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ABSTRACT

m This paper explores the cognitive processes involved in real-time language
communication during conversations. It emphasizes the dynamic interplay between
speakers and listeners, highlighting how both verbal and nonverbal cues contribute
to effective communication.

m The purpose of this paper is to construct a theory of behavioral linguistics on the
cognitive architecture, Model Human Processor with Realtime Constraints (MHP/RT),
that explains how language is generated in real-time, addressing the limitations of
traditional models based solely on “Skinner’s behavioral psychology for verbal
development with System 1” or “Chomsky’s linguistic theory grounded in the
development of formal grammar through System 2”, and regarding current natural
language being formed through the interaction of Chomsky’s grammatical system
built upon Skinner’'s foundation.

m The proposed theory of behavioral linguistics offers a comprehensive framework for
understanding real-time language generation, integrating insights from cognitive
psychology and behavioral economics. By framing language use as an action
controlled by bounded rationality, this paper highlights the cognitive constraints that
influence how individuals communicate. This perspective encourages a more
nuanced understanding of conversational competence, suggesting that effective
communication relies not only on linguistic knowledge but also on the ability to
anticipate and adapt to the dynamic nature of interactions.

m The implications for improving communication in various contexts, such as education
and therapy, underscore the relevance of this research in enhancing everyday
interactions and reducing misunderstandings.




Skinner’s Analysis of Verbal Behavior

m Humans engage in conversations
with close friends and family, ]
enriching daily life and fostering
fulfillment.

m Conversation roles of speaker and
listener alternate, maintaining
dialogue flow, where listeners
prepare responses while speakers
convey information. |

m The speaker uses both linguistic
(auditory) and nonverbal (visual)
cues to communicate effectively.

m Skinner’s analysis reveals
challenges in explaining generative m
verbal behavior, indicating
limitations in relying solely on
conversational information.

Introduction of
Dual-Process Theory

Complex information
processing may be involved
in verbal behavior; Speakers
adjust speech based on
listeners’ states, with content
selection occurring
unconsciously.

Concepts of bounded
rationality and satisficing
principle highlight
decision-making processes in
verbal communication.
Kahneman’s dual-process
theory underpins the
cognitive basis of bounded
rationality, providing a
foundation for behavioral
economics.

INTRODUCTION

Proposal of Behavioral Linguistics

m The proposed theory of behavioral

linguistics examines real-time
language generation through the
cognitive framework of Model
Human Processor with Realtime
Constraints (MHP/RT).

In MHP/RT, linguistic behavior
arises from two processes:
System-2-Before-Event-Mode
(conscious preparation) and
System-1-Before-Event-Mode
(unconscious adjustments).

Verbal behavior is a kind of routine
cognitive skill modeled by Goals,
Operators, Methods, and Selection
rules (GOMS), enabling instant
responses to conversational
changes.

The main objective of the paper is to propose a theory of behavioral linguistics to explain the real-time
generation of language in everyday conversation.




Nature of Smooth Conversation Possible Conversation States

m This study focuses on smooth
conversation (dialogue) between
two individuals.

m In this conversation, both verbal
and nonverbal communication
occur.

m This study focuses on verbal
communication to delve deeply
into the conversation itself.

m In verbal communication, the
observable states of speakers
can be divided into “speaking”

.. and “not speaking.”
Verbal Communication P 8

Information is transmitted
between participants through
auditory information conveyed
by sound waves.

m The possible states are:
1. One party is speaking, while
the other is not;
) 2. Neither party is speaking;

3. Both parties are speaking

Nonverbal Communication simultaneously.

Information is transmitted
through information from each
modality conveyed via the five
senses (vision, hearing (including
filler information such as
interjections), touch, smell, and
taste).

J

DESCRIPTION AND SCOPE OF THE TARGETED CONVERSATION

The Targeted Conversation

This study examines smooth
conversation. In such
conversations, both parties
concentrate on the conversation
and aim to achieve its purpose.
Each should be performing
verbal behaviors efficiently,
without wasting time on
unnecessary thought.
Therefore, this study assumes
the first situation, i.e., 1) One
party is speaking, while the
other is not.

This means that conversation
participants have the roles of
“speaker” and “listener,” and the
conversation proceeds through
alternating speakers.

In this study, the timing of
speaker change—that is, the
moment when the event of
speaker alternation occurs—is
considered to be the instant
when the speaker changes to the
listener.



PCM Process and Memory of Speaker / Listener

¢

= P-RESONANCE

SENSORY FILTER OF BR

Memory
Multi-Dimensional Memory Frame

"Word-MDMF

comprehend /
prepare

Behavior-MDMF
Motion-MDMF
7y

Perceptual-MDMF

Relation-MDMF \

w
A C-RESONANCE

Speaker / Listener

Perceptual Process
- —

Verbal and Non-Verbal Communication

Cognitive Process
montoring
System 1 System 2
Unconscious Process Conscious Process

foodback

Features of MHP/RT and MDMF:

P-MDMF overlaps with B-, R-, and W-MDMF; this unique
configuration supports spreading activation from P- to
M-MDMF, which connects perception with bodily
movements.

Perceptual information resonates with information in
MDMF, called P-Resonance.

In the cognitive process, conscious process (System 2)
utilizes W- and R-MDMF via C-Resonance, and
unconscious process (System 1) utilizes B- and M-MDMF
via C-Resonance.

The motor sequences are expressed according to

PCM PROCESS AND THE MULTI-DIMENSIONAL MEMORY FRAME OF CONVERSATION PARTICIPANTS

M-MDMF.

PCM Processing and Memory during Conversation:

PCM Processes and Memory: . .. .
4 m Regardless of whether a conversation participant is

acting as a speaker or listener, information taken into
based on the Model Human Processor with the brain via sensory organs activates the P-MDMF
Realtime Constraints (MHP/RT) [1, 2], by which through P-resonance.
environmental information is taken into the m The activation propagates within the MDMF, undergoing
body via sensory nerves, processed in the brain, processing via the following two pathways.
and then acted upon by the external world via 1) Conscious information processing by System 2 is
motor nerves. executed via C-resonance between information
m PCM processes use memory, modeled as propagated from the P-MDMF to W- and R-MDMF.
Multi-dimensional Memory Frame (MDMF), - indicated by the blue arrow
consisting of Perceptual-, Behavior-, Motor-, 2) Unconscious information processing by System 1 occurs
Relation-, and Word-Multi-dimensional Memory  via C-resonance with information propagated along the
Frame, abbreviated as P-, B-, M-, R-, and P-, B-, and M-MDMF. This process connects to motor
W-MDMEF, respectively. processes, resulting in physical actions reflecting the
active state of M-MDMF. - indicated by the yellow arrow

m PCM Processes and Memory shown above is



SPEAKER'S AND LISTENER’S TASKS AND HOW THEY ARE EXECUTED

Speakers and listeners execute the PCM process using the Multi-Dimensional Memory Frame during
conversation to perform the following tasks.

~ Speaker’s Tasks N O Listener's Tasks N
m Utterance: Continuously m Understanding: Comprehends the content of the other
speaks words based on the person’s utterances. Here, both verbal and nonverbal

selected content; information is utilized;

m Adjustment: Adjusts one’s m Nonverbal responses: Exhibits unconscious nonverbal
speech content while reactions (eye contact, facial expressions, gestures,
observing the listener’s interjections, etc. while listening to the other person’s
reaction to one’s own utterances and observing accompanying actions (nonverbal
utterances or while listening information);

\_ to one's own utterances. ) m Preparation: Deliberates on what to say after the speaker
alternation while listening to the other person’s utterances.

-

As shown in the figure, the PCM process is a cycle. For example, when a speaker hears their own utterance, notices
a mispronunciation, and corrects it, the process connects as follows: Motor (utterance) = Perception (listening)
= Cognition (detecting the mispronunciation, deciding on a correction method) = Motor (utterance) = --. In
this way, the PCM process runs as a continuous cycle, but by breaking it at consciously recognized events, it can
be perceived as a sequence of events. When considering a conversational behavior, a representative event is
speaker alternation. Alternatively, one may become conscious of their own previous utterances while speaking,
as if noticing a slip of the tongue. This too is an event occurring during conversation. By focusing on such events,
the unbroken PCM cycle can be captured through the following four processing modes.

e



CHARACTERIZATION OF CONVERSATIONAL BEHAVIOR BASED ON THE FOUR PROCESSING MODES

The experience associated with an individual's activity is characterized by a series of events that
are consciously recognized serially. Let E(T,) denote the event that occurred at time T,. The
experience is then defined as a series of events along the timeline as follows:

- = E(T,,) » E(T,) —» E(T,,;) > -

Considering the way System 1 and System 2 are involved in individual events, four processing
modes can be defined as shown in the following figure.

System 2 System 1 System 1 System 2
efore efore After After
b Y b ¥ ¥
‘ E , E ‘ E, Epp By
Te—p T, —p T T, +a’ T +a
T,

Let us focus on an event that occurs at time T,. For an “event E(T,)” that should occur at time
T,, there exist System 2 conscious processes and System 1 unconscious processes related to
E(T,) before that time T,. Also, for the “executed event E(T,)" at time T,, there exist unconscious
processes of System 1 and conscious processes of System 2 involving E(T,) after that time T,.
MHP/RT’s System 1and System 2 operate before and after the event E(T,) in one of four process-
ing modes for this event.




- Before the Event (T < T,)

E(T,) reflects the result of P-Resonance between
the MDMF and the perceptual and cognitive sys-
tems, and is generated by the activities of System 1
and System 2 cognitive processes in the time pe-
riod before T,. The different time bands of process-
ing activities result in two processing modes before
the event E(T,). The two processing modes are:

m System-2-Before-Event-Mode: In the time
range of T, - B <t < T, - ', MHP/RT plans for
future events to occur. There is enough time
to think carefully.

m System-1-Before-Event-Mode: In the time
range of T, - B’ < t < T, the action selections
smoothly generate the immediate event.
Here, a series of action selections is executed
through feedforward processing led by
System 1. During this time, System 2 evaluates
the results of the action selections in a timely
manner. If it determines that the system is
likely to deviate from the expected trajectory
or has already deviated, it issues instructions
to System 1 for trajectory correction.

Here, B > B’, 150msec < B’ < T, - T,_,, and B ranges

from seconds to hours and months. )

The result of E(T,) is stored in the MDMF. Actions occur
by integrating the resonances that emerge through in-
teracting with the environment prior to the event, and
after the actions are taken, they are bundled and col-
lected. The MDMF is updated to reflect the results of
E(T,) by the activities of System 1 and System 2 dur-
ing the time period after T,. The different time bands
of processing activities result in two processing modes
after the event. The two processing modes are:

m System-1-After-Event-Mode: In the time range of
T, <tsT+a',to perform better for the same
event that may be encountered in the future, the
connection between the incoming perceptual
information and the output motor content is
adjusted unconsciously.

m System-2-After-Event-Mode: In the time range of
T,+a' <t<T, +aq,the eventis reviewed and
reflected upon. The results are stored and used
in the next System-2-Before-Event-Mode before
a similar event occurs.

Here, a’ > 150msec, and ranges from seconds to
months. In these two modes, action selection results
for E(T,) would be reflected in the network connections
of the respective MDMF.

CHARACTERIZATION OF CONVERSATIONAL BEHAVIOR BASED ON THE FOUR PROCESSING MODES

~ After the Event (T>7)



BASIC PCM PROCESS FOR LISTENERS AND SPEAKERS IN CONVERSATION AND USE OF MEMORY

The PCM process and memory during a conversation between conversation participant A and B

# :Words that can be pronounced automatically

Conversation Event = - event for ParticipantA

<= : event for Participant-B
v

Participant-A N ) Participant-B
finish listening q: finish speaking
start speaking 'y start listening
'
System 1 Before Event Mode ‘ H Svstem 2 Bofore Event Mode ‘
'
'
System 1 After Event Mode finish speaking :b finish listening
System 2 After Event Mode startlistening  © start speaking
System 2 Before Event Mode : % tem 1 Before Event M
Perceptual Process. H *
& + Perceive the other person's ' + Perceiving the other person's reaction to
verbal i ion auditorily to ' * one's own utterance to activate P-MDMF
activate P-MDMF '
[Encsistandiine) « Perceive the other person's ' %
information from the other nonverbal information visually to, ' ~ Memory
party (Speaker-B) by activate P-MDMF ' Mult-Dimensional Memory Frame [gygtamq!
spreading activation from ' 1. Activate M-MDMF to
P-toW-andRMDMF [ ' % L [ Word-MDMF -G fee e beee)
2.Consider the content of ' =] on GOMS
the utterance for the next Multi-Dimensional Memory Frame M * E ion-MDMF - S
turn by using W-, R-, and ] * s em 2
B-MDMF (G, S, and M) Word-MDMF 5 ' e — 1.Adjust utterance to the
T =) ' © | Behavior-MDMF - M current situation by
z ! * g . selecting appropriate G
1.React to non-verbal 2 i MotiondiBMFLO and S
information unconscious| 7 g '
by spreading activation Behafior-MDMF | £ ' % &
N & '
o - (0 B-and M- Motion-MDMF : %
' ® + Move the relevant muscles according to
m Motor Process X ' the content of the activated M-MDMF
+ Move the relevant muscles according to 1 %
the content of the activated M-MDMF H
finish listening ¢ finish speaking System 1 After Event Mode
start speaking y  start listening System 2 After Event Mode
System 1 Before Event Mode :
' System 2 Before Event Mode
'
'
/\/ ~
~ /_\/
Time V

The left area shows the process when conver-  The right area shows the process when con-
sation participant A is listening to conversa-  versation participant B is speaking.
tion participant B's utterance.

The processes described in these areas are explained in the next slide.




What Participant A Does while Listening

(a) Understanding the Content of Utterance

System 2-1: Green and yellow arrows indicate prop-
agation of activation. The speaker’s utterance is in-
corporated as auditory information to activate the
P-MDMF. This activation propagates to the W- and R-
MDMF, enabling understanding of the utterance con-
tent in System-2-Before-Event-Mode, represented
as an activation pattern within the MDMF.

J

(b) Preparation for Utterance

System 2-2: Propagation of activation within the
MDMF occurs between the W- and R-MDMF. This is in-
dicated by the yellow arrows connecting them. This
process is performed by System-2-Before-Event-
Mode, utilizing the knowledge modeled in GOMS.

~

(c) Nonverbal Reaction
System 1-1: Green, blue, and red arrows indicate the
propagation of activation for this process. Path-
1. the listener perceives nonverbal information
through the five senses, thereby activating the P-
MDMF. Path-2: the P-MDMF overlaps with the W-
and R-MDMF, activated by speech understanding
and preparation. In sum, P-MDMF activation occurs
through these two pathways. The listener exhibits
nonverbal behavior via System 1 reflecting the prop-
agation of activation from the P- to B- and M-MDMF.

J

What Participant B Does while Speaking

-~ (d) Generation of Utterance ~

System 1-1: Yellow arrows indicate the propagation
of activation while selecting M suitable for the cur-
rent situation by applying S to the candidates in the
B-MDMF, placed in a standby state during speech
preparation while listening. Then along the red ar-
row activation is propagated to the M-MDMF to pro-
duce speech, executed by System-1-Before-Event-
Mode. Upon completion, the utterance becomes
conscious as an event; System-1-After-Event-Mode

and System-2-After-Event-Mode are executed.
\ J

~ (e) Adjustment of the Contents of Utterance

System 2-1: Green and blue arrows indicate the
propagation of activation for this process. Not only
the speaker’s own utterance but the listener's non-
verbal responses activate P-MDMF; then the acti-
vation propagates to W-, R-, and B-MDMF. The ac-
tivation pattern, triggered by one’s own utterance
and the listener’s nonverbal responses, is processed
in a timely manner via System 2 mediated by C-
resonance for checking discrepancy between this
pattern and the activation pattern of the goal struc-
ture having been activated during speech prepara-
tion. When discrepancies are detected, G and M
are re-selected. The utterance is then continued via
System-1-Before-Event-Mode (red arrow).

BASIC PCM PROCESS FOR LISTENERS AND SPEAKERS IN CONVERSATION AND USE OF MEMORY



GOMS MODEL: KNOWLEDGE REPRESENTATION FOR SPEECH GENERATION

GOMS Connection Structure (GOMS-CS) [3]

1st level (G,i], ey e GLY

2nd level (G},‘. - .Gl G2, - ,qu)

(N-3)-th level (G = LGET} e (G)TL e LGY) e {GETL eGP

N-2)-th level

(N-1)th level (MY MY k3

N-th level - the last level ~~[OF =+ = O} - [Of ==~ 0O}] - @

mO-= [Oﬁ1 — - — O}/ ]: Operator sequence at the N-th layer
mM-= M}‘"1: Method at the (N - 1)-th layer
mG,= GQ'3: Goal at the (N - 3)-th layer; Above the (N - 3)-th

layer, a hierarchical goal structure develops.
] Sf"'zz Selection rule at the (N - 2)-th layer if there are

multiple methods, {M}’."‘1 , M]’."‘1}, that can achieve G,
1 m

The goals located at the top level G| = G;_ are expanded into a

set of goals, G2 = {G2, -~ ,Gé }, at the second layer, and G/ is
1 p

achieved by the achievement of all goals contained in G2.

Smooth conversation is executed as a
routine goal-oriented task. Therefore, this
study represents the knowledge utilized
during speech using the GOMS model, which
consists of goals, operators, methods, and
selection rules.

This figure illustrates the connection
structure of G, O, M, and S. Layers 1
through (N - 3) correspond to the goal
structure, layer (N - 2) to selection rules,
layer (N - 1) to methods, and layer N to
operators [4].

In the GOMS model, the goal structure G is
stored in the W-MDMF, and the selection
rules S, which determine the appropriate
method to apply based on the situation, are
stored in the R-MDMF. These are objects
consciously manipulated by System 2.

The methods M, which are pointers to
operator sequences, are stored in the
B-MDMF. These are linked to the R-MDMF.
The operators O are stored in the M-MDMF,
and the operator sequences defined by the
methods are passed to the motor process,
where actions are executed [3].



ANALYSIS OF CONVERSATIONS INVOLVING SPEAKER ALTERNATION - | : SMOOTH CONVERSATION

Participant-A Participant-B ~ Four Processing Mode for E,, (B Finishes Utterance) —

o W 1. S¥(E,_,) = S3(E,): While listening to A’s utterance in
S} (Ey-) SJ(E,_,), execute one’s own utterance preparation in
B
5/ Ey) S5 (Ey)-

= E,_, occurs when A finishes utterance.
2. Sf(EN): Execute one’s own utterance.
= E, occurs when B finishes utterance.
3. S(E,): Adjust the connection state of MDMF nodes

listening
SP(Ey_1)

(( wewne ) unconsciously.
SP(Ey-1) 4. S5(E,): Reflect consciously on E,. This will cause
changes in the activation patterns in the MDMF.
: - y
(=) ) ~ MDMF Used for Utterance Preparation and Generation —
SE) | SH(Ey) m o, SME,) SHE,,) - SB(E,): ‘
L ) E L N In utterance preparation, the MDMF is employed,
N’j“ 51 Ew) reflecting the outcome of conscious reflection in
Time V. 2 S2(E,_,) on the event E, _, of one’s previous utterance.

The MDMF of B used during utterance preparation in
S’ZB(EN) reflects the experience E, _,, E, ¢, - with Aup
to this point.

m S3(E,) » SE(E,): The MDMF prepared so far is used to

s Four Processing Modes in Conversation R

For the utterance termination event E;, the

four processing modes of MHP/RT are: generate verbal behavior in S3(E,).
. 5‘23(E,.): System-2-Before-Event-Mode - - - J
« SB(E,): System-1-Before-Event-Mode KSummary:-P'rocesses Shaping Smooth Conversation ———
. Si(E,.): System-1-After-Event-Mode Participant, : SB(E,,) <
o S5(E;): System-2-After-Event-Mode ) Participant, : SQ(EN—Z) s SS(EN) N 51B(EN)
= J




Conversation In Smooth Mode
When an utterance is being executed in System-1-
Before-Event-Mode, System 2 monitors the utter-
ance content in real time to verify that the method
is being executed correctly. If no issues are de-
tected, processing by System 1 continues.

%
r Transition to Intermittent Conversation Mode ——
When the utterance is judged to have been ex-
ecuted improperly, the method could be re-
selected and, if necessary, the goal could be re-
established. System 2 interrupts the utterance ex-
ecuted in System-1-Before-Event-Mode and, after
the cognitive processing in System-1-After-Event-
Mode and System-2-After-Event-Mode, the next ut-
terance is executed starting with System-2-Before-
Event-Mode. In this situation, events occur during
the speaker’s turn without any speaker change.

J
~ Modification of Prepared Actions ~

Conversation participant B begins utterance in
Sf(EN) after the turn-taking event E, ,. However,
during the process leading up to the next turn-
taking event E,, an interruption by System 2 oc-
curs. The reflection of the interruption event is
performed in System-2-After-Event-Mode, and the
prepared actions are modified to reflect the active
state of MDMF at that time by referencing the goal

-

What Happens in B during Utterance Modiﬁcations\
The i-th interruption event occurring during the
process leading up to E, is denoted as E, ;. By the
time E, occurs, the following have taken hlace:

Participant :
SZB(EN,1) I Sf(ENJ) i Ena
- Sq\(ENJ) - Sg(EN,1) -

SZB(EN,i) - Sf(EN,i) - Ey;

- S:\(EN,:‘) - Sé(EN,i) -
—_ .ee —_
- EN

J

\structure deployed at the W- and R-MDMF levels.
J

-

~ What Happens in A while Listening

When B is speaking in the intermittent conversa-
tion mode, changes in B's utterance goals interfere
with listener A’s ability to consistently execute ut-
terance understanding of B's utterance content in
S3(E.,)- This is because the goal structure acti-
vated by B in S5(E, ) —which was active at the start
of the utterance— smoothly connects to the MDMF
activated by A in S5(E,,_,) while A is processing the
utterance. However, as the utterance progresses,
this structure gets updated, forcing A to follow ac-
cordingly.

ANALYSIS OF CONVERSATIONS - Il : INTERMITTENT CONVERSATION



Synchronization Among Conversation Participants
Both Participants’ MDMFs Continuously Updated
m The utterance content of B in event E,, reflects the
content of B's MDMF activated in Sf(EN); Including
an evaluation of the results of A’s utterance in
event E,_, and B’s own utterance in event Eyo
m The content of A’'s utterance reflects the content
of A’s MDMF activated in S5(E,, ,).

= The MDMF possessed by each speaker shifts as
the conversation progresses, with the activated
domain changing based on the evaluation of both
the content of the other’s utterances and the
\_ results of their own utterances. )

Condition for Sync in Verbal Behavior ~

m The condition for a smooth conversation to
proceed, where speakers alternately process each
other’s utterances via their respective
System-1-Before-Event-Mode without intervention
from System 2, can be summarized as follows.

The activation pattern of MDMF via S5(E; ,)
= The activation pattern of MDMF via S3(E;)

m This indicates that the activation pattern of one’s
own MDMF that triggers event E; related to one’s
own utterance significantly overlaps with the
activation pattern of the other's MDMF that

\_ triggers event E;_, related to the other's utterance. )

ANALYSIS OF CONVERSATIONS - Ill : SYNCHRONIZATION IN CONVERSATION BEHAVIOR

Synchronization in Human-VR Conversation

N

Sync Felt in Immersiveness

m The synchronization of conversations
involving turn-taking between humans
differs in nature from the synchronization
that occurs when users interact with VR
systems.

m Dinet et al. [5] identified weak

synchronization between the user and the

system as the condition for users to
interact with multimodal systems with a
sense of immersion.

\

Weak Synchronization for Inmersiveness

m Weak synchronization is achieved by
designing the specific VR content of the
interaction at T, based on cognitive

processing in S5(E, ), S2(E,), S{(E,) SH(E,)

regarding the interaction event E, where
the user utilizes the system.

m To do so, it is necessary to appropriately
estimate the propagation of activation
within the MDMF and the updates to the
MDMF during the period [T, - B, T, +al.

J




ANALYSIS OF CONVERSATIONS - IV : VERBAL BEHAVIOR AND GOMS

Understanding Conversational Behavior

Balance Between Goals and Methods

The shape of the GOMS-CS is characterized
by the following numbers:

m G: Total number of goals is denoted,
V: Total number of methods,

: Total number of selection rules,

: Total number of operators,

: Average depth of the hierarchy, and
C: Upper bound on the number of
nodes.

=

E R EEN
=1 O

Due to the finite processing capacity of the
brain, the GOMS-CS becomes either
System-2-After-Event-Mode or
System-1-After-Event-Mode dominant [3].

-~ Four Cases of the GOMS-CS Shapes —

m Case : M > G;
System-1-After-Event-Mode is
dominant.

m Case2: G > /\7l;
System-2-After-Event-Mode is
dominant.

[ ] Case3:l\7l>>é~0;

Actions occur almost exclusively
under System-1-After-Event-Mode.

m Case 4 G»>»> M~ 0;

Actions occur almost exclusively

under System-2-After-Event-Mode.

N J

~ Behavioral Linguistics Perspective

-

m Case 1: Real World Conversation (M » G): Corresponds to
a smooth conversation mode. The prerequisite for
establishing this mode is that the participants share a
set of conversational methods. Actions driven by
System 1 become predominant.

m Case 2: Real World Conversation (G > M): Each speaker’s
turn is short, requiring frequent speaker changes to
maintain mutual understanding and continue the
conversation. When a group consists of both direct
communities and indirect societies and/or
communication occurs through structural language,
System-2-After-Event-Mode becomes the dominant
behavioral ecology.

~

J

-~ Other Perspectives (Not Realistic)

m Case 3: Skinner’s Perspective: Involves situations where
the goal is extremely limited. This reduces to
stimulus-response behavior that can be executed
without cognitive processing. This aligns with the
understanding of verbal behavior based on Skinner’s
behavioral psychology.

m Case 4 Chomsky’s Perspective: Represents a situation
where the methods become extremely limited. The goals
determine the details of the utterance. This aligns with
the Chomskyan understanding of linguistic behavior,
which posits that goals are symbols and that linguistic
actions arise through the manipulation of these symbols.

\
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CONCLUSION — WHAT THIS PAPER HAS DONE

Proposed a behavioral linguistics theory to explain Highlighted the role of prediction and anticipation in
real-time language generation in everyday conversation.

conversation. . .
m Speakers and listeners continuously forecast each

m This approach was based on the MHP/RT [2, 1] and other's intentions, adapt to turn-taking cues, and
the dual-process theory of cognition [6, 7, 8]. adjust their linguistic formulations based on

m The analysis modeled fluent conversation as a PCM cognitive load and situational incentives. This
cycle alternating between the speaker and the predictive loop is shaped not only by linguistic
listener, describing in detail how the MDMF and competence but also by heuristics, biases, and
GOMS are used for understanding, preparing, and cost-benefit evaluations, central themes in
producing utterances. behavioral economics.

m As a result, language use is portrayed as an activity
controlled by bounded rationality, optimized under
real-time processing constraints rather than

m This approach offers a richer framework than idealized grammatical rules.
models based solely on Skinner [9] or Chomsky [10]
by integrating behavioral psychology and
behavioral economics.

m Our paper argued that real-time linguistic behavior

Differentiated between fluid and intermittent
conversation modes.

Suggested that a behavioral-linguistic theory grounded
in cognitive architecture offers a more comprehensive
explanation of conversational competence.

cannot be fully captured by static grammatical m The theory bridged gaps between
models or by purely associative accounts of verbal psycholinguistics, cognitive psychology, and
behavior. Instead, it requires a dynamic framework behavioral science, providing a unified account of
that explains how linguistic choices emerge from how humans understand and produce language in
moment-to-moment cognitive constraints, everyday interaction.
environmental cues, and interactive demands. m When we understand that speech is built

m By positioning language production within the PCM moment-by-moment using limited attention and
cycle, the theory emphasized that utterances are working memory, we become more aware of why
not pre-constructed entities retrieved whole from misunderstandings happen. This can help people
memory but are assembled progressively through speak more clearly, listen more actively, and
rapid iterations of perception, interpretation, manage turn-taking more smoothly in
planning, and articulation. conversations.



From an applied perspective, several implications can be drawn for our daily lives. Research to realize

these implications must be conducted in the future:

1) Improved Learning and Teaching

A theory that explains how language is pro-
cessed in real time can improve language
teaching. Teachers can design exercises that
match how the brain naturally organizes and
retrieves language, making learning more in-
tuitive and efficient.

N J

2) Reduced Communication Stress

Knowing that hesitations, pauses, or “ums”
are natural results of cognitive processing—
not signs of incompetence—can help people
feel less anxious when speaking. This is es-
pecially helpful for public speaking, second-
language use, or social anxiety.

J

3) Better Human-Computer Interaction (HCI)

If we understand how humans generate lan-
guage under time pressure, we can design
voice assistants, chatbots, and Al systems that
interact more naturally. The theory can guide
systems to adapt to human pacing, prediction
patterns, and conversational rhythms.

4) More Effective Teamwork and Decision-Making —

In workplaces, communication failures are often cog-
nitive failures. Understanding how System 1 and Sys-
tem 2 influence what we say can help people catch bi-
ases, avoid rushed judgments, and communicate more
thoughtfully in meetings or negotiations.

J

5) Insights for Therapy and Mental Health

Speech disruptions often reflect cognitive overload,
stress, or emotional pressure. A behavioral model of
real-time language can help psychologists better un-
derstand how anxiety, ADHD, or trauma affect commu-

nication—and help people manage these effects.
%

6) Conflict Prevention & Smoother Social Interactions ~
Recognizing that people often speak using quick, auto-
matic processing (System 1) can make us more tolerant
of minor errors or emotional reactions in others. It en-
courages patience and gives a more compassionate un-
derstanding of how real conversations work.

J

FUTURE WORKS
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