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iletisim sistemleri, kolektif bilissel faaliyetin gerektigi
ortak-eylem alaninin énemli bir unsuru olmustur.
(Sebanz and Knoblich, 2006). Calismada sanal bir
deneysel ortamda katilimci giftlerin iletisim imkanlari
metin tabanli bir arayizde ¢ok kisith sayida harf ve
sembole sinirlanarak, sekiz deney oturumunun her
birinde benzer ama farkli ortak eylem gorevleri
verilmistir. Katilimcilar deneyler ilerledikge ortak
eylem kapasitelerini gelistirmis ve her ¢ift kendine
Ozel bir iletisim sistemi gelistirmistir. Yapilan
analizlerde deneyler ilerledikge, birgok niceliksel
parametrelerle ilgili olan trendlerle beraber,
Yonlendirici ve Saptayici-Betimleyici séz-eylemleri
kullanim oranlarinda sirasiyla azalan ve artan
trendler saptanmistir. Bu durumun olgunlasmis
ishirligi kapasitesini saglayan bilissel psikolojik
mekanizmalarin ve etkin iletisim sistemlerinin
gelisiminin gostergesi oldugu sonucuna varilmistir.
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Abstract

Communication is a focal point in studies of joint
action, where collective cognitive activity required
(Sebanz and Knoblich, 2006). In this study, a virtual
experimental environment was utilized where
participants’ communication was restricted to text
messaging interface with a limited set of letters and
symbols. In eight experimental sessions, similar but
different joint action tasks were given; each couple
improved their joint action skills and developed their
own private communication systems. Analysis
shows, in addition to several quantitative
parameters, trends of diminishing use ratio of
directive speech acts and increasing use ratio of
assertive speech acts had been observed which are
claimed to be characteristics of development of a
mature and effective communication system and
cognitive mechanisms of joint action.

Keywords: Joint-action, Cognitive
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1. Introduction

Paper Type: Research article

Even considered as an individually experienced phenomenon in its prototypical sense, in most
cases, cognition happens as a result and for interacting and communicating with other agents.
Therefore it's not extreme to claim that language and communication are essential dimensions of
social cognition, joint action and collective cognition (Hutchens and Johnson 2009). This centrality of
language and communication for cognition in social context, required an expansion of prototypical
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individual cognitive system paradigm to a novel research paradigm of a group of cognitive agents and
group processes (Galantucci 2005; Sebanz et al., 2006). The central area of research is specified to be
the contexts of joint-action where agents are collaborating and coordinating for a common task.
Therefore main object of measurement and observation, in these studies happens to be
communicative activities and communication systems (Steels, 2006). Action-perception couplings on
the other hand was another novel conception to study cognition in such kind of collaborative contexts
(Wagner et al., 2003). This concentration on communication materializes in research that investigates
the cognitive processes of joint action by observing (and facilitating experimentally) emergence of
simpler than natural language communication systems specialized for the shared task and goals
(Shintel & Keysar, 2009). The experimental research on the emergence of communication can be
exemplified as Galantucci, 2005, Scott-Phillips, Kirby, and Ritchie, 2009, where participants interacted
in a computer environment for joint-action tasks and engaged each other via computer based
communication channels which severely restricts language use if not completely.

In line with this past and current research trends in cognitive psychology and cognitive sciences, this
study will inquire how human agents succeed at collaboration, coordination and effective
communication in terms of cognitive mechanisms and theory proposed in the literature, by means
studying of emergence and utilization of dedicated communication systems during this collaborative
actions.

1.1 Problem Statements and Hypotheses
The problem statements of the research is expressed in the original thesis study as follows:

“Are individuals capable and if so, to what extent are they capable of creating a
new/alternative communication system under specific joint-action related task constraints,
communication constraints and environmental/spatial conditions?

Are there arbitrary variations among possible communication systems that are expected to
emerge or are there resilient features and trends that materialize reliably across these
communication systems?

During After the emergence of a novel but yet preliminary communication system, how do
individuals reach a convention and align their communicative actions in terms of symbols or
signs?

How is the emerging communication system related to the task at hand, the environmental
constraints or features, namely to reach a certain goal in the participants’ joint action? In other
words, to what degree can these communication systems be considered as an adaptive system
that is inherently integrated with/determined by the requirement of a general set of adaptive
skills that are constrained by the requirements and necessities of the tasks and environment?”
(Ulubay, 2013)

In concordance with these problem statements, the general hypotheses of the study are indicated
as follows:

H1- The couples will be able to device unique ways of developing a communication systems under the
task and environmental constraints (increasing trends of turn success ratio and task completion rate).

H2- The trends of change of characterizing features (use ratios of speech act categories, new lexical
item generation rates) of communication systems will be consistent and resilient across the couples
and during progression of experimental sessions.
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H3- The types of communicative actions and their contents, and the lexical inventory will be sufficient
and limited to the task and environmental constraints and requirements.

1.2. Significance of the Study

The past joint action and cognition of communication, emergence of communication studies used
very strict constraints on existing communication skills and tools of the participants in their
experimental scenarios. The experimentally available communicative channels disabled any natural
language based communication but allowed only very rudimentary graphical (not even textual)
signaling (Galantucci, 2005) or using the indexicality of the behavioral actions during joint action (Scott-
Phillips et.al, 2009). This usually provide findings about whether the participants were able to
communicate and the variations of rudimentary communication styles. In our study by adopting a mild
restriction approach (which will be detailed in the method section), and several experimental sessions
with the same dyad, we enabled more complex joint action contexts. This enabled tracking the gradual
improvement and evolution from a rudimentary to a relatively developed, and then to a mature and
adequate communication system accompanied by effective joint action, through the sessions.

Secondly the emerging communication systems were more real life ones and can be studies in
comparison with a natural language based communication. For instance, we can inquire about the
communicative function of a message by categorizing it in terms of speech acts.

Last but not the least, the insights provided by observations of variations of these communication
systems and the strategies in creating them, by the participants, will shed light on the cognitive
communicative capacities such as, the multi-modal communicative and other adaptive skills (textual,
graphic, iconic, deictic, context awareness, embodied etc.) that may be at work in that particular
experimental context which are otherwise invisible in previous research with similar experimental
paradigm.

2. Literature Review: Cognition and Communication

The study of communication (language/language use) by cognitive science is generally in line with
the mainstream conceptions of linguistics and psychology/psycholinguistics. On one side, in linguistics,
language is studied as a formal external entity with its abstract features and on the other side is a
cognitive capacity, an outcome of a cognitive module used to produce individual linguistic behaviour
(Port, 1999). However, understanding and studying language as a component of multi agent cognitive
activity became a modus operandi of cognitive science after criticism of computational
representational model to be augmented by an interest on social and biological dimensions of
language phenomena (Thagard, 2005). For example, the developments in the pragmatics field of
linguistics, in its conception of communication from code model and conduit metaphor to the inference
model (Grice, 1975), created a cognitive turn in the study of communication. In the code model, the
message was coded into linguistic form by the speaker, carried via her utterance (the conduit) and the
meaning was decoded by the hearer. In this study even the communication will occur in
textual/computer environment, following this convention, the parties in conversation will be denoted
as speaker (sender) and hearer (receiver).

The shortcomings of the code model is the observation of the phenomena of under-specification
of meaning by the message, i.e. same message/content can carry multiple meanings, intentions,
depending on the context, past history of the parties in communication, shared cognitions. To be able
to understand mutual understanding in joint action, in addition to understand mutual intentions in
terms of behavioral actions for coordination, this second task of expression and detection of intentions
by the parties of the communication, transpires as a second dimension. This requires the study of
mental capacity of context and situation awareness and ability to infer the intentions of the other party
based on these information. This cognitive turn was ushered by Gricean notion of “implicature” and
provided the inferential model of communication based of Grice’s four maxims of communication
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(Levinson, 2000) including the maxim (principle) of relation which asserts that speaker and hearer
assumes the relevance of the utterance to the context and inferential encoding and decoding relies on
this assumption when processing the contextual information.

2.1 Cognitive Mechanisms and Theory of Relevance

Inferential model assumes the active, multiple step logical operations of speaker and hearer about
the context and shared information of the both parties when coding the message and then decoding
it, for the sentence meaning and then inferring the intention, i.e. Gricean meant meaning of the
speaker. This assumption is considered to be theoretically sound but underdeveloped and inconsistent
with how mind works in terms of economy of cognitive resources by cognitive studies of
communication. Dan Sperber’s theory of relevance builds upon the maxim of relation (relation) and is
a good example of how cognitive science approaches communication in its own scientific terms:

“In relevance-theoretic terms, any external stimulus or internal representation which
provides an input to cognitive processes may be relevant to an individual at some time.
According to relevance theory, utterances raise expectations of relevance not because
speakers are expected to obey a Co-operative Principle and maxims or some other
specifically communicative convention, but because the search for relevance is a basic
feature of human cognition, which communicators may exploit.” (Sperber and Wilson, 1995,
p. 119)

So dubbed as cognitive principle of relevance by Sperber’s theory of relevance, human cognitive
capacity of searching for relevance, in the context of any interaction, including joint-action, and in
communication, describes the tendency of selecting most relevant contextual information to infer
meaning, and the most relevant is calculated by the least cognitive processing effort requiring to come
up with an interpretation of the message within the context (Van der Henst & Sperber, 2006).

“In relevance-theoretic terms, other things being equal, the greater the PROCESSING EFFORT
required, the less relevant the input will be. Thus, RELEVANCE may be assessed in terms of
cognitive effects and processing effort. Follow a path of least effort in constructing and testing
interpretive hypotheses (regarding disambiguation, reference resolutions, implicatures, etc.).
Stop when your expectations of relevance are satisfied (Wilson and Sperber, 2006, p 610)

In addition to the cognitive principle of relevance, theory of relevance introduces a second
principle, communicative principle of relevance, claims that every communicative action, stimulus,
including the gestures, behavioral actions to signal a message and of course linguistic ones, presumes
its optimal relevance by the speaker and the hearer. This presumption of optimal relevance (Wilson
and Sperber, 2006, p. 614) means that if a message is made visible apparent by the sender, it is
assumed to be relevant to the context by both parties including the receivers, so that they can operate
on the cognitive principle of relevance. The signal itself implies that I-) “this message is worth your (the
receiver’s) efforts for seeking a relevance”, and ii-) the communicator used her best capacities to send
the message in the most relevant form and meaning.

These two principles and theory of relevance is implemented in explanation of cognitive economy
dimensions in comprehension in a communicative and joint-action context. Secondly it has
suppositions about the mental architecture regarding it’s relation to more general mental capacity
namely theory of mind. Sperber and other practitioners of theory of relevance claim that conscious
chains of logical operations on the information about relevance, i.e. using general mind reading
abilities is not viable considering the real time, online processing of intentions and meanings during a
communication and joint action. What they propose is there is a dedicated module of intentionality
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detection which is a submodule of general reasoning system (among many like a continuously
operating eye-direction detection module) performs this mind reading in the form of selecting the
most relevant with the least effort. This is considered essential for detection of speaker’s meanings
from the content of their sent message, or utterance (Sperber, 1996; Origgi and Sperber, 2000).

2.2. Cognitive Mechanisms of Joint Action and Communication

Taking a social perspective on cognition is necessary in the case of joint action where mechanisms
of task sharing, joint and/or shared attention, action observation, coordination and agency (Sebanz et
al., 2006) are essential. This perspective can take the form of paradigms of distributed cognition
(Hutchins, 1995) and extended cognition (Clark and Chalmers, 1998) where the unit of analysis is the
group, i.e. the collectivity of individuals is considered to be the cognitive system to be analyzed.
However in joint-action research the focus is on “the cognitive and neural processes within the
boundaries of individual minds, acknowledging the major force of interaction to shape processes of
joint action” (Galantucci and Sebanz, 2009, p. 256). Such joint-action theories studies the cognitive
underpinnings of action alignment, perception-action couplings during interaction, when at least two
agents trying to achieve coordination. These mechanisms are not tailored specifically for
communication but includes it as an indispensable dimension of joint action, and comprises the
general capacity of inferring the intentions of the partner, guessing mental states (who knows what,
what is visible to the other party, what does partner wish to do as a coordination action) i.e. mind
reading. In contrast with the relevance theoretic assumption of a dedicated relevance tracking,
intention detection cognitive module as a part of mental architecture, joint-action researchers assert
that there may be several low level processes that enables the detection of the intention in the
communication, hence the comprehension of the intended meaning along with other requirements of
intention detection like behavioral actions (in addition to communicative actions). One of the low-level
mechanisms/processes is interactive alignment where agents synchronize cognitive processes related
to joint motor/behavioral actions, their conceptions (synced mental models), and finally linguistic
alignment of lexical items and semantic representation etc.:

“Interaction provides interlocutors with many cues that can support coordination of meaning,
even when they are neither produced intentionally for that purpose nor interpreted as
signaling speakers’ intention. In many circumstances, interlocutors can take advantage of
these cues to adapt their behavior in ways that promote coordination, bypassing the need to
resort to deliberative inferential processes” (Shintel and Keysar, 2009, p. 260).

Joint action theory considers the shared context of coordination and collaboration as a productive
source for harvesting cues for the intentions of the speakers and predicting the comprehension
performance of the hearers when producing an utterance. The shared implicit information provides
the means to diminish the load of being as much as communicative possible for the speaker and to
provide detailed linguistic expressions of the intent and offloads the cost of deliberative inferential
processes.

“Another advanced cognitive requirement is being able to use several forms or protocols of
communication, as well as communicative content. These protocols are then negotiated and
selected during the online interaction (“on the fly”). This is the ability to modify
communication behaviors on the basis of the potential targets of communication acts (Nolfi,
2005, p. 242). For example, a human agent can limit communication acts, filter useful ones,
can regulate communication flow (turn taking), and the agent has the ritualized forms of
communicative interaction, like read-back rituals to guarantee or to receive confirmation from
the speaker about the correctness of the reception of the signal.” (Ulubay, 2013)
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3. Method

In this study a computer environment was utilized (Active Worlds, see Figure 1). ActiveWorlds is
an online, interactive, multi agent and customizable virtual world software. In this environment
participants have their avatars, can wander in the universe from a first or second person view, can
establish visual contact and chat with other participants. A 3D maze like environment was designed
for this experiment. Each participant “plays” the experimental session via an ActiveWorlds installed
PC, in a controlled environment, in separate rooms monitored by the experimenter.

Participants were teamed as couples and their natural language (NL) use was hindered by
restricting them to a limited set of letters and symbols (namely, q,w,e,r,t,i,y,0,p, =2, ?) for the text
based messaging interface. In eight experimental sessions, similar but different collaborative tasks
were given, such as finding each other or an object. Across these sessions, each couple increased their
skills in coordination and using the given constrained communication channel to help complete these
collaborative tasks.

The main goal and general research questions were i) Will participants be capable of creating a
simple communication system to help coordinate and share necessary information? ii) How will the
participants align their communicative and behavioral actions to accomplish the joint action tasks? iii)
Variations of emerging communication systems, and what are the effect of environmental and task
constraints in the structure of these systems as a common denominator?

[s
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Figure 1. Images in clockwise direction (a) First person, (b) second person view of the ActiveWorlds
environment (c) visual interaction of participants (d) panoramic view of the environment

The assigned tasks were finding a unique object in the maze. To facilitate and require
communication; in the first three single task sessions, the target was given to one of the participants
(interchangeably across the sessions) and the other participant was informed that the partner has the
task goal. The maze plan kept same across the sessions but target objects are inserted to tricky
locations as novel objects before each session. Starting from session 4, until the last 8" one, both
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participants are given target objects, so they need to communicate their target object to the partner
and collectively find both of them. This created an increase in the amount of communication content
independent from the maturation of communication system or couples increase in efficiency of joint-
action. This effect of the manipulation is accounted for by analyzing the trends after 4™ experiment
separately (for 4-5-6-7-8™" sessions) in the analysis section. In addition to increasing task object
number from one to two, another intervention was giving a 2 months break, after conducting the first
6 sessions within a period of around 8 days. This was to see whether there are any temporal resilience
in the communicative and coordinative skills they have developed. See Appendix A for instructions for
the participants and tasks of each experiments.

A total of 22 participants volunteered for the experiments. Of eleven couples, data from eight of
them were used due to lack of completion of the sessions, or other logistical problems made their data
available after the analysis were completed for the rest of the participants. All participants (11 female,
5 male, mean age 27.5, range 21-34, std. 4.21) were undergraduate or graduate students, and were
Turkish and English (second language) speaking.

3.1 Data Collection

After each experimental session, session information is exported (success, failure, time stamps)
separately and communication logs are recorded. Each session lasted 10 minutes but for the data
collection purposes, after each session a post experimental interview is conducted with both of the
participants separately. In this interview, for each turn taking of the speaker, speaker reported the
intention of the utterance and in the other interview hearer reported the comprehension for the same
utterance. A turn comprehension success (1 or 0) is registered if the comprehension matches the
intention (see Table 1). The researchers monitored the session and took critical contextual notes for
each utterance instance like whether there was a visual contact between the participants or about
target is found or not, some of the contextual notes are acquired during the interviews.

Table 1. Sample from post experiment interview records

1 2 | 3 5 7 8
s artcpl 2 ,
LUG o . portep. . partcp2 Intention S/F |Speech Acts
Interpretation  |Interpretation

. il piramit isual contact [Success |C
(4:53:46 PM) pricpt: yepy pt vesil pirami no visual contact |Success |Commissive
. . bul Success [Commissive
(4:53:55PM) partopl: put
A . kahve renkkire bul Success |Directive
(4:54:00 PM) partop2: qeywe req qureput [kahve renkkiire bul

. ok Success |G
(4:54:16 PM) partopt: og vecess [Commissive
P, ‘ ilkyesil piramiti ilkyesil piramiti no visual contact |Success |Commissive
(4:54:16 PM : W I
(10 FY) prin: vy it oq ek (bulalmjok

4. Analysis and Results

The quantitative data gathered from communication logs annotated, categorized and analyzed.
List of all 24 parameters measured and analyzed in the original study is presented in Table 2. The
common properties, characteristics of the communication systems developed by the participants is
described. The dissimilarities and idiosyncratic issues are explained. Speech act categories are used for
describing the types of communicative actions that took place during the experiments. Only the results
and relevant discussions about turn success, new lexical items, and speech act categories parameters
of the original study will be presented in this study:
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Table 2. List of Quantitative Parameters for a Couple’s session data

1. Turn Number 13. Total time (sec.)

2. Time 14. Task Result: Success/Fail

3. Participant 15. Number of P1 Turn takings
4. Message 16. Number of P2 Turn takings
5. Gap [interval] btw. turns (sec.) 17. Total Number of Turns

6. Turn Success / Failure 18. Number of Successful Turns
7. Character Length (for each turn) 19. Number of Failed Turns

8. Number of lexical items 20. P15 lex. items

9. Complexity (of sentence) 21. P25 lex. items

10. P1  character length 22. Y new lexical items in each exp.
11. P2 5 character length 23. 5 lexical items (type)

12. 5 character length P1P2 24. 5 lexical items (token)

The selected variables, use ratio of speech act categories across sessions, number new lexical items
in each session, token number of lexical items in each session and turn success ratio, are subjected to
statistical tests of variance. Repeated Measures Anova (RMA) is used to detect whether the change on
the dependent variable across different time intervals, due to the effect of some independent variable,
like a medicine, treatment, education or learning effect is significant and to compare the variation over
time with variation within the treatment group (Field, 2009). In our research design, trough successive
sessions, participating couples’ exposition to same virtual environment, with slightly different but
same type of tasks is claimed to create a change on the communication systems characteristics (a
maturation effect). The dependent variable here is the selected parameters of the communication
systems; such as use ratio of certain speech act categories or number of new lexical items invented in
each session. If the turn comprehension success ratio significantly increases as the sessions proceed,
we can conclude that the emerging communication system is maturing and becoming adequate to
support the needed coordination in joint action.

RMA is regarded to be robust in the case of moderate violations of the normality requirement
(Blanca et al. 2017). Therefore, the results of analysis are reported even if the Saphiro-Wilks test of
normality was not satisfied. However, to support the significance of RMA analysis results, non-
parametric statistics i.e. Friedman’s Test was used (normal distribution is not a requirement in
Friedman’s Test). This test was used in both of the cases of non-extreme violation and extreme
violation of normality. In each cases, the significant results of Repeated Measures ANOVA is
corroborated by Friedman’s Test. This finding can be interpreted as additional support for the overall
robustness of Repeated Measures ANOVA in cases where normality is not satisfied. Nevertheless, it's
worth considering that this lack of normal distribution, albeit improbable, as a limitation in specific
scenarios when generalizing the findings"

4.1. Number of token and new lexical items,

In in the initial phases of the experiments, since the participants has no common ground for
communicating the target given, or to make requests and to ask questions (“follow me”, “where are
you?”), there is a period of creation, negotiation and alignment (lexical alignment) of new lexical items
to express intentions, meanings. The main strategy was creating shortcuts with the available letters
and symbols, for most desired and required words, similar to chat abbreviations used for practicality.
Some couples used single letters to denote required words and expected to other party to guess the
meaning from the context and task requirement and then a mutual alignment on the use of the created
lexical item achieved. Some other couples used iconicity of the available letters to denote objects
(introducing letter “0” to denote “sphere” as a lexical item). The expected trend was an increase in the
number of new lexical items created in the earlier phases, and after a while, since the task and
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environmental structure is similar, the created lexical inventory renders adequate and the trend of
creation of new lexical items flattens or decreases in the later phases. This increase in the size of lexical
inventory is also parallel with the trend of token number lexical items (words) used in each
experimental session. But after efficient coordination is learned the amount of communicative action
tends to decrease in the later phases of 4-5-6-7-8'" sessions.

According to the RMA, the change of token number of lexical items across the eight experimental
sessions was significant (F (7, 49)=5.40, p<.0001). The decreasing trend of token number of lexical
items in 4-5-6-7-8th (after the second target mode is introduced) sessions was also, for 4-5-6-7-8 is a
steady decreasing one, which is verified by the Repeated Measures ANOVA with marginal significance
(F (4, 28)=2.60, p=.058). The change of number of new lexical items across the eight experimental
sessions was significant p<.0001).

Token number of lexical items (Average) Number of New Lexical Items in Each Experiment
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Figure 2. Average Token number of lexical items and new lexical items for all 8 couples (CP1-CP8).
4.2. Number of Turns and Turn Success ratio

Total number of turns in each session is a similar indicator of amount of communication content
or communicative action, as token/type number of lexical items used (in 4.1.1). As expected, total
number of turns in each session initially increases as the communicative skills improves (hence the
communication system develops), and is effected by transitioning to 2-target task mode, but then
similar to the case of token number of lexical items; the efficient coordination decreases the need to
communicate so we observe a flattened or decreasing trend. The expected increase in the successful
comprehension in each session was also observed and confirmed. The change in the Turn success
ratios and the numbers of turns were significant, as shown by RMA (F (7, 49)=16.12, p<.0001) for turn
success and (F (2.9, 20.9)=3.29, p=.043) for average number of turns.
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Figure 3. Average Number of Turns and Av. Turn Success Ratio of the 8 couples across the 8
experiments

4.3. Speech act categories

Speech acts are used to categorize the communicative effect or function of utterances in
pragmatics. Searle’s 1969 classification of speech acts is widely accepted and used in natural language
processing studies as well as in pragmatic analysis (Riloff and Qadir, 2011; Appling et al. 2013). Bach’s
simplified four category version in his 1979 study, contains, “assertive” speech acts which are
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declarations about facts, which can be true or false, i.e. has a propositional content. Directive speech
acts are communicative actions that aim influence the hearer in terms of causing a behaviour or
providing a communicative action in response. Expressive speech acts are the utterances expressing
the mental-emotional state of speaker to the hearer or acknowledging hearer’s mental-psychological
state. Commissives are communicative actions with the function of making commitments about
upcoming joint actions like assurances, agreements (i.e. agreeing to do something) or soliciting a
collaborative action. Table 3 summarizes how possible communicative actions are categorized in to
speech acts.

Table 3. Speech act categories adopted from (Bach, 1979) as cited in Ulubay, 2013.

Definition of Speech Acts

Assertive affirming, alleging, announcing, answering, attributing, claiming,
classifying, concurring, confirming, conjecturing, denying, disagreeing,
disclosing, disputing, identifying, informing, insisting, predicting,
ranking, reporting, stating, stipulating (also categorized as Constative)

Directive advising, admonishing, asking, begging, dismissing, excusing,
forbidding, instructing, ordering, permitting, requesting, requiring,
suggesting, urging, warning.

Expressive apologizing, condoling, congratulating, greeting, thanking, accepting
(acknowledging an acknowledgment) (also categorized as
Acknowledgment)

Commissive agreeing, guaranteeing, inviting, offering, promising, swearing,
volunteering

Each turn-taking of the participants during the chat conversations was annotated including the
speech act categorization. A guideline for speech act category judgments was provided to two
independent raters. An inter-rater agreement test was conducted to check the used categorization
guideline’s fitness to elicit speech acts categories reliably (Average Kappa = 0.83). For each
experimental session (all 8 experimental sessions are abbreviated as Exp1,...,Exp8), category totals of
each speech act category calculated and normalized by dividing category totals by the total number of
turns in that session (Figure 4).

Speech Act Categories Normalized
0,60

0,50 ~ s

0,40 ,X —Assert.

0,30 = Direct.
\/\ Comm.

0,20 /N —~

\/ \___,_/\—-"' —Bxpr.

0,10

Avg.Normalized Speech Acts

0’00 L 1 L L L
Exp.1 Exp.2 Exp.3 Exp.4 Exp.5 Exp.6 Exp.7 Exp.8

Figure 4. Speech Act Categories in average (use ratio) of 8 couples

794



Eskisehir Osmangazi Universitesi Sosyal Bilimler Dergisi

The experimental environment and tasks, required users to learn to navigate in the environment
and communicate with the team member. In the early experimental sessions, participants needed to
familiarize themselves with the environment and develop necessary conventions which means
common lexical inventory. At this early stage, the main challenge was to resolve ambiguity: “What may
my teammate be meaning with her utterance?” After some trial and errors the lexical inventory began
to flourish and became saturated eventually. Creation of new lexical items was less necessary, the task
completion time and the amount of communication decreased. This means that the teams were
adopting to the environment and to the tasks and used the existing communication channel more
efficiently by means of the developed communication system.

Directive speech acts are usually orders, requests and questions. These are required when there is
ambiguity in the received message or the visual field and/or about navigation, or a problem with
getting the necessary information from the teammate. Directive speech acts include requests of
following each other, asking for the location, confirming the intended meaning. Assertive speech acts
are defined as statements, propositions with truth value. The increasing trend of assertives and
decreasing trend of directives (Figure 4) as observed at later stages of the experiments, describes a
phase of increased efficiency of the communication system, whose lexicon and pragmatic power are
sufficient for meeting the communicative challenges and succeeding on the collaborative tasks, due to
efficient resolution of ambiguity in communication and coordination. The change in the use ratios and
the use numbers were significant, as revealed by a Repeated Measures ANOVA (F (2.4, 16.7)=3.51,
p=.047 for assertives and (F (2.3, 16.2)=4.95, p=.018 for directives). At this phase, there is less
ambiguity in communication and coordination. The less the challenge the less the teammates needed
directives and could use assertives instead. Having become skillful teammates, they then just needed
to exchange or share information; the required coordination was virtually spontaneous and effortless
and was the automatic outcome of the uncovered new information.

5. Discussion and Conclusion

In this joint action study, emergence and development of dedicated and private communication
systems for each couple was observed. This development started from an elementary phase to a,
nearly, established phase serving for the needs of the agents needs for accomplishing task
requirements. This development has been observed and characterized by measuring and analyzing
linguistic and pragmatic/communicative features of the emerged communication systems for each
couple. In case of each couple a lexical inventory was created very quickly in the first half of the eight
experimental sessions and needed few supplements during the later phases as a result of meeting the
requirements of the task and environmental constraints. The participants, though each couple using
varying strategies, succeeded in the interactive alignment on the common strategy of lexical item
creation. This alignment is not only about the mode or the specific strategy used for developing the
communication system but also includes mutual lexical alignment, which means, if one member
invented a comprehensible, novel and useful new lexical item, the other member showed a higher
tendency of using it in next relevant context. Actually it’s extremely rare if not absent, where a
member offered a synonymous lexical item after a word is already convened upon

Similar to the situation of less new lexical items required in the later phases of the series of
experimental sessions; the trend about the amount of communication required has been a flat or
decreasing trend in comparison to intermediary phases. While the first trend of less new lexical item
requirement characterizes the saturation and maturity of the communication system, being concise
and parsimonious in using the system is the indicator of being more and more efficient collaborators
for each couple.
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Starting from the earliest experimental sessions, couples managed to complete tasks and turn
success ratio increased to above 90% for most of the couples. As a qualitative observation, as
mentioned in section 4.1, different couples used different strategies (“tricks”) to invent ways of
communicating using the restricted communication channel. These findings indicate that “H1- The
couples will be able to device unique ways of developing a communication systems under the task and
environmental constraints” was confirmed.

The findings about the trends of parameters of speech act categories (section 4.3) and new lexical
item generation (section 4.1) points out that they were nearly universal to all couples during the
experiments, which indicates that the hypotheses that “the trends of change of characterizing features
of communication systems will be consistent and resilient across the couples and during progression
of experimental sessions” (H2) was confirmed.

How can we relate this maturation of communication systems and the acquisition of efficient
coordination skills tailored for the task environment, to the cognitive mechanisms introduced by
psychology of communication and joint action literature? The theory says that there are continuously
operational cognitive mechanisms assigning the potentially ambiguous messages an optimal relevance
and selecting the most effortless interpretation to maintain cognitive economy during the real time
joint action (the cognitive principle of relevance). The performance of the couples as the data suggests,
the observations and the post experimental interviews show that agents operated under the
contextual constraints which were the source of implicit information about which was the optimally
relevant interpretation of any message. These constraints, were actually very productive since they
were narrowing down the expectation space about what might be the intention of the speaker in that
particular context. As a shared experience from the previous sessions “the task must be some object
in the maze”, “this novel lexical item”, or unfamiliar message body must be about that, or “this request
must be about coordinating our movement in the maze”, or “location of the partner”, or “the location
of the object” etc. the general qualitative interpretation of the responses of the participants in the
interviews indicate that these were not done after explicit chain of reasoning but more or less checking
the fit of the possible interpretation to the activated mental model of the situation. This effect of
constraints also indicate that the hypotheses that “types of communicative actions and their contents,
and the lexical inventory will be sufficient and limited to the task and environmental constraints and
requirements” (H3) was confirmed.

The second dimension of the optimal relevance, the participants acted and communicated under
the accurate assumption that the partner is operating under the same narrowed down expectation
space. This increased the confidence of communication under uncertainty and in cases of failure of
correct comprehension, we observed a persistence of using same proposed but not settled down novel
lexical items and they were comprehended in the second attempt of use in the same session or in the
next experimental sessions. This second dimension of the observations can be interpreted as validation
of communicative principle of relevance which was also referred to the presumption (both by the
speaker and the hearer) of optimal relevance of the message, so that this confidence mitigated the
confusion as a result of miscommunication and motivated trial and errors in communication.

The interactive alignment process as suggested by joint action theory is also universally observed
during the experiments. The process itself being not limited to communicative actions, is materialized
in spontaneous actions of following each other in cases of visual contact, and in terms of behavioral
actions. But also, as for the communicative behaviors, the participants immediately adopted the lexical
items proposed by one of the members of the dyad (i.e. couple), or communication strategies once
convened upon mutually or just only after being used by one side and comprehended by the other
party. This swift adoption of communicative conventions can be considered that the interactive
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alignment is a universal cognitive mechanism for coordination of both behavioral and communicative
actions.

5.1 The significance of the Results.

We are born into, and we utilize readymade communication systems and a set of conventions to
collaborate in the context of usually well predictable real life task scenarios. However in the
experimental scenario of the present study, we had the chance to compare the style and level of
success of coordination at the earliest stages of the emerging communication system, when the
couples lacked conventions and a shared lexicon. By the help of the findings on the trends of use ratio
of speech acts, this study also enabled us to compare how a mature communication system functions
for sharing information and coordination. When a communication system is mature, the parties do not
need to order or request; the coordination is more like dancing, parties take necessary actions by only
receiving the information contained in the asserted message. This is a good example of the “under-
determination of meaning problem” described and explained by the “optimal relevance” concept of
Dan Sperber (Wilson and Sperber 2006); meaning is recovered by and from the repository of shared
world knowledge, experiences of coordination and collaboration.

The findings of the present study can also be utilized to detect and understand situations of
collective decision making and problem solving. The analysis of communicative content from a speech
act classification perspective can reveal a situation of crisis where the collective does not have
conceptual or linguistic tools to understand and define a given problem. In such cases, we can expect
to see directive speech acts to negotiate the meanings of the lexical items to deal with the new
situation; requests and orders (depending on the power relation within the collective) serve to
establish the patterns of coordinated action. There are several NLP studies trying to manage
automated speech act classification using the syntactic and semantic features of surface lexical content
(Ezen-Can and Boyer 2015, Appling et al. 2013). These studies generally just aim to achieve automated
classification or to infer individual personality traits. The findings of this study however, can provide
two kinds of inferences when the communicative content is analyzed in terms of speech act categories.
First, abundance of directive or assertive speech acts indicates the level of efficiency of communication
taking place in the collective (a team, or organization). Secondly, the speech act analysis may help
detect a crisis phase (more directive speech acts) or solution phase (more assertive speech acts) when
dealing with a novel problem.

5.2. Conclusion

The experimental constraints on the communication, task environment and task structure played
a crucial role on the development and final shape of the communicative systems. Participants did not
invent general skills of communication, having these skills already, couples utilized the shared
constrains as cues to create and interpret the communicative behaviour of each other accordingly. As
a result, shared task structure and shared requirements functioned as not only a starting point but
always a common ground for joint action. The emerged communication systems were not a separate
tool or formal system, they emerged as an integrated part of the problem/solution comple, i.e. the
collaborative effort for the solution of the problem. The communication systems’ scope, function and
complexity is determined by context and shared constraints, which is in line with the conception of
language as a complex adaptive system (Thagard, 2005).

“This study exposes that current and past studies on the emergence of communication sharing
the extended cognition, distributed cognition and joint action paradigms seem to be in
dialogue and converge in terms of terminology, discussion of common theoretical problems
and research agenda. However there is a lack of communication between joint action
literature and the pragmatic/linguistic accounts of communication and emergence of
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communication, which attempt to offer a cognitive architecture account of the cognition and
communication problem, by presenting a dedicated sub-module of comprehension which
includes intention detection and working principles of relevance theory. This study attempted
to integrate the cognitive/communicative principles of relevance to the explanatory scheme of
the joint action studies on the emergence of communication” (Ulubay, 2013).
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