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Abstract: In this chapter, a group decision making experiment using the developed prototype 
software system is designed and carried out. A group of participants are recruited as a focus group to 
attend a decision oriented group discussion. The field study and questionnaire approaches are applied, 
the data has been collected and analysed to evaluate the mechanism and process the system can offer 
to evolve problems or tasks from unstructured and ill-defined state to structured and well defined 
state which could be useful for decision making environment to automatically evaluate the decision 
candidate. The experiment also intends to demonstrate that structured group argumentation supported 
by semantic technology can provide the reasoning support for decomposing the solution and problem 
which will clarify the process of decision making for the unstructured task. And also the 
aforementioned semantic enhanced approaches such as trust relationship externalization, evaluation 
of the truth of the individual’s opinion, and semantic integration with available knowledge resource 
etc.  are tested in the experiment. 
 
Keywords:  group decision making experiment. 
 
6.1 Introduction  
 
This research has proposed “a semantic enhanced argumentation-based group decision making 
support framework”. Theoretically argumentation is an approach to solve unstructured or ill-defined 
problems. A group argumentation tool tries to stimulate group members to propose the idea and argue 
with each other using evidence or justification in order to discover and structure the problem space. 
Here structuring problem means to find what aspects this problem may relate with and what sub-
problem this problem can be decompose to. So in the proposed decision making framework 
argumentation is regarded as an approach to propose the candidate solution and justifying this 
solution with evidence; a semantic approach is used to semantically represent argumentative 
information and conceptualize the related aspects of the problem space in order to generate the 
criteria for evaluating the solution and even to integrate current discussion context with other 
knowledge resource; finally the decision making environment use these identified criteria, predefined 
evaluation models and also some decision making tools such as voting and ranking etc. together with 
decision makers’ credibility to rank solution candidates and identify the sub-solution and un-solved 
problem in order to advise alternative solution routes and remaining task to be addressed.  

Based on the above framework, an agent based distributed group decision making prototype 
system has been developed. In this chapter, a group decision making experiment using this prototype 
software system is designed and carried out.  The purpose of the experiment is not to only prove the 
prototype system driven by the proposed framework can support decision maker to choose an 
alternative for a decision task in a particular domain. However it intends to prove that the system can 
provide a mechanism and a process to evolve problems or tasks from unstructured and ill-defined 
state to structured and well-defined state so that it could be helpful for a decision making 
environment to automatically evaluate candidate decisions. The experiment also intends to 
demonstrate that structured group argumentation can provide the reasoning support for decomposing 
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the solution and problem which will clarify the process of decision making for the unstructured task. 
In addition, it has been claimed that the proposed semantically enhanced approach can externalize 
trust relationships among the group members which could be used to evaluate the credibility of the 
individuals in the different domains. This has potential benefit to evaluate the truth of the individual’s 
opinion in one discussion session but also will contribute to the formation of expert group for the 
further discussion session. Our designed experiment will evaluate this function.   

The objective of the experiment is to evaluate proposed research assumptions as follows:  
(i) The proposed group argumentation system can structure the roughly defined decision task 

and stimulate users to further thinking.   
(ii) The system can advise alternative solution routes which include different detail level and 

those solution routes are helpful for decision maker to explore the solution space. 
(iii) The system can easily identify the unsolved task after one group argumentation session, 

which will be the possible indicator to lead next round discussions, so it can iterate the 
argumentation and decision process. 

(iv) The system can identify the credibility of the individual in the related domain by updating 
the trust relationship among the group members during one group argumentation session, 
it will help the formation of expert team for further problem solving such as next round 
group argumentation.  

(v) The system can semantically integrate current context with another knowledge resource.   
 
6.2 Design of the Experiment  
 
A group of subjects are recruited to attend a computer support group discussion. During the group 
meeting, a predefined task is assigned to all subjects and the developed distributed group 
argumentation prototype systems are exploited by them. All the subjects are required to freely 
propose their utterance regarding the task and others’ opinion. All the utterances are stored centrally 
in a semantic structure. Subjects are also required to answer a series of pre-session and post-session 
questions in a questionnaire respectively regarding task and decision making system, some of 
answers will be compared with the finding from the experiment. The performance of the system and 
framework will be evaluated with the guidance of research assumption stated in the above section.   
 
6.2.1  Subject Profile and Decision Task Definition 
 
The selection of subject and decision task is an important factor in our experiment. Although the 
proposed decision framework and developed system is domain independent, improper definition of 
decision task in the experiment may cause subjects trouble to carry on the argumentation due to lack 
of background knowledge, lack of interest etc. It obviously will affect the data collection from the 
group argumentation. On the other hand based on the motivation of this research, to some extent the 
decision task should be a “complex” problem. This means different participants may have different 
understanding towards the decision problem itself and no standard criteria to evaluate the decision are 
defined.  

The subjects were recruited from the school of Engineering and Computing in the Glasgow 
Caledonian University. All of them are PhD students or new postdoctoral researchers. They are 
undertaking research sponsored by different funding sources including EPSRC, university 
scholarship and part-time teaching allowance. All of them are actively involved in the research and 
teaching activities within or out of school including presenting school routine research seminar, 
attending international conference, publishing research paper and collaborating with industry. 
Generally speaking, although these subjects are from different research fields it is no doubt that they 
are familiar with general research matters and research strategy of the school.   

Based on the characteristics of the subject group, we design the decision task of our experiment 
from 4 main considerations:  

(i) subjects should have enough background knowledge for answering others’ questions or 
raising reasonable issues; 
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(ii) subjects should be interested in the decision topic so that they have intention to contribute 
more ideas and decompose the task during the discussion; 

(iii) The decision task should be simplified to ensure that no memorized knowledge is required 
to answer the question.  

(iv) The decision task is unstructured without any given criteria and structured indicators.  
 
Based on above considerations, a group decision task is defined as following: 
“Please identify possible actions to efficiently increase the 
research excellence in the School of Engineering & Computing in 
Glasgow Caledonian University.”  
 
6.2.2 The Role of the Facilitator  
 
The responsibilities of the facilitator are to demonstrate the usage of the system, assign and explain 
the task, clarify the objective of different sessions, control the workflow of the process (transition 
among different steps) in terms of time, respond to the procedural and operational question, and 
collect the feedback from subjects. The facilitator is not involved in the task based discussion and 
decision making. Also he should not mediate any opinion disagreement and conflict during the 
discussion. For simplicity, the author of the thesis acts as facilitator for the whole experiment due to 
his familiarity with the system and experiment configuration.   
 
6.2.3  Experiment Setting  
 
The experiment was run in a CSCW (Computer Support Cooperative Work) Lab of the faculty. A 
Client-Server environment was provided with Jade Agent Management platform and facilitator 
software module in the server side and participant software module in the client side.  All the 
software was run at the top of Java virtual machine. 
 

 
 

Figure 6.1 Experiment setting view 
 

The hardware environment was configured as the following setting (Figure 6.1): each participant 
in the group argumentation was assigned an individual Dell Rack workstation connected to Local 
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Area Network (LAN), which acted as client machine. Participants sit around a round table and 
worked on their own client machines. The facilitator used another separate networked Dell Desktop 
as the Server machine to manage the process of group discussion. The server machine was connected 
to a group screen. The group screen is not necessary during the group argumentation session because 
the server can deliver the group view to all client sides; however it is very useful for the pre-session 
system training and post-session discussion.  

The participant software module in the client side provides a basic group argumentation 
environment by which participants can receive the assigned task and group view, post their utterances. 
Furthermore, semantic agent enhanced platform in the participant side also facilitates group members 
better to do collaborative work and coordinate the workflow of different decision making stages (free 
discussion, group voting, decision making etc). Accordingly the facilitator software module in the 
server side provide an argumentation management environment by which the facilitator can control 
the process of the group argumentation and system can organise and evolve the original group 
utterances into group decisions. Decision results are visualised from different aspects in the group 
screen. The post-session discussion and questionnaire was carried out based on the produced group 
decision result by the system and users’ experience.  

All the information created during the group argumentations including task, utterances, relations 
between utterances, group voting, produced decisions and unsolved issues were encoded by the 
predefined group argumentation schema and serialized into a standard semantic web language file --
OWL format file. It was stored in the central server. These data can be queried and reused in other 
related group argumentation scenario by the semantic web framework.   
 
6.2.4 Treatment 
 
The task was given to participants a few days before experiment, allowing them have enough time to 
individually consider the most important facts of the problem to be solved before group 
argumentation based decision making. Individual considerations were recorded by the pre-session 
questionnaire which was compared with group consideration after the group argumentation session. 
The processes of the experiment were treated as the following steps: 
(1)  Training Session. In this session, the function and operation of the system were described to 

participants; the predefined argumentation ontological structure was introduced. Participants 
were given some time to practice the system using an example task. The facilitator 
demonstrated the whole work flow of group argumentation based decision making process. At 
the end of training session, all participants can skilfully use the system and the accuracy rate of 
identifying the argumentative categories (Issue, Idea, and Argumentation) and semantic links 
(support, challenge, raise_issue, resolve) from predefined argumentation structure were 
improved greatly.  

(2) Group Argumentation Session. In this session, the group was given 30 minutes to use the 
developed group argumentation tool to propose their own opinions towards the assigned task 
and also towards others’ utterances. The owner of the posted utterance was required to choose 
the proper utterance category and also required to use the suitable keyword to describe the 
content of utterance (Figure 6.2). During the group argumentation, verbal communication is 
limited to clarifying individuals’ understanding of the task and others’ utterance so that the 
system can capture more information from participants. At this step, all the original ideas in the 
individuals’ mind or stimulated by others’ contribution should be posted and saved in the 
central server.  

(3) Group Voting Session. In this session, the facilitator instructed all the participants to enter the 
group voting step. All the aspects of the task discussed in the group argumentation session were 
conceptualized and presented by the group voting tool (Figure 6.3). Those concepts which 
occurred in the group argumentation stage are regarded as the criteria candidates for evaluating 
the group decision. Participants were required to give the score for each presented concept 
according to its significance in the context of the assigned task. The scored concepts were 
aggregated by facilitator module in the server side (Figure 6.4). In the group argumentation  
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Figure 6.2 Group Argumentation Tool interface 
 

 
 

Figure 6.3 Group Voting Tool interface 
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Figure 6.4 Group Voting Aggregator interface 
 

 
 

Figure 6.5 Participant Credibility Generator Interface 
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session, the credibility of the participant about certain topics was dynamically updated by the 
participant agent along with the following argument. As the social parameter, those credibility 
values were also sent to the facilitator module in the group voting session. (Figure 6.5) 

(4)  Decision Making Session. In this session, the aggregated score of the different aspects about 
decision task and participants’ credibility in different domains were used by a decision making 
module to analyse all the utterances in the discussion space. The decision computational 
function has been described in Chapter 3. At the end, the resulted solution space with suggested 
score and unsolved issue space are presented to the group members. (Figure 6.6 & Figure 6.7)  

(5)  Question Answer Session. Before the experiment, the participants were given a questionnaire. 
In the different steps of the experiment, the participants were required to answer a few questions 
respectively about usability of software, familiarity of the task, functionality of argumentation 
support, acceptability of decision and goodness of cognitive support. The design of 
questionnaire is described in the following section. The result of questionnaire were analysed to 
evaluate the usability and performance of the conceptual framework and prototype system.  

 

 
 

Figure 6.6 Decision space 
 
6.2.5  Questionnaire Design   
 
In Section 1, the objective of this experiment has been declared to prove our research assumptions. 
During the experiment, the participants as the user of the prototype system experience the whole 
process of a problem solving. Their opinion and cognition toward our proposed approach and 
developed system are very important for the evaluation. So using the questionnaire as measures is 
another essential part of the experiment process.  

In order to precisely and objectively capture subjects’ opinion in the questionnaire, questions 
should be carefully defined to assure they can be easily understood and answered from the subject’s 
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perspective. Therefore, according to the characteristics of this study, the questions and the questions 
distribution in the questionnaire should obey the rules as follows: 

(i) This questionnaire was designed to be answered by the participants who use the prototype 
system in a group decision making experiment. Therefore, the question should be much 
focused on the experience subject gained from the experiment about the system; the 
questions should be easy to be understood and can be answered in short period due to the 
time limitation.  

(ii) In order to better capture the subject’s cognition towards the approach and system, the 
order of questions should be coincide with the procedure of the experiment so that they 
could be easy to follow by the subjects and answered promptly along with the process of 
experiment.   

(iii) In order to increase the reliability of the answers and the comparability of the data, the 
type of closed questions should be used where possible. 

 

 
 

Figure 6.7 Issue space 
 
The questions can be divided into 3 parts, namely pre-session questions, mid-session questions 

and post-session questions. The division of questions set was correspondingly based on the actual 
experiment plan—training session, group argumentation & voting session and decision making 
session. After each session, the subjects are required to answer the related parts so that they can 
answer the question according to the latest experience. The purpose of each part in the questionnaire 
can be defined as following:  

(i) pre-session question. This part aims to capture subjects’ impressions about the prototype 
system and assigned task. Designing these questions is for determining if subjects feel 
comfortable with using the system after training session and if they have some initial ideas 
and sufficient backgrounds about assigned task. Because the evaluation of our approach is 
much upon on the proper use of the system and certain background knowledge about the 
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task, subjects’ answers in the pre-session part will decide the validity of analysis of the 
experiment result. 

(ii) mid-session question. This part aims to capture the subject’s experience about using the 
developed prototype system to achieve task during the experiment.  Designing these 
questions is for determining if the system is easy to be used and can provide sufficient 
support to organise discussion information and stimulate user further thinking. Subjects’ 
answer in this part will be used to evaluate the usability of the system. 

(iii) post-session question. This part aims to capture the subject’s opinions about the 
performance of the system related with the decision making. Designing these questions is 
for determining if the system can decompose the task, give user satisfied alternative 
solution routes in different level and identify the issues need to be further discussed. 
Subjects’ answers in this part are important factors to evaluate the decision support 
performance of the system. 

The questions, divided into 3 parts, are shown as follow. The full questionnaire is shown in the 
Appendix A. 

 
Part 1 (pre-session question): 
 
Q1: How confident are you to properly use the system after 

training session? 
Q2: How confident are you to have background knowledge about task? 
Q3: Based on the above task, please specify possible factors (max 

10 factors) you think which will affect the research 
reputation of our school.  (In the order of importance) 

 
Part 2 (mid-session question): 
 
Q4: Is the system easy and enjoyable to use? 
Q5: Is the presentation of discussion information easily to be  

navigated? 
Q6: Is it easy to find others’ argument toward your own position? 
Q7: Can the classification of utterance be easily understood and 

used? 
Q8: Can the semantic links between utterances can be easily 

understood and used? 
Q9: Are the factors of the decision task identified by system 

relevant to the context? (Those factors will be shown in the 
voting stage.) 

Q10: Can system stimulate you to further thinking to generate 
ideas? 

Q11: Is the whole decision making process easy to be understood? 
 
Part 3 (post-session question): 
 
Q12: What you have achieved is clear? 
Q13: Is it easy to find solution toward the task? 
Q14: Does the solution with detail sub-solution give you clear 

solution route to solve problem? 
Q15: Is it easy to find out what new subtask still need to be 

done after one round decision making experiment? 
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6.2.6  Measure of Performance 
 
The performance of the system was measured based on the analysis of the experiment result and 
questionnaire. One quantitative and two cognitive indicators was exploited to evaluate the system 
performance, which respectively are the number and quality of criteria system generated, the 
participants’ acceptability of the solution routes the system recommended and the sub-task the system 
proposed for next round discussion.  

The number and quality of criteria system generated were compared with the ones participants 
generated in the process of individual thinking. This comparison also can show if the system can 
effectively structure the decision task and stimulate participants’ further thinking. The cognitive 
indictors could be discovered from the subjects’ answer in the questionnaire.    
 
6.3 Analysis and Result of Experiment 
 
6.3.1 The Generation of the Criteria  
 
In 30 minutes, using our system 24 distinct criteria with different significance has been identified as 
shown in Table 6.1. 6 criteria on average come from each participant as shown in Table 6.2. By 
contrast, pre-session questionnaire shown in the Appendix A indicates only 12 distinct criteria were 
generated by participants individually before experiment without using our system. It means the 
number of generated criteria is increased by two times in the group argumentation using our system.  
 
Table 6.1 Comparison of the generated criteria 
 
NO. 
(Order by significance) 

Criteria generated without using the 
system 

Criteria generated using the 
system 

1 Paper Publish_paper  
2 PhD Collaboration 
3 Industry cooperation Funding 
4 Funding Paper 
5 Academic cooperation Research Group  
6 Academic Knowledge RAE_result 
7 Stuff number The_number_of_researcher 
8 Professor Research_ability 
9 Marketing Professor  

(Academic Administration) 
10 Action plan Quality 
11 Equipment Research_field 
12 Research group Advertisement 

(Marketing and promotion) 
13  Recruitment 
14  Writting 
15  Scholarship 
16  Rsearch_resource 
17  EPSRC 
18  Sucessful_ratio 
19  Staff 
20  Recruitment_Show  
21  Computer_gaming 
22  Visibility 
23  Equipment 
24  Writing_group 
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Meanwhile the less Standard Deviation (SD) of generated criteria by each participant in the group 
argumentation means that system can more equally stimulate all the members.  

Not only are more criteria identified in the group argumentation, but also the better quality do 
they have. For example, “Marketing” is one criterion generated in the individual thinking. It means 
“Marketing action” is a factor to be considered for increasing the research excellence of the school. 
Comparably “advertisement” and “recruitment show” are identified in the group argumentation. 
Obviously, the latter ones are more concrete and reflect the different aspects of the “Marketing 
action”. Furthermore, “EPSRC” as the most important research funding resource available in UK is 
identified as a criteria in the group argumentation, however only “funding” is proposed as a criteria in 
the individual thinking. Interestingly some same criteria in these two groups have been given 
prominent different importance. In the experiment, “research group” in the individual thinking has the 
least importance among all the criteria. But in the group argumentation, it is identified as the top 5 
important criteria. These show the system can stimulate group members to further think in different 
detail and in different ways to obtain more quantity and quality perspective of problem.  
 
Table 6.2 The comparison of the number of criteria 
 
Item Total Mean SD 

The number of criteria proposed by participants before 
experiment 

12 3 1.8 

The number of criteria identified by the system in the 
experiment 

24 6 0.75 

 
6.3.2 The Update of the Agents’ Credibility  
 
According to trust relationship among the participants generated during the group argumentation, at 
the end of discussion session the system identified the various credibility of the agents based on the 
related domain. The identified domain based credibility table is shown as Table 6.3. This agent  
 
Table 6.3 Domain based credibility Table 
 
 Agent1 Agent2 Agent3 Agent4 
Publish_Paper 5 1 1 1 
Collaboration 5 1 1 1 
Funding 1 3 1 3 
Research Group 1 1 1 1 
Researcher 1 1 1 1 
Professor 1 1 1 1 
Advertisement 1 1 1 1 
Quality of Reseach 1 1 1 1 
Recruitment 1 0 1 1 
EPSRC 1 1 0 1 
Staff 1 1 1 1 
Scholarship 1 1 1 1 
Recruitment_show 1 1 1 1 
The_number_of_researcher 1 1 0 1 
Research_resource 1 1 1 1 
Writing_group 1 1 1 1 
Equipment 1 1 1 1 
Writing 1 1 1 1 
Computing_game 1 1 1 3 
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credibility table explicitly reflects the acceptability of agents’ opinion in the group and implicitly 
indicates the degree of knowledge the agent held in the particular domain. For example, as shown in 
Table 6.3 the agent1 has high credibility in the domain of “publication” compared with other agents. 
The higher credibility in “publication” can assure agent1’s utterance or arguments in this domain 
have higher acceptability although it is still possible to be defeated when the aggregated weight of 
challenge arguments gain advantage. Furthermore, the agents’ credibility table also can provide 
guidance for group formation in the next round problem solving.  For example, in the experiment the 
generated issue space shows there are unsolved problems in the domains of “funding”, “collaboration” 
etc. So if there is a next round group argumentation, the agents with higher credibility in these 
domains are more likely to be selected to participate because they are ones who may have more 
knowledge in related domains. In our experiment, the initial value for the subject’s credibility in all 
domains is set as “1”.  Support argument will increase the credibility; conversely challenge argument 
will decrease the credibility. The minimal value of the subject’s credibility in a domain is set as “0”, 
in which case the argument of the subject in this domain will not take any effect to the decision. 

The trust relationship may be affected by individual bias at certain moment; however in the long-
term running environment or large scale environment this argumentation based trust relationship 
analysis should be acceptable. The proposed framework is not only suitable for one round discussion; 
it can be extended to many rounds discussion or large scale on-line discussion. So the agents’ 
credibility table is useful for evaluating argument and assigning the problems to suitable experts. 
 
6.3.3 The Analysis of Decision Support  
 
Via semantic representation of the argumentation structure and topic, the criteria and experts’ profile 
could be well identified and semantic links between various utterances could be analysed to 
computerize the process of decision making. Our proposed approach not only recommends the 
solutions with different degree of acceptance but also explicitly presents the detail of solution routes 
by further discovering the underlying actions. And also our proposed approach can iterates the 
decision process by decomposing the problem. The argumentation tree generated in the experiment is 
shown as Figure 6.8, in which, ‘s’ ‘?’ ‘+’ ‘-’ on the arrowed link represent semantic meaning of 
‘solve’ ‘raise question’ ‘support’ ‘challenge’ between various utterances. In this section, the decision 
support offered by the system is analysed from the aspects of decision recommendation, decision 
decomposition and decision iterations.  
 
6.3.3.1 Recommendation of the Optimised Solution  
 
In the experiment, totally 15 solutions/ideas were proposed during the group argumentation. In the 
decision making stage, 14 out of them were accepted by the system based on the aggregation of the 
related argumentation in the group wide, and 2 unsolved decision problems were identified as well. 
The recommended score for the each solution is computed by the system based on the combined 
consideration of proponents’ credibility, the weight of opposition or in favour argumentation and the 
significance of the criteria reflected in the argumentation. From the point view of decision making, 
the higher score the solution gains, the more optimisation it will be. So the decision makers will pay 
more attention to those solutions. In our experiment, “increase the number of publication”, “enhance 
collaboration with other university”, “recruit more researcher and PhD student“ and “expand 
investment to the research” are the solutions with higher recommended value. The recommended 
solution is not the termination of the problem solving, the discussion underlying the related solution 
present a reasoning process and lead to more detail solutions or new decision tasks.  
 
6.3.3.2 The Decomposition of the Solution 
 
Furthermore, some of solutions/ideas have sub-solutions which answer the underlying questions 
existing within a certain high level solution. In Figure 6.9, a discussion excerpt retrieved from the 
experiment is illustrated as an example of solution decomposition. As shown in Figure 6.9, a high  
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Figure 6.8 The excerpt of argumentation tree (in colour) 
 
level solution/idea (“Improve the number of publication.”) is questioned by the raised issue (“how to 
publish?”), thereafter two further solutions/ideas (“organise writing group” & “In the leading 
international journal”) are proposed to address the new raised issue. Formally the further solutions are 
indirectly linked with original solution via a raised issue, however in fact those further solutions as 
sub-solution often provide detail ways to implement the original solution from different aspects. In 
this example excerpt, obviously the sub-solutions complement the original solution by pointing out 
possible way to achieve “improving the number of publication”. So if link the high level solution 
directly with the sub-solution, it will provide a more explicit view of problem solving and could be 
more helpful for the decision makers to choose the corresponding alternative. Based on this idea, the 
prototype system visualizes the decision space by linking the solutions with their sub-solution. 
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(Figure 6.6) Due to the limitation of time and resource in our experiment, in most cases only two 
levels of solution are presented. However, it still can demonstrate the capability of solution 
decomposition offered by the prototype system. We can imagine that long time and large scale or 
more round discussions will lead to more levels of linked solutions which indicate the different 
choices of the step by step solution route.  
 

 
 

Figure 6.9 The exemplified illustration of solution decomposition 
 
6.3.3.3 The Decomposition of the Problem 
 
In the process of decision making, firstly the decision task is proposed as a top level problem to be 
solved. While the group argumentation proceeds, more issues are raised regarding the solution and 
argumentative utterances. Among them, the issue regarding the solution is the more detail problem to 
be solved in order to fulfil that solution. As example shown in Figure 6.10(a), “Expand investment to 
research” is a candidate solution targeting the top decision task, “where can we get money?” as an 
issue is raised to ask for potential further solution or practical action to fulfil initial solution, “Apply 
from EPSRC” as further solution is proposed to reply the new raised issue. In this case, the raised 
issue can be regarded as the sub-task underlying the top level task. By the end of the group 
argumentation, some of those issues are resolved by related solution/idea, however the rest of them 
remain to be unsolved.  In Figure 6.10, two different types of unsolved problems are presented. In 
Figure 6.10(a) the solution to the raised problem is proposed, however this solution is rejected due to 
the following opposition arguments. In Figure 6.10(b) no any solution is proposed regarding the 
raised issue, so this issue also remains “unsolved” state. In Figure 6.11, an example of problem 
decomposition is presented. The top level problem is directly linked by its sub-level problems to 
construct a hierarchical problem space. For simplicity, only two levels of problem are presented. 
Long time and large scale discussion could lead to multiple-level problem hierarchy. Among them the 
unsolved issue can act as an indicator for decision makers to further consider what sub-tasks need to 
be solved in order to solve the top level task so that it is possible to iterate the decision making to 
next round. Those sub-tasks cannot be predicated before the process of group argumentation. Based 
on this idea, the prototype system visualizes the issue space by linking the sub-task (problem) to its 
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top level task (Figure 6.7). 
 
6.3.4 The Usability and Performance Test 
 
As a decision support tool, the usability of the system is not trivial problem. Overall the results of 
questionnaire show that after experiment sessions the participants have the positive feedback to the 
system in most cases. In this section, a simple analysis regarding the result of the questionnaire is 
discussed and the evaluation result is presented. 
 

 
(a) Issue with rejected solution 

 

 
(b) Issue without solution 

Figure 6.10 The exemplified illustration of unsolved problem 
 

In order to reflect groups’ view about the usability of the system, the results based on answers in 
the questionnaire are presented from the group average perspectives which are shown as Figure 6.12. 
X axis represents the average evaluation value based on subject’s reply to the questions and Y axis 
represents individual question from questionnaire. Among them the evaluation values, which are 
represented by nominal terms from strong negative (strongly disagree, strongly unconfident etc.) to 
strong positive (strongly agree, strongly confident etc.), are assigned a code in the form of number 
(from 0 to 4). Among them, “0” represents “strong negative”; “1” represents “negative”; “2” 
represents “neutral”; “3” represents “positive”; “4” represents “strong positive”. From Figure 6.12, 
averagely most of subjects’ replies (12 out of 14) are strong positive or positive to the system in term 
of its easy use, its function of structuring problem, its capability of decomposing the task and solution, 
and the process of making decision etc. However, the figure also shows that comparably the users are 
more skeptical on the ‘Q6’ and ‘Q9’ respectively, which refer to “easy to find others’ argument  
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Figure 6.11 The exemplified illustration of problem decomposition 
 

 
 

Figure 6.12 Evaluation value distributed by individual subjects 
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toward his own opinion” and “identified criteria is appropriate”. Having further elaborated their 
answers to these two questions and discussed with the subjects, it has been found that asynchronous 
characteristic of the group discussion allows the users to propose argument at any time and toward 
any opinions, which may cause overload information in the discussion tree. It makes proponent feel 
difficulty in finding all others’ argument towards his own and even his own opinions in the discussion 
tree. Feedbacks from users in the group suggest the participant module not only should manage the 
group’s view via presenting discussion tree but also need to highlight personal view by using 
prominent background colour for the individual and even provide mechanism to remind user when 
relevant argument message coming. However, users’ suspicion about appropriateness of identified 
criteria (Q9) exactly indicates the various significance of criteria for evaluating solution. This result 
proves it is necessary to supply the group voting tool for the user to rank the criteria from problem 
aspects extracted from the group argumentation utterance.  

The highest evaluation value for Q14 and Q15 give the more evidence that the decomposition of 
the solution and decision task is cognitively accepted by participants. So this decision support tool not 
only can give the alternative decision choices but also support decision maker to further explore detail 
solution path. And also sub-task will be a good indicator for the next round discussion. 
 
6.3.5 Balanced Evaluation of the System 
 
From analysing the result of experiment, the features of our system are identified and discussed. 
Among which, the discussion support, decision support and cognition support are the most prominent 
ones. In our proposed conceptual framework in chapter 3, we have claimed that the group 
argumentation based decision making system should well integrate the discussion system to decision 
making system. So a balanced evaluation of those features in our system can help us to identify the 
advantage and weakness of our system.  
 

• Discussion support 
 
In our system, an argumentation schema based discussion panel is designed for user to propose their 
utterances. It has been proved that predefined categorical and relation terms make it easy for users to 
construct their argument. Though the defined schema is generic and domain independent, to some 
extent users have limited freedom to construct different types of argument.  

The system presents discussion information using a tree like structure, each node of the tree 
represents an individual utterance and the type of utterance is symbolized by using a visual icon. The 
experiment has shown the discussion tree is easy for the user to navigate and browse to locate 
relevant utterances. Particularly, the argument pair is clearly presented by the child node and parent 
node. The result of questionnaire has indicated that the participant has no difficulty in discovering the 
issue, solution and argument underlying solution. However, fast growth of discussion tree creates 
information overload on the user. There is a lack of a reminding service to notify user of utterances 
related to their topic of interest.  

 
• Decision support 

 
The system provides automatic decision making mechanism to label each solution with decision 
score. Decision making mechanism not only considers support/challenge argument under the solution 
but also consider the credibility of argumentation proposer. The automatically identified criteria are 
used by the voting tools to construct preference model, which will improve the validity of decision 
making. The experiment shows the process of decision making is clear to be understood by the 
participants.  

In our system, the decision about the solution much depends on the underlying argument. 
Currently it lacks a mechanism to prevent a malicious expert from deliberately proposing an irrational 
argument. Moreover, in our system the decision function only uses Preponderance of Evidence (PoE) 
as the proof standard. It may not suit all different types of decision tasks. In addition, the quality of 
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identified criteria will depend on selected annotation knowledge base.  There is a risk that the poor 
quality of identified criteria will dramatically affect the result of decision making.  

 
• Cognition support 

 
The system not only supports decision making by providing automatic decision mechanism, but also 
some extra tools are developed to support user better interpret the task, solution route and status of 
problem solving. The results of the experiment have shown the solution decomposition tool can assist 
the decision maker to recognize the detailed steps of implementation of a solution and issue 
decomposition tool can assist the decision maker to iterate the process of decision making.  

However, due to lack of a defined stop boundary the system could not give clear guidance when 
the processes of decision making reaches end points. In addition, the improper issue decomposition 
could cause much information overload and prevent the decision maker from focusing on the original 
task. 

Based on the above discussion, a balanced evaluation from pros and cons points on the main 
features of the system can be summarized in Table 6.4.  
 
Table 6.4  Balanced evaluation of the system 
 
Discussion Support 
 Pros Cons 
Discussion Panel  • Easy to propose argument • Lack of freedom to extend 
Tree structure  • Easy to represent argument pair; 

• Easy to browse and navigate; 
• Easy to locate relevant argument; 

• Information overload 

Decision Support 
 Pros Cons 
Automatic mechanism • Simple 

• Straightforward 
• Process is  clear 

• Proof standard may not 
suit 

• Malicious argument affect 
decision 

expert’s credibility • Improve authority  
Identified criteria  • Improve validity • Depend upon annotation 

knowledge base 
Cognition Support 
 Pros Cons 
Solution 
decomposition 

• Interpret implementation of solution;  

Issue decomposition • Iterate process of decision making • No definition of stopping 
boundary; 

• Information overload 
 
6.4 Summary 
 
In this chapter, a group argumentation based decision making experiment is designed and carried out. 
In the experiment, the developed prototype software system was exploited by participants to structure 
their arguments. The contents of group discussion were encoded and represented by argumentation 
ontology. In the prototype system a semi-automatic decision making approach based on analysis of 
argumentation was applied to evaluate the proposed solutions, discover the solution route and identify 
further issues. As result, one solution space and one issue space were generated by the system. It has 
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shown that the system can evolve the decision problem from unstructured level to well-structured 
level. 

The result of experiment and related questionnaire indicated that this group argumentation based 
decision making approach enhanced by a semantic model not only can advise the solution route for 
decision task with a high satisfaction but also can present more perspectives of the decision problems 
and decompose solution and decision task which can enable an iteration process of problem solving. 
Particularly, it is useful for unstructured or wicked problem solving. In addition, the prototype system 
also demonstrates that the subject’s credibility in the different domain can be dynamically updated 
along with the process of argumentation. This mechanism could benefit team formation for new 
decision tasks or next round group argumentation.  
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