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Abstract
• In this tutorial, we will review the evolution of 

design science (i.e., systems development) 
research in the information systems field. The 
process, opportunities, risks, and challenges in 
conducting design science research will be 
elaborated. 

• The complementary relationships between systems 
development research methodology and other 
research methodologies will be explained. 

• Examples of researches in design science will be 
discussed to illustrate how to apply such an 
approach to information systems research. 
Participants are encouraged to bring their design 
science research projects into the discussion.
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Presentation Outline

1. A Brief Historical Design Science Research Method
2. IS Research and Design Science Research Defined
3. The Lifecycle & Guidelines of Design Science 

Research
4. Integration of Multiple Research Methods
5. Evolution of Emerging Technologies and Its Impacts 

to Design Science Research
6. Case Studies of Design Science Research
7. Conclusion
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The Story of My Involvement in Design Science Research

• EE Background 
• MBA with focus on MIS 1981-1983
• University of Arizona, 1984-1988
• Applications built

– MRP system (ITRI project)– 1982-1983
– Library information system (National Chia-Tung University) 1983-

1984
– Application for Taipei Golf Club 1983-1984
– ICE (Information Center Expert), 1987-1988 (IBM sponsored 

project) 1988 JMIS paper and 1992 IEEE SMC paper
– MetaPlex, 1987-1988 (My dissertation) – IEEE Tx KDE 1989 and 

JMIS 1995
– TeamSpirits, 2004-present (2006 DSS)
– E-Procurement using Web Service research (2003 JECR, 2005 

ISM, 2007 DSS)
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Systems Development as an IS Research Methodology

• Personal story
– Ph.D. seminar (circa 1987)
– Chapter 2 of my dissertation, the methodology 

chapter. 
– HICSS conference paper 1990
– JMIS journal paper 1991

• Nunamaker, J. F. and Chen, M., “Systems Development 
in Information Systems Research,'' The 23nd Annual 
Hawaii International Conference on System Sciences,
January 1990.

• Nunamaker, J., Chen, M. and Purdin, T.,  “System 
Development in Information Systems Research”
Journal of Management Information Systems, Winter 
1990/1991, Vol. 7 Issue 3, pp. 89-106. (Cited by 380 
according to Google Scholar)
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Simon’s Work
• Design Science has its roots in engineering and 

other applied sciences. 
• Herbert Simon’s The Sciences of the Artificial (first 

published in 1969, third edition in 1996). 
• Simon (1996) noted that “Schools of architecture, 

business, education, law, and medicine, are all 
centrally concerned with the process of design.”
Clearly this includes the entire field of Information 
Systems. 

• Simon believes researchers in such schools can 
achieve their purpose (and establish their 
credibility) “to the degree that they can discover a 
science of design, a body of intellectually tough, 
analytic, partly formalizable, partly empirical, 
teachable doctrine about the design process.”
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Milestones
• First Workshop on Information Technologies and 

Systems (WITS) in 1991. 
• A keynote at the 1992 WITS in Dallas resulted in the 

development and publication of “Design and Natural 
Science Research on Information Technology” (March 
and Smith, 1995). 

• That paper, along with seminal articles by Nunamaker et 
al. (1991) and Walls et al. (1992), generated significant 
interest in the articulation of the design science 
research paradigm as it applies to the information 
systems discipline.

Source: Salvatore, T. M. and Storey, V. C., “Design Science in the Information 
Systems Discipline: An Introduction to the Special Issue on Design Science 
Research,” MIS Quarterly, Vol. 32 No. 4, December 2008, pp. 725-730. 
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Milestones
• Allen Lee was editor-in-chief of MIS Quarterly visited 

University of Minnesota in 1999. “Jinsoo Park, then an 
assistant professor at the University of Minnesota, a design-
science researcher, told me about how poorly the IS 
mainstream treated design-science research, which was 
being largely excluded from certain major journals and 
conferences, and how the mainstream really did not 
understand or know how to judge design science research. 
… I suggested to Jinsoo and to Sal March to write a paper 
for the Quarterly with a title along the lines of “A Theory of 
the Science of Design for MIS."  

– Allen Lee, Three Wishes for the the Information Systems Field

• Hevner, A., March, S., Park, J. and Ram, S., "Design 
Science in Information Systems Research." MIS 
Quarterly, 28(1), 2004, pp. 75-105.
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Research Process and Body of Knowledge

Research Process 
Apply Valid 

research 
methodologies

Understand the 
research 
domains

Body of Knowledge

Knowledge of 
research 

methodologies 

Knowledge of 
research 
domains+

Results 
contribute to 
the body of 
knowledge

Source: Adapted from Nunamaker, J. F., Chen, M., and Purdin, T. D., “Systems Development in 
Information Systems Research,” Journal of MIS, Vol. 7, No. 3, Winter 1990/1991, pp. 89-106. 

PractitionerPractitioner

MethodologistMethodologist Researcher

Researcher

Multiple 
Methodologies

Multiple 
Methodologies

Cross
Disciplines

Cross
Disciplines
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Design
• “Everyone designs who devises courses of 

action aimed at changing existing situations 
into preferred ones.” [Simon, 1996, p. 111]

• Build IT artifacts that “extend the boundaries of 
human problem solving and organizational 
capabilities by providing intellectual as well as 
computational tools.” [Hevner, et al. 2004]
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Impacts of Engineering to Society

• The Watt steam engine, a major driver in the industrial revolution, 
underscores the importance of engineering in modern history.  

• Source: http://en.wikipedia.org/wiki/File:Maquina_vapor_Watt_ETSIIM.jpg
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Engineering
• [T]he creative application of scientific 

principles to design or develop structures, 
machines, apparatus, or manufacturing 
processes, or works utilizing them singly or in 
combination; or to construct or operate the 
same with full cognizance of their design; or to 
forecast their behavior under specific operating 
conditions; all as respects an intended 
function, economics of operation and safety to 
life and property.

• Source: The American Engineers' Council for 
Professional Development
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Design Science
• Design vs. Development
• Design vs. Evaluation 
• Design vs. Analysis

• Science vs. Engineering
• Design science vs. Natural science
• Design science vs. Social/behaviorial science
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Activities, Principles, and Tools for Design

• Understanding the user’s psychology, cognitive 
behavior and problem-solving patterns 

• Understand problems faced by individuals, 
groups, or organizations and how they are 
currently handling these problems;  and then 
determine how IT can be used to enable 
approached guided by conceptual frameworks 
or theories in addressing these problems.  

• Determining the optimal design decision –
satisficing instead of optimizing

• Decomposition, hierarchy
• Representation: Data model, knowledge 

representation, process model, UML
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Design Science IS Research
• A design science IS research is an inventive or 

creative problem solving activity in which new 
information systems (tools, applications, etc.) 
are the primary artifacts.

-- Adapted from March, S. T. and Smith, G., “Design and Natural Science 
Research on Information Technology,” Decision Support Systems, Vol. 15 
No. 4, December 1995, pp. 251-266.
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Design Science IS Research 

• “Build and evaluate IT artifacts 
• that extend the boundaries of known 

applications of IT, 
• addressing important problems heretofore not 

thought to be amenable to computational 
approaches.”

(Sal March and Veda Storey, 2008; based on 
Hevner et al. 2004; Markus et al. 2002; Walls et 
al. 1992).
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IT Artifacts
• Real problems must be properly conceptualized 

and represented, appropriate techniques for 
their solution must be constructed, and 
solutions must be implemented and evaluated 
using appropriate criteria.

• Research activities: build, evaluate, theorize, 
and justify

• Outputs produced by design research: 
representational constructs, models, methods, 
and instantiations.

Source: March, S. T. and Smith, G., “Design and Natural Science Research on Information 
Technology,” Decision Support Systems, Vol. 15 No. 4, December 1995, pp. 251-266.
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Information Systems Research Framework (March & Smith) 

Source: March, S. T. and Smith, G., “Design and Natural Science Research on Information 
Technology,” Decision Support Systems, Vol. 15 No. 4, December 1995, pp. 251-266.
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IS Research & Practice
• “IS field concerns itself with research and 

practice about the problems and 
solutions that emerge from the 
interactions at the interface between the 
technological and the behavioral.”

• Allen Lee, http://www.people.vcu.edu/~aslee/ICIM-
keynote-2000/ICIM-keynote-2000.htm slide# 13
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The Three Dilemmas in IS Research by Allen Lee

• rigor vs. relevance
• reference discipline vs. independent discipline 
• technology vs. behavior

• Dilemmas Trade-off
• The three lessons: 

– enact true systems thinking
– enact design science
– enact paradigms: formal language (symbolic 

generalizations), models (theories), and exemplars

Source: Allen Lee, http://www.people.vcu.edu/~aslee/ICIM-keynote-2000/ICIM-
keynote-2000.htm   slide #6
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• People 

• Procedures

• Culture

• Business 

processes

• Hardware

• Software

• Networks

• Information 

Source: Adapted from Allen Lee, 
http://www.misq.org/archivist/vol/no23/issue1/edstat.html

As a system
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Systems Development Research Methodology 

• Engineering Software Engineering 
Systems Development

• Systems Development Life Cycle from a 
research perspective 

• Integration and interactions of multiple 
research methods Mutually beneficial 
instead of mutually exclusive 
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Systems Development Research Methodology

Construct a conceptual framework

Develop a system architecture

Analyze and design the system

Build the (prototype) system

Observe and evaluate the system

Design ArtifactsDevelopment Process

• Architecture design

• Conceptual framework
• Theories

• Data model / KB
• Process model 
• User interface 

• Development tools
• Platforms
• Technical performance

• Platform / development tools
• Process model 
• User interface 

Adapted form Nunamaker, J., Chen, M., and Purdin, T.,  “System Development in Information Systems Research.”
Journal of Management Information Systems, Winter 1990/1991, Vol. 7 Issue 3, p89-106.
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Architecture Design

• Components / Functionalities

• Interrelationships

• Coupling and cohesion

• Flexibility

• Generalizability (extensibility)
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Architectural Design
• Inputs: specification, general context of desired 

system, knowledge of similar systems
• Outputs: Description of system internal 

structure and external environments (definition 
of modules and their interfaces)

• Major Operations: 
– Discovery of problem structure
– Identification of major pieces of system
– Establishment of relationships between parts
– Abstraction 
– Decomposition   

Source: Peter Freeman, “On Design,” in Tutorial on Software Design 
Techniques, 
edited by Peter Freeman, Anthony I. Wasserman, 4th edition, 1983, pp. 2-22.
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Design Science Research Methodology

Source: Peffers, K., Tuunanen, T., Rothenberger, M. A. and Chatterjee, S., “A Design Science Research Methodology for 
Information Systems Research,” Journal of Management Information Systems,  Vol. 24 No. 3, Winter 2008,  pp. 45 – 77.  
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Research Process Structure
Start with a Big Picture

End with broader implications but with some cautions

Literature review
Talk to practitioners

Research questions         

Theories

Build the system/Conduct 
the empirical study 

Methodologies

Data analysis

Interpretation
Management implications

Narrowing your focus
Generalization

Research limitations

Simplification & 
assumptions

Make everything as simple
as possible, but not simpler.
-- Albert Einstein

Additional reference: The Research Methods Knowledge Base, 3e, William Trochim and James P. 
Donnelly, http://www.socialresearchmethods.net/kb/strucres.php

Generalize but don’t 
over generalize
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Interactions among Research Methodologies 

Source: Nunamaker, J. F., Chen, M., and Purdin, T. D., “Systems Development in Information 
Systems Research,” Journal of MIS, Vol. 7, No. 3, Winter 1990/1991, pp. 89-106. 

• Data availability
• Technology viability
• Resource 

requirements
• Timing



Design Science - ©Minder Chen, 2010

Design Science - 29 ©Minder Chen, 2010

Theory Building: 
• Driving forces
• Metaphors
• Conceptual frameworks
• Formal models

Empirical Studies
• Case studies
• Survey studies
• Lab experiments
• Quantitative analysis
• Simulation 

System Building
• Architecture
• Technology
• Prototype
• Commercialization

Change 
practices &
evaluated by 

Provide systems
Improvement 
suggestions

Validated by

Refine & revise 
theories

Guide the 
systems 
building efforts

Study the 
feasibility of 
the theories  
or concepts

Newly Revised Framework
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Multi-methodological Approach to IS Research

• Explicitly recognized that complementary IS 
research methods are needed and asserted that 
“an integrated multi-dimensional and multi-
methodological approach will generate fruitful 
IS research results” (p. 89). 

• Developed a framework of a “Multi-
methodological Approach to IS Research”
(figure 2, p. 94) incorporating four 
complementary forms of research: theory 
building, systems development, observation, 
and experimentation, all of which inform each 
others.

Source: Venable, J. R. The Role of Theory and Theorising in Design Science 
Research. First International Conference on Design Science Research in 
Information Systems and Technology. Claremont, California (2006), pp. 1-18. 
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Design Evaluation Methods

Hevner, A., March, S., Park, J. and Ram, S., "Design Science in Information Systems Research." MIS Quarterly,  28(1), 2004, 
pp. 75-105.
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Build and Evaluate
• Building an artifact demonstrates that such an 

artifact can be constructed and answers the 
basic question, "Does it work?" 

• Evaluating the artifact tries to determine the 
performance of the artifact by answering the 
question, "How well does it work?“

• Source: Cao, Jinwei , Crews, Janna M. , Lin, Ming , Deokar, Amit , Burgoon, Judee 
K. and Nunamaker, Jay, “Interactions Between System Evaluation and Theory 
Testing: A Demonstration of the Power of a Multifaceted Approach to Information 
Systems Research,” Journal of Management Information Systems, Vol. 22 No. 4 , 
Spring 2006 , pp. 207 – 235. 
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Systems Building Process

Theory

Model

Observation
& Analysis

Systems
Architecture

Implementation
& Evaluation

Design 
Concept

Design ScienceSocial Science
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Build-Evaluate-Learn Cycle
• Build and Learn vs. Evaluate and Learn 

Build

Technical 
Evaluation

Behaviorial
Evaluation

Systems
Performance

Usage
Performance

& Functionality

Functionality and usability enhancement

Technical  Enhancement

(New) Real 
world 

problems

(Integration of) 
Emerging/existing

Technologies
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Empirical Evaluation Methods and Technology Lifecycle

Case Study

Filed Study: Survey

Theory Building

Lab Experiment
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Information Systems Research Framework

Hevner, A., March, S., Park, J. and Ram, S., "Design Science in Information Systems Research." MIS 
Quarterly,  28(1), 2004, pp. 75-105.
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Design-Science Research Guideline

Hevner, A., March, S., Park, J. and Ram, S., "Design Science in Information Systems Research." 
MIS Quarterly,  28(1), 2004, pp. 75-105.
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Justify (Communicate) Design Sciences Research Contributions

A design science research contribution requires
• Identification and clear description of a relevant 

organizational IT problem
• Demonstration that no adequate solutions exist in the 

extant IT knowledge-base
• Development and presentation of a novel IT artifact 

(constructs, models, methods or instantiations) that 
addresses the problem

• Rigorous evaluation of the IT artifact enabling the 
assessment of its utility

• Articulation of the value added to the IT knowledge-
base and to practice

• Explanation of the implications for IT management and 
practice.

Source: Salvatore, T. M. and Storey, V. C., “Design Science in the Information Systems Discipline: An Introduction to the 
Special Issue on Design Science Research,” MIS Quarterly, Vol. 32 No. 4, December 2008, pp. 725-730. 
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Eight components of an Information Systems Design Theory

Source:  Gregor, S., and Jones, D. 2007. “The Anatomy of a Design Theory,” Journal of the Association for 
Information Systems (8:5), pp. 313-335.

Mutability: Capable of or subject to change or alteration.
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Eight components of an Information Systems Design Theory

• Example of the skeleton of a design theory (from Codd, 1970, 1982)

Source:  Gregor, S., and Jones, D. 2007. “The Anatomy of a Design Theory,” Journal of the 
Association for Information Systems (8:5), pp. 313-335.
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Design Science Research Issues   
• Technologies: Emerging technologies, new 

platforms
• Development Tools: IDE, open source solutions 
• Application Domains and Applications
• Adoption and Adaption: Getting insights
• Impacts and Performance: Technical 

performance and human performance
• IT interactions with People: methods for proper 

usages
• Unit of Analysis: Individual / Group/ Organization 

/ Institution / Society 
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Evolution of Distributed Computing

Technologies
• Client/Server Systems
• Enterprise software 

systems
• Internet and Web-

based Applications
• Web services and 

SOA
• ASP, SaaS, virtualization, 

cloud computing
• Web 2.0 - Ajax

Business initiatives
• End use computing
• Business process 

engineering
• E-business  &  e-

commerce
• Service-oriented 

enterprises
• Globally integrated 

enterprises 
• Web 2.0 – Social capital
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Evolutions of IT Applications
Web sites 
(Content-oriented)

Web-based Applications

C/S Applications 
(Transaction-oriented)

Web Services
(Distributed Computing & 
Component-based development [CBD] )

Electronic Commerce
(B2B: EDI & XML)

Service-Oriented E-Business Applications

Enterprise 
Software
Systems
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Applications and Technologies

EDP

DSS

GDSS

EIS

BIDashboard
CPM

DB Data
Warehouse Data Mining

AI Expert
System

Neural 
Network

Knowledge
Management

Collaborative
Technology
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E-Business vs. E-Commerce

MRP

MRP 
II

ERP

Application
Package

E-Business
Suite

CRM

Web

B2C 
EC

CMS
Portal

SCM

Web 2.0

Workflow

B2B
EC

BPMS
EDI
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Systems Building and Innovation

Apply New 
Technologies 

to Existing 
Applications 

Integrate New 
Technologies with 

Old Ones

Apply New 
Technologies 

to New Applications 
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General Patterns of Emerging Technology Evolution

• X technology is at the center of the world 
X technology can access other technologies or 
systems X technology can be interfaced and 
interacting with other technologies.  X technology 
can be imbedded into other systems.  

• X technology is for the developer for the end user. 
becomes transparent to its end user.

• X technology for a specific domain multiple 
domains.  

• Application Tool Meta-Tool
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Communication: How to “Package” Your Research 

• Malone, T. W., Grant, K. R., & Turbak, F. A.  The Information Lens: 
An intelligent system for information sharing in organizations. 
Proceedings of the CHI '86 Conference on Human Factors in 
Computing Systems (Sponsored by ACM/SIGCHI), Boston, MA, 
April, 1986.

• Malone, T. W., Grant, K. R., Lai, K. Y., Rao, R. & Rosenblitt, D. A. 
Semi-structured messages are surprisingly useful for 
computer-supported coordination, ACM Transactions on 
Office Information Systems, 1987, 5, 115-131.

• Malone, T. W. Modeling coordination in organizations and 
markets, Management Science, 1987, 33, 1317-1332.  

• Malone, T. W., Yates, J., & Benjamin, R. I. Electronic markets 
and electronic hierarchies, Communications of the ACM,
1987, 30, 484-497

AI + Email = Intelligent Email Information Lens
Collaborative Works Coordination Theory
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Case Study I: Case Tools
• CASE Tools
• Organization and Information Systems 

Modeling 
• Meta-CASE Tools
• Integrated CASE
• A Repository-based Executive Information 

Systems  
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The Architecture of a Repository-Based EIS

Repository-Based EISRepository-Based EIS

Integrated 
Organization & 

Information 
Systems Models

C ASE  Tools
DSS Generators

EIS Tools
Expert System Shells

Target ISTarget IS

RepositoryRepository

Graphic View Editor
Generic Structure Graph Editor

Matrix Processor
Application Launcher

Model-Driven User InterfacesModel-Driven User Interfaces

Systems
Developers

Management Reporting Sys.
Transaction Processing Sys.
Decision Support Systems
Executive Information Sys.  

Expert Systems

Operational Databases
Information Databases

Knowledge Bases

Development ToolsDevelopment Tools

Executives
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An Integrated Organization and Information Systems Model

Organization
Unit

Manager

consists-of
is-managed-by

Organization
Goal

has

Critical Success
Factor

has

Business 
Process

comes-before

is-responsible-for

Measure

Report

DFD Diagram

Data Process

ERA Model

EntityRelationship

Data Flow

contains

contains

is-described-by

generates

receives

exploded-from

delivered-as

use

has-subgoal

has

has

has

uses

reported-by

Program

generated-by

Business Process Diagram
contains

generates

exploded-from

Data Flow 
Model

Business 
Process 
Model
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An Example of Navigating an IOIS Model to Access Managerial Information

[Organization Goal] consists-of [Organization Goal]

Reduce 
costs

Increase 
Profit

Increase 
market share

Increase
market share

Customer 
satisfaction

Training in 
sale force

Target marketing

[Organization Goal] has [Critical Success Factor]

Customer complaints number

Customer 
satisfaction

Returning customers 
ratio

Return products rate

[Critical Success Factor] has [Measure]

Customer complaints 
by products

Customer 
complaints 
number

[Measure] is-reported-by [Report]

Customer complaints 
by regions

Customer complaints 
by severity level

0
10
20
30
40
50
60
70
80
90

1st Qtr 2nd Qtr 3rd Qtr 4th Qtr

East
West
North
South

Search Path: 

Increase market share [Organization Goal] has 
Customer Satisfaction [Critical Success Factor] has 
Customer complaints number [Measure] is reported by 
Customer complaints by region [Report]

Report: Customer complaints by regions

Shorten order 
fulfillment cycle time
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NIST/ECMA Reference Model for I-CASE

•Chen, Minder and Norman, J. Ronald, “A Framework of Integrated CASE,” IEEE Software, Vol. 9, No. 2, March 1992, pp. 18-22. 
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I-CASE Framework

Source: Chen, Minder and Norman, J. Ronald, “A Framework of Integrated CASE,” IEEE Software, Vol. 9, No. 2, 
March 1992, pp. 18-22.   (SCI)
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Case Study II: GDSS
• GDSS for Requirements Elicitations

– Liou, I. and Chen, M., “Using Group Support Systems and Joint Application 
Development for Requirements Specification,” Journal of Management 
Information Systems, Winter 1993-1994, Vol. 10, No. 3, pp. 25-41.  (SSCI)

• Why build it? 
– Cost becomes an inhibiting factor for adoption
– National language support

• Web-Based GDSS 
– Use ASP.NET
– Working with a management professor (Ching-Wen Wang) 

specializing in creativity and group problem solving 
– From GDSS to Virtual Teams research
– “Weak” Form of Facilitation 
– Evaluation of system's effectiveness 

Minder Chen, YiChing Liou, Ching-Wen Wang, Y.W. Fan, and Y.P. Jeffery Chi, “TeamSpirit: The 
Design, Implementation, and Evaluation of a Web-based Group Decision Support System,”
Decision Support Systems, 43(4), August 2007, pp. 1186-1202. (SCI Expanded)
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Teamwork & GDSS
Same 
Time

Same 
Time Different 

Time
Different 
Time

Multi-media presentation systems
Key-pad based voting tools
Facilitated meetings using a PC
Networked PCs based GDSS

Project/team rooms
Shared offices

Screen sharing
Audio/video conferencing

Web-based desktop conferencing
Instant messaging 
Voice over IP

E-mail 
Shared document database

Group authoring tools
Discussion forum

Different
Place

Different
Place

Same
Place

Same
Place

TeamSpirit
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Problem-Solving Life Cycle 
Idea generation 

Idea Organization

Alternative Evaluation 

G
en

er
ic

 P
ro

bl
em

 S
ol

vi
ng

 P
ro

ce
ss

Identify problems or 
opportunities

Create/design 
solutions or systems

Implement solutions 
or systems

Idea generation 

Idea Organization

Alternative Evaluation 

Idea generation 

Idea Organization

Alternative Evaluation 

General Problem-
Solving Process 

Iteration
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Generic Problem-Solving Process and TeamSpirit 

Share information
Discussion forum
Structured brainstorming
Brainstorming

Idea consolidation

Rate alternative
Rank alternatives
Select alternatives 
Multicriteria evaluation

Idea 
generation 

Idea 
Organization

Alternative 
Evaluation 

TeamSpirit Toolbox

G
en

er
ic

 P
ro

bl
em

 S
ol

vi
ng

 P
ro

ce
ss

D
ivergent 

D
ivergent 

Thinking
Thinking

C
onvergent 

C
onvergent 

Thinking
Thinking

TeamSpirit Meeting
Management Tool

TeamSpirit is a Web-based group decision support system / creative 
group problem solving system.   Every user can create and facilitate 
meetings.   
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Team
Repository
• Users
• Meetings
• Meeting 

Rosters
• Agendas
• Activity Items    

& Item Types

Team
Repository
• Users
• Meetings
• Meeting 

Rosters
• Agendas
• Activity Items    

& Item Types

Group ToolkitGroup Toolkit

Group Problem Solving 
Process Manager

Meeting Listing 
Roster Listing
Agenda Execution

Meeting Setup 
Roster Setup 
Agenda Setup 

Group Problem Solving 
Process Manager

Meeting Listing 
Roster Listing
Agenda Execution

Meeting Setup 
Roster Setup 
Agenda Setup 

U
ser A

uthentication and R
egistration

U
ser A

uthentication and R
egistration

Join 
Meetings

Manage Meetings

Participation 
Version

Facilitation 
Version

Internet / 
Intranet

Internet / 
Intranet

Facilitators

Participants

TS

Idea generation
Idea consolidation
Idea evaluation

TeamSpirit: System Architecture 
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TeamSpirits’ Data Model 

ACCOUNT
USERNAME
FIRSTNAME
LASTNAME
PSW

ACTIVITY
ID
MEETINGID
ActivityTypeID
NAME
DESCRIPTION

ACTIVITYTYPE
ID
NAME
DESCRIPTION

IssueType
ITEMID
ActivityID
Sequence
DESCRIPTION

ITEM
ITEMID
ActivityID
Sequence
DESCRIPTION
Type

MEETING
ID
NAME
DESCRIPTION

MEETINGROLE
MEETINGID
ROLETYPE

VOTE
RATING
RATIONALE
DATECREATED
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Structured Brainstorming 
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Multicriteria Evaluation Tool
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Multicriteria Group Evaluation Result
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Challenges for Virtual Teams 

• Non-FTF.
• Members may not know each others in 

advance.
• Lack of interactions.
• Lower decision quality.
• Limited communication media.
• Weak forms of facilitation. 
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Ongoing & Potential Research in Web-GDSS 
• Study electronic brainstorming with pen input.
• Study the collaboration of global software 

outsourcing teams in their use of collaboration 
technologies. 

• Research the effectiveness of 
facilitation/leadership styles of virtual teams

• Use TeamSpirits in collaborative learning and 
online learning.

• Using TeamSpirits to support TRIZ.
• Incorporate AJAX to make voting tools more 

interactive and provide better graphic 
presentation of group results. 
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Case Study III: Web Services
• XML Standards 
• Web Services Adoption Case Studies 
• Dynamic Web Service Invocation: Dynamic 

Procurement System
• Adoption of Web Services 
• Ecology of IT Standards Adoption
• BPMS and Collaborative E-Commerce
• SOA and Service-Oriented Enterprise 
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Integration Imperatives 

Heterogeneous PlatformsHeterogeneous Platforms
ERP Application PackagesERP Application Packages
Proprietary AppsProprietary Apps
Legacy ApplicationsLegacy Applications

ConsumersConsumers

Trading PartnersTrading Partners
SuppliersSuppliers
DistributorsDistributors
Business PartnersBusiness Partners

REQUIREMENTSREQUIREMENTS

Configurable across applicationsConfigurable across applications

Loosely coupledLoosely coupled
Supports an incremental approachSupports an incremental approach

Internet / VPNInternet / VPN
(Virtual Private Network)(Virtual Private Network)

B2B
B2BIntegration

Integration

A2A A2A (EAI)(EAI)

Standards based integrationStandards based integration

Business process orientedBusiness process oriented

Scaleable, available, secure, manageableScaleable, available, secure, manageable

B2CB2C

IntranetIntranet

SouthWest.com

Dollar.com
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Business & 

services info. 

URL to 
W

SDL

SOAP Response

SOAP Request

PublishFin
d

Invoke

W
SDL U

RLs

Sea
rch

 cr
ite

ria
 

fo
r w

eb
 se

rvi
ce

s

WSDL URL

WSDL File

Service 
Registries
• Public UDDI
• Private UDDI

Web
Service
Consumers

Web
Service
Providers

Role Operation              Data flow  Data/Message

Bind

n
Minder Chen, "Factors Affecting the Adoption and Diffusion of XML and Web Services Standards for E-business 
Systems," International Journal of Human-Computer Studies, Volume 58, Issue 3, March 2003, pp. 259-279.  
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Web Services 
Adoption & 

Implementation
Decisions  

Technical Factors
• Application 

architecture
• Infrastructure tools
• Development tools

Standards and  
Stakeholders
• IT Product Vendors
• Systems Integrators
• Enterprise Customer
• WS Providers
• Standard Organizations
• Web services 

standards

Perceived Benefits
• Technical benefits
• Business benefits
• Operational benefits
• Strategic benefits

Decision 
Outcomes

• Targeted 
applications 

• Technical 
architecture 

• Development 
strategies

• Deployment 
strategies

Driving Forces
Driving Forces Of Web Services Adoptions And Decision

Minder Chen, “An Analysis of the Driving Forces for 
Web Services Adoption,” Information Systems and e-
Business Management, Oct.  2005, Vol. 3, Iss. 3, pp. 
265-279. 
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Technical benefits Business benefitsLink to

Justification for Web Services Adoption: Technical and Business Benefits
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Standard 
Setting 

Organizations

IT 
Products 
Vendors

Systems 
Integration 

Firms
or

Internal IT 
Units

Enterprise
IT 

Users 

IT User Community

Web 
services

standards

Web services 
development 

tools and 
infrastructure 

products

Needs for 
better & faster 
development   
& deployment 
environments 

Requirements 
for 

applications 
integration

Advanced 
integration 
skills and 
solutions

Competing 
standards 
proposals

Integrated 
applications

Ecology of (Web Services) Standards Development and Adoption

Minder Chen, “An Analysis of the Driving Forces for Web Services Adoption,”
Information Systems and e-Business Management, Oct.  2005, Vol. 3, Iss. 3, pp. 265-279. 
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e-Procurement Case Study: Architecture 

Registry
Management
Subsystem

Public 
UDDI

e-Procurement
Agent 

implemented in Web 
Services

User Interface 
Subsystem
• Windows UI
• Web UI
• Mobile UI

Web Services 
by supplier 1

Web Services 
by supplier …

Web Services 
by supplier N

Internet
Strategic 
sourcing 
personnel 

Purchaser

Supplier
Web Services

Registry Database

Web Services Interfaces 
to the Registry 

Supplier WS Registry 
Subsystem

•Minder Chen and Mary J. Meixell, “Web-Services Enabled Procurement in the Extended Enterprise: An Architectural 
Design and Implementation,” Journal of Electronic Commerce Research, Vol. 4, No. 4, Nov. 2003, pp. 140-155.
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Data Model of the Private 
Web Services Registry
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Prototype
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1 2 3 4

6 7

8

9

5
A: Request B: Promise

B: Report
Completion

A: Declare
Completion

A: Decline 
Report

B: Counter-
offer

A: Counter-
offer

B: Decline
or 
A: Cancel

B: Cancel
or 
A: Cancel

A: Accept

A: Cancel

A: Cancel

B: Cancel

Legends: 

Conversation states

Speech acts

States of completion

Terry Winograd, "A Language/Action Perspective 
on the Design of Cooperative Work," Human 
Computer Interaction 3(1): 3-30, 1988. 

Case IV: Coordinator
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Commitment Management Protocol

http://coevolving.com/blogs/index.php/archive/conversations-for-
action-commitment-management-protocol/
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ActionWorks from Action Technology

http://www.actiontech.com/library/documents/ATI_Overview.pdf
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Threats to Design Science Research
• Build a better mousetrap, and the world will beat 

a path to your door.
Your worst nightmare
– There is a commercial product like yours. 
Potential Issues
– Limited technical capabilities
– Limited technical resources
– Commercial interests and IP 
Competitors
– CS academic researchers
– IT industry research labs and products development 

teams
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• Conduct literature review 
• Evaluate commercially available products
• Build applications based on a deeper 

understanding of the problem domain
• Apply the emerging technology in new areas
• Integration of several technologies 

Risk Mitigation in Design Science Approach



Design Science - ©Minder Chen, 2010

Design Science - 83 ©Minder Chen, 2010

Suggestions and Conclusions
• Keep track of emerging technologies and business 

problems.
• Play with the new technologies to get a feel.
• Inspire by real world problems.
• Be creative and make a difference.
• Use the best tools to improve your research 

productivity.
• Take a long term view / Establish a long-term program.
• Collaborate with colleagues. 
• Base the design on appropriate theories.  
• Evaluation of the system built is almost a must.
• It is very challenging, but it is also very rewarding. 
• Reach for global visions and local relevancy.  
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Conclusions
• There is no such a thing as a paradigm, we 

need to adapt with the changing time & 
technologies. 

• System building is a creative process for the 
betterment of human organizations.

• We can make bigger impacts to the society 
by building innovative systems that solve  
challenging problems. 
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