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Abstract. To manage collaborative negotiation in software system design, we have built a socio-technical 
argument-based negotiation management approach by integrating a Socio-technical Co-construction Process 
(STCP) with an Argument-based Negotiation Process (ABNP). This paper reviews relevant research work and 
presents each step of this approach. The STCP provides rich contextual information of technical decisions and 
social interactions in a system design process. The ABNP provides STCP with a negotiation management and 
conflict resolution strategy by guiding software engineers to generate, exchange and evaluate their argument 
claims in negotiation activities. In addition, this paper describes a prototype system which implements this new 
approach using the advanced Web-based software technologies with the goal of demonstrating how to 
systematically enhance the negotiation management capabilities in a dynamic socio-technical framework. 
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1. INTRODUCTION 

Software engineering aims to support the engineer-
ing team to reach technical agreement and make rational 
decisions for software design tasks. It creates technical 
solutions to information processing problems through the 
use of scientific methods. Software engineering research 
is concerned with how to improve the quality and effi-
ciency of software design decisions in order to predict, 
analyze, implement and maintain software systems that 
can satisfy complex and evolving customer requirements. 
One unique characteristic of software engineering is that 
“software is design-intensive, as manufacturing (such as 
the repeated production of program codes) cost is a rela-
tively minor component of software production cost” 
(Aldrich et al., 2006). Nowadays driven by market glob-
alization, outsourcing and Internet revolution, most soft-
ware design is carried out by distributed software teams 
that include developers, architects and managers who 
have varying backgrounds and expertise. When people 
from different disciplines work collaboratively over the 
distance and time boundary, the software design process 

becomes very complicated since such collaborative de-
sign endeavor involves numerous technical and social (or 
socio-technical) issues. In this highly distributed and con-
nected global software industry, engineers have to count 
on good collaboration methodologies to stay competitive 
when designing, developing and deploying complex 
software systems. Compared with traditional individual 
design, collaborative design has some intrinsic character-
istics. The objectives of design are not homogeneous 
since various persons join the software design team and 
make decisions collaboratively based on their own objec-
tives. A better understanding of how software designers 
should collaborate with each other in technical tasks un-
der social interactions to make rational group decisions is 
the challenge, which needs to be confronted by the whole 
engineering research community. However, despite its 
importance, the current investigation of the features and 
characteristics of collaboration software design is more 
limited to practiced heuristics rather than scientific prin-
ciples with solid theoretical foundation. 

In real-life software design processes, software engi-
neers always need to negotiate with each other in order to 
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reach agreements based on collective rationality when 
they have conflicting opinions and competing demands. 
The ability to negotiate with multiple stakeholders who 
have different technical expertise and diverse social back-
grounds (e.g., many other non-technical factors) is just as 
important as the ability to develop computation algo-
rithms and build data structures in software design. This 
ability is the key to make a rational group decision in light 
of different objectives, criteria and preferences. In a soft-
ware design team involving people with various back-
grounds and expertise, each individual can only deal with 
a portion of the overall problem. Since the pace and scope 
of knowledge continue to expand, the amount of informa-
tion communicated increases significantly during the col-
laboration process. As collaborative design usually deals 
with large and complex software systems, designers have 
to collect and interpret various information by dealing 
with different data structure and algorithms. Therefore, at 
least two significant challenges occur. One is to efficiently 
manage negotiation activities for collective rationality in 
software design process. The other is the identification 
and resolution of the conflicts generated when different 
individuals share the information (Wall et al., 1995). If 
poorly supported and managed, both can cause the delays 
in progress, the wastes of resources, or even the failure of 
the whole project. In order to effectively achieve collec-
tive rationality in software design tasks, these two chal-
lenges must be addressed with sound theories and good 
technologies. 

In traditional software engineering practices, little at-
tention was placed on these collaborative activities of 
software design, let alone systematic supports to negotia-
tion tasks and collective rationality. Typical software en-
gineering methodologies do not explicitly address the 
resolution of conflict, either. These methodologies are 
more geared towards maintaining consistency and do not 
allow conflicts to be systematically expressed, not to 
mention being constructively resolved. Indeed, existing 
software methodologies could be characterized as conflict 
avoidance, in that they prescribe particular approaches to 
assist software practitioners in breaking problems down 
and resolving conflicting issues in particular ways by 
each individual stakeholder. While this approach helps to 
avoid conflicts during development, it does not help to 
revolve and harvest conflicting opinions in collaborative 
design. Most existing methodologies require a single con-
sistent software design as a basis for a coherent system 
solution, which means that conflicts are suppressed when 
the design is plotted. The ability to detect the presence of 
conflict and systematically resolve conflicts in more ex-
plicit manners (such as negotiation) is a significant step 
forward in software design methodology. 

Collaborative negotiation and conflict resolution 
have been well-researched areas for the past several dec-
ades. Although they have been examined from several 
perspectives including social science, economics, deci-
sion theory, engineering design, and artificial intelligence 
(e.g., Nash 1950, Kenney and Raiffa 1976, Raiffa 1982, 

Davis and Smith 1983, Sycara 1991, Bui 1987, Shakun 
1992), it is only recently that frameworks for managing 
negotiation and providing decision support for conflict 
resolution have emerged (e.g., Kersten 1985, Durfee and 
Lesser .L989, Hunhs and Gasser 1989, Jelassi and For-
oughi 1989, Kersten et al., 1991, Sycara 1989, Lim and 
Benbasat 1991, Bui 1993, Bui 1994). In order to develop 
a sound negotiation framework, it is essential to distin-
guish between the negotiation content, i.e. the substantive 
issues which are to be discoursed and resolved, and the 
negotiation process, i.e. the procedure of dealing with 
substantive issues or the sequence of events leading to the 
final result of the negotiation. In practice, the process via 
which the parties negotiate their conflicts determines the 
results, the quality and the efficiency of a negotiation at 
least as much as the substance which they are negotiating 
about. Dealing simultaneously with both substance 
(“what”) and process (“how”) is a challenge in negotia-
tion research. Very often, negotiators tend to focus most 
of their attention on the substance, thereby neglecting to 
take care of the process. The challenge that our research 
tries to address is to help the software design teams to 
prepare and follow a well-managed negotiation process 
seamlessly and systematically in order for them to deal 
with the substance, i.e. software design solution, in the 
best possible and most productive way. 

Specifically, this paper presents an argument-based 
approach to manage and support negotiation process in 
collaborative software design by modeling, tracking and 
managing stakeholders’ negotiation arguments, which 
continuously evolve during the collaborative process of 
software design. This approach helps stakeholders to or-
ganize and generate argument claims based on various 
social and technical factors in preparation for systematic 
negotiations, as well as help to reconcile design conflicts 
by recommending potential conflict management strate-
gies. The conflict management strategies guide software 
engineers to evaluate possible alternatives from these nego-
tiation arguments and compare these alternatives in order 
to choose desirable ones in the applicable circumstances. 
This paper also presents the design and implementation of 
a prototype computer supported negotiation management 
software system which is based on the proposed negotia-
tion approach to support real-life software design collabo-
ration. 

Section 2 reviews the literatures relevant to this re-
search work and discusses several underlying theoretical 
backgrounds for the proposed approach. The overall socio-
technical argument-based negotiation management frame-
work is presented in Section 3. It describes the integration 
between a socio-technical framework and argument-based 
negotiation process to build a socio-technical negotiation 
management approach for collaborative software design. 
The chapter explains the software design task modeling, 
conflict identification, design concept structure and stake-
holder perspective analysis, argument building and evalua-
tion, and conflict resolution issues. Section 4 presents the 
architecture and functionalities of software prototype, 
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called IWANT, which implements and demonstrates the 
application of the proposed approach. As well, some on-
going case studies and initial empiric results are described. 
Lastly, Section 5 summarizes the lessons learned from this 
research and outlines our planned future work.  

2. LITERATURE REVIEWS 

2.1 Collaboration and Negotiation Management in 
Software Design 

Most of the existing negotiation research for collabo-
rative design in software engineering falls in two catego-
ries: collaborative evaluation approaches and design ne-
gotiation management. An example of the first category is 
ATAM, which distributes the architectural documents and 
business requirements to the stakeholders, elaborates and 
prioritises scenarios, conducts design evaluation and fi-
nally develops a complete technical report (Kazman et al., 
1998, Lee, 2005). It helps the engineers understand the 
consequence of software design with respect to the sys-
tem’s quality requirements and business goals. Also, it 
helps the developers to determine where the risks and 
tradeoffs exist in various software design strategies. 
However, as an evaluation method for software design, 
ATAM does not explicitly take any social factors (e.g., 
social interactions in teamwork) into its evaluation ration-
ale, such as, individual goals and personal interests from 
the stakeholders themselves. As a result, it is not always 
certain that the stakeholders will accept the solutions pro-
vided by ATAM. Another software design evaluation 
method, developed from ATAM by the same group of 
researchers, is CBAM (Cost Benefit Analysis Method) 
(Moore 2003, Kazman 2005). CBAM collates high-priority 
scenarios from ATAM, and refines and prioritises scenar-
ios to formulate business goals. It then develops architec-
tural strategies for scenarios, calculates the total economic 
benefit for each strategy, and chooses architectural strate-
gies based on business values. CBAM explores, analyzes, 
and makes technical decisions regarding software archi-
tecture design alternatives with consideration of economic 
factors (Hoh et al., 2002). However, it is not clear how 
the explored alternatives are generated from the engi-
neers’ goals and criteria, and how they satisfy the initial 
requirements of stakeholders with different roles, respon-
sibilities, and priorities. As well, this approach only evalu-
ates different design decisions but does not provide any 
negotiation strategy to reconcile conflicts in the software 
design decision-making process. 

A good example of the second category is the Win-
Win negotiation management approach developed by the 
Centre of Software Engineering at USC (Boehm et al., 
1999). It provides a generic framework for software re-
quirement negotiation. In the Win-Win approach, stake-
holders begin by first eliciting their own desired “win 
conditions”, identifying issues (e.g. conflicts), generating 
options to resolve these issues, negotiating options and 

finally reaching agreements. However, from the collabo-
rative engineering point of view, in the Win-Win ap-
proach stakeholders still need to generate and negotiate 
the architecture alternatives manually by a rather ad-hoc 
process (Hoh et al., 2002). Furthermore, the Win-Win 
negotiation approach is based on a software engineering 
approach called MBASE (Model-Based Architecting and 
Software Engineering), which detects the conflict in soft-
ware development by identifying model clashes (e.g. suc-
cess models) (Boehm et al., 2002). Most of the identified 
clashes in this approach, however, come from past suc-
cess models representing previous win conditions, which 
are only a subset of the stakeholders’ backgrounds and 
expertise. Some of the potential conflicts caused by dif-
ferent backgrounds (e.g., technical specialties) are not 
accounted for because these differences are not explicitly 
modeled in this approach. Also, since these differences in 
backgrounds and expertise are often the fundamental 
source of the conflicts, this approach cannot easily trace 
where the conflict comes from even when the conflict is 
detected. As a result, after the present conflict is resolved, 
there is still a possibility that the team may be confronted 
with the same conflict again in future. 

In the second category the most relevant work to our 
study is the MPARN approach, which guides stakeholders 
from design options to agreements by using multi-criteria 
preference analysis techniques (Hoh et al., 2002). The 
MPARN process begins to identify the conflicts in the 
stakeholders’ needs following the Win-Win process and 
then explores resolution options. After this it supplements 
the Win-Win process by eliciting stakeholder preferences. 
It also assesses how well each of the generated options 
performs on stakeholder criteria. As a negotiation ap-
proach with the goal of supplementing the Win-Win proc-
ess, MPARN provides some conflict analysis and resolu-
tion strategies. However, since it is based on the Win-Win 
process, it inherits some of the same limitations of the 
latter. For example, social factors (e.g. personal interests, 
social interactions) are not directly managed in this ap-
proach, although these factors are indispensable for real 
world negotiation tasks (due to the dynamical and social 
nature of the negotiation). The other shortcoming is that 
MPARN helps stakeholders analyze and prioritize their 
design decisions, but does not specify a negotiation man-
agement approach for the stakeholders to jointly achieve a 
common agreement. 

2.2 Collaborative Engineering Design Approach 
for Conflict Resolution and Negotiation Man-
agement 

Collaborative engineering design is a collection of 
the co-operated efforts undertaken by a team of designers 
and other specialists. It is involved with complicated in-
teraction among multidisciplinary design teams in a dis-
tributed, heterogeneous and dynamic environment, in-
cluding communication, cooperation, coordination and 
negotiation (Shen et al., 2001). Each team member works 
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on different parts of the design, from different perspec-
tives and towards fulfilling different functional criteria.  

Conflict resolution is a critical element of collabora-
tive design because each stakeholder has her own point of 
view, concerns and objectives regarding the design proc-
ess and hence conflicts may arise from differences in this 
information during multi-stakeholder interaction. In col-
laborative design, conflicts can be defined as “an ex-
pressed struggle between at least two interdependent par-
ties who perceive incompatible goals, scarce rewards, and 
interference from the other party in achieving their goals” 
(Hocker et al., 1985). In a collaborative design context, 
conflicts occur when at least two incompatible design 
commitments are made, or when a design party has a 
negative critique of another design party’s actions (Klein 
1995). 

Diverse studies in collaborative engineering design 
develop approaches for conflict resolution based on social 
sciences, artificial intelligence, computer-supported meth-
ods. Klein’s research works propose a conflict resolution 
method based on taxonomy of conflict solving strategies 
mapped with taxonomy of conflicts (Klein 1994, Klein 
1995). A multi-approach method for computer-supported 
conflict resolution is introduced by Lara and Nof provid-
ing fast conflict identification, conflict parameters diag-
nostics and conflict resolution mechanisms (Lara et al., 
2003). Zhuang focuses on conflict detection by providing 
a method of using a web based distributed design system 
and intelligent agents to detect conflicts (Zhuang 1999). 

More close to our research, Cooper and Taleb Ben-
diab proposed CONCENSUS platform and Rose pro-
posed the CO2MED prototype to manage multi-party 
negotiation using computer supported conflict resolution 
(Cooper et al., 1998). Barker and his colleagues propose a 
tool to manage negotiation in concurrent design teams 
(Barker et al., 2001). Zhao and Deng propose an MIAS 
prototype to model interaction behavior including com-
munication, negotiation, coordination and cooperation 
(Zhao and Deng, 2001).  

In engineering design domain, a variety of theoreti-
cal models have also been built to manage design conflict. 
For instance, QFD (Quality Function Deployment) is a 
structured process that establishes customer value using 
the “voice of the customer” and transforms that value to 
design, production, and supportability process character-
istics (Hauser et al., 1988). The result of QFD analysis is 
a systems engineering process that ensures product qual-
ity as defined by the customers. This is essentially a 
methodology to solve/mitigate the conflicts among the 
diversified customer needs, which mainly exist in the 
early phases of engineering design. The Independence 
Axiom in Axiomatic design states that the independence 
of Functional Requirements must be always maintained 
to reduce the random search process and minimize the 
iterative trial-and-error process (Suh 1990). It claims that 
an engineering design ignore this axiom will face substan-
tial conflicts. 

All works mentioned above suggests conflict detec-

tion mechanisms, defines conflict resolution strategies 
and provides support to manage the negotiation between 
different actors involved in the conflict. Indeed, all these 
works reveal that negotiation is a widely accepted ap-
proach for conflict resolution in collaborative design. 
However, none of them analyses the perspectives of 
stakeholders that are involved in the negotiation process 
leading to problem solving. This perspectives analysis is a 
critical phase for conflict resolution since conflicts origi-
nate from different perspectives.  

2.3 Engineering as Collaborative Negotiation 
Paradigm and A Socio-Technical Framework 

Real-world negotiation tasks undertaken by engi-
neering teams are always driven by many conflicting 
social, economical and technical (SET) factors. Tradi-
tional engineering research has mainly focused on tech-
nical factors, with some recent efforts being extended to 
consider the economic factors. While recognizing the 
importance of both technical and economical considera-
tions, our past research has been focusing on social fac-
tors, and more specifically, on their interactions with 
technical factors. We view an engineering team activity 
such as developing software, as a technical activity with 
a human purpose. Therefore, when a team of engineers 
(i.e., multiple stakeholders) with differing life cycle 
concerns come together to develop new software, it can 
lead to a complex socio-technical campaign. To resolve 
this challenge, an Engineering Collaboration via Nego-
tiation (ECN) paradigm is developed in our past work 
and can best support this type of socio-technical cam-
paign in the field of collaborative engineering.  
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Figure 1. The key components of the socio-technical frame-

work. 
 
Based on this ECN paradigm, we have developed a 

Socio-Technical Framework (STF) as a foundation to pur-
sue basic research in collaborative engineering. The STF 
has its roots in the Social Construction Theory proposed by 
Peter Berger and Thomas Luckmann in 1966 (Berger and 
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Luckman 1967), which states that meaning and institutions 
(e.g., a collaborative decision during software development) 
are a jointly negotiated and agreed construction between 
those participating in an endeavor. More specifically, our 
STF uses perspective models of stakeholders (e.g., soft-
ware designers) to integrate social interactions with techni-
cal decisions, and then uses these models to manage deci-
sion conflicts during a co-construction process taken by the 
engineering team. As shown in Figure 1, the three core 
components of our STF research framework are: (1) co-
construction processes taken by the engineering team, (2) 
perspective models of stakeholders, and (3) conflict man-
agement strategies for collaborative negotiation (Lu 2001). 

The first component of our STF is the technical de-
cision process, which serves as the baseline process for 
socio-technical co-construction process. The “baseline 
process” refers to a series of required activities, consisting 
of tasks and states, which must be performed by stake-
holders according to some pre-established steps adapted 
from the specific domain practices or mandated by corpo-
rate policies.  

The second component of our STF is the perspective 
model of team stakeholders. In our research, we define a 
perspective as the stakeholders’ viewpoints toward spe-
cific concepts in the concept structure of a particular 
campaign. We also limit a perspective model to include 
only the purpose, context, and content of a stakeholder 
decision, and we only pay attention to those stakeholder 
perspectives that relate to specific concepts in the con-
cept structure. In this way, we can analyze these per-
spective models to estimate their differences (or concep-
tual distances) as a measure of the degree of conflicts 
among stakeholders. These analysis results can provide 
explanations for the stakeholder decisions and/or offer 

rationales for conflict management by the team.  
The final component of our STF is conflict man-

agement, which is the central activity of the socio-
technical co-construction process. In our research, con-
flicts are the result of perspective model analysis and are 
managed systematically based on these analysis results. 
Conflicts are defined and quantified by the distances 
between stakeholder perspectives towards a specific 
concept in the concept structure. In our research, we 
detect and classify conflicts according to the composi-
tion of both concept structure and the perspective model 
(i.e. the sources of conflicts). And we manage conflicts 
by way of management of negotiation process and co-
construction of stakeholders’ perspectives.  

3. RESEARCH FOUNDATION: SOCIO-
TECHNICAL CO-CONSTRUCTION 
PROCESS AND TOULMIN’S ARGUMENT 
STRUCTURE 

3.1 A Socio-Technical Co-construction Process 

Based on the foundations of ECN diagram and the 
STF framework, we take the next step to develop a spe-
cific process through which this conceptual framework 
can be further detailed and made “operational” for com-
puter implementations and engineering applications. This 
process, which we called Socio-Technical Co-construction 
(STC) process, addresses the three key components of the 
Socio-Technical Framework and specifies eight steps 
with sufficient operational details as shown in Figure 2 
below. 
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Figure 2. The socio-technical co-construction process (STC)
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The Eight Steps of the Socio-Technical Co-construction 
(STC) Process 

 
Ⅰ. Define a starting “baseline process” for the cho-

sen application domains, as the basis to be co-
constructed (i.e., changed) later, upon the agree-
ment by all involved stakeholders, as a means to 
resolve conflicts. The defined baseline process 
can be further broken down into a series of tasks 
and states. 

Ⅱ. Identify a group of “stakeholders” who have an 
interest in the outcomes of, and will directly or 
indirectly participate in, the co-construction proc-
ess of a particular collaborative campaign (e.g. 
software design). 

Ⅲ. Propose an initial “concept structure” for a par-
ticular engineering process to organize the con-
cepts provided by the team. 

Ⅳ. Establish the initial “perspective model” for all 
participating stakeholders to express opinions for 
each concept in the concept structure. 

Ⅴ. Build the “perspective model state diagram” 
(PMSD) for each concept in the concept struc-
ture. A PMSD is a research apparatus in STF to 
depict the explicit relationships among stake-
holders’ concepts (including both shared and in-
dividual concepts) in addition to their purpose 
and context information. 

Ⅵ. Perform the “perspective analysis” on the cur-
rent PMSD. Since PMSDs link the CS with per-
spectives and have references to the baseline 
process, they provide integrated information to 
conveniently analyze the closeness of, or dis-
tance among, different stakeholders’ perspective 
at that particular moment. 

Ⅶ. Conduct the “conflict management” tasks ac-
cording to the results perspective analysis. 

Ⅷ. Obtain a “shared reality” as a result of the co-
construction process. This final product of the 
STC process is a shared reality, which is a 
broader concept than traditional approaches (e.g., 
a finished design in terms of a product model). 

3.2 Investigation of Toulmin’s Argument Structure 

Practicing collaborative design and negotiating dia-
logue have been found to be positively linked with argu-
mentation and critical thinking skills (Hart 1990, Jennings 
1998, Jin, Geslin and Lu 2005, Marttunen 1992, Smith 
1977). Furthermore, the work of Buckingham and his 
colleagues argue that exposing an argument’s structure 
facilitates its subsequent communication since important 
relationships can be more easily perceived and analyzed 
by others (Buckingham Shum et al., 1997). Stephen E. 
Toulmin’s 1958 work, Uses of Argument, has become 
commonplace in structuring argumentation-Toulmin ac-
knowledges as much in his the preface to his 1979 text, 
An Introduction to Reasoning (Toulmin 1979). For exam-
ple, Houp, Pearsall and Teheaux’s textbook, Reporting 

Technical Information, introduces Toulmin logic as pro-
viding “a way of checking your own arguments for those 
overlooked flaws. It can also help you arrange your ar-
gument” (Houp et al., 1998). 

Argumentation is a process of making assertions 
(claims) and providing support and justification for these 
claims using data, facts, and evidence (Toulmin 1958). 
The goal of argumentation in negotiation is to persuade or 
convince others that one’s reasoning is more valid or ap-
propriate. Toulmin’s model of argument provides the lan-
guage symbols and data structure, which supports the 
argumentation process. Toulmin’s model is procedural 
and the layout of this model focuses on the movement of 
accepted data to the claim through a warrant.  

Toulmin also recognizes three secondary elements 
that may be present in an argument: backing, qualifier, 
and rebuttal. Backing is the authority for a warrant and 
provides credibility for the warrant and may be intro-
duced when the audience is unwilling to accept the war-
rant. A qualifier indicates the degree of force or certainty 
that a claim possesses. Finally rebuttal represents certain 
condition or exception under which the claim will fail and 
hence anticipates objections that might be advanced 
against the argument to refute the claim (Toulmin 1958).  

 

 
Figure 3. Toulmin’s argument structure. 

 
As such, Toulmin’s argument structure becomes a 

mechanism for structuring argumentation between nego-
tiating stakeholders. It aims to clarify reasoning by en-
couraging parties to make explicit important assumptions, 
distinctions, and relationships as they construct and ra-
tionalize ideas (Buckingham Shum et al., 1997). 

We selected Toulmin argument structures to investi-
gate negotiation after considering a number of possible 
approaches and structures applied or developed for nego-
tiation (Janssen and Sage 1996). Negotiation is a process 
that involves both qualitative and quantitative concepts. 
Many of the formal approaches such as game theory and 
decision analysis have focused traditionally on the quanti-
tative aspects of negotiation including goals, alternatives, 
and consequences. The qualitative aspects of negotiation 
such as argumentation, social interactions, and negotiator 
perspectives are typically given low priority and are sub-
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sumed in other quantitative concepts, although they are 
important in their own respect from a practical viewpoint 
because in many cases negotiation approaches directly 
impact the negotiation outcome. The negotiation ap-
proach proposed in this work will capture these qualita-
tive aspects of negotiation through the use of argumenta-
tion methodologies.  

Other types of structures than Toulmin’s argument 
include: influence diagrams and Bayesian network, which 
are oriented toward quantitative analysis and are not easy 
to build; structured modeling and conceptual modeling, 
which may be used to construct a Toulmin argument 
structure; and Wigmore structured evidence, which comes 
the closest to Toulmin and is an argument structure based 
on an elaborate set of symbols (Janssen and Sage 1996). 
The Wigmore approach, although closest to our Toulmin 
based approach, is much more complicated than The latter. 
The Toulmin argument structure is easy to use and under-
stand and is widely applicable (Janssen and Sage 1996). 
Our studies suggest that, when the argument structure is 
framed appropriately, it is easy for software designer to 
understand and to use in negotiating design solutions. 
Many of these approaches are described in the contempo-
rary literature (Sage 1992, Schum 1994). There have also 
been a number of other studies concerning the implemen-
tation of Toulmin based logic (Lagomasino and Sage 
1985, Sage 1991, Laskey 1989). 

Also Jassen and Sage’s study shows there are several 
advantages to a graphical or structured depiction (i.e. 
boxes and lines as in the Toulmin’s argument structure) 
than natural language description (Janssen and Sage 
1996). They have stated the reasons like follows: first, 
visualization eases comprehension. The components of 
the argument are explicitly represented, meaning that it is 
easier to identify the particular elements of an argument, 
and these elements of the structure provide stakeholders 
for the elements, thereby facilitating elicitation of these 
elements. Second, it is easy for the person filing the boxes 
to see what is missing as well as the reasoning that has 
been put forth. In this regard it is easier to compare argu-
ments between multiple experts, and between claim and 
counterclaims than between statements in generally un-
structured discourse (Janssen and Sage 1996).  

It is true that using the Toulmin’s argument structure, 
which is generally more objective than implicit arguments, 
it is hard for stakeholders to hide bias because the 
grounds and backing of an argument are clearly listed and 
described to support the claims. Therefore, all stake-
holders’ perspectives are generally relatively easy to be 
observed by others through examination of the ground 
and warrants that the stakeholder expresses (Janssen and 
Sage 1996). As mentioned earlier in this section, argu-
ment structure has been used to build an argument-based 
negotiation process model in many studies including col-
laborative design previously and proved to facilitate more 
objective and fair communication (Chang et al., 1995, 
Sillince et al., 1999, Jennings 1998, Amgoud et al., 2000, 
Avery et al., 2001, Kraus, 2001, Rong et al., 2002). How-

ever, there are remaining unresolved issues in most of the 
above work, such as a systematic guide to compose the 
arguments based on the information from particular do-
main or process and an evaluation method on the argu-
ments to obtain a most desired one.  

In this work we have proposed the use of Toulmin’s 
argument structure to support the negotiation management 
in a socio-technical argument-based negotiation process. 

4. AN ARGUMENT-BASED SOCIO-
TECHNICAL NEGOTIATION (ASTN)  
APPROACH 

4.1 Definitions of Terminologies 

This work focuses on managing negotiation tasks in 
which a team of software engineers must collaborate with 
each other to design a software solution. The subject of 
collaborative negotiation in software engineering is part 
of an emerging research field, called collaborative engi-
neering. In this new research field, collaborative engineer-
ing is defined as a socio-technical group decision-making 
process, whereby a team of engineers collaborate to re-
solve conflicts, bargain for individual or collective advan-
tages, agree upon courses of action, and/or craft joint de-
cisions that serve their mutual interests. Unlike traditional 
engineering tasks, which are often treated as a purely 
technical decision-making process of “task-work” by an 
individual, collaborative engineering tasks are, addition-
ally, a social endeavor of “teamwork” by a team of indi-
viduals. In practice, collaborative engineering is best car-
ried out in a “team” environment where, unlike a “work 
group”, all team members have already agreed on a 
common goal to achieve. Based on this belief, software 
design is essentially a human-based, interdisciplinary 
teamwork, and must be modeled as socio-technical col-
laboration accordingly. 

In our research, “social” refers to the behaviors that 
take the interests of others and the common stakeholder 
characteristics, which influence collaborative team dy-
namics during social interactions such as background, 
objective, and preference. The dominant characteristics of 
software designers (engineer, architect, managers, etc.) 
tend of be such issues as choice of programming lan-
guages, preferred development methodologies, expecta-
tion from project work and design team, and career goal 
in the organization. They are initially brought into the 
collaborative teamwork by the participating stakeholders, 
and then continuously co-constructed and evolved during 
the social interaction process. Based on the above mean-
ings, the term “socio-technical” signifies the mutual con-
sideration of and the true integration between the social 
(teamwork) and technical (task-work) aspects of engi-
neering activities.  

In order to manage the social interaction in the de-
sign team, in our research we also define the “perspec-
tive” as the particular attitudes (i.e., viewpoints) via 
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which the stakeholder views their own concepts and oth-
ers’ when making decisions, e.g. strong desire on own 
objective, support or disagreement on other’s objective. 
Furthermore, the conflict needs to be defined in this work: 
its general definition is “an argument about something 
important or a state of opposition between persons in idea 
or interests” and specifically in our research, conflict is 
defined as the argument between stakeholder about the 
design tasks and this argument roots at difference in 
stakeholders’ perspectives towards their understanding and 
expectation of the design task. The conflict is therefore 
identified in the design task and to resolve it in collabora-
tive design requires the explicit modeling of stakeholder 
perspectives.  

In summary, the above definitions in our research 
explicitly acknowledge collaborative design tasks as a 
dynamic interface between individual decisions and group 
interactions, and as an assimilation of social and technical 
activities operating in parallel over different time, space, 
and discipline scales in a software engineering team. 

4.2 An Argument-based Socio-Technical Nego-
tiation Approach 

In the collaborative design of software engineering, 
a team of stakeholders with different social backgrounds 
and technical expertise must jointly undertake many 
common tasks, which require making joint decisions 
based on mutual agreements. During this process, stake-
holders often have a variety of opinions and therefore 
must negotiate with each other to arrive at a shared un-
derstanding about critical issues at hands. They must 
make many common decisions to develop design solu-

tions for the software in despite of any conflicts caused 
by the social and technical differences. Therefore, a spe-
cific challenge in this process is to help the team mem-
bers reconcile these differences, resolve the conflicts in 
their decisions, and achieve common understanding 
about the design solutions.  

To address the above challenge, this work proposes an 
Argument-based Socio-Technical Negotiation (ASTN) 
approach to manage the negotiation activities in collabora-
tive design process in software engineering. Traditionally, 
software engineering approaches often ignore social inter-
actions and treat collaborative design as a purely technical 
problem. As a result, decision analysis and negotiation ap-
proach are solely based on technical considerations-all so-
cial interactions are implicitly dealt with in an ad-hoc man-
ner. The inability to model the human perspective and so-
cial interaction as an integral part of technical decisions is a 
major roadblock to resolving conflicts in collaborative de-
sign. We believe a collaborative design process is not only 
the technical decision making process but also a social in-
teraction process amongst the members of the design team. 
Based on this belief, ASTN approach overcomes the limita-
tions of traditional work by explicitly modeling both the 
social and technical factors in argument structures and then 
systematically guiding the team through a negotiation 
process in which their differences in technical decisions are 
reconciled. The following sections give an overview of this 
approach and Section 4.3 discusses it in greater details.  

4.2.1 Overview of the Socio-Technical Negotia-
tion Process  

Socio-technical negotiation process is the main strength 
of this approach. It describes how the stakeholders pre-
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Figure 4. A socio-technical negotiation process for collaborative design in software engineering. 
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pare the negotiation arguments using both social charac-
teristics and technical decisions and then carries out the 
negotiation process in order to reach an agreement. Figure 
4 illustrates this integrated approach, which has three in-
ter-related phases. 

First, the Pre-negotiation phase starts with the base-
line process of software design. This baseline process 
captures the required technical task-works in a predeter-
mined order. For example, it can be a commonly accepted 
“workflow” suggested by the domain experts or standard 
operating procedures instituted by the company. This ap-
proach also needs to identify a set of “stakeholders” who 
have an interest in the outcomes of, and will directly or 
indirectly participate in, the co-construction process. It 
starts the design process, asks each stakeholder to propose 
an implementation for specific tasks in the design process, 
and checks the differences (i.e., conflicts) between pro-
posed implementations. Then it determines whether to 
initiate a negotiation by identifying conflicting implemen-
tations of a design.  

Second, the Negotiation phase helps the stakeholders 
prepare for their arguments, and guides them into resolv-
ing the conflicts by an argument-based process. In this 
phase the stakeholders jointly propose a concept structure 
to represent all relevant factors (e.g. background, objec-
tive, etc), which influence the design task and declare 

their perspectives upon the concepts. Then based on the 
design tasks, concepts and perspectives, the stakeholders 
are systematically guided to build their negotiation argu-
ments. The stakeholders review the arguments of each 
other and may be suggested to change concept, perspec-
tives or even implementation of the design task. They will 
reach an agreement during the negotiation or their argu-
ment will be compared using an argument evaluation 
method in order to choose a most desirable one for the 
team. 

Lastly, the Post-negotiation phase uses two inter-
related steps to assure that the stakeholders obtain a 
commonly accepted software design implementation, and 
tracks relevant collaboration performance statistics (e.g., 
negotiation time used by the stakeholders). These statis-
tics are useful for future references by the design team in 
case of similar tasks and/or conflicts. Section 4.3 explains 
these three ASTN phases in more details.  

4.2.2 Integration of Socio-Technical Negotiation 
Process and Argument Structure 

The “argument” in the ASTN approach is built based 
on the Toulmin’s structure of argument (Toulmin 1958). 
As discussed in Section 2.2, the Toulmin structure is 
mostly procedural, and its layout focuses on the move-
ment of accepted data to the claim through a warrant 

 

 

Figure 5. Integration of STCP and ABNP 
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(guarantee). The claim states the current “position” that 
the stakeholder commits to about the issue being argued. 
The data is the “evidence” behind the claim and the “war-
rant” logically justifies the use of the data for that specific 
claim. Also there are three secondary elements that may 
be present in an argument: backing, qualifier, and rebuttal. 
Backing is the authority for a warrant, provides credibility 
for the warrant, and may be introduced when the audience 
is unwilling to accept the warrant. A qualifier indicates 
the degree of force or certainty that a claim possesses. 
Finally, rebuttal represents certain conditions or excep-
tions under which the claim will fail and hence anticipates 
objections that might be advanced against the argument to 
refute the claim.  

Note that argument structure, by itself, stays as a 
general guidance for negotiation and does not specify 
how to obtain the information for each component in its 
arguments. ASTN then uses this structure to organize the 
critical information for negotiation based on both social 
and technical factors. On the technical side, the baseline 
design tasks model the stakeholders’ decisions for the 
software design and concept structure helps stakeholders 
share their understanding of the design tasks in terms of 
concepts. On the social side, the concept structure helps 
the stakeholder declare their characteristics (e.g. back-
ground, values, etc), which have a great impact on the 
technical decisions. Based on these characteristics, the 
perspective model can represent the social interaction of 
the stakeholders. Figure 5 describes a mapping scenario 
between the data flow in ASTN and the argument struc-
ture. As shown in the figure, the technical factors in the 
ASTN provide the argument structure with the major 
elements (e.g. claim, warrant, and data) in the argument 
data structure. The social factors correspond to the secon-
dary argument elements (e.g. backing, qualifier, and re-
buttal). Based on these factors, in the step to manage the 
conflicts, ASTN uses the argument structure to help 
stakeholder prepares for the systematic negotiation for 
conflict resolution.  

4.2.3 Arguments Evaluation 

Another key feature of this approach is the argument 
evaluation method. At the end of negotiation, if all the 
stakeholders can jointly agree on a particular implementa-
tion, they can take that as the conflict resolution. Other-
wise, all the arguments must be carefully evaluated for 
resolutions. This evaluation method analyses the perspec-
tives and concepts from stakeholders and compares the 
argument claims based on the analysis result. To build this 
method, we have investigated the field of multiple objec-
tive decision analyses (also known as Multi-Criteria De-
cision Making, MCDM). The focus of MCDM is usually 
on a single decision-maker who unilaterally chooses be-
tween alternatives whose outcomes differ on two or more 
“objectives” or “criteria” (Yoon and Hwang 1995). In 
ASTN, the “objective” and “criteria” are the values of 
each stakeholder, which are stored in concept structure 
and included in the arguments.  

In MCDM there have been a variety of strategies de-
veloped to calculate the best choice for a decision making 
problem. Optimization selects the first alternative with 
best value for single criterion or aggregate measure. It 
also establishes a set of constraints, which are the re-
quirements on the alternatives. Depending on the deci-
sion-making problem, different optimization techniques 
can be applied, linear programming, non-linear program-
ming, discrete optimization, etc. (Nemhauser et al., 1989). 
Multiple criteria optimization applies for the case having 
a finite number of criteria and an infinite number of the 
feasible alternatives (meeting the requirements) or finite 
number of feasible alternatives but only in implicit form 
(Steuer, R. E. 1986). Satisficing strategy eliminates all 
alternatives that fail on one constraint (involving one or 
more criteria) and then consider another constraint. Mixed 
scanning strategy decomposes the overall decision objec-
tive into a hierarchic structure of criteria and alternatives 
and build pair-wise comparison matrix to calculate rela-
tive weights of the criteria which are then used to arrive at 
a score for each alternative (Etzioni 1967). Another strat-
egy, Analytical Hierarchy Process (AHP) a pairwise com-
parison method developed by Saaty (Saaty 1980) to as-
sign the quantitative weights to criteria and scores to al-
ternatives. Statistical technique, also known as determi-
nistic value function, ranks the alternatives from best to 
worst and assume one can characterize the consequences 
of each alternative with certainty or that only their ex-
pected value matters. Utility function methods are similar 
to deterministic value function methods, except that they 
consider uncertainty in the criteria values for each alterna-
tive (Anderson et al., 2002). 

Currently ASTN uses the Deterministic Value Func-
tion from MCDM field to evaluate the values and choose 
a most desirable argument as solution. It is chosen be-
cause of the nature of software design in that there are 
finite alternatives (implementation) for one conflicting 
design task (decision-making problem) and we can fairly 
assume the designers (decision makers) with different 
background and expertise, who implement this task, can 
understand the consequences of each alternative with 
certainty and can also well describe their expected value 
which are their fundamental objectives. Deterministic 
value function methods provide a ranking of the argu-
ments (from best to worst) as group preference based on 
the stakeholders’ preferences. It is important to note that 
in the domain of Social Choice Theory, Arrow suggests 
that it was reasonable that the relationship between indi-
vidual preferences and social preferences should have the 
following properties: Pareto optimality, non-dictatorship, 
unrestricted domain, rationality and independence of ir-
relevant alternatives. Arrows showed that there were no 
social choice functions, which satisfied all five properties 
(Arrow 1951). However, Arrow’s results make rather 
weak assumption about individual preferences – he as-
sumes cardinal non-comparability of individual prefer-
ences. By making stronger assumption of cardinal compa-
rability, i.e. assuming stakeholder can characterize their 
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expected value of each argument and can present certain 
degree of desire over each value, which is generally the 
case of software design undertaken by a group of design 
experts, we can broaden the class of choice evaluation 
functions.  

Another concept, which we have investigated and 
helps us justify the ASTN approach, is “bounded rational-
ity.” It was developed in modern organizational behavior 
research (Simon 1957). The concept does not reject the 
goal of achieving collective rationality, but it acknowl-
edges the always existing limits on the degree of rational-
ity which can be practically accomplished despite of the 
strong desire of people to be rational. These limits include 
limitations of the human mind, the structure within which 
the mind operates and cognitive inability to process and 
compute all alternatives. Because of these practical limits 
on rationality, instead of optimizing decision to be abso-
lutely rational, the best which decision makers can do is 
to sacrifice, i.e. to choose the first option that meets given 
need or addresses most needs, instead of seeking for an 
absolutely optimal one. This acknowledgement is impor-
tant to our work since in reality, due to changing needs 
and limited resource, engineers often try to choose the 
outcome having maximum chance of being satisfactory 
instead of pursuing absolutely best choice. Although the 
outcome of the argument evaluation method in this work 
is a tentative “best” to “worst” ranking of arguments, yet 
the appropriate use of the method is to gain group insight 
on all arguments and choose a most desired one by the 
group judgment rather than mechanically to pick a sup-
posedly “best” argument. The equation below describes 
the deterministic value function in general and the evalua-
tion function in ASTN will be explained in Section 4.3. 
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Where: 
V(Xj) = overall value of alternative j, 
Wi = weight for criterion i, i.e. perspective for con-

cept i, given by stakeholder 
I = number of criteria 
 
This technique uses single attribute value functions 

Vi(Xij) and weights to obtain an overall “value” for each 
argument. Inside the equation, weight is the perspective 
declared by the stakeholder for a particular concept.  

4.3 Phases of the Argument-based Socio-
Technical Negotiation Process 

4.3.1 Pre-Negotiation: Design Task Modeling 
and Conflict Identification 

The goal of the pre-negotiation phase is to identify 
all potential conflicts by checking the differences between 
proposed task implementations, and helps the stakeholders 
manage their argument information in order to negotiate 
the identified conflicts. For example, in a common soft-

ware design task “estimate quality attributes”, team 
members often have different views. Salespersons may 
suggest performance and usability as the most important 
attributes; while engineers may argue that maintainability 
is most important for the long run. Meanwhile, project 
managers may believe that portability is critical, due to 
possible future options to migrate the software to a vari-
ety of the operating platforms. We will use this example 
to explain how a design conflict will be identified and 
relevant information will be modeled in this section. 
There are five specific steps in this pre-negotiation phase 
of our ASTN approach. 

 
Step 1: Identify the “stakeholders” who participate 

in the software design team via ASTN. 
 
Stakeholders are those software design team mem-

bers who have an interest in the process and/or outcomes 
of the software design decisions (i.e., implementations) 
and may directly or indirectly participate in the STCP.  

 
Step 2: Prescribe a “baseline software design proc-

ess” to initiate the STCP. 
 
A baseline software design process is defined as a 

series of necessary technical task-works that must be un-
dertaken by the team to develop a software design solu-
tion. ASTN takes this design process as the baseline to 
begin the STCP process. This process and its associated 
standard design task-works are generally pre-defined 
based on the domain practices or chosen for the stake-
holders by the management, e.g. Object-Oriented Design 
Process, which comes with a set of standard procedures. 
Also in this step the software corporation must set up 
common goals for software design team to achieve and 
define a set of shared values that all team members follow 
during the design activities. Goals and values set the di-
rection for the design team to identify and define their 
decision objectives in the negotiation phase. 

 
Step 3: Ask stakeholders to implement the above de-

sign tasks and check the difference in their 
implementation details. 

 
Although stakeholders jointly work on the design 

tasks according to the baseline process prescribed above, 
due to their divergent background, interest, experience, 
and expertise, they will undoubtedly come up with differ-
ent technical decisions in the implementation details of 
these tasks. In the ASTN approach, the implementation of 
a software design task is defined as a logical sequence of 
actions/objects, combined with necessary resources in-
cluding time and staff. For example, regarding the exam-
ple software design task “estimate quality attributes”, a 
possible implementation proposal can be specified as: 

 {objects: performance, security and usability; ac-
tions: estimate performance, security and usability ac-
cording to the functional requirements; resources: the 
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design team work for one day}. 
Therefore, if there are different decisions, objects or 

resources in the implementations proposed by the stake-
holders for a specific design task, the team will declare a 
conflict. A typical conflict could be, for example, that the 
stakeholders are using different objects. Just like the ex-
ample mentioned at the beginning of this section, the ob-
jects (i.e. quality attributes) for the task are different 
amongst all the stakeholders. In case of a conflict, the 
process will continue to the Negotiation phase next to 
develop a mutual agreement for resolving the conflict. 
Otherwise (i.e., no conflict), the process will move for-
ward directly to the Post-Negotiation phase (see Section 
4.3.3) with supporting agreements on how to implement 
all design tasks. 

4.3.2 Negotiation: Argument Generation and 
Evaluation 

In this phase, the participating stakeholders are 
guided to negotiate with each other by an argument-based 
process based on ABNP until a mutual agreement is 
reached. In most instances a general argument-based ne-
gotiation process is managed by undertaking the follow-
ing two stages: 

 
• Stakeholders generate argument claims (or counter 

proposals) for concerned issues and provide sup-
porting data, and 

• Stakeholders exchange and respond to others’ claims 
(or counter claims) and their associated supporting 
data (Sierra et al., 1998) 

 
The above two-stage argument-based process is used 

to resolve the conflicts during this phase. What is new in 
our ASTN approach is the building of more comprehen-
sive argument structures by including both the social and 
technical factors. The technical factors, such as the base-
line process and design task implementations, are ob-
tained as part of the STCP. The social information, such 
as the objective to undertake the task and the criteria to 
design the solution, is extracted in the first two steps 

(Steps 4 and 5) below. The whole negotiation phase of 
ASTN is composed of four steps (4, 5, 6 and 7) as follows:  

 
Step 4: Propose a “concept structure” for the identi-

fied conflicting design task. 
 
Having conflicting implementation of a design task 

in the baseline process indicates some differences in the 
social factors about the stakeholders. These differences 
may root from the social (i.e., non-technical) characteris-
tics of the stakeholders, which impact their technical de-
cisions and evolve during the social interaction and team 
collaboration. These characteristics include, as discussed 
earlier, the fundamental objectives for which the task is 
undertaken, the mean objective which helps achieve the 
fundamental, and the criteria how the fundamental objec-
tives are achieved by the implementation. Based on the 
goals defined at the beginning of the design process, the 
software team should be able to identify the values and 
objectives in this step. 

To better capture these differences and get a deeper 
understanding of the conflict and these characteristics, the 
ASTN approach provides a structure, which models the 
concepts that underline the proposed technical decisions 
and represent their understanding and expectations (“val-
ues”) of the design tasks. This concept structure is a 
model to organize these social factors perceived by the 
individual stakeholder. This model is proposed by the 
stakeholders based on their separate perceptions of the 
conflicting design task, and the concepts in this model 
will be dynamically changed by the social interactions 
among the stakeholders. In reference to the information in 
a concept structure, the stakeholders can declare their 
opinions (e.g., how much they support others’ concepts) 
regarding this design task and the differences causing the 
conflict can be identified. 

To explain the concept structure further, we continue 
to use the software design task “estimate quality attrib-
utes” as an example. Table 1 below describes this exam-
ple concept structure, including information about stake-
holders, objectives, and criteria. There are three stake-

 
Table 1. An example concept structure for “estimate quality attributes.” 

Stakeholder Fundamental Objectives Criteria Mean Objectives 

Salesperson 

Performance is first priority, 
especially response time.  
Security and Usability should 
also be guaranteed. 

Sale is most important.  
All quality attributes should be 
measured by sale requirements 
first. 

Product needs to beat competitors in 
performance in order to achieve 
good sales. Other considerations 
should yield to this. 

Engineer 
Performance, easy-to-
maintain, security, and usabil-
ity. 

The quality attributes should be 
determined based on appropri-
ate development resource and 
proof-of-concept.  

Build a prototype to get software 
quality statistics. 

Manager Portability, performance, 
security, and usability. 

Project responsibility and ex-
ecutive decisions. 

Deploy the development environ-
ment on different platforms to en-
sure portability. 
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holders in this example: salesperson, engineer, and man-
ager. Salesperson’s fundamental objectives are to guaran-
tee performance, security and usability of the software 
and mean objective is to at least ensure the product is 
better in quality than the competitors on the market. Her 
criteria are that sale is most important and hence every 
attribute should be evaluated by sale requirements and 
marketing strength. The engineer, on the other hand, be-
lieves that software performance, maintainability, security, 
and usability are most important, which could be achieved 
by building a prototype system to test those attributes, and 
all decisions must be based on these criteria. Meanwhile, 
the objectives of the third stakeholder, manager, include 
performance, security, usability and portability and his 
criteria may also include project responsibility and other 
executive decisions.  

 
Step 5: Establish a “perspective model” for each 

stakeholder based on the above concept 
structure. 

 
Once a concept structure is established by the team, 

all stakeholders can express their own opinions (i.e., claims 

about an implementation) via the social interaction proc-
ess in STCP. Social interaction is a very complex human 
phenomenon in teamwork that consists of many inter-
related psychological and organizational factors. There is 
no practical way that a complete modeling of social inter-
actions can be fully developed and incorporated. As a 
result, our ASTN approach takes a rather simplified view 
toward social interactions by focusing on modeling the 
dynamic impacts of social interactions on the evolving 
“perspectives” of the stakeholders as they express their 
opinions toward the concept structure. These dynamically 
evolving perspectives are represented as a “perspective 
model” for the said concepts of which the stakeholders 
have the common interests or some expertise. In other 
words, the perspective model dynamically depicts a 
stakeholder’s perceptions of his or others’ concepts. These 
perceptions could include the stakeholders’ desire for 
their ideas to succeed and their support for or disagree-
ment with the concepts of others. Therefore, the perspec-
tive models indicate the difference in stakeholders’ opin-
ions, which cause the conflict in the technical implemen-
tation of the tasks. And these models will be further ana-
lyzed next to systematically reconcile the conflicts in our 

 
Table 2. Perspective model-stakeholders’ desire for own fundamental objectives. 

Stakeholder Objectives Desire (1 to 5) 

Salesperson Performance 
Security Usability  

Performance: 5 
Security: 4 
Usability: 4 

Engineer performance,  easy-to-maintain, security,  and usability,  

Performance: 5 
Easy-to-maintain: 4 
Usability: 4 
Security: 4 

Manager performance,  security, usability,  and portability 

Performance: 5 
Security: 5 
Usability: 4 
Portability: 5 

 
Table 3. Perspective model - stakeholders’ support or disagreement for others’ fundamental objectives 

Stakeholder Sales Engineers Manager 

Salesperson n/a 

Performance: 5 
Easy-to-maintain: 3 
Security: 5 
Usability: 5 

Performance: 5 
Security: 5 
Usability: 5 
Portability: 3 

Engineer 
Performance: 5 
Security: 5 
Usability: 4 

n/a 

Performance: 5 
Security: 5 
Usability: 5 
Portability: 3 

Manager 
Performance :5 
Security: 5 
Usability: 4 

Performance: 5 
Easy-to-maintain: 2 
Security: 5 
Usability: 5 

n/a 
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negotiation approach.  
Although stakeholder perspectives are often highly 

subjective in nature, some quantitative methods are 
needed in order to further analyzed the perspective mod-
els. In our research, we use a 1-5 scale to quantify the 
stakeholder’s desire for his own concept and support (or 
disagreement) for others’ concepts. In order words, when 
expressing the perspectives (i.e., opinions) for each con-
cept in the concept structure, the stakeholders use a 1-to-5 
scale where the ranking is as follows: 

 
For personal concepts: 
1 = undecided 
2 = least desire 
3 = slight desire 
4 = desire 
5 = strong desire 
 
For other stakeholders’ concepts: 
1 = strongly disagree 
2 = disagree 
3 = undecided  
4 = agree 
5 = strongly agree 

For example, in the above “estimate quality attrib-
utes” design task, a salesperson strongly desires perform-
ance most, security second, and usability third. So, for her 
own concepts, her perspectives are represented as {per-
formance: 5; security: 4; usability: 4}; the salesperson 
strongly agrees with the engineer on performance, secu-
rity, and usability, but not on ease-of maintenance. So, for 
the engineer’s concepts, her perspectives are represented 
as {performance: 5; security: 5; usability: 5; easy-to-
maintain: 3}. Accordingly, Table 2 to Table 7 show some 
example perspectives of the stakeholders for the example 
design task “Estimate Quality Attributes”. Table 2 and 
Table 3 show the perspective models for their personal 
concepts. Table 4 to Table 7 show the perspective models 
for the concepts of others. Positive numbers indicate sup-
port, negative indicate disagreement. 

 
Step 6: Facilitate the generation of stakeholder nego-

tiation arguments, including claims and the 
supporting data. 

 
In order to model both social and technical factors in 

stakeholders’ negotiation arguments, the claims, data and 
warrants are collected from the baseline process repre-

Table 4. Perspective model-stakeholders’ desire for own criteria. 

Stakeholder Criteria Desire (1 to 5) 
Salesperson Sale requirement Sale requirement: 5 
Engineer Development resource Development resource: 4 

Manager Project responsibility and executive decisions Project responsibility: 5 
Executive decisions: 4 

 
Table 5. Perspective model-stakeholders’ support or disagreement for others’ criteria. 

Stakeholder Sales Engineers Manager 

Salesperson n/a Development resource: 3 Project responsibility: 4 
Executive decisions: 5 

Engineer Sale requirement: 3 n/a Project responsibility: 4 
Executive decisions: 5 

Manager Sale requirement: 3 Development resource: 3 n/a 
 

Table 6. Perspective model-stakeholders’ desire for own mean objective. 

Stakeholder Mean Objective Desire (1 to 5) 

Salesperson n/a n/a 
Engineer Software prototype Software prototype: 4 
Manager Platform Portability Platform Portability : 4 

 
Table 7. Perspective model-stakeholders’ support or disagreement for others’ mean objective. 

Stakeholder Sales Engineers Manager 
Salesperson n/a Software prototype: 4 Platform Portability: 4 
Engineer n/a n/a Platform Portability: 4 
Manager n/a Software prototype: 3 n/a 
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senting the technical decisions. And backing, qualifiers 
and rebuttal are obtained from the concept structure and 
stakeholders’ perspective models, which jointly represent 
stakeholder’s social characteristics and their social inter-
actions. Based on the definition of Toulmin’s structure, 
the claim is the proposal of the argument. In our ASTN 
approach it is how a stakeholder proposes to implement 
the design task in terms of the sequence of the ac-
tions/objects. The data consists of the initial state and 
expected state of the task. The warrant is the logical rela-
tionship between the task and the states. Therefore, the 
data actually validates the claim and the warrant justifies 
the use of the data for the claim. Backing and rebuttal 
comes from the concept structure. The objectives and 
criteria of the stakeholders are the backing information, 
which logically supports the warrant. And in ASTN ap-
proach, the rebuttal in the argument is actually filled in by 
other stakeholder (than the original owner of the argu-
ment) in case of a counter-claim and it provides other 
options, which suspends the warrant and put against the 
claim. Stakeholders’ perspectives (e.g. desire, support or 
disagreement of a concept) are the qualifiers, which indi-
cate the degree of force to validate his claim.  

To build the negotiation argument in this way, stake-
holders have a better understanding of each other because 
they share not only their claims but also their underlining 
reasons and desires (e.g., perspectives). Figure 6 below 
describes an argument example from a salesperson stake-
holder’s perspective. As shown in the figure, the claim for 
the task “estimate product quality attributes” is to test re-
sponse time, data security and software usability. The data 
describes that the initial state (of this task) is that the func-
tional architecture draft is ready for review and the ex-
pected result is that the quality of the architecture should be 
well evaluated and validated. Therefore, it is critical that, 

within this task, all quality attributes (with which the cus-
tomer is concerned) are estimated. To justify the use of the 
data, the warrant states the importance of the latter in vali-
dating the claim. The backing of this argument is to present 
the salesperson’s objective (i.e. performance, security and 
usability) and criteria (i.e. sales requirements are first-
priority). Extended data from customer requirements is also 
provided in the backing. The qualifier is the salesperson’s 
perspective, i.e. her desire for the performance, security and 
usability. The qualifier also includes her support or dis-
agreement on other’s concepts. 

 
Step 7: Exchange the arguments among the stake-

holders and compare them by an argument 
evaluation approach. 

 
As the stakeholders share and exchange their argu-

ment claims during negotiation, their concept structures 
and perspective models may evolve due to social interac-
tions and/or deepened understanding of each other. If all 
the stakeholders can jointly agree on a particular claim, 
they can take that claim as the conflict resolution. Other-
wise, all the arguments must be carefully evaluated for 
resolutions. The evaluation method analyses the stake-
holder perspectives of the concepts within the arguments 
and compares the argument claims based on the result. 
The stakeholders can choose a particular evaluation 
method according to their requirements. In this work, a 
simple example is provided, as an illustration, using 
“weighted average” to evaluate the arguments based on 
concepts and perspectives, e.g. objectives, criteria, sup-
port, disagreement. Weighted average, by its definition, 
means an average that takes into account the proportional 
relevance and strength of each component, rather than 
treating each component equally. In our ASTN approach, 

 

Backing (Concepts –
Objectives and Criteria):
Fundamental Objectives: Performance, 
Security, Usability
Mean Objectives: Quality competence 
Criteria: sale requirements are first priority

Rebuttal (Alternative):
None

Claim (Task Implementation):
Estimate product quality attributes –
test software response time, 
test data security, test software usability

Qualifier (Perspectives):
Claim desire composed of:
Performance: desire degree 10 out of 10
Security: desire degree 8 out of 10
Usability: desire degree 8 out of 10
Support/Not Support….

Warrant (Logic Relationship between 
The Task and States): 
Well estimating software 
performance, security and usability, the 
software architecture will be ready for
validation and deployment.

Data (Initial and Expected States):
Task: Estimate quality attributes
Initial state: software modules and functional 
architecture
Expected result: Software architecture is ready 
for validation
Non-technical task details: within project time 
and resource

 

Figure 6. An example argument (by the salesperson). 
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the component is the concept and the relevance value is 
the perspective. As explained above, they are initially 
proposed in the pre-negotiation phase and then evolve in 
the negotiation phase during the argument exchanges. 
This specific evaluation method is explained as follows: 

 
• The evaluation result for an argument clam is the 

sum of the results for fundamental objectives, cri-
teria and mean objectives. The mathematical for-
mula of this method is as follows: 
Claim evaluation = average (fundamental objec-
tives evaluations + criteria evaluations + mean ob-
jectives evaluations) 

• The method to evaluate a fundamental objective is 
to add the sum of the desires for this fundamental 
objective and the support or disagreement from 
others. The evaluation of this fundamental objec-
tive is represented by the “weight” (i.e. perspec-
tive) added by all the stakeholders. Its mathemati-
cal formula is as follows: 

 
Objectives evaluations = 

 
∑

∑
∑∑

+

+

numberobjective

numberrstakeholdedissent

numberrstakeholdepportdesireobjective

rstakeholde

rstakeholde

_

)_/

_/sup_(

   (2) 

 
With this formula, we can evaluate an objective of a 

stakeholder by adding his desire with the support or dis-
agreement from others. Each other stakeholder’s support 
for this objective is summed up and divided by the num-
ber of the stakeholders. Same calculation applies for the 
disagreements. Given the evaluation for each objective, 
we can calculate the overall evaluations for the objectives 
of a stakeholder by adding all evaluation value together 
and dividing the sum by the number of the objectives. 
The method to evaluate the criteria is listed below and the 
method to evaluate mean objectives is same as that for the 
fundamental objectives. 

 
Criteria evaluations =  

∑
∑
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+

+

numbercriteria

numberrstakeholdentdisagreeme

numberrstakeholdeportdesirecriteria

rstakeholde
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)_/
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 (3) 

 
For example, the evaluation for the manager’s claim is: 
Claim evaluation  
= average (fundamental objectives evaluations +  

criteria evaluations + mean objective evaluations) 
= [(performance_evaluation + security_evaluation +  

usability_evaluation + portability_evaluation) +  
(project_responsibility_evaluation +  
executive_power_evaluation) +  
(platform_portablility_evaluation)]/3 

= [[(5+5+5)/3 +(5+5+5)/3+(4+5+5)/3+(5+3+3)/3] /4 +  
[(5+4+4)/3+(4+5+5)/3]/2 + (4+4+4)/3]/3 

= 4.33 

Following this same example, Table 8 shows the 
evaluation results. 

 
Table 8. Arguments Evaluation Results. 

Stakeholder Claim Evaluation 
Sales 4.07 

Engineers 3.73 
Manager 4.33 

 
After the evaluation, the stakeholders choose the ar-

gument claim with the highest score and move back to 
Step 3 above to check for further conflicts with other 
tasks. These iterations continue until no more conflict is 
found, and the team moves to the Post-Negotiation phase 
as described below. 

4.3.3 Post-Negotiation: Shared Reality and Col-
laboration Statistics 

In the Post-negotiation phase, the stakeholders have 
resolved all identified conflicts and are committed to ac-
cept one jointly agreed software design. After the stake-
holders have completed all the design tasks in the base-
line process and the necessary negotiation activities are 
well managed, and they have converged onto one com-
mon software design, the collaboration statistics are cal-
culated and summarized. There are two steps in this last 
phase as described below. 

 
Step 8: Obtain a commonly accepted software de-

sign. 
 
One outcome of the ASTN approach is a software 

design commonly agreed and accepted by all involved 
stakeholders. No conflict exists for this software design. 
In addition, it also includes the shared concepts and 
common understood perspectives, which have been col-
lected during the previous negotiation phase – they can be 
very useful for negotiation management in future collabo-
ration among the same group of stakeholders on similar 
software design tasks. The concept structure built in the 
negotiation process can also provide a clear explanation 
of the software architecture and functionality for other 
teams (e.g. software quality assurance) to learn and coor-
dinate in large software projects. 

 
Step 9: Collect and report the collaboration statistics. 
 
Collaboration statistics include, for example, nego-

tiation efficiency (i.e. how much time or how many itera-
tions were spent on resolving one conflict), the number of 
the conflicts (which are detected and resolved) and con-
flict profiles (what are involved social and technical fac-
tors). These collaboration statistics are calculated as the 
summary of the past stakeholder negotiation activities and 
will be an important factor for evaluating the quality of 
collaboration in software design process. For example, 
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less number of conflicts or less times of iterations nor-
mally indicates better collaboration. Therefore, the statis-
tics will help team managers further refine the task-work 
(prescribed in the baseline process) by investigating the 
specific steps in the negotiation process that are most 
time-consuming or causing unexpected iterations. Addi-
tionally, the negotiation efficiency and the conflicts pro-
files will be available as useful future references for the 
design team management in case they face with similar 
conflicts in the future. 

5. PROTOTYPE IMPLEMENTATION AND 
SYSTEM EVALUATION 

Using the Argument-based Socio-Technical Negotia-
tion approach (ASTN) approach presented in the previous 
section, in this work we are developing an Intelligent 
Web-based Argument Negotiation Toolkit (IWANT). 
IWANT is a computer-supported negotiation process man-
agement system based on the ASTN approach, the socio-
technical argument-based negotiation process for the col-
laborative software design. The unique contributions of 
this system are in two folds: the modeling and analysis of 
social interactions and technical decisions of the stake-
holders, and the management of a negotiation process 
based on the integration of Socio-Technical Co-construc-
tion Process (STCP) and argument structure. It provides a 
toolkit to help the stakeholders to systematically carry out 
a socio-technical negotiation process to resolve their deci-
sion conflicts in collaborative software design. This sec-
tion briefly explains the functionality and architecture of 
the research prototype IWANT and its application-a case 
study of negotiation process management in software 
design using IWANT. 

5.1 System Functionality and Architecture Design 
of IWANT 

The major functionality of IWANT is to help stake-
holders to systematically negotiate their design conflicts 
based on both technical and social factors and well man-
age this negotiation process by providing a step-by-step 
procedure based on the STCP. When stakeholders realize 
that there are different implementations in their software 
design tasks, they can activate the negotiation process by 
logging into the IWANT system and launching a new 
process instance. The new instance first collects argument 
information from the stakeholders by requesting their 
concept structure and perspective models. After that, the 
IWANT system shares the argument claims within all 
members in the design team. It can also track the evolving 
concepts and stakeholder perspective, and make relevant 
changes in the negotiation arguments. If the stakeholders 
cannot choose a claim by themselves, IWANT can pro-
vide them with a few evaluation approach options (e.g. 
weighted average) and then evaluate all the claims using 
the approach chosen by the stakeholders. After that, the 

team takes the claim with the best score and continues 
their design work. To manage the negotiation process in 
collaborative software design, IWANT also has the ability 
to model a generic software design process (i.e., the base-
line process) and build stakeholders profiles, which can 
be provided for review during the negotiation. 

 
Based on the specified functionalities, Figure 7 shows 

the overall system architecture of IWANT. 
 

 
Figure 7. The IWANT system architecture 

 
In more details, the system is designed based on 

three layers, in accordance with widely accepted Model-
View-Controller standard (Alur, 2001) in system design 
domain: 

• The view layer is the user interface component 
running on the client side, developed using vari-
ous Web technology (e.g. HTML/Java Script and 
Java Applet). It can display the information re-
quested by the users for different purposes, e.g. 
user initialises the baseline technical process, 
launch the negotiation process when facing a con-
flicting issue, review the negotiation result after 
getting to an agreement. 

• The controller layer implements the business logic 
in order to manage the data modules (Stakeholder, 
Process, and Negotiation). The process manage-
ment module manipulates design process and 
models the tasks that the stakeholders work on. 
The negotiation management module helps stake-
holders plan, enact and complete a negotiation 
process based on the argument-based approach. It 
also can help design team obtain the agreement of 
the negotiation process using argument evaluation 
functions. The stakeholder management module 
administrates the user account, background, pref-
erence, skills and other information.  

• The model layer is responsible for accessing and 
manipulating the data for different objects, includ-
ing processes, users, and negotiations.  
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Based on the functionalities specification and archi-
tecture, a Web based negotiation process management 
system is built and utilized for the case study in this re-
search project. In this prototype system, users can register 
their own profiles, build software design concept structure, 
declare individual perspectives, generate argument struc-
ture based on concepts and perspectives, exchanging ar-
guments with each other using Web technology, view 

related negotiation information collected by the system, 
and apply argument evaluation techniques for negotia-
tions. 

5.2 IWANT Prototype Implementation 

A prototype of IWANT is being implemented in Java 
language, and is being deployed to support a few software 

 

 
Figure 8. A snapshot of argument claims 

 

 
Figure 9. A snapshot of conflict management 
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development projects. The prototype is implemented as a 
web service on the Apache web server so that the stake-
holders (users) can access this system via the Internet 
(Fielding et al., 1997, Apache Software Foundation 2006). 
To better illustrate the use of this prototype, three screen 
snapshots are taken in the prototype and provided in the 
figures below. Figure 8 is an example of showing the 
claims related with one task, which the stakeholders have 
different opinions of. The stakeholders can add new claim 
(e. g. the manager can add his claim following those 
made by the engineer and salesperson), view the concept 
structure (related with the conflicting task), or enter the 
conflict management phase. In the claims table, more 
user-friendly terms have been implemented, for instance, 
reason (as data in argument structure) and proof (as war-
rant), to improve the user experience.  

Figure 9 presents the conflict management interface. 
The stakeholders review all the relevant claims and then 
either agree on one claim or use the system to rank all the 
claims by a weighted average method. Figure 10 shows 
the ranking result in an ordered list.  

5.3 Initial IWANT Applications  

IWANT is being used by a few software develop-
ment groups to increase software design efficiency and 
validate the ASTN approach. Our plan is to integrate 
IWANT into their software design life cycle to specifi-
cally serve the negotiation process. We also use IWANT 
to compute negotiation efficiency and effectiveness statis-
tics for future design team reference. These application 
experiments are being conducted in both academic units 

and software companies. A variety of user groups have 
been investigated and different social and technical fac-
tors have been collected and analyzed. 

In these case studies, the following criteria were 
used to select this scenario for our case study: 

 
1. The software design team is composed of multiple 

stakeholders, preferably with various backgrounds 
and domain knowledge, e.g. at least three distinc-
tive disciplinary areas. 

2. The design solutions call for collaborative nego-
tiations via some systematic and iterative proc-
esses among stakeholders. 

3. Each stakeholder is able to explain the required 
domain knowledge and their perspectives in a 
more or less structured manner. (Lu et al., 2005) 

 
There are two main challenges in this practice that 

we are handling: first, due to the nature of software indus-
try, i.e. high development cost and urgent marketing 
needs, the software design phase need to be short so that 
it can fit to the overall schedule for the business require-
ments. On the other hand, all stakeholders need to be in-
spired and guided to express own ideas and understand 
others’ opinions accurately so the meaning of each con-
cept and perspective can be well understood during the 
interaction.  

According to the ASTN process, our case studies are 
taken in three phases: the pre-negotiation phase, the nego-
tiation phase, and the post-negotiation phase. In the pre-
negotiation phase, the stakeholders in our experiment will 
initiate a software design process (which consists of a 
series of technical design tasks) to develop a software 

 

 
Figure 10. A snapshot of ranking argument claims 



 An Argument-based Approach to Manage Collaborative Negotiations in Software Systems Design 285 

 

design solution. Either the design team will take their 
previously used design process or we will suggest a few 
in which the team may choose according to time, cost and 
other factors. The stakeholders then work on each design 
task and the differences between their implementations is 
captured and lead the team to negotiation phase. 

During the negotiation phase, the concept structure is 
jointly proposed by the stakeholders to express their un-
derstanding (e.g. objective and criteria) about the task (in 
which the conflict occurs) and the perspective model of 
each stakeholder are captured to indicate their support or 
disagreement. Then our approach will use all the informa-
tion to generate arguments for stakeholders and guide 
them through the argument-based negotiation process. At 
the end of this process, we will engage the argument 
evaluation approach to choose a most desired claim as an 
agreement for the conflicting issue for the team if neces-
sary. 

In the post-negotiation phase, the design team should 
already have a software design commonly agreed and 
accepted by all involved stakeholders. The shared con-
cepts and common understood perspectives will be assets 
for future collaboration of this team. Our continuing work 
in this phase will be to summarize the stakeholder nego-
tiation activities and evaluate the collaboration quality in 
terms of productivity and cost efficiency in the software 
design process. These statistics will also be provided to 
the management of this design team for future task-work 
refinement. 

6. CONCLUSION AND FUTURE WORK  

This paper presents a new approach to manage inte-
grated socio-technical negotiation activities in a collabo-
rative software design process. We have investigated the 
critical issues of such collaborative negotiation activities, 
including modeling negotiation arguments based on social 
and technical factors and analyzing these arguments to 
reconcile the conflicts for software design tasks. To ad-
dress these challenges, we have developed a new ap-
proach based on the integration between the Socio-
Technical Co-construction Process (STCP) and the Ar-
gument-based Negotiation Process (ABNP).  

This research is based on a belief that software de-
sign is not only a technical decision making process con-
ducted by a group of software experts, but also a social 
interaction process among all of the interested participat-
ing stakeholders. Based on this more comprehensive view, 
this research approach removes some of the critical limi-
tations of traditional software design, such as providing a 
social interaction model to trace the source of the decision 
conflicts and clearly specifying an argument-based nego-
tiation process to resolve the conflicts in collaborative 
design. 

Additionally, this new approach takes advantage of 
an argument-based negotiation process that assists stake-
holders in generating and evaluating their argument 

claims systematically based on their technical knowledge 
and social interaction. The identified conflicts among the 
stakeholders are systematically handled by the managed 
negotiation activities and the software design process is 
thus much improved. A research software prototype 
IWANT is being built to validate the proposed work and 
evaluated in several real-life software development pro-
jects. Then it will collect experimental data and user 
feedback both of which will then be used to summarize 
conflict profiles, calculate negotiation efficiency, and 
measure collaboration quality. 

In conclusion, the proposed research is expected to 
provide a more comprehensive yet practical method for 
software design team to manage conflict negotiation and 
develop a shared software design solution. It gains us a 
deeper understanding regarding how to manage social 
interactions and their relations to technical decisions that 
occur in many real-life software design tasks. We also 
wish to transfer the lessons learned to other fields of en-
gineering designs, such as new product developments, to 
broaden the research impacts. Our future research work 
will refine the conflict management strategies by defining 
design conflict profiles and their relationships with design 
tasks and stakeholders’ perspectives. Furthermore, we 
plan to thoroughly validate this research framework and 
exercise the software prototype by conducting more case 
studies with the software industry. When more develop-
ments are conducted and application results are gathered, 
the framework and system will be continuously improved 
to eventually leading to the establishment of a scientific 
foundation for collaborative engineering. 
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