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Misunderstanding: questions and partial answers

Pat Healey:
1 Is it possible to formulate coherent identity conditions for

meaning based on miscommunication?
2 Can we provide an account of convergence that doesn’t

depend on a shared linguistic code?

In linguistically based communicative interaction two basic
cases:

understanding 7→ expected reaction (acceptance of
assertion/command, answer to question etc)
incomplete understanding 7→ clarification interaction.
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Misunderstanding: questions and partial answers

Any account of successful communication using utterance
type S needs to be able to simultaneously characterize the
range of possible clarification requests that can occur
following uses of S:

(1) a. Did Bo kowtow?
b. Bo? / Your cousin?/ Did WHO kowtow? / Bo

Jackson or Bo Didly? / kowtow? / What do you
mean kowtow? Why? . . .

Ingredients for such an account include:
1 meaning (utterance type invariant)/content (speech event)

distinction
2 signs (complexes of phonological, syntactic, semantic,

contextual information)
3 interaction protocols
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Basic Stats

Frequency of CRs in conversation:
—4% BNC (Purver, Ginzburg and Healey 2003)
— 6% Bielefeld Corpus (Rodriguez and Schlangen 2004)
—4.5% Communicator Corpus (Rieser and Moore 2005)

Among CRs:
—29% reprise fragments (Bo? kowtow?)
—31% conventional (eh? sorry?)
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Speaker/addressee asymmetries

Common assumption: context built up jointly by and
equally accessible to conversationalists. Something like
this needs to be assumed to explain the fact that despite
the radical context dependence of non-sentential speech
mutual intelligibility is maintained.

Typical application: A key component of Pickering and
Garrod’s 2004 accounts of collaborative utterances as well
of self-monitoring is the claim that who is speaking at a
given point does not, in some sense, make a difference
given alignment: the addressee can take over or the
speaker can ‘change voice’ and self correct.

CRs provide evidence that demonstrates that the contexts
available to the conversationalists are NOT identical.
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CRs and Turn Taking Puzzles

(2) (a) A: Did Bo leave? B: Bo?; (“Bo?” can mean in this
context Are you asking if Bo, of all people, left or who
were you referring to as Bo?).

a. A: Did Bo leave? # Bo?

Why does A’s ‘Bo?’ lack the readings B’s‘Bo?’ can get?

What is it about a context of failed understanding that gives
rise to such readings for B?
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Parallelism in CE

CE carries syntactic parallelism condition:
(3) a. A: I phoned him. B: him? / #he?

b. A: Did he phone you? B: he? / #him?
c. A: Did he adore the book. B: adore? / #adored?
d. A: Were you cycling yesterday? B:

Cycling?/biking?/#biked?
Case matching in case languages:

(4) (i)
A: Ist dieser Platz frei? B: Dieser/#Diesem/#Diesen Platz?

Is this-nom place-nom free this-nom/B:#dat/#acc place-nom
A:Is this place free? B: This place?

(ii)
A: Darf ich Ihrem Freund ein Stück Torte geben? B: Ihm/#Er?

May I your-dat friend-dat a piece cake give? B: he-dat/#nom
A: May I give your friend another piece of cake? B:Him?

Cannot go beneath word level:
(5) A: He adores her. B: #s?/adores?Jonathan Ginzburg (Mis)Communication: grammar and evolution
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Interim Summary

CR potential: account needs to provide basis for resolution
of reprise fragments in clarification interaction.

Speaker/Addressee asymmetry: account needs to
explicate contextual asymmetry in CR potential.

Parallelism: account needs to be stated at the level of
signs (utterance types)—phon and syn information needs
to be projected into intersubjective context.
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The utt(erance) ack(nowledgement) game

In this game, given an utterance u0 consisting of a string
(word1. . . ,wordi ,. . . ,wordn) by the master,

the novice may respond with the utterance u1: wordi .

In this context, this utterance is assigned content: novice
acknowledges that an utterance including the word wordi

happened.

This fact now becomes part of the novice’s and master’s
common ground.
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The utt(erance) ack(nowledgement) game

What capabilities does playing utt-ack game require from
the novice?

Phonological imitation and segmentation module (can be
played in one word mode, i.e. game does not require novice
to have syntactically complex capabilities).
Ability to form mutual beliefs.

The reward for playing this game is shared interaction with
the master. Who can play this game?

Human neonates: the initial stage of speech consists
largely in playing this game. (Bates79,Ninio and Snow
1996)
Chimps: (Greenfield and Savage-Rumbaugh).
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A rudimentary game with CRs: The ack-huh? game

Given an utterance u0, the responder may acknowledge
the utterance or pose a simple CR querying the content of
u0?

(6) Master: You want the ball? Novice: (i)huh?/(ii)ball?

What additional capabilities does playing ack-huh require
from the novice?
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A rudimentary game with CRs: The ack-huh? game

Querying

the ability to form questions querying the contents of
antecedently uttered utterances.
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A rudimentary game with CRs: The ack-huh? game

Who can play this game?

Human neonates (from approx 20 months)
Not chimps: (Greenfield and Savage-Rumbaugh).
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The emergence of MCI: key ingredients

The key feature— awareness of the possibility to
reformulate in a way that preserves content (=synonymy),
otherwise any content-oriented discussion will be
circular—A will utter u, B will query it, A will repeat u etc.
Thus, the simplest agent with the ability to discuss a CR is
an agent who can:

1 communicate a content along the lines of “I don’t
understand that utterance (u1)”

2 recognize a reformulation of u1 as such.

A natural way of capturing both (1) and (2): ability to
discuss the issue what did A mean by uttering u.
Given an agent who can reflect and form questions about
entities in the domain, → once the predicate ‘mean’ is in
the language, then basic CRs expressible. But not
necessary (see ‘eh’, ‘pardon’ etc).
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A simple protocol

(7) u0 maximal in PENDING:

a. Option 1: B grounds u0
(i) remove u from PENDING
(ii) LatestMove := u
(iii) utter u1 such that cont(u1) = Acknowledge(B,u0)

b. Option 2: utter u1 such that cont(u1) = ?xMean(A,u,x)
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Utterance type and token representation

Grammar encodes utterance types.

The content of some lexical categories (which? see Purver
et al 2003, Purver 2004) varies across contexts 7→

contextual parameters

Resolving utterance tokens—speech events—involves
instantiating parameters in context
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A Simple Example

(8)


































PHON : did jo leave

CAT : S

C-PARAMS :













s0: SIT
t0: TIME

j: IND
c3: Named(j,jo)













cont = ?

[

sit = s0
sit-type = Leave(j,t0)

]

: Questn
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A Simple Example

(9)






































PHON = ph1
CAT = cat1

C-PARAMS = ctxt0 =























. . .

s0 = sit0
t0 = time0
j = j0
c3 = c30
. . .























cont = cont0
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A Simple Example

(10) ph1 : did jo leave; cat1 : S;
sit0 : SIT, time0 : TIME, j0 : IND, c30 : Named(j0,jo)
cont0 = ?

[

sit = sit0
sit-type = Leave(j0,time0)

]

: Questn
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Modelling grounding/clarifying an utterance

Basic assumption: as a preliminary to the processing of an
utterance u of speaker A, addressee B checks whether
she understands u.

B understands A’s utterance u ↔ B has assignment f to
contextual parameters of u such that
B believes contentB(u) = u[f] = contentA(u)

If B can ground A’s utterance, B optionally responds with
an acknowledgement, and then reacts in the conventional
way to the utterance (accepting/disputing an assertion,
answering a query, and so on.).
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Modelling grounding/clarifying an utterance

A does not fully understand u 7→ for some subutterance u1
of u there is a problem with resolving the contextual
parameter i(u1) associated withh u1.

includes as a special case lexical ignorance.

A poses a query that requests clarification of u1 using a
number of predefined operations on utterance types.

Ginzburg and Cooper (2001,2004), Purver 2004 suggest 4
operations that capture range of CRs found in BNC.
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Parameter Identification

Takes as input: constituent c1, ic1 (the C-PARAM associated
with c1),A (previous spkr).

Output: partial specification of context in which:
discourse topic: λic1Mean(A, i , c1) (‘What did A mean by
uttering c1’).

So if original utterance ‘Did Bo leave’, c1 = ‘Bo’, new
context in which:
discourse topic: λbNamed ‘Bo′

,bMean(A, b, c1) (‘Who do you
mean to refer to as ‘Bo’?)
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Parameter Identification

Underpins CRs such as:

(11) a. Who do you mean ‘Bo’?
b. WHO?
c. Bo? (= Who is ‘Bo’?)

Note how utterance type and token play significant role in
the content of the clarification request.
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(a) Under what circumstances does a linguistic interaction
system without MCI evolve into one that has MCI?

(b) What mechanisms are involved in such a development?

(c) Why is the resulting interaction system maintained?
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Evolution of MCI: speculation 7→ concrete issues

Speculation: MCI has emerged as an interactional device
that keeps members of a linguistic community from
diverging too widely from each other’s linguistic
capabilities,

Assess by converting it into more concrete questions such
as:

(a) In a community with minor but random lexical differences
where some people use clarification requests, whereas
others do not, do the clarification request users gain an
advantage?

(b) Given a community A where clarification requests do not
get expressed, and community B where they do, how do the
two communities evolve with respect to vocabulary drift.
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Basic Properties

The model is built using RePast (developed by Collier et al.
and ROAD), a set of Java libraries that allow programmers
to build simulation environments.

Agents are created and placed in an environment in which
they are able to wander around randomly in search of ‘food’
resources. Agents are endowed with a vision capacity in
order to see food resources as well as other agents.

Upon meeting, the two agents enter a dialogue by playing
a naming game where the speaker chooses a food
resource in his field of vision, and sends a representation
of it to the hearing agent, which in turn tries to interpret it.
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Agents

Agents can make syntactically simple
utterances—essentially one consisting of a single word.
Each agent’s lexicon stores the ‘meaning—representation’
tuples for the different plants in the environment (e.g.
plant-type—plant-word).
Communication is a two sided process involving an
intrinsic asymmetry between speaker and addressee:
when talking about a plant, the speaking agent necessarily
has a lexical representation of the plant, which he sends to
the hearing agent.
There is no necessity, that the addressee agent is able to
interpret this utterance. If unable to do so (meaning lexical
gap) the way that the agent tries to ground it depends on
the agent’s type.
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Croats v. Serbs: crifiers v. introspectors

CRoats: A CR agent can resort to a clarification request
upon hearing an unknown plant-word. The speaking agent
answers by providing the meaning-representation to the
addressee, who then updates her lexicon.

Perfect communication in CR interaction a surrenderable
but not indefensible simplifiying assumption.
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Croats v. Serbs: crifiers v. introspectors

An introspective agent tries to guess the meaning of an
unknown plant-word instead of resorting to a clarification
request.

Hearing an unknown plant-word the agent looks around
her and for each plant that she sees she increases the
association score of the plant-word with the plants in her
field of vision.

Storage in her temporary lexicon until parametrized
threshold exceeded. When this happens the plant-word
becomes part of the agent’s permanent lexicon.
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Simulation / Population Dynamics

Once the simulation starts the agents begin walking
randomly in the environment.

At every time step each agent moves to a random position,
and looks for other agents (that fall into his field of vision).

If he sees another agent then two of them will enter a
dialogue where the ‘seer’ will be the speaker and the ‘seen’
the addressee.
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Simulation dialogue

Agent 1 sees Agent 2 → speaker sees addressee.
speaker looks around himself for a topic of conversation
(a plant). If:

no plants in the field of vision, speaker sends goodbye to
addressee and both of them walk off. Otherwise:
if plants in vision, speaker chooses a random plant as a
topic for conversation.

speaker sends the representation string for the chosen
plant to the addressee.

addressee tries to ground the plant-word via lexicon look
up. There is no attempt to verify that the perceived
meaning is same as the intended meaning.
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meaning is same as the intended meaning.
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Simulation dialogue

if addressee understands the plant-word, the dialogue is
successful and both agents continue walking.

else if the addressee doesn’t know the plant-word she
resorts to CR or introspection (depending on her type) in
order to acquire the meaning of the plant-word.

After the completion of the dialogue the agent continues
walking in a random direction. This is then repeated until
all agents acquire all the lexicon.
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Set up

The agents need to have minor but random lexical
differences (here missing words), and clarification
requesting (CR) and introspective capabilities.
Two behaviours which are collected at the end of the
simulation run:

acquisition time: the average time it takes the whole
population to learn the whole lexicon.
convergence rate: the percentage of correctly acquired
meanings.
correct— identity with the meaning associated with that
word by the community who uses it at the start of the
simulation.
For simulations involving a homogenous population of CR
agents, this parameter has an entirely predictable
value—100%. At the end of such a simulation all the agents
share a common lexicon with no divergence.
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Variables

meaning space: the number of different meanings
(plant-types) in the simulation.

population size: the number of agents in the simulation.
acquisition threshold: the number of times an agent has to
hear an unknown word before she can acquire it.

CR threshold: the number of times an agent has to hear an
unknown plant-word before she can clarify it.
Introspection threshold: the number of times an agent has
to associate an unknown plant-word with a plant-type in her
field of vision before she can acquire the plant-word.
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Default and investigative parameter values

Parameter Default value Investigative values

meaning space 5 3, 4, 5, 10, 20
population size 40 4 – 40
acquisition threshold 3 1 – 10, 20, 30, 40, 50
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Experiment types

1 The population is homogenous, either completely
composed of CR agents or of introspective agents.

2 The population is mixed, containing both CR and
introspective agents in a 1:1 ratio.

3 hybrid agents that can both ask a clarification request or
introspect.

Jonathan Ginzburg (Mis)Communication: grammar and evolution



Communicative Interaction: a basic picture
MCI: an evolutionary perspective

An ALife Simulation
Conclusions and Future Work

Basic Properties
Results
Discussion

Homogenous Population Experiments: Meaning
Space.

Increasing the meaning space involves increasing the
differentiation among types of plants. The actual number of
tokens remains constant.
Increasing the meaning space causes the average
acquisition time to go up polynomially. This is the case for
both CR and introspective populations, with CR performing
slightly better.
The convergence rate is always perfect in homogenous CR
populations, as per set up.
Introspective population: as the meaning space increases
the convergence rate increases as well between 5 – 30%
(depending on the inference threshold value) in the
introspective population. levels off from n= 10
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Homogenous Population Experiments: Meaning
Space.
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Figure: As the meaning space increases the acquisition time
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Homogenous Population Experiments: Meaning
Space.
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Homogenous Population Experiments: Population
Size.

Increases from four agents up to forty agents whilst
keeping the environment constant.

The acquisition time decreases as the number of agents
increases

Why: as more agents are placed in an environment of a
constant size, the probability of seeing other agents at the
next time step increases thus the probability of engaging in
a dialogue also increases.

time = K ∗ numAgents−a, where K and a are constants.
Holds for both CR and introspective populations.
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Homogenous Population Experiments: the Babel
Effect

The convergence rate decreases as the population size
increases.

The decrease in convergence rate is around 14% between
a population size of four and forty.

The Babel effect: as the population increases the agents
have more dialogues in a smaller part of the environment.
When an agent acquires a different meaning for a
plant-word the agents around her are more likely to acquire
this alternative meaning. 7→ the overall convergence rate
decreases.
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Homogenous Population Experiments: Population
Size.
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Homogenous Population Experiments: Acquisition
Threshold

In these experiments the parameter that is changing is the
number of times that an agent needs to hear a word before
she is able to acquire it.

For both types of populations the acquisition time
increases linearly with the increasing acquisition threshold.

As for the convergence rate, it increases as the acquisition
threshold increases.

Why: an agent is given more chances to associate an
unknown plant-word with the plants she sees as the
threshold increases; more time to learn by observation,
which improves the convergence rate.
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Mixed Population Experiments

In the CR community, the convergence rate increases from
90% to nearly 100%.

In the introspective community the convergence rate
increases from 40% to 80%.

Increasing the CR threshold doesn’t affect the convergence
rate in any particular way, but the convergence rate is
much more dependent on the introspection threshold.

Comparing this result with the homogenous introspective
population, the convergence rate is slightly better.

The acquisition time doesn’t seem to be affected for the
differing population makeups; higher than the homogenous
CR populations.
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Mixed Population Experiments
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Figure: (a) A mixed population made up of a community of CR and a
community of introspective agents (each containing 20 members)
with differing acquisition thresholds. The upper curve represents the
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Hybrid Agent Experiments

Each agent has a capability of either using the CR strategy
or the introspective strategy.

Upon hearing an unknown plant-word the agent looks for
plants close by. If she can see some plants, then she
follows the introspective strategy, otherwise if there are no
plants in her field of vision she resorts to a clarification
request.
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Hybrid Agent Experiments

As the introspection threshold increases so does the
convergence rate. But the convergence rate also depends
on the CR threshold, and as the CR threshold rises so the
convergence rate falls.

Why: as the CR threshold rises, the agent will resort to
clarification requests less frequently thus introspecting
more often, a strategy which is more error prone.

Jonathan Ginzburg (Mis)Communication: grammar and evolution



Communicative Interaction: a basic picture
MCI: an evolutionary perspective

An ALife Simulation
Conclusions and Future Work

Basic Properties
Results
Discussion

Hybrid Agent Experiments

As the introspection threshold increases so does the
convergence rate. But the convergence rate also depends
on the CR threshold, and as the CR threshold rises so the
convergence rate falls.

Why: as the CR threshold rises, the agent will resort to
clarification requests less frequently thus introspecting
more often, a strategy which is more error prone.

Jonathan Ginzburg (Mis)Communication: grammar and evolution



Communicative Interaction: a basic picture
MCI: an evolutionary perspective

An ALife Simulation
Conclusions and Future Work

Basic Properties
Results
Discussion

Hybrid Agent Experiments

If the CR threshold value is low and the introspection
threshold value high then the convergence rate
outperforms all the other tested populations.

The overall average convergence rate is still higher than
the homogenous and mixed introspective populations.

Timewise the hybrid population is comparable with the
overall mixed population.
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Hybrid Agent Experiments
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Key Results

The most fundamental result— the convergence rate of a
homogeneous population of introspective agents.

The Babel Effect: the notable convergence decrease as a
population increases.

The Babel effect means that a population without CRs is in
danger of arriving at a situation where apparently a single
language is shared by the population, whereas in fact
divergent meanings are associated with the same sounds.

Maybe not so unusual a situation, see e.g. Schober 2004).

This dangerous situation could emerge in relatively quick
time given that acquisition time decreases rapidly as the
number of agents increase.
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Key Results

The counterpart to the Babel effect: a population of hybrid
agents, agents who use both introspection and CRs (the
latter sort of as a last resort): such a population (as long as
its members do not act recklessly) supports high rates of
convergence.
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Conclusions

Metacommunicative interaction (MCI) serves as a key
component in the maintenance of a linguistic interaction
system.

The basic components that need to emerge in order that
an MCI-less linguistic system evolves into an
MCI-containing system.

ALife simulation: CR using introspective agents.

Babel Effect for pure introspectors, disappears with hybrid
agents
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Future Work

Use grammatically structured language: intrinsically
expands the size and variation of the meaning space.

The influence of topography on lexicon dynamics?

Dynamic population: mortality, kids.
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