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Current medical information systems are too complex to be meaningfully exploited. Hence there is a
need to develop new strategies for maximising the exploitation of medical data to the benefit of medical
professionals. It is against this backdrop that we want to propose a tangible contribution by providing a
tool which combines conceptual graphs and Dung's argumentation system in order to assist medical
professionals in their decision making process. The proposed tool allows medical professionals to easily
manipulate and visualise queries and answers for making decisions during the practice of teleexpertise.
The knowledge modelling is made using an open application programming interface (API) called CoGui,
which offers the means for building structured knowledge bases with the dedicated functionalities of
graph-based reasoning via retrieved data from different institutions (hospitals, national security centre,
and nursing homes). The tool that we have described in this study supports a formal traceable structure
of the reasoning with acceptable arguments to elucidate some ethical problems that occur very often in
the telemedicine domain.

1. Introduction

Telemedicine is a component of the health telematics that
focuses on health actions requiring Information and Communica-
tion Technologies (ICTs) to deliver information across considerable
physical distance. Telemedicine can be categorised into five
principal groups [13]: teleconsultation, teleexpertise, telemonitor-
ing, teleassistance, and medical response. In this paper, we are
interested in the teleexpertise practice in which a physician
benefits from professional advices provided by other physicians
via ICTs to improve a patient's clinical health status [16].

Teleexpertise is a medical practice that involves at least two
medical professionals who collaborate by sharing patients' infor-
mation and experiences aimed at treating the patient. Commu-
nication between the professionals is bidirectional, where one may
request for information or advice and feedback or advice is
provided. It is the responsibility of each stakeholder to manage
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the information efficiently. It is in this light that we propose a
frameworkor tool that could help to identify the different actors
involved in any given teleexpertise process and their advices. Thus
in the case of a legal proceeding challenge the proposed tool can
potentially facilitate the identification of actors or medical profes-
sionals together with their different roles involved in a teleexper-
tise process. Furthermore, the proposed tool can also serve as a
learning or knowledge elicitation for the medical professionals. In
other words when confronted with an unforeseen diagnostic or
therapeutic problem, a medical professional would have the
possibility to search the knowledge base of previous cases to find
the most appropriate analysis and solution to a specified problem.
If the medical professional does not receive satisfactory responses
from the knowledge base, he may engage in a teleexpertise
procedure. For the implementation of the proposed framework,
we use a Dung [15] argumentation system called also abstract
argumentation system combined with conceptual graphs [36]. We
propose some algorithms to build some semantic extensions [6]
such as conflict-free, admissible and preferred extensions. These
proposed algorithms form the component often called argumen-
tative logic that will highlight the arguments or the accepted
advices in a given act of teleexpertise.



The novelty of this work is the extension of Dung's argumenta-
tion system [15] to combine with conceptual graphs to clarify
decisions that are made in a given process of teleexpertise. The
conceptual graph component can be very useful for guaranteeing
the visualisation of the reasoning traceability that leads to how a
decision was arrived at and to solve some ethical problems [7] (e.g.
informed consent, privacy, liability consideration [29] and Auton-
omy, Beneficence, Non-maleficence, Justice [19]).

The remainder of the paper is divided into the 5 sections.
Section 2 presents a state-of-the-art review of the domain tele-
medicine; Section 3 provides background information on the
conceptual graph formalism as well as its extensions, reasoning
operations and formal semantics for each one. Section 4 presents
the methods adopted, which are based on conceptual graphs
approach and Dung's argumentation theory under the context of
telemedicine. In Section 5 the results of the proposed study or
system that makes it possible to ensure a good structured trace-
ability of the medical professionals' reasoning are presented. The
paper ends by a way on conclusion in Section 6.

2. State of the art

Several studies [27,28,21,22] have been conducted in the
domain of telemedicine. Nowadays the practice of telemedecine
is changing the physician-patient relationship and has an impact
on the responsibility of doctors to patients and how to treat
patients [12]. In fact, not only does the exchange of data between
medical professionals facilitates clear decision-making, but also
the responsibilities of the professionals involved are engaged.

In this regard, Chopard et al. [12] proposed to store the
discussion and make them traceable so that the stored information
can be retrieved later on and potentially used to solve some ethical
problems.

Xiao et al. [39] proposed a new approach to support data
transfer and decision making process using ontologies in diagnosis
and treatment of human brain tumour. In the proposed new
approach by [39], conceptual graphs for unifying local views that
can give an interface to local data for reasoning and managing
knowledge were used. Similar to our work Xiao et al. [39] used
conceptual graphs to manage medical records, but with a focus
mainly on security policies while we are interested in the trace-
ability of the decisions taken.

In emergency cases, the response time factor can be overcome
by using virtual telemedicine in which a Clinical Decision Support
System (CDSS) is deployed at rural stations [4]. This CDSS is an
intelligent system that can make diagnosis and treatment (such as
medication prescription [5]) for the patient. When no answer is
available for a query, the system sends automatically an e-mail to
an expert located elsewhere. After the response/feedback from the
expert the knowledge base is updated. The general principle
behind this CDSS is particularly similar to ours in the way its
toolbox includes a teleexpertise system to get the answers of
remote medical experts. Nevertheless in detail the operational
functioning of a CDSS, only one medical professional (expert) can
be contacted at a time while in our proposed tool, several medical
professionals can be contacted in a collaborative manner in order
to take the right decision. Furthermore, by using ontological
approaches we guarantee semantic interoperability, decision sup-
port, flexibility of data management and integration [30].

Kamsu-Foguem [18] utilises the conceptual graphs to facilitate
the systemic modelling and formal analysis of the requirements of
information systems in telemedicine. As our work, he is also
interested in ethical problems. However the author does not
provide any information on how the proposed framework can be

used in the act of teleexpertise to help medical professionals in
their decision making process.

Conceptual graphs have also been used by [26,25,20] to
represent medical information in order to ensure visual represen-
tations in the decision making process. This has been very useful
for users because graphs make the information and knowledge
modelling more user-friendly [24,25]. However, traceability of the
reasoning has not been considered or dealt with in [24,25].

Many other works [20,23] deal with information visualisation
applied in medical domain but not in telemedicine domain.
Furthermore, [20] does not emphasise on the argumentation of
the reasoning while in [23] the underlying reasoning steps are
hidden from the user.

3. Conceptual graphs models

Conceptual graphs introduced by Sowa [36] meet the expecta-
tions of representational frameworks for argumentation. Indeed
this representation support includes taxonomic principles and
formal semantic to support the reasoning processes (e.g. mapping,
deductive inference and constraints checking).

For the ease of understanding, the basic definitions and
detailed explanations of conceptual graph models are examined
in the ensuing section.

3.1. Basic graphs (BG)

Definition 1 (Basic graphs support).
BG support is a tuple S=(T¢, Ty, I, 5) such that

® T. and Ty are finite disjoint sets of types.

® Tcis a set of concept types partially ordered by the relation <,
in which there is a universal element (called superconcept of all
elements), denoted T.

® T is a set of relation types partially ordered by the relation <,
and partitioned in subsets T}z,...,Tﬁ of relation types respec-
tively with arity 1,...,k, and wherein the eventual universal
elements are denoted by T,..., T. The arity of a relation r is
denoted as arity(r). Two relations with different arities are not
comparable by <.

® | is a set of individual markers disjointed from Tc and Tk. In
addition we denote by #, the generic marker. The set of markers
is denoted M =1 U {x}. This set is provided in the following
partial order <: the elements of I are pairwise incomparable,
and vm eI, m <. Each element of I can be assigned to several
types and to all super-types thereof.

® ¢ associates to each j-ary relation (r e T%) a signature namely a
Jj-tuple of concept types (o(r) € (TcY ), where the i-th concept is
the maximal type for the i-th argument of the relation. The
signatures comply with the orders defined in Tc and T namely:
V11,12 € Th Ty <12 = o(11) < o(r), ie. for all 1<i<j, the i-th
argument of o(ry) is more specific than the i-th argument of

o(12).

The support defined above represents the vocabulary. The
ontological knowledge is defined in the vocabulary. This vocabu-
lary helps to support the expression of basic graphs and also the
fundamental operation for reasoning called projection, which is a
graph homomorphism (i.e. a mapping with respect to the seman-
tic structure of graphs). The facts are represented by basic graphs
[9].

A basic graph is in normal form if each of its individual marker
appears exactly once. This basic formalism has a semantic in first-
order logic through a transformation denoted & [36]. The



fundamental notion for reasoning on basic graphs is graphs’
homomorphism, also called projection [11]. The definition of this
fundamental notion is depicted in Definition 2:

Definition 2 (Projection).

Let F=(Cg,Rf,Lg,labelr) and T = (Ct,Ry,Ly,labely), two basic
graphs defined on a same support. A projection /7 from F to T is
an application from Cr to Cr and from Ry to Ry, maintaining edges
and may specialise concepts and relations labels, namely

® Y (r,i,c)eLg, (I1(r),i,11(c)) € Lf,
® Ve e Cr U Rg, labelr(I1(e)) < labelg(e).

We say that the graph F is projected to the graph T. We denote
I1(F) the image of Fin T.

The projection is a kind of interrogation mechanism. Often the
projection provides the means to make some requests on con-
ceptual graphs. However, to refine these requests we need to
include some rules. These rules make it possible to add additional
ontological information.

3.2. Nested graphs

The nested graphs allow knowledge representation in hier-
archic manner for reasoning under several levels. In a typed nested
graph, a node can be described by one or several graphs called
nesting [11].

Definition 3. (Typed nested graph). Formally we define recur-
sively a typed nested graph as follows:

® A typed nested graph G is obtained from a basic graph G by
adding to each concept node c a third field, denoted by Desc(c),
equals to s an empty description. The depth of this graph is
depth(G') = 0.

® [et G a typed nested graph and ¢ a concept node of G,
ny, Ny, ..., N, nesting types and Gy, ..., G, typed nested graphs.
The graph obtained by substituting the set {(nq, G1), ..., (1, Gy)}
to the third argument s of ¢ is a typed nested graph G’ with
the following features: depth(G')= max(1 +max§‘: ,depth(G),
depth(G)).

4. Research methods

In this section, we represent an argumentation system by using
conceptual graphs. To make the process of representation clearer,
we will focus on a case study where different medical profes-
sionals provide various subjective advices and recommendations
according to a given action and goal. These conceptual graphs will
facilitate the visualisation of the different arguments and the
decision making process. First of all we will give in the ensuing
section the conceptual architecture of our proposed tool.

4.1. Conceptual architecture of our proposal

Fig. 1 depicts the conceptual architecture of our proposed tool.
In this architecture the main component is the knowledge base
built from data provided by the Patient Medical Record (PMR) with
the necessary precautions with regard to free and informed
consent procedure and also data from hospitals and social security
centres. The knowledge base is represented in conceptual graph
form to support queries, rules and constraints. Thus the medical
professionals could use the proposed tool as a learning one. Then in
a case of a diagnosis where a medical professional cannot make a

decision, he can make a teleexpertise request to remote medical
professionals for advices.

4.2. Case study and stakeholders’ argumentation

In this case study, we are interested in geriatric medicine and
its subspecialty of geriatric endocrinology dealing with chronic
diseases such as Diabetes, Thyroid disease, and Androgen excess.
There are previous works [37,38] in Elderly with chronic diseases
[40], but they all focused on telemonitoring combining various
information technologies for the observation of one or several
medical parameters at distance [32].

Application case: Demonstration of a 75 years old overweight
woman (Body Mass Index (BMI): 35 kg/m?) with 20 years history of
type 2 Diabetes who complaints of visual disorders disclosing diabetic
macular oedema, retinal vein occlusion, and small eye's diabetic.

The different stakeholders and their argument are illustrated in
Table 1.

We first define the description of the support based on graphs.
The description of the support consists of concept types illustrated
in Fig. 2 and relation types depicted in Fig. 3.

The five concepts of the first level of the concepts types are
described in the ensuing paragraphs:

® PMR represents the Personal Medical Record of the patient.
Also, PMR is used by health professionals who support the
patient to share information useful for a proper coordination of
health care for the patient [3]. The PMR is built based on
information exploited from Table 2 representing the patient
chart (from the actual French clinical information) allowing
health professionals to gather and share medical data and
information. In addition to the element contained in the
Table 2 we added the following elements: Incidents and Health
National Identity to form the whole PMR. The Incidents
represent the problem that occurred in the previous medical
acts and protocols on the patient, while the Health National
Identity represents, as its name suggests, the unique identifier
of the patient.
® Advices are the proposal of a medical professional to treat a
specific pathology of the patient.
® Fntity represents argument and set which will permit to build
extensions and the graph of attack.
® Procedure represents the different option that a medical profes-
sional could have for a patient's treatment. So according to
Chalumeau et al. [10] there exits two main medical procedures:
o Maximise procedure( /Proc): It reduces the risk of missing
out on the early detection of serious diseases (minimal
bacterial infection which could spread, e.g. appendicitis,
which could lead to diffuse peritonitis or septicemia), but
increases costs, individual and collective risks. Medical
decisions are thus the result of opposing constraints suf-
fered more or less consciously by the medical professional.
o Minimise procedure(\\,Proc): It reduces the invasiveness of
care, risks (selection of resistant bacteria, nosocomial infec-
tions, the vagaries of interventions) and their costs, indivi-
dual and collective risks; but exposed to diagnostic and
therapeutic delays which ethical and medico-legal conse-
quences that can be severe.
® Patient Consent shows if there is an informed consent of the
patient or his legal representative.

4.3. Graph of attack

It is possible to represent a graph of attack based on concepts
and relations types [9]. The notion of attack relation (denoted by an
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Table 1
Stakeholders argumentation.
Stakeholders Reasons Options Concerns Goals
1 Attending Not make invasive investigation or treatment (a) \.Proc  keep the patient alive and Reduce risks such as side effects
physician preserve patient's life
expectancy and quality of life
2 Ophthalmologist Perform invasive investigation and treatment (/) /Proc  keep the patient alive and Cure patient visual disorders
preserve patient's life
expectancy and quality of life
3 Geriatrician Check up all others complications of diabetes (macro and micro /Proc  keep the patient alive and Prevent of dysmetabolism and
vasculars) and evaluation of cognitive and metabolic disorders preserve patient's life microalbuminuria or others macro or
(dyslipidemia, obesity, sarcopenia obesity, ....) () expectancy and quality of life micro-vascular complications
4 Diabetologist Prescribe treatment (5) /Proc  keep the patient alive and Maintain blood glucose levels in the

preserve patient's life
expectancy and quality of life

normal range

arc between nodes) is depicted in [15,6,14]. The attack relation is
thus generated according to Algorithm 1 depicted below (17
represents here a projection):

Definition 4. An attack graph based on concepts and relations,
denoted G* is a nested conceptual graph such that for a given
depth, depth(G*F)=0:

® The label of a concept vertex c is label(c) = (Arg, i), we say that i
is an argument.

® The label of a relation concept r is label(r) = (R). The vertices
represent the attack relation.

Definition 5 (Description of an argument).
An argument node c such that label(c) = (Arg,i) has three nesting
types:

e The graph Actor(c), called “Actor graph of the argument i”.

® The graph Goal(c), called “Goal graph of the argument i".

® The graph Action(c) or Option(c), called “Action graph or Option
graph of the arguement i”.

In conceptual graph terms, the attack of an argument « on an
argument g is generated when the action graph of a does not
project itself on g's action graph [9]. Even our approach is based on
abstract argumentation given that we use some definitions and
properties provided in [15,6,14] to build some extensions. Also, we
used the notion of structured argument in the sense that the
arguments in this work have an internal structure [8]. The
description of an argument (represented as a nested graph) is
depicted in Fig. 4:
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Table 2
Personal health records.

Identity and credentials of the physician
Date of consultation or length of hospitalisation

Patient's medical history

Regular treatment of patient

Habitus and/or lifestyle

Present disease's history or Anamnesis

Clinical Examination

Additional biological and iconographical data or examination

Diagnosis : hypothetical diagnosis needing biological and iconographical data to
confirm an acceptable diagnosis, - hypothetical diagnosis needing additional
specialist or expert opinions to confirm an acceptable diagnosis

Treatment

Every possible information on the medical professional who cares for the patient,
ex: Name, specialisation, ... (We call it Medical professional in the ontology)
Date or period of Hospitalisation or Consultation (including hour and duration of
hospitalisation)

Diseases that the patient had previously

Treatments that the patient takes usually

All information about the patient, ex: Name, age, address, ...

History of present illness

Examination achieved

Additional examination to complete the clinical examination

Conclusion of the medical professional after clinical and additional examinations
and opinions

Treatment options including no intervention, medication (drug treatment) or
surgery, non-drug treatments (e.g. diet, exercise, physiotherapy, counselling)
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Fig. 4. Description of an argument.

Algorithm 1. Generation of the attack relation [9].

G*Fis initialised with {cy, ..., cp} such that label(c;) = (Arg, i)
fori=1-ndo
forj=1-ndo
if A 11(Projection) of Action(c;) in Action(c;) then

dd to GAF tex relati ith label(r) = (R) and
theedges (r AV EN GRS RS With labelr) = ®) an

end if
end for
end for

After applying the algorithm above the resulted graph of
attacks is depicted in Fig. 5. In this conceptual graph, the different
elements of the nested concept type argument are represented
with conceptual graphs.

4.4. Interaction of the users with the system

The interaction of the users with the proposed information
system can be described in a chronological order by a sequence
diagram. In the sequence diagram of Fig. 6, there are three main
types of actors involved in the teleexpertise process. There are the
requesting physician, the information system and the requested
physicians. In this case study, the requesting physician is the
attending physician of the patient and the requested physicians are
the remote experts including an Ophthalmologist, a Diabetologist

and a Geriatrician. In the following we describe the information flow
of the sequence diagram with meaning of the associated methods:

® AskForExpertise: In this method the attending physician who is
the requesting physician provides all information concerning
the patient (with the informed consent of the patient), and the
needed remote experts. At the same time, according to his skills
and experiences, he can provide a preliminary opinion or
assessment.

® ProcessExpertiseRequest: When the information system receives
the expertise request, it computes the input request to know
the available physicians by relying on their specialities. This
request is transmitted to the available specialists by the method
TransmitIlnformation (which is a kind of multicast) and if they
accept to participate in this teleexpertise process, then the
useful medical information (including patients' medical infor-
mation) is communicated to them.

® (GiveAdvices: The remote physicians give their expert advices
according to the parameters (Stakeholders, Reasons, Options,
Concerns and Goals) described in the argumentation table. This
method should include some additional parameters to know
the relevant physician who has provided the received answer.

® BuildAttackGraphsAndExecuteArgumentativeLogic: This method
creates the visual graph of attacks on which will be applied
the different reasoning of the argumentative logic to check the
potential acceptable arguments.

4.5. Our computational propositions: automated extensions by new
algorithms

The extensions are used in argumentation theory based on Dung's
theory [15] to aid in decision making process. They represent certain
semantics of acceptability which facilitates the evaluation of the
arguments. Here, we are interested here in naive, admissible and
preferred extensions. In fact this latter will permit us to build our
framework called argumentative logic. In the literature, some algo-
rithms to build extensions have been proposed (for example in [31]).
However, they do not respond to our outcome-oriented objectives
for the remote collaborations in telemedicine. It is against this
backdrop, the proposed system with new algorithms based on
conceptual graphs was developed to build in an automated manner
these extensions. Algorithm 2 generates conflict-free sets which are
nothing more than conflict-free extensions. These conflict-free
extensions are used in Algorithm 3 to build admissible extensions
that are themselves used in Algorithm 4 to compute the preferred
extension.

The goal we want to achieve is that starting with a knowledge
base obtained by semantics modelling; the different proposed
algorithms will compute the extensions in accordance with a graph
of attacks. The originality of this framework lies in the algorithms
that can be coupled with a software designed for semantic model-
ling namely CoGui software for visualising the reasoning, the
answers of queries made by medical professionals to know what
decisions have been taken for a particular disease treatment
according to a specified action or option. The definitions and
properties on which are based on these algorithms below can be
found in our previous work [14].

4.5.1. Determination of conflict-free extensions

In this section, we provide an algorithm to generate automa-
tically conflict-free extensions. Algorithm 2 is provided based on
the graph of attacks above.

Algorithm 2. Generation of conflict-free set.
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AS : initialised with the set of all possible sets (size = n) . .

f quit then
CFS : (conflict —free set) initialised to null ! g;lrll tinue
quit : boolean initialised to false end if

fo!' i= 1._Tn do . . Add AS(i) to CFS
if AS(i) isEmpty() lsize of (AS(i)) = =1 then

F end for
else
. . . end for
for 1: 1 ;» .lSlZe‘Of(AS(l)) —1do return CFS

quit = false

for k =j+1—size of (AS(i)) do ) ) .
if 3 attack relation between AS(i)(j) and AS(i)(k)then Proof. Hypothesis: An argument does not attack itself. Precondi-
quit = true tion: Let us consider AS the set of all possible sets of the
break argumentation system.
end if Postcondition: Returns the set composed of the conflict free sets

end for (CFS).
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Fig. 6. Sequence diagram of user interaction in the teleexpertise.

Two nested loops are used: the first one loops on the set AS and
the second one on each element (argument) of the current set of AS:

® [f the current set is an empty one, it is necessarily a conflict free
set. Then it is added to CFS.

® |f the current set is a singleton, it is necessarily a conflict free
set (refer to the hypothesis).

® [f the size of the current set is greater than or equal to 2:

- Then for each of these sets, it is checked if there is an attack
relation between every two arguments of the current set. If
yes it means that this current set is not a conflict free one.
We quit the nested loop and continue to next iteration i.e.
the next element of the set AS. If there is not attack relation
between any two elements of the current set, this one is
added to CFS.

® At the end, CFS will contain only conflict free sets.

This proves that the provided algorithm is correct.o

Algorithm 2 is based on the definition of the conflict-free sets
[6,14]. Its originality is that it can be used to build conflict-free set
from conceptual graphs. In other words it looks in a conceptual graph
if there is an attack relation between two arguments of a given set. If
for all arguments of this set, the algorithm does not find an attacks
relation between them, it considers then this set is conflict-free. At the
end of the algorithm, it returns the computed conflict-free sets that
will be used to generate others extensions in the following.

4.5.2. Determination of admissible extensions

Algorithm 3 below generates admissible extensions. According
to the definition given in [6,14], an extension is admissible if and
only if it is conflict-free and defends any of its elements. Thus in
this algorithm, the input is the previous computed conflict-free

sets and the output is the generated admissible extensions. The
condition defends any element is depicted in Algorithm 5.

Algorithm 3. Generation of admissible extensions.

CFS : (conflict —free set) returned by the previous algorithm
AE : (Admissible Extensions) initialized to null
for i = 1 - sizeof (CFS) do
if CFS(i) isEmpty() IICFS(i) defends any element in CFS(i) then
add CFS(i) to AE
end if
end for
return AE

Proof. Precondition: Hypothesis the empty set defends all its
elements, CFS: the set of conflict-free sets.

Postcondition: Returns AE: the set of admissible extensions.

For each element of CFS, in the iteration if the current element
is empty then it is added to AE, or if the current element defends
all its element (refer Algorithm 5), it is also added to AE. Thus at
the end of the iteration, the set AE will contain the admissible
extensions which will returned.oc

4.5.3. Determination of preferred extensions

Algorithm 4 makes it possible to determine the preferred
extensions. The preferred extension is the maximum set included
in the admissible extensions. So that it takes the admissible
extensions as input and returns the preferred extensions. The
returned extension is the one on which, the final decision could be
made.

Algorithm 4. Generation of preferred extensions.
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AE : previous returned (Admissible Extensions)
PE : (Preferred Extension)
for i =1 - sizeof (AE) do
if sizeof (AE(i 0 && AE(i) is the
ma)(zgnu(n%)s?t oj&AE Egcgt contains AE(i)
then
Add AE(i) to PE
end if
return PE
end for

Proof. Precondition: AE: the set of admissible extensions.

Postcondition: Returns PE: the set of preferred extensions.

For each element of the set AE, it is checked if the size of the
current set of AE is greater than 1 and if there is no another greater
set in AE such that this set includes the current set of AE. If the
condition is verified then current set is added to PE, else we go to
the next iteration and verify the previous condition. At the end of
the loop we return PE that contains the preferred extensions.o

4.5.4. Algorithm for verifying if a set defends all its elements

Algorithm 5 as said above permits to know if a set defends all
its elements or not. Thus it takes as an input a given set and the set
of all arguments in the knowledge base and return a boolean as an
output. It is built according to the definition given in [6]. The
algorithm uses projection in CoGui software to know if there is an
attack relation between two arguments.

Algorithm 5. Verifying if a set defends all its elements.

B : set to check
SARG : set of all arguments
k: integer
for i =1 - sizeof(B) do
for j =1 - sizeof (SARG) do

if SARG(j) attacks B(i) & 3 y e B such that y attacks SARG())
then
k=k+1
break
end if
end for
end for
if k= = sizeof(B) then
return true
else
return false
end if

Proof. Precondition: B: the set to check and SARG: the set of all
arguments.

Postcondition: Returns a boolean:

® true if B defends all its elements.
® false otherwise.

Two loops are used: the first one loops on the set B and the second
one on the set SARG. For each element of B we verify the notion of
defence. If the condition is verified we increment the variable k
and we exit the inner loop and so on. At the end of the outer loop,
if k equals to the size of B, it means that B defends all its elements
and we return true, otherwise we return false.o

4.6. The rationale of algorithms for teleexpertise

The main goal of this work is to provide a rigorous framework
based on argumentation for decision support systems in order to
ensure the traceability of the potential generated decisions. In fact,
from the knowledge base Algorithm 1 builds, in first instance, the
graph of attacks on which the other algorithms will focus. When
the graph of attacks is obtained, the previous algorithms make it



possible to compute the conflict-free extensions, admissible exten-
sions and preferred extensions. So, only the arguments that will
appear in the preferred extensions will be used for the decisions.
Thus for a medical professional this framework will allow him in
the teleexpertise process to know what decision has been taken
for a special treatment of a disease since CoGui software supports
queries. Based on these decisions, the medical professional can
make his own opinion about the treatment to give for this disease.
Finally, we can conclude that the provided framework guarantees
the traceability of the reasoning and by using the CoGui software,
which facilitates the visualisation of the queries and the answers,
this framework is clearly a relevant means for the identification of
arguments used by medical professional who are involved in a
given act of teleexpertise.

4.7. Proposed technical architecture

In this section, we describe our proposed architecture (see
Fig. 7). With the tool we want to develop, the physician respon-
sible for the care of the patient can have a clear vision of the
clinical presentation and potential medical strategies. Indeed,
according to the achieved diagnostic, the physician could know
by means of queries which decisions have already been made
about a patient with the same pathologies. When the doctor
cannot find any response and he is not able to take a suitable
decision then he sends a request to a remote expert whom has
ability and skills to make a suitable decision and give advices. The
remote expert uses the same tool to visualise the patient medical
record. Our architecture includes semantic modelling coupled to
Dung semantics of acceptability [15]. Here the Dung semantics of
acceptability are extended by the proposed new Algorithms 2- 4.
These algorithms aid to extract the already taken decisions from a
knowledge base and through the semantic modelling software
(CoGui) to visualise these decisions.

This work is a continuation of the research undertaken in [13] in
which the authors proposed a teleexpertise system using hetero-
geneous devices in the practice of the act of teleexpertise in order to
guarantee syntactic interoperability. Here we introduce in the
architecture an ontology modelling and an argumentation system
to ensure reasoning traceability and in the same occasion this tool
can be a learning tool for medical professionals. Fig. 7 depicts our
proposed architecture. It is composed of six main parts:

® User Interface: This component allows users namely medical
professionals to log on the system, edit patient's PMR, view
decisions already taken for a particular disease for a patient's
treatment in conceptual graph form and print the decision in
natural language.

® Argumentative logic: The argumentative logic is the fundamen-
tal component of this architecture. In fact, it performs algo-
rithms based on Dung's argumentation theory in order to
compute extensions.

® CoGui Core: This component is an API,' which makes it possible
to create and to handle conceptual graphs knowledge base. The
knowledge base is serialised in COGXML which is a kind of XML
format and can be also imported or exported in RDFS format. In
this architecture we only use the core of CoGui Software [1]
above in which we implement the argumentative logic.

® Knowledge base: It includes the formal vocabulary supporting a
conceptual graph-based knowledge representation. An exam-
ple of such a vocabulary (with categorization of concepts and
relations) is depicted in Figs. 2 and 3. This knowledge base is

! Application Programming Interface.

built automatically by CoGui core from the information
received remotely.

® [ntermediate Institution: This could be a single server located or
an existing entire institution which handle patient's PMR in
order to make them understood with the clarification of its
semantic content.

® Third Institutions: These institutions are where we can find
information concerning patient medical record.

4.8. Knowledge base instantiation

For the knowledge base building, we propose to use the CoGui
Core [1] API which includes all the functionalities to create and
handle a knowledge base. The first step consists of creating the
knowledge base (concept types, relation types, individuals and
nested types). The most part of the knowledge base (concept
types) comes from the PMR? of the patient that can be retrieved
from remote sites such as hospitals, social security centre and also
maybe from a dedicated centre allowed to store patient's PMR. The
individuals are accurately represented in accordance with the
content of the PMR. For example for the concept type HNI,? its
individual will be the HNI of the patient in his PMR. Concerning
the concept Entity, it will allow us to generate the graph of attack
thanks to the advices (concept Advices in the hierarchy) given by
the medical professionals and also to the option (maximise the
procedure or minimise the procedure) that they will choose in the
decision making process. The concept Patient_consent represents,
as its name indicates the patient's consent i.e. it makes it possible
to know if the patient or his legal representative authorises or not
his medical data sharing among medical professionals. In the
knowledge base an instance (ontological individual) of Patient_-
consent will be yes or no according to value retrieved remotely.

5. Results and discussion

The originality of our work is the fact that it combines
conceptual graphs and Dung's argumentation system which pro-
vides suitable extensions for reliable decision making process, all
applied to telemedicine generally and teleexpertise particularly.
Given that the medical information system is very complex [33],
the proposed tool with its automated algorithms for building
extensions and the CoGui Core will allow us to structure data
retrieved remotely from different medical information systems.
This will make it possible to visualise and understand easily the
already taken decisions since all is represented in conceptual
graphs, which can be manipulated with little or no effort.

From the ethical problems [7] point of view the proposed tool
tries to solve the problems below:

® [nsufficient clinical information transfer to the opposite side: The
clinical information transfer here is sufficient since only the
needed information is retrieved remotely in order to be used in
teleexpertise practice.

® Broken communication between doctor and patient: The com-
munication between the doctor and the patient is not broken
because the doctor has to explain comprehensively to the
patient how and for what his data will be used. A simple,
straightforward explanation will satisfy patients and clear up
any misconception about medical information management.

® [naccurate and unclear reporting: Here the proposed tool makes
it possible to generate a clear report based on the reasoning

2 Personal Medical Record.
3 Health National Identity.



Table 3
Satisfaction according to modes of user interaction for medical professionals.

Medical Medical professionals without Medical professionals
information the system using the system
Diagnostic plan 7/16 9/16
Reasoning 7/16 11/16
strategy
Collaborative 2/16 15/16
process
Error types
Diagnostic 3/16 0/16
error
Therapeutic ~ 3/16 1/16
error
Prognostic 4/16 2/16

error

since the CoGui core generates an XML files which can be
formatted into a human readable language.

® Security of personal health information maintained in electronic
form: This problem is overcome in our proposal since any
access to medical information gathered and transferred
requires the consent of the person concerned or that of his
legal representative.

The proposed tool is beneficial for both patients and medical
professionals [2]:

® For the patients' point of view:

o Appropriate care, reducing delays in healthcare (The authors
of [37] demonstrate the practice of telemedicine applied to
the geriatrics with chronic diseases among older people. The
geriatric medicine is an important and growing specialty of
healthcare systems and thus enhanced collaborations with
argumentative reasoning processes will permit to guarantee
a better quality of care for these older patients).

® For the medical professionals’ point of view:

o Better coordination between general and specialized med-
ical services operating in the public or private health
institutions

o End the isolation of professionals working in areas that are
sparely populated.

If such tools existed, we could have avoided the problem of the
side-effects of treatments affecting a large number of persons,
which often causes serious damages or possibly leading to death
[35,17]. This is partly because the interrogation of computerised
data could provide clues to accelerate the process of confirming a
suspected link between clinical manifestation and exposure to a
substance [17] which can potential save a life. In our proposed
system we can ensure the historical context of a treatment and
ontological properties for establishing semantic links between
problems.

The user testing of the proposed system is conducted using verbal
protocols that can contribute to analyse problem-solving approaches
in the provision of medical care for the elderly population. Sixteen
participants took part in the evaluation process of the initial user
testing activities of the technology with practitioners from French
interested hospitals. The practice of diagnostic plans, reasoning
strategies, and control processes by each participant is studied (see
Table 3). The specific information of these elements are inseparable
from the level of complexity of diseases (mono-pathologies or poly-
pathologies) and the patient's general state (overall health) facing the
practitioners geriatricians according to their level of expertise. Results
revealed that with the proposed system of teleexpertise there are
substantial increases in the number of collaborative processes and

answers, percentage of accurate diagnoses, application of reasoning
strategies, and reduction of errors. This initial user testing provides a
promising preliminary evaluation of the proposed system of tele-
expertise with suggestions for the design of collaborative information
system environments aimed to support medical professionals to
manage complex medical situations.

These findings suggest that the provided tool will ensure a
good structured traceability of the medical professionals’ reason-
ing. Furthermore, the tool guided them to make good decisions in
a patient's treatment while ensuring semantic and syntactic
interoperability between the communicating systems and also
solving some ethical problems.

6. Conclusion

In general, the results indicate that the proposed tool is
relevant to help medical professionals in the practice of the act
of teleexpertise. This tool has mathematical foundations since it is
based on Dung's argumentation system [15]. It guarantees the
structuring of the traceability of the reasoning while ensuring a
learning tool for medical professionals.

By the usage of CoGui core based on conceptual graphs
approach and a semantic interpretation [1] on which we have
built our component called argumentative logic to generate auto-
matically the extensions, we guaranteed a reasoning with visua-
lisation, semantic and syntactic interoperability [13].

The novelty of this work is the combination of conceptual
graphs approach and Dung's argumentation system applied to
telemedicine in general and teleexpertise in particular and with
ambition to elucidate some ethical problems [7] encountered very
often in telemedicine domain.

The proposed system confers many advantages on the decision-
making of the medical professionals. It permits them to have
access to a rich knowledge base containing past teleexpertise
practices in order to improve their decision-making process. They
can access the knowledge bases by querying the system about
similar cases (through the appropriate methods for case retrieval
according to the similarity determination [34]) when participating
in a teleexpertise process or by using the system as a learning tool.
The system facilitates collaboration for better decision-making
provided by specialists with better skills and experiences.

Conflict of interest statement

None declared.

Acknowledgments

The authors are grateful to Dr. Fonbeyin Henry Abanda (Oxford
Brookes University) for his proofreading and editing service. We
also thank some anonymous reviewers for their helpful feedback
and observations on previous version of the paper.

References

[1] CoGui : A Graph-Based Tool for Building Conceptual Graphs. (On-line)
Available: ¢http://www.lirmm.fr/cogui/)(accessed 03.10.2014).

[2] Direction générale de I'offre de soins. guide méthodologique pour I' élabora-
tion du programme régional de télémédecine. (On-line) Available: (http://
www.sante.gouv.fr/IMG/pdf/guide_methhodologique_elaboration_pro
gramme_regional_telemedecine.pdf)(accessed 21.05.2014).

[3] Personal medical record. (On-line) Available: (http://www.dmp.gouv.fr/y
(accessed 15.04.2014).

[4] Information Resources Management Association. (2013). Data Mining: Con-
cepts, Methodologies, Tools, and Applications Hershey, Pennsylvania: IGI
Global. (4) (pp. 1-2120). http://dx.doi.org/10.4018/978-1-4666-2455-9.



[5] M. Ackerman, R. Carft, Telemedicine technology, Telemed. ]. e-Health 8 (1)
(2002).

[6] L. Amgoud, Postulates for logic-based argumentation systems, Int. J. Approx.
Reason. 55 (December (9)) (2014) 2028-2048.

[7] A. Atag, E. Kurt, S.E. Yurdakul, An overview to ethical problems in telemedicine
technology, Procedia Soc. Behav. Sci. 103 (November) (2013) 116-121.

[8] P. Besnard, AJ. Garcia, A. Hunter, S. Modgil, H. Prakken, G.R. Simari, F. Toni,
Introduction to structured argumentation, Argum. Comput. 5 (1) (2014) 1-4.
http://dx.doi.org/10.1080/19462166.2013.869764.

[9] J.-R. Bourguet, Contribution aux méthodes d’argumentation pour la prise de
décision. Application a I'arbitrage au sein de la filiére céréaliére (Ph.D. thesis),
University of Montpellier, 2011.

[10] M. Chalumeau, F. Dubos, S. Leroy, F. Moulin, D. Gendrel, G. Bréart, Quand et
comment développer une régle de décision clinique aux urgences pédiatri-
ques? Arch. de Pédiatr. (2008) 718-720.

[11] M. Chein, M.-L. Mugnier, Graph-Based Knowledge Representation and Reason-
ing — Computational Foundations of Conceptual Graphs, Advanced Informa-
tion and Knowledge Processing Series, Springer, London, 2009 (428 pp.)
http://dx.doi.org/10.1007/978-1-84800-286-9.

[12] J.L. Chopard, N. Hubert, T. Moulin, E. Medeiros de Bustos, Legal, deontological
and ethical issues applied to telemedicine. A few insights about telestroke,
Eur. Res. Telemed. 1 (June (2)) (2012) 61-65.

[13] M.B. Doumbouya, B. Kamsu-Foguem, H. Kenfack, C. Foguem, Telemedicine
using mobile telecommunication: towards syntactic interoperability in tele-
expertise, Telemat. Inf. 31 (2014) 648-659.

[14] M.B. Doumbouya, B. Kamsu-Foguem, H. Kenfack, C. Foguem, A framework for
decision making on teleexpertise with traceability of the reasoning, IRBM 36
(1) (2015) 40-51.

[15] PM. Dung, On the acceptability of arguments and its fundamental role in
nonmonotonic reasoning, logic programming and n-person games, Artif. Intell.
J. 77 (1995) 321-357.

[16] L. Dusserre. La tele-expertise: Un acte medical a reconnaitre... et a remunerer
(http://[www.conseil-national.medecin.fr/sites/default/files/teleexpertise.pdf),
1999 (accessed 05.11.2014).

[17] 1. Frachon, Benfluorex(Mediator™), notre vigilance en question. La Presse
Médicale 40 (May (5)) (2011) 459-461.

[18] B. Kamsu-Foguem, Ontological view in telemedicine, Eur. Res. Telemed./La
Rech. Européenne en Téléméd. 3 (June (2)) (2014) 67-76.

[19] B. Kamsu-Foguem, Systemic modeling in telemedicine, Eur. Res. Telemed./La
Rech. Européenne en Téléméd. 3 (June (2)) (2014) 57-65.

[20] B. Kamsu-Foguem, G. Diallo, C. Foguem, Conceptual graph-based knowledge
representation for supporting reasoning in african traditional medicine, Eng.
Appl. Artif. Intell. 26 (April (4)) (2013) 1348-1365.

[21] B. Kamsu-Foguem, C. Foguem, Could telemedicine enhance traditional med-
icine practices? Eur. Res. Telemed./La Rech. Européenne en Téléméd. 3
(September (3)) (2014) 117-123.

[22] B. Kamsu-Foguem, C. Foguem, Telemedicine and mobile health with integra-
tive medicine in developing countries, Health Policy Technol. 3 (December (4))
(2014) 264-271.

[23] B. Kamsu-Foguem, G. Tchuenté-Foguem, L. Allart, Y. Zennir, C. Vilhelm,
H. Mehdaoui, D. Zitouni, H. Hubert, M. Lemdani, P. Ravaux, User-centered
visual analysis using a hybrid reasoning architecture for intensive care units,
Decis. Support Syst. 54 (December (1)) (2012) 496-509.

[24] B. Kamsu-Foguem, G. Tchuenté-Foguem, C. Foguem, Conceptual graph opera-
tions for formal visual reasoning in the medical domain, IRBM 35 (October (5))
(2014) 262-270.

[25] B. Kamsu-Foguem, G. Tchuenté-Foguem, C. Foguem, Using conceptual graphs
for clinical guidelines representation and knowledge visualization, Inf. Syst.
Front. 16 (4) (2014) 571-589.

[26] B. Kamsu-Foguem, G. Tchuenté-Foguem, C. Foguem, Verifying a medical
protocol with temporal graphs: the case of a nosocomial disease, J. Crit. Care
29 (August (4)) (2014) 690-691.

[27] B. Kamsu-Foguem, P.F. Tiako, L.P. Fotso, C. Foguem, Modeling for effective
collaboration in telemedicine, Telemat. Inform. 32 (November (4)) (2015)
776-786.

[28] B. Kamsu-Foguem, P.F. Tiako, E. Mutafungwa, C. Foguem, Knowledge-based
modelling applied to synucleinopathies, Eur. Geriatr. Med. (2015), http://dx.
doi.org/10.1016/j.eurger.2015.02.011.

[29] E.-H.W. Kluge, Ethical and legal challenges for health telematics in a global
world: telehealth and the technological imperative, Int. J. Med. Inf. 80
(February (2)) (2011).

[30] S.T. Liaw, A. Rahimi, P. Ray, J. Taggart, S. Dennis, S. de Lusignan, B. Jalaludin, A.
E.T. Yeo, A. Talaei-Khoei, Towards an ontology for data quality in integrated
chronic disease management: a realist review of the literature, Int. J. Med. Inf.
82 (January (1)) (2013) 10-24.

[31] S. Modgil, M.W. Caminada, Proof theories and algorithms for abstract
argumentation frameworks, in: I. Rahwan, G. Simari (Eds.), Argumentation
in Artificial Intelligence, Springer, New York, 2009, pp. 105-129
http://dx.doi.org/10.1007/978-0-387-98197-0.

[32] G. Paré, M. Jaana, C. Sicotte, Systematic review of home telemonitoring for
chronic diseases: the evidence base, ]. Am. Med. Inform. Assoc. 14 (3) (2007)
269-277.

[33] Y.B. Salman, H.-I. Cheng, P.E. Patterson, Icon and user interface design for
emergency medical information systems: a case study, Int. J. Med. Inform. 81
(January (1)) (2012) 29-35.

[34] A. Sene, B. Kamsu-Foguem, P. Rumeau, Telemedicine Framework using Case-
based Reasoning with Evidences, Comput. Methods Progr. Biomed 121 (1)
(2015) 21-35.

[35] M.G. Shlipak, C. Stehman-Breen, L.F. Fried, X. Song, D. Siscovick, L.P. Fried, B.
M. Psaty, A.B. Newman, The presence of frailty in elderly persons with chronic
renal insufficiency, Am. J. Kidney Dis. 43 (May (5)) (2004).

[36] J.E Sowa, Conceptual Structures: Information Processing in Mind and Machine,
Addison-Wesley, Reading, Massachusetts, 1984, ISBN-10: 0201144727.

[37] PY. Takahashi, G.J. Hanson, B. Thorsteinsdottir, H.K. van Houten, N.D. Shah, J.
M. Naessens, J.L. Pecina, The impact of telemonitoring upon hospice referral in
the community: a randomized controlled trial, Clin. Interv. Aging (November
2012) 445.

[38] B. Upatising, G.J. Hanson, Y.L. Kim, S.S. Cha, Y. Yih, P.Y. Takahashi, Effects of
home telemonitoring on transitions between frailty states and death for older
adults: a randomized controlled trial, Int. J. Gen. Med. (March 2013) 145.

[39] L. Xiao, B. Hu, M. Croitoru, P. Lewis, S. Dasmahapatra, A knowledgeable
security model for distributed health information systems, Comput. Secur.
29 (May (3)) (2010) 331-349.

[40] A. Yarrow-Jenkins, T.I. Lemon, Telemonitoring should have a central role in
future health care, Int. ]. General Med. (May 2013) 357.

Mamadou Bilo Doumbouya. He is a Ph.D. student at the University of Toulouse
and he is affiliated to two units of research namely the Institute of Private Law of
and the Production Engineering Laboratory (LGP) of National Engineering School of
Tarbes (ENIT). He received his Research Master Degree from the University Paul
Sabatier of Toulouse and the National School of electrical engineering, electronics,
computer science, hydraulics and telecommunication of Toulouse (ENSEEIHT) in
2011. His research activities deal with Telemedicine generally and teleexpertise
particularly. His work is focused in Artificial intelligence, semantic modelling for
improving the collaboration between remote medical professionals while taking
into consideration the ethic side.

Bernard Kamsu Foguem. He has a Ph.D. in Computer Science and Engineering
from the University of Montpellier 2 in 2004. He got the “accreditation to supervise
research”, abbreviated HDR from University of Toulouse in 2013. He has obtained
the status of Visiting Professor at international universities: United Kingdom (e.g.
Oxford Brookes University, Oxford), Finland (e.g. Aalto University, Helsinki Uni-
versity of Technology, VTT Technical Research Centre of Tampere, University of
Oulu, Abo akademi of Turku University). His current interests are in Knowledge
Discovery and Data Mining, Knowledge Representation, Formal Visual Reasoning,
Ontology-based Semantic Analysis, Knowledge Exploitation for remote Collabora-
tion, Decision Support Systems and Intelligent Systems. Application domains
include industrial Continuous Improvement processes, Telemedicine services and
Health Information Systems. He is a reviewer for a large number of international
scientific journals such as Computers in Biology and Medicine, Knowledge Manage-
ment Research & Practice, Interacting with Computers, Sensors, Engineering
Applications of Artificial Intelligence and Knowledge-Based Systems. He is a
member of the thematic group: e-Health of InterOP-VLab (International Virtual
Laboratory for Enterprise Interoperability).

Hugues Kenfack. He is the Dean of the faculty Law and vice president for academic
affairs at Toulouse's University. He has the status of Visiting Professor at American
universities: Saint Louis University School of Law - USA (2009, 2011, 2013, 2014)
and San Diego University School of Law — USA (2013). Professor of Law in University
of Toulouse since 2004 (PhD in Law, University of Toulouse I (1996)), he is
particularly an expert in Law of Obligations and Contracts, Business Legal Instru-
ments, Payment and Credit Instruments and International Law (Trade, Financial,
Distribution, Commercial, Bankruptcy and Foreign Investment). He had other
administrative positions at national universities: member of the specialist’s
commissions at the University of Poitiers, Nantes and La Martinique. He is a
member of the jury panel (Bar Examination and Admission of notaries). He has
editorial charges: editorial-in-Chief of the Transportation Law Chronicle and Co-
Editor in Chief of the Commercial Lease Chronicle.

Clovis Foguem. He is an Internal Medicine and Geriatric medical doctor and has
undertaken a Ph.D. on ‘Olfaction and Elderly: study of the olfactory (CN I) and
trigeminal (CN V) sensitivities interactions in a geriatric population; constants and
pathological specificities’. He is also particularly interested in neurodegenerative
diseases (as Parkinson disease or Lewy Body dementia), elderly epilepsy and
whether pathogenic inflammatory or autoimmune responses can contribute to
these disorders in the elderly. Moreover he is also interested in medical knowledge
representation and medical clinic design guidelines. For his work on ‘Olfaction and
Elderly’, Dr C. Foguem was laureate of Health Research Award for emerging health
researchers from the corporate foundation ‘Groupe Pasteur Mutualité’ in 2011. He is
grounded in medical research applications of Information and Communications
Technology. Former Faculty of Medicine's Clinical Instructor, he is now a Hospital
Practitioner in France. He is the peer-reviewer of many scientist journals among
which are Clinical Interventions in Aging; Degenerative Neurological and Neuro-
muscular Disease; International Medical Case Reports Journal; Neuroscience and
Neuroeconomics; Clinical Medicine Insights; Journal of the Pancreas; International
Scholars Journals (IS]); Cancer Therapy; Indian Journal of Critical Care Medicine;
and African Journal of Environmental Science and Technology.





