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Abstract 
This thesis describes the development of a source-based argumentation dialogue system in the 
medical domain of dementia. Its aim is to enable a physician and a computer agent to establish 
the presence or absence of a dementia condition or diagnoses for a specific patient. The 
participants take turn in making the moves in a dialogue, every move consists of an argument or 
a critical question (a challenge) and during the process of arguments and counterarguments an 
argumentation-tree, in which a winner may be declared, is constructed. 

The following four particular problems are formulated and solved: 1. how could an appropriate 
argumentation graph be designed enabling a dementia debate; 2. how could an algorithm 
automatically select attacks in the argumentation graph on behalf of the computer agent using 
ACKTUS, a semantic web-application for modeling knowledge (1); 3a. how could the 
reasoning in an argumentation graph be improved by using inquiry dialogues introduced by 
Black & Hunter (2) to ensure a correct winner election; 3b how could it handle the mutual 
attack problem, and 4. how could the solutions for these issues be implemented? 

Through a literature study, ACKTUS review, discussions with expertise and a trial and error 
approach, solutions to the above problems were suggested. The design of schemes, critical 
questions and their relation was constructed following a source-based approach. An attack 
algorithm using a ranking- and a selection procedure was invented where the selection was 
based on likelihood of winning, degree of user-friendliness, profit, essentiality in the discussion 
and user preferences. A defeasible logic adapted by Black & Hunter was introduced for the 
arguments in the designed argumentation graph. After applying special techniques, Black & 
Hunter’s inquiry dialogue system were used to create dynamic arguments in a new 
argumentation tree, which enabled a comparison with the designed argumentation tree. This 
ensured the correctness of the winner election in that argumentation tree. Also an ignorance 
concept, where the latest attack always is considered a winner, was used to deal with the mutual 
attack problem. A web-based implementation of the system was accomplished. 

The results were evaluated regarding functionality. However, a presentation of the system to 
physicians with further evaluation, still remains. Limitations of the system are that it uses a 
subset of ACKTUS content that does not include the handling of conflicting arguments, and the 
mutual attack problem is limited. These issues are all subjects for further development and 
improvement. Another future prospect is an introduction of Artificial Intelligence algorithm/s 
such as CBR (Case Base Reasoning) which might improve the system’s performance.  

One conclusion was that even more refinements were needed before using the system in health 
care. Another conclusion was that the work had shown how a system for dementia could be 
developed using an argumentation dialogue between a computer agent and a human participant 
with an algorithm for automatically attacks and an improvement of reasoning ensuring the 
accuracy of the winner election.  
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Background and related work 

Introduction 

Few people would disagree with the opinion that dementia diseases are horrible, both for the 
patients themselves and their relatives. An early and correct diagnose might enable a more 
accurate medication, which in turn might delay the progress of the disease. Computerized 
knowledge-based support systems have the potential to improve the care and diagnosis of 
dementia patients. Examples of such systems are the DMSS and ACKTUS projects, developed 
by Helena Lindgren and others (3). One way to develop a Clinical Decision Support System 
(CDSS) for dementia is to focus on argumentation-based dialogues. In an argumentation system 
a physician of a certain patient, could form arguments or counterarguments regarding a 
suggested dementia condition. A computer program might then respond and present arguments 
and counterarguments as well. This thesis is about how such a CDSS might be developed: how 
schemes and critical questions could be designed forming an interaction graph, how an 
algorithm could be developed with the purpose to attack the user’s arguments and how a 
defeasible logic could be applied and used to further establish or question that the 
user/physician has won or lost the debate. 

Therefore, the following chapters provide a brief introduction to central concepts of 
argumentation theory, dialogue systems and the defeasible logic underlying argumentation.  
Furthermore an argumentation-based knowledge system of inquiry dialogues developed by 
Black & Hunter (2) will be presented. Inquiry dialouges are creating an alternative 
argumentation graph, possibly giving a different result than the thesis argumentation graph. 

Finally the ACKTUS system will be introduced. ACKTUS is a knowledge and interaction 
modeling application containing domain-specific and formalized knowledge regarding dementia 
(4). ACKTUS serves as basis for the algorithm that automatically issues attacks in the thesis 
argumentation graph, but is also closely related to the argumentation graph, e.g. terminology 
and scheme content.  

In the following these areas will be explored and result in a problem formulation. 

Dementia diseases 

There is a wide spectrum of different dementia diseases. The most common are Alzheimers 
Disease and Dementia Lewy Body, others are Vascular Dementia and Frontotemporal 
Dementia. Over 14% of the population over the age of 71 in USA and 150 000 persons in 
Sweden have dementia. From 65 years and older 25% of the hospital patients suffers from some 
sort of the disease (5), (6). According to ICD-10 a person has dementia if he/she has a memory 
dysfunction and deterioration in at least one cognitive function and changed emotion control or 
motivation or social behavior (7). For 45 % of the persons that have dementia the disease is also 
a cause of depression (5). Dementia is typically a chronic, irreversible disease (8)  

Unfortunately it is not easy to diagnose all the different forms of dementia. Dementia with 
Lewy Bodies is for example widely underdiagnosed (9). In a recent Swedish study the authors 
have compared the diagnoses of the specialists on dementia with the diagnoses performed after 
death. In only 49% of these cases the diagnoses match entirely. For 37% of the diseased the 
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diagnoses were changed entirely (10). An accurate and early diagnose makes it possible for 
early intervention with appropriate medicine trying to slow down the process of the disease. 

The system in this thesis will suggest other possible diagnoses for the physician and divide the 
reasoning of diagnoses into more manageable units. For this, knowledge sources external to the 
physician are used in order to challenge the physician’s claims. The aim is that such a tool 
might reduce the number of erroneous dementia diagnoses. 

Argumentation schemes and critical questions  

Argumentation schemes are patterns of reasoning and provides for a structure of inference. They 
describe every-day life argumentation, and consist of premises and conclusion. The 
argumentation schemes may symbolize inductive and deductive forms of logic, or presumptive 
arguments – that is arguments that are defeasible (11). A comprehensive collection of schemes 
can be found in the book Argumentation Schemes by Walton, Reed and Macagno (12). 

What does then the term defeasible imply? In first order logic statements are assumed to be true 
or false, and stay that way. In real life one might often have a view of knowledge as being 
dynamic and nonmonotonic. A statement might be concluded as being “true” at one point and 
then at a later stage, when new data about the world has emerged, the conclusion is changed. 
The nonmonotonic reasoning builds on the concept that old reasoning can change when new 
knowledge is being introduced. (13). 

In this thesis we will only address argumentation schemes that are defeasible, or nonmonotonic.  

Below is an example of a possible argumentation scheme OBSERV1 for an observation (used in 
this thesis). 

Premise: The observation O support thesis T. 
Premise: Observation O has been measured correctly by person W  
Premise: W is a credible person measuring these observations. 
Conclusion: Thesis T is true. 

But a scheme is only an abstraction. It will not have a real meaning until we actually grant every 
parameter actual values. This is called instantiating the scheme. (14). In the above example an 
instantiation of the scheme OBSERV1 would mean having a real observation, a real thesis and a 
real person instead of variables in the scheme. 

A concept closely related to argumentation schemes is the notion of critical questions. A critical 
question (CQ), often begins with: “Is it the case that …” and is always directed towards a 
particular scheme. Possible critical questions to the scheme OBSERV1 above might be: 

• Is it the case that observation O supports thesis T? 
• Is it the case that observation O has been measured correctly by person W? 

• Is it the case that W is a credible person measuring these observations? 

The benefit of using critical questions is that it allows the burden of proof to shift over to the 
proponent. In a dialogue perspective this means that the critical question forces the other person 
to give a successful defense (argument) of his/her statement, or else the original statement will 
have the status of defeasible false (11), (14). 

Just as with argumentation schemes a critical question could also contain parameters that have 
to be replaced with a value before being issued. In this essay we will therefore use the term 
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instantiate, for the process of giving values to the parameters in a critical question. Hence the 
three critical questions above are not instantiated. 

Argumentation dialogues 

It is increasingly popular to implement argumentation systems as dialogue games. According to 
Walton and Crabbe (15) dialogues might be classified according to their purpose. Some are 
focusing on collaboration, others on persuasion, yet some may want to share information to 
participants or create new knowledge. In the following a list of some common purposes for 
dialogues are presented.  

• Persuasion – with an aim to persuade the other participant/participants of a certain 
proposition.  

• Negotiation – Autonomous agents having different interests/goals trying to find a 
compromise on an issue and “make a deal”. 

• Deliberation – the participants are jointly trying to reach a solution/plan of action. 
• Information seeking – purpose is exchange of information, such as an interview or 

expert-consultation. 
• Inquiry – the participants try collectively to create new knowledge to prove a specific 

proposition (2), (15), (16). 

Naturally, dialogues could have a mix of these purposes.  

The purpose for the dialogues designed and implemented in this thesis (except inquiry 
dialogues) is persuasion. The physician and the computer agent have (if the dialogue continues) 
different views on a dementia condition, and are giving arguments for their belief respectively 
(the dementia condition being present or not). At the same time, information seeking takes 
place, which to some extent also is the purpose of the thesis argumentation dialogue. 
Furthermore, two inquiry dialogues introduced by Black & Hunter (2) are also used in this 
thesis. Hereafter the term “inquiry dialogues” will be used to denote these particular forms of 
inquiry dialogues. 

In a dialogue and in a debate one normally expects to have two or more participants giving 
arguments for one or several different topics. An argument (often the instantiation of an 
argumentation scheme) consists of premises and a conclusion. A topic is the argument that 
initiates the debate. When a dialogue is constrained to have exactly two participants and exactly 
one main topic, the participants give arguments in favor or in opposite of the topic and take turn 
in giving one argument at a time, the situation reminds much about a dialogue game. In most 
definitions of dialogue games two participants, proponent P and opponent O, take turn in doing 
moves trying to win the game (17). In fact, according to Tolchinsky and Cortés, the type of 
argumentation dialogue they use, a deliberation dialogue, which is very similar to the one used 
in this paper, might be looked upon as a dialogue game (18).  

In this essay, we are concerned with two participants, the physician and a computer program, 
debating over a dementia diagnose. We may use the terms proponent and opponent, but more 
often refer to the participants as a user (the physician) and a DA (Domain Agent). The DA is the 
computer agent. We will also use the term move, for the entering of a piece of information, an 
argument or a critical question, into the dialogue.  

According to Black & Hunter’s definition of attack (2), which is the one chosen for the 
dialogues in this thesis, an argument A is said to attack another argument B if A:s conclusion 
contradicts one or more of the premises in B or contradicts a statement that the premises in B 
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can conclude. The consequence is, because the premises usually can conclude the conclusion, 
that a contradictory statement to the conclusion also is considered being an attack.  

All arguments in a dialogue are attacks except the topic. After the topic has been committed, the 
participants instantiate arguments and counterarguments until the debate is over. Ending of the 
debate takes place when no one of the participants has any new argument to instantiate or for 
instance when all possible argument schemes in the system has been instantiated. More details 
and examples will follow later in the result and evaluation section. 

An argumentation tree is one way of illustrating the information in some dialogues. Figure 2 
shows an example of a completed argumentation-tree where each node is a filled circle or a 
none-filled rectangle. The circles nodes are arguments instantiated by one participant, e.g. a 
physician, and the rectangle nodes by another, e.g. the DA.  

 

Figure 2: An argumentation tree where winners (undefeated) and defeaters have been marked. 
A winning node has only child defeators or is a leaf. Due to the fact that one of the rootnode’s 
children, the one to the right, is a winner the result of the left will not influence the result of the 
root. 
 

What kind of conclusions could be drawn from the argumentation tree in Figure 2? Using a 
nonmonotonic or defeasible approach to the tree it is actually possible to announce winners 
(also referred to as undefeated) or defeaters for each argument. The definition of a 
winning/undefeated node in an argumentative tree is a node that either is attacked by no other 
node, or on which every attack has been defeated. Consequently all leafs are winners in such a 
tree. Knowing nothing else than the tree structure, as in the example above, it is possible to 
declare winning and defeated nodes (19). This particular concept of selecting winners and 
defeaters in a dialogue is also known by the term “negation as failure” (20).  

By first setting leaf nodes as winners in the above tree and then traversing the tree upwards 
marking each node as winner or defeated according to the definition, the root of the tree is soon 
reached. In this case the root is marked as a defeated node. The main argument has therefore 
lost, so unless the rectangle-proponent continues to give more defeating arguments, the circle-

Winner status here is 
not essential for the 
result of the root. 
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opponent can be elected as a winner of the discussion. There is no need to investigate the rest of 
the tree because it only takes one winner to bring a node to defeat. 

In the thesis the term defeater status will be frequently used. The defeater status of an 
argumentation tree is hereby defined as being the status of the topic of the tree in terms of 
defeated or undefeated. The argumentation tree in Figure 2 has therefore a defeater status of 
defeated. 

There is also a special form of attacks called mutual attacks. This kind of attacks occurs when 
two statements attack each other at the same time (21). An example of this could be seen below: 
 

Argument A1:  
    Premise:      Physician P is unreliable.  
    Conclusion: Physician P is unreliable. 

Argument A2: 
    Premise:      Physician P is reliable. 
    Conclusion: Physician P is reliable (21).  
 

A1 and A2 mutually attack each other in this example. A1:s conclusion conflict with A2:s 
premise and vice versa (notice also that it is fully acceptable to use an identical premise as 
conclusion to form an argument) (21). 

Mutual attacks might constitute a problem. Amongst other things they complicate the 
declaration of winners and losers. One solution to mutual attacks might be to declare a winner 
of the two and then cut the defeated argument from the tree. But this requires some sort of 
technique to prioritize arguments (21). 

As been mentioned previously, inquiry dialogues will be used in this thesis. But in addition to 
that, another argumentation dialogue will be created and used. The uninstantiated schemes and 
CQ:s of this argumentation dialogue are presented in a graph, hereby detoned as the interaction 
graph. Similarly the instantiated schemes and CQ:s are presented in a tree referred to as the 
usercreated tree (more details about these in the results). 

An example of using argumentation dialogues in 

health care 

We have now described some basic theory concerning argumentation dialogues, but how might 
argumentation dialogues be used in health care, and what can they do? Pancho Tolchinsky, 
Sanjay Modgil, Ulises Cortés and other cowriters describe in a series of articles an agent-based 
system for deciding about the viability of an organ (14), (18), (19), (21), (22). The idea is to let 
the donor’s physician initiate argumentation dialogues with recipient physicians who have 
patients that need such an organ. Agents are used, specifically a donor agent issuing attacks on 
the behalf of the donor physician, a recipient agent aiding the recipient physician and a mediator 
agent making the final decision about which patient who should be offered an organ.  

The argumentation in the donator system is carried out using the technique described in the 
previous sections. Argumentation schemes have been carefully designed as well as critical 
questions. The donator physician and the recipient physician begin with a root-argument and 
then take turn giving arguments and counterarguments in order to construct an argumentation 
tree. The problem of having mutual attacks is solved by using CBR and other techniques. A 
defeasible logic system is introduced for formalizing the reasoning. When the argumentation is 
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finished and all mutual attacks are removed, the winner of the dialogue is elected (14), (18), 
(19), (21), (22). 

Furthermore, the schemes in the argumentation graph are associated with a set of critical 
questions. Another set contains schemes associated with each critical question. The possible 
attacks for a scheme are then either an instantiation of any of the associated critical questions, or 
an instantiation of any of the attacking arguments associated with any of the critical questions 
(14). This procedure of describing the possible attacks and CQ:s differs from this theses. Here 
the interaction graph shows all possible attacks, however both solutions offers the same 
functionality. 

The system is organized in such a way that an available organ first is offered to the local unit or 
organization (e.g. the hospital), and if no recipient is found, the organ is offered to the next-
closest unit (such as region, country, continent) and so forth. They have also introduced a 
concept that allows for different policies and rules for different units. This ensures that 
regulations and protocols for the organizations/units are followed which allows for organ 
exchanges between different organizations with different policies. (21) 

The benefit of the system is that the discussions between physicians (through the agents) might 
increase the use of organs. Due to dialogue reasoning organs that are usable but questionable 
may come to use. Another advantage may be that the decision making done by the computer is 
neutral and based on common rules.  

Also notice that this argumentation includes two human participants instead of only one as is the 
case for this thesis. This reduces the complexity of the problem for the donor article, at least 
regarding the selection of an appropriate attack.    

Inquiry Dialogues 

Elizabeth Black and Anthony Hunter have developed an argumentation logic-based system 
called inquiry dialogues (2). The purpose of using inquiry dialogues for this thesis is to enable a 
dynamic creation of arguments in an argumentation tree based on all the knowledge in the 
usercreated tree. The two argumentation trees can then be compared, more specifically, 
compared regarding the defeater status of the dialogue topic. Notice that for the usercreated tree, 
new arguments are created according to predefined schemes and critical questions. Using 
inquiry dialogues even more arguments can be created due to the dynamic creation of 
arguments. 

Inquiry dialogues account for a technique where two agents using defeasible logic and special 
forms of dialogues are able to share knowledge and create new knowledge by formulating all 
relevant arguments associated with a specific topic. When using the type of inquiry dialogue 
called warrant-inquiry dialogue (wi-dialogue) a dialectical tree (an argumentation tree) with an 
argument for the topic as root will be given as a result. In the same manner as described in the 
previous section about argumentation dialogues, defeated and undefeated arguments in the 
dialectical tree can be identified. Therefore one of the main results of the inquiry dialogues 
(when using wi-dialogues) is whether or not the topic argument is a “winner” or not.  

Two subtypes of inquiry dialogues are suggested by Black & Hunter to achieve this. A warrant 
inquiry dialogue (wi-dialogue) and an argument inquiry dialogue (ai-dialogue). The purpose of 
an ai-dialogue is to create a new useful argument (e.g. an argument that fits into an 
argumentation tree) regarding a specific rule and other knowledge. The ai-dialogue therefore 
uses a defeasible rule as topic. A wi-dialogue is issued when one needs to investigate the 
defeater status of a specific defeasible fact. A wi-dialogue therefore uses a defeasible fact as 
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topic. During the process, the wi-dialogue creates an argumentation tree called dialectical tree. 
Both ai-dialogue and wi-dialogues can have nested ai-dialogues but not nested wi-dialogues. 

There are three different moves that can be issued in both types of inquiry dialogues. Open, 
assert and close. These moves are made by the two agents in turn during the dialogue. Open 
opens a new dialogue of a specific type and with a specific topic. Close proposes a closing of 
the current dialogue and is issued when an agent has nothing new to add. After two close in a 
row for the same dialogue, the dialogue is terminated. Assert is used when a new, not previously 
used, argument could be formulated that is fulfilling the conditions of arguments. For a wi-
dialogue there are also conditions of the argument being a justifiable attack on a node in the 
dialectical tree. First an agent tries to issue an assert-move, if that is not possible an open-move 
and if that also is impossible a close-move (2). 

A possibilistic defeasible logic is used in inquiry dialogues. The logic is presented by Black & 
Hunter and they have adapted it from the work of García and Simari (23). The adaptation lie 
primarily in that that all facts and rules are defeasible (2). For a complete account for the logical 
framwork see (2) and (23). 

A brief description of the defeasible logic follows: The logic consists of defeasible facts and 
defeasible rules. A defeasible fact is a literal α that could be either an atom or a negated atom. A 
defeasible rule is of the form: α1 /\ … /\ αn � α0 where αi is a literal. The logic operators in the 
defeasible logic are /\ (and), �(implication) and - (negation). A belief is defined as being either 
a defeasible rule or a defeasible fact (2). Using this defeasible logic, arguments may be 
constructed. An argument consists of support and exactly one claim (although not fully correct, 
sometimes the term claim will be used instead of conclusion in the figures of this thesis). A 
logic argument is presented in the form ({support}, claim). Support is a set of beliefs that 
supports (and can conclude) the claim, which is a defeasible fact.  

Each of the two agents participating in the dialogue has its own belief base, that is a set of 
beliefs. These beliefs are shared using the technique of inquiry dialogues and a dialogue is 
created consisting of the moves mentioned above. During the dialogue arguments are given, and 
for wi-dialogues a dialectical tree is created. 

Each agent has its own commitment store, and a query store (used only in ai-dialogues). For 
every assert, the argument support is stored in the commitment store for the particular agent. 
The union of both agents’ commitment stores at any given time is therefore all the beliefs that 
the two agent’s has revealed to each other so far. The query store consists only of literals, more 
specific a set of literals of every rule associated with an ai-open.  

Every belief is given a priority, and attacks with lower priority cannot attack arguments with 
higher priority than itself. It should also be noted that no schemes or critical questions are used 
in inquiry dialogues. 

More details about the functionality of inquiry dialogues can be found in the result section and 
in work by Black & Hunter (2), (24). 

To the author’s knowledge there is no existing implementation of inquiry dialogues introduced 
by Black & Hunter.  

ACKTUS 

ACKTUS is a semantic web-application for modeling knowledge, to be used in support systems 
for health care, and is developed in Umeå by a team led by Helena Lindgren (4). One of the 
ACKTUS-applications is called ACKTUS-dementia which contains and handles information 
such as ACKTUS-rules that implements ACKTUS schemes, which in turn are based on clinical 
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guidelines, patient data and other dementia-relevant issues (4), (1). From now on, for simplicity, 
the term “ACKTUS” will be used when actually referring to ACKTUS-dementia. 

The argumentation dialogue system that we are about to develop should be able to exchange 
information with ACKTUS. This information from ACKTUS can then be used for building 
arguments that challenge the physician’s claims. The information could consist of patient data, 
rules, sources of knowledge, etc (4). To be able to grasp the functionality of the dialogue-
algorithms and function it is therefore necessary to describe ACKTUS and its construction. The 
following ACKTUS description is not comprehensive, its aim is to give the reader enough 
insight in ACKTUS to understand the reasoning and function for the thesis methods and results. 

The rules of ACKTUS have been developed in order to enhance the use of machine generated 
conclusions (4). The rules are part of the integrated argument interchange format (AIF) (25) and 
represent scheme-application nodes (s-nodes), meaning that they implement argumentation 
schemes. The different nodes and their relations are implemented in an ontology especially 
designed for ACKTUS (26). A rule consists of one or more premises, and exactly one 
conclusion. Every premise and conclusion is modeled as an information node or i-node in the 
AIF structure. When applied in a patient case, the s-nodes and i-nodes form arguments (1). In 
this thesis a distinction is made between two different types of i-nodes. The two different i-
nodes are denoted: evidence and symptom-evidence. In contrast to evidence a symptom-
evidence doesn’t ever occur as a conclusion in a rule. A symptom-evidence can be true or false 
for a patient. 

Below is an example of a tree formed by several rules in ACKTUS. 

 

Figure 1: A tree illustrating the rules of ACKTUS. 

Some of the rules in this tree are: 

Rule 1: A state of dementia is present /\ Extrapyramidal symptoms are present � possible DLB 

Rule 2: Status shows significant apraxia /\ Cognitive symptoms are present /\ Significant 
amnesia is present � A state of dementia is present. 

Rule 3: Status shows significant episodic memory dysfunction � Significant amnesia is present 
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The symptom-evidence in the tree in Figure 1 are the green leafs. By setting the symptom-
evidence as being present or not present for a patient, we can use the ACTUS rules to come up 
with a conclusion about the patient condition. For Figure 1 we can state that ACKTUS suggests 
that the patient has possible DLB, significant amnesia, cognitive symptoms and a state of 
dementia. 

Each rule in ACKTUS is associated with an argumentation scheme that it implements. The 
scheme contains information, such as which knowledge source is underlying the scheme. The 
ACKTUS schemes are domain specific, in contrast with the generic Walton schemes (12) and 
resemble the schemes implemented in the organ transplantation application (14), (18), (19), 
(21), (22). Each scheme is a semi-formal interpretation of a knowledge source. The knowledge 
source describes the scientific guideline/literature from which the rule and scheme originates 
(4). A rule can be incorrect for three reasons. Either the guideline is incorrect, the argumentation 
scheme may be incorrect or the rule doesn’t comply with what the guideline is suggesting (4).  

A special form of ACKTUS-rule has been defined as a rule of thumb (27). A rule of thumb is 
implementing the Walton scheme Argument from expert opinion (12), and does not have an 
official clinical reference literature as a source, but an expert. If such a rule is constructed by a 
user this enables the use of individualized adjustments of the system. If for example a qualified 
specialist physician in dementia prefers to add a specific rule according to her individual belief, 
she (and only she) may then use this rule as if it was any other rule (27) (in fact ACKTUS 
actually uses values for rules according to the reliability of the knowledge source it implements, 
and therefore rules of thumbs are considered weaker than rules based on other knowledge 
sources. However this feature is not used in the development for this thesis) 

Different guidelines give rise to different rules. One user may want to use a particular set of 
rules, while another user prefers another set. In ACKTUS it is also possible to use different set 
of rules. The different sets of rules are hereby denoted ACKTUS-sets. To distinguish one 
ACKTUS-set from another, they are given different names. For the examples in this thesis only 
two different sets are used, dementia1 and dementia2.  

Every time a physician enters data about a patient in ACKTUS the specific information is stored 
for later use (4). It is therefore assumed that while a potential argumentation dialogue is being 
constructed, ACKTUS can also provide us with all the known facts about this particular patient. 
These facts primarily consist of measured symptom-evidence (4). At present ACKTUS do not 
import test results from a health care record or other computer-based applications. The results 
from observations of patients and test results are manually entered into the ACKTUS 
application (e.g., the status contains the physician’s observations, the Lab assessment protocol 
contains test results from the nurse, the MMSE test is done by the physician and entered into the 
MMSE protocol, etc).  

The i-nodes (evidence and symptom-evidence), have a value of one of two different scales with 
values describing the reliability in a proposition (1) – bool-presence-absence or scale 
uncertainty. These values and their scales are obtained from different clinical guidelines. There 
are also other scales, but of less relevance for this work. An example is the i-node Probable 
DLB, which uses scale uncertainty and has the scale value probable. The different scale values 
are listed in Table 1 on the next page.  
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Table 1: Two reliability scales in ACKTUS. Every i-node with a reliability scale has exactly one 
value from one of these two scales (or from other scales). 

Scale Possible values 
Scale uncertainty  excluded 

excluded+ 
probable 
probable+  
probable- 
 

possible  
possible+ 
possible- 
unlikely 
unlikely+ 
unlikely- 
uncertain 

Bool-presence-absence present  
absent  
unknown 

 

Concept is another class used in the ACKTUS ontology for providing a common conceptual 
framework with associated terms for what is actually reasoned about (1). One or more i-nodes 
can be associated with a concept. These i-nodes can have different reliability scales (3). It is 
assumed only one of the i-nodes associated with a concept can be accurate for a patient. As an 
example, consider the concept Lewy Body dementia that is shared by the four i-nodes: DLB is 
present, probable DLB, possible DLB, and DLB is excluded according to consensus guidelines. 
They have values according to their name (present, probable, possible, excluded). The first 
(present) belong to the scale Bool-presence-absence and the others to the Scale uncertainty. 

There are also critical questions in ACKTUS which form a reasoning context and are associated 
with a set of rules (1). However, these critical questions are not used in this thesis. 

When using only the rules and symptom-evidence of ACKTUS, different conclusions for the 
same concept may be suggested for a certain patient (27). This gives rise to what can be 
described as internal conflicts in ACKTUS. In order to solve these conflicts, ACKTUS offers 
special techniques involving ACKTUS critical questions, reasoning contexts and conflict-nodes, 
resulting in a single high prioritized choice. However, the ACKTUS critical questions and 
reasoning context are not used in this thesis. Therefore the presented solution here suffers from 
unsolved internal conflicts.  
 

Problem formulation 

The fact that so many dementia diagnoses seem to be partly or fully misjudged are disturbing, 
especially for these kinds of diseases where early prevention may delay the progress of 
deterioration. Development of different kinds of clinical decision support system (CDSS) may 
give the physician sufficient suggestions for alternative thinking and promote learning which 
may improve the diagnostics. 

A CDSS may be constructed in a variety of ways. Sometimes a CDSS only consists of general 
information given to a physician and in other cases a CDSS provides alternative diagnoses 
based on previous cases or for example on a decision tree that a group of experts carefully have 
formulated.  

One could point out a couple of possible weaknesses for some of these approaches. A physician 
that has an alternative diagnose given to him without any other reasons than statistics or that it is 
the result of a general decision tree may have difficulties integrating that knowledge into his 
own thinking. Who should he put his trust in, the machine or himself? How can he trust and 
learn the machine when it is only focusing on the result and not on the arguments leading to the 
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conclusion? Also other unanswered questions might arise: Why is the solution of the physician 
not correct? Where does the physician’s argumentation fail? 

One might suggest that a possible disadvantage of some CDSS is that they are not adapted to the 
human way of thinking and therefore lacking a pedagogic interaction with the human. 

Because of this and other advantages mentioned in the next section, an argumentative approach 
is chosen for the created CDSS in this thesis.  
 

Advantages and disadvantages of using an argumentative approach 

The benefits of having an argumentative approach might be the following: 

• The physician will be able to illustrate her thinking and arguments for a specific 
condition for a patient at the same time as the computer gives the possibility to come 
with counterarguments based on other knowledge sources. 

• An argumentative approach uses a natural semi-structure that divides the problem into 
several pieces which probably enhance the pedagogic effect and learning and make the 
differences of views much clearer. 

• Such a solution may enable the use of several AI-algorithms, giving rise to arguments 
and argument-priority in the dialogue. 

• Argumentative reasoning may give a more sophisticated explanation of why a certain 
diagnose is suggested to be false or less supported compared to other alternatives. This 
may support learning for the user. 

• During the debate an exchange of information takes place. The DA or the physician 
might retrieve valuable information about the patient or e.g. the result of an AI-
algorithm. One can also imagine a scenario where many specialists attack a specific 
ACKTUS-rule. This information can be an alarm-call, giving rise to suspicions about 
that particular rule, and become a reason for revision.  

Possible negative factors might be: 

• Problem of mutual attacks might be hard to solve. 
• The winner/defeater concept might not be appropriate, especially when dealing with 

small, unexplored argumentation trees. 
• Might require much time and effort for a physician issuing several attacks in a tree. 

The negative effects might be reduced by using algorithms developed in the artificial 
intelligence (AI) field, having a more none deductive thinking regarding winners and defeaters 
and giving much thought and effort to the GUI design. The design issue is however not the aim 
for this thesis. 
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Formulation of problems 

These are the three major problem formulations for this thesis: 

1. How could you design a generic set of argument schemes and critical questions (as 
opposed to the domain-specific ones in ACKTUS) forming an argumentation graph, 
that makes it possible for a physician and a software agent (domain agent) to debate 
over a certain dementia condition for a particular patient? 

2. How could you build an algorithm that is using the information in ACKTUS to 
automatically attack the arguments stated by the user in the designed argumentation 
graph? 

3. How could you improve the reasoning of the designed argumentation graph by a) 
determining the correct defeater status with the use of a defeasible logic and inquiry 
dialogues and b) introducing a coping strategy concerning the problem of mutual 
attacks? 

4. How can you build a web based implementation including the solutions to problem 1-3? 

Notice that the solution of problem 3 involves implementing inquiry dialogues since no 
implementation of it exists. In 2 one might also imagine other solutions involving more AI-
algorithms. To avoid confusion with other algorithms mentioned, the algorithm in 2 will from 
now on be referred to as being the Attack decision algorithm. This algorithm has the task to 
produce one appropriate counterattack in the argumentation graph on the behalf of the computer 
agent at any time (that is, attacking the user’s argument).  

Also consider that problem 1 not only includes debating over patient dementia conditions 
suggested by ACKTUS but also discussing dementia conditions being proposed by the user. 
This means that the design of the argument schemes and critical questions should be constructed 
in such a way that they provide for the user as well as the DA (computer agent) to issue a topic 
of the debate (begin argumentation).  
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Approach and methods 
The methods for finding solutions to the problem formulations 1-3 are as follows: 

• Review/ literature study. Studying argumentation schemes in the current research of the 
area, especially the donator articles (14), (18), (19), (21), (22), Walton’s book 
argumentation schemes (12) and the Black & Hunter’s article (2) and Black’s 
dissertation about inquiry dialogues (24). 

• Studying ACKTUS. Understanding its structure and features by literature review and 
interviews with developers. 

• Discussions with expertise - consulting supervisor and other persons familiar with 
ACKTUS, argumentation issues and dementia diagnoses. 

• Trial and error approach. Apply a trial and error approach regarding the design of the 
argumentation schemes and critical questions. Suggestions are created, evaluated/tested, 
rejected or/and adjusted. 

For the implementation the method has been to apply the result of the first three problem-
formulations. Java and the java-servlet technology Tomcat together with javascript have been 
used for the development. The reason for this is enabling the program to be incorporated into 
other ACKTUS-related projects. 

Eclipse has been used as the programming-tool. Firebug has been used inside Firefox to find 
errors in the javascript code.  

The software tool that has been used for constructing and managing the argumentation trees is 
Mindjet Mindmanager 8.0.  
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Results 
The result section is organized as follows: the first section describes the chosen design for the 
argumentation schemes and critical questions and their relations forming an interaction graph. 
The second describes the Attack decision algorithm and the third is improving the reasoning in 
the argumentation graph, both by ensuring that the defeater status is correct with the help of 
inquiry dialogues (2) and by the introduction of a coping strategy regarding mutual attacks. The 
fourth and last section is about implementation issues. 

Design of the argumentation schemes and 

critical questions 

During the debate between two participants argument schemes and critical questions are 
instantiated. Which schemes and critical questions that are possible for a participant to apply in 
each move are predetermined, and depend on the design of the interaction graph.  

Therefore an interaction graph is introduced in this thesis. The interaction graph can be seen as 
a generic pattern of interaction with the system where each node provides with a pattern of 
reasoning restricted by that graph. Every node in the graph either consists of a none-instantiated 
argumentation scheme or a none-instantiated critical question. The schemes and critical 
questions should be instantiated later on during the argumentation. The interaction graph reveals 
all possible attack-nodes for all argument schemes. All the children nodes of a particular 
argument scheme (a node) in the interaction graph are all the possible attack-nodes for the 
argument scheme (see the following examples). This means that by designing all possible attack 
nodes, an interaction graph has been created, which constitutes a major result of this thesis 
project.  

The interaction-graph that has been created in this project has 126 nodes, and has therefore a 
total of 125 attack-nodes (all but the root). Some of these schemes are node-links though, 
enabling the same subtree of schemes (but with different parameters) to appear in several places 
in the graph. Loop linking among the attack-nodes actually makes the actual number of attacks 
unlimited. The interaction graph for the system and all schemes and CQ:s can be seen in the 
Appendix. 

For convenience the term attack-node is used for an instantiated or none-instantiated argument 
scheme or a critical question. The argumentation tree that is successively being built during the 
debate and that has nodes consisting of exactly one instantiated argument or an instantiated 
critical question is referred to as the usercreated tree.  

A complete description of every design choice among the 126 nodes consisting of schemes and 
critical questions will be too space-consuming for the thesis. Therefore the main approach will 
be discussed followed by a brief description for the most important schemes. The source-
scheme though, is considered to be the most important one, and is therefore described in more 
detail. Also the strategy of when to issue a critical question and problems associated with 
multiple attacks will be further described and discussed. 

Two examples will be presented showing how the interaction graph and the usercreated graph 
correlate to each other. The first example is the root-argument-scheme. The second illustrates 
how a participant can choose between different schemes to be able to attack the root-argument.  
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Example 1 - the root argument scheme 

The topic of the debate is the same as the rootnode scheme conclusion and is what the physician 
or the DA use when initiating a debate. Therefore the rootnode scheme PRE is defined as 
follows: 

PRE 
Premise: Patient A has condition B. 
Conclusion: Patient A has condition B. 

The PRE-Scheme simply states the presence or absence of a particular dementia condition. 
Notice that by using the scale-value excluded one can also use the scheme PRE declaring that a 
particular dementia condition is not present. E.g. saying Patient Albert has condition DLB 
excluded (Meaning, patient has not Lewy Body Dementia). 

As a result of using PRE as the topic scheme, the interaction-graph will have the root seen in 
Figure 3. 

 

 

Figure 3: An interaction graph only consisting of the root node with an argument of a non-
instantiated PRE-scheme. 

 

Remember that the interaction graph only contains none-instantiated schemes and CQ:s. 

When a participant wants to initiate a debate of a patient that the participant believes has a 
particular condition, the participant instantiates the scheme PRE found in the interaction graph. 
Doing so the participant creates a new dialogue having the topic of the condition, e.g. probable 
DLB, which will give rise to the usercreated tree shown in Figure 4. 

 

 

Figure 4: A usercreated tree so far, only consisting of the root node with an argument of an 
instantiated PRE-scheme. 

 

Remember that the usercreated tree is the argumentation tree, and only contains instantiated 
schemes and CQ:s. 
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At the current moment the winner of the debate is the participant instantiating PRE. This 
because the root node is not successfully defeated. 

Example 2 – Attacking the root argument 

Imagine that the proponent instantiated the root argument in example 1. How could the 
opponent instantiate a counterattack on the root-argument? The answer is to use the interaction 
graph. To be able to distinguish the rootnode PRE in the usercreated tree from the uninstantiated 
rootnode PRE in the interaction graph we denote them UT-PRE and IG-PRE respectively. 

To enable the opponent to instantiate a counterargument, the equivalent node of UT-PRE is 
looked for in the interaction graph, which is IG-PRE. The children of IG-PRE in this graph 
contain all the possible schemes that can be used when attacking UT-PRE in the usercreated 
tree.  

The first two levels of the interaction graph are shown in Figure 5 (these schemes will be 
explained later). 

 

Figure 5: Showing the first two level of the interaction-graph and hence the possible attacks on 
a PRE-scheme. 

The interaction graph in Figure 5 reveals that the IG-PRE-node has eight children. This tells the 
opponent that eight different schemes and CQ:s are possible to instantiate when attacking UT-
PRE in the usercreated tree. Which scheme to choose depends on the preferences of the 
opponent (the DA or the physician). 

Assume that the opponent prefers to use the SN1-scheme, claiming that the patient has “DLB is 
excluded according to consensus guidelines” (not having Lewy Body dementia). Next step is 
then to instantiate the SN1-scheme with appropriate values for the parameters, and perform the 
attack on the UT-PRE-node. 
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After the attack the usercreated-graph will have the following content:  

 

 

Figure 6: A usercreated graph where an instantiation of SN1 attacks PRE stating that Lewy 
Body Dementia is not present for the actual patient. 
 

At this particular time, the winner of the debate is the opponent, because the root-node is 
defeated by the SN1-node. In order to change this, the proponent must try and instantiate a new 
attack on SN1 in the same manner as the opponent did. It is not necessary for a participant to 
attack the most recent node, but in this case SN1 is the only node issued by the opponent and 
therefore the only possible choice of attack. 

Main approach for the design  

The main approach for the design involves using sources as arguments for a statement. When 
creating the interaction-graph there are sometimes situations when it is difficult or involves an 
extensive amount of effort to create new argumentation schemes regarding a particular subject. 
In these cases the participant is given the opportunity to refer to a particular source. The source 
might be a person, for example the physician herself, a nurse or a relative to the patient. Other 
sources might be a clinical guideline, a scientific journal or an article or some other scientific 
publication. The reference is made using the argument-scheme SS1 (Source Scheme) mentioned 
below. 

Besides the underlying approach of schemes there are also other factors to consider when 
constructing the interaction-graph. On one hand it is desirable enabling the participants to 
instantiate a wide range of arguments in order for them to express exactly what they mean in 
that particular content. On the other hand, having too many counterattacks for each argument 
makes the system more complex, difficult to understand, to use and to construct. For the 
schemes in this project it has often been a complicated balance between participant expression 
and simplicity of the system. The degree of expression regarding the schemes and critical 
questions has not been evaluated. 
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Brief description of the created schemes  

The source scheme has already been mentioned. But sometimes a none-source-approach may 
also be sufficient. When an observation has been made regarding a particular patient that 
suggests that a condition is present or not present, a special observations scheme OBSERV1 
might be used. OBSERV1 is the first node in a subtree in the interaction graph consisting of 
attacks and counterattacks regarding the particular observation. Similarly, when some kind of a 
patient-test has been performed, the TEST1-scheme can be instantiated in favor or as a 
counterargument to a condition being present for a patient (see more in Source Schemes of the 
Appendix). 

When a condition proposed by a user is not fulfilling the ACKTUS criteria, the CRIT1-scheme  
might be instantiated and attack the argument that favor of the condition. The user might then 
answer this attack by using any of the schemes CRIT2, CRIT4 or CRIT5. CRIT2 is used when 
the user introduces new rules of thumb that change the ACKTUS rules so that the proposed 
condition will be concluded. CRIT4 is used for changing ACKTUS rules to another ACKTUS-
set. It is only possible to change to an ACKTUS-set where ACKTUS will reach the conclusion 
of the condition. CRIT5 is used when the user states that the none-fulfilled symptom-evidence 
needed to reach the origin condition actually is present for the patient although ACKTUS has 
not received this information. (See more about this structure in the Interaction Graph section of 
the Appendix).  

A special scheme is the AI1-scheme that allows an attack on the basis of an AI-algorithm. If, for 
example, a CBR-algorithm comes to a different conclusion than a participant regarding a 
condition (based on a set of earlier patient cases), an AI1-scheme could be instantiated as an 
attack (for this thesis, though, no such AI-algorithms have been developed). A special user 
agent could be implemented to suggest the instantiation of such an attack on behalf of the user.  

An SN1-scheme (Scheme none-coexisting) is used when performing an attack on an argument 
claiming that condition A is present for a patient. This is done by stating that another condition 
B is present, and that condition A and B can’t coexist. Here, a variety of counterattacks are 
possible. The opponent may attack the claimed none-coexistence in one of the SN1 premises by 
using for example a source or a critical question. Another option is to attack the presence of 
condition B, using a source, a test, an observation an AI-algorithm or a critical question. Also if 
the ACKTUS-rules are not able to conclude condition B the DA might attack using CRIT1 
mentioned above.  

A special case is when the DA has instantiated an attack using SN1 (claiming condition B) and 
the user has made a CQ (SN1_CQ1) and therefore shift the burden of proof over to the DA. 
Using the scheme SN3, the DA can then claim that the patient fulfill the ACKTUS criteria 
regarding condition B (ACKTUS can conclude that condition B is present). To enable the user 
to continue attacking, the user may then use the scheme RULE1 to attack the ACKTUS-rules 
and/or symptom-evidence that the user believes are not accurate. Further attacks and discussions 
can then be made on each one of these rules and symptom-evidence. Notice also, that RULE1 
only can be instantiated with rules and symptom-evidence when these are necessary for 
ACKTUS to have in order to conclude that condition B is present. 

The above solution using SN3, claiming that a condition B is true due to the fact that ACKTUS 
has concluded this statement, may not be the obvious choice of scheme. In fact it actually 
violates the “minimalistic demand” on the support (or premises) when declaring arguments (See 
more details about this in the section improving the reasoning in an argumentation graph, 
later). The reason for this is that ACKTUS may have several chains of rules that lead to the 
condition B, and hence the conclusion can be reached in several ways. But by allowing RULE1-
attacks only when removal of these rules and symptom-evidence makes condition B not being 
fulfilled in ACKTUS, the minimalistic problem with SN3 will not matter. The alternative, to let 
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ACKTUS attack with several SN3-attacks, one for each possible way to reach a conclusion, is 
by the author believed to be more complicated and unnecessary. 

Another complication lies in the fact that when issuing SN1-attacks there is actually a situation 
of having a mutual attack, rather than a normal attack. Imagine participant 1 stating that 
condition A is present, and then participant 2 attacking with SN1 stating that condition B is 
present and that the two conditions can’t coexist. Assume they agree on the none-coexistence 
part. Then we have two statements that are opposing each other, in order words a mutual attack. 
This will however, be discussed further in a section about the mutual attack problem later. 

The SS1-scheme and its counterattacks 

Although the source scheme is the most fundamental one, it is fairly simple. The scheme is 
(slightly modified for clarity purposes) as follows: 
 

SS1 
Premise 1: Source B verifies that thesis T is true.  
Premise 2: Source B is a proper verifier of T. 
Premise 3: If premise 1 and premise 2 are true, then T is true. 
Conclusion: T is true. 
 

Premise 1 is a declaration assuring that source B actually believes that statement T is true. 
Premise 2 certifies that source B is a proper verifier of T, that is, B is a reliable source when it 
comes to T. Premise 3 is a help-premise connecting premise 1 and 2 with the conclusion 
(premise 3 may possibly be excluded and its existence being a consequence of the scheme-
definition). The conclusion is that thesis T, whatever it might be, is defeasibly true. 

The reason for using the parameter T in SS1 is to make the rule universal, and can therefore be 
used in many different situations. 

It might strike one as being odd that the conclusion “T is true” can be drawn from only one 
single source. But remember that the arguments which the instantiation of this scheme give rise 
to can be questioned and counterproved, and if this is done successfully the conclusion of the 
argument will be defeated.  

Also notice that the concept of having the conclusion of T being true in no means restricts T to 
only account for true statements. Wishing to reach the conclusion: “patient having condition B 
is false” is possible using T as: “It is not so that patient A has condition B”. 

The source scheme has been inspired by the very similar and often referred scheme for expert 
opinion by Douglas Walton (12), which states the following:   
 

Major Premise: Source E is an expert in field F containing proposition A.  
Minor Premise: E asserts that proposition A (in field F) is true (false).  
Conclusion: A may plausibly be taken to be true. 
 

The reason for not introducing a field F in scheme SS1 is that it makes the scheme unnecessary 
hard to understand, use and create. Also, it is desirable that SS1 could be used by none-experts 
such as a relative with inside information about the patient, no expert-assurance is stated (but it 
is still possible to attack the statement (using SS3) claiming that the source is no expert in the 
field). Instead the notion “proper verifier of T” is used. 
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Attacking SS1 can be done using the seven schemes and critical questions listed in Table 2: 

Table 2: A table with all possible attacks on the source scheme SS1. When the name begins with 
SS1_Linked it suggests the possibility of attacking the first source scheme with another 
SS1_scheme. 
 

Scheme Name Content 
SS1_Linked_SS1_1  Thesis: Source B does not claim statement T 
SS1_CQ1 Is it the case that B claim statement T? 
SS3 Premise 1: B does not have necessary relevant expertise in the current field. 

Premise 2: B:s expertise in the current field is vital for trusting the validity of T. 
Conclusion: Source B is not a proper verifier of T 

SS6 Premise 1: B has personally reasons R1 of stating that T is true. 
Conclusion: Source B is not a proper verifier of T. 

SS7 Premise 1: There are doubts in the scientific community about source B in the 
field of T. 
Premise 2: Source B:s legitimacy in this field is vital for trusting the validity of 
the statement. 
Conclusion: Source B is not a proper verifier of T. 

SS9 Premise1: Source B has not enough insight and knowledge about patient A in the 
field of T.  
Premise 2: Insight and knowledge about a patient in the field of T is vital for the 
validity of the statement. 
Conclusion: The source B is not a proper verifier of T. 

SS1_Linked_SS1_2 Thesis: The opposite of T is true. 
 

The schemes SS3, SS6 and SS7 are all inspired by the proposed CQ:s defined for the Walton 
scheme “argument from expert opinion” (12). Most conclusions state that source B is not a 
proper verifier although the reasons for this are different. Using another Source Scheme: 
SS1_Linked_SS1_1, one can express that the source does not actually state what the opponent 
claimed. The schemes mentioned so far all attack the original SS1 premises. The source scheme 
SS1_Linked_SS1_2 differs though. It attacks the actual claim saying there is another source that 
verifies that the opposite of T is true. The SS1_CQ1 is a critical question challenging the first 
premise in the original scheme.  

Also there is no challenging critical question for the second premise, asking: Is it the case that 
source B is a proper verifier of T? This contradicts to the chosen exhaustive strategy of issuing 
critical questions mentioned in the next section. The reason for this is that the practical way to 
design a scheme response to such a CQ would be to use another source scheme. It would then 
be necessary for every source introduced having another source assuring that the source is a 
proper verifier. Then that source would also need to have another source to verify it, and so on. 
Therefore no such CQ is issued here. 

One might also ask oneself if the schemes in Table 2 cover all necessary counterarguments that 
might occur in such a discussion. The answer is, as with many of the other constructed attacks, 
probably not. When the system will be put to use, one might discover the need for replacement 
and additions of schemes in the interaction graph. The schemes may therefore be seen as early 
prototypes that could be changed and redesigned later on.  

Many other schemes, such as OBSERV1, TEST1, AIT1, etc, also use the concept of thesis in a 
similar way as SS1. They too have a range of possible attacknodes attached to them making it 
possible to initiate a debate about the thesis’ validity.  
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Multiple attacks 

During the process of the design a problem occurred regarding when and in what way multiple 
attacks should be announced. For the source scheme all the sources were originally included in 
the same attack. But problem arose. Imagine for example when a proponent has three different 
sources in favor of a particular thesis T. If, for example, only one of the sources were defeated 
by the opponent, then the attack was defeated although the other two still might be undefeated 
and new attacks had to be instantiated using only the other two sources. The solution was to 
redesign the schemes so that the participant only could perform one attack for each source, 
allowing each of the different sources to be sufficient for supporting the thesis. The 
disadvantage was then that the number of attacks would increase. But the advantage, that when 
one of them is defeated the other ones remains, was considered to overweigh the original 
solution.  

Critical Questions 

Another design decision is when a participant should be able to use critical questions. One 
possible approach is to issue every possible critical question that might be asked (on the basis of 
the target node’s premises). One disadvantage of this approach though, is that it adds more 
possible attacks to the system and therefore makes the amount of possible attacks larger and less 
easy to understand.  

What is then the purpose of having critical questions? As been said in the background section 
critical questions shift the burden of proof to the opponent, enabling the proponent to challenge 
or demand the opponent to deliver a deeper explanation or reason for a particular statement 
(12). This is important not only due to the fact that it expands a participant’s variety of 
expression, but also because that defeasible systems build on the concept that all paths that 
could be explored are explored.  

After a closer investigation a possible solution of reducing the number of redundant critical 
questions was found. But due to some disadvantages of that method, a decision was made using 
the exhaustive strategy and use all possible critical questions (with only a few exceptions). Here 
the importance of having a wide variety of expressions was considered to outweigh the negative 
effects of having a larger amount of possible attacks. 

The Attack decision algorithm 

The Attack decision algorithm is the algorithm responsible for selecting a possible attack on 
behalf of the Domain Agent (DA). The algorithm’s main task is described below: 
 

 

 

 
Figure 7: Illustrates the main task of the Attack decision algorithm. When given a usercreated 
tree it should produce a move or an empty set as a result. 
 

For any usercreated tree the Attack decision algorithm will suggest the most accurate move to 
make. If the algorithm can’t find any appropriate move to make, it will return the empty set. 

Also notice that the physician has two choices: Either she proposes a condition for the patient 
by instantiating a new root-attack, or attacks a condition that is concluded using ACKTUS rules 

Input: Usercreated tree 
 

Attack decision algorithm 
 

Output: Selected move | {} 
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and symptom-evidence for the patient. In the first alternative the user will have instantiated the 
root-node, and in the second the DA has instantiated the root-node and is then trying to defend 
the ACKTUS-based condition in the debate. The consequence of this for the Attack decision 
algorithm is that it has to be able to select moves regardless of whether the DA or the user 
begins. 

At first glance the Attack decision algorithm might seem as a difficult task to achieve. The 
algorithm must be very carefully developed because erroneous attacks may have negative 
effects on either the physicians’ belief in the system or even worse, their dementia diagnoses. 
The complexity will depend on the type of information that the Attack decision algorithm has at 
its disposal. In the following are some potential requirements presented. These would probably 
increase the complexity, but be interesting to explore further: 

• Learning (for the DA) 
• Fusion of knowledge from different AI-algorithms 
• Different strategies for different types of users 
• A ranking system for users 

However, for time-reasons, the Attack decision algorithm in this project has been extracted to 
include only the basic features, other than the ones mentioned above, which will be described in 
the following. More advanced techniques and ideas are still mentioned, because the created 
framework has been adapted to be used with these future possible prospects. The simple chosen 
Attack decision algorithm uses only ACKTUS-information for the creation of new attacks 
performed by the DA. 

The Attack decision algorithm consists of two different parts, here denoted as the Ranking 
algorithm and the Selection algorithm. The purpose of the Ranking algorithm is to produce a list 
of all possible attacks where every attack has a ranking number attached to it. In the next step 
the Selection algorithm is using a selection process where the most appropriate attack is chosen. 
The selection part will be the same regardless of which algorithm is used for the ranking part. 

In the following sections the Selection algorithm, and after that the Ranking algorithm will be 
described. 

 

The Selection algorithm 

When the Selection algorithm is executed the Ranking algorithm already has been performed. 
Therefore the Selection algorithm has access to a list of possible attacks, all with a ranking 
number.  

What is the purpose of the Selection algorithm when a list with ranked attacks already has been 
created? The answer is that other factors might also be desirable to consider when choosing the 
appropriate attack. 

Notice also that the potential attacks in the list, although having different rankings, are still all in 
some sense conceivable. This means that all these attacks will eventually be used if the dialogue 
continues long enough. The purpose of the selection is therefore to decide the order in which 
these should be introduced for the user in the dialogue. 

The proposed Selection algorithm will choose the attack depending on the following factors: 

1. The likelihood of winning, according to ACKTUS.  
2. The likelihood of winning, according to another AI-algorithm. 
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3. The degree of user-friendliness.  
4. The profit.  
5. How essential they are in the discussion.  
6. The user preferences.  

 

In order to let these factors influence the choice of attack, the following parameters are 
introduced: 

•••• GroundACKTUS - measuring factor 1. 
•••• GroundOther - measuring factor 2. 
•••• Userfriendly - measuring factor 3. 
•••• Defending - measuring factor 4. 

•••• InvertedLevel - measuring factor 5. 

The values of these parameters are between 0 and 1. 

GroundACKTUS is simply the ranking value that is given from the Ranking algorithm. 

GroundOther is the ranking of another AI-algorithm, which currently is not implemented and 
therefore is set to zero.  

Userfriendly is a measure that is built on the concept that it’s more usable from a user 
perspective to first handle attacks that concerns the current subject in the discussion. 
Userfriendly is therefore higher the closer the attack is to the most recent attack. 

Defending relies on the fact that there is no reason (from a winner-perspective) to attack an 
already defeated node. Defending will therefore be 0 when the parent of the suggested attack is 
defeated and 1 when the parent is the winner. 

InvertedLevel is trying to prioritize essential attacks using the approximation that the further 
away from the root the node is, the more peripheral, and the less valueable.  

Using the formula below, a priority p of every attack can be calculated. 

� = ��	 × ��	
�����
� + ��	 × ��	
����ℎ�� + ��	 × 
����������� + ��	 × ���������	

+ ��	 × �������������	 

The constants ��	,��	, … , ��	 all have values between 0 to 1 and are measures of the influence of 
the corresponding factor and is set by the user.  

Naturally the attack with the highest priority is chosen. If the highest priority is shared by 
several attacks, the one with the highest defending, groundACKTUS, groundOther, userfriendly 
and invertedlevel is chosen in this order. If this doesn’t elect a winner either, the first in the 
remaining list is chosen.  

 

The Ranking algorithm 

The ranking algorithm is an algorithm that is using the knowledge in ACKTUS to create a list of 
possible attacks on behalf of the DA on a node in the usercreated tree, each one with a ranking 
number between 0 and 1. 
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Thinking about what strategy such an algorithm might have, one can divide all possible attacks 
for the DA into four different groups. 

1. Attacks made with arguments that lack support from ACKTUS. 
These are attacks that the algorithm never should issue. The algorithm must only 
perform argument attacks when the information in ACKTUS (or other information) 
supports it.  
 

2. Attacks made with critical questions that lack support from ACKTUS. 
Here is a different situation than in 1 above. To issue a critical question challenging the 
opponent may be possible to perform although no special reason exists. A problem of 
infinitive questioning will then be a problem and have to be considered. Also, these 
kinds of attacks should have less priority than others (because of the none-existing 
support). In this system, the user can choose whether these kinds of attack should be 
issued or not. 
 

3. Attacks made with arguments that have support from ACKTUS.  
These are the desired argument attacks which we want to find and rank individually.  
 

4. Attacks made with critical questions that have support from ACKTUS.   
These are the desired critical questions which we want to find and rank individually. 
One may ask why it would be necessary to issue a critical question as well as stating an 
argument regarding the same issue. But if the DA has a belief that a statement from the 
opponent is erroneous, it makes sense that the DA instantiate every possible attack.  

How could then the algorithm be developed in order to (1) come up with the desired attacks and 
(2) rank them? The general approach is illustrated below. 

1. An empty list of attacks with ranking is created. 
2. The DA parses through all the nodes in the usercreated tree that belongs to the 

opponent.  
3. For each node n belonging to the opponent the DA does the following:  

3.1 Investigate if the knowledge in ACKTUS motivates an attack on node n using any 
of the possible attack-schemes given by the interaction-graph. If an attack is 
possible a ranking is given that is based on the gravity of ACKTUS information. 
All the suggested attacks with its rank are added to the list of attacks. 

3.2 If the user preferences allow issuing CQ:s without ACKTUS support and it is 
possible to issue such an CQ on the node n and if that CQ is not part of a loop, then 
that attack is given a low rank and added to the list of attacks. 

4. All attacks in the list of attacks are parsed through to make sure they are valid attacks. 
The only criterion for an attack to be valid is that no other attack already exists with the 
same parameters and the same parent. 

As could be seen above, the attacks and ranks are added to the list depending on which 
attacking scheme that is possible to use. 

A problem arises when it comes to linked schemes that might occur in loops in the usercreated 
tree. For e.g. knowing when and if to attack a looped source-scheme, the algorithm must know 
in which content the source-scheme has been issued. This will lead to complications when 
constructing an Attack decision algorithm having access to more information sources than 
ACKTUS. But in the ACKTUS case, the information is not enough for enabling the algorithm 
to penetrate deep into the linked source schemes. For the scheme AI1 no information at all is 
available in ACKTUS, and therefore this scheme will not be instantiated by the Attack decision 
algorithm, which uses ACKTUS. Also, the OBSERV1 and TEST1 schemes (and its subtree) are 
not yet handled by the algorithm, although ACKTUS currently support these. 
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In the following, subsection explanations of the attack reasoning for some of the possible 
attacking schemes are given. 

Examples of reasoning for attacking schemes  

For CRIT1 the reasoning is fairly simple. If the condition that the user has proposed can’t be 
concluded in ACKTUS, then the attack is made with a fairly high priority. Otherwise no attack 
is added. CRIT2, CRIT4 and CRIT5 are always instantiated by a user and do not need to be 
added. The CRIT5:s child SS1_Linked_CRIT5_1 can be instantiated as an attack with the 
source of the symptom-evidence B that ACKTUS is containing, as well as the CRIT5_CQ1 
attack. 

The source can be recognized in ACKTUS in three different ways. Every rule in ACKTUS is 
associated with a guideline that has given rise to the rule. This guideline is used as a source. For 
each symptom-evidence the DA checks if the i-node is a result of applying autoanamnesis, 
heteroanamnesis or none of these. For autoanamnesis the source of the symptom-evidence is the 
patient, for heteroanamnesis it’s a relative or acquaintance and otherwise the source is assumed 
to be the physician. 

For SN1 the reasoning is a bit more complicated. Here two criteria must be fulfilled for the 
attack to take place. The first is that the DA must have an alternative condition F contradicting 
the user’s proposed condition B, and the second is that the two conditions must not coexist. 
Therefore attacks on SN1 are possible under the following three circumstances: 

1. When ACKTUS disagrees with the user condition and ACKTUS concludes that another 
condition with the same concept as condition B is valid  

2. When ACKTUS disagrees with the user condition, ACKTUS suggests another 
condition and an information-table claims that the two conditions that can't coexist. 

3. When ACKTUS disagrees with user condition and ACKTUS conclude that another 
dementia disease is present. 

For 1 above, remember that in ACKTUS any condition is associated with a concept. And as 
stated in the background, normally only one of the i-nodes associated to a concept can be 
accurate for a patient. For the solution we assume this to always be the case. So if, for example, 
a user claims that a patient has DLB excluded (patient has not Lewy Body Dementia), and 
ACKTUS believes that probable DLB is true, an SN1-attack is instantiated on the physician’s 
argument. Another example, not as intuitive, is when a physician declares that probable DLB is 
true for a patient, and ACKTUS suggests the condition possible DLB. Also here an attack is 
issued, although semantically one might claim that no conflict occurs.  

A static information table containing information about conditions that are not allowed to 
coexist is given to the program. In 2 above, the program instantiates SN1-attacks on the basis of 
ACKTUS-opinion together with this information table. Also in 3, when two different dementia 
diseases coexist, attacks should be made as well. It is assumed that different dementia diseases 
can’t coexist. 

Notice also, that several instances of SN1 with different parameters may well be added to the 
attack-list. 

Another example is when SS1_Linked_PRE_1, a source scheme attack on PRE, is investigated 
for an attack. The requirements for an attack here is that the proposed condition B from the user 
is not concluded by ACKTUS and that another condition F having the same concept as B is 
concluded by ACKTUS.  
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Neither TEST1 or OBSERV1 is implemented in the ranking algorithm, although the 
functionality for test- and observation data (other than symptom-evidence) is present in 
ACKTUS. This is left for future developments.  

Certainly many more schemes are instantiated as attacks. The ones mentioned were only a few 
examples of the reasoning. Unfortunately it will take too much space describing them all. 

Improving the reasoning in an argumentation 

graph 

In the following, improvements of the reasoning in the usercreated tree will be presented that 
ensures that the defeater status is correct using inquiry dialogues (2). In addition a coping 
strategy regarding mutual attacks will also be introduced.  

The proposed method for ensuring a correct defeater status is to create another dynamic 
comparable argumentation graph with the same topic and from the same knowledge set as the 
“static” usercreated graph. The two graphs are then compared regarding defeater status, and the 
result is given to the physician. If the topics (the root nodes) of both argumentation graphs have 
the same defeater status (both are defeaters or both are defeated), it indicates that the defeater 
status is trustworthy in relation to the knowledge in the usercreated tree (no new crucial 
arguments can be created using the knowledge). However if the defeater status differ (one is 
defeated, the other one is not), the status of the usercreated tree should not be trusted (the 
knowledge can form other arguments that change the topic’s defeater status).  

In order to accomplish such a method three steps are taken. The first is to accomplish a 
formalization of the instantiated schemes in the usercreated graph using logic (preparing for 
inquiry dialogues). The second is to implement and use an algorithm of inquiry dialogues 
developed by Black & Hunter (2). The third and last is about an integration of inquiry dialogues 
with the usercreated tree. The three steps will be presented in the following sections. 

The logic formalization of instantiated schemes 

Associated with every scheme in the designed interaction graph is a logic argument. The 
defeasible logic that has been used is the same as the one used in inquiry dialogues of Black & 
Hunter (2). Black & Hunter (2) has developed this logic using García and Simari’s Defeasible 
Logic Programming (DeLP) (23). These references are therefore referred to about more details 
for the logical framework of this defeasible logic.  

As stated in the introduction the logic consists of defeasible facts and defeasible rules. A 
defeasible fact is a literal α that either could be an atom or a negated atom. A defeasible rule is 
described as: α1 /\ … /\ αn � α0 where αi is a literal. A belief is either a defeasible rule or a 
defeasible fact (2). The logic may be used for constructing arguments. An argument is of the 
form ({support}, claim) where support is a set of beliefs that may conclude the claim which is a 
defeasible fact. An instantiation of a logic argument of the CRIT5 scheme is seen below: 

{sSemMemPre, mEpidosMemPre, sSemMemPre /\ mEpidosMemPre �  
crit(DL_pro, dementia-)}, crit(DL_pro, dementia-) 

sSemMemPre is short for Status shows significant semantic memory deficit, mEpidosMemPre 
means Status shows mild episodic memory dysfunction and crit(DL_pro, dementia-) means 
criteria for probable DLB in ACKTUS-set dementia-set1 is fulfilled (see the meaning of all 
logic clauses in the Appendix). Notice that all of these are considered being literals, even the 
parenthesis and its content. As an example the clause Crit(DL_pro, dementia-) is not a function 
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and should not be confused with predicate logic. However, they origin from parameters from 
nodes in the interaction graph, which have been instantiated. Replacing each one with the first 
letter make the argument more compact and clearer: 

{s, m, s /\ m � c}, c 

The support set of the argument includes the defeasible facts s and m and the defeasible rule s /\ 
m � c. The claim of the argument is c. Notice that by using the logic clauses of the support, the 
claim can be concluded. 

Black and Hunter give in definition 6 (2) a number of constraints for an argument to be valid. 
One of these is the minimal-constraint on the support. The support must be minimal, that is no 
smaller subset of the support is able to conclude the claim. 

So, for every instantiated scheme defeasible facts and defeasible rules are used to form an 
argument. The support of the logic argument is in most of the schemes a straightforward logical 
translation of the scheme premises. The claim is in most cases a straightforward logical 
translation of the scheme conclusion. The parameters used for the instantiated scheme are for 
most cases translated to shorter strings according to a special procedure involving a hashtable. 
Shorter strings for the parameters are necessary for the logic clauses to increase readability. A 
goal is that a system expert should be able to review and understand the logic behind a node. 
But too short strings, such as one or two letters would make it hard to understand the meaning 
of the parameters. A 13-char maximum limit is used for the parameter string transformation. 

As mentioned before some link-nodes use the concept of theses that are universal, and 
applicable in many situations. A thesis might also be used as a parameter in the interaction 
graph. This offers a special challenge when transforming statements to the defeasible logic of 
Black & Hunter (2). The solution is to introduce logic for all possible thesis as well.  

As an example the logic from a source scheme (SS1) is shown below:  

{srcClaim(Dr_Eriksson, T), prV(Dr_Eriksson, T), srcClaim(Dr_Eriksson, T) /\ 
prV(Dr_Eriksson, T) -> T}, T 

Imagine that T is a statement declaring that relative Smith does not fulfill the test criteria crit1 
for test test1 claiming that probable Lewy Body Dementia is present. Using the defeasible 
fact: -ftc(Smith, crit1, test1, DL_pro) instead of T above will make the logic argument for SS1 
fulfill all demands. 

Unfortunately a problem arises when T is a rule, such as r /\ q � s. Then the simple 
replacement of T with the rule will not work due to two reasons. One is that the rule has 
operators ‘/\’ and ‘�’ which will transfer the defeasible fact srcClaim(Dr_Eriksson, r /\ q � s) 
into something we don’t want (it will be interpreted as a rule with the first literal 
“srcClaim(Dr_Eriksson, r”). The other reason for the translation being impossible to use is that 
a claim of an argument must be a defeasible fact and not a rule. The solution is to define new 
literal chars “&” and “!-“, symbolizing semantically the operators “/\” and “�” respectively. 
But for inquiry dialogues these two are part of the literals, and not operators. In the next step the 
rule is changed to a fact, by transforming it into: rule(r & q !- s) and by adding the new 
helprule: rule(r  &  q  !- s)  /\ r /\ q � s the problem will be solved. Now the transaction can be 
carried through resulting in srcClaim(Dr_Eriksson, rule(r  &  q  !- s)). The whole argument will 
be as follows: 

{srcClaim(Dr_Eriksson, rule(r  &  q  !- s)), prV(Dr_Eriksson, rule(r  &  q  !- s)), 
srcClaim(Dr_Eriksson, rule(r  &  q  !- s)) /\ prV(Dr_Eriksson, rule(r  &  q  !- s)) -> rule(r  &  q  
!- s) }, rule(r  &  q  !- s) 
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And if the facts r and q are considered to be true, these together with the conclusion of the 
above argument and the helprule can be used to conclude s. 

Another problem has to do with the source scheme SS1:s attackchild SS1_Linked_SS1_2 
previously mention in table 2. This scheme states that the opposite of the parent thesis should be 
true. Here a special procedure must take place in order to negate the original thesis. First 
imagine a defeasible fact, such as -ftc(Smith, crit1, test1, DL_pro). A negation of this is easy 
and we end up with ftc(Smith, crit1, test1, DL_pro). But it’s not always that easy. Actually 
sometimes thesis parameters are nested into each other. Therefore in order to remove any 
possible negations a new notion of negation has been introduced where ^ftc(a, b, c, d)| 
means -ftc(a, b, c, d). Using this new negation vocabulary the replaced thesis string can then be 
parsed through a none-simple algorithm that is finding all nested and non-nested negations and 
removing all double negations. One problem for the advanced algorithm to solve was to figure 
out when negations are nested, and when they are not. The algorithm of this is leaved out for 
space reasons. 

Yet another challenge remains regarding the logic of the thesis for SS1_Linked_SS1_2. This is 
when the thesis consists of a rule, such as r /\ q � s that should be negated. In a “normal” logic 
this wouldn’t be a problem. A negation before the rule would negate it, and the procedure would 
be the same as described above. But for the Black & Hunter’s defeasible logic a rule –(r /\ q � 
s) is not an allowed expression. Therefore a transition must occur here.  Using logic-rules: a �  
b = -a \/ b and - (a \/ b) = - a  /\ -b we get that -(r /\ q � s) = -(-(r /\ q) \/ s) = r /\ q /\ -s. 
Therefore the negation of the rule r /\ q � s is done by stating that r, q, -s. This is accordingly 
done for SS1_linked_SS1_2 whenever the thesis is a rule.  

Notice also, that the transformation of negations and rules are done every time from all possible 
recursions of thesis. First all double negations are removed. Then the program searches for a 
negated rule to convert. Using this procedure the rule r /\ q � s as thesis negated twice will 
remain the same. 

For some situations it happens during the transformations that rules (created in the system, and 
not from ACKTUS) have several conclusions, e.g. r /\ q � s /\ t. In these cases two new rules 
are created: r /\ q � s and r /\ q � t. 

Even one more problem emerged regarding the SN3-scheme. As mentioned previously this 
scheme has broken the minimalistic demand, meaning that there may exist more than one way 
to form an argument for the claim. As a consequence, the logic must be changed for the 
challenging scheme RULE1 (which is attacking the SN3 scheme), for ensuring a correct 
behavior. If one single premise is removed in a minimalistic argument, it impossible to conclude 
the claim of the argument. Therefore, when a successful attack is made on a premise in a 
minimalistic argument, the defeater status of the corresponding dialectical tree will always 
change accordingly. But this is not the case for a none-minimalistic argument. As an example, 
imagine that the user has chosen to attack three symptom-evidences illustrated by the defeasible 
facts r1, r2, r3 using the scheme RULE1. The user is only allowed to select symptom-evidence 
that prevents ACKTUS from conclude the questioned condition. Therefore, if r1, r2 and r3 all 
are false, then the attack is possible. If SN3 was minimalistic one could simply state -r1, -r2, and 
–r3 and the problem would be solved. This is not possible because SN3 is not minimalistic and 
therefore the defeater status of the dialectical tree would give an “incorrect” value (compared to 
the interaction tree) whenever the defeater status of -r1, -r2, and –r3 would differ. The solution 
here has been to introduce and-clauses enabling RULE1 to state that all of a set defeasible facts 
r1, r2…rn need to be true for the argument to be true, which is implicit when using minimalistic 
schemes. For the example the logic for RULE1 (same support as claim) is shown on the next 
page: 
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-r1_ 
-r2_ 
-r3_ 
-r1_ /\ -r2_ /\ -r3_ � and(-r1 & -r 2 & -r 3) 
and(-r1 & -r 2 & -r 3) � -r1 
and(-r1 & -r 2 & -r 3) � -r2 
and(-r1 & -r 2 & -r 3) �- r3 
r1 �  -and(-r1 & -r 2 & -r 3) 
r2 �  -and(-r1 & -r 2 & -r 3) 
r3 �  -and(-r1 & -r 2 & -r 3) 

For each negated ACKTUS evidence r1, r2. r3 is also a new defeasible fact ending with “_” 
introduced. These underscore-facts are also premises, and what the logic says is simply that if 
all these three are false, then the and-statement is true and therefore their equivalent evidence 
from ACKTUS are false. The construction therefore forces all of the defeasible facts r1_, r2_ 
and r3_ to be false to conclude that the ACKTUS-facts r1, r2, r3 are false. 
Why then use this particular construction involving underscore facts, why not skip them and 
simply state the and-statement as a defeasible fact? The reason is that this would make it 
impossible to issue a critical question challenging a particular rule or a fact, because they will 
then not be included in the premises of the RULE1-scheme. In the above solution critical 
questions may be issued on any of the underscore-facts. 
 
Notice that in the example only symptom-evidences are used, what happens when the user also 
selects rules? Fortunately RULE1 then will still consist of only defeasible facts, and the solution 
holds. The reason for that RULE1 always consists of defeasible facts is that in this scheme the 
user wants to express that a number of facts and rules are false (all of them), and when negating 
a defeasible rule it transforms into a defeasible fact as described previously. 

Finally, an example is introduced in Figure 8 on the next page which illustrates where the root 
node gives an argument stating that the patient has probable Lewy Body Dementia.  
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Figure 8: An example with the underlying logic arguments in a usercreated tree. In each node 
the argument support and claim consist of the defeasible logic. 

Using an observation scheme the opponent answers, stating that the observer Smith, who is a 
credible person measuring these observations, has noticed that the patient has good memory and 
cognitive functionality. And therefore the patient has not probable Lewy Body Dementia. In the 
third node the proponent replies by proposing that person Smith is not a credible person 
observing these things. 

Inquiry dialogues and a proposed algorithm 

Why then use the restricted defeasible logic of Black & Hunter for all nodes in the usercreated 
tree when this leads to all kinds of transformation problems, mentioned in the previous section? 
The reply is that it enables the logic of the arguments to be used together with inquiry dialogues. 

The inquiry dialogues are, as mentioned in the background, a way of sharing knowledge 
between two agents. As a result of the warrant inquiry dialogue is also an argumentation tree, 
the dialectical tree containing all the arguments created in the dialogue. In the solution for this 
thesis only wi-dialogues are used, but nested ai-dialogues may occur in such a dialogue (2) and 
therefore these have to be accounted for as well.  

Black & Hunter have created an inquiry dialogue system and are giving a clear view of its 
functionality and how it’s constructed. However, they only describe the system using logic 
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terms and no algorithm for the implementation is given. Therefore an algorithm for inquiry 
dialogues has been developed and implemented.  

A legitimated question is why the inquiry dialogue has been chosen for this project, and what it 
could do for the argumentation dialogue. The answer is that the result of the inquiry dialogues, 
the dialectical tree, and the winner of the debate in this tree is of interest when comparing it with 
the usercreated tree winner. Logic support used in one part of the usercreated tree might have 
the capability of forming attacks in another part of the tree, and these attacks wouldn’t be 
recognized without the use of inquiry dialogues. More details about this in the next section. 
However, it is not necessary to use inquiry dialogues for the construction of the dialectical tree. 
Instead of using the techniques of inquiry dialogues sharing particular information, the agents 
sets of beliefs could simply be merged into one major set, which then could be used for 
constructing arguments and the dialectical tree. This is also pointed out by Black & Hunter (2). 
They however also state that for large databases inquiry dialogues win on speed. The reason for 
implementing inquiry dialogues in this project instead of the described alternative is that the 
implementation of inquiry dialogues will be useful also for other projects, e.g. other ACKTUS 
projects.  

The most difficult sub problem to solve when constructing the algorithm was how to develop an 
algorithm that given a set of beliefs creates all possible legitimate arguments. The main issue 
here is that if one should try and construct all combinations of possible beliefs in order to create 
all possible supports for attacks, the number of combinations would quickly rise with relatively 
few beliefs. For e.g. 15 beliefs, the number of combinations would be 3600 billion (15!/14! + 
15!/13! …. + 15!/0! = 3554 627 472 075). Assuming one combination take 1 microsecond to 
complete it would take more than 41 days to finish. Although one might try to exclude some 
illegal arguments early on, another method would be preferable to use. 

Finally the solution was to construct arguments knowing the arguments’ particular claim, and 
from this construct an algorithm. The algorithm for the recursive function getAllSupport 
(DefFact B, BeliefSet Ʃ2, BeliefSet F) below describes how given a claim B, a set of belief Ʃ2 

and a forbidden set of beliefs F, all possible support for the claim are constructed. When called 
for the first time, B is the claim for the desired argument, Ʃ2 is all known beliefs and F is the 
empty set. As previously mentioned, this algorithm is not given by Black & Hunter.  
 

1. Create a set of lists called Lists initially empty 
2. If claim B is a defeasible fact in Ʃ2 and B is not in F 

2.1. Create a list A containing claim B 
2.2. Put the list A in Lists 

3. If a defeasible rule R exists in Ʃ2 and not in F, so that p1 /\  p2 /\ … /\ pn �  B, that fulfills the 
demand of p1, p2,… pn not being a defeasible fact B and p1…pn is not a member of F 
3.1. Call getAllSupport (p1, Ʃ2, F ∪  {R, B}), getAllSupport (p2, Ʃ2, F ∪  {R, B}) …, 

getAllSupport (pn, Ʃ2, F∪ {R, B}) 
3.2. Now at disposal is a set of lists list1, list2, … listn, one list for each function-call. Every 

returned list contains a number of element-lists containing beliefs or the empty set. The 
element-lists will be named using ����"

# where n is the number of the returned list and k 
is the number of the element-list in the returned list 

3.3. If one or more of the returned lists are the empty set, do nothing (not able to construct 
an argument) 

3.4. Otherwise 
3.4.1.  Create all combinations of element-lists in such a way that there is exactly one 

element-list from each returned list. An example of a combination is:  
{�����

�, �����
�, �����

�, �����
�, �����

�, 	�����
%, �����

&, �����
'}	  

3.4.2.  For each combination, merge the element-lists and name the resulting lists  
A1, A2, … An. 
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3.4.3.  Add the rule R to each list, A1 = A1∪  R, A2 = A2∪  R, … ,An = An∪  R. 
3.4.4.  Remove possible lists from A1… An that has exactly the same elements and add 

the rest of the lists in Lists 
4. Remove all of the support from the list Lists which has concluded facts that gives 

contradiction 
5. Return Lists 

Notice that the solution also includes the concept of combination, but only regarding all possible 
ways to reach a particular conclusion, which in practice most often will not be a large number.  

Notice also that the arguments given from the above algorithm have not yet been tested for the 
demands of being a proper argument mentioned in the inquiry dialogues article (2). This must 
be done for each argument constructed by the getAllSupport function. The algorithm, how to 
know that an argument A is minimal, is given below. 

1. Create a list derivedFacts. Put all defeasible facts from A:s support in this list. 
2. Create a list supportRules. Put all defeasible rules from A:s support in this list.  
3. Start to parse through all defeasible rules in the list supportRules. 

3.1. For each rule R in the list supportRules. 
3.2. If all premises in the rule R is in the list derivedFacts.  

3.2.1. Add R:s conclusion to the list derivedFacts. 
3.2.2. Remove the rule R from the list supportRules 

3.3. Continue in 3 until all rules have been investigated without any changes to the list 
derivedFacts. 

4. If there is one or more duplicates in the list derivedFacts, then A is not minimal, otherwise 
A is minimal. 

In inquiry dialogues arguments are created from the union of the agent’s belief set and the other 
agent’s commitment store. If a proposed argument is able to form a new attack on at least one 
node in the current dialectical tree (follows the necessary demands mentioned in (2) for such an 
attack) an assert move is performed in the dialogue, as well as increasing the dialectical tree 
with the nodes containing the argument. 

The algorithm for finding out which possible claims that might be used for attacking a node in 
the dialectical tree is presented below: 

1. Create a list B initially empty. 
2. For each node (and argument) A1 in the dialectical tree. 

2.1. Add all defeasible facts to the list B (that not already exist in B) that the support for A1 
can deduce. 

3. Create a list C with the complements of all atoms in the list B. C now contains all possible 
attack-claims on the dialectical graph.  

The algorithm above seems trivial, but to be convinced of its correctness it is necessary to take a 
closer study of the definitions of subargument and attacks, used in the inquiry dialogues article 
(2). An argument A1 is a subargument of A2 if and only if the support of A1 is a subset of the 
support in A2. Two arguments are said to be in conflict if their claims leads to contradiction. If 
A1, A2, A3 are arguments and A3 is a subargument of A2, then A1 attacks A2 at A3 iff A1 is in 
conflict with A3. If argument A2 = ({(a, 1), (a � c, 3)}, c) then the only possible attacking claim 
for A1 are -a and -c. This is because the claim (which by definition is a defeasible fact) of any A1 
argument must be in conflict with a claim of A3, which is a subargument of A2. Any claim for A3 
must therefore belong to one of all the defeasible facts that can be derived using the argument 
A2. And the negation of these claims must then be all the possible attacking claims of A1. 
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The algorithm of the agent’s decision about which move to make in the inquiry WI-dialogue 
(Warrant-Inquiry) is as follows: 

1. If a dialectical tree has not been constructed 
1.1 Get all possible arguments using the agent’s belief base with topic as claim.  
1.2 Select an argument, using the myValuesProcedure. 
1.3 If a selected argument exists:  

1.3.1 Issue an assert-move with the selected argument. 
1.3.2 Construct a root-node with the argument in the dialectical tree. 

1.4 If no move has been made: 
1.4.1 Collect a list with all rules that has the topic as conclusion, that hasn’t 

previously been the topic of an ai-open. 
1.4.2 Select a rule from the list, using the myValuesProcedure. 
1.4.3 If a selected rule exists, issue an ai open-move with the selected rule. 

1.5 If no move has been made 
1.5.1 Issue a close-move for the wi-dialogue. 

2. If a dialectical tree has been constructed 
2.1 Search and perform all possible valid attacks on the dialectical tree on the basis of 

the union of commitment stores. 
2.2 Construct all possible valid arguments attacking the dialectical tree using the 

agent’s belief base. 
2.3 Discard all arguments that previously have been asserted, or which support is a 

subset of the union of the commitment stores. 
2.4 Select an argument, using the myValuesProcedure. 
2.5 If a selected argument exists:  

2.5.1 Issue an assert-move with the selected argument. 
2.6 If no move has been made: 

2.6.1 Get all defeasible facts that are possible to deduce from the union of the 
commitment-stores. 

2.6.2 Search for the complements of these defeasible facts in conclusions of the 
rules in the agent’s belief base, and form a list allRules with these rules. 

2.6.3 Select a rule from the list allRules, using the myValuesProcedure. 
2.6.4 If a selected rule exists:  

2.6.4.1 Issue an ai-open move for the selected rule. 
2.7 If no move has been made: 

2.7.1 Issue a close-move for the wi-dialogue. 

What here is denoted as myValuesProcedure is referring to a described procedure suggested by 
Black & Hunter (2) to select an argument or an ai-open move of a set of possible arguments or 
moves, using numbers associated with every defeasible fact. The topic is the defeasible fact that 
should act as the topic of the inquiry dialogue. 

Another thing to observe is that in 2.1, before the assert-move in the above algorithm, the 
algorithm is performing all possible attacks on the dialectical tree, using the union of the 
commitment-stores. The reason for this is that when an ai-dialogue is doing asserts the 
arguments are as usual collected in the commitment-stores but the ai-dialogue does not issue 
any attacks on the dialectical tree. Therefore, before every wi-assert and in the end of the 
dialogue, the tree is updated. This wasn’t mentioned in the inquiry article, and has been added 
by the author. 
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Yet another implementation issue not supported in the article (but that has been used in the 
examples of the article) is when to admit an assertion of an argument. In the article arguments 
previously used are forbidden. But in addition there may also be a constraint forbidding all 
arguments in asserts that already have all of its support in the union of commitment-stores. This 
improvement has been applied as an option in this implementation of inquiry dialogues. (The 
dialectical tree will be the same, but the dialogues will be shorter). 

The algorithm for an agent choosing a move in an ai-dialogue is similar to the wi-dialogue. This 
algorithm can be seen in the Appendix. The algorithm of when moves are to be issued is trivial 
and is identical for both wi-dialogue and ai-dialogues. The agent who is in turn is asked to make 
its move. After this a check is made to see if two close moves are made in a row, if this is the 
case the current dialogue is terminated, otherwise the turn shifts to the other agent. 

The commitment and query stores are implemented as follows: The query store is a heap where 
all the literals from the ai-open rule are stored. When a dialogue is finished, the top query store 
of the heap is removed, and hence the old query store emerges. For commitment stores they are 
initial empty and new arguments are added for every assert. 

Integrating inquiry dialogues with the argumentation dialogue 

So far a formalization of logic for the arguments in the usercreated tree has been developed as 
well as an algorithm of inquiry dialogues to be used with two agents with one beliefbase each, 
forming a dialectical tree. But how can the logic arguments in the usercreated tree be 
transformed into statements in two beliefbases, reflecting the structure of the argumentation 
dialogue? Below some of the differences between a usercreated tree and the result of the inquiry 
dialogues, the dialectical tree, are presented: 

Table 3: Differences between a usercreated tree (an argumentation graph) and a dialectical 
tree. 

Usercreated tree Dialectical tree 
Has critical questions Has not critical questions 
Has not the dynamic properties of transferring 
attacks in one part of the tree to another part of 
the tree. 

Has the dynamic properties that allows for 
argument beliefs in one part of the tree to also 
influence in another part of the tree.  

No presented proof of logically soundness and 
completeness. 

Logically sound and complete (according to 
Black & Hunter). 

Arguments are pre-planned (static) and are 
therefore more predictable in its creation, and 
relatively easy to construct. 

Is constructed when possible arguments are 
known and has therefore a more dynamic 
creation of arguments. 
 

To be created, it needs no formal belief base, 
only issuing of attacks between two 
participants. 

To be created, two different participants must 
have one belief base each. 

Easy to understand, might have textual 
arguments as well as logical. 

Only have logical arguments. 

 

The differences reflect the benefits of cooperation of the two trees, but also the difficulties when 
using them together.  
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In the following text, solutions for the following problems will be presented: 

•••• How to construct a dialectical tree with inquiry dialogues, using the logic arguments of 
the usercreated tree 

•••• The problem of critical questions 
•••• The problem of priority 

 

Creating a dialectical tree from an argumentation tree, and the problem of critical 
questions 

The initial problem is about finding a technique for creating a dialectical tree from the 
argumentation tree (or usercreated tree) that is constructed during a debate. What we have at our 
disposal are therefore a usercreated tree with logic arguments (defeasible logic of Black & 
Hunter) in every node and the method of inquiry dialogues.  

Three issues make it difficult to apply inquiry dialogues immediately. The first is that inquiry 
dialogues take place between an agent and another agent. The second is that these agents must 
have a belief base with defeasible facts and/or defeasible rules. The third is the problem of the 
critical questions. 

The solution to the first issue is to let the DA play a charade pretending to be both of the two 
agents. The solution to the second is to parse through the usercreated tree creating two different 
belief bases by using the logic support in each node and put it in one of two different sets A and 
B consisting of beliefs. One might think that it doesn’t matter which of the logic beliefs that 
should be put in set A and which that should be put in B. Inquiry dialogues share the knowledge 
anyway, so even if all logic is put in A and none in B, the resulting dialectical tree would still be 
the same. But the solution of the CQ-problem that is discussed below, actually requires that the 
logic support of the DA will be put in one set, and the logic support of the user in another set. 

How can then the problem of critical questions be solved? Remember that critical questions 
allow for a proponent to challenge the opponent to verify a statement. A CQ without any 
response from the opponent will therefore be declared as a winner even though no actual 
counterargument has been instantiated. Simply ignoring the CQ:s will therefore mean that the 
inquiry dialogues will not consider the fact that a CQ has been made, and therefore the 
dialectical tree will sometimes come to a different result due to this when declaring the winner 
of the debate.  

The solution of the CQ-problem is illustrated in the following algorithm that is parsing through 
the nodes in the usercreated tree, creating two separated belief bases. 

1. Create two initial empty belief lists: DA-list and user-list. Arrange also so that for each 
belief a node ID might be attached.  

2. Parse through every node in the usercreated graph, from root and down. 
3. For every node, do the following 

3.1. If it contains an instantiated scheme: 
3.1.1.  Attach the current node’s ID to the beliefs of the logic support for this node. 
3.1.2.  Put the logic-support in the DA-list if the scheme is instantiated by the DA, or in 

the user-list if it is instantiated by the user.  
3.2. If it’s a CQ 

3.2.1. Remove the target of the CQ, one of the parents premises, from the opposite 
participant’s belief list. Remove only the premise with an attached ID being the 
same as the node’s parent. 

4. Parse through both lists, and remove any duplicates of beliefs for each list. 
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The critical questions in the usercreated graph are (in this thesis) only allowed to attack a 
premise of a node. The above algorithm allows for a removal of the particular premise that the 
CQ attacks in the other participant’s belief base. In the case of a single CQ, the premise of the 
attacker will be removed from the belief base, and therefore the proponent issuing the CQ will 
be declared as the winner. When there is a continuation of attacks on the particular CQ, these 
will, if they succeed, establish the missing premise, and therefore the missing premise will be 
added to the belief base when the algorithm reach these nodes or they will be concluded from 
the support. The result is that the negation-as-failure technique for establishing winners in the 
dialectical tree given by inquiry dialogues will reach a winner/defeater conclusion regarding CQ 
in the same way as the usercreated tree does. The problem of CQ:s is therefore solved. 
 

The problem of priority  

Although the CQ-problem has been solved, another problem arises before comparing the 
dialectical tree with a usercreated tree, the problem of priority. To describe this problem, 
imagine a line of nodes from the root to a leaf in a usercreated tree. An interpretation of the 
argumentation concept might be to say that the closer a node is to a leaf, the higher priority this 
particular node seem to have in relation to the others. Or, in other words, a node wins over all its 
ancestors.  

Why is that a problem when comparing the tree to a dialectical tree? Simply because that 
inquiry dialogues does not at all consider the priority chain of such a line of nodes when 
creating possible argument attacks. Therefore a low-priority attack argument (in the usercreated 
tree) can (in the dialectical tree) be reused to attack a high-priority argument (closer to the leaf 
in the usercreated tree), which is not desirable. 

The diagram in Figure 9 illustrates a usercreated tree with two nodes. 

 

Figure 9: Logic arguments of a usercreated tree where a priority problem arises when using 
inquiry dialogues. 

In Figure 9 a proponent claims that probable Lewy Body Dementia (DL_pro) is present for the 
patient. An attack stating that it is not present (DL_exc) is made from the opponent. 
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But when using the previously described technique of using inquiry dialogues, the visualized 
dialectical tree in Figure 10 is given as a result. 

 

Figure 10: The dialectical tree that has been created by inquiry dialogues applied on the 
usercreated tree in figure 9, but without a solution to the priority problem. 
 

The result is that a third attack is made, reusing the same premise as being used in the first node, 
DL_pro, combined with the definition of noncoexisting logic clauses, making the proponent win 
the dialogue in Figure 10 instead of the opponent in the usercreated tree in Figure 9. 

The change of defeater status regarding such attacks constitutes a problem when comparing the 
dialectical tree with the usercreated tree. The defeater status has changed due to the new 
argument, although the nature of argumentation trees may be interpreted as saying that the SN1 
node has a higher priority than the node that it attacks, PRE.  

An easy, but perhaps not the best solution, might be to use the priority-concept in inquiry 
dialogues. A priority value is set for every belief in the belief bases in inquiry dialogues. These 
priorities are then used to forbid low priority arguments attacking high priority arguments in the 
dialectical tree. For the thesis implementation of inquiry dialogues it is possible to choose 
whether to use the priority concept or not. It would be possible to use the priority system so that 
the logic beliefs in all nodes on level n has higher priority than the logic beliefs in nodes on 
level n+1. However this is not the best solution, because then some of the logic beliefs in other 
branches will be forbidden to form attacks as well. 
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A better solution is to forbid any logic belief used in a node’s ancestors to be part of the support 
of an attack on that node. By doing this inquiry dialogues consider the implicit priority in a 
chain of nodes of an argumentation tree, when creating the dialectical tree. This enhances the 
process of comparing the trees, and has also the effect of solving the mutual attack problem. 

What conclusion may you draw from the dialectical tree? 

Using the proposed techniques above makes it possible to create a dialectical tree that could tell 
the physician valuable facts about the actual winner. The interesting case is when the dialectical 
tree comes to a different conclusion than the usercreated tree regarding the winner of the debate. 
This, in a correctly designed argumentation graph, reflects the use of logic belief/s creating 
unexpected arguments forming counterarguments that influence the tree and also the winner of 
the debate. When this is the case, the defeater status of the dialectical tree should be considered 
to be the most accurate (because it accounts for all possible attacks). The information about the 
incorrect defeater status of the usercreated tree, is given to the physician – which ensures that 
the physician always is aware of the correct defeater status.  

The mutual attack problem 

Another improvement to the usercreated tree, concerns what strategy to use regarding the 
mutual attack problem. In Figure 10, the two lower nodes actually form a mutual attack on each 
other. The problems with mutual attacks have also been the subject of discussion in the donator 
article (21). In the article different solutions to the problem are presented. One is to use special 
tools (such as CBR) to give a priority to the two arguments, and from this priority dissolve the 
conflict. Another is to encourage the participants to instantiate further attacks. 

Due to the scope of this thesis none of the above solutions have been implemented. However, 
the solution used here is to simply ignore every mutual attack. This means that the conditions 
for the discussion always are: The thing said last wins. This is also in line with the construction 
of the schemes, such as the source schemes, which always allows for another source to 
counterattack the one given. Furthermore it also applies for the solution of the priority problem 
mentioned above, using an interpretation of the concept of an argumentation tree with leaf-near 
nodes having higher priority. The conclusion is that by distinctively declaring for all 
participants that what you see, is what you get – if you have the last saying in a debate you have 
won, and by always allowing for further discussion, the mutual attacks may be ignored whilst 
still having a useful system.  

Implementation issues 

Only a few implementations issues, with special interest for someone creating a similar system, 
will be mentioned here.  

As previously mentioned, linked nodes are used to reuse a scheme in the interaction graph. 
Therefore, in the creation of a linked node, it is necessary to combine the linked node’s 
information with the target of the link in order to instantiate a new node in the usercreated tree. 
However, because parameters are used in every node, problems arise. If, e.g. a parameter B 
should be used in the linked node, and the target node uses the parameter name C for the same 
parameter, then every child of the instantiated node will ask for parameter name C, whereas 
every “ancestor” will use the parameter name B. The solution for this was to allow a node to 
have two names for the same parameter. However, this is not ideally either, because of the 
higher complexity. 

Another issue was how to present the ACKTUS rules to the user in a way that makes it easy for 
the user to understand and overview it. One possible solution was to use a graph showing every 
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possible rule. The disadvantage of this approach was that some of these graphs would be too 
large for a user to overview. The solution embraces the concept of using a graph with what here 
is referred to as sister nodes. In Figure 1 one can see these special nodes that are marked with a 
yellow s. A sister node reflects on the fact that ACKTUS has reached the same condition but 
using different set of rules. When a sister node is clicked on, another set of rules to reach the 
sister node’s conclusion is shown. It’s like showing a flat picture of a Christmas tree. Whenever 
a sister node is clicked on, that part of the tree rolls until another branch is shown. The 
advantage is that these trees are of a manageable size, and therefore hopefully easier for the user 
to overview. 
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Evaluation 
Preferably, an excessive evaluation of the system including physicians’ opinion, its weaknesses 
and strengths, things that might be added and altered and suggestions for design choices should 
be made. Especially considering that no collaboration with potential users has been taken place 
during the creation and evaluation of the system. But for time reasons, the only evaluation that 
has been performed is the one concerning system functionality.  

The evaluation of the functionality has been done throughout the project, and has been 
extensive. The evaluation contains several time consuming tasks due to the large number of 
possible scheme-nodes. The concept of using linked nodes and the fact that some schemes may 
be invoked an infinite number of times makes it impossible to test all combinations of 
constructed schemes. The aim for the evaluation has instead been to make sure that at least 
every node in the system is instantiated and checked for errors. 

To guarantee that inquiry dialogues have the proper functionality, fifteen examples found in the 
article of Black & Hunter (2) and the dissertation of Elizabeth Black (24) have been tested using 
the implementation, with a positive result. These tests are further discussed and exemplified 
under the subsection Test of inquiry dialogues.  

For the logic arguments in the nodes, examples have been created and checked for correctness. 
The same applies for the Attack decision algorithm. The technique described for inquiry 
dialogues have been used and the resulting dialectical tree has been studied. 

In the next section a number of examples of the system functionality are shown, followed by a 
test of inquiry dialogues. 

 

Examples of system functionality 

After asked for the physician’s name the user is inquired about the name of the patient. In the 
next step the following options are shown: 

 

Figure 11: User has the choice of suggesting a dementia condition for the patient or debating 
over a condition claimed by ACKTUS. 

Here the user is given the option of stating his/her opinion of the condition of the patient, or if 
preferred, instantiate an attack on a condition that ACKTUS has concluded. 

Attack ACKTUS conclusion 

When the user has chosen to attack an ACKTUS conclusion, trees containing all ACKTUS 
conclusions are shown. In figure 12 is an example: 
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Figure 12: Showing the tree in which the user can choose amongst possible conditions to be the 
topic of the debate. 
 

As already mentioned the yellow box with an “S” in the upper left corner is informing the user 
that the condition can be concluded in several ways. When clicked another possible way to 
reach this conclusion is shown. 

Now the user has the opportunity to choose any condition or symptom-evidence to serve as the 
root-node and therefore the topic of the debate.  

As a result of selecting the condition “Vad is present” (Vascular Dementia), the usercreated tree 
below is created.  
 

 

Figure 13: The usercreated graph where the user has selected Vascular dementia as topic for a 
debate. 
 

The above rootnode has been instantiated on the behalf of the DA, supporting the ACKTUS 
statement that Vascular Dementia is present. Therefore it is now the user’s turn to make a move. 
In fact, when attacking ACKTUS conclusions all even levels in the graph will be instantiated by 
the DA, and all odd levels by the user (assuming level zero for root node).  
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User stating a condition 

Sometimes the user wants to present a choice of his own rather than attacking an ACKTUS 
statement. The user must then instantiate the root scheme. In figure 14 is shown how the user is 
asked to enter parameters.  

 

 

Figure 14: The program asks the user for parameters before instantiating node PRE. By first 
choosing concept and then the specific condition for this concept, the user can choose the topic 
condition. 
 

Two parameters are available for PRE. The patient name (A) and the suggested condition (B). 
The patient name is automatically announced, so the only parameter that the user should enter is 
the condition. This is done by first choosing amongst concepts, and then the specific condition. 
The possible options of concepts and conditions are loaded into the program from ACKTUS 
repository, at program start. 

When the selection has been done, the user completes the task and the rootnode is instantiated. 
Figure 15 shows the usercreated graph that has been created after choosing DLB excluded 
(Lewy Body dementia not present) as parameter B. 
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Figure 15: The usercreated tree when DLB is excluded has been chosen as topic. 
 

Now it’s the DA:s turn to make a move. The DA makes its move immediately, as shown in next 
section. 

Example of an argumentation 

After the instantiation of the rootnode in the previous example, the DA immediately uses the 
Attack decision algorithm to search for possible attacks. If no attack is selected, e.g. when 
ACKTUS agrees on the proposed condition, the DA passes, saying no possible move is found 
and the move shifts to the user. For this particular patient the DA selects an attack using the 
Attack decision algorithm, and the result is shown in Figure 16: 
 

 

Figure 16: The usercreated graph when the DA has instantiated an SN1-scheme as an attack on 
the topic, claiming that patient has probable Lewy Body Dementia.  
 

The DA attacks with scheme SN1 stating that it believes Probable Lewy Body Dementia to be 
present and that it is impossible for a patient to have both.  
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The turn shifts to the user. What attacks are possible for him to instantiate, in order to 
counterprove the DA? He has only one possible node to attack, because he cannot attack his 
own node. Clicking on SN1, different types of attacks are shown as Figure 17 reveals. 

 

 

 

 

 
 

 

Figure 17: Illustrates the possible options of attack given to the user by the program. The 
schemes of the eight children nodes are possible attacks on the single parent. 

Assume the user chooses to attack with the critical question: SN1_CQ1, asking: Is it the case 
that patient Albert has condition “Pathologic signs on EEG?” The program response is shown 
in Figure 18. 

 

Figure 18: The program asks the user for a confirmation of issuing a critical question attacking 
the SN1-node.  

As often is the case with critical questions no optional parameters exist. After completion of 
attack the DA immediately makes its move and the usercreated graph has been extended with 
two new nodes:  
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Figure 19: The usercreated graph after the user has issued a CQ and the Domain Agent has 
responded with an SN3-attack stating that patient Albert fulfills the ACKTUS criteria of having 
probable Lewy Body Dementia.  
 

Notice here that the DA:s response of the challenging CQ has been the instantiation of the 
scheme SN3, stating that ACKTUS has concluded that ACKTUS has probable Lewy Body 
dementia. The underlying premises for ACKTUS drawing this conclusion are the information 
ACKTUS have regarding patient Albert’s symptom-evidence and the ACKTUS rules. The 
physician may disagree about the symptom-evidence (or rules), and can therefore issue further 
attacks. 

Imagine then that the user wants to attack SN3. As was the case when clicking on SN1 
previously the two-level graph in figure 16 was shown. For SN3 however, no such graph is 
appearing when clicked. This because it belongs to the special schemes that have a different 
behavior when issuing attacks. Figure 20 shows the possible options here: 
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Figure 20: The ACKTUS graph shown when the user wants to attack an SN3 graph. Before a 
RULE1 attack can be instantiated, the user has to select a list of symptom-evidence and 
conditions that ACKTUS uses in order to conclude probable DLB. 
 

Two schemes are possible for the instantiation of an attack on the SN3 scheme: SS6, which is 
changing the ACKTUS-set, and RULE1 that is questioning the validity of a set of rules and/or 
symptom-evidence. SN6 can be used as an attack without any preparation, but for RULE1 an 
attacklist consisting of rules and symptom-evidence must first be selected. A requirement for 
the elements in this list is that without them ACKTUS should not be able to conclude the 
condition B. Therefore the attack button for RULE1 in figure 20 remains inactivated until that 
requirement is fulfilled. 

By clicking on the nodes in the graph, the user can choose which ACKTUS rules and symptom-
evidence to include in the attacklist.  

After selecting the symptom-evidence: Status shows significant episodic memory dysfunction 
claiming that this symptom-evidence is not present for the patient, the user performs an attack. 
A new leaf node is then added to the usercreated tree, which is shown in Figure 21. 
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Figure 21: The usercreated tree where RULE1 has been added as a new leaf node attack. 
 

The attacking continues in a similar way. At some point, the physician may feel he has explored 
the subject enough for her needs. In a future version, the physician’s final decision about the 
patient’s condition should also be saved. 
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Example of applying the logic in the scheme nodes 

Figure 22 shows another example of a usercreated tree in which two participants have debated. 
The physician is the initiator, and is therefore instantiating the first and third scheme, the DA 
issue the second and fourth. The physician begins by suggesting that the patient Albert has 
Lewy Body Dementia to a degree of probable. An attack with a contradictory conclusion is then 
issued by the DA, referring to a particular source named Dr Andersson. This is again challenged 
by the physician who claims that a source, Dr Johansson, verifies the opposite (that the patient 
actually has this condition. Finally, yet another source is referred to, Dr Svensson, by the 
physician. 

 

Figure 22: A usercreated tree illustrating source scheme counterarguments. 
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The corresponding usercreated tree with arguments formulated in logical statements for each 
node is shown in Figure 23. 

 

 

Figure 23: The corresponding logic arguments of the usercreated tree in Figure 22. 

Notice the logic elements, e.g “Dr Svenss” has been made shorter for practical reasons. Another 
detail is the parenthesis that makes the logic clauses resemble predicate logic, however this is 
not the case. Remember that only defeasible rules and defeasible facts are allowed for the logic. 
The semantic meaning of the logic arguments in a node is the same as the corresponding node in 
Figure 22. As an example, the root node argument, ({DL_pro}, DL_pro) is an argument saying, 
patient Albert has condition DL_pro because he has DL_pro. As mentioned previously, it is 
possible to form argument using the same conclusion as premise. The second node in the tree 
has argument ({srcClaim(Dr_Anders, -DL_pro), prV(Dr_Anders, -DL_pro), 
srcClaim(Dr_Anders, -DL_pro) /\ prV(Dr_Anders, -DL_pro) �-DL_pro}, -DL_pro). The 
semantic meaning of this is that the patient does not have probable Lewy Body Dementia 
because 1) source Dr Andersson claims so, 2) Dr Andersson is a proper verifier of this and 
finally 3) if source Dr Andersson claims so and is a proper verifier of this, then the patient has 
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the condition. The third and fourth node in the tree have similarly meaning, but with other 
physicians. 

To illustrate the need of a priority solution mentioned in the results, we will first exclude the 
priority method when using inquiry dialogues on the above graph. The two belief sets are: 

Ʃ1(DA)          = { (srcClaim(Dr_Anders,-DL_pro), 1), (prV(Dr_Anders,-DL_pro), 1),  
                     (srcClaim(Dr_Anders,-DL_pro) /\  prV(Dr_Anders,-DL_pro) -> -DL_pro, 1),  
                     (prV(Dr_Svenss,-DL_pro), 1), (srcClaim(Dr_Svenss,-DL_pro), 1),  
                     (srcClaim(Dr_Svenss,-DL_pro) /\ prV(Dr_Svenss,-DL_pro) -> -DL_pro, 1)} 

Ʃ2(physician) = { (DL_pro, 1), (srcClaim(Dr_Johans,DL_pro), 1), (prV(Dr_Johans,DL_pro), 1),  
                      (srcClaim(Dr_Johans,DL_pro) /\ prV(Dr_Johans,DL_pro) -> DL_pro, 1) } 

These are the same as the union of supports for the arguments that the participants have made in 
Figure 23. The priority values are not used here, so all these are set to 1. The warrant inquiry 
dialogue result is shown in Table 4. 

Table 4: The inquiry dialogue (WI) outcome when using the logic arguments in the usercreated 
tree shown in Figure 23. 

As can be seen in the table four asserts with different arguments are constructed. Not that 
surprisingly all four asserts contain exactly the same arguments as the ones in the usercreated 
graph in Figure 23. Some ai-open dialogues are attempted, however none of these are resulting 
in any asserts. 

Although only a few asserts have been made, the actual graph seen in Figure 24 reuses some of 
the attacks which build a larger graph than what might be expected: 

Move 

nr 

Agent 

Nr 

Move 

1 1 open, dialogue(wi, DL_pro) 

2 2 assert, {(DL_pro, 1)}, DL_pro 

3 1 assert, {(srcClaim(Dr_Anders,-DL_pro), 1), (prV(Dr_Anders,-DL_pro), 1), 

(srcClaim(Dr_Anders,-DL_pro) /\  prV(Dr_Anders,-DL_pro) -> -DL_pro, 1)}, -DL_pro 

4 2 assert, {(prV(Dr_Johans,DL_pro), 1), (srcClaim(Dr_Johans,DL_pro), 1), 

(srcClaim(Dr_Johans,DL_pro) /\ prV(Dr_Johans,DL_pro) -> DL_pro, 1)}, DL_pro 

5 1 assert, {(prV(Dr_Svenss,-DL_pro), 1), (srcClaim(Dr_Svenss,-DL_pro), 1), 

(srcClaim(Dr_Svenss,-DL_pro) /\ prV(Dr_Svenss,-DL_pro) -> -DL_pro, 1)}, -DL_pro 

6 2 open, dialogue(ai, srcClaim(Dr_Johans,DL_pro), prV(Dr_Johans,DL_pro) -> DL_pro) 

7 1 close, dialogue(ai, srcClaim(Dr_Johans,DL_pro), prV(Dr_Johans,DL_pro) -> DL_pro) 

8 2 close, dialogue(ai, srcClaim(Dr_Johans,DL_pro), prV(Dr_Johans,DL_pro) -> DL_pro) 

9 1 open, dialogue(ai, srcClaim(Dr_Anders,-DL_pro), prV(Dr_Anders,-DL_pro) -> -DL_pro) 

10 2 close, dialogue(ai, srcClaim(Dr_Anders,-DL_pro), prV(Dr_Anders,-DL_pro) -> -DL_pro) 

11 1 open, dialogue(ai, srcClaim(Dr_Svenss,-DL_pro), prV(Dr_Svenss,-DL_pro) -> -DL_pro) 

12 2 close, dialogue(ai, srcClaim(Dr_Svenss,-DL_pro), prV(Dr_Svenss,-DL_pro) -> -DL_pro) 

13 1 close, dialogue(ai, srcClaim(Dr_Svenss,-DL_pro), prV(Dr_Svenss,-DL_pro) -> -DL_pro) 

14 2 close, dialogue(ai, srcClaim(Dr_Anders,-DL_pro), prV(Dr_Anders,-DL_pro) -> -DL_pro) 

15 1 close, dialogue(ai, srcClaim(Dr_Anders,-DL_pro), prV(Dr_Anders,-DL_pro) -> -DL_pro) 

16 2 close, dialogue(wi, DL_pro) 

17 1 close, dialogue(wi, DL_pro) 
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Figure 24: The dialectical tree produced when applying the logic arguments of the usercreated 
tree in Figure 23 with inquiry dialogues. 
 

Here inquiry dialogues build a dialectical tree where the leftmost branch is identical with the 
original usercreated graph in Figure 23. For the right branch an argument with Dr Svensson as 
source is used to attack the root-node. An argument with Dr Johansen as source is attacking the 
Dr Svensson argument and finally a Dr Andersson argument is attacking the Dr Johansen source 
argument. One can draw the conclusion from the graph, that the suggested solution of the 
priority problem has not been applied when creating the graph. If that would be the case the Dr 
Johansson attack on the right branch would not be instantiated, because it would be considered 
to have too low priority for that. 

The result of the dialectical tree given by inquiry dialogues is the same as for the usercreated 
tree, which is that the rootnode is defeated.  

This has only been a few examples of the system functionality. Due to space reasons, no more 
examples are given, although only a minor part of the system functionality has been shown.  
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Test of inquiry dialogues 

As previously mentioned a sum of 15 tests have been performed regarding the functionality of 
inquiry dialogues. The examples used are given by Black & Hunter in the articles, (2), (24). The 
two agents’ belief bases have been given to the program, and the resulting inquiry dialogues 
have been compared to the one given in the articles. Also, for wi-dialogues, the resulting 
dialectical tree has also been compared. In all but one example, the results were identical. In one 
example 7.8.1 (24), some minor differences of the dialogue are present.  

Space reasons restrict us to show all test-results here, but in the following, the example where 
the result differ somewhat, example 7.8.1 (24) on page 143, is showed, explained and tested.  

The belief bases for agent 1 and agent 2 are as follows: 

Ʃ
1 = { (-d, 2), (f, 1), (-d � -a, 2), (f � d, 1), (d /\ e � -c, 1) } 

Ʃ
2 = { (a, 3), (c, 2), (d, 1), (a � b, 3), (c � -b, 2) } 

When executed with the implemented inquiry dialogues, the dialogue in table 5 takes place: 
 

Table 5: The dialogue outcome for an example (7.8.1) given by Elizabeth Black, using the 
implementation of inquire dialogues. 

Move 

nr 

Commitment 

store 

(Agent 1) 

Move Commitment 

store 

(Agent 2) 

Query Store 

1  <1, open, dialogue(wi, b)>   

2  <2, assert, {(a, 3), (a -> b, 3)}, b> (a, 3)  

(a -> b, 3) 

 

3 (-d, 2) 

(-d -> -a, 2) 

<1, assert, {(-d, 2), (-d -> -a, 2)}, -a>   

4  <2, assert, {(c, 2), (c -> -b, 2)}, -b> (c, 2) 

(c -> -b, 2) 

 

5 (f, 1) 

(f -> d, 1) 

<1, assert, {(f, 1), (f -> d, 1)}, d>   

6  <2, assert, {(d, 1)}, d> (d, 1)  

7  <1, open, dialogue(ai, -d -> -a)>  {-d, -a} 

8  <2, close, dialogue(ai, -d -> -a)>   

9  <1, close, dialogue(ai, -d -> -a)>   

10  <2, open, dialogue(ai, a -> b)>  {a, b} 

11  <1, close, dialogue(ai, a -> b)>   

12  <2, close, dialogue(ai, a -> b)>   

13  <1, open, dialogue(ai, f -> d)>  {f, d} 

14  <2, close, dialogue(ai, f -> d)>   

15  <1, close, dialogue(ai, f -> d)>   

16  <2, open, dialogue(ai, c -> -b)>  {c, -b} 

17  <1, close, dialogue(ai, c -> -b)>   

18  <2, close, dialogue(ai, c -> -b)>   

19  <1, open, dialogue(ai, d, e -> -c)>  {d, e, -c} 

20  <2, close, dialogue(ai, d, e -> -c)>   
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In table 5 agent 1 begins by issuing an open of a wi-dialogue, using the topic b. Remember that 
wi-dialogues requires a fact as a topic. The turn then shifts to agent 2, which now focus on 
trying to establish a root-argument having “b” as a claim. It succeeds declaring such an 
argument and therefore the root argument are established when shifting the turn back to agent 1. 
Agent 1 manages to form a valid attacking argument (on the root node of the dialectical tree) 
attacking the premise a in the root argument. In move 4, 5 and 6 the attacking continues, 
attacking previous premises b, -d and -d again. In move 7 to 21 unsuccessful ai-opens are 
attempted before the dialogue closes in move 22 and 23.  

The resulting dialectical tree is shown in Figure 25. 

 

Figure 25: The dialectical tree produced when running inquiry dialogues for an example (7.8.1) 
given by Elizabeth Black, using the implementation of inquire dialogues. 

Notice in Figure 25 that an attack only can be issued for an argument which has the same or a 
higher priority than the support it attacks. The priority numbers are reversed, so that a lower 
number means a higher priority.  

Also notice that the number of nodes in Figure 25 is the same as the number of asserts in the 
dialogue as opposed to the dialectical tree in Figure 24.  

When comparing the dialectical tree constructed by the program to the one presented in the 
article of Black & Hunter, they are identical. However, the presented dialogue is not identical to 
the one in Table 5. Firstly the asserts for agent 2 in move 4 and 6 are reversed compared to 
Table 5. Another difference is that agent 1 is doing a close on the fifth move. Because of the 
close move, the rest of the dialogue changes accordingly.  

  

21  <1, close, dialogue(ai, d, e -> -c)>   

22  <2, close, dialogue(wi, b)>   

23  <1, close, dialogue(wi, b)>    
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Discussion 
In the following, issues that might need further attention, discussions about choice of methods 
or extra clarifying, are brought to the reader’s attention. The discussion follows the structure of 
the result, that is beginning with the design of the argumentation schemes and critical questions 
followed by the Attack decision algorithm, improving of the reasoning in the argumentation 
graph, the system versus the donator article and finally some conclusions. 

Design of the argumentation schemes and 

critical questions 

There might be many different underlying approaches for making a design of the attack nodes. 
At first an approach using a weight system for arguments was considered. In the end a decision 
was made using a less complicated source-based approach to the design. Although some 
benefits may be perceived such as no weight-discussions needed and a focus on sources, it is 
difficult to claim that this approach is superior to others. An accurate and complete comparison 
of different design solutions would probably only be possible when comparing already finished 
systems. Another thing to remember is that the creative nature of the scheme design assures, if 
the work continues, for an almost endless process of improvements, justifications for new 
circumstances and even new approaches from scratch.  

The solution to the source scheme and its counterattacks (and also some other schemes) have as 
mentioned in the results been to allow for only one source attack at a time. This enables for an 
easy and understandable design and has a number of advantages. However at the same time, it 
makes it impossible for a user to state that several (weak) sources collectively support a thesis. 
When issuing these sources in the usercreated graph (one at a time) they are all defeated 
(because they are weak). What this means is that e.g. twenty weak arguments might be defeated, 
whereas one single strong argument might win. The collective force is not accounted for in the 
created source attacks. This is the disadvantage of using single source attacks. An interesting 
prospect would be to search for a solution to this problem. 

Another issue for improvement concerns the premise “Source B is a proper verifier” in the 
source scheme (SS1). As pointed out, the design does not allow for a critical question 
challenging this premise. However, if the participant has specific evidence of the source, the 
participant can issue arguments attacking the “proper verifier”-statement (SS3, SS6, SS7 or 
SS9). As a consequence the premise is valid until a proof of the opposite is laid forward, and the 
burden of proof lies only on the opponent. So, for example, if a proponent refers to an unknown 
source that the opponent doesn’t know about, there is no critical question to force the user to 
show the legitimacy of the source. The only option remaining for an opponent wanting the 
proponent to explain the source is that the opponent issue a scheme attack, saying e.g. that there 
are doubts in the scientific community about the source. This forces the proponent to explain 
her behavior (or lose the debate). This is not optimal because it forces the proponent to make a 
scheme statement without real evidence. A solution to this problem is left for future 
improvements. 

During the whole project the scheme creation has been changed and altered. There is no reason 
to believe that the current design is optimal in any way, but due to the many changes, hopefully 
the design is beginning to take form. 
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The Attack decision algorithm 

In the Selection algorithm the factors “how essential the attacks are in the discussions” and 
“degree of userfriendliness” are measured by inverted level and “distance” from user node. It is 
quite obvious that the two measurements are not perfect measures of what they are aiming at. A 
discussion further down in the tree may in fact, be of higher importance, than one at a lower 
level. The assumption that the continuation of a debate closer to the previous argument is more 
user friendly than an attack in another branch, could also be questioned. But one has to recall 
that the Selection algorithm is more about selecting the order in which the attacks should be 
issued, rather than which attack that should be preferred. Eventually, almost always when it 
comes to the ACKTUS-based implemented attack algorithm, the majority of the possible attacks 
will eventually be shown to the user. Therefore every little piece of information that can shed 
some light on which attacks to prefer the most, even though resulting in a rough estimate, is 
better than nothing. Also notice, that the user can choose to “turn off” an undesirable factor by 
setting the weight to zero. 

For the future, even more factors (and hopefully more precise) may be used for the Selection 
algorithm. Potential learning is one example of an interesting factor to use. That is, the 
algorithm focus on selecting attacks which will improve the physician’s learning.  

Regarding the Ranking algorithm, an improvement would be to have access to even more 
information, e.g. given by an ai-algorithm. That would make it possible to prioritize the attacks 
more accurately.  

The Ranking algorithm constructs a list of possible attacks (for each user node), and is 
consulted every time the DA makes a move. An easy add on to the program, that due to time-
reasons not has been implemented, would be to check so that every attack on a usernode in the 
usercreated tree is present on this list. An example of when this would be useful is when the 
user is changing ACKTUS-set which may cause some of the previously declared attacks to be 
obsolete. The check would then be able to ensure for a deletion or inactivation of attacks that 
are no longer valid. 

Another issue regards the ACKTUS internal conflicts mentioned in the background. At present 
ACKTUS may suggest that several conditions for a patient are satisfied within the same concept 
(such that Lewy Body Dementia is present for a patient and Lew Body Dementia is probable for 
a patient). This violates the assumption that only one condition can be accurate for the patient 
associated with a specific concept. The Attack decision algorithm will behave accordingly and 
may therefore attack a condition stated by the user with several of these conditions, or decline 
an attack although another conclusion is present (because ACKTUS also concludes the user 
statement). One future solution would be to first detect the conflicts in ACKTUS, and then use 
an AI-tool that selects the most preferable alternative, and therefore solves the conflict.  

Improving the reasoning in an argumentation 

graph 

When trying to come up with a solution to the problem of using the arguments of the 
usercreated tree in inquiry dialogues, two different options were available. Either change the 
logic in the defeasible logic of Black & Hunter in accordance with the needs of the usercreated 
tree, or somehow adjust the logic of the nodes for the defeasible logic. Considering that 
introducing a new logic into inquiry dialogues would need a proof to show that that new logic 
still would be logically sound and reliable and give the same results as the previous one in 
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inquiry dialogues – the latter solution was selected. The idea to treat the clauses with 
parenthesis and “parameters” as literals solved some of the problem. 

The transcription of logic beliefs that takes place when formalizing the instantiated schemes 
might, as already said, be confusing. Why should the parenthesis be used in such clauses as 
srcClaim(Dr_Eriksson, DL_pro) if not to mark Dr_Eriksson and DL_pro as parameters? The 
answer is that they originate from a general statement srcClaim(A, B) where A and B are 
parameters to be filled in interactively during the creation of the the usercreatead tree. But when 
parameters are given to A and B, they can be seen as literals when given to the inquiry 
dialogues. 

Disproportionally much effort was put into the negation of clauses. Here an interesting question 
is what happens in the system, when a loop is being introduced. If for example a proponent 
claims “Thesis T is true, because source A says so”, the opponent contradicts with: “Thesis T is 
false, because source C says so” and the proponent reclaims its originally thesis: “Thesis T is 
true, because source A says so”, etc, how does the system react? At the moment no checking of 
reusing arguments takes place regarding the usercreated tree. But in the inquiry dialogues, these 
checks are made. For the future, argument reusing should be checked for in the usercreated tree 
as well. 

There is also an issue with the technique of solving the problem of critical questions. Here the 
DA removes the belief of a CQ from the opposite agent’s belief. This is done in order to account 
for CQ:s in inquiry dialogues which only uses belief bases. In a way one may claim that this 
violates the laws of beliefs when one of the participants, actually removes knowledge from 
another party’s belief. However, this is the only solution that the author has found to solve the 
problem of critical questions. One might imagine a future version where another, more neutral 
agent, handles the CQ-issue for ensuring that no improper removal is done. 

In this thesis a technique has been used as a mean of constructing a dialectical tree comparable 
with the usercreated tree in order to ensure correctness regarding defeater status. An issue not 
yet solved regards the reason why the defeater status has changed. A detection method might be 
able to identify what makes the defeater status of the usercreated tree incorrect by studying the 
differences between the two graphs. Additionally it might be possible to present this to the 
physician in a way that promotes understanding (e.g. natural language instead of logic). There 
should also be pointed out that a disagreement of who is the winner of a debate between the two 
types of trees may also reflect erroneous, bad and/or inappropriate logic clauses for the scheme-
structures. Therefore this technique of using inquiry dialogues may also act as a way of ensuring 
a proper construction of the interaction graph.  

After the procedure of creating two belief bases reflecting the critical questions and the priority 
of nodes in the usercreated tree, a charade is carried out by the DA. The DA already has all the 
necessary knowledge, and the computer agent’s only aim is to construct the dialectical tree. 
Therefore no real agent belief sharing has been taken place. Also only the knowledge of the tree 
is used, not other knowledge, such as the ACKTUS rules (sometimes though this information is 
put in the tree). Another approach would be to use two true agents, the DA and a user agent 
(UA). They could have their own belief base, where all their current knowledge is stored (the 
DA has e.g. all the ACKTUS rules in the belief base). This approach might be an interesting 
future project and an advantage would be that new knowledge easy can be put directly into the 
belief bases without first ending up in the usercreated tree. The following two reasons illustrate 
why the approach is not used in this thesis.  

1. The comparison between the resulting dialectical tree from inquiry dialogues and the 
usercreated tree using this approach is of less value. One of the reasons of this is that no 
CQ handling is made, which is making the comparison erroneous. Another is that by 
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using other knowledge not present in the usercreated tree the comparison will be of less 
interest.  

2. Using such a method, the usercreated tree will never or seldom have the correct defeater 
status and is almost redundant. 

3. The use of inquiry dialogues in the thesis is generic, and may be applied to any 
argumentation graph of this kind. Also, new knowledge may still be introduced in the 
nodes of the usercreated tree, and therefore end up in the dialectical tree. 

Because of these reasons, the charade technique mentioned above have been chosen for the 
thesis. 

Regarding the implementation of inquiry dialogues, the evaluation shows that one inquiry 
dialogue example of fifteen in the two articles (24), (2) differs from the result of the 
implementated algorithm of inquiry dialogues for the thesis. The thesis implementation result is 
shown in the evaluation section (table 5) and the differences consist of reversed asserts for agent 
2 in move 4 and 6, and also agent 1 doing a close on the fifth move (and therefore changing the 
order of all other moves). The order of asserts is decided upon with the function 
myValuesProcedure, that has been extra validated for correct behavior, and it also behaves 
correct regarding the other 14 examples. Regarding the fifth move, an assert ((f, 1), (f -> d, 1)}, 
d) has been made by the agent, and as far as the thesis author can tell, no obvious reason exists 
for omitting this assert. This suggests that the given example by Black has errors, and that the 
implementation behaves as expected.  

Finally the solution of the mutual attacks, ignoring them, might be the subject of most criticism. 
The solution is not ideal and has several flaws, e.g. the need for a participant to reenter an 
argument. And if introducing a mechanism forbidding the reuse of arguments mentioned above, 
the participants cannot even reenter the argument. However, the main purpose of the program is 
not to put all focus on the defeater status but to help give more clarity to the problem of the 
patient’s diagnose. Therefore the possible negative effects of ignoring mutual attacks might be 
of less importance. In any case, the mutual attack problem is not an easy-fix – and the scope of 
the thesis does not cover a more sophisticated solution. 

The system versus the donator article 

The donator articles (14), (18), (19), (21), (22) mentioned in the background section use the 
same type of argumentation graph, as the one used in the thesis. However, except that the 
purpose of the dialogues differs, the major difference lies in the human to human discussion for 
the donator article compared to the human to computer argumentation in the thesis. One 
advantage of having human decision makers is that more responsibility is laid on humans (but 
not all) and hence a higher chance for system acceptance in the community. Another advantage 
could be that low complexity may result in less compromises and limitations for the solution. In 
the thesis however, only one human participant, the physician, is present. As a consequence an 
algorithm for automatically attacking has been developed for this thesis which makes the system 
1) less desirable for use by the society because of responsibility issues and 2) more complex and 
therefore resulting in a higher extent of (at least for this implementation) compromises 
regarding algorithm construction. On the other hand, the physician will get immediate response, 
instead of waiting for another human to answer. Another advantage is the exciting future 
possibilities such as computer agent learning and the use of other AI-techniques that might give 
further advantages to such a system. Also, predetermined schemes offer a semistructured 
argumentation that makes the reasoning for the computer agent, although complex, more 
achievable than e.g. direct communication. The complexity of the task could be compared to a 
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computer playing a chess game. The rules of the game, constrains the task, making it possible to 
find moves and evaluate the position, although the complexity of this is high.  

Another issue regarding the donator project is the representation of schemes and critical 
questions. As mentioned in the background, for the donator system, schemes are associated with 
a set of critical questions, and critical questions are associated with a set of schemes. The 
associated sets reveal which critical questions and schemes that are candidates for an attack 
regarding a particular node in the graph. Instead, in this thesis, an interaction graph has been 
used to illustrate which attacks that are possible to instantiate for a particular scheme or critical 
question. The reason for this, is that it enables a graphical view of the relationships between the 
nodes, and therefore improves the view of the structure as a whole. However, the interaction 
graph (see the Appendix) is extensive – and an improvement of the program would be to enable 
the user to select only subtrees of the interaction graph when viewing it (such as an enabling of 
close and open of branches). This solution could also be appropriate to use for the usercreated 
tree. 
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Future work 
Although the aim of the project has been to create a complete and proper system, there are a lot 
of remaining issues to deal with (some already mentioned in the discussion), such as: 

•••• Feedback from physicians 
•••• The development of a technique that enables ACKTUS to deal with the unsupported 

schemes TEST and OBSERV, in order for these to automatically attack 
•••• Refinements and improvements helping the user to enter values into the system 

•••• Improvements of the design 

An implementation detail that also could be improved is the parameter linking. The complexity 
of the implementation increased, when a concept of linked parameters also was introduced. The 
reason for this concept was to introduce a way of using the same variable between several 
nodes. An improvement of the parameter linking in the implementation might reduce the 
complexity, hence making it more adaptable for future adaptations.  

Another issue of possible future development is the introduction of other AI-methods than the 
semantics of ACKTUS into the system. One of the benefits of using argumentation dialogues is 
the ability to easily combine it with several AI-algorithms. For example, the AI-algorithm 
case-based reasoning (CBR) could be used to increase the usability and make the Attack 
decision algorithm more adaptive and powerful. Also, as mentioned in the results section, 
schemes such as AI1 could be instantiated for direct attacks, and at the same time informing the 
user of different AI-based opinions regarding a particular diagnose. An analysis of the reasoning 
of a particular physician might also be applied. A physician might e.g. have a tendency to prefer 
a certain condition to another. If the algorithm detects such a pattern for a physician, the 
program can notify the physician and/or prioritize attacks on these conditions. 

A future vision of the system is when a complete dialogue system has been created, well 
integrated into a hospital where some patient data from the journals are automatically 
transferred. An Attack decision algorithm which is using previously dialogues as well as AI-
algorithms is applied when deciding on attacks. During the dialogue information is retrieved 
and given, and logic is used making sure that the system is logically sound. A functional design 
assures the usability of the system.  
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Conclusions and summary 
In this thesis a system for argumentation-based dialogues regarding dementia conditions for a 
certain patient has been proposed and constructed. Four different parts have been recognized 
and analyzed: 1. which argumentation schemes and critical questions to use in the design of an 
argumentation graph enabling dementia dialogues, 2. the construction of an algorithm with a 
purpose to attack the user nodes based on ACKTUS knowledge (ACKTUS is a semantic web-
application for modeling knowledge (1)) 3. improvement of the reasoning in an argumentation 
graph by a) ensuring a proper winner election by the use of Black & Hunter’s inquiry dialogues 
(2), b) coping with the issue of mutual attacks. The final challenge: 4. was how to implement 
such a system.  

As a method for achieving this review of literature, study of ACKTUS together with expertise 
advice and a trial and error approach have been used. Building tools for the implementation 
have been Java and the java-servlet technology Tomcat. 

The results include dialogues where two participants, a physician and the computer agent, take 
turn in making the moves (arguments). The first move in the dialogue is a statement claiming a 
patient has a certain dementia condition. Every move is either an argument, establishing some 
fact in the form of an argument, or a critical question, challenging an argument of the opponent. 
While the debate progresses an argumentation tree is constructed. From this tree a winner of the 
debate is elected. The winner of the debate is often changed with every move as the dialogue 
proceeds. 

A source reasoning approach has been applied in the construction of schemes and CQ:s which 
allows for the participants of the argumentation to instantiate arguments based on one or more 
different kinds of sources. Other approaches for the attack nodes are test- and observation 
schemes, attacks based on AI-tools or based on ACKTUS knowledge.  

Algorithms were developed and used for selection and ranking. These were used to search for 
an appropriate move/attack to make and if possible instantiate it in the argumentation tree. The 
selection algorithm is using a mix of likelihood of winning, degree of user-friendliness, profit 
and essentiality of the discussion according to user preferences to generate an appropriate move. 
The Ranking algorithm is focusing on the concept of likelihood of winning and is applying 
ACKTUS knowledge when determining a ranking for each individual possible scheme attack. 

A way to improve the reasoning of the designed argumentation dialogue has also been 
developed and implemented. This technique involves three different steps. The first is a logic 
formalization of the arguments in the designed argumentation dialogue. The second involves the 
construction of an algorithm of inquiry dialogues. The third introduces methods that construct 
two belief bases (sets of knowledge) in such a way that their total knowledge represents the 
knowledge of the designed argumentation dialogue. When these belief bases are used in inquiry 
dialogues, an argumentation tree is given as a result. This argumentation tree can then be 
compared with the designed argumentation tree. As a result errors regarding winners and 
defeaters for the designed argumentation tree can be detected. To cope with the mutual attack 
problem, a technique of ignorance where the last attack always wins has been applied. 

An evaluation of the functionality of the system has been carried out. The implemented system 
has been tested for correctness, including inquiry dialogues where the implemented algorithm 
has been compared with examples given by Black & Hunter (2), (24). The inquiry dialogues 
implementation seem to be working properly as well as the argumentation part. No evaluation 
involving physician’s opinions/testing has yet been performed. 
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A proposal of the use of other solutions e.g. involving weights has been discussed. Another 
discussion concerned the weaknesses of the solution regarding e.g. the mutual attack-problem. 

Many different conclusions may be drawn from the thesis. One is that the system requires more 
refinement before it’s ready for use in health care. Examples of such improvement might be 
more effort laid on the graphic user interface, solution to the internal conflicts of ACKTUS, 
test- and observation handling, improvements of the mutual attack-problem and a physician 
evaluation. Despite this the thesis reveals some of the possibilities that an argumentation system 
may have to offer diagnostics regarding dementia. The use could relatively easy be transcribed 
to other areas of diagnostics as well. Furthermore, a major feature of the argumentation system 
is the possibility to accumulate and mix the knowledge of several Artificial Intelligent-
algorithms. The thesis also illustrates how a computer agent can create possible attacks on the 
dialogue moves of a human participant. The semistructured feature of argumentation dialogues 
makes this task, although complex, more feasible than with the use of direct communication. 

Yet another conclusion is that the work shows how inquiry dialogues can be used in order to 
ensure correct winner election in an argumentation dialogue with preset semistructured 
schemes. This technique could be used for any argumentation dialogue of this kind, regardless 
the subject.  

The major conclusion is that it is in fact possible to construct an argumentation system 
regarding dementia with a computer agent that automatically attacks, together with a reasoning 
that ensures the accuracy of winner election. 
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Appendix 
 

The interaction graph 

In the following pages the interaction graph is shown. In order to be able to see an overview 
nothing more than the ID of the scheme is given in each node. Premises and conclusion and 
logic for every scheme are instead shown in the section Source Schemes of the appendix. 
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Source schemes 
 

All schemes for the interaction graph are shown in alphabetical order: 

 

 

 

AIT1 

Name: AIT1 

Thesis: patient A has condition F 

Premises: 

 Premise 1: An AI Tool Q has concluded that the current claim is valid for patient A. 

 Premise 2: AI Tool Q is trustworthy for patient A 

 Premise 3: If premise 1 and premise 2 is true then the claim is true. 

Conclusion: T 

Logic thesis: F 

Logic support: 

 Support 1: AITool(Q,LT) 

 Support 2: trWorth(Q,LT) 

 Support 3: AITool(Q,LT) /\ trWorth(Q,LT) -> LT 

Logic claim: LT 

 

AIT1_LINKED_PRE_1 

Name: AIT1 

Is linked to: AIT1 

Thesis: patient A does not have condition B. 

Logic thesis: ^B| 

 

AIT1_LINKED_PRE_CQ1_1 

Name: AIT1 

Is linked to: AIT1 

Thesis: patient A has condition B 

Logic thesis: B 

 

AIT1_LINKED_SN1_4 

Name: AIT1 

Is linked to: AIT1 

Thesis: patient A does not have condition F. 

Logic thesis: ^F| 

 

AIT2 

Name: AIT2 

Premise: The AI-tool Q is not trustworthy for stating T regarding patient A. 

Conclusion: The AI-tool Q is not trustworthy for stating T regarding patient A. 

Support: ^trWorth(Q,LT)| 

Logic claim: ^trWorth(Q,LT)| 
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CRIT1 

Name: CRIT1 

Premises: 

 Premise 1: Patient A doesn’t fulfill the criteria for condition B according to set D in ACKTUS rules. 

 Premise 2: Criteria set D is preferred. 

 Premise 3: If premise 1 and premise 2 are true then the current claim is true 

Conclusion: Patient A doesn’t have condition B 

Logic support: 

 Support 1: ^crit(B,D)| 

 Support 2: pf(D) 

 Support 3: pf(D) /\ ^crit(B,D)| -> ^B| 

Logic claim: ^B| 

 

CRIT1_LINKED_SN1_3 

Name: CRIT1 

Is linked to: CRIT1 

 

CRIT2 

Name: CRIT2 

Premises: 

 Premise 1: New rule/s of thumb R1 for patient A is/are valid 

 Premise 2: These rule/s of thumb will make Acktus criteria fulfilled 

Conclusion: ACKTUS criteria is fulfilled regarding condition B for patient A in set D 

Logic support: 

 Support 1: R1 

 Support 2: R1 -> crit(B,D) 

Logic claim: crit(B,D) 

 

CRIT4 

Name: CRIT4 

Premises: 

 Premise 1: Acktus-set E is preferred (instead of acktus-set D) 

 Premise 2: Condition B fulfills acktus criteria in set E 

 Premise 3: We can only prefer one acktus-set at a time 

Conclusion: Acktus set D is not preferred 

Logic support: 

 Support 1: pf(E) 

 Support 2: crit(B,E) 

 Support 3: pf(E) -> ^pf(D)| 

 Support 4: pf(D) -> ^pf(E)| 

Logic claim: ^pf(D)| 

 

CRIT5 

Name: CRIT5 

Premise: The missing symptom-evidence S1 of ACKTUS fulfilling the criteria, is actually present. 

Conclusion: ACKTUS criteria is fulfilled regarding condition B for patient A in set D 

Logic support: 

 Support 1: S1 

 Support 2: S1 -> crit(B,D) 

Logic claim: crit(B,D) 
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CRIT5_CQ1 

Name: CRIT5_CQ1 

Critical Question: Is it the case that symptom-evidence E is present for patient A? 

Logic CQ: E 

 

OBSERV1 

Name: OBSERV1 

Thesis: Patient A has condition B. 

Premises: 

 Premise 1: The observation/s O1 support thesis T. 

 Premise 2: Observation O1 has been measured correctly by person/s W1 

 Premise 3: W1 is/are credible person/s measuring these observations. 

 Premise 4: If premise 1, 2, 3 are true then thesis T is true for patient A. 

Conclusion: T 

Logic thesis: B 

Logic support: 

 Support 1: supports(O1,LT) 

 Support 2: cmeasBy(O1,W1) 

 Support 3: cred(W1,O1) 

 Support 4: supports(O1,LT) /\ cmeasBy(O1,W1) /\ cred(W1,O1) -> LT 

 Support 5: supports(O1,LT) /\ cmeasBy(O1,W1) /\ cred(W1,O1) /\ supports(O1,LT) /\  

                                                 cmeasBy(O1,W1) /\ cred(W1,O1) -> LT -> LT 

Logic claim: LT 

 

OBSERV1_LINKED_CRIT5 

Name: OBSERV1 

Is linked to: OBSERV1 

Thesis: Symptom-evidence E is not present for patient A 

Logic thesis: ^E| 

 

OBSERV1_LINKED_CRIT5_CQ1_1 

Name: OBSERV1 

Is linked to: OBSERV1 

Thesis: Symptom-evidence E is present for patient A 

Logic thesis: E 

 

OBSERV1_LINKED_OBSERV1_1 

Name: OBSERV1 

Is linked to: OBSERV1 

Thesis: It is not so that T 

Logic thesis: ^parent;LT| 

 

OBSERV1_LINKED_PRE_1 

Name: OBSERV1 

Is linked to: OBSERV1 

Thesis: patient A doesn't have condition B 

Logic thesis: ^B| 
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OBSERV1_LINKED_RULE1_1 

Name: OBSERV1 

Is linked to: OBSERV1 

Thesis: Symptom-evidence E is present for patient A 

Logic thesis: E 

 

OBSERV1_LINKED_RULE1_CQ2_1 

Name: OBSERV1 

Is linked to: OBSERV1 

Thesis: Symptom-evidence E is not present for patient A 

Logic thesis: ^E| 

 

OBSERV1_LINKED_SN1_1 

Name: OBSERV1 

Is linked to: OBSERV1 

Thesis: patient A doesn't have condition F 

Logic thesis: ^F| 

 

OBSERV1_LINKED_SN1_CQ1_1 

Name: OBSERV1 

Is linked to: OBSERV1 

Thesis: patient A has condition F 

Logic thesis: F 

 

OBSERV2 

Name: OBSERV2 

Premise: Observation O does not support thesis T. 

Conclusion: Observation O does not support thesis T. 

Support: ^supports(O,LT)| 

Logic claim: ^supports(O,LT)| 

 

OBSERV2_CQ1 

Name: OBSERV2_CQ1 

Critical Question: Is it the case that observation O does not support thesis T? 

Logic CQ: ^supports(O,LT)| 

 

OBSERV3 

Name: OBSERV3 

Premise: Person W is not a credible person measuring observation O. 

Conclusion: Person W is not a credible person measuring observation O. 

Support: ^cred(W,O)| 

Logic claim: ^cred(W,O)| 

 

OBSERV3_CQ1 

Name: OBSERV3_CQ1 

Critical Question: Is it the case that person W is not a credible person measuring observation O? 

Logic CQ: ^cred(W,O)| 
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OBSERV4 

Name: OBSERV4 

Premise: Observation O has not been measured correctly by person W. 

Conclusion: Observation O has not been measured correctly by person W. 

Support: ^cmeasBy(O,W)| 

Logic claim: ^cmeasBy(O,W)| 

 

OBSERV4_CQ1 

Name: OBSERV4_CQ1 

Critical Question: Is it the case that observation O has not been measured correctly by person W? 

Logic CQ: ^cmeasBy(O,W)| 

 

PRE 

Name: PRE 

Premise: Patient A has condition B 

Conclusion: Patient A has condition B 

Support: B 

Logic claim: B 

 

PRE_CQ1 

Name: PRE_CQ1 

Critical Question: Is it the case that patient A has condition B? 

Logic CQ: B 

 

RULE1 

Name: RULE1 

Premise: Rule/s R1 and symptom-evidence/s E1 are not accurate for patient A. 

Conclusion: Rule/s R1 and symptom-evidence/s E1 are not accurate for patient A. 

Support:   

-r1_ 

-r2_ 

-r3_ 

-r1_ /\ -r2_ /\ -r3_ � and(-r1 & -r2 & -r3) 

and(-r1 & -r2 & -r3) � -r1 

and(-r1 & -r2 & -r3) � -r2 

and(-r1 & -r2 & -r3) �- r3 

r1 �  -and(-r1 & -r2 & -r3) 

r2 �  -and(-r1 & -r2 & -r3) 

r3 �  -and(-r1 & -r2 & -r3) 

 

Logic claim: (same as support) 

 

 

RULE1_CQ1 

Name: RULE1_CQ1 

Critical Question: Is it the case that acktus rule R in set D is not valid for patient A 

Logic CQ: ^R| 

 

RULE1_CQ2 
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Name: RULE1_CQ2 

Critical Question: Is it the case that symptom-evidence E is not present for patient A? 

Logic CQ: E 

SN1 

Name: SN1 

Premises: 

 Premise 1: Patient A has condition F 

 Premise 2: Condition B and condition F can't coexist for patient A. 

Conclusion: Patient A does not have condition B 

Logic support: 

 Support 1: F 

 Support 2: nonCo(B,F) 

 Support 3: nonCo(F,B) -> nonCo(B,F) 

 Support 4: nonCo(B,F) -> nonCo(F,B) 

 Support 5: nonCo(B,F) /\ B -> ^F| 

 Support 6: nonCo(B,F) /\ F -> ^B| 

Logic claim: ^B| 

 

SN1_CQ1 

Name: SN1_CQ1 

Critical Question: Is it the case that patient A has condition F? 

Logic CQ: F 

 

SN1_CQ2 

Name: SN1_CQ2 

Critical Question: Is it the case that condition B and condition F can't coexist for patient A? 

Logic CQ: ^nonCo(B,F)| 

 

SN3 

Name: SN3 

Premise: All rules and evidence in ACKTUS set D that is needed to fulfill condition F. 

Conclusion: Patient A fulfills the ACKTUS criteria of having condition F. 

Support: D 

Logic claim: F 

 

SN3_LINKED_PRE_CQ1_1 

Name: SN3 

Is linked to: SN3 

 

SN6 

Name: SN6 

Premise: The preferred set of rules for the user A in ACKTUS is (from now on) E, not D, and set E  

                 does not lead to the conclusion that patient A has condition F 

Conclusion: The preferred set of rules for the user A in ACKTUS is (from now on) E, not D, and set E does not lead to  

                      the conclusion that patient A has condition F 
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SS1 

Name: SS1 

Thesis: Acktus rule R in set D is not valid for patient A 

Premises: 

 Premise 1: B1 verifies the claim. 

 Premise 2: B1 is a proper verifier of the claim. 

 Premise 3: If premise 1 and 2 are true then the claim is true. 

Conclusion: T 

Logic thesis: ^R| 

Logic support: 

 Support 1: srcClaim(B1,LT) 

 Support 2: prV(B1,LT) 

 Support 3: srcClaim(B1,LT) /\ prV(B1,LT) -> LT 

Logic claim: LT 

 

SS1_CQ1 

Name: SS1_CQ1 

Critical Question: Is it the case that B1 claim statement T? 

Logic CQ: srcClaim(B1,LT) 

 

SS1_LINKED_CRIT5_1 

Name: SS1 

Is linked to: SS1 

Thesis: Symptom-evidence E is not present for patient A 

Logic thesis: ^E| 

 

SS1_LINKED_CRIT5_2 

Name: SS1 

Is linked to: SS1 

Thesis: Symptom-evidence D and not Symptom-evidence E is present for patient A 

Logic thesis: ^E| 

 

SS1_LINKED_CRIT5_CQ1 

Name: SS1 

Is linked to: SS1 

Thesis: Symptom-evidence E is present for patient A 

Logic thesis: E 

 

SS1_LINKED_OBSERV2_1 

Name: SS1 

Is linked to: SS1 

Thesis: Observation O supports thesis T. 

Logic thesis: supports(O,LT) 

 

SS1_LINKED_OBSERV2_CQ1_1 

Name: SS1 

Is linked to: SS1 

Thesis: Observation O does not support thesis T. 

Logic thesis: ^supports(O,LT)| 
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SS1_LINKED_OBSERV3_1 

Name: SS1 

Is linked to: SS1 

Thesis: Person W is a credible person measuring observation O. 

Logic thesis: cred(W,O) 

 

SS1_LINKED_OBSERV3_CQ1_1 

Name: SS1 

Is linked to: SS1 

Thesis: Person W is not a credible person measuring observation O. 

Logic thesis: ^cred(W,O)| 

 

SS1_LINKED_OBSERV4_1 

Name: SS1 

Is linked to: SS1 

Thesis: Observation O has been measured correctly by person W. 

Logic thesis: cmeasBy(O,W) 

 

SS1_LINKED_OBSERV4_CQ1_1 

Name: SS1 

Is linked to: SS1 

Thesis: Observation O has not been measured correctly by person W. 

Logic thesis: ^cmeasBy(O,W)| 

 

SS1_LINKED_PRE_1 

Name: SS1 

Is linked to: SS1 

Thesis: Patient A has condition F and not condition B. 

Logic thesis: ^B| 

 

SS1_LINKED_PRE_2 

Name: SS1 

Is linked to: SS1 

Thesis: Patient A has not condition B according to source B1. 

Logic thesis: ^B| 

 

SS1_LINKED_PRE_CQ1 

Name: SS1 

Is linked to: SS1 

Thesis: Patient A does have condition B. 

Logic thesis: B 

 

SS1_LINKED_RULE1_1 

Name: SS1 

Is linked to: SS1 

Thesis: Symptom-Evidence E is present for patient A. 

Logic thesis: E 
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SS1_LINKED_RULE1_2 

Name: SS1 

Is linked to: SS1 

Thesis: acktus rule R in set D is valid 

Logic thesis: R 

 

SS1_LINKED_RULE1_CQ2_1 

Name: SS1 

Is linked to: SS1 

Thesis: Symptom-evidence E is not present for patient A. 

Logic thesis: ^E| 

 

SS1_LINKED_RULE1_CQ2_2 

Name: SS1 

Is linked to: SS1 

Thesis: Symptom-evidence D and not Symptom-evidence E is present for patient A. 

Logic thesis: D,^E| 

 

SS1_LINKED_SN1_1 

Name: SS1 

Is linked to: SS1 

Thesis: patient A has condition G and not condition F 

Logic thesis: ^F| 

Support: G 

 

SS1_LINKED_SN1_2 

Name: SS1 

Is linked to: SS1 

Thesis: condition B and condition F can coexist for patient A 

Logic thesis: ^nonCo(B,F)| 

 

SS1_LINKED_SN1_3 

Name: SS1 

Is linked to: SS1 

Thesis: patient A has not condition F 

Logic thesis: ^F| 

 

SS1_LINKED_SN1_CQ1_1 

Name: SS1 

Is linked to: SS1 

Thesis: Patient A has condition F. 

Logic thesis: F 
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SS1_LINKED_SN1_CQ2_1 

Name: SS1 

Is linked to: SS1 

Thesis: condition B and condition F can't coexist for patient A 

Logic thesis: ^nonCo(B,F)| 

 

SS1_LINKED_SS1_1 

Name: SS1 

Is linked to: SS1 

Thesis: Source B1 does not claim statement T. 

Logic thesis: ^srcClaim(B1,LT)| 

 

SS1_LINKED_SS1_2 

Name: SS1 

Is linked to: SS1 

Thesis: The opposite of parent;T is true. 

Logic thesis: ^parent;LT| 

 

SS1_LINKED_SS1_CQ1_1 

Name: SS1 

Is linked to: SS1 

Thesis: B1 claim statement T. 

Logic thesis: srcClaim(B1,LT) 

 

SS1_LINKED_SS3_1 

Name: SS1 

Is linked to: SS1 

Thesis: B1 has the necessary relevant expertise in the field of T. 

Logic thesis: rne(B1,LT) 

 

SS1_LINKED_SS3_2 

Name: SS1 

Is linked to: SS1 

Thesis: B1:s expertise in the current field is not vital for trusting the validity of T. 

Logic thesis: ^vEx(B1,LT)| 

 

SS1_LINKED_SS3_CQ1_1 

Name: SS1 

Is linked to: SS1 

Thesis: B1 doesn't have necessary relevant expertise in the field of T. 

Logic thesis: ^rne(B1,LT)| 

 

SS1_LINKED_SS3_CQ2_1 

Name: SS1 

Is linked to: SS1 

Thesis: B1:s expertise in the current field is vital for trusting the validity of T 

Logic thesis: vEx(B1,LT) 
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SS1_LINKED_SS6_1 

Name: SS1 

Is linked to: SS1 

Thesis: B1 has not personally reason R1 of stating that T. 

Logic thesis: ^pers(B1,R1,LT)| 

 

SS1_LINKED_SS6_CQ1_1 

Name: SS1 

Is linked to: SS1 

Thesis: B1 has personally reason R1 of stating that T 

Logic thesis: pers(B1,R1,LT) 

 

SS1_LINKED_SS7_1 

Name: SS1 

Is linked to: SS1 

Thesis: There are no doubts in the scientific community about source B1 in the field of T. 

Logic thesis: ^disc(B1,LT)| 

 

SS1_LINKED_SS7_2 

Name: SS1 

Is linked to: SS1 

Thesis: Source B1:s legitimacy in the field of T is not vital for trusting the the validity of T. 

Logic thesis: ^vLE(B1,LT)| 

 

SS1_LINKED_SS7_CQ1_1 

Name: SS1 

Is linked to: SS1 

Thesis: There are doubts in the scientific community about source B1 in the field of T 

Logic thesis: disc(B1,LT) 

 

SS1_LINKED_SS7_CQ2_1 

Name: SS1 

Is linked to: SS1 

Thesis: Source B1:s legitimacy in the field of T is vital for trusting the the validity of T. 

Logic thesis: vLE(B1,LT) 

 

SS1_LINKED_SS9_1 

Name: SS1 

Is linked to: SS1 

Thesis: Source B1 do have enough insight and knowledge about patient A in the field of T. 

Logic thesis: ins(B1,A,LT) 

 

SS1_LINKED_SS9_2 

Name: SS1 

Is linked to: SS1 

Thesis: Insight and knowledge about a patient in the field of T is not vital for the validity of statement T. 

Logic thesis: ^vIKP(LT)| 
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SS1_LINKED_SS9_CQ1_1 

Name: SS1 

Is linked to: SS1 

Thesis: Source B1 doesn't have enough insight and knowledge about patient A in the field of T. 

Logic thesis: ^ins(B1,A,LT)| 

 

SS1_LINKED_SS9_CQ2_1 

Name: SS1 

Is linked to: SS1 

Thesis: Insight and knowledge about a patient in the field of T is vital for the validity of statement T? 

Logic thesis: vIKP(LT) 

 

SS1_LINKED_TEST3 

Name: SS1 

Is linked to: SS1 

Thesis: Test Q with result R lead to conclusion T 

Logic thesis: ResT(Q,R,LT) 

 

SS1_LINKED_TEST3_CQ1 

Name: SS1 

Is linked to: SS1 

Thesis: Test Q with result R does not lead to conclusion T 

Logic thesis: ^ResT(Q,R,LT)| 

 

SS1_LINKED_TEST4_2 

Name: SS1 

Is linked to: SS1 

Thesis: Test Q is a reliable measure of presence or absence of E 

Logic thesis: Relm(Q,LT) 

 

SS1_LINKED_TEST4_CQ1 

Name: SS1 

Is linked to: SS1 

Thesis: Test Q is not a reliable measure of the presence/absence of E 

Logic thesis: ^Relm(Q,LT)| 

 

SS1_LINKED_TEST5_1 

Name: SS1 

Is linked to: SS1 

Thesis: Person W has authority to perform test Q measuring the presence or absence of E. 

Logic thesis: Au(W,Q,LT) 

 

SS1_LINKED_TEST5_CQ1_1 

Name: SS1 

Is linked to: SS1 

Thesis: Person W has not authority to perform test Q measuring presence or absence of E. 

Logic thesis: ^Au(W,Q,LT)| 
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SS1_LINKED_TEST7_1 

Name: SS1 

Is linked to: SS1 

Thesis: Person W does fulfill criterion C for performing test Q measuring the presence or absence of E. 

Logic thesis: fTC(W,C,Q,LT) 

 

SS1_LINKED_TEST7_2 

Name: SS1 

Is linked to: SS1 

Thesis: Criteria C is not necessary for a person performing test Q measuring the presence or absence of E. 

Logic thesis: ^ntCrit(C,Q,LT)| 

 

SS1_LINKED_TEST7_CQ1_1 

Name: SS1 

Is linked to: SS1 

Thesis: Criteria C is necessary for a person performing test Q measuring the presence or absence of E. 

Logic thesis: ntCrit(C,Q,LT) 

 

SS1_LINKED_TEST7_CQ2_1 

Name: SS1 

Is linked to: SS1 

Thesis: Person W does not fulfill criterion C for performing test Q, measuring the presence or absence of E. 

Logic thesis: ^fTC(W,C,Q,LT)| 

 

SS1_LINKED_TEST8_1 

Name: SS1 

Is linked to: SS1 

Thesis: Criteria C1 are not all the necessary criteria for a person performing test Q, measuring the presence or 

absence of E. 

Logic thesis: ^(ntCrit(C1,Q,LT)| /\ ntCrit(C2,Q,LT) -> AllntCrit(Q,LT)) 

 

SS1_LINKED_TEST8_2 

Name: SS1 

Is linked to: SS1 

Thesis: Criterion C is not a necessary criteria for a person performing test Q, measuring the presence or absence of 

E. 

Logic thesis: ^ntCrit(C,Q,LT)| 

 

SS1_LINKED_TEST8_3 

Name: SS1 

Is linked to: SS1 

Thesis: Person W does not fulfill the criteria C for performing test Q, measuring the presence or absence of E. 

Logic thesis: ^fTC(W,C,Q,LT)| 
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SS1_LINKED_TEST8_CQ1_1 

Name: SS1 

Is linked to: SS1 

Thesis: Criteria C1 are all the necessary criteria for a person performing test Q, measuring the presence or absence 

of E. 

Logic thesis: ntCrit(C1,Q,LT) /\ ntCrit(C2,Q,e2) -> AllntCrit(Q,LT) 

 

SS1_LINKED_TEST8_CQ2_1 

Name: SS1 

Is linked to: SS1 

Thesis: Criterion C is a necessary criterion for a person  performing test Q, measuring the presence or absence of E. 

Logic thesis: ntCrit(C,Q,LT) 

 

SS1_LINKED_TEST8_CQ3_1 

Name: SS1 

Is linked to: SS1 

Thesis: Person W does fulfill the criteria C for performing test Q, measuring the presence or absence of E. 

Logic thesis: fTC(W,C,Q,LT) 

 

SS3 

Name: SS3 

Premises: 

 Premise 1: B1 does not have necessary relevant expertise in the current field. 

 Premise 2: B1:s expertise in the current field is vital for trusting the validity of T. 

 Premise 3: If premise 1 and 2 are true then the current claim is true. 

Conclusion: B1 is not a proper verifier of that T. 

Logic support: 

 Support 1: ^rne(B1,LT)| 

 Support 2: vEx(B1,LT) 

 Support 3: ^rne(B1,LT)| /\ vEx(B1,LT) -> ^prV(B1,LT)| 

Logic claim: ^prV(B1,LT)| 

 

SS3_CQ1 

Name: SS3_CQ1 

Critical Question: Is it the case that B1 doesn't have necessary relevant expertise in the field of T? 

Logic CQ: ^rne(B1,LT)| 

 

SS3_CQ2 

Name: SS3_CQ2 

Critical Question: Is it the case that B1:s expertise in the current field is vital for trusting the validity of T? 

Logic CQ: vEx(B1,LT) 
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SS6 

Name: SS6 

Premises: 

 Premise 1: B1 has personally reasons R1 of stating that T. 

 Premise 2: If premise 1 is true then the current claim is true. 

Conclusion: B1 is not a proper verifier of that T. 

Logic support: 

 Support 1: pers(B1,R1,LT) 

 Support 2: pers(B1,R1,LT) -> ^prV(B1,LT)| 

Logic claim: ^prV(B1,LT)| 

 

SS6_CQ1 

Name: SS6_CQ1 

Critical Question: Is it the case that B1 has personally reason R1 of stating that T? 

Logic CQ: pers(B1,R1,LT) 

 

SS7 

Name: SS7 

Premises: 

 Premise 1: There are doubts in the scientific community about source B1 in the field of T. 

 Premise 2: Source B1:s legitimacy in this field is vital for trusting the validity of the statement. 

 Premise 3: If premise 1 and premise 2 are true then the source B1 is not a proper verifier of T. 

Conclusion: Source B1 is not a proper verifier of T. 

Logic support: 

 Support 1: disc(B1,LT) 

 Support 2: vLE(B1,LT) 

 Support 3: disc(B1,LT) /\ vLE(B1,LT) -> ^prV(B1,LT)| 

Logic claim: ^prV(B1,LT)| 

 

SS7_CQ1 

Name: SS7_CQ1 

Critical Question: Is it the case that there are doubts in the scientific community about source B1 in the field of T? 

Logic CQ: disc(B1,LT) 

 

SS7_CQ2 

Name: SS7_CQ2 

Critical Question: Is it the case that source B1:s legitimacy in the field of T is vital for trusting the the validity of T? 

Logic CQ: vLE(B1,LT) 

 

  



82 

 

SS9 

Name: SS9 

Premises: 

 Premise 1: Source B1 has not enough  insight and knowledge about patient A in the field of T. 

 Premise 2: Insight and knowledge about a patient in the field of T is vital for the validity of the  

                                                 statement. 

 Premise 3: If premise 1 and premise 2 are true then the claim is true. 

Conclusion: The source B1 is not a proper verifier of T. 

Logic support: 

 Support 1: ^ins(B1,A,LT)| 

 Support 2: vIKP(LT) 

 Support 3: ^ins(B1,A,LT)| /\ vIKP(LT) -> ^prV(B1,LT)| 

Logic claim: ^prV(B1,LT)| 

 

SS9_CQ1 

Name: SS9_CQ1 

Critical Question: Is it the case that source B1 doesn't have enough insight and knowledge about patient A in the  

                                field of T? 

Logic CQ: ^ins(B1,A,LT)| 

 

SS9_CQ2 

Name: SS9_CQ2 

Critical Question: Is it the case that insight and knowledge about a patient in the field of T is vital for the validity of  

                                statement T? 

Logic CQ: vIKP(LT) 

 

TEST1 

Name: TEST1 

Thesis: Symptom-evidence E is present for patient A 

Premises: 

 Premise 1: Test Q is a test measuring presence or absence of Symptom-Evidence E giving a result of  

                                                  R performed by person W. 

 Premise 2: Result R in test Q lead to the conclusion of T. 

 Premise 3: Test Q is a reliable measure of presence/absence of Symptom-Evidence E 

 Premise 4: Test Q has been performed by person W which has the authority to perform test Q                     

                                                 measuring presence/absence of E. 

 Premise 5: If premise 1,2,3,4 is true, then thesis T is true. 

Conclusion: T 

Logic thesis: E 

Logic support: 

 Support 1: isT(Q,LT,R,W) 

 Support 2: ResT(Q,R,LT) 

 Support 3: Relm(Q,LT) 

 Support 4: Au(W,Q,LT) 

 Support 5: isT(Q,LT,R,W) /\ ResT(Q,R,LT) /\ Relm(Q,LT) /\ Au(W,Q,LT) -> LT 

Logic claim: LT 
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TEST1_LINKED_CRIT5_1 

Name: TEST1 

Is linked to: TEST1 

Thesis: Symptom-evidence E is not present for patient A 

Logic thesis: ^E| 

 

TEST1_LINKED_PRE_1 

Name: TEST1 

Is linked to: TEST1 

Thesis: Patient A has not condition B 

Logic thesis: ^B| 

 

TEST1_LINKED_PRE_CQ1_1 

Name: TEST1 

Is linked to: TEST1 

Thesis: Patient A has condition B 

Logic thesis: B 

 

TEST1_LINKED_RULE1 

Name: TEST1 

Is linked to: TEST1 

Thesis: Symptom-Evidence E is present for patient A 

Logic thesis: E 

 

TEST1_LINKED_RULE1_CQ2 

Name: TEST1 

Is linked to: TEST1 

Thesis: Symptom-evidence E is not present for patient A 

Logic thesis: ^E| 

 

TEST1_LINKED_SN1_1 

Name: TEST1 

Is linked to: TEST1 

Thesis: Patient A has not condition F 

Logic thesis: ^F| 

 

TEST1_LINKED_SN1_CQ1 

Name: TEST1 

Is linked to: TEST1 

Thesis: Patient A has condition F 

Logic thesis: F 

 

TEST1_LINKED_TEST1_1 

Name: TEST1 

Is linked to: TEST1 

Thesis: It is not so that T 

Logic thesis: ^parent;LT| 
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TEST3 

Name: TEST3 

Premise: The result R of test Q does not lead to conclusion T 

Conclusion: The result R of test Q does not result in conclusion T 

Support: ^ResT(Q,R,LT)| 

Logic claim: ^ResT(Q,R,LT)| 

 

TEST3_CQ1 

Name: TEST3_CQ1 

Critical Question: Is it the case that the result R of test Q does not result in conclusion T? 

Logic CQ: ^ResT(Q,R,LT)| 

 

TEST4 

Name: TEST4 

Premise: Test Q is not a reliable measure of the presence/absence of E 

Conclusion: Test Q is not a reliable measure of the presence/absence of E 

Support: ^Relm(Q,LT)| 

Logic claim: ^Relm(Q,LT)| 

 

TEST4_CQ1 

Name: TEST4_CQ1 

Critical Question: Is it the case that test Q is not a reliable measure of the presence/absence of E? 

Logic CQ: ^Relm(Q,LT)| 

 

TEST5 

Name: TEST5 

Premise: Person W has not authority to perform test Q measuring the presence or absence of E. 

Conclusion: Person W has not authority to perform test Q measuring the presence or absence of E. 

Support: ^Au(W,Q,LT)| 

Logic claim: ^Au(W,Q,LT)| 

 

TEST5_CQ1 

Name: TEST5_CQ1 

Critical Question: Is it the case that person W does not have authority to perform test Q measuring presence or  

                                absence of E? 

Logic CQ: ^Au(W,Q,LT)| 
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TEST7 

Name: TEST7 

Premises: 

 Premise 1: Criteria C is necessary test Criteria for performing test Q measuring the presence or  

                                                 absence of E. 

 Premise 2: Person W does not fulfill necessary test criteria C for performing test Q measuring the  

                                                 presence or absence of E. 

 Premise 3: If premise 1 and 2 is true then person W has not authority to perform test Q measuring  

                                                 the presence or absence of E. 

Conclusion: Person W has not authority to perform test Q measuring the presence or absence of E. 

Logic support: 

 Support 1: ntCrit(C,Q,LT) 

 Support 2: ^fTC(W,C,Q,LT)| 

 Support 3: ntCrit(C,Q,LT) /\ ^fTC(W,C,Q,LT)| -> ^Au(W,Q,LT)| 

Logic claim: ^Au(W,Q,LT)| 

 

TEST7_CQ1 

Name: TEST7_CQ1 

Critical Question: Is it the case that criteria C is necessary for a person performing test Q measuring the presence or  

                                absence of E? 

Logic CQ: ntCrit(C,Q,LT) 

 

TEST7_CQ2 

Name: TEST7_CQ2 

Critical Question: Is it the case that person W does not fulfill criterion C for performing test Q, measuring the  

                                presence or absence of E? 

Logic CQ: ^fTC(W,C,Q,LT)| 

 

TEST8 

Name: TEST8 

Premises: 

 Premise 1: Criterion/a C1 are all the necessary test criteria for a person performing test Q  

                                                 measuring the presence or absence of E. 

 Premise 2: Person W fulfills necessary test criteria C1 for performing test Q measuring the presence  

                                                 or absence of E. 

 Premise 3: If premise 1 and 2 are true, then person W has authority to perform test Q measuring  

                                                 the presence or absence of E. 

Conclusion: Person W has authority to perform test Q measuring the presence or absence of E. 

Logic support: 

 Support 1: ntCrit(C1,Q,LT) 

 Support 2: ntCrit(C2,Q,LT) 

 Support 3: ntCrit(C1,Q,LT) /\ ntCrit(C2,Q,LT) -> AllntCrit(q,e1) 

 Support 4: fTC(W,C1,Q,LT) 

 Support 5: fTC(W,C2,Q,LT) 

 Support 6: fTC(W,C1,Q,LT) /\  fTC(W,C2,Q,LT) -> AllfTC(W,Q,LT) 

 Support 7: AllntCrit(Q,LT) /\ AllfTC(W,Q,LT) -> Au(W,Q,LT) 

Logic claim: Au(W,Q,LT) 
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TEST8_CQ1 

Name: TEST8_CQ1 

Critical Question: Is it the case that criteria C1 are all the necessary criteria for a person performing test Q,  

                                measuring the presence or absence of E? 

Logic CQ: ntCrit(C1,Q,LT) /\ ntCrit(C2,Q,e2) -> AllntCrit(Q,LT) 

 

TEST8_CQ2 

Name: TEST8_CQ2 

Critical Question: Is it the case that the criterion C is a necessary criterion for a person performing test Q,  

                                measuring the presence or absence of E? 

Logic CQ: ntCrit(C,Q,LT) 

 

TEST8_CQ3 

Name: TEST8_CQ3 

Critical Question: Is it the case that person W fulfill  the criteria C for performing test Q, measuring the presence or  

                                absence of E? 

Logic CQ: fTC(W,C,Q,LT) 
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Logic explanations 

 
^AITool(Q,LT)| means that the opposite of AITool(Q,LT) is true. For each condition and symptom-evidence 

shortening are used, such as prob_DLB (Probable Lewy Body).  

 

Below all logic clauses used for the project are explained: 

 

Logic clause Meaning 

AITool(Q,LT) An AI Tool Q has concluded that LT is valid (for patient A). 

AllfTC(W,Q,LT) Person W has fulfilled all Test Criteria for Test Q regarding  the presence or absence of the 

condition in thesis LT.  

AllntCrit(Q,LT) All Necessary Test Criteria for Test Q regarding  the presence or absence of the condition 

in thesis LT has been fulfilled. 

Au(W,Q,LT) Person W has authority to perform test Q measuring the presence or absence of the 

condition in thesis LT. 

cmeasBy(O1,W1) Observation O1 has been measured correctly by person W1 

cred(W1,O1) W1 is a credible person measuring observation O1 

crit(B,D) Patient A fulfill the criteria for condition B according to set D in ACKTUS rules. 

disc(B1,LT) There are Doubts In the Scientific Community about source B1 in the field of LT  

fTC(W,C,Q,LT) Person W does fulfill criterion C for performing test Q measuring the presence or absence 

of LT. 

ins(B1,A,LT) Source B1 do have enough insight and knowledge about patient A in the field of LT 

isT(Q,LT,R,W) Test Q is a test measuring presence or absence of Symptom-Evidence E giving a result of R 

performed by person W. 

nonCo(B,F) Condition B and condition F can't coexist for patient A. 

ntCrit(C,Q,LT) Necessary Test Criteria, Criteria C is necessary for a person performing test Q measuring 

the presence or absence of the condition in thesis LT. 

pers(B1,R1,LT) B1 has personally reason R1 of stating that LT (Logic Thesis) is true 

pf(D) Acktus set D is preferred. 

prV(B1,LT) Source B1 is a proper verifier of thesis LT 

Relm(Q,LT) Test Q is a reliable measure of presence of condition LT 

ResT(Q,R,LT) Test Q with result R lead to conclusion T 

rne(B1,LT) Source B1 has necessary relevant expertise in the field of LT. 

srcClaim(B1,LT) Source B1 verifies that the claim LT is true 

supports(O1,LT) The observation/s O1 support thesis LT. 

trWorth(Q,LT) AI Tool Q is trustworthy for patient A 

vEx(B1,LT) Source B1:s expertise in the field of LT is not vital for trusting the validity of LT 

vIKP(LT) Vital Insight and Knowledge about a Patient in the field of LT is vital for the validity of 

statement LT. 

vLE(B1,LT) Source B1:s legitimacy in the field of T is vital for trusting the the validity of LT  
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The algoritm of ai-dialogue 
 

Below the ai (argument inquiry) algorithm is shown: 

 

1. Find all possible arguments using the union of the beliefbase of the agent and the other agent’s 

commitment store for every claim in the query store. 

2. Discard all arguments that previously has been asserted, or which support is a subset of the union of the 

commitment stores. 

3. Select an argument, using the myValuesProcedure. 

4. If a selected argument exists:  

4.1.1 Issue an assert-move with the selected argument. 

4.1.2 If the ai-dialogue or its ancestors are issued by a wi-dialogue, and the wi-dialogue’s dialectical 

tree has no root, insert a root node in the dialectical tree with the assert-argument. 

5. If no move has been made: 

5.1 Search for all rules in the agent’s beliefbase that has the same conclusion as a literal in the current 

query store.  

5.2 Discard all rules that previously have been used for an open. 

5.3 Select a rule, using the myValuesProcedure. 

5.4 If a selected rule exists:  

5.4.1 Issue an ai-open move for the selected rule. 

6. If no move has been made: 

6.1 Issue a close-move for the current ai-dialogue. 


