture when
bootstrapping a novel communication system. Vocalization does not provide any such advantage,
even when a larger repertoire of meanings needed to be communicated in a single phrase.
It is important to note, however, that in this experiment, participants were unable to interact
in real-time. Instead, their communication was restricted to delayed video recordings. This was done
to enable separate testing of Directors and Matchers as a means of initially running the novel
experimental paradigm in a simple and controlled setting, and to see whether increased
communication complexity affected directors and matchers when interactive feedback was not
possible. However, the lack of moment-to-moment interactive feedback within participant pairs may
have impacted on the results in a number of ways. First, it is possible that the absence of social
interaction with a partner made Directors at Stage 1 more self-conscious, as they were gesticulating
and vocalizing to an empty room. A co-present, engaged partner may provide greater
encouragement and reassurance, leading the Director to put greater effort into their communication
attempts. Increased vocalization may occur as a result. Second, participants only played one ‘game’.
That is, the Director produced signs for their lists of phrases, and the Matcher attempted to guess
what the signs meant. Other referential communication studies (e.g., Clark & Wilkes-Gibbs, 1986;
Fay, Lister et al., 2014), as well as my own single-word communication study (Experiment 1, Chapter
2), have had interacting participants communicate over a series of repeating ‘games’. This means
that after one participant has communicated all their meanings (in the role of Director), and their
partner has made their guesses (in the role of Matcher), the two would swap roles, and the Director
would become the Matcher for the next game. This process repeats over a series of games, allowing
the communication system to develop in real-time.
Possibly, vocalization does not immediately provide an advantage to communication, but
rather becomes a useful communicative tool as the sign system evolves. This suggestion would be
in line with gestural origin theories of language evolution, which argue that gestural communication
transitioned to the vocal modality over time (e.g., Corballis, 2009). Experiment 7 uses the same
referential communication task used in Experiment 6. Unlike Experiment 6, in Experiment 7
participants can interact with their partner in real-time and alternate roles between directing and
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matching across games. This enables me to observe how the communication system develops over
time, and to see whether vocalization offers any communication benefits in an interactive setting.

Experiment 7:
When is Vocalization Useful? An Interactive Multi-Word Study
In Experiment 7, participants interact in real-time with a partner, communicating recurring
lists of one-word, two-word and three-word phrases across a series of six games. As in Fay et al.
(2014), participants swap roles between directing and matching with each game. This enables me
to determine whether vocalizing becomes advantageous in a more ecologically valid scenario, in
which participants communicate in real-time with a partner, receive moment-to-moment interactive
feedback, and take turns at speaking and listening.
If vocalizing confers a communicative advantage that was obscured in the non-interactive
task in Experiment 6, I expect to see this advantage when participants are able to interact in realtime across a series of games. Communication success is my objective measure of performance. I
expect communication success to improve across games for participants in both modalities and
across all phrase lengths. In line with Experiment 6, I expect communication success to be highest
for one-word phrases, intermediate for two-word phrases, and lowest for three-word phrases. I also
expect to see comparable communication success across the Gesture-only and Combined
modalities for all phrase lengths at Game 1, as no difference between phrase lengths was observed
for the first (and only) game in Experiment 6. However, the benefits of vocal communication may
only emerge with repeated interaction. If this is true, I expect to observe a three-way interaction
between Modality (Gesture, Combined), Phrase length (one-word, two-word, three-word), and Game
(1-6), wherein participants have greater communication success in the Combined modality on longer
(i.e., three-word or two-word) phrases, compared to the Gesture modality, but only at later games.
Communication confidence (i.e., Director Confidence and Matcher Confidence) is my
subjective measures of performance. As with communication success, I expect Director and Matcher
Confidence to increase across games for all phrase lengths, in both the Gesture-only and Combined
modalities. In line with the observations from Experiment 6, I expect no difference in communication
confidence between the Gesture-only and Combined modalities at early games for any phrase
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length. However, if the benefits of vocalizing only emerge with repeated interaction, I expect to find
a three-way interaction between Modality, Phrase Length and Game, wherein participants report
greater confidence in the Combined modality on longer (i.e., three-word or two-word) phrases,
compared to the Gesture modality, but only at later games.
In line with Experiment 6, I expect communication efficiency to be lowest for three-word
phrases, intermediate for two-word phrases, and highest for one-word phrases. As participants
improve across games, I expect communication efficiency will increase in both the Gesture-only and
Combined modalities, and for all phrase lengths. Experiment 6 showed no difference in
communication efficiency between the Gesture and Combined modalities on any phrase-length, for
the single game that was played. Thus, I expect to find no difference between the Gesture and
Combined modalities for any phrase lengths at Game 1. However, if the benefits of vocalizing only
emerge with repeated interaction, I expect to find a three-way interaction between Modality, Phrase
Length and Game, wherein participants communicate more efficiently in the Combined modality on
longer (i.e., three-word or two-word) phrases, compared to the Gesture modality, but only at later
games.
Method
Participants
Sixty undergraduate students (43 females; Mage = 20.53, SDage = 6.42) participated in
exchange for partial course credit. They were placed into unacquainted pairs and completed the
testing session in approximately 1.5 hours. All were free of auditory, visual, speech and motor
impairments. Participants viewed an information sheet before giving written consent to take part in
the experiment. Information sheets and consent forms were approved by the University of Western
Australia Ethics Committee.

Materials
The same corpus of words was used as in Experiment 6. These words were resampled to
form novel one-word, two-word and three-word phrase combinations. Though the words were
recombined into new phrases, these phrases still contained the same combinations of adjectives,
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nouns and verbs as those used in Experiment 6. As in Experiment 6 (Stage 1), the task was
presented on iPads.

Task and Procedure
As in Experiment 6, participants tried to communicate lists of phrases to a partner, and their
partner tried to guess what phrases were being communicated. However, unlike Experiment 6 (which
was non-interactive), in Experiment 7, participants were seated in the same room as their partner
and were able to interact in real-time. In both the Gesture-only and Combined modalities, participants
sat facing each other across a round table 1m in diameter. All participant pairs took part in both
modality conditions. Each pair played six consecutive communication ‘games’ in one modality,
before completing another six games in the other modality. The order in which each pair completed
the modalities was counterbalanced, so half of the pairs began communicating in the Gesture-only
modality, and half of the pairs began communicating in the Combined modality.
During each game, one member of the pair (the Director) attempted to communicate their list
of 18 phrases (6 one-word, 6 two-word and 6 three-word phrases) to their partner (the Matcher) who
attempted to guess what phrases were being communicated. Phrases appeared sequentially on the
Director’s iPad. After the Director had communicated all 18 phrases, that game would end, the
participants would swap roles, and the next game would begin. This process repeated for all 6
games, so that if Participant A was Director for Game 1, 3 and 5 (while his partner matched), he
would be Matcher for Games 2, 4 and 6 (while his partner directed).
Participants communicated the same phrases on each game, but in a different order every
time. Both participants had their own iPad. As in Experiment 6, the Director’s screen showed each
to-be-communicated phrase (Figure 4.6a), and the Matcher’s screen showed the 36 individual words
that made up each phrase (Figure 4.6c). The Matcher selected which word/s they thought the
Director had communicated using the touch screen. Once the Matcher had made their selection,
both participants would be asked to rate their confidence that they had communicated successfully
on a Likert-type scale from 0 (not at all confident) to 6 (highly confident). For the Director, this rating
reflected their confidence that they had accurately communicated the phrase to their partner (Figure
4.6b). For the Matcher, the rating reflected their confidence that they had correctly guessed which
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word/s their partner was communicating (Figure 4.6d). Participants were not given any explicit
feedback regarding their communication success throughout the task.

Figure 4.6

a) An example of a three-word phrase presented to a Director. The mouth and hand images

indicate that the phrase should be communicated using non-lexical vocalizations and gestures. This is
reinforced by the instruction ‘We would like you to make SOUNDS for this word, using your voice and body,
and also ACTIONS, using your hands, body and face’, b) the confidence rating scale presented to Directors
after they had communicated each phrase. Directors selected how confident they were that their partner would
guess their phrase correctly from 0 (not at all confident) to 6 (extremely confident). Confidence ratings were
made using the iPad touchscreen, c) An example of possible responses presented to the Matcher. Matchers
could select 1, 2 or 3 words as their response, d) The confidence rating scale presented to Matchers after they
had guessed each phrase. Matchers selected how confident they were that they had guessed a phrase
correctly from 0 (not at all confident) to 6 (extremely confident). Confidence ratings were made using the iPad
touchscreen. After Matchers and Directors had rated their confidence, the next trial would begin.
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Results
As in Experiment 6, I analysed the data using logistic and linear mixed effects modeling. All
analyses were conducted in R (R Development Core Team; Venables & Smith, 2006) and models
were estimated using the glmer() and lmer() functions of lme4 (Bates & Sarkar, 2007). P-values were
obtained by likelihood ratio tests of the full model against the model without the predictors. All
predictors were centered prior to analysis. As in Experiment 6, a maximal random effects structure
was specified where possible. Where a predicted effect was absent, I used Bayesian Factor analysis
(Morey & Rouder, 2014) to compare the fit of the data under the null hypothesis and the alternative
hypothesis. The following sections examine Cognitive Alignment (operationalized as communication
success), Director Confidence, Matcher Confidence, communication efficiency, and the frequency
of vocalization across phrase lengths, in the Gesture-only and Combined modalities.

Cognitive Alignment
As in Experiment 6, Cognitive Alignment was operationalized as communication success;
whether (or not) a Matcher guessed a given phrase correctly. This was a binary measure; if all words
within a phrase were guessed correctly, in the correct order and without the inclusion of any incorrect
words, the phrase was coded as ‘1’. If not all of the correct words were guessed, if one or more
words were guessed incorrectly, or if the words were guessed in the wrong order, it was coded as
‘0’. Communication success was recorded for every phrase across Games 1-6 in both modalities.
The data was analysed using a logistic mixed effects model. Communication success (0, 1) was the
dependent variable. Modality (Gesture, Combined), Phrase Length (one-word, two-word, threeword) and Game (1-6) were entered as fixed effects with interaction. The random effects structure
included by-dyad random intercepts. This is the maximal model that would converge.
I made three specific predictions regarding participants’ communication success: 1)
Cognitive Alignment would increase across games in both modalities and for all phrase lengths, 2)
in both modalities, Cognitive Alignment would be lower for three-word phrases compared to twoword phrases, and lower for two-word phrases compared to one-word phrases, and 3) Cognitive
Alignment would be greater in the Combined modality, compared to the Gesture-only modality, but
only for longer (i.e., three-word and/or two-word) phrases, and only at later games. For early games,
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I did not expect to observe a difference in Cognitive Alignment between the Gesture and Combined
modalities at any phrase length, in line with Experiment 6.

Table 4.5

Cognitive Alignment across phrase lengths, modalities and games: results of the logistic mixed

effects model.

Fixed effects

Estimate

Standard Error

z value

Pr (>|z|)

Initial logistic mixed effects model (BIC = 4455.9)
Modality

0.1450

0.2284

0.635

0.525

Phrase Length

-1.0174

0.0619

-16.432

< .001 ***

Game

0.6286

0.0295

21.330

< .001 ***

Modality * Phrase Length

0.1157

0.1238

0.934

0.350

Modality * Game

0.0681

0.0589

1.156

0.248

Phrase Length * Game

0.0263

0.0350

0.752

0.452

Modality * Phrase Length *

0.0730

0.0700

1.044

0.297

Game
Final logistic mixed effects model (BIC = 4417.4)
Phrase Length

-1.0441

0.0531

-19.67

< .001 ***

Game

0.6351

0.0270

23.53

< .001 ***

Note: The results reported in Table 4.5 were confirmed by model comparisons.

The data supported predictions 1 and 2; communication success improved across Games 16 in both modalities, and participants had lower communication success for three-word phrases
compared to two-word phrases, and lower success for two-word phrases compared to one-word
phrases (ps < .001). However, there was no three-way interaction between Modality, Phrase Length
and Game. Contrary to prediction 3, allowing participants to interact across a series of games did
not reveal any difference between the Gesture and Vocal modalities. Participants demonstrated
comparable communication success in the Gesture and Vocal modalities, and this was not affected
by Phrase Length or Game (Table 4.5, Figure 4.7). Supporting this, a Bayes Factor analysis (Morey
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& Rouder, 2014) with default prior scales indicated strong evidence in favour of the null hypothesis
(BF01 = 9.45) for the effect of Modality on Cognitive Alignment.

Figure 4.7

Cognitive Alignment (operationalized as the percentage of correct guesses made by

Matchers) across games in the Gesture and Combined modalities, for one-word, two-word and three-word
phrases. Each coloured line represents a dyad’s proportion of correct responses across Games 1-6, for oneword, two-word and three-word phrases in the Gesture and Combined modalities. The linear regression line is
indicated in black, the grey shading on either side of the regression line represents a 95% confidence interval.

Director Confidence
Director Confidence measures how confident the Director is that their partner will correctly
interpret the meaning of their phrase, from 0 (not at all confident) to 6 (highly confident). Directors
rated their confidence for every phrase across Games 1-6 in both modalities. The data was analysed
using a linear mixed effects model. Director Confidence (0-6) was the dependent variable. Modality
(Gesture, Combined), Phrase Length (one-word, two-word, three-word) and Game (1-6) were
entered as fixed effects with interaction. The random effects structure included a by-dyad random
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intercept, as well as a by-dyad random slope for the interaction between modality and phrase length.
This was the maximal model that would converge.
I predicted that 1) Director Confidence would increase across games in both modalities, for
all phrase lengths, 2) Director Confidence would be lower for longer phrase lengths (i.e., confidence
would be lowest for three-word phrases, intermediate for two-word phrases, and highest one-word
phrases), and 3) Director Confidence would be higher in the Combined modality, compared to the
Gesture-only modality, but only for longer (i.e., three-word and two-word) phrases and only at later
games. In line with predictions 1 and 2, Director Confidence increased across games for both
modalities and across all phrase lengths. Director Confidence was lowest for three-word phrases,
intermediate for two-word phrases, and highest for one-word phrases. There was also a significant
interaction between Game and Phrase Length (Table 4.6, Figure 4.8). This interaction is the result
of a greater increase in Director confidence across games for longer phrase lengths. Director
confidence at Game 1was lowest for three-word phrases, intermediate for two-word phrases, and
highest for one-word phrases. In all conditions, confidence reached ceiling by Game 6. Contrary to
prediction 3, the interaction between Modality, Game and Phrase Length did not reach significance;
there was no difference in Director Confidence between the Gesture-only and Combined modalities
at later games for any phrase length. A Bayes Factor analysis (Morey & Rouder, 2014) with default
prior scales indicated only weak evidence in favour of the main effect of Modality on Director
Confidence (BF10 = 2.43).

Table 4.6

Director Confidence across phrase lengths, modalities and games: results of the linear mixed

effects model.

Fixed effects

Estimate

Standard Error

Initial linear mixed effects model (BIC = 19177.5)

df

t value

Pr (>|z|)
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Modality

0.1806

0.0893

30

2.022

0.0521 .

Phrase Length

-0.2042

0.0292

30

-6.990

< .001 ***

Game

0.4181

0.0075

6360

55.677

< .001 ***

Modality * Phrase Length

0.0509

0.0334

6360

1.526

0.1374

Modality * Game

-0.0203

0.0150

6360

-1.356

0.1751

Phrase Length * Game

0.0625

0.0092

6360

6.791

< .001 ***

Modality * Phrase Length *

0.0037

0.0184

6360

0.198

0.8427

Game
Final linear mixed effects model (BIC = 19155.7)
Phrase Length

-0.1982

0.0285

30

-12.915

< .001 ***

Game

0.4181

0.0076

6360

55.669

< .001 ***

Phrase Length * Game

0.0625

0.0092

6360

?6.790

< .001 ***

Note: The results reported in Table 4.6 were confirmed by model comparisons.
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Figure 4.8

Director Confidence ratings across Games 1-6 in the Gesture and Combined modalities, for

one-word, two-word and three-word phrases. A rating of 0 indicates the Director has low confidence that their
partner will successfully guess the meaning(s) of their sign(s); a rating of 6 indicates the Director has high
confidence that their partner will successfully guess the meaning(s) of their sign(s). Each coloured line
represents a Director’s mean confidence ratings across Games 1-6, for one-word, two-word and three-word
phrases in the Gesture and Combined modalities. The linear regression line is indicated in black, the grey
shading on either side of the regression line represents a 95% confidence interval.

Matcher Confidence
Matcher Confidence measures how confident the Matcher is that they have correctly
interpreted the meaning of their partner’s sign/s, from 0 (not at all confident) to 6 (highly confident).
Matchers rated their confidence for every phrase across Games 1-6 in both modalities. The data
was analysed using a linear mixed effects model. Matcher Confidence (0-6) was the dependent
variable. Modality (Gesture, Combined), Phrase Length (one-word, two-word, three-word) and Game
(1-6) were entered as fixed effects with interaction. The random effects structure included a by-dyad
random intercept, as well as a by-dyad random slope for the interaction between modality and phrase
length. This was the maximal model that would converge.
I predicted that 1) Matcher Confidence would increase across games in both modalities, for
all phrase lengths, 2) Matcher Confidence would be lowest for three-word phrases, intermediate for
two-word phrases, and highest for one-word phrases, and 3) Matcher Confidence would be lower
when Matchers interpreted gestures only, compared to when they interpreted gestures and
vocalizations, but only for longer (i.e., three-word and two-word) phrases. In line with predictions 1
and 2, Matcher Confidence increased across games in both modalities, and across all phrase
lengths. Matcher Confidence was also lower for longer phrase lengths. There was also a significant
interaction between Game and Phrase Length (Table 4.7, Figure 4.9). The interaction effect occurs
because there is lower Director Confidence for longer phrase lengths at Game 1, but comparable
Director Confidence for all phrase lengths by Game 6, as a result of a ceiling effect in Director
Confidence.
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Contrary to prediction 3, there was no difference in Matcher Confidence between the
Gesture-only and Combined modalities at later games, for any phrase length. Supporting this, a
Bayes Factor analysis (Morey & Rouder, 2014) with default prior scales indicated weak evidence in
favour of the null hypothesis (BF01 = 1.58) for the effect of Modality on Matcher Confidence.

Table 4.7

Matcher Confidence across phrase lengths, modalities and games: results of the linear mixed

effects model.

Fixed effects

Estimate

Standard Error

df

t value

Pr (>|z|)

Initial linear mixed effects model (BIC = 19227.0)
Modality

0.1217

0.0809

30

1.504

0.143

Phrase Length

-0.1507

0.0243

30

-6.209

< .001 ***

Game

0.3340

0.0076

6330

44.028

< .001 ***

Modality * Phrase Length

0.0239

0.0409

30

0.584

0.564

Modality * Game

0.0169

0.0152

6330

1.115

0.265

Phrase Length * Game

0.0389

0.0093

6330

4.190

< .001 ***

Modality * Phrase Length * Game 0.0072

0.0186

6330

0.386

0.699

Final linear mixed effects model (BIC = 19195.9)
Phrase Length

-0.1520

0.0242

30

-6.273

< .001 ***

Game

0.3340

0.0076

6330

44.023

< .001 ***

Phrase Length * Game

0.0390

0.0093

6330

4.189

< .001 ***

Note: The results reported in Table 4.7 were confirmed by model comparisons.
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Figure 4.9

Matcher Confidence ratings across Games 1-6 in the Gesture and Combined modalities, for

one-word, two-word and three-word phrases. A rating of 0 indicates the Matcher has low confidence that they
have guessed the meaning(s) of their partner’s sign(s) correctly; a rating of 6 indicates the Matcher has high
confidence that they have guessed the meaning(s) of their partner’s sign(s) correctly. Each coloured line
represents a Matcher’s mean confidence ratings across Games 1-6, for one-word, two-word and three-word
phrases in the Gesture and Combined modalities. The linear regression line is indicated in black, the grey
shading on either side of the regression line represents a 95% confidence interval.
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Communication Efficiency
Communication efficiency is operationalized as the time taken to communicate a phrase,
from the point at which the Director begins to make their sign/s, to the point at which the Matcher
guesses the word/s being communicated. Communication efficiency was measured for every phrase
across Games 1-6 in both modalities, and across all phrase lengths. The data was analysed using
a linear mixed effects model. Communication efficiency (in seconds) was the dependent variable.
Modality (Gesture, Combined), Phrase Length (one-word, two-word, three-word) and Game (1-6)
were entered as fixed effects with interaction. The random effects structure included a by-dyad
random intercept, as well as a by-dyad random slope for the interaction between modality and phrase
length. This was the maximal model that would converge.
I predicted 1) that participants’ communication efficiency (i.e., the number of seconds taken
to communicate each phrase) would improve across games in both modalities, 2) that participants
would communicate most efficiently on one-word phrases, moderately efficiently on two-word
phrases, and least efficiently on three-word phrases, and 3) that participants in the Combined
modality would communicate more efficiently than participants in the Gesture-only modality, but only
when the complexity of the communication system was greater (i.e., for the two-word and three-word
phrases), and only on later games. Finding this three-way interaction between Modality, Phrase
Length and Game would support my hypothesis that vocalizing becomes adaptive (leading to
increased communication efficiency) as participants’ communication systems grow more complex
(i.e., for two- or three-word phrases), but only when participants are able to repeatedly interact over
a series of games.
Predictions 1 and 2 were supported. Across all conditions, participants’ communication
efficiency improved over games, and in both the Gesture-only and Combined modalities
communication efficiency was lower for longer phrases. Contrary to prediction 3, I did not find a
three-way interaction between Modality, Phrase Length and Game. Even at later games, adding a
second (vocal) channel for communication did not help participants to communicate more efficiently
(Table 4.8, Figure 4.10). However, I did find a significant interaction between Phrase Length and
Game. The interaction effect occurs because there is lower Matcher Confidence for longer phrase
lengths at Game 1, but comparable Matcher Confidence for all phrase lengths by Game 6, as a result
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of a ceiling effect in Matcher Confidence. A Bayes Factor analysis (Morey & Rouder, 2014) with
default prior scales indicated strong evidence in favour of the null hypothesis (BF 01 = 13.60) for the
effect of Modality on Communication Efficiency. This suggests Modality did not affect the time
participants spent communicating.

Table 4.8

Communication efficiency across phrase lengths, modalities and games: results of the linear

mixed effects model.

Fixed effects

Estimate

Standard Error

df

t value

Pr (>|z|)

Initial linear mixed effects model (BIC = 55782.2)
Modality

-0.4013

1.3281

30

-0.302

0.765

Phrase Length

6.4287

0.4433

34

14.502

< .001 ***

Game

-5.4204

0.1271

6420

-42.661

< .001 ***

Modality * Phrase Length

-0.7929

0.6742

46

-1.176

0.246

Modality * Game

0.0891

0.2541

6420

0.351

0.726

Phrase Length * Game

-1.7463

0.1556

6420

-11.222

< .001 ***

Modality * Phrase Length * Game

0.2449

0.3112

6420

0.787

0.431

Final linear mixed effects model (BIC = 55749.4)
Phrase Length

6.4967

0.4389

34

14.80

< .001 ***

Game

-5.4204

0.1271

6420

-42.65

< .001 ***

Phrase Length * Game

-1.7463

0.1556

6420

-11.22

< .001 ***

Note: The results reported in Table 4.8 were confirmed by model comparisons.
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Figure 4.10

Communication efficiency (seconds taken) across Games 1-6 in the Gesture and Combined

modalities, for one-word, two-word and three-word phrases. Each coloured line represents a dyad’s mean time
taken to communicate (in seconds) across Games 1-6, for one-word, two-word and three-word phrases in the
Gesture and Combined modalities. The linear regression line is indicated in black, the grey shading on either
side of the regression line represents a 95% confidence interval.

Proportion of phrases vocalized
An alternate explanation for the failure to observe an effect of modality on communication
success, communication confidence or communication efficiency is that participants in the Combined
modality were not making the most of the affordances of the vocal channel. In other words,
participants may not have vocalized often enough for there to be an observable benefit to
communication. To determine the frequency of participants’ vocalizations, the video recordings from
each participant pair were examined, and their signs for each phrase were coded to reflect whether
(or not) the Director produced a vocalization (1 = vocalization present, 0 = vocalization absent). To
determine whether participants vocalized significantly more in the Combined modality, I ran a logistic
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mixed effects model. Vocalization (0, 1) was the dependent variable. Modality (Gesture, Combined),
Phrase Length (one-word, two-word, three-word) and Game (1-6) were entered as fixed effects with
interaction. The random effects structure included by-dyad random intercepts. This was the maximal
model that would converge. Participants vocalized significantly more in the Combined modality. They
also vocalized significantly more for three-word phrases compared to two-word phrases, and for twoword phrases compared to one-word phrases (ps < .001) (Table 4.9, Figure 4.11).

Table 4.9

Proportion of items vocalized across phrase lengths, modalities and games: results of the

logistic mixed effects model.

Fixed effects

Estimate

Standard Error

z value

Pr (>|z|)

Initial logistic mixed effects model (BIC = 3236.6)
Modality

4.7681

0.3993

11.941

< .001 ***

Phrase Length

0.8404

0.2260

3.718

< .001 ***

Game

-0.0513

0.1159

-0.443

0.6581

Modality * Phrase Length

-0.6873

0.4521

-1.521

0.1284

Modality * Game

0.1027

0.2319

0.443

0.6580

Phrase Length * Game

-0.0019

0.1317

-0.014

0.9885

Modality * Phrase Length * Game

-0.0116

0.2633

-0.044

0.9649

Final logistic mixed effects model (BIC = 3196.0)
Modality

4.4212

0.2736

16.16

< .001 ***

Phrase Length

0.5116

0.0570

8.98

< .001 ***

Note: The results reported in Table 4.9 were confirmed by model comparisons.
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Figure 4.11

Proportion of phrases on which Directors produced one or more vocalizations, across one-

word, two-word and three-word phrase lengths, in the Gesture and Combined modalities. Each coloured line
represents a dyad’s proportion of phrases that included a vocalization, across Games 1-6, for one-word, twoword and three-word phrases in the Gesture and Combined modalities. The linear regression line is indicated
in black, the grey shading on either side of the regression line represents a 95% confidence interval.

Discussion
Experiment 7 showed that vocalizations do not become an adaptive communication strategy
as phrase length increases, even when participants communicate in an interactive setting across a
series of games. Confirming that the phase length manipulation worked, participants took longer to
communicate, and had lower communication success and communication confidence when
communicating three-word phrases relative to two-word phrases, and two-word phrases relative to
one-word phrases. However, as in Experiment 6, when communicating more complex phrases,
being able to vocalize offered participants no communication benefits above using only gestures.
There was no difference in performance across games (i.e., no difference in communication success,
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communication confidence or communication efficiency) between the Gesture and Combined
modalities for any phrase lengths. This confirms that the findings from Experiment 6 remain
consistent even as participants interact repeatedly across games
I found that participants vocalized most often for three-word phrases, moderately for twoword phrases, and least often for one-word phrases. However, this is not surprising. Participants
asked to communicate a three-word phrase had three opportunities to produce a vocalization,
compared to those presented with a one-word phrase. Significantly, even when communicating
three-word phrases, participants in the Combined modality only produced vocalizations on around
30% of trials. If vocalizing significantly improved performance, one would expect participants in the
Combined modality to exploit their ability to vocalize on a larger number of trials. That they did not
do this suggests vocalizations do not benefit performance as communication complexity increases.
However, it is also possible that participants were not inclined to vocalize for other reasons, for
instance, embarrassment or inhibition. Gestures are routinely used in everyday interactions, while
non-lexical vocalizations are used less frequently. Participants may have felt self-conscious when
attempting to produce vocalizations, using them less often as a result. Failure to vocalize on every
trial may have obscured the benefits of vocalizing. Experiment 8 addresses this potential confound,
by requiring participants to produce at least one vocalization for every phrase they communicate in
the Combined modality.

Experiment 8:
When is Vocalization Useful? An Interactive Multi-Word Study with Enforced Vocalization
Experiment 8 replicates Experiment 7 with one minor change. In Experiment 7, participants
in the Combined modality were allowed to vocalize whenever they chose. Consequently, participants
only vocalized on approximately 30% of trials. If vocalizing becomes useful as the complexity of the
communication system increases, this effect may have been obscured by the small number of
vocalizations participants produced in Experiment 7. In Experiment 8, participants are told that they
must vocalize at least once on every single trial in the Combined modality. Through this, I can more
reliably determine whether vocalization leads to any improvement in communication success,
communication confidence, or communication efficiency.

151
When required to vocalize on every phrase, a benefit to vocalizing may be evident for more
complex phrases from Game 1. This would be reflected in a two-way interaction between Modality
and Phrase Length. Alternatively, the advantage to vocalizing on longer phrase lengths may only
emerge on later games. This would be reflected in a three-way interaction between Modality, Phrase
Length and Game. Thus, in line with my Experiment 6 and 7 hypotheses, I expect communication
success, communication confidence and communication efficiency to be higher in the Combined
modality compared to the Gesture-only modality, but only for longer (i.e., two- or three-word phrase
lengths), and/or in later games. I do not expect to observe a difference across games between the
Gesture-only and Combined modalities for one-word phrase lengths.

Method
Participants
Fifty-two undergraduate students (35 females; Mage = 21.04, SDage = 4.87) participated in
exchange for partial course credit. Participants were placed into unacquainted pairs and completed
the testing session in approximately 1.5 hours. All were free of auditory, visual, speech and motor
impairments. Participants viewed an information sheet before giving written consent to take part in
the experiment. Information sheets and consent forms were approved by the University of Western
Australia Ethics Committee.

Materials
The same corpus of words was used as those used in Experiments 1 and 2. Again, these
words were resampled to make novel combinations of one-word, two-word and three-word phrases.

Task and Procedure
As in Experiment 7, in Experiment 8 participants were placed into unacquainted pairs and
played an interactive communication game that required them to communicate one-word, two-word
and three-word phrases to a partner, using either gestures-only or a combination of gestures and
non-lexical vocalizations. Unlike Experiment 7 (in which participants in the Combined modality were
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allowed to vocalize as much or as little as they wanted), in Experiment 8, participants in the
Combined modality were told that they must vocalize at least once for every phrase. In every other
respect, the methods employed for Experiment 8 were the same as those used in Experiment 7.

Results
The data was analysed using the same procedures used in Experiment 7.

Proportion of phrases vocalized
To determine whether participants were adhering to the instruction to vocalize at least once
for every phrase in the Combined modality, recordings of the participants were coded to reflect
whether (or not) the Director produced a vocalization (1 = vocalization present, 0 = vocalization
absent). To determine whether participants vocalized significantly more in the Combined modality, I
ran a logistic mixed effects model. Vocalization (0, 1) was the dependent variable. Modality (Gesture,
Combined), Phrase Length (one-word, two-word, three-word) and Game (1-6) were entered as fixed
effects with interaction. The random effects structure included by-dyad random intercepts. This is
the maximal model that would converge. Participants vocalized significantly more in the Combined
modality. They also vocalized significantly more for three-word phrases compared to two-word
phrases, and for two-word phrases compared to one-word phrases (ps < .005) (Table 4.10, Figure
4.12). Confirming that participants adhered to the instruction to vocalize, across phrase lengths,
participants in the Combined modality vocalized 65% to 80% of the time in Experiment 8, compared
with 20% to 30% in Experiment 7.

Table 4.10

Proportion of items vocalized across phrase lengths, modalities and games: results of the

logistic mixed effects model.

Fixed effects

Estimate

Standard Error

z value

Pr (>|z|)

31.045

< .001 ***

Initial logistic mixed effects model (BIC = 3279.2)

Modality

5.9573

0.19189
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Phrase Length

0.4117

0.1116

3.689

< .001 ***

Game

-0.0436

0.0532

-0.820

0.4123

Modality * Phrase Length

0.3288

0.2232

1.473

0.1406

Modality * Game

0.1237

0.1064

1.163

0.2449

Phrase Length * Game

0.0624

0.0646

0.967

0.3336

Modality * Phrase Length * Game

-0.1100

0.1291

-0.852

0.3941

Final logistic mixed effects model (BIC = 3240.8)
Modality

6.0027

0.1870

32.11

< .001 ***

Phrase Length

0.5500

0.0570

9.65

< .001 ***

Note: The results reported in Table 4.10 were confirmed by model comparisons.

Figure 4.12

Proportion of phrases on which Directors produced one or more vocalizations, across one-

word, two-word and three-word phrase lengths, in the Gesture and Combined modalities. Each coloured line
represents a dyad’s proportion of phrases that included a vocalization, across Games 1-6, for one-word, two-
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word and three-word phrases in the Gesture and Combined modalities. The linear regression line is indicated
in black, the grey shading on either side of the regression line represents a 95% confidence interval. Note:
Directors were instructed to produce at least one vocalization per phrase in the Combined modality.

Cognitive Alignment
As in Study 7, I predicted that 1) communication success would improve across games in
both modalities, for all phrase-lengths, 2) communication success (i.e., Cognitive Alignment) would
be lower for longer phrase-lengths, and 3) communication success would be greater in the Combined
modality compared to the Gesture-only modality for two- and three-word phrase lengths, but
comparable for one-word phrase lengths. I analysed the data using a logistic mixed effects model.
Communication success (0, 1) was the dependent variable. Modality (Gesture, Combined), Phrase
Length (one-word, two-word, three-word) and Game (1-6) were entered as fixed effects with
interaction. The random effects structure included a by-dyad random intercept, as well as a by-dyad
random slope for the effect of modality. This was the maximal model that would converge.
Experiment 8 replicated the results of Experiment 7 and supported predictions 1 and 2.
Communication success improved across Games 1-6 in both modalities, and participants had the
lowest Communication Success for three-word phrase lengths, intermediate Communication
Success for two-word phrase lengths, and the highest Communication Success for one-word phrase
lengths (ps < .001). However, as in Experiments 6 and 7, there was no significant difference in
Communication Success between the Gesture and Combined modalities (Table 4.11, Figure 4.13).
Supporting this, a Bayes Factor analysis (Morey & Rouder, 2014) with default prior scales indicated
strong evidence in favour of the null hypothesis (BF 01 = 14.13) for the effect of Modality on
Communication Success.

Table 4.11

Cognitive Alignment across phrase lengths, modalities and games: results of the logistic mixed

effects model.

Fixed effects

Estimate

Standard Error

z value

Pr (>|z|)

0.282

0.778

Initial logistic mixed effects model (BIC = 4861.6)
Modality

0.0400

0.141864
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Phrase Length

-1.0914

0.0550

-19.845

< .001 ***

Game

0.5929

0.0264

22.460

< .001 ***

Modality * Phrase Length

-0.0484

0.1100

-0.440

0.660

Modality * Game

-0.0089

0.0528

-0.168

0.866

Phrase Length * Game

0.0010

0.0314

0.032

0.974

Modality * Phrase Length * Game

-0.0102

0.0629

-0.162

0.871

Final logistic mixed effects model (BIC = 4818.6)
Phrase Length

-1.0919

0.0498

-21.929

< .001 ***

Game

0.5932

0.0246

24.153

< .001 ***

Note: The results reported in Table 4.11 were confirmed by model comparisons.

Figure 4.13

Cognitive Alignment (operationalized as the percentage of correct guesses made by

Matchers) across games in the Gesture and Combined modalities, for one-word, two-word and three-word
phrases. Each coloured line represents a dyad’s proportion of correct responses across Games 1-6, for one-
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word, two-word and three-word phrases in the Gesture and Combined modalities. The linear regression line is
indicated in black, the grey shading on either side of the regression line represents a 95% confidence interval.

Director Confidence
I analysed the Director Confidence ratings using a linear mixed effects model. Director
Confidence (0-6) was the dependent variable. Modality (Gesture, Combined), Phrase Length (oneword, two-word, three-word) and Game (1-6) were entered as fixed effects with interaction. The
random effects structure included a by-dyad random intercept, as well as a by-dyad random slope
for the interaction between modality and phrase length. This was the maximal model that would
converge. My predictions for Experiment 8 were the same as those for Experiment 7; I predicted that
1) Director Confidence would increase across games in both modalities, for all phrase lengths, 2)
Director Confidence would be lower for three-word phrases compared to two-word phrases, and
lower for two-word phrases compared to one-word phrases, and 3) that Director Confidence would
be higher in the Combined modality, compared to the Gesture-only modality, but only for longer (i.e.,
three-word and two-word) phrases.
As in Experiment 7, two of my three predictions were supported. Director Confidence
increased across games in all conditions. It was lowest for three-word, intermediate for two-word
phrases, and highest for one-word phrases. (Table 4.12, Figure 4.14).

Table 4.12

Director Confidence across phrase lengths, modalities and games: results of the linear mixed

effects model.

Fixed effects

Estimate

Standard Error

df

t value

Pr (>|z|)

Initial linear mixed effects model (BIC = 16277.8)
Modality

-0.0209

0.0798

27

-0.262

0.795

Phrase Length

-0.1875

0.0257

27

-7.311

< .001 ***

Game

0.4025

0.0073

5724

55.445

< .001 ***

Modality * Phrase Length

0.0530

0.0356

27

1.489

0.148

Modality * Game

-0.0131

0.0145

5724

-0.903

0.367

Phrase Length * Game

0.0612

0.0089

5724

6.878

< .001 ***
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Modality * Phrase Length * Game -0.0188

0.0178

5724

-1.056

0.291

Final linear mixed effects model (BIC = 16247.4)
Phrase Length

-0.1916

0.0250

27

-7.658

< .001 ***

Game

0.4025

0.0073

5724

55.435

< .001 ***

Phrase Length * Game

0.0612

0.0089

5724

6.877

< .001 ***

Note: The results reported in Table 4.12 were confirmed by model comparisons.

There was also a significant interaction between Game and Phrase Length. As in Experiment
7, this interaction can be explained by the greater improvements in Director confidence across
games for two- and three-word phrase lengths, relative to one-word phrase lengths. Contrary to
prediction 3, there was no difference in Director Confidence between the Gesture-only and
Combined modalities across games, at any phrase length. Supporting this, a Bayes Factor analysis
(Morey & Rouder, 2014) with default prior scales indicated strong evidence in favour of the null
hypothesis (BF01 = 13.18) for the effect of Modality on Director Confidence.

Figure 4.14

Director Confidence ratings across Games 1-6 in the Gesture and Combined modalities, for

one-word, two-word and three-word phrases. A rating of 0 indicates the Director has low confidence that their
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partner will successfully guess the meaning(s) of their sign(s); a rating of 6 indicates the Director has high
confidence that their partner will successfully guess the meaning(s) of their sign(s). Each coloured line
represents a Director’s mean confidence ratings across Games 1-6, for one-word, two-word and three-word
phrases in the Gesture and Combined modalities. The linear regression line is indicated in black, the grey
shading on either side of the regression line represents a 95% confidence interval.

Matcher Confidence
I analysed the Matcher Confidence ratings using a linear mixed effects model. Matcher
Confidence (0-6) was the dependent variable. Modality (Gesture, Combined), Phrase Length (oneword, two-word, three-word) and Game (1-6) were entered as fixed effects with interaction. The
random effects structure included a by-dyad random intercept, as well as a by-dyad random slope
for the interaction between modality and phrase length. This was the maximal model that would
converge. My predictions for Experiment 8 were the same as those for Experiment 7, 1) that Matcher
Confidence would increase across games in both modalities, for all phrase lengths, 2) that Matcher
Confidence would be lower for three-word phrases compared to two-word phrases, and lower for
two-word phrases compared to one-word phrases, and 3) that Matcher Confidence would be lower
when Matchers interpreted gestures only, compared to when they interpreted gestures and
vocalizations, but only for longer (i.e., three-word and two-word) phrases, and/or on later games.
As in Experiment 7, predictions 1 and 2 were supported. Matcher Confidence increased
across games in all conditions and was lower for longer phrase lengths (Table 4.13, Figure 4.15).

Table 4.13

Matcher Confidence across phrase lengths, modalities and games: results of the linear mixed

effects model.

Fixed effects

Estimate

Standard Error

df

t value

Pr (>|z|)

Initial linear mixed effects model (BIC = 18022.4)
Modality

-0.0216

0.0895

27

-0.241

0.81111

Phrase Length

-0.1795

0.0315

27

-5.705

< .001 ***

Game

0.3295

0.0084

5724

39.056

< .001 ***

Modality * Phrase Length

-0.0154

0.0461

27

-0.335

0.7405
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Modality * Game

0.0126

0.0169

5724

0.749

0.4538

Phrase Length * Game

0.0398

0.0103

5724

3.849

< .001 ***

0.0207

5724

-0.316

0.7522

Modality * Phrase Length * Game -0.0065

Final linear mixed effects model (BIC = 17988.5)
Phrase Length

-0.1751

0.0270

27

-6.494

< .001 ***

Game

0.3295

0.0084

5724

39.054

< .001 ***

Phrase Length * Game

0.03977

0.0103

5724

3.849

< .001 ***

Note: The results reported in Table 4.13 were confirmed by model comparisons.

There was also a significant interaction between Game and Phrase Length. The interaction
effect occurs because there is lower Matcher Confidence for longer phrase lengths at Game 1, but
comparable Matcher Confidence for all phrase lengths by Game 6, as a result of a ceiling effect in
Matcher Confidence. There was no difference in Matcher Confidence between the Gesture-only and
Combined modalities across games at any phrase length. Supporting this, a Bayes Factor analysis
(Morey & Rouder, 2014) with default prior scales indicated strong evidence in favour of the null
hypothesis (BF01 = 13.45) for the effect of Modality on Matcher Confidence.
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Figure 4.15

Matcher Confidence ratings across Games 1-6 in the Gesture and Combined modalities, for

one-word, two-word and three-word phrases. A rating of 0 indicates the Matcher has low confidence that they
have guessed the meaning(s) of their partner’s sign(s) correctly; a rating of 6 indicates the Matcher has high
confidence that they have guessed the meaning(s) of their partner’s sign(s) correctly. Each coloured line
represents a Matcher’s mean confidence ratings across Games 1-6, for one-word, two-word and three-word
phrases in the Gesture and Combined modalities. The linear regression line is indicated in black, the grey
shading on either side of the regression line represents a 95% confidence interval.

Communication Efficiency
I measured communication efficiency (time taken to communicate) for every phrase across
Games 1-6 in both modalities, and across all phrase lengths. I analysed the communication
efficiency data using a linear mixed effects model. Communication efficiency (in seconds) was the
dependent variable. Modality (Gesture, Combined), Phrase Length (one-word, two-word, threeword) and Game (1-6) were entered as fixed effects with interaction. The random effects structure
included a by-dyad random intercept, as well as a by-dyad random slope for the interaction between
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modality and phrase length. This was the maximal model that would converge. As in Experiment 7,
I predicted 1) that communication efficiency would improve over time for all conditions, 2) that
participants would communicate more efficiently on one-word phrases compared to two-word
phrases, and would communicate more efficiently on two-word phrases compared to three-word
phrases, and 3) that participants in the Combined modality would communicate more efficiently than
participants in the Gesture-only modality, but only when the requirements of the communication
system were more complex (i.e., for the two-word and three-word phrases), and/or only on later
games. I did not expect to find a difference in communication efficiency between the Gesture-only
and Combined modalities for simple (i.e., one-word) phrases, and/or on later games.
In line with the findings from Experiment 7, my first two predictions were supported. In both
the Gesture-only and Combined modalities, and across all phrase lengths, participants’
communication efficiency improved over games. Across communication modalities, participants also
demonstrated lower communication efficiency for three-word phrases compared to two-word
phrases, and for two-word phrases compared to one-word phrases (Table 4.14, Figure 4.16). As in
Experiment 7, there was a significant interaction between Phrase Length and Game. Once again,
this interaction is a consequence of there being more room for improvement in communication
efficiency on longer phrase lengths. Across games, participants quickly reached high levels of
communication efficiency for all phrase lengths. However, as initial communication efficiency was
lower for three- and two- word phrases, there was more opportunity for participants to improve (i.e.,
speed up) across games in those conditions. Contrary to prediction 3, there was no difference in
Communication Efficiency between the Combined and Gesture-only modalities across games at any
phrase length. Supporting this, a Bayes Factor analysis (Morey & Rouder, 2014) with default prior
scales indicated strong evidence in favour of the null hypothesis (BF 01 = 9.30) for the effect of
Modality on Communication Efficiency.

Table 4.14

Communication efficiency across phrase lengths, modalities and games: results of the linear

mixed effects model.

Fixed effects

Estimate

Standard Error

df

t value

Pr (>|z|)
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Initial linear mixed effects model (BIC = 48868.1)
Modality

-0.8671

1.2533

27

-0.692

0.4949

Phrase Length

6.5253

0.3370

32

19.360

< .001 ***

Game

-5.1840

0.1195

5751

-43.392

< .001 ***

Modality * Phrase Length

-0.2425

0.6985

33

-0.347

0.7307

Modality * Game

0.5179

0.2389

5751

2.167

0.0302 *

Phrase Length * Game

-1.5744

0.1463

5751

-10.760

< .001 ***

Modality * Phrase Length *

0.1457

0.2926

5751

0.498

0.6186

Game
Final linear mixed effects model (BIC = 48838.8)
Phrase Length

6.5975

0.3192

39

20.67

< .001 ***

Game

-5.1840

0.1195

5751

-43.37

< .001 ***

Phrase Length * Game

-1.5744

0.1464

5751

-10.76

< .001 ***

Note: The results reported in Table 4.14 were confirmed by model comparisons.
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Figure 4.16

Communication efficiency (seconds taken) across Games 1-6 in the Gesture and Combined

modalities, for one-word, two-word and three-word phrases. Each coloured line represents a dyad’s mean time
taken to communicate (in seconds) across Games 1-6, for one-word, two-word and three-word phrases in the
Gesture and Combined modalities. The linear regression line is indicated in black, the grey shading on either
side of the regression line represents a 95% confidence interval. Note: One data point in the Combined
modality is outside of the presented range for the three-word condition at Game 1, its score was 542 seconds.

Discussion
Experiment 8 replicated the pattern of results from Experiment 7 with a stronger manipulation
in the Combined modality (participants were required vocalizations on every phrase). Even when
instructed to produce at least one vocalization per phrase, participants in the Combined modality
showed no improvement in communication success, communication confidence, or communication
efficiency, relative to participants in the Gesture-only modality. This is significant; if vocalizations
conferred any advantage as phrase length increased, participants in Experiment 8 had every
opportunity to exploit this advantage. That there was no difference between the Gesture-only and
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Combined modalities suggests that vocalizing does not become useful as communication complexity
increases.
It is also worth noting that even when instructed to produce at least one vocalization per
phrase, participants in the Combined modality did not vocalize 100% of the time. Possibly,
participants struggled to think of motivated vocalizations and, for phrases where motivated gestures
came more readily to mind, relied solely on gesture to convey their intended meanings. As gesturing
enables the re-enactment or pantomime of concepts, participants would likely have had a wider
repertoire of motivated signs to draw from in the Gesture modality. In trying to create a motivated
communication system that their partner could successfully interpret, participants may have
struggled to produce vocalizations for every phrase because motivated vocal representations of the
meanings did not come readily to mind. Creating motivated vocalizations is generally more
challenging, and participants may have neglected to vocalize on trials where they simply could not
identify or create anything but an arbitrary vocalization (e.g., a grunt).
Increased complexity of a communication system does not lead to increased vocalization
and adding vocalization to gesture does not confer an adaptive advantage beyond that already
conferred by gesture. These observations have now been replicated in three separate experiments.

General Discussion
In Experiments 6, 7, and 8, I predicted that vocalizing would become an adaptive strategy as
the complexity of the referential communication task increased. Contrary to this hypothesis,
Experiments 6 and 7 demonstrated that using vocalizations does not improve communication
success as task complexity increases, nor does it bolster confidence in communication, or increase
the efficiency of the communication system. This finding also held true in Experiment 8, when
Directors were explicitly instructed to produce vocalizations for every phrase in the gesture-plusvocal (Combined) modality. These results demonstrate that as the complexity of a communication
system increases, vocalizing does not provide any clear communication benefits beyond those
already conferred by gesture. To further emphasize this, across Experiments 6, 7 and 8, instances
of participants communicating through only vocalizations in the Combined modality were very rare.
Participants in the Combined modality produced vocalizations in the absence of gestures on only 41
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trials across all three experiments (roughly 0.3% of all trials). Vocalization in combination with
gesture does not improve participants’ performance beyond their performance when using gestures
only, and participants rarely rely on vocalization alone to communicate meanings.
Previous experiments comparing communication in Gesture-only and Combined modalities
(e.g., Fay et al., 2013; Zlatev, Wacewicz, Zywiczynski, et al., 2017) have found – paradoxically – that
participants in the Combined modality have lower communication success compared to participants
in the Gesture-only modality. My experiments do not support these findings. Across all three of the
multi-word experiments I conducted, vocalizing did not improve participants’ communication.
However, it also did not hinder their communication; in each experiment, communication success
was comparable across the Gesture and Combined modalities, for one-word, two-word and threeword phrase lengths. Thus, though vocalization is not an adaptive strategy as communication
complexity increases, it does not appear to be maladaptive, either. The replication of these results
across three separate experiments lends considerable weight to the findings.
At the end of their multi-word task, Zlatev et al. asked Directors (i.e., the actors tasked with
communicating the experimental items) and Matchers to report on whether they perceived a
communicative advantage in the Combined modality compared to the Gesture-only modality.
Directors reported struggling to produce gestures and vocalizations simultaneously, as it required
them to suppress their impulse to speak while communicating. Matchers, on the other hand, reported
that they found it easier to interpret Directors’ signs when the Directors communicated through
gestures and vocalizations, implying that there was an advantage to multi-modal communication on
the part of the listener. In my experiments, Directors (and Matchers) rated their confidence in their
communication success after communicating (or guessing) every phrase. This allowed participants
an ‘in the moment’ appraisal of their communication success.
In experiments 6, 7 and 8, Directors and Matchers perceived no advantage or disadvantage
to communicating with gestures and vocalizations as opposed to gestures alone. This result may be
a consequence of the high performance demonstrated by all participants, irrespective of which
modality condition they were in. Experiments 1-5 (Chapters 2 and 3) demonstrated that participants
are significantly more successful at bootstrapping novel communication systems through gestures
than through non-lexical vocalizations. Given that participants in Experiments 6, 7 and 8 were able
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to gesture in both modality conditions, they may not have perceived any advantage or disadvantage
to adding vocalizations to a gestural communication system that was already functioning well. If
participants already felt very confident in their communication success when producing motivated
gestures, adding vocalizations to the communication system likely made little impact on their overall
confidence.
Through these experiments, I sought to determine if vocalization becomes an adaptive
communication strategy as the complexity of a sign system increases. Contrary to my hypotheses, I
found vocalizing to provide no advantage to communication beyond that already conferred by
gesture. Environmental pressures presumably pushed our communication systems further into the
vocal modality at some stage in our evolution. However, based on the current findings, a
bourgeoning vocabulary was not likely to have been one of these pressures. Future research should
test how novel communication systems adapt to other selective pressures, for instance when
visibility is occluded, or when the hands are otherwise occupied (see Corballis, 2004, 2009).
Alternatively, perhaps it is not a more complex lexicon, but rather a semantically crowded
lexicon, that drives communication into the vocal channel. Because the vocal channel offers greater
opportunity for symbolic sign creation, it may only become useful when we are tasked with
distinguishing between semantically related concepts. Although the current experiments examined
how sign systems adapt to increasing communication complexity, the level of semantic crowding
remained relatively constant (and low) across the different phrase lengths. As phrases were
comprised of noun-verb-adjective combinations, each word within a phrase tended to be distinct
from the others. Semantic crowding should be manipulated in future experiments to determine
whether it affects the frequency or usefulness of vocalization. As mentioned in the introduction,
another possibility is that vocalizing is useful as a means of getting another’s attention – in the current
study participants were communicating in dyads and were not distracted by any environmental
stimuli. Thus, the Director didn’t need to vie for the Matcher’s attention. In a setting with multiple
Directors competing for attention, or with more environmental distractions, it may become useful to
couple gestures with vocalizations, to retain/acquire your addressee’s attention.
Although Experiments 6, 7 and 8 did not reveal a communicative advantage to vocalizing,
the fact that modern humans now communicate through speech indicates that communication in this
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modality must have, at some stage, become useful. Whether vocalizing enabled our ancestors to
communicate while using tools, or helped them to communicate more symbolically, more efficiently,
or less effortfully, are questions to be addressed through future experiments. For now, the results in
this chapter provide further support for the importance of gesture when bootstrapping new and
increasingly complex communication systems.
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Chapter 5

General discussion

General discussion and concluding thoughts

Summary of research aims and rationale
In this thesis, I have examined the processes underpinning the creation of novel gestural and
vocal sign systems, as well as how these sign systems might evolve through repeated social
interaction. I have reported eight referential communication experiments that test how people create
new sign systems when prohibited from using their conventional language, and how these sign
systems evolve over time to be effective, efficient and shared. In Sections 5.1 – 5.4, I summarize the
key findings from each thesis chapter. In Sections 5.5 and 5.6, I place these findings within the
broader context of human language evolution. In Sections 5.7 – 5.9, I offer several avenues for future
research that build upon my findings.

5.1)

Chapter 1: Summary and Key Findings
In Chapter 1, I proposed a model for sign creation and change. In this model, the production

of motivated signs (i.e., signs that directly resemble their meaning) was the first key step in enabling
interlocutors to understand one another (in other words, to become cognitively aligned; Figure 5.1).
According to my model, once interlocutors understand each other, repeated interaction enables them
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to refine their sign system, and to align upon a shared system of signs. I argued that this is how
languages are created, and how they evolve over time (and with interaction) to become shared,
efficient and symbolic.

Figure 5.1

Model of sign creation and evolution from Chapter 1: Motivated signs facilitate cognitive

alignment; behaviour alignment (indicated by the dotted lines) reinforces cognitive alignment and drives the
creation of a shared inventory of sign-to-meaning mappings; interactive, concurrent partner feedback
(indicated by the dashed lines) drives sign refinement, making communication more efficient.

5.2)

Chapter 2: Summary and Key Findings
In Chapter 2, I tested my model of sign creation and change through three referential

communication experiments (Experiments 1, 2 and 3) in which adults were asked to communicate
lists of adjectives, nouns and verbs to a partner, through either only gestures (movements of the
hands, body and face) or only non-lexical vocalizations (sounds that are not words). I argued that
people would be better at creating novel communication systems through gestures than through
vocalizations, as gesturing enables the production of more highly motivated signs. Consequently,
participants who gestured would be more successful in achieving the first key step in my model:
reaching cognitive alignment with a partner through the production of motivated signs. I argued that,
with interaction, participants who had achieved cognitive alignment would increasingly use the same
signs to communicate the same meanings (i.e., they would behaviourally align their signs), and
would gradually refine their sign system, making it more symbolic and efficient.
Experiments 1, 2 and 3 supported two predictions of my model, demonstrating 1) that people
are better at bootstrapping novel communication systems through gestures than through
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vocalizations, and 2) that repeated interaction enables interlocutors to behaviourally align their sign
systems. However, participants in these experiments did not demonstrate sign refinement and
symbolization as predicted by my model. In Experiment 1, participants played two games in each
modality, in a setting that did not allow for moment-to-moment interactive feedback (Directors
communicated signs to a video camera, and these were replayed to Matchers at a later date). In the
Gesture modality, participants produced more highly motivated signs, and demonstrated greater
cognitive and behavioural alignment. Sign motivation, cognitive alignment and behaviour alignment
were comparatively lower in the Vocal modality. Across both modalities, and in line with the
predictions of the model, there was a strong positive relationship between motivated sign production
at Game 1 and cognitive alignment at Game 2. There was also a strong positive relationship between
cognitive alignment at Game 1 and behaviour alignment at Game 2. There was no difference in sign
motivation between Games 1 and 2 in the Gesture or Vocal modalities. These results highlighted the
utility of gesture when bootstrapping a novel communication system. Results also confirmed the
positive relationship between sign motivation and subsequent cognitive alignment, and between
cognitive alignment and subsequent behaviour alignment, as predicted by my model.
In Experiment 2, participants played six interactive games in each modality, swapping roles
between Directing and Matching with each game. Experiment 2 confirmed the pattern of results
observed in Experiment 1, showing again that the production of motivated signs facilitates cognitive
alignment, and that sign motivation, cognitive alignment and behaviour alignment are higher when
participants use gesture, compared to when they use only non-lexical vocalizations. In addition to
confirming the patterns identified in Experiment 1, Experiment 2 enabled me to observe how
participants’ sign systems changed across a series of interactive games. Across games in
Experiment 2, Directors’ gestured signs grew increasingly motivated up until the point at which they
were correctly guessed by their partner; thereafter, motivation continued to increase, but to a lesser
degree. In the Vocal modality Directors’ signs continued to increase in motivation across games,
both before and after the Matchers’ first correct guess. In Experiment 3, I ran an overseer task to
further test if Experiment 2 participants’ signs symbolized over repeated social interactions. Naïve
participants were shown signs produced by interacting pairs from Experiment 2 at Game 1 and at
Game 6 and were asked to guess the meanings of those signs. If sign refinement and symbolization
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had occurred over games between interacting individuals, overseers in Experiment 3 would guess
fewer signs correctly at Game 6 compared to Game 1. I found no difference in overseer accuracy
between Games 1 and 6, indicating that interacting participants in Experiment 2 had not refined and
symbolized their signs across games. Despite the lack of sign refinement or symbolization,
Experiments 1, 2 and 3 confirmed that gesturing is key when bootstrapping a novel communication
system, that motivated signs facilitate cognitive alignment, and that cognitive alignment facilitates
behaviour alignment. These findings lend further support to an account of language origin in which
gesture played a fundamental role.

5.3)

Chapter 3: Summary and Key Findings
Chapter 2 confirmed that adults who communicate using highly motivated signs (in particular

motivated gestures) demonstrate greater cognitive alignment and are more likely to arrive at a
shared sign system, compared to those who produce less motivated signs. In Chapter 3, I wanted
to determine whether the same processes underpin the creation of new sign systems in a
developmental context. By looking at sign production and comprehension in children, I could explore
these processes in a cohort of participants who were still developing and refining their
communicative abilities. In Experiments 4 and 5, I compared how children bootstrap novel
communication systems through gestures and vocalizations. As in Experiments 1, 2 and 3, I
measured sign motivation and cognitive alignment. Previous research indicates that children often
comprehend elements of conventional language before they are able to produce them (e.g., GoldinMeadow, Seligman, & Gelman, 1976; Ünal & Papafragou, 2016), Thus, in addition to replicating my
findings from Experiments 1 and 2 in a developmental context,

I also tested whether sign

comprehension precedes sign production among children creating and interpreting novel
communication systems.
In line with previous findings, I found a developmental asymmetry in the comprehension and
production of new sign systems among children aged 6-12 years. Participants were split into three
age groups: Young (6-7 years), Middle (8-9 years) and Old (10-12 years). In Experiment 4,
participants produced novel signs to communicate lists of meanings to a video camera. For one list,
participants made signs using gestures, for the other list, they made signs using vocalizations.
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Recordings of participants’ signs were later shown to a cohort of adult participants, who attempted
to guess the meanings of each sign. In Experiment 5, a new cohort of child participants viewed
recordings of adults producing gestures and vocalizations to communicate lists of meanings, and
the children attempted to guess the meanings of the adults’ signs. Experiments 4 and 5
demonstrated that sign production and sign comprehension abilities both increased with child age.
However, children in the Middle age group demonstrated sign comprehension abilities comparable
with the Old age group, while showing sign production abilities comparable with the Young age
group. This asymmetry suggests children develop the ability to comprehend novel sign systems
before they develop the ability to bootstrap such sign systems themselves.
As in Experiments 1-3, across all age groups, children produced more highly motivated signs,
and communicated more successfully, through gesture than through vocalization. Thus,
Experiments 4 and 5 support my model (Chapter 1), which predicts that the production of highly
motivated signs is necessary for interlocutors to cognitively align their sign-to-meaning mappings.
These findings also add further support for an account of sign creation in which gesturing is integral
to communication success. I argue that Experiment 4 also highlighted the importance of audience
design (in addition to sign motivation) when creating a new sign system.
In Experiment 4, even though children in the Middle and Young age groups demonstrated
equivalent levels of communication success (as measured by the proportion of signs correctly
guessed by adult Matchers), the Middle group’s signs were just as highly motivated as Old age
group. I suggested that this indicates that communication success does not only depend upon sign
motivation, but also upon audience design (i.e., the process of learning to adapt your communication
to suit your audience’s informational needs; Clark & Murphy, 1982). I argued that children in the
Middle group were capable of making signs that were as motivated as those produced by the Old
group but had lower communication success than the Old group because they had not yet developed
comparable audience design skills. Effectively adapting one’s communication to suit a particular
audience requires a speaker to make inferences about what that audience knows and understands.
Thus, good audience design likely requires the development of Theory of Mind; the ability to
comprehend the mental and emotional states of others (Premack & Woodruff, 1978).
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Astington and Jenkins (1999) note the strong link between performance on theory of mind
tasks and language ability among 3- to 5-year-olds, and Shatz (1994) argues that language ability
and theory of mind are closely interrelated, with each facilitating the other. It makes sense, then, that
children who successfully infer the mind of their addressee would select the signs most
understandable to that addressee, enabling more successful communication. Experiment 4 indicated
that this is something children in the Old age group are able to do more effectively than children in
the Middle or Young age groups. An exploration of participants’ theory of mind was beyond the scope
of Experiment 4. However, the results suggest that sign motivation alone may not explain
communication success, and I argue that an ability to infer the knowledge of one’s audience is also
important when bootstrapping a novel communication system.

5.4)

Chapter 4: Summary and Key Findings
In Chapter 1 I proposed a model for sign creation and change. In Chapters 2 and 3 I tested

this model through a referential task that examined how simple (single-word) communication
systems are bootstrapped in the Gesture and Vocal modalities. In Chapter 4 (Experiments 6, 7 and
8) I used a novel referential communication task to move beyond this single-word paradigm and
extend my previous findings, examining how more complex (multi-word) communication systems are
bootstrapped in the Gesture and Vocal modalities.
By using a more complex (multi-word) communication task, I was able to test if people change
their communication strategies as their sign systems become more complex. Referential
communication tasks (such as those used in Experiments 1-5) often require participants to create
novel sign systems for single-word concepts. I argued that this may have limited our current
understanding of the processes underpinning the creation and evolution of new communication
systems. Though human proto-languages may have initially been simple, over time we have
developed complex communication systems that require the communication of multiple meanings,
strung together into phrases. I suggested that, for more complex communication systems, using
vocalizations in addition to gestures may improve communication success (because the same
meaning could be communicated across two channels, giving two opportunities for correct
interpretation), or communication efficiency (because different meanings could be communicated
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simultaneously across two channels. Thus, I argued that vocalizing may become an adaptive
strategy under circumstances of increased communication complexity (i.e., when communicating
longer, multi-word phrases). If true, it would explain why referential communication tasks that only
require participants to communicate single-word meanings have not found an advantage to
combining vocalizations with gestures compared to gesture-only communication.
I tested this hypothesis using a multi-word referential communication task (Experiments 6, 7,
and 8). In this task, participants communicated one-word, two-word and three-word phrases to a
partner, through gestures-only or a combination of gestures and vocalizations. Across all three
experiments, combining vocalizations with gestures did not improve communication success,
communication confidence or communication efficiency. Increasing communication complexity did
not drive communication into the Vocal modality, nor did vocalizing offer any advantage to
communication beyond that already conferred by gesture. As in the previous experiments (1-5),
these results highlight the utility of gesture when bootstrapping a communication system and support
an account of language origin in which gestures played an integral role.

My Findings in the Context of Language Evolution

5.5)

Motivated signs get language started
I have compared the utility of gestural and vocal communication for bootstrapping novel sign

systems over eight referential communication experiments. Each experiment has corroborated a
fundamental observation: when creating novel communication systems, the production of motivated
signs – particularly motivated gestures – is essential to arriving at a system that is effective, efficient
and shared. Across a range of concepts, in contexts that allow, or prohibit, interactive feedback,
among adults and among children of different ages, and for single- and multi-word phrases, gesturing
is essential to achieve successful communication. Collectively, these experiments support an
account of language origin in which Homo sapiens’ earliest sign systems emerged primarily out of
communicative gestures.
The modality (or modalities) from which our earliest communication systems originated has
been the subject of much debate. Proponents of a vocal-first account of language origin argue that
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our early communication systems may have emerged from ancestral hominids’ orofacial movements
(e.g., chewing, swallowing and sucking) that eventually became voiced (MacNeilage, 1998), or from
the types of vocalizations (e.g., pant hoots and alarm calls) observed in extant primates (Seyfarth,
Cheney, & Marler, 1980). These accounts, however, do not address the Symbol Grounding Problem
(Harnad, 1990) that I describe in Chapter 1. Specifically, how could more than a handful of
rudimentary, largely unmotivated vocal signs acquire meaning in the first place? The pant hoots,
alarm calls, lip-smacks, tongue-smacks and teeth-chatters of extant primates are not inherently
motivated. This may explain why these instances of vocal communication are largely fixed and
consist of a narrow repertoire of sounds.
Motivated signs facilitate successful communication because they call their referent to mind
through a direct resemblance. In the absence of motivated signs to directly link form and meaning,
it seems unlikely that our ancestors could have readily recalled or used more than a small number
of fixed, arbitrary vocal signals, as modern primates do. My experiments demonstrate the importance
of motivated signs when bootstrapping language, and consequently, they do not lend support to
proto-speech accounts of language origin. Though vocalizations may have played a role in our
earliest communication systems, the greater affordance of motivated signs in the Gesture modality
makes it a stronger candidate for bootstrapping language. Across Experiments 1-8, when asked to
create a novel sign system from scratch, the Gesture modality repeatedly offered participants the
greatest scope for communication success.
When participants achieved successful communication in the Vocal modality, the
vocalizations they produced were also motivated. However, compared to the signs produced in the
Gesture modality, signs produced in the Vocal modality were generally less motivated. This does
not mean that vocalization played no role in early human communication systems, or that vocal
communication is ineffective. On the contrary, vocal communication offers several benefits that
gestural communication does not. Specifically, vocalization enables communication in the dark or
when vision is occluded (Corballis, 2004), when interlocutors are not facing each other or when the
speaker’s hands are occupied (e.g., through tool use; Corballis, 2009). Vocal communication is also
less physically demanding than gestural communication (Corballis, 2009). Just as renewable energy
is preferable to coal power, and yet built directly upon the technological advances conferred by the
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(coal-powered) industrial revolution, so too may vocal communication offer improvements on
gestural communication, while still requiring motivated gestures to get the original system ‘up and
running’. Thus, in line with the many proponents of a gesture-first account of language origin (e.g.,
Arbib, 2003, 2005; Corballis, 2002, 2003; Zlatev, 2008), my findings suggest that motivated gestures
played the primary role in establishing our earliest communication systems, with vocalizations initially
taking a subsidiary role in instances where motivated vocalization was possible.

5.6)

But…Are Motivated Signs Enough?
The results of Experiment 4 indicate that it is not only sign motivation that contributes to

effective communication. Other factors contribute to effective communication, and Experiment 4
suggests that these develop as children age. I argue that one of these factors is the ability to infer
the mind of your addressee and select – from a group of equally motivated signs – one that you feel
will most effectively convey the intended meaning. If audience design (alongside motivated sign
production) is important when modern humans bootstrap communication systems, it may have also
played a key role in the creation of our earliest languages. Theory of mind experiments involving
chimpanzees show that modern humans’ capacity to infer the mental state of another is something
we share with other primates (although humans likely possess this capacity to a far greater degree).
For instance, Hare, Call and Tomasello (2001) have shown through a hidden object task that
chimpanzees are capable of inferring the knowledge of conspecifics (see also Krupenye, Kano,
Hirata, Call, & Tomasello, 2016 for evidence of theory of mind among great apes performing a false
belief task). Similarly, Premack and Woodruff (1978) showed that chimpanzees were able to infer
the mental states of humans. In their study, chimpanzees were shown video recordings of humans
struggling in various situations (e.g., inside locked cages, shivering next to broken radiators). The
chimpanzees selected photographs illustrating solutions to the specific problems faced by the
humans (e.g., a photograph of a key to open the locked cage), demonstrating that they understood
the problem experienced by the human, and could identify the solution that would help in each
circumstance. These studies suggest that the last common ancestor we share with extant
chimpanzees likely also possessed an ability to infer the mental states of others. This ability may
have been useful when creating early sign systems, enabling our ancestors to choose between
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equally motivated representations, selecting those that were most likely to be understood by an
audience.

Directions for Future Research
Several new avenues of research lead naturally from the current findings. In the following
sections, I provide recommendations for studies to address three main questions raised by the
current experiments; 1) is motivated sign production all interlocutors need to achieve successful
communication, 2) what causes sign systems to refine and symbolize, and 3) when does vocalization
become an adaptive communication strategy?

5.7)

Are Motivated Signs All We Need?
As the present thesis demonstrates, motivated signs (especially motivated gestures) are

integral when starting up a new communication system. Thus, a prospective avenue for future
research is to examine what other aspects of communication are essential when creating a novel
sign system. As Experiment 4 showed, children’s communication success did not only depend on
their production of motivated signs. Children in the Middle age group produced signs that were as
motivated as children in the Old age group, but children in the Middle age group were less successful
at communicating the target meanings compared to children in the Old age group. This suggests
that other factors, in addition to sign motivation, contributed to communication success.
I argued that more effective audience design led older children to select motivated signs that
were better able to convey meanings to their audience, compared to the motivated signs produced
by younger children. The signs selected by older children were generally clearer and their meaning
more transparent (for instance, a younger child communicated the meaning ‘drink’ by crawling on all
fours and imitating a dog lapping from a puddle, while for the same meaning, an older child mimed
pouring a glass of water and drinking). This suggests that – in addition to motivated sign production
– interlocutors need to infer the mental states of their audience in order to effectively bootstrap novel
communication systems. Audience design has likely impacted on participants’ performance across
all experiments, contributing noise to the relationship between communication success and sign
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motivation in the adult studies as well. However, audience design was not quantified or directly
measured in the current experiments.
Future studies should explicitly examine the relationship between sign motivation, audience
design and communication success. These studies could test whether the degree of motivation of a
sign system changes as a function of how familiar its users are with one another. For instance, do
Directors produce different signs to communicate the same meanings when they are paired with a
friend (with whom they have a large body of shared knowledge), compared to when they are paired
with a stranger (with whom they have relatively less shared knowledge)? If Directors are familiar with
their partner, they should have a better understanding of what that partner already knows and
understands and should consequently find audience design easier. Supporting this, Fussell and
Krauss (1989) showed that participants are better able to comprehend messages written for them
by a friend, compared to those written for them by a stranger. This suggests that participants were
designing their messages with their audience in mind and were able to encode the most salient
information into their messages when they knew their audience personally. It may not just be the
ability to produce motivated signs that facilitates comprehension, but also the ability to the produce
signs that are most meaningful to a specific audience.
Examining how participants bootstrap novel gestural and vocal communication systems
when they are paired with a friend, compared to when they are paired with a stranger would enable
experimenters to compare how sign motivation and audience design may each contribute
independently to the success of a communication system. Communication success and sign
motivation could be contrasted in both conditions to determine 1) whether sign motivation changes
as a consequence of familiarity with the audience, 2) whether communication success changes as
a consequence of familiarity with the audience, 3) whether familiarity with an audience moderates
the relationship between sign motivation and communication success. Possibly when Directors
produce signs for a friend as opposed to a stranger, they can use less motivated (or more esoteric)
signs because they know what shared knowledge they and their friend already possess.
A related factor that may influence communication success when bootstrapping language
(aside from sign motivation), is a director’s capacity to take their partner’s perspective when
communicating novel signs. Schober and Clark (1989) examined perspective taking in a task
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assessing conventional language. They found that speakers tended to describe object locations from
the perspective of their addressee (an allocentric perspective), rather than from their own
(egocentric) perspective. Future studies examining the creation of novel communication systems
could test whether Directors tend to create signs from an allocentric or egocentric perspective, and
whether this perspective changes as a function of communication modality (e.g., gestural or vocal).
For instance, to communicate ‘give’ gesturally, would a Director mime giving an object to their partner
(an egocentric representation), or would they mime a request for that partner to give them the object
(an allocentric representation)? Are different communication modalities more amenable to allocentric
or egocentric representations, and does the perspective a Director takes influence their
communication success? Answering these questions may further our understanding of what types
of signs facilitate successful communication, and whether these signs are more easily created
through one modality, compared to another.
Determining whether factors outside of motivated sign production (for instance audience
design) contribute to communication success would lead to a deeper understanding of how effective
communication systems can be bootstrapped in the absence of conventional language.

5.8)

When Do Sign Systems Refine and Symbolize?
My model (Chapter 1) predicts that after participants achieve cognitive alignment, they will

refine and symbolize their sign systems through repeated interaction. Experiments 1, 2 and 3 did not
support this prediction. Instead of symbolizing their signs, in the Gesture modality, Directors’ signs
became increasingly motivated up until the point at which their partner made their first correct guess.
Thereafter, sign motivation continued to increase (though less noticeably) across subsequent
games. In the Vocal modality, sign motivation increased at a similar rate across games before and
after the Matcher made their first correct guess. Thus, I find no evidence that participants’ signs
symbolized after cognitive alignment was achieved, in either modality. One possible reason for the
lack of sign refinement and symbolization is that the gestures and vocalizations participants
produced were already relatively brief. In graphical referential tasks (e.g., Garrod et al., 2007)
participants’ initially detailed drawings underwent substantial refinement and symbolization across
games. As a consequence, the signs took less time to produce. In Experiments 1, 2 and 3,
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participants who were cognitively aligned were able to communicate most meanings within just a
few seconds. Given that communication was already highly efficient, participants’ drive to refine and
symbolize their signs may have been low. Garrod et al. (2007) ague that sign symbolization occurs
as a result of sign refinement; as signs become simpler, the number of ways in which they are able
to directly resemble their meaning diminishes (i.e., they symbolize). If participants in Experiments 1,
2 and 3 were not driven to refine their motivated signs to save time, this may have prevented the
sign system from becoming symbolic. Future studies could explore whether placing greater pressure
on participants to communicate quickly (for instance with timed trials, incentives for brief
communication, or disincentives for slow communication) may induce sign refinement and
symbolization.
Alternatively, it may be that symbolization occurs as a result of signs losing motivation as
they are passed from one generation to the next. Studies of Nicaraguan Sign Language (NSL) have
shown that the emerging communication system evolved as it was transmitted through each
generation to the next (Senghas, 2003). As a result of this evolution, NSL acquired the grammatical
and syntactic complexities of a fully formed language (Senghas, Kita, & Özyürek, 2004). Likewise,
examples of sign symbolization in written languages show it to occur over many generations through
incremental changes. For instance, the symbol ‘A’ was gradually derived from a more iconic version
‘’ that represented the horned head of an ox (Wescott, 1971). Similarly, the Chinese hanzi sign for
‘mountain’ has undergone symbolization across generations, changing from a motivated
representation of three mountains ‘

’, to a less motivated intermediary form; ‘

’, and finally to its

current symbolic form, ‘ ’ (Vaccari & Vaccari, 1970). Thus, it may be the number of intergenerational
transmissions, rather than the time each generation spends using the sign system, that drives
refinement and symbolization. Future experiments should test whether a referential task that
includes chains of participants, interactively passing their sign system from one person to the next,
may lead to sign refinement and symbolization.
Finally, the lack of observable sign refinement or symbolization in the Gesture modality in
particular may be a consequence of the inherently motivated nature of gesture. Even fully-fledged
sign languages such as British Sign Language consist of some signs that have retained high levels
of motivation (e.g., the sign for ‘cry’ depicts a tear moving down a cheek; Perniss, Thompson, &
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Vigliocco, 2010). Despite being used over many generations, these signs have not undergone
significant symbolization. Perniss et al. (2010) suggest that the visual nature of communication in
the gestural modality has led to the preponderance of motivated signs that still exist across many
established sign languages. It is easy to ‘act out’ meanings in the gesture modality, and consequently
gestured signs may tend to hold onto their iconicity for longer than signs produced in either the vocal
or graphical modalities.

5.9)

When does vocalization become adaptive?
In Chapter 4, I argued that an ability to communicate vocally must have conferred a significant

selective advantage to our ancestors, because it required the larynx to lower, greatly increasing the
likelihood of death by choking (Arbib, 2003). The benefits of speech-based language must have
eclipsed these associated evolutionary costs. However, Experiments 1-5 did not show vocal
communication to be more advantageous than communication through gestures-only. In
Experiments 6, 7 and 8 I tested whether vocalization becomes an adaptive communication strategy
as sign systems grow increasingly complex (i.e., when participants are required to communicate
more words per phrase). All three studies showed no advantage to incorporating vocalizations
alongside gestures as phrase lengths increased from one-word to two-word to three-word phrases.
Thus, I find no evidence that increasing communication complexity drives communication into the
vocal modality.
However, as I acknowledged in Chapter 4 (and above), these experiments tested only one
of a series of potential environmental pressures that have been hypothesized to encourage vocal
communication. Referential communication experiments have not yet captured the specific
environmental pressures that make vocal communication worthwhile. Future research should
explore other contexts in which communication in the vocal channel may become adaptive. For
instance, in situations where 1) visibility is reduced, such as in a room in which the lighting grows
increasingly dim (akin to failing daylight), or where objects sporadically occlude interlocutors’ vision,
2) participants’ hands are intermittently occupied with manual tasks, prohibiting constant gestural
communication, and 3) the listener’s attention is divided and must be sought by the speaker/gesturer
in order for successful communication.
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It is also possible that the presence of a pre-existing conventional vocal language hindered
participants’ ability to create a novel vocal language. In all experiments, the participants tested were
fluent in English. Consequently, producing novel vocalizations to represent known concepts required
participants to actively suppress their pre-existing vocal representations for those objects (i.e., they
had to try not to speak in their conventional language while creating the novel sounds). Active
suppression of the vocal channel may have made it harder for participants to conceive of novel
vocalizations, impairing their performance in the vocal modality, but not in the gesture modality. A
future study that examines novel sign creation among bilingual signers (people who are fluent in a
signed language as well as a spoken language) would address this issue. Here, participants would
be actively suppressing conventional languages in the gestural and vocal channels, removing any
potential advantage that may have existed in the current experiments for the gesture modality.
In Experiments 6, 7 and 8, testing communication in the Gesture and Vocal modalities for
one-, two- and three-word phrases allowed me to vary one aspect of communication complexity;
phrase length. I found no advantage of vocalization as phrase length increased. However,
communication systems also change in other ways as they become more complex. For instance, an
expanding lexicon can result in more instances of semantic crowding (i.e., having many words that
mean similar things). In a semantically crowded system, motivated signs for related meanings may
be difficult to distinguish from one another (e.g., motivated representations for ‘chair’ and ‘seat’ would
likely look very similar). Symbolic sign systems reduce the likelihood of this confusion occurring.
Because they do not need to resemble their referent, symbols for semantically related meanings can
be distinct (Gasser, 2004). Vocalizations may have become increasingly useful as our lexicon
expended because they offered a way to distinguish between semantically related motivated
gestures (i.e., symbolic vocalizations may have functioned as markers). Thus, perhaps it is not
phrase length, but rather the degree of semantic crowding between the meanings within a phrase,
that motivates interlocutors to vocalize.
By testing combinations of noun-verb-adjective phrases, participants in Experiments 6, 7 and
8 were rarely exposed to instances of semantic crowding; each word within a phrase was
meaningfully distinct from the others. As a result, indistinguishable signs representing semantically
related concepts were rare. Future experiments that test how communication changes as a
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consequence of increasing semantic crowding may reveal an advantage to the selective use of
vocalizations alongside gestures for semantically crowded phrases. Such studies could examine
how participants bootstrap communication systems for sets of meanings with low semantic crowding
(e.g., when they are required to communicate semantically distinct concepts such as ‘rock’, ‘running’
and ‘dog’) compared to sets of meanings with high semantic crowding (e.g., ‘rock’, ‘stone’ and
‘boulder’, or ‘running’, ‘chasing’ and ‘sprinting’, or ‘dog’, ‘cat’, ‘horse’). If vocalizations help
participants discern semantically related meanings, one would expect to observe more frequent
vocalizing for sets of meanings where there is high semantic crowding, compared to meaning sets
where semantic crowding is low.

Conclusion
In this thesis, I presented a model of sign creation and change. I then tested that model via
eight referential communication experiments. Collectively, these experiments have demonstrated
the importance of motivated sign production when bootstrapping novel sign systems. Producing
motivated signs that directly resemble their meaning enables interlocutors to ground shared meaning
(i.e., to cognitively align their sign-to-meaning mappings). Once interlocutors understand each other,
social interaction drives alignment upon a shared inventory of signs, resulting in a shared and
effective communication system. A comparison of sign creation in the Gesture and Vocal modalities
showed that it is easier to bootstrap novel communication systems in the Gesture modality,
compared to the vocal modality. This is because it is easier to create motivated signs in the Gesture
modality, as gesturing enables participants to physically embody or enact the concepts they wish to
represent. Producing motivated vocalizations is comparatively harder. As a result, participants who
communicate through vocalizations struggle to reach cognitive alignment, and thus are less likely to
behaviourally align upon a shared inventory of signs. These findings apply to adults and children,
both when face-to-face interaction is allowed, and when it is prevented. The value of gesture when
bootstrapping language among modern humans supports an account of language origin in which
gestures played an integral role.
Finally, I tested whether vocalizations may become useful to a communication system as that
system increases in complexity. I found no advantage to using vocalizations alongside gestures as
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communication complexity increased. Presumably certain environmental pressures drove
communication from the gestural channel into the vocal channel, but my results indicate that
increasing communication complexity was not one of those pressures. Future research in this area
should look to uncover 1) the other processes (beyond motivated sign production) that help
interlocutors to achieve cognitive alignment (e.g., audience design), 2) the circumstances under
which interlocutors refine and symbolize gestural and vocal communication systems, and 3) the
specific contexts in which it becomes adaptive to vocalize.
Our capacity for complex language is a defining characteristic of our species. How this
capacity evolved is a question that is both interdisciplinary and contentious. This thesis has
empirically examined the processes that underpin the creation of novel sign systems among modern
humans. The findings can help inform theories of how languages are created generally, as well as
how they change and evolve over time.
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Appendix.
Appendix 1. Adjectives, nouns and verbs sampled for Experiments 4 and 5.

Adjectives

Nouns

Verbs

bad

ball

bark

bored

bed

bend

brave

bell

bite

clean

bird

blow

closed

car

break

cold

cat

build

deep

chair

burn

fast

cow

catch

flat

dog

chase

full

door

clap

fun

duck

cook

hot

ear

crash

hurt

fish

cry

large

gun

dance

late

hand

die

loud

head

dig

mad

house

draw

mean

king

drink

nice

lion

drive

old

mouth

eat

rich

phone

fly

sad

pig

jump

safe

plane

kiss

scared

rain

knock

sharp

river

laugh

short

rock

lick

sick

school

play

slow

sheep

pour

small

ship

run

sore

shoe

scratch

sour

snake

sleep
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straight

star

smell

strong

street

sneeze

sweet

teacher

swim

tired

time

throw

weak

train

yawn

Appendix 2. Adjectives, nouns and verbs sampled for one-word, two-word and three-word
phrases for Experiments 6, 7 and 8.
Adjectives

Nouns

Verbs

angry

air

agrees

beautiful

ant

appears

bendy

apple

argues

bitter

arm

attacks

bored

baby

barks

brave

bag

bends

broken

ball

bites

bumpy

bed

breaks

calm

bee

builds

clean

bell

burns

clever

berry

bursts

clumsy

bird

carries

cold

blade

catches

crooked

blood

changes

cruel

boat

chases

curly

bone

chooses

damaged

book

claps

dead

bottle

climbs

dirty

box

complains

dry

boy

connects

elegant

brain

copies
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embarrassed

bread

coughs

empty

brick

crashes

fast

bucket

cries

fat

cake

crushes

fierce

camera

cuts

flaky

cat

dances

flat

cheese

decides

foolish

chin

dies

full

cloud

digs

fun

comb

disappears

gentle

cow

discovers

good

cup

divides

greasy

dog

draws

grumpy

door

drinks

happy

drawer

drives

hard

dress

drops

healthy

ear

eats

heavy

egg

expands

helpful

eye

falls

hissing

face

fights

hollow

feather

flies

hot

finger

forgets

icy

fire

grows

itchy

fish

hears

jealous

floor

helps

juicy

food

hopes

kind

foot

jumps

large

fork

kicks
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last

garden

kills

lazy

girl

kisses

light

glass

knocks

little

goat

laughs

lively

grass

licks

long

gun

listens

loud

hair

looks

mad

hammer

measures

mean

hand

moves

mysterious

hat

performs

narrow

head

plays

nervous

heart

points

new

hook

pours

nice

horn

promises

noisy

horse

protects

old

house

pulls

open

island

pushes

poor

jelly

reaches

powerful

kettle

reads

proud

key

refuses

quick

knee

replies

quiet

knife

rests

responsible

knot

rises

rotten

leaf

rolls

rough

leg

rubs

round

line

runs

sad

lip

scratches

salty

machine

sells
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scared

man

shakes

scary

monkey

shoots

serious

moon

shouts

shallow

mouth

sings

sharp

muscle

sits

short

nail

sleeps

shy

neck

smells

sick

needle

smiles

silly

nerve

smokes

skinny

net

sneezes

slow

nose

stands

small

nut

steps

smooth

oven

stops

sore

parcel

stretches

sour

pencil

suffers

sticky

pig

swims

stiff

pin

talks

straight

pipe

tastes

strange

plane

thinks

strong

pocket

throws

sweet

pot

touches

tall

potato

travels

thick

rat

turns

thin

roof

twists

tight

root

visits

tired

salt

walks

ugly

sand

washes

violent

school

whistles
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weak

scissors

wins

wet

sea

works

wide

seed

worries

wise

sheep

writes

young

shelf

yawns

ship
shirt
shoe
skin
snake
sock
square
star
stomach
stone
street
sun
table
tail
throat
thumb
time
toe
tongue
tooth
town
train
tree
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umbrella
wall
water
wheel
whip
woman
worm

