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Abstract

Background: Effective shared decision-making between patients and physicians is crucial for enhancing health care quality
and reducing medical errors. The literature shows that the absence of effective methods to facilitate shared decision-making can
result in poor patient engagement and unfavorable decision outcomes.

Objective: Inthispaper, we propose a Collaborative Decision Description Language (CoDel ) to model shared decision-making
between patients and physicians, offering a theoretical foundation for studying various shared decision scenarios.

Methods: CoDelL is based on an extension of the interaction protocol language of Lightweight Social Calculus. The language
utilizes speech acts to represent the attitudes of shared decision-makers toward decision propositions, as well as their semantic
relationshipswithin dialogues. It supportsinteractive argumentation among decision makers by embedding clinical evidenceinto
each segment of decision protocols. Furthermore, CoDel enables personalized decision-making, allowing for the demonstration
of characteristics such as persistence, critical thinking, and openness.

Results: The feasibility of the approach is demonstrated through a case study of shared decision-making in the disease domain
of atria fibrillation. Our experimenta results show that integrating the proposed language with GPT can further enhance its
capabilities in interactive decision-making, improving interpretability.

Conclusions: The proposed novel CoDelL can enhance doctor-patient shared decision-making in a rational, personalized, and
interpretable manner.

(J Med Internet Res 2025;27:€55341) doi: 10.2196/55341

KEYWORDS
shared decision-making; speech acts; agent; argumentation; interaction protocol

However, opportunities for active patient participation in

Introduction

Shared decision-making (SDM) is a collaborative process
between health care providers and patients, designed to
incorporate the patient’s preferences, values, and the best
available evidence to discuss and agree on the most suitable
care options [1]. Numerous studies have demonstrated the
benefits of SDM, including improved patient engagement in
decision-making, enhanced quality of care, and reduced medical
costs[2]. In recent years, SDM has emerged as the pinnacle of
clinical decision-making, particularly in evidence-based and
patient-centered health care settings [3-5].

https://www.jmir.org/2025/1/e55341

medical decision-making remain limited [6], and SDM is
predominantly applied in specific hedth care scenarios [7].
Furthermore, considerable disagreement exists regarding the
implementation of SDM, primarily due to the absence of a
universally accepted set of steps to guide the process [8,9]. To
address these challenges, the Tripartite Dialogue Model was
devel oped as an approach to promote SDM by engaging relevant
stakehol ders, ensuring continuous updates, and fostering broader
participation [10,11]. However, the practical implementation
of similar dialogue models remains largely theoretical, with a
lack of detailed guidelines for execution. As a result,
understanding the process of joint decision-making and
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addressing the issue of inadequate consultation—often leading
to inefficient utilization of medical resources—has proven
challenging [12]. Research indicates that reaching an agreement
on a practical model would be a crucia step in promoting its
adoption. Currently, there is no existing research specifically
focused on doctor-patient codecision-making [7].

Communication among agents, akin to the interaction between
adoctor and a patient, is a multifaceted and intricate process.
Achieving effective communication and seamless information
exchangeis crucial for agentsto collaborate harmoniously and
work toward a shared objective. In the field of linguistic
analysis, speech acts have gained prominence for capturing
expressions of mental states—such as embarrassment, gratitude,
or regret—that convey thoughts or ideas and dlicit specific
behaviors, such as commands, warnings, or requests, to sustain
socia interaction [13]. Most research on speech acts has
primarily focused on areas such astask assignment, knowledge
expression, and identifying intrinsic behavioral patterns in
language [14,15]. However, the use of speech actsfor regulating
interaction behavior remainslimited. Among the existing studies
that leverage language to describe group behavior, aparticularly
suitable approach is the Lightweight Coordination Calculus
(LCC) language. Initially developed within the framework of
the Open Knowledge Project [16], LCC was later extended to
the Lightweight Social Calculus (LSC) to support the
development of social machines [17]. These languages were
not specifically designed to address decision problems and
therefore require substantial enhancements to be effectively
applied in group decision-making scenarios.

Over the years, various interaction mechanisms for group
decision-making have been explored. For example, researchers
have developed decentralized group decision consensus
mechanisms [18] and introduced personalized feedback
mechanisms that provide decision makers with varying levels
of consensus alongside tailored feedback suggestions [19,20].
However, in the medical domain, there have been relatively few
studiesfocusing on personalized modeling to describe the group
decision-making process. The primary reason is that poor
decision-making is often influenced by artificial problems, such
as cognitive biases, which may stem from social attributes or
certain personality traits[21]. To support group decision-making
in health care, some researchers have devel oped clinical decision
support systems [22,23]. These systems aim to create
human-computer interactive medical platformsthat use data or
modelsto assist doctorsand patientsin clinical decision-making
[24]. However, these systems largely depend on third-party
knowledge and fail to adequately consider users value
orientations or preferences.

In medical decision-making, treatment choices are often
influenced by physicians preferences and experience rather
than being solely based on medical necessity or scientific
evidence, partly due to the lack of evidence-based guidance on
the optimal treatment order [25]. To encourage greater patient
participation in SDM, patient decision aids (PtDAS) have been
developed. These aids provide standardized information about
available options and their associated outcomes, hel ping patients
implicitly evaluate the value of these outcomes[26]. However,
many existing PtDAs are text-based, include instructions and
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training for health professionals, and are not aligned with clinical
guidelines[27].

With advancements in machine learning and the availability of
powerful hardware  supporting  real-time  speech
recognition—such as high-quality text-to-speech capabilities
and semantic understanding of natural language—health
dialogue systems are becoming increasingly popular among
patients, hospitals, and universities [28]. These systems enable
patients to acquire knowledge and engage in conversations
without the direct involvement of health care professionals.
Among these systems, ChatGPT, devel oped by OpenAl, stands
out as a prominent language model with significant potential
to contribute to public health [29]. Leveraging its extensive
knowledge base, it can address patients’ inquiries, particularly
when dealing with uncertain questions. However, it isimportant
to recognize that, despite its vast database, ChatGPT lacks a
deep semantic understanding of the messagesit processes[30].
Thislimitation can undermine trust in its responses, especially
inthe complex field of medicine, where accuracy and reliability
are paramount.

Therefore, by integrating the af orementioned aspects, this paper
makes the following key contributions:

«  Weenhance GPT’sexplainability by integrating our method
with GPT, thereby verifying the feasibility of our approach
and enriching our argument.

- Weintroduce Collaborative Decision Description Language
(CoDeL), which includes 4 key elementss (1) a
decision-maker interaction process protocol based on LSC;
(2) the semantic relationships in the interaction process,
defined by combining speech acts; (3) arguments in
semantics guided by clinical guidelines; and (4) constraints
incorporated for personality modeling. This language
provides a more comprehensive description of group
decision-making problems and addresses the limitations of
LSC.

« We have created some reusable interaction patterns that
can be applied in other domains. Specifically, we model
the field of atrial fibrillation to validate the feasibility of
our method and introduce a novel evaluation approach.

Methods

Overview

We first outlined what our LSC inherited and extended from
previous studies (the “ L SC-Based Decision-Making Protocol”
section). Next, we introduced grammatical semantics within
our defined CoDelL (the “Syntactic and Semantics of
Collaborative Decision Languages [CoDel]” section) and
demonstrated the interactive relationships of speech acts (the
“Constraints of Permissible Speech ActsPairs’ section). Based
on the communication model for joint decision-making between
doctors and patients, we defined 3 distinct decision-making
models (the “An Interactive Model of Shared Decision-Making
Between Doctors and Patients” section). We then used CoDelL
to establish the protocol for these decision-making models (the
“Protocols Specification Using Collaborative Decision
Description Language [CoDelL]” section). Additionaly, we
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briefly discussed the arguments guided by clinical guidelines.
Finally, we incorporated the personality model constraint into
the protocol (the “The Personality Modeling Included in the
Protocol” section).

L SC-Based Decision-M aking Praotacol

LSC is a protocol language designed to regulate social
interactions. It provides a framework for creating social
machines that build upon existing socia networks, such as X
(Twitter), while supporting human interactions through formal
role binding, protocol enactment, and result interpretation back
to human society [31]. By meeting specific conditions,
participants can seamlessly integrate into L SC-based systems,
with each condition defining a distinct role and corresponding
behavior. In practical applications, the LSC protocol
comprehensively defines the agents, roles, messages,
computations, and information flowsinvolved, ensuring precise
control over complex social interactions and guaranteeing
system reliability and efficiency. However, the earlier version
of LSC lacked acritical decision-making component, asit did
not incorporate clinical guidelines or natural language processing
capabilities. Specifically, the original LSC lacked mechanisms
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for processing natural language and did not support dialogues
with argumentation structures grounded in logical reasoning.

To address these gaps, we have extended the earlier version of
LSC with a new decision-making component that integrates
clinical guidelinesand natural language processing capabilities.
Our primary objective is to develop an integrated framework
that facilitates decision-making in medical settingsby leveraging
evidence-based recommendations and logical reasoning.

Therefore, we propose a CoDel to provide health care
professional s and patients with a more comprehensive decision
support system. Specifically, CoDeL contributes in the ways
detailed in Textbox 1.

In contrast to the original LSC, our CoDeL isdesigned to enable
more effective and informed decision-making in medical
settings. CoDel, equipped with natural language processing
and evidence-based recommendation capabilities, supports the
development of comprehensive decision-support systems
tailored to the needs of health care professionals and patients.
By addressing this critical gap, we aim to improve patient
outcomes, enhance health care quality, and empower clinicians
with a cutting-edge tool to support clinical decisions.

Textbox 1. Collaborative Decision Description Language (CoDel) contributions.

1. Semantically linked to abstract-level speech acts
linguistic data transmission and ensuring accuracy in communication.

2. Seamlessintegration of clinical guidelines

are grounded in empirical evidence.

3. Enhanced patient engagement

CoDel formalizes concrete speech acts into an abstract symbolic format, for example, Rebuttal (surgeryl, against_argument)), enabling precise

CoDel incorporates the latest medica guidelines into the decision-making process, providing clinicians with access to up-to-date, evidence-based
recommendations. This integration supports informed decision-making through logical reasoning and argumentation structures, ensuring decisions

CoDel uses user-friendly natural language formats alongside interactive dialogue mechanisms, enabling patients to participate actively in treatment
decision-making. This approach fosters clearer communication, empowering patients to make more informed choices.

Syntactic and Semantics of Collabor ative Decision

L anguages (CoDel )

Group decision problemsinvolve analyzing individual opinions
and preferences to understand how decisions are made. These
problems often require cooperation and negotiation among
multiple individuals, taking into account factors such as
opinions, preferences, rights, and interests. To address these
challenges effectively, we propose CoDel as a framework for
describing and solving group decision-making problems.
Specifically, to enhance the scientific validity of CoDelL, we
define distinct categories of communication processes within
the context of doctor-patient SDM in medical scenarios. This
approach facilitates improved communication and negotiation
among the involved agents, enabling a more robust
decision-making process, as outlined in Textbox 2.

It is crucial to emphasize that within the context of our
framework, the term rebuttal allowsfor negotiation, discussion,
and the presentation of counterarguments. By contrast, refuse
denotes a definitive and explicit rejection, devoid of any
accompanying explanation or reasoning. The concept of refuse
carries a more forceful connotation, as it involves an outright

https://www.jmir.org/2025/1/e55341

dismissal of the proposed action or treatment without providing
further justification or elaboration.

In this research, we introduce CoDeL, a framework that not
only encompasses the af orementioned interaction behaviors but
also incorporates a group decision protocol. This protocol
defines the roles of agents, specifies the messages to be
exchanged, and outlines the information to be utilized during
interactions. The protocol can be executed either sequentially
or as a committed-choice option, ensuring a systematic and
coordinated decision-making process. Within each action, agents
follow the protocol associated with their roles and interact with
other agents accordingly. Before taking any action, agents
evaluate whether they are authorized to perform the action by
verifying compliance with the corresponding behaviora rules.

To fecilitate a better understanding of the CoDeL syntax, we
provide anillustrative examplein Figure 1, demonstrating how
the framework is applied in practice.

« “a(name(K),N)”: Indicates the agent’s role name, 1D, and
intrinsic knowledge of existence.

«  “Agenti() O Agentj()” or “Agenti() O Agentj()”: Indicates
that the message is being passed to another agent. A
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message declaration needs to be specified on the sender
side and arule declaration on the receiver side.

« “then”: Indicatesthat the clause before it must continue the
clause after it.

« “or": Indicates that there are alternative decision branches
available and only 1 should be selected.

«  “<()": Indicates that the constraint satisfaction function
must resolveto truein order to executeits associated clause.

Textbox 2. Decision-making process.

Guo €t al

« “assert(diseases, surgeryl + surgery2) [0 a(doctor(),D)":
The patient receives an assertion message sent by the doctor,
which includes the name of the disease and the doctor’s
recommended treatment plan.

«  “guedtion(disease, surgeryl +  surgery2) O
a(doctor(),D) — interested in(disease, surgeryl + surgery2)”:
If the patient wishes to acquire more knowledge, they can
send a message of inquiry to the doctor and await
confirmation from the doctor.

1. Assert

2. Accept

3. Refuse

Reject the proposed action plan, treatment plan, or medical advice.

4. Question

5. Justify

6. Rebuttal

Disagree with an assertion and present reasons for the opposition.

7. Persuade

Provide information related to diagnoses, medication instructions, treatment plans, or consultation details.

Agree to follow the proposed action plan, treatment plan, or medical advice.

Seek further clarification due to limited understanding of the information provided in an assertion.

Offer honest answers to questions raised and provide reasonabl e explanations to support assertions made.

Attempt to influence the beliefs, attitudes, or behaviors of the opposing party to accept or adopt the assertion made.
8. Retract

Withdraw the initial assertion due to the discovery of errors or achange in beliefs based on updated information.

Figure 1. An example of doctor-patient communication is LSC. After receiving a message from the doctor, the patient decides whether to send an

inquiry message.
a(patient(),P):=

assert(diseases, surgery1+surgery2) < a(doctor(),D) then

question(diease, surgery1+surgery2) = a(doctor(),D) <interested_in(diease,surgery1+surgery2)

a(patient(),P)

Constraints of Permissible Speech Acts Pairs

Speech acts do not exist in isolation; instead, they intersect and
influence each other within the dynamic evolution of dialogue,
thereby facilitating communication between agents. Figure 2
illustrates the relationships among speech acts, and Table 1
standardizes and explains the speech act interaction pairs
applicable to this study.

For instance, when a doctor makes a diagnostic assertion, the
patient’s response can take various forms, including acceptance,
rejection, questioning, or refutation (1-4). If the patient questions
theinitial assertion, the doctor must provide detail ed arguments
and validate the rationality of the assertion (6). Based on the
doctor’s response, the patient may choose whether to continue
questioning (7). If the patient rejects the evidence and refutes

https://www.jmir.org/2025/1/e55341

it (8), the doctor may use persuasive strategiesto reinforce their
initial position (9), potentially initiating another feedback loop.
During this process, the patient may persist with further
questions (10), fostering a cycle of in-depth interaction until all
concernsareresolved. At the conclusion of the cycle, the patient,
influenced by the doctor’s persuasion and verification, ultimately
makes 1 of 2 decisions: to accept or reject the doctor’s assertion
(11-14). As the conversation progresses and both parties
exchange their perspectives, if the patient persists in rejecting
a specific assertion, the doctor may decide to actively retract
the previous statement after considering the prosand cons (16).
The doctor can then determine whether to propose a new
assertion based on the available alternatives (5). Notably, certain
speech act interaction pairs that violate standard behavioral
logic are prohibited during agent interactions. For instance, as
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described above, an agent sending a refuse message interaction pair, where an agent sends an assert message to
demonstrates a strong rejection attitude and will not receiveany — expressits opinion and the receiving agent replies with ajustify
response message. Consequently, the (refuse-persuade) message to provide supporting arguments for the other agent’s
interaction pair islogically invalid. Similarly, the (assert-justify)  opinion, also violates normal behavioral logic.

Figure 2. Interaction relationship of speech acts.

Retract

Refuse

B —

Assert Justify

Question

Persuade

Rebuttal
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Table 1. Legal speech actsinteraction pairs that can be constructed and their meanings.

Number Speech actsinteraction Description

1 Assert-accept The agent that receives the assertion message evaluates that the assertion is reasonable and feasible, and
then sends an acceptance message to explicitly expressits agreement with the assertion.

2 Assert-refuse When a proxy receives an assertion message, if it cannot accept the assertion result, it sends arejection
message to explicitly indicate that it does not accept the assertion.

3 Assert-question The agent that receives the assertion message further explores the rationality of the assertion by sending
a challenge message.

4 Assert-rebuttal The agent that receives the assertion message sends a rebuttal message if it disagrees with the assertion.

5 Refuse-retract + assert An agent that receives arejection message should withdraw its previous assertion and choose whether to
send a new assertion based on the current alternatives.

6 Question-justify An agent that receives a challenge message should send a confirmation message containing supporting
arguments to alleviate the agent’s challenge.

7 Justify-question When a confirming message is received but doubts remain unresolved, further inquiries or questions can
be sent to obtain a more comprehensive understanding.

8 Justify-rebuttal The agent that receives the confirmation message sendsarebuttal message if it disagreeswith the supporting
information.

9 Rebuttal -persuade The agent that receives the rebuttal message sends a persuasive message to try to change the other party’s
mind and guide the other party to accept its assertion.

10 Persuade-question When an agent that receives a persuasion message has doubts about the persuasion argument provided,
they may send a questioning message.

11 Persuade-accept An agent that receives a persuasion message and believes that the persuasive argument provided is valid
will send an acceptance message indicating that it has been persuaded and agrees to accept the assertion
issued.

12 Persuade-refuse An agent that receives a persuasion message and deems the provided persuasive argument to be invalid
sends a rejection message indicating that it is not persuaded and refuses to accept the assertion issued.

13 Justify-accept After evaluating the received confirmation message and finding no objection, the agent sends an acceptance
message to explicitly indicate its agreement with the assertion.

14 Justify-refuse When an agent eval uates a confirmation message and still cannot accept its contents, it will send arejection

message to explicitly convey that it does not accept the assertion.

An Interactive Model of Shared Decision-Making
Between Doctor s and Patients

Doctor-patient SDM involves collaborative communication and
negotiation between health care providers and patientsto reach
a consensus on the most suitable treatment plan. To establish a
standardized framework for their interaction, we introduce a
generic interaction model that outlines the specific flow of this
process, as shown in Figure 3. Thismodel serves as avaluable
tool for understanding and analyzing the dynamics of
doctor-patient SDM, supporting theimplementation of consistent
and effective practicesin health care settings.

«  Assert(disease, surgeryl + surgery?2): The physician sends
an assertive message to the patient, outlining the disease
and proposed treatment plan.

«  Question(disease, surgeryl + surgery2): After receiving the
assertive message from the physician, if the patient seeks
further clarification, they send a questioning message to
the physician.

- Justify(disease, surgeryl + surgery2, information): Upon
receiving the questioning message, the physician sends a
confirming message with supporting information in
response.

https://www.jmir.org/2025/1/e55341

Accept(surgeryl + surgery2): After receiving the confirming
message, the patient accepts the physician’s proposed
treatment plan.

« Rebuttal(surgeryl, against argument): If the patient is
dissatisfied with a particular surgery, they express their
concerns by sending a rebuttal message, outlining the
reasons for their opposition.

«  Persuade(surgeryl, support argument): Upon receiving the
patient’s rebuttal, the physician engages in persuasion by
offering supportive arguments and explanations to address
the patient’s concerns.

«  Accept(surgeryl + surgery2)/Refuse(surgeryl + surgery?2):
If the persuasion is successful, the patient accepts the
physician’s assertion and agrees to the proposed treatment
plan. However, if the patient remains unconvinced, they
may refuse the assertion.

+ Retract(surgeryl + surgery2) and Assert(disease, surgery3
+ surgery?2): If rgjected, the physician retracts the previous
assertion and sends a new assertive message, offering an
alternative treatment plan to addressthe patient’s concerns.

« Accept(surgery3 + surgery2): The patient carefully
considers the new treatment plan and ultimately acceptsit
as the revised course of action.

The determination of atreatment planis not solely the doctor’s
decision; the patient is also involved in the decision-making

JMed Internet Res 2025 | vol. 27 | €55341 | p. 6
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process. After communication and negotiation between the and modeled the different states held by both doctors and

physician and the patient, the most suitable treatment plan is
ultimately decided. Based on this process, we have categorized

patients regarding the same treatment plan, as outlined below.

Figure 3. Generic interaction timing diagram for patient-provider shared decision-making.

(@D—assert(disease, surgery1+surgery?2)

£

Y

Direct Acceptance Without Consultation

The physician conducts a thorough diagnosis, identifies the
specific disease, and proposes a comprehensive treatment plan
aong with relevant information. After receiving this
information, patients who may lack sufficient knowledge about
the disease and treatment options may request additional details.
As a result, the patient asks a series of questions to seek
clarification and further explanation from the physician

Figure 4. Definition of parameters and interaction processes in speech acts.

Alt J:
[The patien‘t has no information EE e ®- --qUEStion(diseaser Surgery1 +Surgery2) ---------------
featacincie procackes] (®—justify(diseas, surgery1+surgery?2, information) —»>
o Possosooooos @r --accept( surgeryl+surgery2)----------=---------

[ [Patients have concerns about ¢ SRS e S e R e =g |
surgeryl] == Em=====—e=s ®- - -rebuttal(surgery1, against_argument)---------------

Alt :
[Successful persuasion] ®——persuade(surgery1, support_argument) -
RS (@ - -accept( surgeryl+surgery2)------------=------3
[Patient's attitude firm] ~ W= =========- @ - - refuse(surgery1, against_argument) ===-=====-=-=-==-- -
6] retract(surgery1+surgery2) =
—assert(disease,su rgery3+surgery2,argument) =
- (@ - -accept( surgery3+surgery2j-=-=-=-=-=-======-==--:

regarding the information provided. Throughout the

communication process, the patient gradually gains a better
understanding of the disease and treatment options. Eventually,
the patient fully acceptsthe physician’sadvice. To describethis
process and capture the dynamics of the interaction, we use
speech actsto represent the types of messages exchanged during
the interaction. As shown in Figure 4, the relevant parameters
for each type of interaction and their interpretations are clearly
indicated.

Assert(disease, surgery1+surgery2):
The physician proposes a procedure that needs to be done for the disease.

Question(disease, surgery1+surgery2):

The patient raises questions related to the disease and the surgery.

v
D

Justify(disease, surgery1+surgery2, information):

The physician answers the questions and provides relevant information to address the
concerns.

@

@
§=
@

Accept(surgery1+surgery?2):

The patient accepts the assertive message sent by the physician and agrees to undergo
the surgery.

Y

@ :
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Patient Has Concerns and Agrees After Consultation

The patient opposes the treatment plan proposed by the
physician. When the physician presents the treatment plan, the
patient directly refutesit. Upon receiving the patient’s objection,
the physician, considering the treatment plan as a whole,

Figure5. Definition of parameters and interaction processes in speech acts.

Guo €t al

explains its benefits in an attempt to persuade the patient.
Ultimately, after the physician’s persuasion, the patient changes
their attitude and accepts the proposed treatment plan. The
corresponding interaction types and parameter definitions are
shown in Figure 5.

Assert(disease, surgery1+surgery2):
The physician proposes a procedure that needs to be done for the disease.

Rebuttal(surgery1, against_argument):

The patient disputes surgery 1 and presents counterarguments against it.

Y

@ )

Persuade(surgery1, support argument):

The physician engages in persuasion by providing supportive arquments for undergoing
¥ surgery 1.

Accept(surgery1+surgery2):
The patient accepts the assertive message sent by the physician and agrees to undergo
the surgery.

L

@

@ .

&

Patient Had Concernsand Altered the Treatment Plan
After Consultation

Similar to the previous scenario, the patient expresses opposition
to the treatment plan, and the physician attempts to persuade
them. However, by contrast, the patient maintains afirm stance,

Figure 6. Definition of parameters and interaction processes in speech acts.

refusing to change their position despite the physician’'s
persuasion. Asaresult, the physician proposes anew treatment
plan, which the patient ultimately accepts. Figure 6 illustrates
the interaction definition for the scenario of unsuccessful
persuasion, omitting the partsidentical to Figure 5 and focusing
on the section related to the unsuccessful persuasion.

Refuse(surgery1):

The patient remains adamant and firmly refuses to undergo surgery 1 under any
circumstances.

@

3B

Retract(surgery1+surgery2) :

The physician retracts the previous treatment plan.

Bj}‘).

Assert(disease,surgery3+surgery?2):

The physician presents a new plan, which includes surgery 2 and surgery 3.

\ i

Accept(surgery3+surgery?2):

The patient agrees to undergo surgery 2 and surgery 3.

|

@ .

)

Protacol Specification Using Collabor ative Decision
Description Language(CoDel)

By integrating the 3 interaction models for patient-physician
SDM, asdetailed in the“ L SC-Based Decisi on-Making Protocol”

https://www.jmir.org/2025/1/e55341
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section, we have devel oped arobust and comprehensive protocol
that enhances both interpretability and applicability. The
resulting protocols, shown in Figures 7 and 8, define the
doctor-patient interaction process, respectively. Within this
protocol, there are 2 distinct roles: the “doctor” and the
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“patient.” These roles are explicitly defined using “a(doctor(),
D)” and “a(patient(), P).” To enhance comprehension and
maintain consistency, we assign unique identities to each role,
represented by the symbols “D” and “P” To provide a
comprehensive understanding of the protocol, we carefully
explain each sentence, thoroughly examining and clarifying the
constrai nts embedded within it. These constraints, which define
the boundaries and requirements of the protocol, are extensively
detalled in the “An Interactive Model of Shared
Decision-Making Between Doctors and Patients” section of the

Figure 7. Definition of physician interaction protocol.

Guo €t al

documentation. To build acomprehensive interaction protocol,
we integrate the 3 interaction models defined in the “ Syntactic
and Semantics of Collaborative Decision Languages (CoDel )"
section, as shown in Figure 8. Each color-coded segment in the
figure corresponds to its respective interaction model. By
combining these models, we create an overarching framework
that encompasses all aspects of the interaction process,
facilitating structured and standardized methods of
communication and decision-making among the parties
involved.

a(doctor(),D):=

(accept(surgery1+surgery2) < a(patient(),P) or

(accept(surgery1+surgery2) < a(patient(),P) or

— receive(refuse(surgery1), a(patient(),P))) then

accept(surgery3+surgery2) < a(patient(),P)
a(doctor(),D)

https://www.jmir.org/2025/1/e55341
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assert(diseases, surgeryl+surgery2) = a(patient(),P— check(disease) then

justify(diseases, surgery1+surgery2, information) = a(patient(),P)

— receive(question(diseases, surgery1+surgery2), a(patient(),P)) then

persuade(surgeryl1, support_argument) = a(patient(),P)

< receive(rebuttal(surgery1, against_argumen), a(patient(),P))) then

assert(diseases, surgery3+surgery2) = a(patient(),P)

Upon meeting the diagnostic criteria for a specific
disease, the doctor proceeds to communicate the
disease and the treatment plan he has

formulated to the patient through an assertion
message.

from the patient, the doctor will respond with a

confirming message, providing explanations to

address the raised concerns. "Information” is the

doctor's confirming evidence in response to the
___patient’s inquiries.

Waiting for the patient's acceptance message.

When receiving the patient's rebuttal message, the
doctor will engage in persuasion with the patient.
"support_argument” refers to the supportive
arguments the doctor uses to persuade the patient|

Waiting for the patient's acceptance message.

When receiving the patient's refusal message, the
doctor will present a new assertive message.
"Surgery3+surgery2" represents the new treatment|
plan proposed by the doctor.

Waiting for the patient's acceptance message.
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a(patient(),P)::=

assert(diseases, surgery1+surgery2) < a(doctor(),D) then
3.2.1

(question(diease, surgery1+surgery2) = a(doctor(),D) —

interested in(diease,surgery1+surgery2) then

322

persuade(surgery1, support_argument) < a(doctor(),D) then

accept(surgery1+surgery2) = a(doctor(),D) — satisfaction(information)) or

rebuttal(surgery1, against argumen) = a(doctor(),D) < against(surgery1) then

(accept(surgery1+surgery2) = a(doctor(),D) — judge(against_argumen, support_argument) ordoctor's opposing arguments. If the

refuse(surgery1) = a(doctor(),D) + judge(against argumen, support argument) then

assert(diseases, surgery3+surgery2) < a(doctor(),D) then

accept(surgery3+surgery2) = a(doctor(),D) < judge(against_argumen, support_argument) arguments outweigh the

The patient accepts the assertive message sent by the doctor.

When the patient wants to have a deeper understanding of
the assertive message sent by the doctor, they will pose

The patient receives confirming messages from the doctor in
response to their raised questions.

If the patient is satisfied with the information provided in the
confirming message from the doctor, they accept the
assertion made by the doctor.

When the patient holds an opposing
attitude toward the treatment plan or a
specific surgery proposed by the doctor,
they will rebut the assertive message sent
by the doctor.

The patient receives the doctor’s
PETSUESiOI’I message.

The patient evaluates their own
supporting arguments and the

supporting arguments outweigh the|
opposing arguments, the patient
sends an acceptance message.

If the final supporting argument is smaller
than the opposing argument, a rejection
_messageissent.

The patient accepts the new assertive
message sent by the doctor, which
includes information about the new
treatment plan.

After evaluating the new
treatment plan, if the supporting

opposing arguments, the patient
accepts the plan.

a(patient(),P))

Argumentation Driven by Clinical Guidelines

The CoDeL framework facilitates dynamic decision-making
between doctors and patients through natural language
interactions. Throughout this process, the system continuously
integrates and updates clinical guidelines and other relevant
information to inform its decisions.

Toillustrate the operational logic and effects of this pattern, let
us consider an example based on clinical guidelines for atrial
fibrillation. Asshownin Figure 9, the doctor proposesaninitial
treatment plan (cardiac angiography and surgical ablation)
through an assertion to the patient. However, rather than merely
presenting a decision, the information exchanged between the
doctor and patient includes not only the proposed treatment but
also the patient’s attitude toward it (eg, acceptance, rejection,
or hesitation), along with any concernsor doubtsthey may have
regarding the decision. Inthefigure, the patient raisesarebuttal,
opposing cardiac angiography in the treatment plan. CoDelL
will then find supporting arguments for cardiac angiography

https://www.jmir.org/2025/1/e55341

RenderX

based on the provided clinical guidelines (eg, “This aids in
identifying potential abnormalities...”). The doctor can then use
this argument to construct their next dialogue, attaching the
corresponding persuade speech act semanticstoit (eg, “ Cardiac
Angiography is crucial for accurately assessing...”).

As doctors and patients engage in interactive conversations,
CoDel identifies specific decision types and searches for
relevant arguments to support or refute these decisions. The
system considers not only the proposed decisions but also the
dynamic attitudes and concerns of both parties, continuously
updating its knowledge base with new information. If persuasion
fails, the system offers aternative treatment plans based on
prior requests. The conversation is considered complete only
when CoDel determines that the patient’s decision type has
shifted to acceptance, signaling a mutually agreed-upon
treatment plan. Throughout this process, clinical guidelinesand
other relevant knowledge are dynamically integrated into the
joint decision-making model, ensuring that both doctors and
patients have access to the most up-to-date information.
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Figure9. CoDel (Collaborative Decision Description Language) framework driven by clinical guidelinesin actual scenarios.

diseases T«

|_Atrial Fibrillation )
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In accordance with clinical guldelines_-fcardwa_c_‘l

.4_ang!ography:'sewes as a crucial diagnostic test for

assessing heart disease and cardiovascular cenditions. it |
support argument I =
[aids in identifying potential abnormalities within the |

[‘cardiovascular sys(em} enabling physicians ta make

accurate diagnoses and devise appropriate treatment
surgery?  e—

plans. On the other hand‘:surg\:.;l_:ablailun'ls a well .
established procedure employed in the management of

cardiac arrhythmias, including atrial fibrillation The )
support argument ———

I:r:vr-imary objective of atrial fiborillation ablation is to)

[ eliminate or modify the triggers and substrates)

4[;_ =

Rebuttal(surgery1, against argumen)

Persuade(surgery1, support argument)

N diseases surgery1 +surgery2
=} . — okt
Assert(diseases, surgery +surgery2)mms ) Doctor(GPT): You have been diagnosed with/Atrial Fibrillation] | suggest that you undergo two proceduref:Cardiac|
b (Angiography and Surgical Ablation . - o
i ]
R ; Patient: Doctor, thank you rll your diagnosis. However, | must admit that | have reservations and concerns about the Atria
Rebuttal(surgery1, against_argumen) g

IFibrillation pracedure. In the past, I've had some negative experiences and have developed a fear of the procedure. Don't

wanl to do this surgery.
| support_argument

. Doctor(GPT): Cardiac Angiography is crucial for a::culately' assessing your condition and iallof\ng the treatment. It

Persuade(surgery1, support argu ‘“P‘“]‘—,prouidcs detailed images of your heart's blood vessels and helps us identify any blockages or abnormalities, We'll take

(TECESEaTy Precautions and address your Concerns 10 ensure your satety and comfort,
ST | 1

Patient: While | appreciate the importance of this procedure, | must admit that | still have concerns about the potential
‘ pain and discomfort associated with it.

support_argument

[\DncturtGPTJ: Our team takes measures to minimize discomfort during Cardiac Angiography. You'll
L and we'll closely monitor your comfort; The information gathered is crucial for accurate diagnosis and
|treatment planning,We can discuss pain management strategies and address your concerns to ensure a smooth procedure,

put ] _ i n I
(responsible for initiating and sustaining the arrhythmia) Reliuiftal(surgery1, against_argumen)

Prior to undergoing surgical ablation, a cardiogram is

v
typically conducted to evaluate the heart’ s structure and, Persuade(surgeryl. support_argument)

information === =

=
function.(This assessment assists the physician in precisely/

{locating the aberrant cardiac tissue and determining the | CQuestionisedation, mild anesthesia}

([ most suitable approach and technique for the ablation | X

( procedure) Furthermare, post-ablation, cardiac imaging
information

Patient:

1" Doctor(GPT): We can explore the option of using
pprecedure. Our anesthesiclogist will evaluate your needs and determine the most suitable approach. |

4
Justify(sedation, mild anesthesia information] | Doctor(GPT): Sedation or mild anesthesia

1

is also felt exactly by the doctor and can still cause discomfort

support_argument

to further enhance your comfort during the!

Patient: You mentioned using sedation or mild anesthesia, how would that reduce my pain?

information

may be emplnyedfm assess the outcome of the procedure)

Accept(surgery1+surgery2)

\:and monitor the patient’ s recovery progress. :'

The Personality Modeling Included in the Protocol

To capture the dynamics of decision-making and the influence
of individual personalities, we have developed a model that
incorporates both arguments and personality factors. Thismodel
is represented by the following formula

I K + T (Ky + K2)iAT s cot — Ko, AT oot = K, then Accept (1)

K + 3 Ky Argyer — (Ko + K3);Arg e = K, then Accept (2)
K+ 3 (K + K3)iArGsser — K2, AT ser < K, then Refuse (3)
K + 3 KyArg cee — (Kz + K3)iATg_ger < K, then Refuse (4)

In this formula, the decision outcome is determined by the
interaction between the arguments presented during the
discussion and the unique personality traits of each individual
involved. In our model, we define 3 basic personality traits, and
by setting parametersfor personality modeling, we can explain
why patients may exhibit different responses of acceptance or
rejection, as outlined in the protocol in the “Constraints of
Permissible Speech Acts Pairs’ section (Textbox 3).

As depicted in Figure 10, both the doctor and the patient have
distinct belief sets, denoted as BDset and BPset, respectively.
Each interaction involves a collection of supporting arguments
(Arg + set) and opposing arguments (Arg — set). Within the
context of their belief sets, individuals encounter both external
argumentsthat challengetheir beliefs and supporting arguments
that reinforce them. To capture the various manifestations of
individuals cognitive personalities in response to judgment,
we represent them in the formula mentioned earlier. The belief
sets of both the doctor and the patient have a fixed degree,
represented by K. Persistency strengthens the Arg + set, with
the degree of persistence determined by K1. The higher the K1,
the stronger the persistence, making it less likely to change
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Patient:Thank you so much, doctor. | accept Cardiac Angiography and Surgical Ablation.

one's view. The extent to which openness enhances the Arg —
set is determined by K2, indicating that the greater the
willingness to accept opposing views, the more likely it is to
change one's own. Critical thinking should be determined based
on the current eval uation of the argument. If the eval uation tends
to support the argument, it will amplify the effect of the Arg +
set, as shown in equations (1) and (3). Conversely, if the
evaluation leans toward the opposing view, the impact of the
Arg — set will be strengthened, as shown in equations (2) and
(4). The exact level of influence is determined by K3. By
incorporating these factors into the model, a comprehensive
framework is established. Using this model, we can gain a
deeper understanding and analysis of the dynamics in
doctor-patient interactions, considering the influence of
individual personalities and their respective arguments. The
calculated values of these factors help to more fully and
accurately reflect the decision-making process.

The incorporation of persona modeling constraints is essential
to our protocol, asit helpsto:

«  Capture the differentiation of individual personalities and
their impact on decision-making.

« Provide a categorized representation of patient responses
to doctor-patient interactions.

« Enhance the overal effectiveness of the protocol by
considering the unique characteristics of each individual
involved.

Personality modeling offers a more comprehensive
understanding of the decision-making process by incorporating
individual personality traits and corresponding arguments. By
defining 3 basic personality traits—persistence, critical thinking,
and openness—we can capture the dynamics of decision-making
and theinfluence of personality. The model considersthe unique
traitsand corresponding arguments of each individual involved,
enabling a deeper understanding of how patients respond to
physician persuasion during medical consultations.
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Textbox 3. Patient responses.

1. Persistency

Individuals with a persistent personality are characterized by strong beliefs and clear goals. They are determined and resilient, continuing to pursue
their objectives despite challenges or obstacles. When confronted with the doctor’s persuasion, persistent individuals are less likely to change their
beliefs easily and may resist externa influence. This persistence often leads them to maintain their original position, resulting in arejection outcome.

2. Critical thinking

Individuals with a critical thinking personality are adept at evaluating and analyzing information objectively. They approach decision-making with
caution and rationality, using logic and reasoning to assess different viewpoints. Critical thinkers actively seek evidence and sound arguments to
support their beliefs, and they are vigilant about recognizing biases and errors in the decision-making process. When confronted with persuasion,
critical thinkers carefully evaluate the arguments presented, weighing them against their own beliefs. Depending on the strength of the arguments and
their alignment with personal reasoning, critical thinkers may either accept or reject the suggestions of others.

3. Openness

Individuals with an open-minded personality are receptive to new ideas and diverse perspectives. They are adaptable and flexible in their beliefs,
willing to consider different viewpoints. When faced with persuasion, open individuals are more likely to accept new information and adjust their
beliefs accordingly.

Figure 10. The relationship between individual personality and belief.

(P Arg- f_\‘ Arg+ (P
)\ @i /l\ Persistency
Patient Doctor

Arg+ (P

Critial
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Doctor
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Ethical Consider ations

All procedures performed in this study involving human
participants were in accordance with the ethical standards of
the ingtitutional and national research committee and with the
1964 Declaration of Helsinki and its later amendments or
comparable ethical standards. This study uses the
communication process between the knowledgeabl e person and
the doctor as the research support, without any interest
relationship, and theinformed consent of the other party. Written
informed consent has been obtained from participantsregarding
the release of their individual clinical details.

In accordance with the second provision of Article 32 of the
Ethical Review Measures for Life Sciences and Medical
Research Involving Humans issued by the National Health
Commission of the People's Republic of China, which states
that “research using anonymized information data’ is exempt
from ethical review for non-interventional studies, this study
does not require institutional review board approval [32].
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Results

This paper aimsto expl ore the medical decision-making process
for a patient diagnosed with atria fibrillation, with the goal of
validating the 3 decision models and interaction patterns
presented in the “Methods” section (Textbox 4).

To provide a comprehensive understanding of these diagnostic
and therapeutic modalities, Table 2 presents a detailed
comparison that includes various aspects, such asthe aternative
of cardiac ultrasound.

In the context of an appeal, the communication between the
patient and physician can result in the following possible
scenarios:

« David has no further concerns or objections and readily
agrees to the proposed solution after fully understanding
it. This indicates that the decision-making process was
smooth, with no major obstacles or conflicts.

David expressed rel uctance to undergo the cardiac imaging
procedure due to the psychological impact of his previous
negative experience. However, after effective consultation
and discussion with the physician, David was successfully
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persuaded and ultimately agreed to proceed with the
recommended protocol. This underscores the importance
of doctor-patient communication in addressing patients
concerns and alleviating their anxiety to reach a mutual
agreement.
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diagnosis that aligns with the patient’s preferences. This
illustrates the flexibility and adaptability of the
decision-making process, ensuring the patient's active
participation and respect for their autonomy.

To represent these 3 decision-making processes, we apply the

- David strongly opposed undergoing cardiac imaging and
remained uncornvinced despite the physician’'s attempts to
persuade him. In such cases, the physician explores
alternative options and proposes a different procedure or

generic model outlined in the “LSC-Based Decision-Making
Protocol” section, which offersacomprehensive framework for
analyzing and understanding the dynamics of SDM between
patients and physicians.

Textbox 4. Case description

1. Case

Thefollowing caseisbased on areal-life scenario: David, a53-year-old individual with amedical history of diabetes and heart disease, has previously
undergone cardiac angiography. Recently, he has been experiencing prolonged episodes of heart pal pitations, along with temporary episodes of cardiac
arrest. To address these issues, he sought medical attention and visited the hospital for a comprehensive examination. Subsequent medical evaluation
revedled that David was diagnosed with atria fibrillation, acommon arrhythmiathat, if left untreated, can lead to severe complications such as blood
clot formation and an increased risk of stroke. Asaresult, the medical team recommended that David undergo both cardiac angiography and surgical
ablation procedures. It isimportant to note that during his previous treatment, David underwent only a heart angiogram because hewasin acity alone
without family support. Additionally, he experienced pain during the procedure, which has had alasting psychological impact on him.

2. Clinical guidéline

In accordance with clinical guidelines [33], cardiac angiography is a critical diagnostic tool for evaluating heart disease and other cardiovascular
conditions. It helps identify potential abnormalities within the cardiovascular system, alowing physicians to make precise diagnoses and develop
appropriate treatment plans. By contrast, surgical ablation is awidely used procedure for managing cardiac arrhythmias, including atrial fibrillation.
The main goa of atria fibrillation ablation is to eliminate or modify the triggers and substrates that initiate and sustain the arrhythmia. Before
undergoing surgical ablation, a cardiogram is typically performed to assess the heart’s structure and function. This assessment helps the physician
accurately identify the abnormal cardiac tissue and determine the most appropriate approach and technique for the ablation procedure. Additionally,
after the ablation, cardiac imaging may be used to evaluate the procedure’s outcome and monitor the patient’s recovery.

Table 2. Information about the surgery involved in the case.

Surgery Rationale Support argument (advantages) Against argument (disadvantages and side
effects)
Cardiacangiogra-  Thetype, duration, and frequency «  Providesdetailed information aboutthe «  Invasive surgery.
phy of atrial fibrillation can be deter- structure of the heart. Makean accurate «  There are potential complications, such
mined, while the presence of poten- diagnosis. as vascular damage, infection, and con-
tial cardiovascular problemscanbe «  Helpsto plan surgical procedures. trast agent toxicity to the kidney.
assessed. o  Improvesthesuccessrateof surgeryand «  Slight pain (which was aggravated by
reduces the risk. David's last experience).
o Vascular injury.
« Infection.
«  Contrast agent toxicity.
Surgical ablation Interventional therapy totargetand «  Effectively restoring normal heart « Invasive surgery.
eliminate abnormal atrial conduction rhythm. « Thereisarisk of bleeding, blood clots,
tissue. «  Eliminates arrhythmia symptoms. and infection.
« Improvesthe qudlity of life. o It may causepain.
«  Bleeding and infection.
Cardiac ultra- To assess heart structureand func-  «  Noninvasive procedures. « Limited ability to visualize certain
sound tion using noninvasive ultrasound «  Providesreal-timeimaging of the heart. structures.
imaging. o  Helpsassess heart function. o Ittakesexpertiseto explainit accurately.
« Assigtsin the development of treatment
plans.

sought to gain a comprehensive understanding of the proposed
treatment plan. Asillustrated in Figure 11, the physician-patient
communication followed our defined Collaborative Decision
Language (CoDel), ensuring clear communication and a
structured decision-making process.

David Talked to the Doctor and Accepted the Decision

Despite David's previous experience with cardiac angiography
and the negative outcome, his determination to address his atrial
fibrillation remained strong. To make an informed decision, he
actively participated in the communication process outlined in

Figure 11. Through effective dialogue with his physician, David The doctor initially sends an assertion message recommending

a cardiac angiogram and surgical ablation for David's atrial
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fibrillation. As David is not familiar with the treatment plan,
he responds by asking questions about the 2 procedures. The
doctor acknowledges David's questions and provides detailed

Guo €t al

information, including relevant supporting arguments. After
being well-infformed, David accepts the doctor's
recommendations.

Figure 11. Theinteraction between the doctor and David and the corresponding CoDeL (Collaborative Decision Description Language).

3 Assert(AF, CA+SA) = a(David(),D)
2

Based on your examination results, it appears that you have symptoms of Atrial Fibrillation,
and | recommend two procedures:Cardiac Angiography and Surgical Ablation.

Justify(AF, CA+SA, information) = a(David(),D) < receive(Question(AF, CA+SA), a(David(),D))

Question(AF, CA+SA) = a(doctor(),D) <interested in(AF, CA+SA)

How are these surgerys performed? What is the duration, and are there any associated
risks?

3 Cardiac Angiography is a diagnostic test that determines the type, duration, and
@ frequency of AF, while assessing the presence of underlying cardiovascular Table1.Ra
issues. Surgical Ablation, on the other hand, is an interventional treatment that tionale

targets and eliminates abnormal conduction tissue in the atria to address AF.

Accept(AF, CA+SA) = a(doctor(),D) « satisfaction(CA+SA)

and Surgical Ablation.

Thank you for providing the information. | agree to undergo both Cardiac Angiography !

David Has a Concern but Acceptsthe Decision of the
Doctor

Figure 12 presents a concise depiction of the case in which
David initially hesitated to undergo the cardiac angiography
procedure dueto anegative prior experience. However, through
the doctor’s effective persuasion, David ultimately agreed to
proceed with the procedure again.

Initially, the physician delivered an assertive message outlining

David's prior experience with cardiac angiography, which had
left alasting impression, he voiced his concerns and objections
about the proposed treatment plan. David articulated his
reservations, sharing his perspective with the physician. In
response to David's rebuttal, the doctor skillfully used
persuasive techniques, emphasizing the benefits and advantages
of undergoing the cardiac angiography procedure. By carefully
explaining the procedure and addressing David's concerns, the
doctor successfully persuaded him that the benefits outweighed

the potentia risks. As a result, David's apprehensions were
aleviated, and he ultimately agreed to undergo both cardiac
imaging and surgical ablation as part of his treatment plan.

acomprehensivetreatment plan, which included cardiac imaging
and surgical ablation for David's atria fibrillation. Given

Figure 12. Theinteraction between the doctor and David and the corresponding CoDeL (Collaborative Decision Description Language).

-

Assert(AF, CA+SA) = a(David(),D)
Based on your examination results, it appears that you have symptoms of Atrial Fibrillation, and | recomme
nd two procedures: Cardiac Angiography and Surgical Ablation.

Rebuttal(CA, against_argumen) = a(doctor(),D) < against(CA)

Table1.against|l don't want to do it again because of the psychological shadow left by the previous Cardiac
_argument.3 | Angiography procedure.

Persuade(CA, support_argument) = a(patient(),P) < receive(Rebuttal(CA, against_argumen), a(David(),D)))

- : . : = . | Table1.suppo
Cardiac Angiography is performed to more accurately diagnose your condition and determin| a,.gumsst.

e the best treatment plan to improve the success of the procedure and reduce the risks. 2. 4

2

Accept(AF, CA+SA) = a(David(),D) < satisfaction(CA+SA) e
Thank you for providing the information. | agree to undergo both Cardiac Angiography and Surgical =
Ablation.
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David Had Concerns and the Doctor Accepted His
Decision

As described earlier, David expressed a strong aversion to
undergoing a cardiac angiogram. However, in this case, despite
the doctor’s persuasive efforts, David remained resolute and

Guo €t al

uncorvinced, insisting on opposing the procedure. Consequently,
the doctor proposed an alternative course of action, suggesting
a simultaneous cardiac ultrasound and surgical ablation. Thus,
Figure 13 focuses only on the part that was ultimately rejected,
which contrasts with the part accepted earlier in Figure 12.

Figure 13. Theinteraction between the doctor and David and the corresponding CoDeL (Collaborative Decision Description Language).

Refuse(CA) = a(doctor(),D) < dissatisfaction(CA)

Table1.against
_argument.3

Although the results may not be very good without a Cardiac Angiography, there was really
no way for me to overcome the psychological barrier.

Assert(AF, CU+SA) =
2

Accept(CU+SA)

a(David(),D)<— receive(Refuse(CA), a(David(),D)))

If you really can't accept it, we can switch to Cardiac Ultrasound. Cardiac Ultrasound is a noninvasive,
safe and painless test that allows the structure and function of the heart to bevisualized through ultraso
und without the need to insert any instruments into the body.

> a(doctor(),D)« satisfaction(CU+SA)
Okay, so I'll go with the Cardiac Ultrasound and surgical ablation procedure and Surgical Ablation.

'e)

Findings and Insights From I nteractions Between
Patients and Physicians With Atrial Fibrillation

Inthe“David Talked to the Doctor and A ccepted the Decision”
section, the patient raises questions about the 2 surgical
procedures due to insufficient understanding. At this stage, the
patient’semotions do not express clear opposition, so the system
generates a justification based on the clinical guidelines for
these procedures, providing relevant arguments to inform the
patient. If the patient acceptsthe treatment plan, the conversation
concludes, and the system generates an acceptance to finalize
the decision. This combination of the 4 speech acts can be
abstracted and recorded as mode A. However, if the patient
opposesthe surgery or initially rejectsit, asshowninthe“David
Has a Concern but A cceptsthe Decision of the Doctor” section,
the system will generate a Persuade act, utilizing supporting
arguments from the clinical guidelines to advocate for the
original treatment plan. If the patient acceptsthe treatment plan,
the conversation concludes and thefinal decision is established
(accept). Unlike mode A, we can record these 4 speech acts as
mode B. If the patient remains unconvinced by the system and
continues to oppose the treatment, the system will replace the
opposed treatment plan with an alternative from the clinical
guidelines. In the “David Had Concerns and the Doctor
Accepted His Decision” section, we observe that the patient
repeatedly opposes cardiac angiography, and ultimately, the
system replacesit with cardiac ultrasound, generating an assert
to inquire about the patient’s acceptance of the new treatment
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plan. If thetreatment plan is not accepted, the processwill repeat
until the patient ultimately agrees. This creates a dynamic
seguence of multiple speech acts, where the total number of
speech acts exceeds those in mode A and mode B. We can
categorize this process as mode C.

In essence, a variety of distinct decision modes can be
constructed based on the combination of speech acts in
dialogues. As shown in Figure 14, each mode is abstracted
individually. For example, mode A, which aligns with the
decision scenario of addressing patient questions, consists of 4
speech acts: assert, question, justify, and accept. Within the
CoDelL framework, we can explicitly identify and construct
reusable decision modes by dynamically combining different
speech acts in specific ways. These modes can be applied to
various decision scenarios and adapt to all disease problem
domains. This process is flexible and extends beyond the 3
modes identified in this study, referred to as mode X.

In this comprehensive process, our approach emphasizes
patient-centered decision-making by adapting to their attitudes
and concerns. It devises atreatment plan tailored to their specific
worries and needs, ensuring personalized care. Simultaneously,
the information and treatment plans provided are guided by
clinical guidelines, ensuring transparency and evidence-based
reasoning in every interaction. By integrating these elements,
our approach ultimately enhances communication between
doctors and patients.
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Figure 14. Reusable decision modes made up of avarious kinds of combination of speech acts.

Mode A Mode B Mode C Mode X
Assert Assert
Assert Assert = — — = -
Rebuttal
Question Rebuttal Persuade
Refuse
Justify Persuade Retract
Assert
Accept Accept = B
Accept Accept

L and the side effects of the antidepressant medication. The doctor
Validation of the Model for Other Cases explained the process of CBT and the potential risks of
To verify the broad applicability of the CoDeL system, this  antidepressant medication. However, Emily expressed concerns
section will use severe depression as an example to fully apout the side effects of the medication. The doctor then
demonstrate the medical decision-making process for patients  recommended a selective serotonin reuptake inhibitor, which
with severe depression (Textbox 5). isgenerally well-tolerated and considered a safe option. Despite
this, Emily remained reluctant to take antidepressants and
declined the treatment. As a result, the doctor suggested
proceeding with CBT aone, without the addition of
antidepressant medication. This cautious choice helps mitigate
the potential risks of medication. Ultimately, Emily agreed to
the plan, decided to proceed with CBT, and was committed to
completing the required homework. This marked a new
beginning, with the doctor and Emily working together to
address her depression.

Based on the above caseinformation, wewill provide acomplete
demonstration of using the Collaborative Decision Description
Language (CoDel). The communication process is shown in
Figure 15. Emily, a patient with major depression, discussed
her condition with her doctor. The doctor recommended a
treatment plan called CBT + antidepressant, which combines
cognitive behavioral therapy (CBT) with antidepressant
medication. Emily inquired about the treatment processfor CBT

Textbox 5. Medical decision-making process for patients with severe depression

1. Case description

Emily, a 28-year-old female, has been experiencing intense sadness and a loss of interest in activities she once enjoyed for the past 6 months. These
symptoms have progressively worsened, prompting her to seek medica attention and undergo a comprehensive examination at the hospital. A
subsequent psychological evaluation led to adiagnosis of major depressive disorder, acommon mental health condition marked by prolonged periods
of sadness and disinterest in previously enjoyed activities.

During her hospital visit, Emily expressed feelings of hopelessness and worthlessness. She also reported struggling with sleep issues, including both
insomnia and oversleeping. Additionally, she mentioned having difficulty concentrating, remembering things, and making decisions. Emily revealed
that she has been isolating herself from friends and family, which has further exacerbated her depression.

2. Clinical guideline

According to clinical guidelines, cognitive behavioral therapy is a type of talking therapy that helps individuals manage problems by changing the
way they think and behave. It is most commonly used to treat anxiety and depression, but can also be effective for other mental and physical health
issues. By contrast, antidepressants are another treatment option for managing the symptoms of depression. Most people with moderate or severe
depression benefit from antidepressants, although not everyone responds the same way. If your general practitioner believes you would benefit from
an antidepressant, they will typically prescribe a modern medication known as a selective serotonin reuptake inhibitor. These are as effective as older
antidepressants but tend to have fewer side effects, though they can cause nausea, headaches, dry mouth, fatigue, sleep problems, and sexual issues.
However, these side effects usually improve over time.
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Figure 15. Theinteraction between the doctor and Emily and the corresponding CoDel (Collaborative Decision Description Language).

Assert(MDD, CBT+antidepressant) => a(Emily(), P)

5@

Based on your test results, you are diagnosed with major depressive
disorder. | recommend a treatment plan of individual cognitive behavioral
therapy (CBT) combined with antidepressant medication.

Question(MDD, CBT+antidepressant) == a(doctor(), D) <- interested in(MDD, CBT +antidepressant)

How does CBT work? What are the risks of using antidepressants?

Justify(MDD, CBT+antidepressant, information)

> a(Emily().P) <

receive(Question(MDD,

CBT+antidepressant), a(Emily(), P))

Individual CBT is delivered by a practitioner who is trained and competent in the specific
treatment. It usually consists of 16 regular sessions, but additional sessions may be
needed for people with co-occurring mental or physical health problems or complex

social needs, or to address residual symptoms. Side effects of antidepressants can include
weight gain, sedation, effects on sexual function, and some people may find it difficult to

stop taking antidepressants later.

Rebuttal(antidepressant, against_argument) => a(doctor0,D} <- against(antidepressant)

| don't want to take antidepressants because I'm afraid of the side effects.

Persuade(antidepressant, support_argument) ==

well tolerated with a favorable safety profile.

a(Emily(),P) <- receive(Rebuttal(antidepressant,
against_argument),alEmily(), P))

Selective serotonin reuptake inhibitors (SSRIs) can be used and are generally

for treatment.

Refuse(antidepressant) == a(doctor0,D) <- dissatisfaction(antidepressant)

Although SSRIs may have fewer side effects, | still don't want to use antidepressants

Assert(MDD, CET) = a(Emily(),P) <

receive(Refuse(antidepressant), a(Emily(),P))

If you really can't accept it, we can treat it with CBT alone and avoid the potential

side effects of medication, but you must be willing to do the homework.

Accept(MDD, CBT) =

a(doctor(),D) <- satisfaction(MDD, CBT)

Yes, | will choose CBT, and | am willing to complete the homework

Experiment and Evaluation

By instructing GPT to follow the interaction model when
communi cating with humans, we assumetherol e of the patient,
while GPT takes on therole of the doctor, smulating arealistic
doctor-patient interaction. Figure 16 illustrates the exact content
and types of conversationsthat occur during this communication.
In this scenario, patients actively challenge doctors, expressing
the need for further information and clarification about treatment
plans. In Figure 16, we annotate the parameters generated by
GPT according to the interaction pattern we defined. The
green-marked font in the figure highlights content that differs
from the parametersin the interaction pattern. New conceptsin
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the confirmation messages generated by GPT are introduced,
which do not include the disease or the treatment proposed by
the doctor. Therefore, we will question GPT and seek
confirmation from it.

The patient initially showed an aversion to cardiac angiography
surgery, influenced by the psychological impact of past
experiences. However, through the doctor’s persistence and
skillful persuasion, the patient was eventually convinced and
agreed to the proposed treatment plan. Throughout the
persuasion, the doctor emphasized the numerous benefits of
cardiac imaging and offered strategiesto alleviate the patient’s
discomfort during the procedure. It is important to note that in
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Figure 17, GPT generates new concepts during the persuasion
process, prompting usto question them. In turn, GPT confirms
our questions and provides additional information.

Asthe third situation is similar to the one shown in Figure 17,
the main difference is that the patient refuses the doctor’s
persuasion. Therefore, in the interaction shown in Figure 18,
the steps before the rejection are omitted, and the rejection
message is presented directly from the beginning. In this
conversation, GPT, acting as the doctor, introduced a new
alternative option—cardiac computed tomography scan—that
we had not previously considered. Thisnovel proposal not only
expands the range of available options but also highlights the
importance of considering different perspectives in the
decision-making process.

Guo €t al

In many experiments using only GPT dial ogues, we found that
without CoDelL language as a dialogue framework, GPT
struggled to accurately understand the overall relationship of
the patient’s intentions within the context. As shown in Figure
19, thisis atypical experiment using only GPT dialogues. In
the figure, we compare the logical markup in the CoDeL
language with the doctor-patient dialogue using only GPT. The
upper-right corner of each dialogue shows the logical markup
inthe CoDel language, with thelogical argumentsalso circled
within the dialogue. At the end of the dialogue, the patient only
intended to reject the treatment option of cardiac angiography,
but GPT rejected both cardiac angiography and surgical ablation,
that is, Assert(diseases, surgery3 + surgery4), and chose other
treatment methods. GPT was unable to accurately understand
the patient’s intentions logically, resulting in output text that
lacked coherence and explanatory power.

Figure 16. A dialogue processin which the patient agrees directly with the treatment plan proposed by the doctor (GPT).

Assert(diseases, surgery1+surgery2) diseases

surgery1+surgery2

Doctor(GPT): You have been diagnosed with[Atrial Fibrillation] | suggest that you undergo two procedur

G\ngiography and Surgical Ablation.j

Question(diease, surgery1+surgery2)

Patient: Thank you, Doctor. I'm not familiar with Atrial Fibrillation and the procedures you mentioned. Could you please
explain what Atrial Fibrillation is and why these procedures are necessary for me?

Justify(diease, surgery1+surgery2,information)

information

diease, surgery1+surgery?2

Doctor(GPT):{Atrial Fibrillationﬁs a heart condition characterized by irregular heartbeatsXCardiac Angiograph@ihelps )

@etermine the type and frequency of Atrial Fibrillatiob. whiIe(Surgical Ablation)(s a treatment option to restore a normaD

(heart rhythm when other treatments have not been successful or in complex cases}

Question(surgery1+surgery2)

Patient: Thank you for clarifying, Doctor. Could you please explain to me in more detail what each procedure entails? I'm
particularly interested in understanding how Cardiac Angiography and Surgical Ablation are performed, as well as any asso
ciated risks or potential complications.

information

Justify(surgery1+surgery2,information) diease, surgery1+surgery?2

Doctor(GP'I):(Cardiac Angiographgﬁnvolves the insertion of a catheter to visualize the heart's blood vessels)while(SurgicaD

(Ablatio%s an open-heart procedure to create scar tissue or disrupt abnormal electrical pathways. Risks associated with )

(Cardiac Angiograph%nclude bleeding, allergic reactions, and heart rhythm disturbances. Risks omSurgical Ablatio? include

(bleeding, infection, blood clots, and damage to surrounding structures)

Question(allergic reactions)

Patient: When does a Cardiac Angiogram cause an allergic reaction?

Justify(allergic reactions,information) information
Doctor(GPT):(AIIergic reactionsﬁo the contrast dye can occur in individuals who are sensitive or allergic to its components)
Gnd symptoms may include hives, itching, rash, or, rarely, more severe reactions such as difficulty breathing or swelling of)

the throat.

Accept(surgery1+surgery2)
Patient:Thank you so much, doctor. | now feel more informed and prepared. | accept Cardiac Angiography and Surgical
Ablation.
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Figure 17. A dialogue process in which the patient and the doctor negotiate and finally the patient agrees to the treatment plan proposed by the doctor
(GPT).

Assert(diseases, surgery1+surgery2) diseases surgery1+surgery2

Doctor(GPT): You have been diagnosed with(Atrial Fibrillation} | suggest that you undergo two procedur

Q\ngiography and Surgical Ablation)

Rebuttal(surgery1, against_argumen)

Patient: Doctor, thank you for your diagnosis. However, | must admit that | have reservations and concerns about the Atria
IFibrillation procedure. In the past, I've had some negative experiences and have developed a fear of the procedure. Don't
want to do this surgery.

Persuade(surgery1, support_argument) support_argument

Doctor(GPT): Cardiac Angiograph;(is crucial for accurately assessing your condition and tailoring the treatment. It

§r0\ndes detailed images of your heart's blood vessels and helps us identify any blockages or abnormahtnea. We'll take

Rebuttal(surgery1, against_argumen)
Patient: While | appreciate the importance of this procedure, | must admit that | still have concerns about the potential
pain and discomfort associated with it.

Persuade(surgery1, support argument) support argument

Doctor(GPT): Our team takes measures to minimize discomfort during Cardiac Angiography. You'll receive a local
anesthetic, and we'll closely monitor your comfort.(The information gathered is crucial for accurate diagnosis and
(treatment pIanning)We can discuss pain management strategies and address your concerns to ensure a smooth procedure

Rebuttal(surgery1, against_argumen)

Patient: Local anesthesia is also felt exactly by the doctor and can still cause discomfort.

Persuade(surgery1, support argument) support_argument

N
Doctor(GPT): We can explore the option of Gsing sedation or mild anesthesia to further enhance your comfort during the
@rocedure. Our anesthesiologist will evaluate your needs and determine the most suitable approach.)

Question(sedation, mild anesthesia)

Patient: You mentioned using sedation or mild anesthesia, how would that reduce my pain?

Justify(sedation, mild anesthesia,information) information

Doctor(GPT): Sedation or mild anesthesia(can help reduce potential discomfort or pain during cardiac angiography. It )

induces relaxation and can alleviate anxiety. It may also have analgesic properties, reducing the perception of pain.

Accept(surgery1+surgery2)
Patient:Thank you so much, doctor. | accept Cardiac Angiography and Surgical Ablation.

Figure 18. A dialogue processin which the patient and doctor negotiate and ultimately the doctor (GPT) proposes an alternative treatment plan.

Refuse(surgery1)

Patient: Although this can also reduce our pain level, but | really can not overcome the psychological shadow.

Retract(surgery1+surgery2) surgery1+surgery2

Doctor(GPT): | withdraw my previous assertion of(Cardiac Angiography and Surgical Ablation.)

Assert(diseases, surgery1+surgery2) surgery1+surgery2

Doctor(GPT): | propose a different approach:lt is a non-invasive imaging technique that provides

detailed images of your heart's structure and function, aiding in the diagnosis of atrial fibrillation and treatment planning.

Accept(surgery1+surgery2)
Patient:Thank you so much, doctor. | accept cardiac CT sacn and Surgical Ablation.
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Figure 19. A typical GPT-only interaction experiment without incorporating the CoDel dialogue framework.

Doctor(GPT): David, your atrial fibrillation needs treatment, Well perform

(Assert(diseases, surgeryi +surgery2}

p

cardiac angiography|to assess your heart, followed by

surgical ablation. This is crucial to prevent severe consequences like strokes

(Question(discases, surgeny+ surge_ry}_))

Patient: How are these surgerys performed? What is the duration, and are there any associated risks?

(.Iustify(diease, surgery1+ surgeryZ,informatiunD

Doctor(GPT):(:Cardiac angiography)nvolves inserting a catheter into a blood vesse to your heart. §urgica| ablation/ uses heat to
create small scars in your heart tssue. Each may take a few hours. Risks include bleeding, infections, and heart damage.

(Rebuttal(surgerﬁ, against argumen) )

Patient: | don't want to do it again because of the psychological shadow left by the previous Fardlac Angiograph)f)procedure

Eersuade(su rgeryl, support argu r-.'lent))

Doctor(GPT): | understand your concern, David. We'll ensure to provide pain management and emotional support. Remember
these procedures are crucial for managing your condition and preventing severe complications.

Refuse(sufgeryzlu)
Patient: Although the results may not be very good without alCardiac Angiography fthere was really no way for me to overcome

the psychological barrier.

(Retract(surqery] + surgoryZ)

Doctor(GPT): David, your feelings are valid, Let's explore alternative diagnostic methods and therapies, Wel also consider
psychological support to help you cope. Your wellbeing is our priority.

e o

@\ssert(diseases, surgery3 + surgery4)

Doctor%GPT): We'll start with|medicationg to regulate your heart rhythm and prevent clotting.l\ReguIar exercise and a heart- )

(healthy diet lare also recommended. Let's monitor your condition closely.

Discussion

Principal Findings
By engaging in a dialogue with GPT using our approach, we
can achieve the following outcomes:

1. Verify the efficacy of our method: The interaction with
GPT enablesusto test and eval uate the eff ectiveness of our
proposed method in generating meaningful and coherent
responses.

2. Enhancethe comprehensiveness of our argument: Through
dialogue, we can identify gaps or limitations in our
argument and address them, thereby improving the overall
quality and completeness of our approach.

3. Establish new guidelines for CoDel: The dialogue with
GPT provides an opportunity to propose new agreements
or principles for CoDelL (Collaborative Decision
Description Language) based on insights gained from the
interaction. This contributes to the advancement and
refinement of CoDeL as a valuable tool for characterizing
collaborative decision-making processes.

By using our method to engage in adialogue with GPT, we can
provide the following benefits for GPT.

1. Enhanceinterpretability: Through interaction, our method
dlows GPT to gan a deeper understanding and
interpretation of the input text, leading to more accurate
and contextually relevant responses. This improves the
overall performance and interpretability of GPT.

2. Provide a comprehensive set of interaction modes with
personalized capabilities. By utilizing our method, GPT
gains access to a diverse range of interaction modes,

https://www.jmir.org/2025/1/e55341
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allowing it to engage in meaningful conversations with
users across various scenarios and contexts. This broadens
the scope of GPT's capabilities and enhancesits versatility
as alanguage model.

Based on the CoDel. method, significant improvements can be
observed in the communication between doctors and patients.
The actual effects are asfollows:

1. Enhanced communication between doctors and patients,
supported by the SDM protocol, which includes
well-defined speech act semantics and arguments explicitly
embedded in the interactive reasoning dialogue processes.

2. More effective dlicitation of patient concerns throughout
the decision-making process, ensuring the delivery of more
personalized decision support and care services. This is
particularly evident in the interaction between a patient
with atrial fibrillation and their doctor, where CoDel’s
implementation encouraged the patient to actively
participate in deciding whether to choose cardiac
angiography as atreatment plan. This ensured that doctors
accurately understood the patient’s concerns, preventing
errors or unforeseen events caused by insufficient
communication.

Conclusions and Future Work

In this study, we explored the semantics of patient-physician
collaborative decision-making and the issues of information
asymmetry to develop alanguage framework called CoDeL for
describing group decisions. We also defined 3 distinct models
of physician-patient decision-making. Both these models and
CoDelL are designed to offer a clearer understanding of the
communication and decision-making processes between
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physicians and patients, ultimately leading to more systematic
and standardized methods. The main innovations in this study
are found in the following 3 aspects:

- Defined a novel shared clinical decision language that
utilizes speech act semantics and arguments to enhance
communication between doctors and patients, as well as
their interactive reasoning process.

- Demonstrated the applicability of the method using a case
study of atria fibrillation, showing that personalized
decision support and care services can be delivered.

- Integrated the shared decision language with GPT to
enhance its capabilities in interactive decision-making,
allowing GPT-generated arguments to be automatically
embedded into the decision protocol instead of being
manually extracted from clinical evidence.

Although the proposed CoDel language framework and its
applications have the potential to enhance communication and
decison-making between patients and physicians, we
acknowledge severa limitations that may still exist.

Guo €t al

The study’s limitations are as follows:

«  Our study relieson simulated data, meaning that the CoDelL
framework has not yet been validated in real-world clinical
scenarios.

« While CoDeL has shown potential in multiple clinical
domains, itsapplicability may belimited in certain specific
contexts.

In our future work, we will focus on optimizing the
decision-making negotiation language, emphasi zing conciseness
to achieve more efficient and intuitive communication methods.
Thiswill significantly accelerate the decision-making process
and facilitate smoother integration in future applications.
Specifically, we will actively apply CoDel in clinical practice,
leveraging external knowledge sources as evidence-based
support, and conduct rigorous scientific research to ensure
accurate clinical decision-making. We also aim to provide a
common interaction model and negotiation language for
collaborative decision-making between doctors and patients, to
accommodate a wider variety of cases and enhance the
efficiency of the group decision-making process.

Authors Contributions

LX proposed the general research direction, and XRG organized and drew charts and was a major contributor to writing the

manuscript. All authors read and approved the final manuscript.

Conflictsof Interest
None declared.

References

1. LandV, Parry R, Seymour J. Communication practices that encourage and constrain shared decision making in health-care
encounters: systematic review of conversation analytic research. Health Expect. Dec 18, 2017;20(6):1228-1247. [FREE

Full text] [doi: 10.1111/hex.12557] [Medline: 28520201]

2. OshimaleeE, Emanuel EJ. Shared decision making to improve care and reduce costs. N Engl JMed. Jan 03, 2013;368(1):6-8.

[doi: 10.1056/NEJMp1209500] [Medline: 23281971]

3. Fried TR. Shared decision making — finding the sweet spot. N Engl JMed. Jan 14, 2016;374(2):104-106. [doi:

10.1056/nejmp1510020]

4.  Shay LA, LafataJE. Where isthe evidence? A systematic review of shared decision making and patient outcomes. Med
Decis Making. Oct 28, 2014;35(1):114-131. [doi: 10.1177/0272989x14551638]

5. Hoffmann TC, Montori VM, Del Mar C. The connection between evidence-based medicine and shared decision making.
JAMA. Oct 01, 2014;312(13):1295-1296. [doi: 10.1001/jama.2014.10186] [Medline: 25268434]

6. Sebe K, Valeo SC, Xander C, Adami S, Duerk T, Becker G. Terminally ill patients as customers: the patient's perspective.
JPalliat Med. Jan 2014;17(1):11-17. [doi: 10.1089/jpm.2013.0141] [Medline: 24341322]

7.  Elwyn G, Frosch D, Thomson R, Joseph-Williams N, Lloyd A, Kinnersley P, et al. Shared decision making: a model for
clinical practice. J Gen Intern Med. Oct 23, 2012;27(10):1361-1367. [FREE Full text] [doi: 10.1007/s11606-012-2077-6]

[Medline: 22618581]

8. Rosenbaum L. The paternalism preference — choosing unshared decision making. N Engl JMed. Aug 13,

2015;373(7):589-592. [doi: 10.1056/nejmp1508418]

9.  Légaré F, Thompson-Leduc P. Twelve myths about shared decision making. Patient Educ Couns. Sep 2014;96(3):281-286.
[EREE Full text] [doi: 10.1016/j.pec.2014.06.014] [Medline: 25034637]

10. Joseph-WilliamsN, Lloyd A, Edwards A, Stobbart L, Tomson D, Macphail S, et a. Implementing shared decision making
inthe NHS: lessonsfrom the MAGIC programme. BMJ. Apr 18, 2017;357:j1744. [FREE Full text] [doi: 10.1136/bmj.j1744]

[Medline: 28420639]

11. Elwyn G, Durand MA, Song J, Aarts J, Barr PJ, Berger Z, et a. A three-talk model for shared decision making: multistage
consultation process. BMJ. Nov 06, 2017;359:j4891. [FREE Full text] [doi: 10.1136/bmj.j4891] [Medline: 29109079]

12. SioutaE, Hellstrom Muhli U, Hedberg B, Brostrom A, Fossum B, Karlgren K. Patients' experiences of communication and
involvement in decision-making about atrial fibrillation treatment in consultations with nurses and physicians. Scand J
Caring Sci. Sep 28, 2016;30(3):535-546. [doi: 10.1111/scs.12276] [Medline: 26709843]

https://www.jmir.org/2025/1/e55341

JMed Internet Res 2025 | vol. 27 | €55341 | p. 21
(page number not for citation purposes)


https://europepmc.org/abstract/MED/28520201
https://europepmc.org/abstract/MED/28520201
http://dx.doi.org/10.1111/hex.12557
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28520201&dopt=Abstract
http://dx.doi.org/10.1056/NEJMp1209500
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23281971&dopt=Abstract
http://dx.doi.org/10.1056/nejmp1510020
http://dx.doi.org/10.1177/0272989x14551638
http://dx.doi.org/10.1001/jama.2014.10186
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25268434&dopt=Abstract
http://dx.doi.org/10.1089/jpm.2013.0141
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24341322&dopt=Abstract
https://europepmc.org/abstract/MED/22618581
http://dx.doi.org/10.1007/s11606-012-2077-6
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22618581&dopt=Abstract
http://dx.doi.org/10.1056/nejmp1508418
https://linkinghub.elsevier.com/retrieve/pii/S0738-3991(14)00269-9
http://dx.doi.org/10.1016/j.pec.2014.06.014
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25034637&dopt=Abstract
https://www.bmj.com/lookup/pmidlookup?view=long&pmid=28420639
http://dx.doi.org/10.1136/bmj.j1744
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28420639&dopt=Abstract
https://www.bmj.com/lookup/pmidlookup?view=long&pmid=29109079
http://dx.doi.org/10.1136/bmj.j4891
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29109079&dopt=Abstract
http://dx.doi.org/10.1111/scs.12276
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26709843&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

JOURNAL OF MEDICAL INTERNET RESEARCH Guoet d

13.
14.

15.

16.

17.

18.

19.

20.
21

22.

23.

24,

25.

26.

27.

28.

29.

30.

31.

32.

33.

Potts C. Speech acts. In: Cross-Cultural Pragmatics (2021). Oxford, UK. Oxford University Press; Sep 30, 2021.

Afzaal A. Identification of speech acts: alinguistic analysis of advertisementsin Pakistan. JELLE. Mar 09, 2022;3(3):1-14.
[doi: 10.54692/jelle.2021.030398]

Mady K, Gyuris B, Gartner H M. Perceived emotions in infant-directed narrative across time and speech acts. 2022.
Presented at: International Conference on Speech Prosody; May 23, 2022; University of Lisbon, Lisbon, Portugal. [doi:
10.21437/speechprosody.2022-120]

Murray-Rust D, Robertson D. L SCitter: building social machines by augmenting existing social networks with interaction
models. 2014. Presented at: The 23rd International Conference on World Wide Web; April 7-11, 2014; Seoul, Korea. [doi:
10.1145/2567948.2578832]

Panisson AR, Farias G, Freitas A, Meneguzzi F, VieiraR, Bordini RH. Planning interactionsfor agentsin argumentati on-based
negotiation. 2014. Presented at: Eleventh International Workshop on Argumentation in Multi-Agent Systems (ArgMAS
2014); May 5, 2014:1-15; Paris, France. URL : https:.//www.mit.edu/~irahwan/argmas/argmas14/w12-05.pdf

Yan-rui Z. A flexible job shop scheduling system based on agent negotiation. Microcomput Inf. 2011;27(1):14-16.

Ateib MT. Agent based negotiation in e-commerce. New York, NY. |EEE; 2010. Presented at: 2010 International Symposium
on Information Technology; June 15-17, 2010:861-868; Kuala Lumpur, Malaysia. [doi: 10.1109/ITSIM.2010.5561565]
SimKM. Agent-Based Cloud Computing. |EEE Trans. Serv. Comput. Oct 10, 2012;5(4):564-577. [doi: 10.1109/TSC.2011.52]
Mendes F, Mendes E, Salleh N, Oivo M. Insights on the relationship between decision-making style and personality in
software engineering. Information and Software Technology. Aug 2021;136:106586. [doi: 10.1016/j.infsof.2021.106586]
Kaplan B. Evaluating informatics applications--clinical decision support systems literature review. Int JMed Inform. Nov
2001;64(1):15-37. [doi: 10.1016/s1386-5056(01)00183-6] [Medline: 11673100]

Das S, Kar S. Group decision making in medical system: an intuitionistic fuzzy soft set approach. Applied Soft Computing.
Nov 2014;24:196-211. [doi: 10.1016/j.as0c.2014.06.050]

Beeler P, Bates D, Hug B. Clinical decision support systems. Swiss Med Wkly. Dec 23, 2014;144:w14073. [EREE Full
text] [doi: 10.4414/smw.2014.14073] [Medline: 25668157]

Schumacher F, Helenowski |, Oswald L, Gonzalez B, Benning J, Morgans A. Treatment decision-making in metastatic
prostate cancer: perceptions of locus of control among patient, caregiver, and physician triads. PPA. Jan 2022;VVolume
16:235-244. [doi: 10.2147/ppa.s334827]

Stacey D, Légaré F, Col NF, Bennett CL, Barry MJ, Eden KB, et al. Decision aids for people facing health treatment or
screening decisions. Cochrane Database Syst Rev. Jan 28, 2014;(1):CD00143L1. [doi: 10.1002/14651858.CD001431.pub4]
[Medline: 24470076]

Zhang Z, Bickmore T. Medical shared decision making with avirtual agent. 2018. Presented at: The 18th International
Conference on Intelligent Virtual Agents, November 5-8, 2018:113-118; Sydney, NSW, Australia. [doi:
10.1145/3267851.3267883]

KearnsWR, Chi N, Choi YK, Lin S, Thompson H, Demiris G. A systematic review of health dialog systems. Methods I nf
Med. Dec 29, 2019;58(6):179-193. [doi: 10.1055/s-0040-1708807] [Medline: 32349152]

Biswas SS. Role of Chat GPT in public health. Ann Biomed Eng. May 15, 2023;51(5):868-869. [doi:
10.1007/s10439-023-03172-7] [Medline: 36920578]

Lee P, Bubeck S, Petro J. Benefits, limits, and risks of GPT-4 asan Al chatbot for medicine. N Engl JMed. Mar 30,
2023;388(13):1233-1239. [doi: 10.1056/nejmsr2214184]

Xiao L. An agent-oriented group decision architecture. In: Jezic G, Chen-Burger YH, Kusek M, Sperka R, Howlett R, Jain
L, editors. Agents and Multi-agent Systems: Technologies and Applications 2019. Smart Innovation, Systems and
Technologies, vol 148. Singapore City, Singapore. Springer; Jun 20, 2019:15-33.

Ethical Review Measures for Life Science and Medical Research Involving Human Beings. National Health Commission
of the People's Republic of China. URL: http://www.nhc.gov.cn/qjjys/s7946/202302/c3374c180dc5489d85f95df Sh46af af 5.
shtml [accessed 2025-03-04]

Lévy S, Camm AJ, Seksena S, Aliot E, Breithardt G, Crijns H, et a. Working Group on Arrhythmias, Working Group on
Cardiac Pacing of the European Society of Cardiology, North American Society of PacingElectrophysiology. I nternational
consensus on nomenclature and classification of atrial fibrillation; a collaborative project of the Working Group on
Arrhythmias and the Working Group on Cardiac Pacing of the European Society of Cardiology and the North American
Society of Pacing and Electrophysiology. Europace. Apr 2003;5(2):119-122. [doi: 10.1053/eupc.2002.0300] [Medline:
12633634]

Abbreviations

CBT: cognitive behavioral therapy

CoDel : Collaborative Decision Description Language
LCC: Lightweight Coordination Calculus

LSC: Lightweight Social Calculus

PtDA: patient decision aid

https://www.jmir.org/2025/1/e55341 JMed Internet Res 2025 | vol. 27 | €55341 | p. 22

(page number not for citation purposes)


http://dx.doi.org/10.54692/jelle.2021.030398
http://dx.doi.org/10.21437/speechprosody.2022-120
http://dx.doi.org/10.1145/2567948.2578832
https://www.mit.edu/~irahwan/argmas/argmas14/w12-05.pdf
http://dx.doi.org/10.1109/ITSIM.2010.5561565
http://dx.doi.org/10.1109/TSC.2011.52
http://dx.doi.org/10.1016/j.infsof.2021.106586
http://dx.doi.org/10.1016/s1386-5056(01)00183-6
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=11673100&dopt=Abstract
http://dx.doi.org/10.1016/j.asoc.2014.06.050
https://doi.org/10.4414/smw.2014.14073
https://doi.org/10.4414/smw.2014.14073
http://dx.doi.org/10.4414/smw.2014.14073
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25668157&dopt=Abstract
http://dx.doi.org/10.2147/ppa.s334827
http://dx.doi.org/10.1002/14651858.CD001431.pub4
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24470076&dopt=Abstract
http://dx.doi.org/10.1145/3267851.3267883
http://dx.doi.org/10.1055/s-0040-1708807
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32349152&dopt=Abstract
http://dx.doi.org/10.1007/s10439-023-03172-7
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=36920578&dopt=Abstract
http://dx.doi.org/10.1056/nejmsr2214184
http://www.nhc.gov.cn/qjjys/s7946/202302/c3374c180dc5489d85f95df5b46afaf5.shtml
http://www.nhc.gov.cn/qjjys/s7946/202302/c3374c180dc5489d85f95df5b46afaf5.shtml
http://dx.doi.org/10.1053/eupc.2002.0300
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=12633634&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

JOURNAL OF MEDICAL INTERNET RESEARCH Guoet d

SDM: shared decision-making

Edited by B Puladi; submitted 10.12.23; peer-reviewed by SBiswas, D Sngh; comments to author 04.06.24; revised version received
29.09.24; accepted 30.11.24; published 04.03.25

Please cite as.

Guo X, Xiao L, Liu X, Chen J, Tong Z, LiuZ

Enhancing Doctor-Patient Shared Decision-Making: Design of a Novel Collaborative Decision Description Language
J Med Internet Res 2025;27:€55341

URL: https://www.jmir.org/2025/1/€55341

doi: 10.2196/55341

PMID: 40053763

©XiaoRui Guo, Liang Xiao, Xinyu Liu, Janxia Chen, Zefang Tong, Ziji Liu. Originally published in the Journa of Medical
Internet Research (https://www.jmir.org), 04.03.2025. This is an open-access article distributed under the terms of the Creative
Commons Attribution License (https://creativecommons.org/licenses/by/4.0/), which permits unrestricted use, distribution, and
reproduction in any medium, provided the original work, first published in the Journal of Medica Internet Research (1SSN
1438-8871), isproperly cited. The complete bibliographic information, alink to the original publication on https://www.jmir.org/,
aswell asthis copyright and license information must be included.

https://www.jmir.org/2025/1/e55341 JMed Internet Res 2025 | vol. 27 | €55341 | p. 23
(page number not for citation purposes)

RenderX


https://www.jmir.org/2025/1/e55341
http://dx.doi.org/10.2196/55341
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=40053763&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

