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ABSTRACT 

The Enterprise Analyzer methodology combines techniques and tools from the 

GroupSystems electronic meeting system (EMS), a repository, and several customized 

software tools to support the meetings which are essential for enterprise modeling and 

organizational process redesign. Enterprise Analyzer supports the facilitated face-to

face meetings between cross-functional design teams and has been evaluated and 

improved through a series of field studies over a period of eighteen months. Eight 

teams from the United States Army used the Enterprise Analyzer system for 

requirements definition and a team from the International Business Machines Company 

used the system to redesign business processes. The methodology, tools, and repository 

worked effectively during the prototype evaluations. These groups were able to 

produce their deliverables faster and cheaper than the estimates for meetings without 

EMS support. 

When organizations freeze their business routines with formal procedures or 

automated systems, the resulting processes may remain mostly unchanged even if the 

assumptions, goals, and environment that spawned them become obsolete. Enterprise 

analysis is an approach that helps organizations tackle complex problems such as 

redesigning business processes and their associated information systems. 

In enterprise analysis, multi-level, multi-disciplinary teams model current 

operations to understand the needed changes. These teams work to develop models, 
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diagnose quality and performance problems, and identify opportunities for 

improvements. Enterprise Analyzer provides support for cross-functional teams whose 

members may have different perspectives of the organization, little experience with 

modeling, no history of working together, or consensus about problem solving 

procedures. 

This research provides improved support for the enterprise analysis process by 

integrating some of the benefits of computer-aided software engineering (CASE) tools 

and business planning methods. A repository has been developed to help groups of 

business experts build an enterprise model and describe the requirements of the system 

in their own language, without requiring them to learn a modeling language syntax, or 

requiring analysts to translate their specifications into a model. The team members are 

able to recognize conflicting requirements and reconcile them on the basis of their 

contribution to the strategic goals of the organization. 



CHAPTER 1 

INTRODUCTION 

1.1 Background and Problem Domain 

"At the tum of the century, Frederick Taylor's ideas on work 
organization, task decomposition, and job measurement revolutionized 
the work place. As we enter the 1990's, however, two newer tools are 
transforming organizations to the degree that Taylorism once did. These 
are iliformation technology - the capabilities offered by computers, 
software applications, and telecommunications - and business process 
redesign - the analysis and design of work flows and processes within 
and between organizations. Working together, these tools have the 
potential to create a new type of industrial engineering, changing the 
way the discipline is practiced and the skills necessary to practice it." 
[61, Page 11] 
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Organizations develop preferred ways of doing business which are codified into 

procedures and then are often automated. The assumptions, goals, and environment 

that spawned these processes may become obsolete, while the processes remain mostly 

unchanged. Information technology is currently providing a catalyst for an extremely 

high rate of change in the business environment [49, 208]. In order to remain 

competitive, an organization may need to examine and update its formal structure, 

infrastructure, strategic goals, processes and information systems. 

In hierarchical organizations, information systems must support business 

processes that cross functional boundaries. They must support the strategic goals of the 

organization as well as the requirements of the function areas involved. Enterprise

wide process and data models andlor information architectures can help designers 

balance the needs of different parts of the organization [24, 63, 113, 164]. No single 
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person or functional group can be expected to be able to describe the requirements of 

all of the people who are directly or indirectly the users of a business system. 

Techniques for increasing the involvement of, and interaction between, the stakeholders 

can collapse the amount of time required to design a system and reduce the amount of 

resistance to changes during implementation [230, 279]. Many information systems 

development methodologies require analysts to interview several business experts 

(system stakeholders) individually and then build a composite model of their 

requirements. The analysts must determine if the specifications are consistent and/or 

complete because it is difficult for the stakeholders to understand and evaluate the 

analysts' model [145, 192, 198]. 

Enterprise analysis is a process in which multi-disciplinary and multi-level teams 

build models to gain a shared understanding of the current situation, analyze the models 

to identify problems and opportunities, then propose and prioritize changes to the 

organization. Enterprise analysis can become the "front end" activity for a wide variety 

of different types of design domains, depending on the types and scope of the changes 

proposed by the team. Since the teams are cross-functional, their members may have 

little experience with modeling, no history of working together or consensus about 

problem solving procedures, and have different perspectives of the organization. A 

methodology for enterprise analysis should exploit the potential benefits from the 

group's heterogeneity and work to minimize the associated problems. Information 

technology can be used to redesign the process of enterprise analysis, which in tum can 

be used to help teams to redesign the other processes in an organization. 
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Enterprise analysis can be used to break down complex problems into a set of 

coordinated design projects. The project team members may need to be able to perform 

or direct tasks such as strategic planning, systems analysis and design, software 

engineering, operations research, finance and accounting, manufacturing, marketing, 

engineering, and project management. Unfortunately, the tools to support these tasks 

have evolved in different domains (see Figure 1.1) and are not easily integrated. For 

example, computer-aided software engineering (CASE) tools can help identify missing 

or inconsistent technical requirements for a computerized system, but they don't provide 

as much help with eliciting the strategic goals and socio-technical requirements. 

Domains Related To Enterprise Analysis 

Systems Analysis 

and Software Engineering 

Management Science! 

Operations Research 

and 
Strategic 
Planning 

Figure 1.1 The Domains Related to Enterprise Analyzer 
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The systems analysts assigned to multi-disciplinary teams (,,an provide expertise 

in modeling, abstraction, and systems design, but they shouldn't have complete 

responsibility for the system design. Researchers in general systems theory recommend 

the use of meta-models to improve communication among specialists from different 

fields [156]. IBM's AD/Cycle [174] is based on the use of a multi-level, central 

repository to improve the integration of CASE tools from multiple vendors and/or 

multiple methodologies. If a repository is used with an electronic meeting system to 

operationalize a meta-model it should help team members communicate effectively and 

build a shared model of the organization. 

1.2 Research Questions 

This research will develop software tools in order to examine how information 

technology can be used to change the enterprise analysis and redesign process. 

However, there is a difference between developing functional software and having 

people use it to solve problems. For example, when a computer scientist was asked 

about an implementation problem with a new management information system, his reply 

was "Oh, no, It's already been implemented, they just are not using it." [226, page 3] 

Therefore, this research will focus on the impact of several related changes to the 

process, rather than just the software tools used to enable the new process. The basic 

research question of this dissertation is: 
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Can a dynamic methodology for combining strategic planning, meta

modeling and system modeling be developed and implemented to use an 

electronic meeting system to improve the effectiveness of cross-functional 

teams that are meeting in order to redesign organizational business 

processes and associated information systems? 

The complexity of this research question suggests that it can be refined into 

subquestions. The rest of this section will present sub questions and present overviews 

of the issues related to them. The first sub-question focuses on the expected overall 

meeting effectiveness. 

1. Can this methodology increase the group process effectiveness during 

systems analysis and design meetings in the same manner that has been 

observed in other types of meetings, (e.g., strategic planning) that have 

made use of electronic support and facilitation? 

The GroupSystems electronic meeting systems (EMS) provides computerized 

equivalents of several popular strategic planning tools and problem solving techniques 

[67, 68, 169, 198, 200]. These tools employ anonymity and facilitation to allow 

members from different levels of the organization to participate equally. They can 

encourage creativity in problem solving [193] and increase the productivity of meetings 

that have too many participants to allow everyone to contribute freely. The tools have 

been used for several years to provide group decision support for generating and 

evaluating proposals. IBM has also reported success in using their TeamFocus EMS 

to help groups study their organizations as part of the quality assessment for the 

Baldrige award competition [16]. 
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Some of the expected benefits from using an EMS facility are increased and 

more equal participation from everyone in the meeting. The group should be able to 

produce more information, while gaining a better understanding of the information. 

The amount of meeting time needed to create and review the model should be less than 

that required for traditional design techniques. This should make it easier to get 

broader representation by reducing the interference with the meeting participant's 

normal responsibilities. 

The GroupSystems EMS supplies an environment suitable for gathering 

representatives from all of the systems' stakeholder groups, and promotes team building 

through a shared discovery of the organization's goals, problems and opportunities. 

The team building is implicit to, and occurs in parallel with, the model building 

activities [143, 256]. Research with GroupSystems has demonstrated that large groups 

can avoid many of the potential group process losses (see section 2.3 for a summary) 

via the addition of an electronic communication channel and a meeting facilitator. 

The second sub-question deals with whether the approach only works for a 

limited range of people and problems, or whether the results should be generalizable. 

2. Can the methodology be flexible and robust enough for successful use 

by organizations with different cultures as well as by members of different 

functions within an organization? 

The systems used by different organizations may vary greatly in the number and 

type of relationships between objects that must be described. When the participants are 

from different functional areas in a single organization, they may use different 

terminology and lor levels of detail when describing essentially similar objects. For 

example, manufacturing people that have traditionally been excluded from the 
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development of business strategy have a different perspective of organizational goals 

than other functional groups [149, 214, 228]. 

Some organizational groups may want to start the meeting with a "clean slate," 

in order to minimize the potential anchoring and adjustment bias created by existing 

models and descriptions. Other groups may want to minimize the data entry time 

during a meeting by importing data from other sources. Therefore, the system must 

be able to integrate any imported data with the information generated during the 

meeting. The project leaders should be able to customize the system as well as the 

meeting agenda to suit their needs. The flexibility of the Enterprise Analyzer system 

is discussed in greater detail in Chapter 4. 

The third sub-question addresses the group's ability to build useful models. 

3. Can the meeting participants effectively create and understand a 

shared model of a system that is abstract enough to include goals and 

relationships in both business processes and information systems, yet 

detailed enough to support and document the system's redesign? 

Training the participants to be able to use abstractions is a difficult, but critical 

part of the process. The meeting leaders must train the participants to think of objects 

and relationships in general rather than as unique entities. The participants must 

understand enough of the meta-modeling concepts, to reach a consensus about the 

level(s) of detail to use. The initial level of detail selected to model the existing 

system(s) may be have to be adjusted, once all of the participants have begun to 

describe their areas of expertise. The interfaces between sub-systems must be defined 

at the same level(s) in order to maintain the system-wide perspective. A participant 

from manufacturing must be able to understand what marketing does and what they 
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need, but he doesn't need to know exactly how they do it, in order to suggest high-level 

changes in a process. 

Several techniques [234, 265, 266, 284] can be used to broaden the participants' 

perspectives of their system. Section 5.3 discusses a mixture of hard and soft thinking, 

metaphors, and creativity exercises that were used to build abstract models of a business 

system. Redesign principles and heuristics (described in section 4.12) can be applied 

to the abstractions in the model to identify candidates for improvement, elimination, or 

redesign. These candidate abstractions must be mapped back to the actual system, so 

the participants can determine the political ramifications for the proposed changes. 

Measurement criteria for evaluation of the change proposals must be established so the 

proposals can be ranked and recommended for pilot projects andlor prototype 

development. 

1.3 Research Purpose and Scope 

Enterprise Analyzer is designed to address the inability of CASE tools and 

meeting techniques to provide enough support for large cross-functional teams in 

enterprise analysis meetings. The explicit goals of the research in this dissertation are: 

1) To develop software for implementing a repository 

2) To refine a methodology for using Enterprise Analyzer 

3) To evaluate the effectiveness of Enterprise Analyzer 

The author will act as a database administrator during the meetings, maintaining 

the meta-model in the repository and acting as the integration agent between the 

GroupSystems tools and the repository. The repository allows the group to maintain 

a rudimentary organizational memory of the design decisions made during the meeting 
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and to take advantage of customized tools created for the Enterprise Analyzer. The 

methodology makes use of the electronic meeting facility to create new group processes, 

that are supported by extensive facilitation initially, and by EMS tools as the process 

matures. 

The Enterprise Analyzer methodology allows the researchers at the University 

of Arizona to guide a group through the essential steps of enterprise analysis meetings 

which include model building, model analysis, and prototype design. The Enterprise 

Analyzer will substitute collaborative modeling and analysis tools, where appropriate, 

for the support typically provided by facilitators, scribes, and other meeting support 

personnel. If the initial versions of the methodology, which make use of prototype 

tools and techniques, can demonstrate an improvement in meeting productivity over the 

techniques normally used by the groups, it implies there is tremendous potential for 

further improvement in the enterprise analysis process. This, in turn, implies a 

tremendous potential for improving the quality of the processes which are redesigned. 

This research was directed towards learning how to help groups of people make 

use of an electronic meeting system (EMS) to model and redesign systems. The goal 

was to extend the capabilities of a specific EMS, GroupSystems, to provide better 

support for design meetings. GroupSystems [260] is a package of software tools 

developed at the University of Arizona, that is designed to be used for facilitated face

to-face meetings with up to fifty participants depending on the size of the meeting 

room. GroupSystems is also marketed by IBM as TeamFocus. 

The extensions to GroupSystems included software tools, increased facilitation 

and technical support, and analysis performed between meetings. The facilities, 

hardware and architecture used by GroupSystems were left unchanged for these 

meetings. This dissertation does contain suggestions, (see section 6.4) for improving 
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the architecture and hardware, that have potential to further improve the enterprise 

analysis process. 

The groups involved were aware that they were using some prototype procedures 

and software, but they expected to realize some noticeable benefits including decreased 

time, effort, and money required to finish the task. They were not participating in an 

experiment to test specific factors of the design of the software or methodology, they 

were attempting to complete their project deliverables, while noting which parts of the 

process were mo~t beneficial to them. The groups did not engage in tasks just to try 

the software tools, they used the tools best suited for producing their deliverables. 

Finally, the methodology proposed in this research is dependent on a number 

of activities in the organization that take place outside of the redesign meetings. These 

may occur before, after, or during the actual meetings. The researchers had the 

opportunity to study the meetings in great detail, but have to rely on information 

volunteered by the participants to judge the overall project environment and the 

problems with previous meetings. There is no explicit control group available as a 

baseline in this field study. 

The meeting productivity is a function of several variables, (see section 3.3 for 

a discussion of context, task, and group composition) and the motivation and 

preparation of the participants may confound the expected effects of the EMS. 

Furthermore, the potential benefits from increased effectiveness during the design 

meetings may be unrealized, if the organization is unable to successfully implement the 

recommendations. 
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1.4 Importance and Contributions of the Research 

The mechanisms that change business processes must be coordinated with tools 

which can generate changes in software to ensure they take advantage the new 

capabilities provided by information technology. Organizations with more sophisticated 

business planning have had significantly less severe implementation problems with their 

strategic information system plans [151]. Unfortunately, the majority of the strategic 

planning tools in use today, make little use of computers to SUppOlt the process and 

provide no interaction with the models used by CAD or CASE tools. Similarly, the 

methodologies for planning and implementing radical changes to an organization offer 

principles and suggestions about what to do, but lack tools to support the process [108, 

109,232]. A successful design process requires a balance between creating a systemic 

(holistic) view of the system as an entity and a reductionist view that divides it into its 

components in a systematic fashion. Since organizational systems have impacts across 

functional boundaries, enterprise analysis must ensure that the organization's subsystems 

are working efficiently to achieve their local goals, but not at the expense of the 

organization's overall goals. 

Chen [44, 45] demonstrated a meta-model approach for modeling an 

organization's business systems as well as information systems. Chen, Nunamaker, and 

Weber recommended [43] that group support tools should be merged with CASE tools 

to produce collaborative CASE tools. At the time, the functionality of group support 

tools wasn't appropriate for supporting systems development project meetings and the 

CASE tools didn't directly support face-to-face interactions among members in the 

system development project. 

Recently, the CASE-90 Workshop was held to determine what the future 

directions of system development support tools should be. One of the conclusions from 
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the conference was the need for tailorable and extendable CASE tools that support 

increased collaboration between analysts and systems users [190]. Most commercial 

CASE tools focus on the latter stages of the systems development life-cycle, which 

consist of systematic transformations of logical specifications into programs. These 

products provide little assistance with the strategic aspects of the system, particularly 

in determining and communicating the scope of the system, the requirements, and the 

valid constraints on the system. 

One example of an effort to make it easier to share information during system 

development is the application development life cycle (AD/Cycle) framework proposed 

by ffiM [2, 70, 112, 114, 166, 174, 178, 224]. The framework doesn't support any 

single IS development methodology, but allows developers to use tools from various 

methodologies in a variety of combinations. A repository will be used to store the 

model built during enterprise analysis, and each CASE tool will translate the standard 

format to its native representation and vice versa. The repository approach will 

increase the portability between proprietary products, allowing an organization to use 

several different tools on the same project effectively (see Figure 1.2). However, the 

AD/Cycle doesn't provide support for a design team to use collaborative tools to update 

the model concurrently. 

Information systems can be used to implement and enforce the business 

processes that organizations use to reach their goals. Current information systems may 

have been designed to support functional group requirements and may be too inflexible 

to support cross-functional requirements [102]. The resulting "islands of automation" 

may leave departments and functions unable to communicate efficiently with one 

another [55] and partial integration of these islands (through batch transfer of files) can 

make the system so interdependent that it is difficult to increase the integration any 
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further, without rewriting the entire system. [14] Enterprise analysis can be used to 

plan an architectural reconfiguration to support a new level of systems integration. 

SAA 
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F~gure 2.1 IBM's AD/Cycle for CASE Tool Integrat~on 
Adapted from Mercurio et al. [174J 

Any automation effort should begin with the simplification and rationalization 

of the process that is to be automated. In the case of enterprise analysis, this means 

studying manual techniques that have been used effectively for design tasks. Joint 

application design (JAD) sessions (and other facilitated meeting techniques) have 

demonstrated the potential value of increasing the participation of system stakeholders 

in the system design [279]. The systems users are able to reconcile their differences 

before the analysts take control of the process. JAD sessions rely on a facilitator to 

control the meeting and require one of the participants to act as a scribe in order to 
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record and translate the other participants' comments onto paper forms. This verbal 

interaction limits the number of effective participants in a session. Martin [162] reports 

that JAD sessions that make use of a CASE tool to record the design, produce better 

results than completely manual sessions. Although JAD lacks an over-arching 

methodology to tackle large organizational design problems, JAD can be used as a 

technique within enterprise analysis. 

Facilitated application specification technique (FAST) is a variation on JAD that 

is used by the AMS consulting company. A FAST session uses a meeting facilitator, 

plus one or two consultants working as scribes to record the contributions made by 

meeting participants. The scribes use personal computers and laser printers to provide 

the group with copies of their contributions quickly without disturbing the verbal 

interaction. Boeing also uses a facilitated manual meeting technique, called Consensus, 

to support some of their design meetings. After each daily session (7am-3pm), a 

support team works (3pm to llpm) to reorganize, type up, and make copies of the 

contributions for the next daily session. 

These techniques allow the meeting participants to view the model as it is being 

built and study porti9nS of it independently, however, the participant's contributions 

have to be processed sequentially by the facilitator and scribes who are controlling the 

meeting and the model. If team members have to act as scribes, they may be too busy 

to make their own contributions. If the meeting support team supplies the scribes, they 

may require several repetitions to understand the suggestion, thus slowing down the 

meeting. These techniques may allow the systems analysts to become part of the design 

team, but the people providing meeting support have become the new bottlenecks in the 

process. The use of electronic meeting support can allow every participant to act as his 

own scribe and add to the model in parallel, allowing the group to be more productive. 
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1.S Organization of the Dissertation 

The major objective of this research has been to investigate the feasibility of 

using an extended version of the GroupSystems electronic meeting system toolkit to 

increase the productivity of groups holding systems analysis and design meetings. The 

literature review in Chapter 2 discusses the context of enterprise analysis meetings, the 

analysis and design methodologies available, and the impact of structure and technology 

on group processes and productivity. It also includes elements from strategic planning 

organizational change methodologies, and the background of the Enterprise Analyzer 

project in order to present alternative perspectives to information systems development 

approaches. 

Chapter 3 explains the systems development approach to information systems 

research and discusses the propositions and research strategy used for this research. 

Chapter 4 presents the recommended methodology for using the Enterprise Analyzer 

(EA) and GroupSystems tools, describes the architecture of EA and discusses the 

customized tools used to implement the methodology. Chapter 5 describes the use of 

EA by groups from the U.S. Army and from International Business Machines (IBM) 

and presents evaluations of the activities of, and the software used by both 

organizations. This dissertation concludes with Chapter 6, in which the contributions 

of this research, limitations and future research plans are presented. 
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Advances in information technology have made more extensive automation feasible, 

and made it important for organizations to reconsider the way they do business. The 

goal of this chapter is to review the type(s) of changes that organizations are trying to 

make and the techniques used to model problems as complex as organizational design, 

and methodologies for implementing this kind of change. The motives for involving 

a wider variety of organizational members in the problem solving process are explored 

and prior research with providing electronic support for planning and design meetings 

is discussed. Finally, the background of the Enterprise Analyzer project is reviewed 

to provide a starting point for this research. 

Organizations of all kinds are receiving pressure to improve their productivity, 

flexibility, and quality levels. The Baldrige quality awards and the "Six Sigma" defect 

elimination programs which are being advertised by several companies, [128, 216] have 

revealed the strategic impacts of qUality. Quality measurement is being applied to 

service levels as well as to products. Total quality management (TQM) programs are 

providing guidelines and impetus for the redesign of processes, including those which 

cross organizational and physical boundaries. These programs are encouraging 

companies to evaluate their performance, relative to their competition, other business 

units in their organization, or even their past performance levels [6]. 
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The formal structure and procedures used by an organization can enhance or 

degrade its capacity to capture, interpret and make use of information [91]. Classic 

management theory [247] recommended a hierarchical organization that used division 

of labor and specialization to achieve efficiencies and economies of scale. In many 

organizations, the goal of functional specialization has been carried to such extremes 

that no one understands an entire process or has responsibility for its performance [94]. 

As a result, business processes have evolved from their previous environments by 

accretion, instead of from planning, optimization, and redesign efforts [61, lOS, 109, 

232]. Organizations often find it difficult to overcome the inertia behind these long

term evolutions. Researchers, [75, 123, 124, 14S] who have studied the impacts of 

information technology (IT) on organizations, have theorized that IT will cause new 

organizational relations to evolve incrementally even if management tries to maintain 

the current structure. Therefore, organizations should work to design processes that 

take advantage of information technology, rather than allowing IT to affect processes 

in a piecemeal fashion. 

Lewin's model of the change process, includes three categories of activities: 

unfreezing, changing, and refreezing. Unfreezing is the preparation for a change in 

behavior. Changing includes the design of the new system(s) and relationships and the 

creation of prototypes to evaluate the designs. Refreezing includes the proliferation and 

institutionalization of the successful prototypes [155]. An organization can be viewed 

as an equilibrium (see Figure 2.1) between the forces inhibiting and the forces 

encouraging change. A successful change model must consider the political as well as 
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technical impacts of a system. Inflexible organizations often freeze a new structure 

prematurely, failing to iteratively evaluate and improve it. The automation of a process 

can result in the ultimate "freezing" of the structure and procedures surrounding the 

process. This can lead to complaints about the system, higher than normal absenteeism 

and turnover, and an inability to get work done on time and within quality standards. 

Unfortunately, these warning signs are often taken as symptoms of an inadequate work 

force, rather than an inappropriate organizational structure. 

Forces Inibiting Change: Expectations That 
System Will Lead To 

Costs 

Undesirable Uncertain Fears of System Other 
Personal Power Tge Abllldes Shifts Uncertainties Doubts 

~ ~ ~ ~ 
~ ~ ~ ~ 

Better Greater Reduced Other 
Informadon Efficiency Costs Hopes 

Forces Encouraging Change: Expectations That 
System Will Lead To 

Benefits 

Figure 2.1 The Lewin Force Field 
Adapted from Lucas [155] 
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When an organization is shaken by a period of dismal company performance, a 

merger or an acquisition, or the appointment of a new chief executive, it often leads to 

a series of drastic changes. It is no longer unusual to read about previously successful 

companies laying off thousands of workers in a single action. Many downsizing 

programs follow simplistic and often ill-founded objectives (Le., to reduce by a fixed 

percent across all functions, to match industry averages, to establish a certain span of 

control). The result of this kind of downsizing is not a new organizational design, it 

is just an organization with fewer people who are still trying to do the same things that 

got the company in trouble in the first place [237]. 

An organization is a system that can be modeled. Ackoff defines a system as: 

"a set of two or more elements that satisfies the following three conditions. 
1) The behavior of each element has an effect on the behavior of the whole. 
2) The behavior of the elements and their effects on the whole are 
interdependent. 3) However subgroups of the elements are formed, each has 
an effect on the behavior of the whole and none has an independent effect on 
it. To put it another way, the elements of a system are so connected that 
independent subgroups of them cannot be formed." [l, page 15] 

Brinkkemper defines a model as: 

"A system A is used as a model in order to obtain knowledge about a system 
B, where the system A is neither directly nor indirectly interacting with the 
system B. ... Models denoted in schemas, diagrams, tables, algorithms, 
programs, etc. are used to describe parts of the system and a the activities and 
discussions of the developers are for a large part based on models. Since a 
system is complex, all models are simplifying views, that are strongly 
interrelated and dependent on each other. A change in one model may cause 
a whole series of changes in other models." [27, page 3] 



36 

Organizational change efforts should incorporate elements of a systems analysis and 

design process to ensure that the new design consists of components that have support 

the high level goals of the system. 

2.1 System Development: Methodologies and Technologies 

2.1.1 The Background of Systems Analysis and Design 

Lucas [156] observed that the field of systems analysis and design for information 

systems has its foundations in general systems theory (GST). He describes the 

importance of GST as follows: 

General systems theory (GST) emphasizes the need to examine all parts of 
a system ... 

In addition to focusing on all parts of a system, GST helps communications 
among specialists in different fields. One field closely associated with general 
systems theory is cybernetics, the field of communications and control in man
machine systems (including computer systems). Cybernetics represents a 
combination of the fields of physics, biology, electrical engineering etc ... 

Fields such as management, organizational behavior, industrial engineering, 
computer science, electrical engineering, communications, psychology, and 
others all have important contributions to make to the study and design of 
information systems. A system is an organized interacting, interdependent, 
and integrated set of components or variables. A system has objectives or 
goals, and often these goals are hard to observe ... 

The environment is external to the system; it encompasses everything that 
is outside the system's control. The environment also determines in some part 
the performance of the system, so the system and its environment are 
interrelated and interdependent. 
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Table 2.1 lists some lessons from GST which can be applied to information systems 

design. The rest of this section reviews the evolution of concepts and techniques and 

the codification of effective analysis and design practices which in turn, enabled the 

creation of CASE tools. 

General systems theory Importance for information systems design 

1 Components of a system Delineate components and their interrelation 
interact. during analysis. 

2 A system is a whole. Be sure to define the entire system before 
examining subsystems. 

3 Systems are goal seeking. What is the goal of an information system? 

4 Systems have input and A major design task is to specify input and 
output. output. 

5 Systems transform input A major design task is to specify processing to 
to yield output. produce output from inputs. 

6 Systems exhibit entropy. Information processing is critical to an 
organization's success. 

7 Systems must be Information systems help control the 
controlled. organization. Information systems have to have 

feedback on their own performance and be 
controlled. 

8 Systems form a Information systems design is a hierarchical 
hierarchy. task; systems consist of hierarchies of 

subsystems. 

9 Systems exhibit Information systems have many specialized 
differentiation. parts. 

10 Systems exhibit There are many ways to design a system to 
equifinality. achieve desired goals. 

Table 2.1: General Systems Theory and Information Systems Design 
Adapted from Lucas [ISS] 
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In addition to general systems theory, systems analysis also emerged from the 

operations research efforts from World War n. Several interdisciplinary studies in the 

1950's led to the realization that area of overlap, in the interest of the specialists, was 

the behavior of systems. The RAND corporation codified systems analysis for NASA 

during the 1960's and systems engineering emerged to supplement it. Checkland 

defined systems analysis and systems engineering as follows: 

1. Systems Analysis is the systematic appraisal of costs and other implications 
of meeting a defined requirement in various ways. 

2. Systems Engineering comprises the set of activities that together lead to the 
creation of a complex man-made entity and/or the procedures and 
information flows associated with its operation. 

Jenkins' basic methodology for system engineering included 4 phases which are listed 

in Figure 2.2. 

Operations research, systems analysis and systems engineering are classified as 

hard systems methodologies because they set out to achieve a known, and defined end. 

Checkland had difficulty applying the hard system methodologies to complex 

organizational issues that were concerned with maintaining relationships among multiple 

views of the system. Ackoff [1], Churchman [50] and Checkland [42] have suggested 

soft system approaches to dealing with ill-structured or messy situations. By their 

nature, soft systems approaches are more difficult to codify and automate than hard 

systems approaches, however the EMS research described in section 2.3 has 

demonstrated success with providing automated support for dealing with ill-structured 

problems. 



1. Systems Analysis 

1.1 Recognition and Formulation of the Problem 
1.2 Organization of the Project 
1.3 DerInition of the System (subsystems and flows) 
1.4 Dermition of the Wider System 
1.5 DerInition of the Objectives of the Wider System 
1.6 DerInition of the Objectives of the System 
1. 7 Definition of the Overall Economic Criterion 
1.8 Information and Data Collection 

2. Systems Design 

2.1 Forecasting 
2.2 Model BuDding and Simulation 
2.3 Optimization 
2.4 Control 

3. Implementation 

3.1 Documentation and Sanction Approval 
3.2 Construction 

4. Operation 

4.1 Initial Operation 
4.2 Retrospective Appraisal of the Project 

Figure 2.2 Jenkin's Steps of Systems Engineering 
Adapted from Flood [85] 
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Software engineering has both soft and hard aspects. It must overcome the "soft" 

problem of requirements definition, before it can deal with the "hard" problem of 

physical design and implementation. Systems analysts must be aware of the limits 

implemented via regulations, policies, and customs, that are associated with the 



40 

activities supported by an information system. An IS can be used to standardize the 

performance of tasks across functional and geographic boundaries throughout the 

organization. However, if the system is technically correct, but too inflexible to adjust 

to the local policies and variations in procedures, the users may not perceive any net 

benefit and refuse to use the new system. A system design methodology must be able 

to develop a consensus about what factors of the system need to be flexible and which 

need to be consistent. 

The systems development life cycle (SDLC), introduced for computerized 

management information systems in the early 1960's, was based on the stages of 

physical construction: Analysis, Design, Construction and Maintenance. A waterfall 

is a common metaphor for the SDLC. The logical design (hardware/software 

independent) is upstream of the physical implementation (hardware/ software dependent) 

so it requires a great deal more effort to back up the river and change the design after 

construction has begun. The SDLC assumes that the system's requirements can be 

determined before development starts, and that the system can be built and installed 

before the requirements will change. Systems built under the SDLC with poorly 

defined requirements often require costly rework [18, 30, 56]. 

Unfortunately, the applications backlog is still growing and systems continue to be 

delivered late and/or over budget [18, 19, 31, 39, 57, 96, 116, 163]. One of the things 

that makes software development so difficult is that almost everything is variable. 

Systems with physical components can be easier to design because they have fewer 
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degrees of freedom [30]. One of the simplifying techniques, used by software 

developers in the past, was to assume that the organization's structure and processes 

were correct, and that the goal of automation was to make some of the components 

more efficient. The large hierarchical organizations that built the first computerized 

applications, often had jobs that had already been de-skilled and which were therefore 

easy to understand and to automate. 

The typical goal of these early automation efforts was just to perform tasks more 

consistently and quickly. Most of the changes in the processes were designed to work 

around limitations of the computer system, not necessarily to improve the processes 

being automated. Many systems analysis and design methodologies were developed 

specifically to build information systems (IS) in that kind of environment. They 

ignored strategic considerations in these methodologies because any automation was 

considered to be a strategic move. The problems with the resulting "islands of 

automation" has led to growing interest in more systemic approaches to systems design 

[85, 157, 163, 188]. 

Since the programs that make up an information system also form a model of part 

of the organization, it seems reasonable to try to apply some lessons learned from 

information systems development to organizational systems design. In essence, this 

would provide a feedback loop to the disciplines that spawned the information systems 

design methodologies in the first place. 
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Structured programming evolved out of a codification of good programming 

practices that seemed to make it easier and cheaper to adapt software to new 

requirements. Programs were written in modules and accessed via hierarchical control 

mechanisms. Analysis principles were developed based on the concepts of coupling and 

cohesion (see Table 2.2) to evaluate the decomposition strategy used to form the 

modules. Coupling refers to the amount of information that two modules must share 

in order to work together. Cohesion refers to the degree in which everything in the 

module is there to perform a single function. 

Rank Coupling Cohesion 
(low to high) (high to low) 

1 (good) I>ata (parameters) Functional 

2 Stamp (I>ata Structure) Sequential 

3 Control (Flag/Control I>ata) Communicational 

4 Common (Global I>ata) Procedural 

5 Content (Pathological) Temporal 

6 Logical 

7 (bad) Coincidental 

Table 2.2: A ranking of Coupling and Cohesion in I>ecomposition 
Adapted from Page-Jones [203] 

A combination of low coupling and high cohesion, means that changes in 

requirements can be isolated to a minimum number of modules. Modules with 

pathological coupling are unable to perform without each other, and the decomposition 

and assignment of tasks to one module or the other seems to be coincidental (low 

cohesion). In this worse case, there is no benefit to having multiple modules. Many 
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business processes have evolved to a state of low cohesion and high coupling among 

the agents carrying out the tasks. Some of these principals can also be used in job and 

process design. 

Structured programming techniques gave programmers a new frame of reference 

for viewing their systems [51]. Structured analysis and design techniques grew out of 

structured programming and then diagramming techniques such as data flow diagrams 

(DFD) were used to capture the systems requirements before the physical design began. 

Since many of the systems users had no experience with structured programming 

concepts, the models used to document logical systems designs were often mis

understood and their requirements were still misrepresented. The object-oriented 

approach to systems modeling may seem more natural to systems users and therefore 

be easier for them to understand. A panel on structured analysis and object oriented 

analysis concluded: 

... for huge systems, a programming language independent design activity, that 
bridges the requirements and the actual programming effort, is mandatory. It 
goes without saying that we do NOT suggest that these activities constitute a 
waterfall sequence ... 

Most traditional software engineering methods such as SA, lSD, SREM, 
SADT, are function and data methods ... 

In the Object Oriented approach, real-world entities are mapped directly onto 
objects in the model world. This is in contrast to the function and data 
approach where the real-world entities are mapped onto only two structures: 
functions and data. [64, page] 



44 

The panel went on to make the following recommendations: The object oriented 

approach should be introduced as early as possible in the lifecycle of a system. Thus, 

one should use an object-oriented technique for enterprise modeling, for systems 

analysis, for systems design, and for programming. A shift of paradigm from one 

development phase to another is very complex. It requires training in two paradigms 

and the developers must manually translate from one set of modeling concepts to 

another. 

The modeling notations (diagramming techniques) of structured analysis, originally 

confined largely to the data flow diagram, have evolved to include the entity 

relationship diagram and its extensions and various graphic and tabular state machine 

representations. This group of notations is capable of expressing various views of an 

object-oriented specifications model. State transition graphs are useful to model some 

object types. Data flow diagrams can be used at a low level to model complex objects. 

A two-level data flow model can show interacting objects, and the operations and 

encapsulated data (instance variables) for each object. An entity relationship model can 

show the structure and associations of the classes of objects in a problem domain. A 

state diagram or table can describe the life-cycle of an object. The object-oriented 

analysis approach advocated for information systems is one that would be easily 

extended to include the business environment that the information system is designed 

to support. The question is how to use existing CASE tools to support an analysis with 

a broader domain. 
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2.1.2 CASE Tools 

Computer-Aided Software Engineering (CASE) products have been built to 

automate portions of the SDLC. CASE is also being used as an acronym for computer

aided systems engineering, to reflect the need to broaden their domain beyond the 

computer software components. A CASE product is a combination of software tool(s) 

and methodology(s). The tools may include-~ diagramming tools, screen and report 

painters, dictionaries, DBMSs, reporting facilities, code generators, and documentation 

generators. The heart of the product is a dictionary or repository of information that 

is used to integrate the data entered by the various tools in the toolkit [168]. Many 

products can analyze the repository to detect incomplete, syntactically incorrect, and 

inconsistent systems specifications [163]. 

CASE tools, by themselves, are not enough to design and build effective 

organizational information systems [18, 30, 51, 57]. Organizations adopt CASE 

technology for a variety of reasons: to make efficient use of structured methodologies, 

[34, 95, 96] to limit the amount of coding done before the design has been approved, 

to provide documentation and communication, [189] and to avoid falling behind the 

competition [190]. Current CASE tools automate the steps of the popular system 

development methodologies, especially the tedious ones that an analyst might be 

tempted to skip or hurry through. The tools may be more useful for rapid preparation 

of high quality documentation of a system design, than for creating the design in the 

first place. 
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The adaptation of tools built for structured analysis to object oriented analysis is 

not necessarily a simple one. Yourdon identified a problem with using these separate 

disjoint notations for process (DFDs) , data (ERDs) , and time-dependent behavior 

(STDs), because one of them, (usually the DFD) usually dominates. The structured 

analysis modeling notation provides no help in modeling the human interface, which is 

becoming more important for systems. 

Most CASE products do not support the entire SDLC, [96] particularly the 

requirements definition stage. Products that emphasize the specification and design 

phases are often labelled upperCASE and products that emphasize automatic code 

generation and maintenance are called lowerCASE. A few CASE products have been 

advertised as integrated CASE (iCASE) tools (see Figure 2.3) because they share data 

that is entered during multiple phases of the life cycle. 

An upperCASE tool can ensure that all requirements are captured from the 

applications experts in a structured manner that is consistent with a selected design 

methodology. Unfortunately, many of these CASE tools are not designed to share data 

with tools from other vendors, so tools that support equivalent activities have difficulty 

sharing information. Brinkkemper [29] reports over 100 "dialects" of entity relation 

modeling are in use in Europe, since almost every analyst interprets and tailors the 

methodology to include his own experience and needs. Eventually, analysts who are 

working on the same project should be able to select the tool and methodology that they 

are most comfortable with, for each task. 



Middle CASE Tool: 
s1ysls and DesIgn 

Generates Code, Data Base and DocumentaUon 

Figure 2.3 A CASE Tool Architecture 
Adapted from Martin [164] 
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Some of the products that produce and lor modify programs automatically are 

considered to be CASE products and some are marketed as non-procedural or fourth 

generation languages (4GLs). LowerCASE products and 4GLs are particularly similar 

in their functionality, although their purposes usually differ. Typically, 4GLs are 

designed to support rapid prototyping, which is an alternative methodology to the 

complete SDLC. The prototyping approach recognizes that some users can only clarify 

their requirements by iterating through periods of use and revision, claiming, "I can't 

tell you what I want, but I'll know it when I see it." [18, 30] 
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A 4GL allows individual users to separately validate a prototype quickly, but 

provides no way to document or resolve conflicting requirements. In fact, 4GLs are 

best suited for end users creating their own autonomous systems with minimal 

assistance from programmer/analysts [230]. In contrast, CASE tools are designed to 

assist the programmer/analyst who must create application systems that are outside his 

own area of expertise. 

Analysts ~ho build expert systems have discovered that an expert often has 

difficulty describing what he does or how he does it. Precise knowledge and 

requirements elicitation is not just a problem in designing automated systems, Pall [204] 

stresses that the elicitation and specification of the process requirements are the basis 

for any quality control program. Quality is a binary attribute, rather than a matter of 

degree, the work product from a process either meets the quality requirements or it 

doesn't. The specifications must be complete and clear enough to identify problems 

and their causes. Problems can occur between the components of a system as well as 

within one, so the specifications must be able to describe the relations between 

components thoroughly. 



2.1.3 The AD/Cycle and Enterprise Analysis 

The traditional application development life cycle is not capable of supporting 
the requirements of integrated data-system development. For example, no 
provision is made to understand how the system under development affects or 
communicates with other information systems in the enterprise. There is no 
accounting for how many systems there are or what data are affected. 

Instead the system under consideration is treated as an isolated entity that is 
assumed to have no association with any other system in the enterprise. 
Expensive design, programming, and testing are done for individual system 
parts without an understanding of final interfaces and dependencies. 
Integration of the various application parts is only performed after considerable 
time and effort have been expended. Analysis of the results of integration 
activity send the developers back to the design definition phase to correct any 
interoperability problems that might come to light. Thus the cycle is repeated 
at considerable cost.[112, pg. 250] 
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The repository (see Figure 2.4) allows the professional to communicate with the 

application analyst in terms of requirements and an enterprise model. The analyst uses 

systems analysis and design tools and lowerCASE tools to generate applications from 

the specifications. [159, 166] The enterprise analysis provides an overall blueprint of 

the information system architecture based on common sharing of data. Once this 

blueprint has been established, further top-down decomposition and architecture 

refinement can occur concurrently in each of the subsystems identified. This approach 

is not new, or unique to the AD/Cycle. Table 2.3 describes the purpose and contents 

of a master plan of the organization-level information requirements, which was 

presented by Davis almost ten years ago. 
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Application Development (AD) Cycle 
E) 

2.4 Roles in e AD/Cycle 
Adapted from Mercurio et al. [174] 

There are two types of application requirements, social and technical. The social 

or behavioral requirements specify objectives and assumptions such as the following: 

job design objectives, work organization objectives, individual role assumptions, 

responsibility assumptions, and organizational policies. The technical requirements 

specify the outputs, inputs, stored data and processes. The technical requirements of 

a system include: 1) identification of things and events included within the scope of the 

object system, 2) relationships among things and events, 3) attributes of things and 

events, 4) validation criteria for data items, and 5) characteristics of use of the data 

structures. 



1 The plan defines an overall information system structure or architecture. 

2 The plan establishes a portfolio of applications that will provide complete 
coverage of needs. 

3 Clear, well-defined boundaries are established for individual applications. 
The interfaces among applications are define so that applications can 
interact as part of the larger system. 

4 The plan specifies an orderly development of applications based on an 
organizational priorities and the necessary physical development sequence. 

5 If the overall system architecture includes shared data bases, sets of data 
requirements are required. 

Table 2.3: An Information Architecture or Master Plan 
Adapted from Davis [63] 
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Davis identifies four strategies for determining the information requirements that 

make up the master plan (see Figure 2.5). All four strategies are used in system 

redesign (also called reengineering), however this is often confused with the "reverse 

engineering" since many CASE tools support only the second strategy. With an 

enterprise model, the definition, decomposition, and refinement of previously created 

information system's architectures are stored in the repository for consistency checking, 

using predefined reports or the query management facility. This is quite different from 

the sort of model produced by the reverse engineering CASE tools currently available. 

While some CASE products support "reverse engineering" of individual programs, they 

capture a only a small part of the system, and may tell you more about the limitations 

of the original architecture, hardware, and software than about the goals of the system. 

This bottom-up program oriented approach leads to local optimization rather than 

global. This kind of tool should be used to recover the current system to provide a 
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starting point for redesign, not to generate a new set of programs to perpetuate the old 

system design (or lack thereot). Even if the system was optimal for its original 

environment, it should be reexamined in light of the enterprise model. 

Strategies for Infonnation Requirements Determination 

1. asking (asking methods include; Closed questions, Open questions, 
Brainstonning, Guided Brainstorming, and Group Consensus). 

2. deriving from an existing information system 

3. synthesis from characteristics of the utilizing (object) system 

4. discovering from experimentation with an evolving information 
system 

Figure 2.5 Strategies for Information Requirements Detennination 
Adapted from Davis [98] 

Elliot Chikofsky [48] of Index Technology, described the situation as follows: 

What we are doing now with reverse engineering is archeology... The 
present generation of program analysis tools under the reverse engineering 
banner capture information at a program level. They are oriented towards 
review of one program at a ~me without recognizing the issues of programs 
interacting in systems. 

The key for the future will be the systems level, and this is where CASE 
can best support the re-engineering process. A CASE environment is oriented 
toward the combination of information about diverse components in a system 
description. The CASE dictionary, which is the heart of any well-formed 
CASE environment, is designed to accept information incrementally from 
multiple sources and store them in a consistent way. This allows the work of 
many analysts and designers to be integrated and reconciled, and the 
underlying elements and relationships of the system to be analyzed readily. 
Analysis is the key to using CASE in supporting the re-engineering process. 
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Many executives [102] are discovering that reaching their strategic objectives 

requires large investments in high-risk efforts to rebuild the information systems that 

support their core businesses. Failures, restarts, and non-starts are common. Strategic 

architecture reconfigurations seem especially susceptible to "Analysis paralysis," one 

firm studied was in its third round of requirements analysis [102]. Few executives want 

to "Bet the business" on an information systems project. 

The enterprise analysis team needs a sophisticated understanding of the firm's 

business directions and the ability to anticipate needs and options. The scope is such 

that architectural development projects require substantial cross-organizational 

cooperation, since most organizations are aligned around products or functions. 

Reconfiguring is principally aimed at removing the constraints on the strategic options 

available to a firm. Conventional projects must adhere to the existing architecture, 

which may be frustrating, but it removes several degrees of freedom from the design 

task, allowing the design team to concentrate its efforts on only those elements it can 

affect. In contrast, architectural reconfiguration is oriented toward building a platform 

for the future. Removing restrictions is a less concrete task than writing traditional 

specifications, so the team must address a problem with many more dimensions than 

usual. 

Antiquated architectures make it difficult for managers to integrate information 

technology with their business strategies. Firms have difficulty in building consensus 

around embarking on a new direction, because rebuilding the information systems tends 
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to lock the company into particular ways of doing business for a decade or so. 

Deferring the decision is also risky, since pushing architectural problems aside can lead 

to a competitive disadvantage. The differences between building an enterprise model 

and information architecture and building an application within one are summarized in 

Table 2.4. 

Conventional projects Core systems 
reconfigurations 

Champion Business unit of functional Senior IS executive or above 
manager 

Purpose Deliver functionality Deliver a platform for the 
future 

Scope Single product of function Multi-project multi-function 

Design Build on existing architecture Redefine the architecture 
Requirements 

Management Eliminate uncertainty Acknowledge, accommodate 
Process uncertainty 
requirements 

Table 2.4: Architectural Reconfigurations vs Conventional Projects 
Adapted from Grossman and Packer [102] 

Since the scope of the reconfiguration/redesign project is larger than that of an 

application design project, it requires the participation of a broad range of 

organizational members. Section 2.2 addresses the problems and opportunities 

associated with participative design. 
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2.2 Participative Design 

Systems development methodologies often put too much emphasis on analysis at 

the expense of synthesis. Analysis can focus on breaking down one view of a system, 

but synthesis of a system's requirements is impossible without getting requirements 

from different systems users. Information systems designed without sufficient 

involvement of the intended users often become mired in a cycle of constant 

maintenance, as programmers are repeatedly asked to add or change the system to 

include features that should have been in the original design. Often the resulting 

systems are so brittle that a minor change, from the user's point of view, can affect the 

entire system and even cascade to other systems [56]. 

Some advocates of participative design view user involvement as a democratic right 

of organization members, while other researchers are just trying to improve the quality 

or user acceptance of the system. Table 2.5 lists the means by which user participation 

is predicted to improve system qUality. 

1 Providing a more accurate and complete assessment of user 
information requirements. 

2 Providing expertise about the organization the system is to 
support, expertise usually unavailable within the IS group. 

3 A voiding development of unacceptable or unimportant features. 

4 Improving user understanding of the system. 

Table 2.5: How User Participation Will Improve System Quality 
Ad~pted from Ives and Olson [130] 



Table 2.6lists ways that participation may lead to increased user acceptance. 

1 Developing realistic expectations about system capabilities. 

2 Providing an arena for bargaining and conflict resolution 
about design issues. 

3 Leading to system ownership by users. 

4 Decreasing user resistance to change. 

5 Committing users to the system. 

Table 2.6: How User Participation Will Improve System Acceptance 
Adapted from Ives and Olson [130] 
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Participative design may be concerned with the number of people involved, but 

another way to measure user involvement is to consider the depth rather than breadth. 

The goal of some efforts is to get a few people heavily involved. Figure 2.6 presents 

Mumford's scale for degrees of involvement ranging from low to high. Levels 5 and 

6 are the only levels with deep enough participation to expect any real benefits from 

user involvement. 

The most common strategies for investigating the effects of user involvement are 

survey based. To date, the results of the research have been mixed, with only a few 

studies finding positive relationships between user involvement and system quality, 

system usage or user satisfaction. Some researchers [130] believe that the cause and 

effect may be the reverse of what was expected; the more problems that there are in 

the development, the more the functional manager tends to get involved. 

Unfortunately, most surveys don't differentiate between planned or involuntary 
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involvement or between phases of the life cycle. Participation in the project scope 

determination and analysis may lead to positive results while participation in later stages 

may be due to problems. 

1) None, 

2) Symbolic, 

3) by Advice, 

4) by Weak Control (users sign off after the fact), 

5) by Doing (the users serve as team members), or 

6) by Strong Control (the project is funded directly out of the user 
department's budget). 

Figure 2.6 Degrees of User Involvement 
Adapted from Mumford [188] 

System developers can be considered as change agents, and change is either a joint 

effort or negotiation between the manager and the change agent. Mumford [188] uses 

three rankings of participation from least to most direct: 

1. Consultative, where design decisions are made by the systems group, but the 
objectives and forms are influenced by the needs of the user department. 

2. Representative, where all levels and functions of the affected user group are 
represented in the system design team. 

3. Consensus, where an attempt is made to involve all workers in the user 
department, at least through communications and consultation, throughout the 
system design process. 
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The consultative level poses the greatest risk of developing a "brittle" system, since 

most of the decisions are made for the convenience of the developer, rather than the 

potential user. The representative level is often viewed as a way to minimize the 

disruption of the real work while the system is being built. As a result, the design 

teams are typically staffed by choosing as few people as possible from each function 

needing representation and assigning them full time to the team. Unfortunately, their 

functional knowledge becomes out of date as the design effort continues. Too often, 

the representative is the newest or least knowledgeable person because he is the easiest 

one to spare from the regular work. 

Several techniques can be used to involve more people in the process at the 

consensus level, but there are drawbacks with most. "Town" meetings including 

everyone are only practical for the smallest of companies. Surveys give everyone a 

voice, but only to answer the questions that are asked. "Nominal groups," which are 

groups in name only, get feedback from earlier surveys, so their involvement is 

increased, but so is the time required to prepare and distribute the feedback. Personal 

interviews take even longer than surveys and minimize the potential for synergy from 

shared ideas. 

The analysts may meet with a series of groups, thus presenting everyone with a 

chance to give their ideas to and interact with the design team, but not necessarily with 

the other groups involved. The system's users may not meet with each other until the 

specification is ready for a structured walk-through. The structured walk-through to 



59 

evaluate and approve the design documents is often the last activity scheduled before 

system development. Although this method of involving several users can lead to a 

better design, it often delays system delivery [230, 285]. 

Several protocols exist for building system models. The simplest protocol involves 

a single analyst interviewing a single business expert (or system user). The analyst 

gathers information interactively in a combination of structured interviews and 

unstructured descriptions. The .analyst forms a model, produces a representation to 

display it and then explains the model to the expert. The analyst updates the model and 

repeats the explanation cycle, gaining confirmation and/or additional information to 

refine the model. Finally the model is used to create a detail design of the system or 

a prototype system depending on the amount of coding required to build the system. 

When the analyst must work with multiple experts / users, the typical approach is 

to mix individual interviews for information gathering and meetings in the style of a 

structured walkthrough, to determine the validity of the model. If the system affects 

people who aren't direct users, the process must involve more people in order to 

represent the different views of the system. Therefore, a method for resolving conflicts 

between different types of stakeholders is required. When all of the participants at a 

meeting are at comparable and/or low levels in the organization's hierarchy, top 

management may have to be called in to resolve the conflicts. 
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The model may be constructed by a team of analysts. The analysts who interview 

various users may end up acting as proxies, representing the user's views in analyst 

reconciliation meetings. As a result there is a danger that conflicts in the system model 

may be more influenced by the skill of the analysts, than by the opinions of the users 

or the business strategy that the system is designed to support. Similarly, large systems 

will require that groups of users will select representatives to participate in the system 

design, and the skill and experience of the representative may determine the influence 

the group has on the model. 

Whether the expert users are interviewed by a single analyst or by members of an 

analyst team, if they are interviewed sequentially, there is likely to be a difference in 

the manner that the interviews are conducted. The interviews may be conducted and 

interpreted as if they were all interviews with the same person. In other words, the 

first people interviewed may have a great influence on the ordinal shape of the model 

and the people interviewed later may be asked to fill in gaps in the model, or just to 

confirm what is already in the model. This can lead to a premature acceptance of a 

model that is skewed to represent the views of the first people interviewed. Regardless 

of how the interviews are conducted, the analyst(s) must consolidate the interview 

results and resolve conflicting requirements of several separate intended users. This 

resolution process may require decisions based more on business or political issues than 

technical ones. 
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2.2.1 Joint Application Design (JAD) 

Requirements elicitation typically has been a non-automated phase, in which the 

systems analyst sequentially interviews the necessary people one-on-one. Either a 

single analyst will have to spend weeks interviewing people, or a team of analysts will 

have to coordinate their interviews and consolidate their findings. This pattern of 

interaction makes it difficult for the stakeholders to engage in direct negotiations about 

the total system's requirements. Rapid applications development (RAD) and accelerated 

design (AD) are labels used to describe newer techniques, such as joint application 

design (JAD [162, 230] which are used to collect and refine system specifications 

simultaneously from all system stakeholders. Both the breadth and the depth of user 

involvement are greater than in the traditional systems development approaches. These 

techniques are particularly valuable for complex projects that span several user 

organizations and disciplines [162]. 

JAD proponents claim that the correct representatives must attend all of the 

meetings and remain involved for the duration of the session, otherwise little will be 

achieved [279], but group approaches to system development provide several potential 

advantages. First, the overall functional requirements are aired very early in the 

process. This allows all participants to be well aware of the collective thoughts on the 

functionality of the new system [279]. Second, the system becomes well defined much 

earlier than is the case when several users have to be queried in tum [230]. Third, a 

document resulting from these work sessions becomes a collective design document, 
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partially authored by each participant. This document is less likely to be challenged 

later in the project, than one that was prepared exclusively by the analyst [279]. People 

are less likely to misunderstand or disavow a document for which they have spent time 

writing, than if they had merely read and approved it. 

JAD sessions require three things to succeed. First, the meeting must be controlled 

by a trained and/or professional facilitator to manage the group dynamics and ensure 

equal levels of participation by everyone at the meeting. Second, a participant is 

designated as the scribe to record the design decisions of the group. The designated 

scribe is not just a "secretary," the scribe is one of the senior experts, a person capable 

of interpreting and distilling contributions from the group. The third requirement is 

composed of the forms and symbols used to record and display the system design, so 

that any participant can view it at any time. Typically, the process is a manual one that 

uses paper forms, flip charts and magnetic flow chart symbols on the walls used to 

model the system in design. 

The scribe's job is to interpret and record the suggestions made by the other 

participants, on paper forms, or in more recent sessions, into a personal computer. The 

scribe acts as a filter, even if unconsciously, to paraphrase each person's description 

to provide a more consistent use of terminology and granUlarity as it is being recorded. 

This may inadvertently cover up an important requirement. If each participant had to 

act as his own scribe, it would force the group to develop a genuinely shared vision of 

the new system, since no individual would be responsible for keeping the model consistent. 



63 

Since the information submitted by the group during a JAD meeting is primarily 

verbal, the number of people that can effectively participate in a JAD session seems 

limited by the inherent dysfunctions of large group meetings [236, 250, 279]. The 

scribe's ability to understand and record ideas acts as a bottleneck during the meeting 

since only one person's comments can be recorded at a time. JAD meetings supported 

by automation, where the scribe uses an integrated CASE tool such as Excelerator and 

a large monitor at the front of the room, have been more effective in producing better 

designs than those using only forms and flip-charts [162]. 

This suggests that a manual JAD session may not get the maximum out of each 

meeting participant. JAD sessions rely on the skill of the facilitator to coordinate the 

interaction between the participants. Another concern with the JAD approach is the 

lack of an over-arching methodology. JAD seems to be a valid way to manage a 

certain size of meeting organized for a specific type of design task, but it seems 

inadequate to handle more complex organizational design problems. 

As the design process shifts emphasis from technical to business goals, the IS 

development task will change [4, 7, 19, 133, 135, 140, 172,240]. Due to the extended 

organizational scope, the political and strategic weight of systems development will 

increase and it will involve more political bargaining and negotiating skills. This new 

approach must include strategic planning and policy formulation processes [158]. 
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An organization has a larger potential productivity gain from involving the business 

experts (systems users) more effectively in the systems development process, than from 

increasing the productivity of a few analysts. However, in much the same way that 

acquiring advanced technology equipment doesn't guarantee productivity gains, 

acquiring the participation of a variety of system users or business experts doesn't 

guarantee better design decisions [220]. The systems users can control the specification 

of information systems by themselves, but only under suitable circumstances. 

The specification process should be performed on three levels; change analysis, 

activity analysis, and information analysis [157]. On the human side, the participants 

need knowledge of how to clarify and specify problems and of how to communicate 

during this specification process. On the subject side, better working methods and 

description techniques for the specification process are needed. There are three 

limitations of humans that prevent complete requirements specification. 1) In humans 

as information processors, a balance of external, long term and short term memories 

is involved. 2) Human bias in selection and use of data, these include anchoring and 

adjustment, concreteness, recency, and intuitive statistical analysis. 3) Human problem

solving behavior, especially poorly developed search procedures for information [63]. 

Research in group dynamics has demonstrated significant differences between the 

decisions of untrained groups and those who receive training and/or have a structure 

imposed on them by a facilitator. 
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2.2.2 Group Dynamics, Effectiveness and Productivity 

Group decisions are often the product of bargains and compromise, [222] the final 

product is a potpourri that no one really believes in. However, if the group doesn't 

consider enough points of view, the result may be even worse. Janis defined the 

concept of "groupthink" in 1971 to explain how groups of brilliant people could make 

stupid decisions about national policies. Janis describes some poor decision making 

practices that are likely to lead to inadequate solutions to the problems under discussion 

in Table 2.7. 

Many techniques have been used to improve the productivity and quality of group 

problem solving [138,201, 257]. Hall [107] performed experiments in group decision 

making that used small groups composed of three populations, either business 

executives, college students, or mental patients. In each case the participants were 

given a problem to answer individually, then they were asked to reach a group 

consensus on the same problem. This allowed the researcher to determine if synergy 

was allowing the group to come up with a better answer than any of its members as 

individuals or whether the group ended up with a compromise answer that was worse 

than the best individual answer. 
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The Group ... 

1 Limits the discussion to a few alternative courses of action without an 
initial survey of all alternatives that might be worthy of consideration. 

2 Fails to reexamine the course of action initially preferred by the majority 
after they learn of risks and drawbacks they had not considered originally. 

3 Spends little or no time discussing whether there are non-obvious gains they 
may have overlooked to reduce the seemingly prohibitive costs that made 
rejected alternatives appear undesirable to them. 

4 Makes little or no attempt to obtain information from experts within their 
own organizations who might be able to supply more precise estimates of 
potential losses and gains. 

5 Shows positive interest in facts and opinions that support their preferred 
policy: they tend to ignore facts and opinions that do not. 

6 Spends little time deliberating about how the chosen policy might be 
hindered by bureaucratic inertia, sabotaged by political opponents, or 
temporarily derailed by common accidents. 

Consequently they fail to work out contingency plans to cope with 
foreseeable setbacks that could endanger the overall success of their chosen 
course. 

Table 2.7: Practices Leading to GroupThink 
Adapted from Janis [134] 

Some of the groups were given two weeks of training in group dynamics and some 

received no training. The three populations started at different levels, (the college 

students did better than the business executives who did better than the mental patients). 

After training, the three populations leveled out, with the trained mental patients 

eventually scoring better than the untrained business executives. 
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In a follow-up experiment, the untrained groups were provided with some process 

guidelines (see Table 2.8) instead of providing the two week training period. The 

groups provided with those guidelines demonstrated an improvement of nearly forty 

percent from their average individual scores. These results suggest that guidance given 

to group members can be effectively substituted for extensive group training. This is 

particularly valuable in an organizational setting, where individuals may be members 

of several project teams and it would be more effective to train individuals, than to 

spend time training the group as a whole. 

1 A void arguing for your own rankings. 
Present your position as lucidly and logically as possible, but listen to the 
other member's reactions and consider them carefully before you press 
your point. 

2 Do not assume that someone must win and someone must lose when 
discussion reaches a stalemate. 
Instead, look for the next most acceptable alternative for all parties. 

3 Do not change your mind simply to avoid conflict and to reach agreement 
and harmony. 
When agreement seems to come too quickly and easily, be suspicious. 
Explore the reasons and be sure that everyone accepts the solution for 
basically similar or complementary reasons. 
Yield only to positions that have objective and logically sound foundations. 

4 Avoid conflict-reducing techniques such as majority vote, averages, coin-
flips and bargaining. 
When a dissenting member finally agrees, don't feel that he must be 
rewarded by having his own way on some later point. 

5 Differences of opinion are natural and expected. Seek them out and try to 
involve everyone in the decision process. 
Disagreements can help the group's decision because with a wide range of 
information and opinions, there is a greater chance the group will hit upon 
more adequate solutions. 

able i. • H: Guidelmes tor PartiCI ants 10 Grou DecISIons p p 
Adapted from Hall [107] 



68 

2.3 Electronic Meeting Systems (EMS) 

Organizational task forces may need as many as thirty people to represent the 

viewpoints of every group affected by potential changes. In addition to the political 

advantages of including the stakeholders, there are benefits from having more people 

involved. Table 2.9 lists some potential "process gains" that are expected from a group 

effort. 

More Information A group as a whole has more information than anyone 
member 

Synergy A member uses information in a way that the original 
holder did not, because that member has different 
information or skills 

More Objective Groups are better at catching errors that are the 
Evaluation individuals who proposed the ideas 

Stimulation Working as part of a group may stimulate and encourage 
individuals to perform better 

Learning Members may learn from and imitate more skilled 
members to improve performance 

Table 2.9: Potential Process Gains 
Adapted from Dennis [66] 

Past research with large groups that were meeting to solve problems, demonstrated 

that "process losses" also occurred, when the group size reached a threshold (often as 

few as eight or nine participants). These losses often outweighed the process gains that 

came from the sharing of ideas and building of a common vision. Table 2.10 lists 

several factors that contribute to process losses. [66] Given a goal of equal 
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participation during the meeting, the most obvious problem with larger groups is air 

time, if the group is doubled in size, each member's air time is cut in half. 

Air Time The group must partition available speaking time among 
members 

Attenuation Members who are prevented from contributing comments as 
Blocking they occur, forget or suppress them later in the meeting, as 

they seem less original, relevant or important 

Concentration Fewer comments are made because members concentrate on 
Blocking remembering comments (rather than thinking of new ones) 

until they can contribute them 

Attention Blocking New comments are not generated because members must 
constantly listen to others speak and cannot pause to think 

Failure to Members lack focus on communication, missing or 
Remember forgetting the contributions of others 

Conformance Members are reluctant to criticize the comments of others 
Pressure due to politeness or fear of reprisals 

Evaluation Fear of negative evaluation causes members to withhold 
Apprehension ideas and comments 

Free Riding Members rely on others to preform task, due to cognitive 
loafing, competition for air time, or because they perceive 
their input to be unneeded 

Table 2.10: Potential Group Process Losses 
Adapted from Dennis [66] 
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Cognitive Inertia Discussion moves along one train of thought without 
deviating, because group members refrain from contributing 
comments that are not directly related to the current 
discussion 

Socializing Non-task discussion reduces task performance, (although 
some socializing is usually necessary for effective 
functioning) 

Domination Some group member(s) exercise undue influence or 
monopolize the group's time in an unproductive manner 

Information Information is presented faster than it can be processed 
Overload 

Coordination Difficulty integrating member's contributions because the 
Problems group does not have an appropriate strategy 

Incomplete Use of Incomplete access to and use of information necessary for 
Information the successful task completion 

Incomplete Task Incomplete analysis and understanding of task resulting in 
Analysis superficial discussions 

Table 2.10: Potential Group Process Losses (Continued) 
Adapted from Dennis [66] 

Some other significant losses are due to "blocking" which occurs when a participant 

is waiting for his chance to contribute. A related problem is the domination of the 

meeting by a few individuals or groups at the cost of other view points. It becomes 

expensive to have employees at meetings in which they are unable to contribute. 

Furthermore, in idea generation tasks, "nominal groups" repeatedly produced more 

ideas and more creative ideas than unsupported face-to-face meetings with the same 

number of participants. Figure 2.7 presents a taxonomy of meeting types. Each 

"cube" in the taxonomy represents a set of circumstances that may require special 

support. 



Group 
Size 

3-7 
Member 
Project 
Team 

8-N 
Member 
Project 
Team 

Multiple 
Individual 

Sites 

One 
Group 
Site 

Multiple 
Group 
Sites 

Group Proximity 

Figure 2.7 A Taxonomy of Meetings 
Adapted from Nunamaker et al. [195] 
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Time 
Dispersion 

Different Time 

Research at the University of Arizona has been concentrating on supporting large 

groups during same-time / same-place meetings. Since both the potential process losses 

and gains should increase as the size of the group increases, the large group presents 

the best opportunity for productivity improvements. The GroupSystems EMS is 

designed to overcome many of the process losses that normally occur, allowing large 

groups to work as efficiently as small groups, while sharing a greater breadth of 

knowledge. Recent research has found that groups of up to 18 people can generate 

more creative solutions with electronic support, than the same number of people will 

generate when working alone, or in nominal groups. Many of the successful tools 
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developed for GroupSystems have been based on manual techniques for adding structure 

to meetings. Several researchers have studied the relationships between technology and 

structure and their affect on the group's effectiveness. [72, 77, 78, 269] Work has 

been done to develop tools and methods of turning a group into a team, as well as 

supporting a large team's efforts over the course of several meetings. A combination 

of software support, meeting facilitation, and hardware support are used to maximize 

the productivity of the group. 

The electronic idea gathering allows everyone equal opportunity to give input, to 

read and write new ideas during the meeting at their own speed; creates a record of the 

meeting that can be queried; and makes it possible to measure consensus among the 

group accurately. The ability to make anonymous contributions means that ideas are 

evaluated on their own merit. Since more levels of management can be included 

without causing the lower level employees to hold back, more decisions can be made 

without having to stop and consult with superiors. 

Systems modeling is an activity with potential for parallelism. Research is needed 

to learn how to conduct design meetings to avoid the cycle of sequential interviews and 

model building that are used in the scenarios described previously. The meeting 

participants must be able to "interview" themselves without going through a bottleneck 

resource (the analyst). A new methodology is needed to guide groups through the 

enterprise analysis process. 



2.4 Planning and Change Methodologies 

2.4.1 The Nature of Methodologies 

73 

There is a considerable amount of semantic confusion about the terms associated 

with methodologies. Davis [63] defines a method as an orderly or systematic procedure 

and a methodology as a set of methods and techniques. The terms are frequently used 

interchangeably, because methodologies differ in the amount of structure they provide. 

Figure 2.8 lists some of Davis' recommendations for the amount of structure that 

should be provided by a requirements determination methodology. 

1. Assist an analyst to constrain and structure the problem space. It is 
estimated that analysts spend 75 percent of their time on this activity. 

2. Assist in searching efficiently within the problem space. It should aid in 
discovering requirements that are not obtained by anchoring and 
adjustment and in overcoming short-term memory limitations in human 
information processing. 

3. Assist in overcoming biasing factors such as recency, concreteness, and 
small samples. 

4. Provide assurance that requirements are complete and correct. 

Figure 2.8 Benefits from a Methodology 
Adapted from Davis [63] 



Meta-modelling is a process of describing a methodology (i.e., its methods 
and their interdependencies) in order to implement the methodology in a 
CASE tool, data dictionary or the like. 

A methodology is defined as an ordered collection of methods as suggested 
by a framework e.g. a life cycle model. 

Methods are explicit prescriptions for achieving an activity of set of activities 
required by the life cycle model used to develop a software product. 

A tool is defined as an instrument for the execution of some procedure. 
More specifically, a tool incorporates software with which an IS design task 
can be done. 

Methodology adaptation can be defined as the adjustment of a given IS 
design methodology and an IS design tool (e.g. a data dictionary or CASE 
tool) to each other. 

A method embodies a conceptual structure which defines what the method is 
about. Well known examples of methods are Structured Analysis, ER
Modelling, and project management methods. The conceptual structures of 
the most widely known methods include such concepts as activity, entity, 
relationship, etc. The process of modelling the what aspect of methods 
deals with describing their conceptual structure in some notation. This 
involves using another conceptual structure (and method) to describe another 
method i.e. "going outside the method domain proper (shifting to a meta 
level) 

A tool can be adapted e.g. by changing its inherent data model. A 
methodology can be "tuned" for example by changing the syntax andlor 
semantics of its description language. 

Figure 2.9 Definitions Pertaining to Methodologies 
Adapted from Smolander [233] 
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Smolander, Tahvanainen, and Lyytinen [233] performed an exploratory field study 

of CASE tool usage and used the definitions in Figure 2.9. Many companies have no 

methodology at all (as defined in Figure 2.9). Instead they have a sort of development 

framework, dividing the IS development into logical and/or temporal phases (a phasing 

structure). Figure 2.10 presents Freeman's [90] ranking of terms, based on their level 

of detail and the amount of judgement required to use them successfully. 

A Method is a mostly complete set of rules for arriving at a desired result; 
in extreme cases it may be an algorithm. 

A Technique is a rule or pattern of behavior which if followed will often 
produce a desired result; it generally requires that more judgement be 
applied than a method needs. 

A Guideline is a loose rule which if followed may result in the desired 
result; often, guidelines are in the form of boundaries or constraints on 
behavior. 

A Heuristic is a rule of thumb, which if followed may result in the desired 
result, but may just as well not. 

Figure 2.10 A Ranking of Definitions 
Adapted from Freeman [90] 

The important feature that all of these definitions have in common is the idea of 

an ordered set of tasks, tools and concepts. There is an implied hierarchy of problem 

complexity that says if the methodology can handle the entire problem, its methods can 

only handle one sub-problem at a time. At the higher levels, the methodology may be 

composed of other methodologies. Methodologies for very complex problems may 

require many levels of decomposition before they start to get specific enough to 
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automate the methods involved. For example, just in time (JIT) manufacturing may 

seem like a methodology for dealing with a complex problem (encompassing machine 

layout, inventory control, and quality control issues), but it is actually only one of 

several methodologies that must be used together to design a manufacturing system. 

A project is designed to produce artifacts which are deliverables, but a 

methodology is designed to ensure that the deliverables are of an acceptable qUality. 

A methodology is more like a menu than an algorithm. At any phase in the project, 

there may be several tools that would be useful and there may be no obvious best 

choice. The important thing is that a method, technique, or tool can be selected, 

bypassed, or reselected as often as necessary. The methodology should cause the 

project leader to make a conscious decision to bypass an activity rather than allowing 

it to be skipped as an oversight. Often, the only way to determine if one deliverable 

is complete is to try to use it as input to a tool in order to produce another deliverable. 

The process of building a methodology for groups of people to achieve some 

objectives requires at least two separate steps, creation of the actual methodology and 

finding an effective way to describe it, so that people can learn how to use it. As meta

data is data that describes data (Le. length, format), a meta-model is a model that 

describes a model. Brinkkemper [29] states that the only groups of people who are 

interested in meta-modeling are academic researchers and CASE tool builders, therefore 

most methodologies are described without resorting to formal representations. 
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Most methodologies are described to potential users in terms of a hierarchical 

checklist of phases, steps, and tasks. Some describe the outputs of each task in detail, 

others only in the abstract. Some explicitly guide the client through decisions and 

evaluations, others use examples to provide implicit guidance. Some methodologies 

have formalized representations to model the tasks and decisions, others have 

computerized tools that are designed to support them. 

Methodologies dealing with broad domains such as organizational design, and 

organizational change efforts are less specific than those associated with narrower 

systems of interest such as computer systems, job design, or multi-criteria decision 

making. In the software engineering field, an argument for strong centrally enforced 

methodology is that any two developers would be inclined to come up with the same 

design for a given specification. Demarco and Lister examined the designs generated 

by hundreds of programmer/analysts working from the same specifications in a contest 

and found surprising results [65]. One company, known for its almost religiously 

imposed methodology, had 16 participants in the 1987 Games. All had been trained 

in "The Methodology." There was no sign at all of convergence of design concepts 

among the 16. Their programs had as few as 4 and as many as 23 modules with an 

even distribution between the extremes. They didn't even code in a very similar style. 

The programs contained from 0 to 17 go-to statements, and a nearly 3-1 variation in 

total program length. 
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This suggests that the programmers may have used a similar approach to modeling 

the problem, but once they classified the problem into categories, they implemented a 

solution that matched their mental model of a "good program" rather than performing 

some sort of automatic translation of their model. This is consistent with the variations 

found in uses of the entity-relationship modeling methodology reported by Brinkkemper. 

Perhaps the user of any methodology will internalize it and customize it as soon as 

he gains some experience with it. The important thing is that a methodology provides 

a framework for coordinating a series of tools and techniques to attack a more complex 

problem. With that in mind, the next section will examine some of the methodologies 

associated with planning and change to find methods and ideas that should be included 

in a methodology for enterprise analysis. 

2.4.2 Recommendations from Various Methodologies 

A recent survey of strategic planning literature [272] identified thirty popular 

strategic planning and problem solving tools and techniques. Figure 2.11 lists some 

basic steps of the strategic planning process that were derived from the survey. The 

survey also found a trend toward involving more people in the process, to take 

advantage of any in-house expertise regardless of job descriptions. This implies that 

the benefits of electronic meeting support may increase in the strategic planning process 

due to greater differences in status between participants. 



1. Defining the business--including a concept of mission, corporate goals, 
and key business values. 

2. Conducting a situational analysis, which usually includes both: 
a. external (environmental/competitive) analysis and 
b. internal (organizational) analysis. 

3. Establishing planning assumptions or premises. 

4. Setting objectives and priorities. 

5. Developing implementation strategies and/or action plans. 

6. Designing a control system to assists managers in "managing by the 
plan." 

Figure 2.11 Six Steps in Strategic Planning 
Adapted from Webster, Reif and Bracker [272] 
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Table 2.11 indicates which techniques apply to each step in the process. In 

general, these tools focus on the early steps of the strategic planning process, building 

consensus about the plan, rather than implementing it. This indicates a gap between 

the tools used for planning and the tools used to design and implement the planned 

changes. The survey indicated that most of the techniques were not supported by 

computerized tools. As a result, it would be difficult to use the output from manual 

planning sessions directly for system requirements specification in an automated 

environment. 
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Strategic Tool 1 2a 2b 3 4 5 6 

1 Dialectic Inquiry X X X X 

2 Nominal Group Technique X X X X 

3 Delphi Technique X X X X 

4 Focus Groups X X X X 

5 Driving Force X X X X 

6 Stakeholder Analysis X X X 

7 Simulation Technique X X X X X 

8 PIMS Analysis X X X X X 

9 Market Opportunity Analysis X X 

10 Value Chain Analysis X X 

11 Benchmarking X X 

12 Situational Analysis (SWOT) X X X 

13 Critical Success Factors X X X 

14 Product Life Cycle Analysis X X X 

15 Product/Market Analysis X X X 

Table 2.11: Strategic Planning Tools 
Adapted from Webster, Reif, and Bracker [272] 
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Strategic Tool 1 2a 2b 3 4 5 6 

16 Futures Studies X X X X 

17 Multiple Scenarios X X X 

18 SPIRE X X 

19 Environmental Scanning, X X X 
Forecasting & Trend Analysis 

20 Experience Curves X 

21 Competitive Analysis (porter) X X 

22 Portfolio Analysis X X X 

23 Financial Models Analysis X X X 

24 Metagame Analysis X X X 

25 Strategic Gap Analysis X X X 

26 McKinsey 7-S Framework X X X 

27 Operating Budgets X X X 

28 Management by Objectives X X X X X X X 

29 Sustainable Growth Model X X 

30 Strategic Funds Programming X X X 

Table 2.11: Strategic Planning Tools (Continued) 
Adapted from Webster, Reif, and Bracker [272] 

Stebbins and Rani summarize four leading models of organizational design and 

synthesize the "eclectic" design process described in Figure 2.12 from them. These 

models are: Ken MacKenzie's ABCE model and OA&A process, Ralph Kilmann's 

MAPS technology, Jay Gailbraith's Information Processing model, and the various 

Socio-technical Systems perspectives. 



1 Preliminary Project Planning 
A. Determine Client's hopes and goals for program 
B. Establish program scope 
C. Assess special needs of the target population 
D. Choose design model 
E. Select top-down vs. bottom-up process 
F. Consider resource/budget factors. 

2 Project Start-up 
A. Create parallel organization / steering committee / task force 
B. Present leadership with rationale for program 
C. Establish program parameters 
D. Establish program goals, phases, time frames 
E. Agree on steering-group processes 
F. Decide on outward and upward communication channels during project 

3 Project Study / Analysis 
A. Review/update general organization diagnosis 
B. Scan and collect data in line with design model 
C. Determine alternative tasks and task processes. 
D. Test task processes against company mission and operative goals 
E. Involve employees in review of work context and task processes. 
F. Project outcomes 
G. Critique optimal design using design-model principles, standards, 

project goals, and organizational experience. 
4 Implementation Planning 

A. Develop and test prototypes 
B. Determine implementation process 
C. Match task processes and people 
D. Create support systems 

5 Implementation 
A. Foster climate conducive to change 
B. Form work groups 
C. Begin team building, training, and management development 
D. Institutionalize the changes. 

6 Implementation Monitoring 
A. Hold status-review meetings, fine-tune design 
B. Conduct independent program evaluation 
C. Establish ongoing organization learning mechanism 

Figure 2.12 An "Eclectic" Design Process 
Adapted from Stebbins and Rani [237] 
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These models of organizational design view the design process as a creative activity 

and anticipate that much of the creativity needed will come through the intensive 

involvement of both managers and employees. They assume that plural interest groups 

must be included, in order to develop an integrated design of the organization that can 

simultaneously balance conflicting constraints and goals. This resulting design process 

has a project-oriented nature. 

Some organizations have the kind of strategic planning skills that can manage this 

level of change once top management is convinced it is needed. Other organizations 

may have people with explicit responsibilities for changing the way things get done. 

Some managers may have the power and the enthusiasm to champion major changes 

and start an education process that can support long-term improvements. Some 

organizations have none of the above. They search for a guru, fad, or technological 

fix that will provide instant results. They try to duplicate the conditions and structure 

used by successful companies. After Federal Express won a Baldrige quality award, 

they formed a quality control department just to answer inquiries from other companies 

trying to find out their "secret." 

Many organizations rely on outside consultants to implement the change process 

[237] and frequently end up using the "Mafia'~ model for organizational change. The 

outside consultants (hit men) are brought in to "trim the fat" and "eliminate the 

deadwood." The actual changes are made swiftly and cleanly, so there is little chance 

that disaffected employees will be able to wreak any damage. These third party "hit 
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men" leave the scene right after the job is done. This approach has its origins in 

classical management theory and is dependent on some highly questionable key 

assumptions listed in Table 2.12. 

1 There is one right way to organize. 

2 A few people do the best diagnosis. 

3 The key executive(s) and expert consultants 
should make the decisions. 

4 Secrecy is critical. 

5 Since drastic measures are needed,it is 
permissible to lie to employees and cover up 
management's intentions. 

6 Implementation should be swift and sure. 

Table 2.12: Questionable Assumptions from Classic Management Theory 
Adapted from Stebbins and Rani [237] 

Table 2.13 lists six steps to effective change from an opposing point of view 

recommended by Beer, Eisenstat, and Spector [10]. They believe that successful change 

efforts must focus on the work itself, not on abstractions like "participation" or 

"culture." Changes in attitudes don't lead to changes in behavior, in fact they argue 

that individual behavior is powerfully shaped by the organizational roles that people 

play. The most effective way to change behavior, therefore is to put people into a new 

organizational context, which imposes new roles, responsibilities, and relationships on 

them. This creates a situation that, in a sense, "forces" new attitudes and behaviors on 

people. 
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1 Mobilize commitment to change through joint 
diagnosis of business problems 

2 Develop a shared vision of how to organize and 
manage for competitiveness 

3 Foster consensus for the new vision, competence 
to enact it, and cohesion to move it along 

4 Spread revitalization to all departments without 
pushing it from the top 

5 Institutionalize revitalization through formal 
policies, systems and structures 

6 Monitor and adjust strategies in response to 
problems in the revitalization process 

Table 2.13: Steps to Effective Change 
Adapted from Beer, Eisenstat, and Spector, [10] 

Douglas Englebart, the inventer of the computer mouse, [81] suggests that 

organizations should have three types of employees in order to institutionalize the 

change process. His first group of employees, the "type A" workers are concerned 

with conducting the normal business of the organization. The "type B" workers are 

charged with developing better ways for the type A people to do their work. The "type 

C" workers are charged with developing better ways for the type B people to change 

the way type A people do their work. In essence, he recommends ongoing teams 

charged with improving the change process as well as improving the business processes. 

This would eliminate the need for consultants from outside the organization. 
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Table 2.14 offers several explanations for people turning to information technology 

in their search for competitive advantage. Table 2.15 lists reasons why technology

based competitive opportunities are often overlooked. Many of these are opportunities 

to improve the productivity of white collar workers, to carry office automation beyond 

using word processors and electronic mail. Descriptions of successful manufacturing 

automation efforts stress the importance of interdisciplinary teams throughout the 

process. A recent study of CAD/CAM [267] found that successful implementors had 

used some form of organizational integration such as: combining separate functions or 

forming cross-functional project teams, and/or integrated jobs. 

Healthy companies without technical expertise or with inappropriate infrastructures 

may need to spend years preparing to automate. Arthur Young's consulting practice 

has long observed a "fascinating, even frightening" correlation between companies' 

basic business strengths and the benefits they can achieve from information technology 

[271]. Stronger companies benefit from systems and weaker companies suffer from 

building them. Successful companies view information systems as opportunities to 

enhance performance, not just as ways to automate repetitive, manual procedures. 

They realize that achieving or improving competitive advantage is best done by altering 

the business policy, structure, technology, and behavior of their systems to deal 

effectively with environmental opportunities and weaknesses as well as internal 

strengths and weaknesses [185, 288]. 
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1 Lots of publicity about those companies that were successful. 

2 Unstable economic conditions have helped create a challenging business 
environment. 

3 The technology is offering a greater array of capabilities at lower costs than 
ever before. 

4 Firms abilities to use the technology are improving, both experience and 
infrastructure are better. 

Table 2.14: Reasons Why IT is Considered in the search for Competitive Advantage 
Adapted from Bakos and Treacy [5] . 

1 Senior management's ignorance of potential uses of IT. 

2 Poor communications between the information systems group and the rest 
of the business. 

3 Resistance to change, among both information systems and business 
personnel. 

4 A lack of focus on opportunities for competitive advantage. 

5 A lack of instruments to measure benefits. 

Table 2.15: Reasons Why Opportunities to Benefit from IT are Overlooked 
Adapted from Bakos and Treacy [5] 

Stimulus can cause two basic varieties of change: The first is morphostatic change, 

which maintains the previous order by making only incremental adjustments. The 

second is morphogenic change, which produces a logically different order from the 

previous one. Typically, organizations require morphogenic change to react to major 

disruptions in their environment and use morphostatic change to respond to minor 

changes in the environment. 
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Automation requires new management practices [55, 258] and most unsuccessful 

efforts result from difficulties in implementation rather than inherent problems with the 

technology itself [267]. Morphogenic change is almost always seen as uncomfortable 

by those inside the system. Revolutions, by their nature, signal the overthrow of 

existing organizational arrangements, and involve a transition to a new order. 

Several researchers have described the potential for information technology to 

change what is possible [18, 131]. Information technology (IT) and business process 

redesign are natural partners and have a recursive relationship [61]. Table 2.16 

summarizes the steps that can be used to redesign business processes to identify 

opportunities to leverage information technology and to use IT (i.e. CASE tools) to 

support the design process. Table 2.17 identifies some of the potential impacts of IT 

capabilities and summarizes the way that processes can be modified. 

The morphogenic change process can be divided into two major efforts. The first 

is to redesign the organization and the second is to implement the changes. These sorts 

of changes are addressed in greater detail in the context of the methodologies described 

in the next two sections. 
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1 Develop the Business For example: Cost reduction, Time reduction, 
Vision. Prioritize Output quality, or the Quality of worklife 
objectives and set 
stretch targets. 

2 Identify the Process to Information Engineering = an exhaustive 
be Redesigned approach, but since 10-15 major processes per 

year seems to be the maximum an organization 
can change, find critical or bottleneck processes. 

3 Understand and Measure 80-20 rule for improvement, start with clean slate 
Existing Processes but be aware of past problems. 

4 Identify IT Levers Brainstorming for ideas, Look for coordination 
(see Table 2.2) and information access across units. 

5 Design and Build a Use IT as a design tool, CASE tools to draw 
Prototype of the Process process models. The Generic design criteria: 

simplicity, lack of buffers, degree of control by a 
single individual or department, balance of process 
resources, generalization of process tasks. 

Table 2.16: Steps for Redesigning Business Processes with IT 
Adapted from Davenport and Short [61] 
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I~ility Organizational Impact/Benefit 

Transactional IT can transform unstructured processes into routinized 
transactions 

Geographical IT can transfer information with rapidity and ease across 
large distances, making processes independent of geography 

Automational IT can replace or reduce human labor in a process 

Analytical IT can bring complex analytical methods to bear on a process 

Informational IT can bring vast amounts of detailed information into a 
process 

Sequential IT can enable changes in the sequence of tasks in a process, 
often allowing multiple tasks to be worked on simultaneously 

Knowledge IT allows the capture and dissemination of knowledge and 
Management expertise to improve the process 

Tracking IT allows the detailed tracking of task status, inputs, and 
outputs 

Disintermediation IT can be used to connect two parties within a process that 
would otherwise communicate through an intermediary 
(internal or external) 

Table 2.17: IT Capabilities and Their Organizational Impacts 
Adapted from Davenport and Short [61] 
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2.4.3 The Catalytic Implementation Methodology 

Smith and Tranfield [232] propose an "action recipe" for managing the 

transformation of an organization into a state of "CIM-readiness." This methodology 

is broad enough to be applied to any infusion of technology into an organization. The 

phases described in Table 2.18 are designed to help evaluate the current state of the 

client system, design a target state, and implement the planned changes. These efforts 

are often directed by consultants who depend on the senior management for 

involvement. The client's management must not only understand and be committed to 

capital investment and its business effects, but also think through and support the 

organizational and managerial changes necessary for its implementation. 

It is one thing to develop a corporate strategy; it is another to ensure that strategic 

thinking and a shared vision pervade the organization. To ensure that this takes place, 

it is necessary to uncover the conflicts and misunderstandings that exist in the interfaces 

between functions in the organization. For example, it is necessary to state corporate 

and marketing strategies in terms that are meaningful to manufacturing. Smith and 

Tranfield argue that a more strategic methodology than mere project management is 

necessary for two reasons. One, strategy appeals to senior management and keeps their 

interest. Two, successful implementation must be perceived as being central to the 

business strategies. 
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The catalytic methodology focuses on ensuring agreement by the wide-ranging 

group of people involved in the implementation. This starts with an audit of the 

company's current business situation and manufacturing strategy, which must 

incorporate a clear assessment of what is going well, what opportunities there are, and 

where problem areas exist. 

Audit and Vision The audit evaluates the current state of the organization. 
Build Vision building is a combination of strategy building, 

requirements definition, and systems analysis and design. 

Cascade The cascade is a combination of reorganization and the 
dissemination of the plan and the underlying values that 
support it throughout the organization. 

Sprint The sprint involves installation, start-up, and project 
management approaches to making the transition, 

Performance The performance ratchet involves the employees in fine-
Ratchet tuning the system and looking for incremental improvements 

throughout the life of the system. 

Table 2.18: Steps in the Catalytic Methodology 
Adapted from Smith and Tranfield [232] 

Sometimes the audit is the response to a crisis and sometimes it is the response to 

new knowledge identified with a "champion" of a particular cause. Inevitably, the audit 

involves the exploration of various alternatives along a variety of competitive 

dimensions (cost, productivity, quality, lead time, etc.) and forms the basis for the 

development of manufacturing strategy. An audit implies measurement and comparison 

with a standard, but a variety of standards exist. The audit may compare the current 

state to an ideal list, such as Miller and Vollman's "Twenty Characteristics of Factories 
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that Work" which is found in Table 2.19 or it may be relative to current and potential 

competition such as the SWOT (strengths, weaknesses, opportunity and threats) 

approach developed by the Boston Consulting Group. A number of simultaneous audits 

should be performed to measure different aspects of the organization, ranging from 

qualitative and subjective to the quantitative and objective. 

The audit activity should overlap the design activity. A prime consideration of the 

audit team(s) should be gathering the type of information that the design team needs to 

create a vision for the new organization. Audit activities provide at least three separate 

streams of information. First, they define the starting point of the change effort. 

Second, they can validate the decisions of the design team, since it is difficult to control 

something that can't be measured. Finally, they provide a measure of the change 

effOlts progress, both in installation and effect. 

Audits by outside consultants are not always a joyous experience. Consultants 

claim that top managers frequently lack sufficient commitment to the change process, 

as evidenced by their failure to provide time, data, financial and human resources, 

relevant sensitive information and permission to interview external stakeholders. 

Furthermore, they claim that top managers fail to be candid about the strengths and 

weaknesses of the client as compared with their competition. Managers counter with 

complaints that consultants tend to simplify the initial problem diagnoses only to reveal 

the problem's actual severity at a later time. 
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Once top management has accepted the audit of the current situation and identified 

a business plan, the catalytic methodology moves into a design for delivery phase in 

both organizational and technological terms. On the organization side; the methodology 

involves restructuring and culture change, the plan should contain a set of central values 

(4-6) with which employees can identify. At the same time, production managers, 

engineers and computer scientists need to be investigating and designing a detailed 

technological horizon to deliver the manufacturing strategy. Finally, the support 

structure is changed via the reward and control systems, training and development 

strategy, and technological installation strategy to support the new vision. 

The design phase is the most difficult step in the methodology because no existing 

group is likely to have expertise in every area of the overall process. The design 

process requires decisions about who will participate as well as when and how they will 

interact with each other. Some of the teams formed during the design phase will serve 

as prototypes for teams that are part of the final organizational design. The teams must 

also create the formal description of this structure. 

An organization chart, the equipment layout on the shop floor, and the reward 

system share one thing in common, they are all "maps" of assumptions, experience and 

attitudes about people and manufacturing that the employees at all levels carried in the 

door with them. Creativity is needed in order to be able to substitute unconventional 

(morphogenic) solutions for evolutionary (morphostatic) changes. Admonishments to 

"work smarter not harder" are a nice idea, but a mechanism to use and reward the 
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smarter ideas is critical. The well-motivated worker is still the easiest part of an 

information system to reprogram. 

1 A vision 

2 A plan 

3 A strong manufacturing and control system 

4 New product-process articulation 

5 Easy communication 

6 Blocking and Tackling (attending to details) 

7 Strong quality philosophy 

8 Cross functional coordination 

9 Marketing-engineering-production-procurement interface 

10 Welcome to new ideas 

11 Train and explain continually 

12 Visible support functions 

13 Great vendor relations 

14 Production engineering tied to manufacturing control 
system 

15 Tight stores control 

16 ABC everything (priorities) 

17 Master intemallogistics 

18 Production oriented cost accounting system 

19 Clear performance standards 

20 Little expediting 

Table 2.19: Twenty Characteristics of Factories that Work 
Adapted from Chase and Aquilano [41] 
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The Cascade is the phase in which the business plan behind the design and the 

values it supports can be cascaded through the management team. It should include 

some structural reorganization, and will usually involve the use of training and 

development efforts as well as changes in the reward and control systems to maintain 

these values. A recommended approach is to use a series of workshops to announce, 

explain, and implement the reorganization with follow-up sessions to get feedback to 

evaluate it. This phase may take a lot of time and resources to finish, but it can be 

done concurrently with the detail design work. When major new technology transfers 

to the organization are involved, a top-down approach featuring pilot programs is 

generally in order. On the other hand, a significant strategic or philosophical alteration 

in the organization frequently calls for massive involvement by employees at the 

working level from the outset. The prototype structures are implemented and 

evaluation begins as soon as possible. 

The duration of the change effort should depend on the resources available and the 

magnitude of change required. Companies that are in poor financial condition and/or 

losing market share to more efficient competitors may need to change their structures, 

strategies, and philosophies in order to improve profitability enough to afford 

automation. Quality control, WIP reduction, and group technology are all low cost 

steps that are compatible with CIM and which can smooth the transition. 

The aim of the Sprint is to bring an ailing company back up to speed and make it 

competitive once more. It is the prime mechanism for bringing about the morphogenic 
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change. The time scales are very important in the implementation. Change comes 

about in short bursts of revolution followed by periods of relative stability. Pacing the 

change can be as important to success as the content of the change itself. Table 2.20 

lists the characteristics of Sprints. Sprints should generate support and enthusiasm 

within the company. They consume a lot of energy and the organization's management 

should watch out for backsliding after the initial burst of activity. 

A They are managed from the very top of the company. 

B They are focussed on one or several key dimensions of 
competitiveness central to the survival and development of the 
company (i.e., cost reduction) 

C They involve all members of the company and are seen to do so. 

D They have measurable targets of success (i.e., costs remain 
stable, quality up x %, turnover doubles in next y months.) 

E They have a fixed time frame in which the targets must be 
achieved. 

Table 2.20: Characteristics of Sprints 
Adapted from Smith and Tranfield [232] 

The Performance Ratchet is the embodiment of the morphostatic change. This 

effort makes sure that the technology is exploited to maximum advantage. Senior 

management asks the divisions or sections what improvements they can achieve and 

then approves those that fit best into an overall business plan. The Ratchet is the first 

steps in the process of incremental improvement that is now expected of world-class 

manufacturers. Adopting TQM is an example of the kind of philosophical shift 

required, changing the emphasis to prevention rather than inspection. All the inspection 
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is done immediately by workers, to avoid repetition of defects and to make it easier to 

find their cause(s). Eventually the information gathered is used to support efforts to 

design parts for quality manufacture, and to design the process for consistent qUality. 

Implementation of a major CIM program represents a transformation in the nature 

of a manufacturing entity because it creates a system with a high degree of coherence 

among its elements. [215] This means bringing together functions which have existed 

separately, for the new technology is not respectful of traditional boundaries. The 

sprint and ratchet represent the actual installation phase of the methodology and these 

should be treated as individual projects and implemented according to a priority scheme 

to give maximum support to the strategy. The sprint may involve physical installation 

such as a switch from manual design to CAD terminals or it may be a philosophical 

installation such as adopting JIT or group technology. 

2.4.4 The Reengineering Methodology 

Many organizations need to increase quality and service, innovation and flexibility, 

and to reduce costs. The traditional organizational design was based on assumptions 

and objectives such as: continuity, growth and placidity, need for control, risk 

avoidance, and productivity. This led to organizations full of fragmentation, 

specialization, and hierarchy. The typical organization has processes that were designed 

for an obsolete set of objectives, in a different environment, and in an age of 
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information poverty. Some processes were never designed, they simply evolved in 

"growth by accretion." 

Hammer [108] defines reengineering as: The fundamental analysis and radical 

redesign of everything including: business process flows, job definitions, management 

and control processes, and organizational structures. It isn't brute force automation, 

cutting fat and squeezing, or incremental thinking. It is starting from scratch, rejecting 

conventional wisdom, and substituting creative thinking. 

The prerequisites to reengineering include a champion, a vision, and resources. 

Ideally, the champion is the owner of the reengineering universe, the person atop the 

affected hierarchy. Preferably, it is the manager of the organization with the most to 

change, creating an opportunity for leading by example. In any case, it is a highly 

respected well-connected manager, who is available to perform as a spokesperson, 

evangelist, monitor, advisor, and liaison with the rest of top management. 

The vision is a shared assessment of the situation which gives the organization a 

rallying cry, and ambitious goal for a broad process. Hammer's names (and time 

frames) for Lewin's unfreezing, changing, and refreezing phases are: 

1. preparation (get focused: for a few months), 

2. redesign (get crazy: for a few weeks), 

3. implementation (get real: for a few years). 
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The resources should be committed to a goal, not to a project. The funding is a 

necessary investment with a big potential return, but there should be no pretense of 

precise ROI-based justification. The decision should not be based on how much it will 

cost but how fast it can be done. The process needs commitment from functional 

leaders, plus top management time and attention. The liS group should send their best 

people to help with modeling. The steps of reengineering are listed in Table 2.21. 

A process is a sequence of business activities that achieve a stated objective. A 

process usually revolves around the life cycle of a natural business entity. The 

processes are studied to clarify the activities and sub-processes, leverage points, and 

symptoms. This determines where to focus attention to achieve the envisioned state. 

The goal is to understand the process and its problems, not to refine the process in 

place. The output is a model to use during redesign of the processes, functions, 

organization, and information flows. The team should understand fundamental flaws 

in the process, but avoid going into too much detail, concentrating on the real value 

added, with an emphasis on "what" is done rather than "how". This is not a step in 

the redesign, it is the grounding and education of the redesigners. 

The current performance must be assessed against the vision to create a baseline 

for improvement. Some of the options are: comparing against the best of the breed 

(competitors), customer needs, explicit as well as unarticulated, and environmental 

analysis of the business context and change forces. The vision must be transformed 

into performance targets. The specific goals must be ambitious enough to force 
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reengineering. It is a rallying cry, a focus of what is important, and a measure for 

success. There are several modes of expression: absolute performance level, relative 

performance level and performance improvement. 

1 Clarify and scope the processes 

2 Understand current processes 

3 Assess the current performance against vision 

4 Translate vision into performance targets 

5 Develop new designs for: processes, organization, 
management systems, and information systems 

6 Reorchestrate the larger business "system" 

7 Develop a pilot prototype, implement and evaluate it 

Table 2.21: Steps in Reengineering 
Adapted from Hammer [108] 

In order to reorchestrate the larger business system, the new processes must be 

supported by new organizational structures, new information systems, and new 

management systems. The key levers are: the compensation and incentive mechanisms, 

programs for measurement, control and evaluation are motivators for change. Creating 

a new value system is almost a religious crusade to refashion the corporate culture. 

Everyone must be involved, interlocking cross-functional teams can help by overcoming 

resistance and getting buy-ins from functional groups. Change the nature of 

management to support the value adders, provide the resources and environment, 

inspire and lead, create a vision and plans for the future. The implications of 

reengineering include the divorcing of administration from management, greatly 

expanding "spans of support" and reducing the layers of management. Real 
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management means the death of supervision and the death of titles. Information sharing 

replaces "span of control" as an organizational dimension. 

The pilot reengineering project should be a realistic test, and a public relations 

success. The major implementation will require extensive training and un-training, with 

attention to the role of the individual and providing incentives to succeed. The 

organization must continue to evaluate the success of the business change and 

opportunities for further reengineering. Reengineering is similar in spirit to quality 

programs, but different in scope, ambition, and degree of difficulty. Periodic radical 

reengineering is a necessary complement of continuous quality improvement programs. 

Information systems organizations people have the right tools for the job, a designing 

mindset, a cross-functional perspective, and a sense of technology as catalyst for 

change. 

In addition to the recommendations from the literature, there is a rich history of 

research projects associated with the University of Arizona that can be applied to this 

domain. The next section summarizes the lessons learned about process modeling from 

the early versions of the Enterprise Analyzer Project. 

2.5 Enterprize Analyzer Project Background 

The Enterprise Analyzer (EA) project is a descendent of the ISDOS project at the 

Case Institute of Technology and the University of Michigan, (particularly 1966-1972) 



103 

that defined the concepts and foundations for computer-aided software engineering 

systems that are now known as CASE tools. The research led to the development of 

the Problem Statement Language! Problem Statement Analyzer (PSLlPSA) and the 

Systems Optimization and Design Algorithm (SODA) that included the first prototype 

data dictionaries among other tools. The generalized planning systems (GPLAN) 

project at Purdue and the University of Arizona (1973-79) integrated languages, models 

and data bases to form one of the first decision support systems. The GPLAN research 

was combined with CASE tools to form the basis for the PLEXSYS project (1980-84) 

[143, 170, 171, 199, 248, 249]. 

The object of PLEXSYS was to shorten the lifecycle of development by facilitating 

fast implementation of a prototype system. Several generations of hardware and 

software have been used as platforms for attempts to make the automation of system 

design and construction a more flexible process that would be portable to more 

organizations [196]. The Enterprise Analyzer is the label used to distinguish the 

software that has been built at the University of Arizona, for micro computers (more 

recently local-area networks of personal computers /workstations) from the earlier work 

done with mini-computers and mainframe computers [141, 142, 145, 239]. 

The original interest in decision rooms at the University of Arizona was to support 

systems analysis and design teams. Research that began by examining systems 

development has been expanded to support a wide spectrum of group work and meeting 

productivity issues. The lessons from group decision support systems (GDSS) and 
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computer-supported collaborative work technology were merged to improve group 

dynamics with electronic support [68,77, 78, 256]. The resulting GroupSystems EMS 

is a set of flexible software tools that incorporate basic problem-solving techniques such 

as brainstorming, idea organization, voting, assumption surfacing, alternative 

generation, and alternative evaluation. These tools have proven very useful in strategic 

planning meetings. 

Liou [154] successfully used the GroupSystems tools and environment for 

knowledge elicitation from multiple experts. As part of her research, an expert system 

was developed to support an information center in which no single person was the 

"expert" on all of the functions that the center had to support. The decision rules were 

captured in the form of "If ... Then" comments. The parallel nature of the 

communication dramatically reduced the bottleneck to the elicitation process, the 

analysts were able to code the production rules from the comments after the meeting 

ended. Knowledge engineering for expert system development is very similar to 

building a system model that includes both business processes and information system 

components. 

Research on tools to support systems analysis and development was conducted in 

parallel with the development of collaborative meeting support tools (currently 

GroupSystems 4.0). This project reunites the two streams of research [191]. It is an 

attempt to mix strategic planning with systems analysis and design to make sure that 

organizations are aware of their goals and provide assistance to achieve them. 
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One of the Enterprise Analyzer's goals is to provide the same quality of systems 

requirements specifications that were generated under PSL/PSA, but without requiring 

the business experts to use a previously defined standard syntax such as PSL. The first 

Enterprise Analyzer tool was designed to allow an analyst to construct a model of the 

relationships between business processes and information systems by building two lists 

of objects and a list of relations. The model was created by selecting an item from 

each of the three lists to form a statement in the model. The resulting network model 

could be printed in a matrix format report. The triplet format of object, relation, and 

object was based on the semantic net model of systems and was considered to be 

flexible enough to model any system component. 

The first EA tool was based on Business Systems Planning (BSP). Business 

Information Analysis and Integration Technique (BIAIT) [40], Business Information 

Characterization Study (BICS) [139], and BSP [150] are three manual methodologies 

developed by IBM to identify information systems needs. BSP is considered by the 

organizations that have used it to be a comprehensive, thorough, and time-consuming 

methodology. The process captures enough information for building an information 

architecture, (see Table 2.22) but since the process is a manual one, the data is in a 

difficult format to use. Wetherbe [276] recommends using the executive interview 

portion of BSP as part of a general approach to information systems requirements 

definition. Figure 2.13 lists some of the questions from BSP. The executive interview 

in BSP focuses immediately on the problems/solution/information combinations and the 

decision/information pairs. However, Wetherbe points out that information systems 
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must be viewed with a cross-functional perspective, so the information needs of several 

managers can be considered during the system design. 

The first Enterprise Analyzer focused too quickly on low-level data details and 

lacked flexibility. When the tools was used for systems analysis and design class 

projects, several problems indicated that the dynamics of the tool were inappropriate 

for group use and that another approach was needed. 

1 Gaining executive commitment 

2 Preparing for the study 

3 Starting the study 

4 Defining business processes 

5 Defining data classes 

6 Analyzing current systems support 

7 Determining the executive perspective 

8 Defining findings and conclusions 

9 Defining the information architecture 

10 Determining architectural priorities 

11 Reviewing information resource management 

12 Developing recommendations and an action plan 

13 Reporting results 

Table 2.22: Steps in Business Systems Planning (BSP) 
Adapted from Lederer and Putnam [150] 



1. a. What are the major problems encountered in accomplishing the 
purposes of the organizational unit you manage? 

b. What are good solutions to those problems? 

c. How can information play a role in any of these solutions? 

2. a. What are the major decisions associated with your management 
responsibilities? 

b. What improvements in information could result in better decisions? 

Figure 2.13 BSP Interview Questions 
Adapted from Wetherbe [276] 
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The next generation of the Enterprise Analyzer consisted of three modules, a 

language editor (BALE), an instance processor (BAIP), and the semantic-guided 

graphical browser (SGGS) [255]. The analyst could model a system in user-defined 

terms and display the model in the form of a network graph. The language editor could 

maintain several different sets of legal combinations. The first step in using the tool 

was to select the language to be modified. Figure 2.14 shows the first EALE screen 

that appeared once a language was selected. The analyst used the arrow keys to select 

the object to examine, or used a function key to add new objects, or get a graphical 

view of the current relationships that had been defined. 

The language editor allowed the analyst to build a meta-model by defining classes 

of objects and indicating which relationships were valid between which entity types. 

Figure 2.15 shows the representation of an allowable relation. The three "cards" that 

appear on the screen are lists of first objects, relationships, and second objects 
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respectively. If the analyst reads the captions at the top of the cards, the words form 

a statement similar to a semantic net definition. Figure 2.16 shows the graphical 

representation of the language shown in Figure 2.14 and Figure 2.17 corresponds to the 

subset represented by Figure 2.15. The size of the objects on the graphical screen were 

scaled to fit all of them on a single screen. The analyst could then zoom in on a 

section if the labels became too small to read as happens in Figure 2.16. 

2.14 Enterpr se Analyzer Language Editor 



1~ 

Enterpr se Analyzer Language 
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Figure 2.17 Graphical Browser 2 

The instance processor was used to build the system model. The basic look of the 

program was similar to the language editor. Each component of a "statement" showed 

up as the label of a "card" on the screen. The expression created by the instance 

processor now consisted of five items; an object type, an object name, a relationship, 

another object type, and another object name. In addition, each object instance had a 

number of predefined attributes such as a description and reference file names. Figure 

2.18 shows the screen used to modify the attributes of an instance. Figure 2.19 shows 

a completed "statement" or instance. The extra two components in the statement led 

to dissatisfaction with the tool. It was necessary to back out of each card in the 

progression sequentially, so that it took four steps to create an instance from the first 

card and four more steps to return to the start of the next instance. 
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There was also no easy way to enter all of the relations for an object, since the 

order of the two objects in the statement was significant. The instance processor would 

not allow any relationships to be entered that weren't on the allowable list as defined 

in the language editor. The analyst could select a portion of the model and the EAIP 

would generate a "rough cut" layout for the objects (nodes) and relationships Oines) and 

pass them to the graphical browser (SGGS) module. Unfortunately, the instance models 

had considerably more items than the language models and this often made the "rough 

cut" layout too crowded. 

Figure 2.18 Enterprise Analyzer Instance Processor 
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Figure 2.19 Enterprise Analyzer Instance Processor 2 

The graphical display made it easy to spot objects that had very many, very few, 

or several types of relationships defined. The SGGS module could either save the 

drawing for later review, send the image to a printer, or generate a plotter control file 

of the picture. The drawing files could also be linked together, to allow a node on one 

graph to be exploded into its own drawing to display lower level details. Figure 2.20 

shows the output of a drawing in plotter commands that were imported to a word 

processing package. Unfortunately, the text labels for the diagram do not translate very 

well in the process, and the output is difficult to read. a direct output to a printer is 

available that only shows what is on the screen. This is easier to read, but it requires 

several pages to represent a complicated diagram. 
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Figure 2.20 output From Graphical Browser 

In 1989, an evaluation was made of Enterprise Analyzer and it was determined that 

the analyst was acting as a bottleneck to the modeling process. The chauffeured 

approach provided little help with the integration of multiple end users' contributions. 

It was decided that a single-user stand-alone tool was no longer an important area of 

research since there were hundreds of CASE tools available at the time. Furthermore, 

the Enterprise Analyzer was not effectively leveraging the capabilities of the 

GroupSystems tools. Several requirements were identified for building a group tool for 

enterprise modeling and the research proposal was funded by IBM as part of a multi

year, multi-project research program dedicated to creating and evaluating meeting 

support tools. 
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The first requirement was to ensure that output from the GroupSystems tools could 

be used by the next generation of Enterprise Analyzer, so that no duplication of 

functionality would be required. The next goal was to base the EA architecture on a 

repository that could exchange data with CASE tools or other systems that the client 

organization was using. The third priority was to allow the meeting participants to 

describe the system in their own terms yet still capture the requirements in a structured 

format that was consistent with the modeling notation and/or documentation standards 

used by the client organization. Table 2.23 lists several types of support that a 

combination of Enterprise Analyzer, GroupSystems and the EMS facility at Arizona 

could provide to increase the effectiveness of design meetings. 

1 Provide a means to allow every member of the team to work in parallel 
as much as possible. 

2 Provide a means to consolidate, organize and retrieve each individual 
comments, suggestions etc. 

3 Provide a means to identify points of contention as well as consensus 
and provide negotiation support for the contended points. 

4 Provide a means of evaluating alternatives, and to support a variety of 
voting/ranking mechanisms for the group to use. 

S Provide a means of accessing data files and procedures from corporate 
records and data from previous meetings and in-between meeting 
contributions. 

6 Provide graphical displays of decompositions, flows and dependencies 
throughout the organization, to speed up group comprehension and 
increase consensus. 

7 Provide isolation from normal work-flow interruptions during single site 
meetings. Note: A distributed version for use in the office in between 
meetings is under separate development. [186] 

Table 2.23: EMS Process Support 
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2.6 Discussion 

Recently, the business press has been full of articles about the need for companies 

to redesign their business processes. Some of the efforts are designed to improve the 

quality levels of the processes and others are trying to take advantage of new 

capabilities from information technology. At the same time, articles in the computer 

related press have been discussing new tools and analysis strategies for improving the 

systems development process. The overwhelming impression is that there is 

tremendous interest and opportunity to generate increases in both productivity and 

flexibility. 

Established organizations are discovering that their organizational structures and 

information systems architectures may be too inflexible to support new processes. The 

benefits of the hierarchical organizational structure with its restricted information and 

communications flows are being questioned. Today, information technology can help 

people access and manipulate more data, and they have additional communications 

channels available to share information and opinions other members of the organization. 

New means of coordinating the efforts of functional groups within organizations are 

required. An enterprise-wide analysis effort is needed to develop new processes and 

information systems. 

An organization is a very complex system. Changing an organization for the 

better, requires both a well thought out design and implementation strategy. The 



116 

methodologies reviewed in section 2.4 stress the importance of determining how the 

organization works, and identifying the real causes of problems. Redesign effort must 

not be limited by the boundaries between functional areas within the organization. A 

new design must consider the needs of all of stakeholder groups and balance them 

against the organization's high level goals. A change effort must start by unfreezing 

the organization, to overcome the inertia that has built up through the evolution of 

business processes. The design team must consider the costs and benefits of the 

proposed change to the stakeholders and come up with a strategy for dealing with those 

who are likely to feel threatened by the changes. 

Section 2.1 presents several areas in which information systems development tools 

and techniques can help frame the design problem. Systems analysis was created in 

order to coordinate the activities of people on large complex projects. When it was 

applied to automation of human activities, several methodologies evolved for the 

construction of computerized systems. These systems focused on the technical 

problems of automating portions of the processes. This often led to systems which 

restrained the flexibility of the very processes they were intended to support. Today, 

systems development projects must again expand their focus to include the strategic 

goals and environment that surround the computerized portions of the system. 

Most CASE tools use a predefined meta-model to store the systems specifications. 

This model may be limited to computerized elements of the system and the tools often 

provide little support for system requirements elicitation and definition. Enterprise-
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wide repositories have been proposed as a solution to these limitations. The models 

built with various CASE tools can be integrated through a repository in order to deal 

with the more complicated business systems. Repositories can make it possible for 

project leaders to pick and choose among CASE tools and planning or project 

management tools to support different phases of the systems development life cycle. 

The AD/Cycle is one example of a tool integration framework that is under 

development. 

CASE tools' contribution to organizational productivity also are limited by the 

analysts who must translate between the systems user's terminology and the model(s) 

supported by the CASE tool and its underlying methodology. Several efforts are being 

made to expand the model base that underlies CASE tools to support object-oriented 

analysis which is similar to the modeling used for simulation. This is an attempt to 

describe the system in the way the users view it rather than mapping it into a 

representation that can only be understood by programmer/analysts. 

Section 2.2 addresses the problems that organizations have making use of the 

knowledge that is diffused throughout a hierarchical structure. The potential benefits 

of broad participation in a design effort may be overshadowed by the difficulties in 

working with a large number of people on a complex problem. A disgruntled 

committee member once defined a camel as "a horse put together by committee [107]." 

This camel joke reflects the widespread dissatisfaction with the performance of 

committees during the 1960's and 1970's as "groupthink" entered the business 
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vernacular to describe the dysfunctional results of group decisions made without a 

properly structured process. 

More recently, discussions about committees have disappeared from the business 

press and have been replaced by calls for multi-disciplinary, and cross-functional teams. 

Since the composition of the cross-functional team and the committee are identical, 

what is the difference? One difference is in the way committee members interact 

during and in between meetings. Several techniques for managing the group dynamics 

during the meetings have been used to produce group decisions and designs that are 

better than the best single member could have made, instead of worse than the worst 

single member might have made. Peters has suggested several ways to prevent project 

teams from degenerating into committees in Table 2.24. 
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Set Goalsl deadlines for Committees deliberate, Project teams Do! Teams need 
key subsystem tests clear goals, with the exact path left to creativity 

Insist on full time Members must be obsessed by the project 
assignments 

Place key functions on Sales, distribution, marketing, finance, purchasing, 
board from the onset operationsl manufacturing and engineering from day 

one, legal, personnel etc. as needed 

Give members authority Each member can commit resources without second 
to commit resources guessing from their home function 

Keep team-member the project boss evaluates team members not the 
destiny with the project functional boss 
leader 

Make careers out of How one does on projects determines career prospects 
projects 

Live Together Team commitment is a function of hanging out 
together, isolated from one's normal functional 
colleagues 

Remember the social High spirits are not accidental, the challenge of the 
element task per se is central. Use frequent milestone 

celebrations and awards 

Allow outsiders in Vendors, distributors and potential customers 
contribute directly and add authenticity to the effort 

Construct self-contained Team should have its own workstations, LAN, data 
systems base etc. A certain level of duplication is ok 

Permit the teams to pick Management champion starts the process, teams then 
their own leader select their own leaders, may change often 

Honor project leadership Stress horizontal leadership, not vertical functional 
skills specialism 

Table 2.24: Project Team Guidelines 
Adapted from Peters [209] 
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Many organizations have begun using JAD sessions to allow the systems users to 

design their own systems. JAD sessions count on the meeting facilitator to provide the 

meeting structure. The system model is recorded by a scribe on paper displays which 

are hung on the walls so the participants can see the entire model. Some meetings are 

also supported with a CASE tool. The number of participants in a meeting is restricted 

to keep the meeting productive, because the process does not "scale up" very well to 

more complex problems. While their scale is limited, JAD sessions do demonstrate 

some of the potential benefits of business experts acting as their own systems modelers 

and resolving the conflicting systems requirements. 

Section 2.3 addresses the potential for information technology to improve the 

effectiveness of meetings. Past research has demonstrated that meetings where 

electronic communication support was available could successfully reduce the process 

losses that were common with large groups. These systems have proven very valuable 

for strategic planning and problem solving meetings. Chen, Nunamaker and Weber 

[43] suggest that collaborative CASE tools could make JAD style meetings even more 

productive than those supported with a single-user CASE tool. These collaborative 

"group CASE" tools would need a repository that could make use of the data from any 

strategic planning tools that are part of the EMS as well as the typical components of 

a CASE tool. This sort of tool also needs a protocol to coordinate the concurrent 

access, update, and audit trail, of the model as it is created and refined by the 

participants during the meetings. The project leaders and meeting participants would 
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require a methodology to lead them through the model building, analysis and design 

activities needed to redesign a complex system. 

Section 2.4 reviews planning and organizational change methodologies, in order to 

identify many of the activities and approaches that can be used to complement the 

information systems development methodologies. Many of the popular tools and 

techniques in use for planning are primarily manual ones. Organizations are looking 

for ways to involve more people from all segments of and levels in the planning 

process, so the collaborative CASE approach to planning tools would seem to fill 

another void. One of the prerequisites for a successful change effort is a high-level 

executive who acts to champion the change. Figure 2.21 summarizes the role of the 

champion and the high level design team in a change effort. The planning and change 

methodologies, that were reviewed, also stress the importance of conducting an audit 

of the current situation before changes can be made. One way to understand the 

current situation is to build an enterprise model of the organization. 

The analysis described in this literature review identified several areas where 

improvements can be made to the support environment available to redesign teams. 

The first area is the use of an electronic meeting facility for the analysis and design 

meetings. The second is to develop a repository that can include models of the business 

systems that make up an organization and the information systems that support them. 

The third area is to develop tools which will help a team of people from multiple 

disciplines and levels within an organization to reach consensus about the current state 



1. An executive recognizes a need for change and becomes the champion 
for organizational redesign. 

2. The champion commissions a study team (including consultants / 
outsiders) to conduct a situational audit. 

3. The study team conducts an audit including: 
o Stakeholder analysis and assumption surfacing 
o Strengths, Weaknesses, Opportunities, and Threats analysis 
o Joint problem diagnosis 

4. The study team reconsiders the organization's strategic goals. 

5. The study team builds a target vision. 

6. The champion begins selling the vision to the rest of the organization. 

7. The champion creates an organization-wide design team. 

8. The design team defines the subsystems for the new organization. 

9. The design team defines projects for the subsystems to be changed. 

to. The design team ranks the projects. 

11. The champion sets performance targets for the high priority projects. 

12. The champion ensures that project leaders, team members, and resources 
are assigned to the selected projects. 

13. The champion ensures that adequate training plans are made. 

14. The champion meets with the project teams to build enthusiasm and help 
set the project scope. 

15. The champion and the design team review all the projects' progress 
towards achieving the vision. 

Figure 2.21 Roles of the Champion in Enterprise Analysis 
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of an organization and to develop a shared model of the goals and requirements of the 

proposed system. Finally, a methodology is needed to guide the group through the 

process and make effective use of the facility, tools, and model. The Enterprise 

Analyzer project is chartered to address this lack. 

The Enterprise Analyzer has evolved from the ISDOS and PLEXSYS research 

projects. The experiences with PSLlPSA indicated that systems users had difficulty 

describing their requirements in a predefined syntax. The first generation of Enterprise 

Analyzer used a language editor (BALE) and instance processor (BAIP) to allow the 

system to be modeled in the language that the systems users were comfortable using. 

This made it difficult for the analysts to consolidate the individual system user's 

requirements into a consistent model. The early versions of Enterprise Analyzer that 

were described in the project background section, were useful but not positioned to be 

operational in an organizational context. 

The current Enterprise Analyzer is designed to extend the toolkit of the 

GroupSystems 4.0 toolkit to provide support for model building and analysis. The lack 

of a methodology for using group tools in a design effort may be a larger problem than 

the lack of group modeling tools, so the project will also concentrate on developing a 

methodology for using an EMS for a redesign effort. The remainder of this dissertation 

seeks to build on the foundation of the GroupSystems and EA project's previous work 

to provide an environment to help organizations redesign their business and information 

systems. 



3.1 Introduction 

CHAPTER 3 

RESEARCH MEmODOWGY 
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Several research methodologies can be used to study information systems and 

the effects of information technology on organizations. The University of Arizona's 

GroupSystems research agenda [263] includes mathematical simulation, systems 

development, surveys and interviews, field and case studies, controlled laboratory 

experiments, and conceptual and argumentative papers. 

Business processes and information systems are artificial entities without any 

natural laws waiting to be identified [30]. The research domain(s) described in the 

previous chapters include both social and technical issues. As a result, research in this 

area encompasses a huge number of variables, [156] with many relationships between 

them. Figure 3.1 shows the research framework proposed by Ives, Hamilton and Davis 

[132]. This framework stresses the importance of including the environmental and 

process variables in addition to system description variables in information system 

research. 

There has been research on techniques used by individual programmers [8, 32, 

229, 274], on programming teams and IS organizational structures [13, 54, 144, 219, 

244], and on programming techniques used [57, 104, 153], but much of the wisdom 

about software engineering is still based on personal observations, intuition, and 
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"common sense" [184]. Laboratory experiments using students may be valid for testing 

novice programmer's behavior, however a team of students is not necessarily a valid 

substitute for a team of analysts with a wide variety of technical and organizational 

experience. There is evidence that tools and techniques that work well in the laboratory, 

for individuals or small groups, do not "Scale up" to work for larger problems [53]. 

The Extemal Environment 

The Organizational Environment 

I' The User Use 
Environment Process 

-
Dev!fopment 

I' The The 
Development ( Information I 

Environment \.. Process ./ Subsystem 

-IS The 
Operations Operations 
Environment Process 

F1gure 3.1 Research Framework 
Adapted from Ives, Hamilton and Davis [132] 
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There is a considerable variation between the performance of individual 

programmers, [30,31] and even programmers who are using the same methodology do 

not produce similar solutions to the same problems [65]. Furthermore, the same 

programmer/analyst may produce different types of systems based on his mental model 

of the system users [59]. Experiments with "think aloud" protocols have demonstrated 

a wide variety in problem solving behavior. There may never be a good way to 

determine the internal protocol used by an individual in building an information system, 

but that may not be as important as learning how a Team builds a system. 

The selection of methodology(s) must be based on a balance between the 

question to be researched and the appropriateness of the methodology to answer the 

question. Applying a "strong" methodology to a "weak" question is akin to the man 

who drops his car keys near his car at night, but searches for them where the "light is 

better." Lee claims [152] there is a point "beyond which further rigor can be called 

into question, especially ifpursued at the expense of professional relevance." Table 3.1 

identifies problems with MIS research that is conducted in the form of case research, 

but held to standards of the natural science model. 

1 Making controlled observations 

2 Making controlled deductions 

3 Allowing for replicability 

4 Allowing for generalizability 

Table 3.1: Problems with a Natural Science View of Case Studies 
Adapted from Lee [152] 
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Galliers and Land [92] proposed a taxonomy of research approaches based on 

the object of the research (see Table 3.2). The taxonomy includes traditional empirical 

approaches based on observation and new approaches based on interpretation. This 

taxonomy suggests that experiments are inappropriate for studying large organizational 

groups and suggests the more interpretive methods. 

OBJECT Society Organization Individ- Tech- Metho-
group ual nology dology 

Theorem No No No Yes No 
Proof 

Lab No Poss. for small Yes Yes No 
Experiment groups 

Field Possibly Yes Yes Yes Yes 
Experiment 

Case Study Possibly Yes Possibly No Yes 

Survey Yes Yes Possibly Possibly Yes 

Forecasting Yes Yes Possibly Yes No 

Simulation Possibly Yes Yes Yes Yes 
or Role 
Playing 

Subjective/ Yes Yes Yes Yes Yes 
Argumentati 
ve 

Descriptive/ Yes Yes Yes Possibly Yes 
Interpretive 

Action Possibly Yes Possibly No Yes 
Research 
able :5.2: A Taxonom ot Methods Based on the Research Ub ect y ~ 

Adapted from Galliers and Land [92] 
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Flynn et al., [86] recommend more empirical research into operations 

management to close the gap between theories and practice. Meredith et al., [177] 

identify a broad range of research questions applicable to factory automation, and 

suggest that the selected research question should drive the methodology chosen to 

investigate it. They state that many of the topics are so exploratory that standard 

closed-response surveys have limited value. Interviews can be used to construct 

qUalitative databases, but these are not well-suited for statistical analysis. The in-depth 

case study is the only way to learn "the whole story," yet may have limited 

generalizability. They go on to report that industry-university collaboration is 

important; if sound, useful, and generalizable research is to be performed. It should 

not be surprising that many corporate subjects are reluctant to freely tell the world 

(including their competition) the hard won knowledge they have gained. 

Many research questions about IS in organizations deal directly with processes, 

which are streams of activities that occur over time. Franz and Robey [89] claim that 

many IS researchers rely on methods that are more appropriate to factor research or 

prediction than evaluating process models. Process models should not be developed and 

tested with static research paradigms. Longitudinal and analytical methods are needed 

to study the social dynamics involved in system implementation [89]. Information 

systems research should attempt to understand a phenomenon in its context. The 

amount of involvement of the researcher can have an influence on the phenomenon 

being studied. Passive observations may sacrifice intensiveness and depth of 

understanding of the phenomenon in order to reduce interference in the phenomenon. 
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Lucas equates implementation research in IS with that of implementation of 

management science, operations research and other production control/operations 

management tools and techniques. Figure 3.2 diagrams his view of the implementation 

research process. Lucas recommends process research when there are many variables, 

because factor research can be sterile [155]. The cycle indicated in this diagram is very 

similar to the Arizona approach of using field studies and experiments in parallel to 

evaluate and refine systems. 

Theories 
and 

Insight 

-= 

c=========:::::::::=-:: Factor 
Studies 

c::==> Interpretation Ci ====:::::> Applications 
and Synthesis 

~aboratory 
and field) 

Process 
StudIes 

(Other Exploratory Cases) 

Figure 3.2 The Implementation Research Process 
Adapted from Lucas [155] 
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3.2 The Systems Development Methodology 

This dissertation includes both "developmental research, which attempts to create 

improved work methods and empirical research which attempts to evaluate and 

understand them." [195, page 41] This research has a recursive nature, because the 

work methods that are the focus for improvement are those of the systems development 

process. The system development methodology is used to develop new methods and 

field/case studies are used to evaluate and improve them. 

The system development methodology [194] allows the researcher to study prior 

research and product availability, hypothesize about the benefits of non-existent 

products, create prototypes of the products, and then conduct field studies to evaluate 

their ability to fill the need. Table 3.3 lists the phases of the systems development 

methodology. 

1 Construct a conceptual framework 

2 Develop a system architecture 

3 Analyze and design the system 

4 Build the system 

5 Observe and evaluate the system 

Table 3.3: The Systems Development Methodology 
Adapted from Nunamaker, Chen and Purdin [194] 

After the initial studies make a "proof by demonstration," controlled 

experiments can evaluate which factors would need to be refined for later versions of 
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the products. The system development research methodology combines approaches 

from computer science, engineering, and social and behavioral sciences. Since the 

construction of a working system isn't sufficient to guarantee a successful solution to 

a problem, the evaluation must determine if the system will be useful to those for whom 

it is built. Systems development is an evolutionary process and the experiences of 

developing and evaluating the system often lead to further enhancements to the system. 

The tools used in this project are designed and implemented using this research 

methodology. Then researchers conduct field/case studies to evaluate both the tools and 

the methodology. 

The MIS researcher is unlikely to observe the same set of events unfold in the 

same way more than once. A real-world MIS in its real-world setting precludes 

laboratory controls of the situation, to reproduce the same configuration of individuals, 

groups, social structure, hardware and software. The study of a single case often 

generates more variables than data points, making statistical controls inapplicable. It 

is very difficult for independent investigators to verify the findings of a particular case 

study. Case research is particularly appropriate [12] for problems in which research 

and theory are at their early, formative stages, and practice based problems where the 

context of the action and the experiences of the actor are critical. Table 3.4 presents 

some key characteristics of case studies. 
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Benbasat, Goldstein and Mead define a case study as follows: 

A case study examines a phenomenon in its natural setting, employing 
multiple methods of data collection to gather information from one or a few 
entities (people, groups, or organizations). The boundaries of the phenomenon 
are not clearly evident at the outset of the research and no experimental control 
or manipulation is used. 

A fundamental difference between a case study and other field studies is 
that the case study researcher may have less a priori knowledge of what the 
variables of interest will be and how they will be measured. [12, Page 370] 

Phenomenon is examined in a natural setting. 

Data are collected by multiple means. 

One or few entities (person, group, or organization) are examined. 

The complexity of the unit is studied intensively. 

Case studies are more suitable for the exploration, classification and 
hypotheses development stages of the knowledge building process; the 
investigator should have a receptive attitude towards exploration. 

No experimental controls or manipulation are involved. 

The investigator may not specify the set of independent and dependent 
variables in advance. 

The results derived depend heavily on the integrative posers of the 
investigator. 

Changes in site selection and data collection methods could take place as 
the investigator develops new hypotheses. 

Case research is useful in the study of "why" and "how" questions because 
these deal with operational links to be traced over time rather than with 
frequency or incidence. 

The focus is on contemporary events 

Table 3.4: Key Characteristics of Case Studies 
Adapted from Benbasat, Goldstein and Mead [12] 
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It is rare for a case study to have quantitative data. Most case researchers must 

manage with qualitative data and verbally-stated propositions. The analyst faced with 

a bank of qualitative data has very few guidelines for protection against self-delusion, 

such as algebra and mathematical deduction. The elements of data analysis are critical 

to the written results of case research. The researcher's reasoning in establishing cause 

and effect or drawing out hypotheses should be clearly stated and defended. The 

research should move from objectives and questions, to assumptions and design choices, 

to specific data uncovered, and finally to results and conclusions. Eisenhardt [80] 

offers an eight-step process (see Table 3.5) for building theory from case study 

research. 

I Step I Activity 

Getting Definition of research question. 
Started 

Possibly a priori constructs. 

Selecting Neither theory nor hypotheses 
Cases specified population 

theoretical not random sampling 

Crafting Multiple data collection methods 
Instruments and Multiple investigators 
& 
Protocols 

Qualitative and quantitative data 

Table 3.5: Theory Building from Case Studies 
Adapted from Eisenhardt [80] 

I Reason 

Focuses efforts 

Provides better grounding of 
construct measures 

Retains theoretical flexibility, 
Constrains extraneous variation 
and sharpens external validity. 

Focuses on theoretically useful 
cases 

Strengthens grounding of theory 
by triangulation of evidence. 
Fosters divergent perspectives 

Synergistic view of evidence 

I 
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Step Activity Reason 

Entering the Overlap data collection and Speeds analysis and reveals 
Field analysis including field helpful adjustments to data 

notes. collection 

Flexible and opportunistic Allows investigators to take 
collection methods advantage of emergent themes 

and unique case features. 

Analyzing Within-case analysis Gains familiarity with data and 
Data preliminary theory generation 

Cross-case pattern search Forces investigators to look 
using divergent techniques beyond initial impressions and see 

evidence thru multiple lenses. 

Shaping Iterative tabulation of Sharpens construct definition, 
Hypo-theses evidence for each construct validity, and measurability 

Replication, not sampling, Confirms, extends, and sharpens 
logic across cases. theory. 

Search evidence for "why" Builds internal validity 
behind relationships 

Enfolding Comparison with conflicting Builds internal validity, raises 
Literature literature theoretical level and sharpens 

construct definitions 

Comparison with similar Sharpens generalizability, 
literature improves construct definitions, 

and raises theoretical level 

Reaching Theoretical saturation when Ends process when marginal 
Closure possible improvement becomes small 

Table 3.5: Theory Building from Case Studies (Continued) 
Adapted from Eisenhardt [80] 
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Yin [283] describes a research design as a "blueprint" of the research, dealing 

with at least four problems: what questions to study, what data are relevant, what data 

to collect, and how to analyze the results. He lists five components of the research 

design that are particularly importan~ to case studies: 1) a study's questions, 2) its 

propositions (if any), 3) its unit(s) of analysis, 4) the logic linking data to the 

propositions, and 5) the criteria for interpreting the findings. 

This research is exploratory, so it will be working with several propositions (see 

section 3.3) about the nature of support required for effective design meetings. A 

fundamental assumption of the research was that the Enterprise Analyzer should provide 

the functionality of a collaborative CASE tool in addition to the support provided by 

the GroupSystems 4.0 EMS. The units of analysis will include evaluations the tools 

used to support individual tasks, the environment used to support the meetings, the 

deliverables produced by the meetings, and the client organizations' satisfaction with 

the effectiveness of the meetings. 

3.3 Research Propositions 

1: A group can benefit from a methodology to guide the use of collaborative 

tools for model building and analysis. 

CASE tools help analysts do a more thorough job of modeling and analyzing a 

system, and producing more consistent documentation of the system, its design, and its 
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components. The use of CASE tools imposes a degree of structure on the analysis and 

design process. Most CASE tools have been designed to implement a portion of a 

larger systems analysis and design methodology. Therefore, collaborative tools will 

also need an over-arching methodology that coordinate the contributions of the group 

members to be used effectively. 

2: The methodology should use manual as well as automated process support. 

The methodologies supported by CASE tools were developed for pencil and 

paper environments; automation was introduced after the techniques proved useful. 

Many of the tools and techniques in the GroupSystems toolkit are also automated 

versions of manual tasks. Therefore, the Enterprise Analyzer methodology should be 

flexible enough to include manual and semi-automated activities. 

3: Design meetings will benefit from extensive facilitation. 

Electronic meeting systems (EMS) have evolved from the group decision support 

systems (GDSS) research, among others. Desanctis and Gallupe [69] suggested that 

one of the basic functions of a group decision support system (a level 1 GDSS) is to 

improve the communication between group members to reduce process losses. They 

suggested that a level 2 GDSS would support structuring and modeling. Experimental 

and field research has demonstrated that level 1 GDSS tools can be used by a group 

effectively for idea generation tasks without the assistance of a facilitator. Dickson 
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reports [73] that recent experimental evaluations of a level 2 ODSS have indicated that 

it could not be used effectively without a facilitator to provide leadership. This seems 

quite reasonable given the divergent nature of the tasks supported by the level 1 ODSS 

and need for convergence in the modeling being done with the level 2 ODSS. 

4: Programmer intervention can simulate the flexibility of production 

programs. 

The prototype programs can be augmented by having the authors present (or on

eall) during the meeting, so that any features of the program which prove to be counter

productive can be changed before the next meeting, if not by the next use of the tool. 

This simulates the ability to customize the tools to meet the group's particular needs. 

5: A customizable system can help groups model a variety of systems. 

At the most abstract level, any system is just a set of objects and relations 

between those objects. Developers of information systems have learned that certain 

relationships should be treated specially in order to provide structure to the model and 

make it easier for system users to understand the model. These include decompositions 

of objects that support inheritance and the "has an attribute" relation in an entity

relationship-attribute model. 
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6: A group can simultaneously model difCerent aspects oC a system given a 

decomposition plan and rapid access to the contributions oC other group 

members. 

In order for a group to work in parallel to describe a system, they must first 

agree upon a strategy to decompose the system. Then the members need the ability to 

determine which parts of the system have been described by other members in order 

to avoid redundant efforts and identify conflicts that need to be resolved. 

7: Design projects will require Crequent and on-going access to infonnation 

entered early in the process. 

The group must reach consensus on a goal for the redesign effort initially, then 

build a model of the current system, then analyze the model and determine what 

changes are necessary to reach the goal. This means that the later stages of the process 

require input from the early stages to evaluate their progress. Furthermore, the 

duration of a design project may require that the initial entries be modified due to 

changes in the situation or goals of the project. The GroupSystems EMS has been used 

primarily to encourage divergent thinking, but systems redesign requires iterations 

between divergence and convergence. 
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8: Manual intervention can augment the task support and task structure 

supplied by the EMS in order to emulate processes or procedures and 

evaluate them to determine the value of automating them. 

The GroupSystems electronic meeting system (EMS) and the Enterprise 

Analyzer extension are built in accordance with the research model shown in Figure 

3.3. The interaction of four major variables determines the effectiveness of the meeting 

process. The people who participate in the meeting (the group), the activities included 

in the meeting agenda (the task) and the organization's situation (the context) all interact 

with meeting environment (the EMS) to influence the process. 

The group characteristics that can affect processes and outcomes include (but 

are not limited to) group size, group proximity, group composition (peers or 

hierarchical), group cohesiveness, [195, page 45], group history, individual member 

characteristics and whether the group is meeting one time or as part of an on-going set 

of meetings. The task characteristics include the type of task and the rational/political 

nature of the decision making, the number of activities involved and the complexity of 

the task. The context characteristics include the organizational culture, the amount 

of time pressure, the incentive and reward structure, and the meeting environment. 

There are at least four theoretical mechanisms by which the EMS can affect the 

balance of (process) gains and losses: process support, process structure, task structure, 

and task support. [195, page 45]. This model says that interaction between these 
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variables determines the net effect of the process gains and process losses which were 

described in Chapter 2. The process effectiveness in turn, determines the level of both 

the intangibles (such as the satisfaction of the participants, the confidence and consensus 

levels) and the quality of the tangible deliverables such as the models and documents. 

Group 

Task 

Process ~ ... ~ Outcome 

Context 

EMS 

Figure 3.3 GroupSystems Research Model 
Adapted from Nunamaker et al., [195] 

The process support provided by the Enterprise Analyzer is the standard 

GroupSystems communication infrastructure, but the process structure, task structure, 

and task support have been extended from previous GroupSystems research. The EA 

architecture is described in section 4.2. Whenever possible, EA makes use of the 
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GroupSystems toolkit. Additional tools were created for Enterprise Analyzer to provide 

new combinations of process structure, task structure and task support. These tools and 

their capabilities are described in section 4.2.4. 

Process Support 

GroupSystems mixes different amounts of electronic and verbal interaction to 

create three styles of meeting process support: a chauffeured process, a supported 

process and an interactive process. During a chauffeured process, only one person uses 

a keyboard, either a participant or support team member acts as a scribe. The output 

from the scribe's workstation is directed to a public display screen, providing an 

electronic version of the traditional blackboard. While the group discusses the issues, 

the EMS provides a mechanism to record and structure the information. 

A supported process lets each participant use an EMS tool directly, taking 

advantage of a parallel, anonymous electronic communication channel. The electronic 

interaction is occasionally interrupted with verbal discussions or instructions. The 

facilitator's workstation is still used to structure and display the information on the front 

screen, but each participant can add new items. With an interactive process, the 

electronic communication channel is used for almost all communication. Virtually no 

one speaks. While the front display screens may be in use, the group quickly generates 

too much information to fit on a screen. All participants can browse through the 

information electronically and independently via their workstations. 
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Process Structure 

The process structure is the sum of the process techniques or rules that direct 

the pattern, timing or content of the communication between the participants during a 

task. Typically, GroupSystems tools only allow the participants to append comments 

to the end of a list and only the facilitator could change a value once it had been 

submitted. Several new tools were developed for the Enterprise Analyzer project in 

order to provide additional communication patterns. 

For example, the matrix tools (described in section 4.2.3 and 4.2.4) can offer 

a variety of consensus building communication patterns. The Group Matrix allows 

toggling between individual and group views, highlights disagreement with color codes 

and displays statistics to measure the true range of agreement on any relationship in the 

system. The Enterprise Matrix tools work with a single value for each relationship, but 

maintain a log of past values and comment areas to explain changes in the values. 

The Enterprise Editor was developed to add new patterns to the editing of 

process descriptions. The tool allows participants to tell when someone else is editing 

a section and see the changes as they are made. The facilitator can assign various 

rights to individual sections of the model, which allows the project leaders to "freeze" 

portions of the model for either the whole group or selected participants. Other 

variations in access rights give participants the right to append or insert comments, but 

not to change previously entered text. 
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Task Support 

Task support refers to the information and computation infrastructure provided 

for task-related activities. This can mean access to external data or even the use of 

alternate indexes to allow participants to navigate through the model in different orders. 

This also includes the availability of alternate representations such as matrix and 

graphical reports or screens, node tree diagrams, and exception reports. Enterprise 

Analyzer also makes extensive use of the services of the analyst support team to provide 

information and summaries and recommendations to the participants. Recurring 

requests for support form the basis for development of new tools. 

Task Structure 

Task structure refers to the techniques, rules, or models for analyzing task

related information to gain new insight into the model. This can include the use of 

computer model analysis programs (e.g., loading the model into a CASE tool or a 

simulation package) to gain new insights into the system being modeled. It is also 

reflected in the synthesis of several independent methods into a new methodology. The 

model analysis step described in section 4.1.2 includes examples of some analysis 

principles brought in from other methodologies. 
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3.4 Research Strategy 

The basic strategy is to conduct a systems design meeting with a group from an 

outside organization to evaluate the ability of GroupSystems to support the process. 

The meeting will be supported by a large team of researchers to determine what 

capabilities are needed that cannot be supplied by current GroupSystems tools. This 

will mark the beginning of a development, evaluation, and refinement cycle that will 

result in several extensions to the software available to support meetings. Custom tools 

will be developed for Enterprise Analyzer on a prioritized basis by the researchers. 

These new tools and their impact on the process will be evaluated during additional 

design meetings with groups from client organization. 

The information systems development literature calls for greater "user" 

participation in the requirements definition, analysis and design processes. Therefore, 

the methodology and tools should be developed for use by large teams of non-analysts. 

As a result, a significant amount of training will be needed during the meetings. While 

the tools will strive for simplicity, at least two people should be available to facilitate 

a week-long meeting with a commercial system, and a prototype system will make use 

of even more support. This level of support is equivalent to the combination of 

facilitator and scribe that is used in several manual meeting techniques. 

During prototype evaluation, the project leaders should be told that it is easy to 

convert the output from one tool into input for another tool. This will lessen their 
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reluctance to ask for enhancements because they believe that they will be too difficult 

to implement. A high degree of integration between tools can be simulated by the 

application of manpower in the "back room." It can be accomplished by a combination 

of ad hoc query development, template program development, and "manual" efforts 

such as using text editors to reformat data and graphical editing programs to Qlimprove" 

the rough cut displays of data generated by prototype programs. The goal is to 

minimize the number of constraints on the process. 

3.4.1 Software Development Strategy 

Whenever possible, the new tools will be developed in the same language, and 

use some of the code from the GroupSystems tools in order to minimize the training 

required in order for the group to use them. The immediate programming effort will 

be to replace the single-user EALE and EAIP modules with a set of group tools that can 

provide their functionality, plus add new capabilities. For example, the Group Matrix 

tool [110] provides a group interface for creating expressions that are equivalent to 

those created by the EALE and EAIP modules of the second generation Enterprise 

Analyzer. 

The evolution of the current generation of Enterprise Analyzer will begin the 

very first time it is used by a group on a real problem. That meeting is expected to 

confirm the immediate and critical need to provide a repository capable of supporting 
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large models with concurrency control and a query/report generation mechanism. A 

methodology to structure the meetings will evolve as the tool base increases. 

The author will create relational data tables in the repository to store the data 

generated by the GroupSystems tools as well as by repository update programs. The 

repository update programs will be written in the native language of the DBMS used 

to implement the repository. Each repository update program will be in the form of 

an editing "template," so that specific features can be evaluated for one type of object 

(processes, data elements, etc.) and then be included in the update programs for the 

other object types. The intent is to make it as easy to customize the program used to 

capture objects in the repository as it is to modify the structure of the repository. 

The repository is a central concept to integrating data from CASE tools and it 

should also be used for collaborative CASE tools. Data sharing is a key to more 

productive usage of the tools. It is inefficient to have people entering overlapping 

information into different tools, unless it is done for validation or ranking purposes. 

The use of a repository will allow customization of the attributes that can be specified 

for the objects in the system. This will address a weakness of inflexibility in the EALE 

and EAIP modules. The report functions built into the modules will be replaced by use 

of the query and report generation facilities provided by the DBMS used for the 

repository . 
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Several of the additional operational issues (e.g., an improved set of layout 

algorithms for generating rough cut graphical displays, completeness and consistency 

reports, screen prototyping tools, etc.) which have been identified during the 

preparation for the first meeting have been given low initial automation priorities. The 

decision has been made to simulate such capabilities with increased facilitation and 

analyst support in order to observe the processes used by several groups before 

attempting to automate them. 

This prototyping approach is consistent with the GroupSystems approach of 

incrementally "growing" software tools rather than attempting to design complete 

products in the first release. It can be inefficient to expend effort to fine tune a product 

to support a group process until the process has been studied enough times to discover 

the most useful variations and options. 

3.4.2 System Evaluation Strategies 

This research will use members of three different organizations to evaluate the 

approach. The initial evaluation of the functionality of the tools is performed by 

members of the University of Arizona's Management Information System (MIS) 

Department. Members of the project team will use parts of the system to design other 

parts of the system. Overall evaluations will be made by employees of IBM and by 

members of the U.S. Army. 
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The meeting participants from the Army will fall into two categories, the 

"business experts" who will be participating in a single meeting and the project team 

who will be involved with several meetings. As a result, the first-time participants will 

provide a novice evaluation of the system, while the project team will have the 

opportunity to build expertise using the system. This combination should allow for 

observation of any effects of familiarity with system, while ensuring that familiarity is 

not a prerequisite for effective use of the system. The IBM participants will participate 

in a series of meetings that are spread out over several months but involve roughly the 

same number of hours that Army meetings have in one week. This will give the 

participants more time to get used to the system between meetings. 

In order to develop a well-rounded perspective of the EA process, data will be 

collected from multiple sources to build a chain of evidence and to permit triangulation 

over methods and time. Given the nature of research questions and the use of a case 

study methodology, most of the data sources are qUalitative. First, the behavior and 

actions of the group members are observed and recorded by at least one researcher 

during the meetings. Second, system logs record all keystrokes at all workstations, 

providing complete transcripts of all electronic comments made during the meetings. 

Third, questionnaires are completed anonymously by participants at the end of the 

study. Fourth, participants' opinions on a wide range of open-ended questions are 

surveyed during the middle of the study and at the end. Fifth, extensive interviews are 

conducted with the project leaders during the meetings and after they concluded. Sixth, 

contacts are maintained for several months after the meetings in order to estimate the 



149 

long-term value of the meetings. This also helps determine whether the organization 

was prepared to use the output of the meeting. 

The interviews will attempt to get participants to describe "what's different here; 

what worked; what didn't work?" by reflecting on different aspects of the project and 

explaining how it differed from previous meetings. Since a variety of tools and 

techniques are required to support the methodology being developed, all of the members 

of the research team will evaluate the functionality of the new tools used during the 

project meetings. The resulting multiple perspectives of the process will help the team 

distinguish between problems with the tools and problems with the tool's use. 

3.5 Discussion 

The systems development approach to research allows the researcher the 

opportunity to apply an iterative cycle of construction, evaluation, and refinement in 

order to "Grow" a system in an evolutionary fashion. This evolutionary approach is 

designed to provide a rapid benefit to the system's users as well as the basis for a long

term program of research conducted with increasing rigor. 

The first threat to external validity is whether the people using the Enterprise 

Analyzer will be comparable to typical groups in other organizations. This problem is 

mentioned frequently in research with groups of students, therefore, student groups will 
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only be used to evaluate the interface and responsiven~s of the tools in order to refine 

them, not to evaluate the methodology and the appropriateness of the tools usage. 

The University of Arizona is a member of the Center for Information 

Management Research (CIMR) a research center funded by AIRMICS (U.S. Army 

Institute for Research in Management Information, Communication, and Computer 

Sciences) and the National Science Foundation (NSF). The prior research that this 

project is based on has been presented to the Center to determine its relevance to their 

needs. The organizations that belong to the Center have supplied recommendations 

during the last few years to focus this research towards the collaborative modeling 

environments. 

While the problems may be most applicable to large established organizations, 

the interactions with the members of the research center suggest that a significant 

number of organizations can benefit from enterprise analysis and redesign. The rapid 

rise in the number of articles about process and information system redesign that have 

been published recently also suggests that the knowledge about the problem has just 

begun to appear in the literature. 

Another potential threat to validity is the preparation and motivation differences 

between participants. The research team will have no opportunity to select the 

participants or formally evaluate their levels of preparation. Often the project 

leadership will also be unable to select specific individuals for participation because 
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they will be requesting participation from members of other organizational areas in 

order to get a cross-functional perspective. The research team will not have enough 

expertise in the area being discussed to independently and objectively evaluate the 

knowledge and preparation of the participants. 

Since the Enterprise Analyzer system is designed to take advantage of synergy 

and encourage creativity, as well as capture knowledge and experience, the author 

believes that a lack of experience and/or preparation is not enough to prevent a 

participant from making valuable contributions. The past experiences with electronic 

meeting systems research indicates that creativity and the ability to stimulate others are 

valuable contributions for a participant to bring to a meeting. 

The techniques used to evaluate the meetings and the software used during the 

meetings present a potential threat to validity. To evaluate the overall effectiveness of 

the meetings, the researchers will attempt to determine that some of the participants 

have experience with traditional meetings and can provide a reasonable estimate of the 

productivity expected during those meetings. To evaluate the tools used, the 

researchers will use the questionnaires that have been used to evaluate the other 

GroupSystems tools. This should provide a means of determining whether the 

Enterprise Analyzer custom tools are as effective for supporting the tasks required for 

these meetings as the GroupSystems tools are for supporting other types of meetings. 
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The Enterprise Analyzer system described in this dissertation started with a 

foundation of the GroupSystems EMS products and the experiences of their 

development. The system will go through several cycles of observation, evaluation, 

and improvement to provide more support for design meetings. Chapter 4 describes 

the current version of the methodology and software, Chapter 5 describes the 

evaluations of the system, and Chapter 6 discusses the contributions of the research and 

future research directions. 
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CHAPTER 4 

TIlE ENTERPRISE ANALYZER 

4.1 Introduction to Enterprise Analysis 

Given the high rate of change in technology and business environments, 

organizations are under tremendous pressure to improve their effectiveness. Many 

large organizations have evolved to the point where their structure and procedures are 

inefficient. This means that organizations need to study themselves to determine what 

should be changed. The components must be reshaped and rearranged to form 

appropriately coupled new subsystems with greater simplicity and internal cohesiveness 

than the existing structures. Recognition must also be given to relationships between 

the organization and its external environment. 

Corporate redesign efforts can make use of models which allow study teams to 

simulate or estimate the effectiveness of new arrangements. The model of an entire 

organization (or enterprise or business unit) is a complex artifact that must combine the 

knowledge from people throughout the organization in a consistent representation. The 

problem is made more difficult by the need to provide multiple views to allow the 

individuals to validate the portions with which they are familiar. Furthermore, an 

organization can't take too long to build a model to plan changes if its competitive and 

financial positions are deteriorating. Regardless of the current urgency for change, 

improvements that shorten the time needed to make changes will improve an 

organization's ability to take advantage of changes in its environment. 
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Threats, opportunities, and problems are three types of stimuli for major 

changes in an organization. Threats come from the external environment. Examples 

of threats include: new or improved competition, a reduction in demand for goods or 

services, a reduction in supply/increase in cost of raw materials, or a change in the 

financial, political, or tax climates. Opportunities are also at least partly due to changes 

in the environment. Examples of opportunities include: the availability of new 

technology, the failure of a competitor, new leadership, or the availability of new 

resources through mergers, acquisitions, etc. 

Problems are internal to the organization. Examples of problems include: 

excessive costs, poor quality/ high defect rates, long process cycle times, poor customer 

relations, and difficulty determining status and responsibility for processes. The 

stimulus that inspires the change effort will often determine the priorities of the analysis 

effort. Enterprise analysis is a means through which an organization can systematically 

examine its situation. The process can be specifically tailored to the organization. This 

view of enterprise analysis requires a series of meetings be held to get input from a 

large number of people from a variety of backgrounds. 

4.1.1 The Enterprise Analyzer in Enterprise Analysis 

The Enterprise Analyzer project is directed at learning what activities are 

necessary in the process of enterprise analysis and modeling, creating tools that support 
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activities that have been primarily manual in the past and evaluating the implications 

of using the tools. The intent is to leverage GroupSystems' ability to support the 

strategic meeting tasks that must guide any redesign effort, with modeling and design 

support tools to capture the entire process in an organizational memory. Appendix A 

contains extracts from the GroupSystems' manuals, from Ventana Corporation, that 

describe the GroupSystems tools and recommendations for their use. 

The Enterprise Analyzer methodology reflects an attempt to determine which 

activities, in systems design in general and in enterprise analysis and modeling in 

particular, can be performed most efficiently by a team during a design meeting. An 

objective of the Enterprise Analyzer methodology is to ensure that everyone working 

on a project is able to coordinate and combine their individual efforts to achieve a set 

of goals. The methodology for using the Enterprise Analyzer (EA) tools during 

systems analysis and design meetings attempts to provide guidance to the people who 

are conducting the meeting (i.e., a facilitator and support staft) who are responsible for 

the meeting's process, as well as the project leaders who are responsible for the 

meeting's deliverable products. 

Enterprise Analyzer is designed to let a group build a shared model 

simultaneously. One of the limitations of the AD/Cycle and other CASE tools is their 

emphasis on supporting individual analysts working with individual experts. This 

individual downloading and uploading of information to the central repository can lead 

to a very asynchronous set of interactions between the potential systems users and the 
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systems builders. In contrast, Figure 4.1 summarizes the relations between the 

elements of Enterprise Analyzer. 

The intent of this design is to allow the study team to update the repository 

directly or through the EA analyst team. The study team can update and access the 

model during the meetings, or in between meetings. Likewise, the analyst team can be 

updating the model between meetings, or during a meeting. Typically, while the study 

team is working on a task during a meeting, the analyst team will work to set up the 

next task. 

Study Team 

Figure 4.1 Enterprise Analyzer Interaction Model 
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4.1.2 The Enterprise Analyzer Methodology 

Figure 4.2 summarizes the major categories of activities involved in the 

enterprise analysis process. The list is not intended to be completely sequential since 

any step may lead the group to loop back to a previous activity. Not all of the steps 

will apply to all meetings, since Enterprise Analyzer is designed to support both process 

reengineering and information systems design. These two activities are typically 

interdependent, but a particular meeting may focus much more on one than the other. 

Preparation 

The purpose of these activities is to make efficient use of the group's time. 

When up to thirty people are involved for a week's worth of meetings, the cost per 

hour of meeting time is significant. Planning may begin months before the initial 

analysis and design meetings are scheduled to give the support team time to customize 

the system. The group, task, and context variables must be used to tailor the EMS and 

the agenda for the meeting. Advanced planning can also improve the level of 

participation, since many organizations require time to schedule the availability of 

people and facilities for several days of meetings. 



Steps in the Enterprise Analyzer Methodology 

Preparation 

Vision Establishment 

Model Development 

Model Analysis 

Action Proposal Generation 

Implementation Planning 

Project Evaluation 

Figure 4.2 Steps for Using Enterprise Analyzer 
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The initial plan for the project including the goals, agenda, and staffing will 

need periodic adjustment to react to changes in the situation or unexpected rates of 

progress. The level of automated support for this methodology has been increasing 

throughout the life of the project. The methodology currently includes some "manual" 

activities performed by the analyst team which may be automated in later versions of 

the system. The degree of automation should be transparent to the meeting participants. 

The pre-planning meetings to develop the initial meeting agenda(s) must identify 

the project team roles and establish the degree of isolation from the participants regular 

jobs, the protocols and the levels of formality to be used during the discussions. The 

planning must also identify any required deliverables and the modeling/diagramming 

techniques such as: SADT activity diagrams, node trees/decomposition diagrams, state 

transitions diagrams, entity-relationship diagrams, or data flow diagrams. It is 

important to identify the special requirements for any other computer systems that will 

be demonstrated or used during the meeting. This should include the systems which 

will import or export data used in the meeting. 

It is critical that the champion has begun establishing the climate for change, 

before the meetings begin. This can include relatively impersonal activities such as 

preparing and distributing meeting handouts in advance, and sending the participants 

detailed requests to bring or send appropriate materials to the meeting. The champion 

should schedule personal involvement in the initial session to help establish the context 

of the particular project. 
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Within each project, the planning cycle must begin for the project's meetings 

and deliverables. The project leader begins shaping the vision for a subsystem. Meta

Modeling, conducted by members of the client team and the support team, establishes 

a common terminology and forms the basis for the project's agenda. The support team 

uses this phase to obtain information on the objects that are going to be used for this 

project, ensuring that consistent terminology is used by the participants. This 

information is then used to customize the EA tools to support the object types and the 

relationships between objects which should be included in the enterprise model. Section 

4.2.3 addresses this further. 

For each object type, the team should consider whether it will be decomposed 

into smaller objects and how the relations should be identified. Typically, they can be 

represented by a simple hierarchical number scheme of 1, 1.1, 1.1.1, etc. The decision 

about how many ways to identify the objects in the model is an example of task 

support, since EA may need to work with both a name and a decomposition level 

number. The other decisions involve which of the object's attributes to model, how 

much space to allow for them, and whether or not to apply validation to the data entry. 

Some of the other elements that should be included in the model are the 

cardinality rules, (which identify the one-to-many relationships, etc.) the decision rules 

(sometimes imbedded in process descriptions), and referential integrity (validating 

foreign keys). Issues relating to the meeting process include how much information to 

record about conflicts, the versions required and variations in editing rights for different 
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participants, and the preferred concurrency protocols and enforcement levels to use. 

Finally, the team should decide how they want to map the output from the various 

GroupSystems tools into the repository. Data from any particular tool use can be 

omitted, summarized, duplicated, annotated, or referenced to suit the project leader's 

needs. 

Vision Establishment 

The purpose of the vision building tasks are to ensure that all the participants 

are working with an understanding of the organization's strategies and goals. These 

tasks are designed to identify the problems and issues with the current business system, 

to identify the new goals, objectives, and to develop or share a new mission statement. 

This is helped by identifying the underlying assumptions and constraints, and the critical 

success factors. The original top-level study team and design team may start with a 

blank slate when it comes to goals, targets, diagnoses, etc. Their initial meetings are 

exactly the sort of meeting that GroupSystems was designed to support. However, they 

will need to perform a subsystem analysis to identify the individual projects that are 

needed to deal with manageable sub-problems. 

The project teams will be working within a scope that has already been partially 

mapped out to ensure coordination between projects. Project framing is necessary to 

determine what the boundaries of an individual project are. When a project meeting 

actually begins, the first goal is to develop, refine and share the vision with the 
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participants. The project leader must set the project scope and goals, and establish 

commitment to the project. This may involve a review of forecasts and trends, 

strategies, and performance targets. 

If the participants don't know each other, a round of introductions is useful to 

start team building. The first efforts of the participants should be to identify their 

current problems and issues, before they get caught up in the spirit of the meeting. By 

using a relatively unstructured tool such as Electronic Brainstorming, (EBS) they have 

an opportunity to "get things off their chest" early in the meeting. This also serves to 

familiarize the participants with the environment and tools of Enterprise Analyzer. This 

kind of activity also gets the participants used to the effects of anonymity and raises 

their level of participation quickly. Furthermore, it makes an important checklist for 

the group later in the meeting. A comparison with the initial list of problems can 

determine if the group is working on a tangent or addressing the concerns of the 

majority. 

The next tasks should identify and review the mission, goals and critical success 

factors of the organization. If the group can't agree on where they are going, they will 

have trouble agreeing on how to get there. These activities require a bit of convergence 

to keep the lists small. The Idea Organizer (10) or Group Outliner (GO) tools work 

well in both chauffeured and supported mode for this type of task. 
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Once a target vision is established, the participants should identify the 

fundamental assumptions and constraints that are preventing the vision from coming 

true. The redesign activities will attempt to relax the constraints and challenge the 

assumptions. The most appropriate tool for this task depends on the degree of structure 

that is desired for the constraints. 10 and GO are well suited for working with dynamic 

lists of constraints, Topic Commenter (TC) and Group Matrix (GM) work better with 

established lists. The Stakeholder Identification and Assumption Surfacing tool (SIAS) 

is best suited for situations in which the constraints are political or budgetary rather 

than physical limitations. 

Creativity is the key to starting the design process with a clean slate, because 

it is natural to focus on improving what is already being done. Hammer suggests that 

there is a need to jump-start the creative process, II beyond just the automation of what 

we do, into automation of what we don't do yet and elimination of much of what we 

do today. II Figure 4.3 discusses surfacing and questioning the fundamental assumptions 

and changing the rules of engagement. 

Model Development 

The primary objective of model building is to enable the participants to achieve 

a common understanding of the current state of the business system. This is 

accomplished by having the group as a whole identify and define the key high-level 

processes that describe the business system. Next, they link the processes to the goals 
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and critical success factors. Processes that don't directly support any goals are 

candidates for elimination or reclassification as part of a constraint. 

The fundamental assumptions are the unspoken rules that govern the 

ways in which we do business. These are reflected in the process and 

organization design used. Several questions should be asked and answered 

about the rules. What are they? How do they affect process structure? Are 

they still valid? Can they be made invalid? How would changing them affect 

things? Some of the rule types are: 

Timing of work: (i.e., when do we pay) 

Location of work: (where are decisions made) 

Who does work: (specialist or not) 

Resources needed for work: 

Order of work: 

Figure 4.3 Challenging Assumptions 
Adapted from Hammer [108] 
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The high-level processes that support organizational goals are then decomposed 

into their constituent sub-processes in order to understand them more thoroughly. The 

decomposition can make use of chauffeured process support and coaching from the 

facilitator. For example, a group may decompose a high-level process as far as 

possible to establish a consensus about how far the rest of the processes should be 

decomposed, or how they should be decomposed. Typically, several processes will be 

decomposed too far and will be reconsolidated later. The decomposition is typically 

done with the object editing template. New records are added with a decomposition 

level number that implies the relationship between processes. For example, process 

3.2.1 is interpreted as a decomposition of process 3.2. 

The next step in constructing the model is to identify the involvement of 

different units, e.g., people and organizations, with the processes identified previously. 

These entities may be defined with object editing templates, or via any of the list 

building tools in GroupSystems. Once the entities in the system are identified, the 

information and control flows among the system components are specified. The model 

should document the precedence and dependence relationships between processes as 

well the information, control and physical work flows among the people/organizations 

and processes. If there is a high degree of interaction between the system components, 

the matrix tools are best suited for capturing the flows. However, if the entities have 

relatively few relationships, the object editing template programs for the repository can 

be extended to relate different object types. 
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The resulting set of relationships provides the basis for creating graphical 

representations of the system. These relationships can help the participants evaluate the 

decomposition strategy, as they attempt to balance the flows across the levels of the 

model. Graphical displays in the format of multi-level data flow diagrams should be 

generated from the model to examine the balance of flows across levels. The 

participants may have confused specialization with decomposition, and in that case, it 

will be difficult to summarize the lower-level flows into higher-level flows. This 

indicates that the decomposition should be re-evaluated. 

For business process redesign meetings, the group should conduct a situational 

analysis of the system of interest. For redesign of lower levels of the organization, the 

external environmental and competitive issues may be only indirectly applicable. The 

other units in the organization may be viewed as external entities during the analysis. 

The performance assessment must identify reasons for inadequate performance 

such as: bottlenecks, errors, insufficient or inappropriate resources, over-designs and 

over-controls. It should determine the real precedence relationships and track the inputs 

and outputs. If the experts in the process are not present at the meeting, the suggested 

techniques [l08] include interviews, first-hand observation and hands-on performance. 

During the meeting, the group members should combine their individual findings in 

order to assess the current performance against the vision. The matrix tools can be 

used to score the organizations and/or processes against their targets. These should be 

ranked to determine their redesign/automation priorities. 
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There is no clear boundary between the model development and the model 

analysis. Many of the model development activities include some implied analysis. 

Any attempt to relate to entities in the system model can lead to analysis of the model. 

For example, when participants try to identify which documents are used by a particular 

process, they realize that the document was left out of the initial model. In addition, 

when the model of the existing system is complete, the participants analyze it to build 

a model of the future system that is based on the current system. Screen prototyping 

is an activity that can bridge the two phases, because the screens contain indirect 

specifications that may conflict with those built into the first version of the model. 

The description of computer screens and the logic behind them is a means of 

indirectly capturing the high level requirements of automated processes. Query screens 

can be used to focus attention on the information most useful and important for 

monitoring and managing processes. Simulating the screen-to-screen navigation allows 

for some work flow prototyping when the screens are related to the business processes. 

Screen design is central to information system redesign meetings. There are two 

types of models that must be coordinated with the business model. These are the 

process and data models. System users often have difficulty using formal 

representations of either model, but the use of a screen prototyper tool allows them to 

specify process and data information simultaneously in a format that seems natural to 

them. The screen design includes the layout of prompts, description of fields, and 

desirable connections to other screens. 
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The resulting screen models can then be converted into process and data models 

by experienced analysts after the meeting. The screens also help define the information 

architecture by suggesting candidate data entities and possible relations between the data 

entities and the processes and organizations in the model. 

Model Analysis 

The model constructed previously is used by the participants to analyze and 

identify possible changes to the existing business system. Participants are initially 

asked to do some metaphorical thinking and some free-form creative ("soft") thinking. 

They are asked to imagine radical changes to their existing systems and describe the 

operation of their modified business systems. The primary purpose of this exercise is 

to make the participants think and analyze in an unconventional manner, breaking some 

of their fundamental assumptions. 

The "soft" thinking phase is followed by a rational analytic ("hard") thinking 

phase in which participants are asked to examine the model of the existing system and 

identify specific changes to the business system. These include eliminating processes, 

reducing people's involvements, cutting information flows, and looking for information 

technology (IT) levers to break job design paradigms. The nature and structure of work 

are shaped by available -tools. There are two modes to use information technology: 

substitution I continuous I automation and transformation I discontinuous I innovation. 

Information technology can invalidate the paradigms of organizational design. (See 
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Table 4.1 for examples) A sample of the questions used at IBM can be found in section 

5.4 of chapter 5. 

Networks geography doesn't matter 

Image Processing a document can be in multiple places at the 
same time 

Expert Systems everyone can be above average 

Interactive Videodisc seeing is more than believing 

CFS, EDI, lOS Organizations don't end at their boundaries 

EMS and groupware Organizations don't have boundaries 

Table 4.1: Effects of IT on Paradigms 
Adapted from Hammer [109] 

The diagnostic guidelines, listed in Table 4.2 suggest ways to eliminate the 

causes of common problems. Several other heuristic design principles can be used, 

even if no obvious symptoms have been recognized. For example: 

1) Off-load process performance onto process customers and suppliers. 

2) Treat geographically dispersed resources as though they were centralized. 

3) Organize around outcomes, not tasks. 

4) Capture information once and at the source. 



Symptom Disease 

extensive information arbitrary fragmentation of 
exchange, data redundancy and a natural function 
re-keying 

Inventory, buffers, and other System slack to cope with 
assets uncertainty 

High ratio of checking and incompetence and mistrust 
control to value-adding 

Rework and iteration Inadequate feedback along 
long chains 

Complexity, exceptions, and Accretion onto a simple 
special cases base 

Multiple external contact Parallel organizations 
points 

Table 4.2: Organizational Diagnostic Guidelines 
Adapted from Hammer [109] 
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Treatment 

cross-functional 
integration 

coordinate by shared 
data 

Build support and 
control into the process 

coherence by tightened 
communications 

Multiple process 
versions 

Front-end integration 

The organizational design process is a combination of analysis, synthesis, 

prototyping, acceptance or rejection testing, and creativity [94]. Analysis is a top-down 

approach that uses iterative cycles to move from general to specific to achieve strategic 

goals. Synthesis is a bottom-up approach, that starts with job design and group jobs 

to achieve departmentalization, which leads to job combinations that are easily 

coordinated and managed. When deciding between grouping by function or product, 

the choice should be made by comparing the benefit of increased communication and 

cooperation among specialists with the increased coordination needed between the 

specialists and the rest of the organization. Team building alone can lead to unfocused 

organizations, since it is a bottom-up activity. 
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Action Proposal Generation 

The participants are then asked to consolidate these ideas and identify a set of 

promising ideas. These ideas are then filtered and used as a basis for drafting an initial 

set of proposals. A review of the initial issues can ensure that the proposals address 

the major problems and opportunities. A review the costs and benefits expected should 

be included in the proposals. The FileReader within the Briefcase is on easy way to 

make the issues available to the meeting participants. 

These proposals are then evaluated to determine the political cost of the 

proposed changes. Ideally, this should include a formal evaluation with a technique 

such as Stakeholder Analysis and Assumption Surfacing, especially when similar 

proposals have been rejected or ignored in the past. For new proposals with a limited 

scope, (e.g. within a department) an informal evaluation may be sufficient to determine 

that implementation will be successful. 

The group should use a tool such as Rank Order Vote, or Alternative Evaluator 

to select the proposals to recommend for implementation. The Group Matrix can also 

be used with numeric values to derive a ranking. The selected proposals may need 

final revision with a group editing tool before the implementation plans are started. If 

the proposals involve the development of a new information system, the proposal could 

include supporting material such as screen prototypes, data entities, diagrams, etc. 
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Implementation Planning 

The proposals selected are assigned to pilot project(s) and teams are formed to 

implement a prototype of the new business and/or information system. The results .of 

the use of the prototype system are compared against the goals and objectives 

established in the "Vision Establishment" phase and the success of the prototype is 

evaluated. The prototype may be revised, or refined into a permanent 

arrangement/system. 

In order to begin formal information system development the first step is to load 

the model into the requirements document. This will involve using a report program 

to consolidate and format information from the repository and from files that are 

referenced in the repository. Since this may lead to some awkward spacing, grammar, 

and formatting, the next step is the final editing of the requirements document for the 

system. If the screen prototyper has been used to simulate a system, then prepare a 

demonstration version of the system with a program that displays and navigates through 

the screens without allowing them to be edited. At present the demonstration system 

used ASCII text files, so it would be relatively easy for modifications to be made with 

a text editor. The final step is to load the model into the client's code generator tools 

to build the system from the specifications. 

The implementation schedule should include the necessary resources and training 

as well as the evaluation plan and some contingency plans. The plan should also 
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include measures to reaffirm and nurture the climate for change. These should include 

the design of a support system for the new organization, the preparation of publicity for 

non-participants, and the creation of an ongoing organizational learning mechanism. 

Project Evaluation 

The pilot projects should encourage continuous improvement and duplication to 

begin on the successful implementations as soon as they have demonstrated their value. 

After the pilot project has been evaluated the proposed changes and/or systems should 

be reviewed in hindsight to conduct a process evaluation on the suggestions that don't 

work. The meeting logs should be reviewed to ensure that radical ideas were not 

prematurely filtered out. This can be a problem if the meeting participants don't 

believe that management is serious about making major changes. The other problem 

may be that the wrong people were attending the meeting. Management should evaluate 

the participation to make sure that functional groups have sent experienced people. It 

may be beneficial to schedule another round of meetings with representatives from 

additional functions and management levels to consider the most radical suggestions. 

4.2 Enterprise Analyzer Architecture 

The general structure of the Enterprise Analyzer Architecture can be described 

with a series of concentric circles (see Figure 4.4). 



Figure 4.4 The Enterprise Analyzer Architecture 

Client 
Team 
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At the core of the architecture is the repository. The next layer contains 

programs written in the native language of the DBMS used to implement the repository. 

These programs such as the object editing templates, the queries and reports, and the 

translation utilities, interact directly with the repository. The translation utilities 

provide interfaces for the GroupSystems tools and the Enterprise Analyzer custom tools 

that are developed for the project. The outer layer includes the roles played by the 

people involved. 

4.2.1 Roles in the Enterprise Analyzer Process 

The current GroupSystems package (release 4.0) has its roots in strategic 

planning and group support systems research. The software was intentionally designed 

to treat all of the participants equally. The emphasis was on stimulating creative 

solutions to messy problems, where anonymity was a crucial benefit of the electronic 

communications channel. It was expected that any status-based leadership would be 

accomplished either verbally, or through the meeting facilitator. Furthermore, the tools 

were specifically designed to prevent any participants from changing or deleting 

contributions from any other participant. 

GroupSystems is a generic toolkit which can be tailored to support various 

methodologies, one of which is Enterprise Analyzer. The methodology for the redesign 

of complex systems has many activities that require more extensive task support. 

Systems modeling requires frequent refinement and consolidation as well as expansion. 
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Furthermore, it may be valuable to allow functional experts to confirm or sign-off some 

aspects of the model to distinguish between creative proposals and feasible alternatives. 

The methodology must be able to support a variety of participant roles with different 

responsibilities. The roles include the project leader and the project team (the meeting 

participants from the client organization) and the session leader and the analyst team. 

The project leader is the person responsible for evaluating the process and the 

product of the meeting and deciding on changes to the agenda. The project team is 

composed of the other people whose primary responsibility is the redesign project. The 

other meeting participants may be arriving to a meeting with no preparation, and only 

a limited amount of time they can be spared from their primary jobs. Peters [209] 

recommends that most of the meeting participants be assigned to the project full time 

to avoid it turning into a committee. 

When the majority of the meeting participants are "on loan" for the duration of 

the meeting, it is critical to adjust the agenda to maximize the breadth of the systems 

components that they discuss to ensure that no important portion is overlooked. Those 
# 

who are assigned to the project full time, should make sure that the meeting focuses on 

gathering the information in a format they can use after the meeting for in depth 

analysis. For example, a team for military projects should include senior officers, non 

commissioned officers, and civilian personnel. A team for commercial projects should 

include managers, technical experts, and employees who are directly involved in the 

work. 
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The analyst team is the group of people responsible for supporting the meeting. 

The analyst/support team is responsible for assisting, coaching, and supporting the 

project team. As the methodology matures, this could be a group from the client 

organization, especially if the organization has facilities for holding electronic meetings. 

During this research, the analyst team consisted of researchers from the University of 

Arizona. 

The session leader is responsible for training participants in the redesign 

process, guiding the team through use of the automated tools, promoting positive group 

dynamics, and adjusting the agenda as necessary. The session leader also reviews the 

contents of the repository with the project leader to determine if the information has 

been entered in a consistent and sufficient manner. Finally, the session leader 

coordinates the activities of any other support team members. The team must fill at 

least three other roles: database administrator, technical specialist, and administrative 

assistant. 

The database administrator updates the meta-model in the repository as the 

language is expanded. Each new entity (or object) type requires a model object editor, 

as well as programs to support summary reports, and queries. The new entity and its 

valid relationships must be added to the groups language definition (the meta-model) 

so the entity instances can be evaluated by completeness and consistency reports. 
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The technical specialist is responsible for running the translation utilities that 

make the software tools and database repository share common data. In situations 

where the session leader has a lot of verbal interaction with the group, the technical 

assistant may assist by operating the session leader programs necessary to run the 

software tools. The technical assistant also customizes data entry screens and other 

interface enhancements required during the session. 

The administrative assistant performs a variety of tasks, such as printing reports, 

making system backups, making copies of paper documents, taking messages, sending 

FAXs, etc. which must go on simultaneously with the meeting. The administrative 

assistant also helps the team leader in training the participants on the use of the 

software tools. 

4.2.2 How Enterprise Analyzer Makes Use of GroupSystems. 

An examination of features of commercially successful CASE tools was made 

to see which were incompatible with the EA methodology. Many CASE tools: 

1) use a project dictionary to store definitions in a predefined structure, 

2) do not allow user groups to have concurrent access to the repository, and 

3) do not provide an easy import/export facility. 

The notion of a repository which allows everyone access to the model is central to 

enterprise analysis is. For Example, IBM's AD/Cycle approach to enterprise analysis 

(see Figure 4.5) makes use of a central repository for all of the models involved in 
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subsystem analysis. The repository provides the common medium for accessing all 

information obtained during Enterprise Analysis. The repository should contain the 

equivalent of a data dictionary, an organizational model, a model of the proposed 

changes to the system, and the supporting discussion and design decisions behind them. 

Enterprise 
Analysis 

Major Subsystem Analysis 

IProcess Modell I Data Model I 
I Distribution Model I 

Ente~rise 
Po 'tt De mition 

=> Validation 

=:, 

. 
F~gure 4.5 AD/Cycle Models 

Adapted from Hein [112] 

Operational & 

Test 

I Production 
Maintenance 

The repository functions should allow the business professional to communicate 

with analysts in terms of the business processes, data views (such as invoices and bills 

of materials), organizational units (such as departments or individuals), events, 

locations, and so forth. [159, 166] This information is defined in the form of enterprise 

rules and takes the form of models, constraints, report or panel images, and enterprise 
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policy statements. Policies are statements made by the business expert specifying the 

action to be performed when certain conditions occur during the execution of enterprise 

processes. These policies are divided into the following four main categories: Integrity, 

Derivation, Triggers, and Security. 

Most of the GroupSystems tools described later in this section use standard data 

import/export formats for interacting with the repository. This applies to the abstract 

entities such as goals, objectives, critical success factors, etc. obtained while using 

GroupSystems tools such as Electronic Brainstorming and Topic Commenter; as well 

as to the more detailed entries obtained via the structuring tools such as Object Editor 

Template, Enterprise Matrix, and Graphical Browser. 

During the course of a meeting, the same GroupSystems tool (e.g., Idea 

Organizer) may be used to gather goals, critical success factors, and then high level 

process names. Each of these object types will be defined in the repository's meta

model differently. The translation utilities are used to convert the standard output from 

the tool into a format that can be read by the repository's data import program. As a 

result three different versions of the translation utility would be needed for taking the 

output from idea organizer and adding or updating records in the repository. 

Some translation utilities are also used to eliminate upper or lower case 

characters, strip or pad fields with blanks or delimiters, merge or split lines of text. 

This makes it easier to avoid creating records which are duplicates, but have small 
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variations in spacing, punctuation, or case. For example, "John Smith " and " John 

Smith" may be interpreted as not matching. In other cases, when the field sizes defined 

in the repository are too small, or only selected fields and records are to be imported, 

the translation utility handles the mapping. For example, an EBS comment may be five 

lines long, but the object type defined in the repository may only have room for the 

first two lines. The utilities can also be used to append audit information such as the 

date, time, location, group or meeting number. Figure 4.6 lists some of the 

GroupSystems tools and the types of task(s) they are suited to support. 

I I 
Brainstorming 

Idea Toplo Commenter 
Generation Group Outliner 

Idea Organizer I Seaslon ~ I org~~rz~tlon I Group Writer 
Planning Group Matrix 

J Vote Selection I Prioritizing : Alternative Eval. 
Se8slon Queatlonnalre 
Manager Group Matrix 

I Policy I Policy Formation 
Development I Stakeholder Id. 

Repository L I Brlefcaae I 
Figure 4.6 GroupSystems Tools 
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Several additional categories have been defined for Enterprise Analyzer and the 

new tools that were developed for the EA project are described in section 4.3. As 

noted previously, Appendix A contains descriptions of the GroupSystems tools. Several 

other types of tasks were identified that must be supported by tools in Enterprise 

Analyzer toolkit. In addition to the categories mentioned above, the enterprise analysis 

process requires tools to support the activities listed in Table 4.3. 

Meta-Modeling DBMS Utility (i.e. DFFILE in Dataflex) 

Listings, Summaries, sub- DBMS Utility (DFQUERY and it report 
systems, and completeness generator), programs such as Demobox.rpt (see 
and consistency reports. Appendix D) 

Structuring/Relating Objects Group Matrix, EM-I, EM-2, Group Outliner, 
Enterprise Editor, Decomposition Numbers 

Data Transfer/Translation DBMS query and report utilities, and customized 
programs such as Loadelem.src, listproc.rpt. 

Graphical Manipulation Graphical Browser (SGGS), ICOM Maker, Multi-
user Graphical Editor (future research) 

Collaborative Editing Enterprise Editor, DBMS Text (Memo) fields, 
Group Writer 

Screen Prototyping Screen Prototyper, DBMS Utility (i.e. DFAUTO, 
dBASE assist) 

Table 4.3: Tools for Enterprise Analysis Tasks 
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4.2.3 Repository Programs 

The software development for Enterprise Analyzer has been driven by the desire 

to achieve a high degree of concurrent access to data, fast response times, and a user 

interface that minimizes the amount of training required to shift from tool to tool during 

a meeting. As a result, there has been an effort to make the repository programs 

similar in appearance to the GroupSystems tools. 

The IBM Common User Access (CUA) standard [126] has been implemented 

by most of the tools used in EA, and all tools will be adapted to fit the standard 

eventually. The centralized repository follows the AD/Cycle approach of applying 

some object oriented features onto an entity relationship model [166, 224]. 

As a result, three principal requirements for the design of the repository were 

identified. First, the client organization must be able to create its own meta-model, 

including the definition of a requirements specification language. Second, all 

participants must have concurrent access to the data in the repository. Third, the 

repository must have a means to easily import and export data to and from existing 

computerized systems, previous reports, studies, system documentation, and work done 

by participants in between sessions. A full-fledged LAN database management system 

(DBMS) package was needed to implement those requirements in a repository. The 

beta test release of the DataFlex 3.0' (c) software development kit from Data Access 

Corporation has been used successfully to provide the benefits listed in Table 4.4. 
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support for entity/relationship data models 

provide all participants with concurrent access to any 
data in the repository 

support update/view programs to prevent the 
participants from needing to learn a query language 

provide data import/export capability from ASCII files 

provide a query/reporting management facility 

provide 4GLlRapid prototyping capabilities 

provide CUA interface for database update programs 

Table 4.4: Requirements of EA Repository 

The underlying design of the repository is the Entity-Relationship-Attribute 

(ERA) model. This model is simple enough to be implemented with any database 

product that supports the relational data model. The repository uses the same 

underlying representation for storing the meta-data as it uses for the data that populates 

the model. The essential idea is that the members of the organization be able to 

download information from the repository into workstation-based CASE tools and then 

upload the results back to the central repository. 

Bradshaw et aI., [23] describe the IRDS standard for repositories that is being 

developed by ANSI committee X3H4. It consists of 4 levels. The first layer contains 

the Operations (data) which are created during the execution of a process. For example 

"John Jones Belongs to Purchasing." The second layer contains Models (meta data) 

which are created during model definition and consists of rules such as "Employee 
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belongs to Department". The third layer contains the Meta Model (schemas) which 

define the sorts of rules that can be defined, (i.e., Business Entity plays Role in 

Business Relationship." The fourth layer contains the Meta-Meta model (schema 

description) which is the framework provided with the tool. 

The repository starts with a simple set of meta-data, such as the dictionary, the 

list all of the Entity-Relationship-Entity combinations that are valid, and the catalog 

information that defines the menus, directories and programs used to maintain the entity 

and relationship instance records. For example, the catalog includes the object editing 

template program name used to update a process descriptionJ or a report program used 

to generate a specific completeness and consistency report. Entity records will describe 

individual entity instances and their attributes to the system, and the relationship records 

will document/describe the relationship between two entity instances. 

The repository should be designed to separate the user interface of the tools 

from the model representation used (see Figure 4.7). For example, workstations can 

make use of object-oriented/graphical interface features as a front end to the relational 

model in order to make it conceptually easier for the business experts to create valid 

models. Typically, there has been a tradeoff between flexibility in the model and the 

completeness and consistency checking that can be applied to the model. When the 

client has a product available that provides valuable completeness and consistency 

checking logic, then the project leaders must decide how the model should be imported 



186 

into that tool. The session planning can identify the mapping between the model 

developed and the predefined syntax of these design aids used to evaluate the model. 

Common User Interface 
I I I I 

Analysisl 
Design Tools 

Configuration 
Management 

Tools 

Documentation 
Tools 

Integration Agent 

Tool-Data 

Figure 4.7 A CASE Tool Integration Approach 
Adapted from Wybolt [281] 

Etc. 

Henderson and Cooprider [115] propose a functional model of CASE technology 

(see Figure 4.8) that reflects the coordination technology needed to support team efforts 

and the organizational technology that must be considered during the design process. 



Figure 4.8 Design Aid Environments 
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Cooperative 
Functionality 

Adapted from Henderson and Cooprider [115] 

The basic meta-model, used during pre-planning sessions, includes entities such 

as processes, goals, and relationships but is extensible to include any entities, attributes, 

and relationships the group wants to use. See Figure 4.7 for an example of the meta

model's report definition of a process. The terms entity and object are used 

interchangeably throughout this discussion. 

Hammer recommends [108] that the process model for business system 

reengineering should include at least the following attributes: major value-adding steps, 
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DATE: 10/15/90 TIME: 13:42 PAGE: 1 
FILE DEFINITION FOR FILE: PROCESS (# 11) 
FILE ROOT NAME PROCESS 
USER DISPLAY NAME PROCESS 
DATAFLEX FILE NAME PROCESS 
RECORD LENGTH 1792 USED: 1659 
MAX NUMBER OF RECORDS 1000 USED: 41 ) 
FILE COMPRESSION Fast 
RE-USE DELETED SPACE Yes 
MULTI-USER REREAD Yes 

NUM FIELD NAME TYPE SIZE OFFST IX 
--------------- ----- -----

1 NAME ASC 50 1 1 
2 LEVEL NUMBER ASC 20 51 2 
3 OBJECT TYPE ASC 20 71 
4 OWNER ASC 50 91 
5 DURATION NUM 6.2 141 
6 AUTOMATION ASC 1 145 
7 REFERENCE ASC 50 146 
8 TRIGGER ASC 50 196 
9 PRIM INPUTS ASC 50 246 

10 PRIM-OUTPUTS ASC 50 296 
11 DIAGRAM ASC 50 346 
12 NOTES TEX 1264 396 

INDEX# FIELDS DES u/e LENGTH LEVELS SEGMENTS MODE 
------ --------------- --- --- ------ ------ -------- -------

1 NAME No Yes 53 4 2 Online 
RECNUM No No 

2 LEVEL NUMBER No Yes 23 3 2 Online 
RECNUM No No 

Figure 4.9 Data Dictionary Report Describing Process Object Type 

purpose, inputs and outputs, volumes, resources, critical success factors, exceptions, 

problems and issues, triggers and timing (work and elapsed), cost (unit and % total), 

quality (errors, rework). Standards from organizations such as the Army and mM 

suggest variations of the attributes needed for a process model. 
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There are a variety of software tools used to update or examine the model stored 

in the repository. Some of these tools (Le. the object editing templates) are written 

using the Dataflex DBMS programming language for direct access to the repository 

data. One of the first activities after the meta-model has been defined is to create an 

editor program for each object type defined in the model. This editor program is used 

by the participants to add and update records defining specific instances of the object 

type, such as process "3.2.1", or application "Lease Billing". 

Other modules are written in MS-DOS programming languages such as Turbo 

Pascal, to provide maximum flexibility for the group processes. Usually the repository 

is initialized with data from GroupSystems tools. In cases where the field level 

concurrency provided by the DBMS is deemed inadequate (Le. editing process 

descriptions), the Dataflex program calculates a reference file name, executes a Pascal 

program and then imports the data from the reference file without any intervention by 

the participant. 

The relationship records can be created two ways. The implicit relationships are 

derived by programs to minimize any redundant or repetitive work that would make 

poor use of the participants' time during the meeting. Whenever entities are described 

with a hierarchical numbering scheme, EA automatically generates relationship records, 

for example, process 3.2.1 is assumed to be a decomposition of process 3.2. The 

group can also enter relationships explicitly by using one of the Enterprise Matrix tools, 

or by using function keys that link object editing template programs together. 
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If the participants can quickly view a list of the processes that are already 

defined, they add fewer redundant process descriptions. Figure 4.10 represents a 

typical screen for adding or editing a process. Figure 4.11 shows a pop-up window 

that lists the processes that have already been defined. The participant can scroll 

through the list, update an existing process or add a new one by exiting the list and 

clearing the screen. 

An editor template program is created by combining standard repository 

functions to allow the participant to save changes, get the next record, update the 

description, clear the screen etc. It is our goal to provide the same functionality for the 

template programs for every entity type that is defined in the group's meta-model. 

Although the group may use a separate program for each entity type, the participants 

should only need to be trained to use the template for one entity type. For example, 

there may be separate programs to add processes and to add documents. The fields and 

prompts in the template screen will differ, but the programs will behave in the same 

fashion. Appendix B contains the program listings for two Dataflex editing template 

programs. 
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Figure 4.10 Process object Editing Template 
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The participants can be allowed to navigate through the model from object type 

to object type. For example, if the project leader feels that it is helpful to alternately 

examine processes and job descx;iptions, a menu option can be added to the object editor 

programs for processes that allows the participant to switch to job descriptions and vice 

versa. 

Other Dataflex programs are used to generate reports, import data, export data 

and transform data. The DBMS provides two ways to generate reports, a non

procedural menu driven approach using predefined reporting macros and a procedural 

approach that allows a programmer to use "write" and "writeln" commands to create 

a customized report that is similar to a Pascal program. Reports can easily be directed 

to a file instead of a printer, making them into translation utilities for exporting data. 

An import utility that is similar to the query and report generation utility allows the 

database administrator to create a program to import data in a menu driven, non

procedural fashion. Additional programming logic can be added to the import program 

if preprocessing is required before the data is imported. 

The conversion of a set of hierarchically defined objects into a graphical display 

in the form of a node tree is an example of a complicated translation. The four 

program listings in Appendix C demonstrate the creation of three object types from the 

relations implicit in a numbering scheme, the calculation of coordinates for displaying 

the information in a series of "trees", and the generation of a "drawing file" in the 

format that can be used by the graphical browser. Appendix D contains the program 
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which combines the activities, inputs, controls, outputs, and mechanism records into 

the input file for the ICOM maker drawing program. 

4.2.4 Enterprise Analyzer Custom Tools 

A number of additional tools have been developed to support the modeling 

activities of Enterprise Analysis. Hayes [110] describes the development of these tools 

in greater detail. In general, the tools provide functionality similar to that found in 

Group Matrix and Group Writer. In an early use of Enterprise Analyzer, Group Matrix 

was used to establish the relationships among processes and documents. For that 

group, the documents represented the control flows as well as the information flows. 

The Group Matrix keeps track of each individual's entry for every cell and calculates 

a number of statistics to develop a "group" value for each cell as well. When the 

participants were documenting the existing system, there was so little disagreement, that 

the individual values were mostly empty. As a result, the Enterprise Matrix variations 

of Group Matrix were developed to conserve storage space. 

Enterprise Matrix represents a family of matrix tools that are designed to allow 

a group, working in parallel, to establish the relationships between a two object sets. 

Enterprise Matrix uses, as input, the process names as one dimension of the matrix and 

document numbers and names as the second dimension. The relations table, defined 

by the project leader and refined by the group, provides a list of allowable values for 
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the relationship between a process instance and a document instance which is 

represented in the intersection between a row and a column (a cell). 

Each of the hybrids in the Enterprise Matrix family consists of two programs, 

one for the session leader and one for the participants. The session leader creates the 

matrix, starts the participants, creates reports, monitors the participants' progress, and 

alters the default settings. The participant program allows each person to navigate 

through the matrix independently, so they can work in parallel while defining the 

linkages. 

EM-l is a tool (see Figure 4.12) that stores a single value for the entire group 

for each cell in the matrix. It was developed for situations in which there was little 

controversy about the values. It does store a log of previous values and related 

comments when someone changes the initial value of a cell. EM-2 is a tool (see Figure 

4.13) that allows the participant to select multiple values for each cell. Instead of a 

single value in the cell, it contains a code to indicate which of the entries on the 

allowable relations list have been selected. So a value of 26 means that the second and 

sixth values in the list were selected. 
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4.13 Enterprise Matrix Hybrid 2 
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Enterprise Editor (BE) is a collaborative text editor that can be used as either 

a stand-alone table of contents based editing program (see Figure 4.14) or can be 

executed from within another program by exiting to the shell, passing a file name as 

a parameter. This tool was created to supplement the text window feature of Dataflex 

and the GroupSystems' GroupWriter tool in order to provide additional editing control 

capabilities. It allows a participant to lock a section for editing while permitting other 

participants to view the updated contents of the section (see Figure 4.15). It also allows 

the facilitator to assign limited access to any section in the EE table of contents to any 

workstation on the network. The hierarchical order to the available rights, from highest 

privilege to lowest, is edit, insert, append, read-only, and none. The rights are 

assigned on a section basis, by workstation. The facilitator may dynamically change 

the rights as the meeting progresses. EE can also import section names and supporting 

text from many of the other GroupSystems tools; such as Idea Organizer, Vote, Group 

Outliner; as well as any ASCII-text file. 



1.4.1 Installation InforMation Hodel 

!he grouping of ISH, as a whole, will support the Installation Inror~atlon 
Hodel Process' 19.0, entitled "Hanage Installations." Details concerning 
the II" are contained In the Installation InforMation Hodel (II") developed 
by the Hequirenents Analysis Planning (HAP) group session during Sep-Hov 
1989. The DH, OCSA, Is the proponent for the IIH. The processes which 
users have considered a necessity for the full functionality of IS" are 
Included in each of the respectiue IS" functional descriptions. The seuen 
areas of functional ~anage~ent at the installation which are identified as 
the core of the II" are: 

19.1 Plan RelJulreJltents 
19.2 Direct Resources 
19.3 Acquire Personnel, 
19.4 Acquire Property and Services 
19.5 Support Personnel Services 
19.6 Support Property 
19.7 Honitor Activities. 

Figure 4.15 Enterprise Editor 2 
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Screen Prototyper is actually a variation of the Enterprise Editor that allows the 

participant to describe the appearance of a screen (see Figure 4.16 ) and define other 

screens that can be reached from that screen (see Figure 4.17). One of the screens that 

could be defined was a notes screen that could include field descriptions, processing 

logic, or annotations about the screen (see Figure 4.18) A limited version of this 

program allows the participants to simulate the screen navigation of their prototype 

system. 

Figure 4.16 Screen Prototyper Table of contents 
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Figure 4.17 Screen Prototyper Main Screen 
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4.3 Enterprise Analyzer Hardware Requirements 

The most visible component of the system is an electronic meeting room that 

enables the teams to use automated support. This facility provides a computer 

workstation to each team member to permit anonymous electronic communication 

among team members and enable each member to work in parallel on the task. The 

room also provides a large screen video projection system, so that team members can 

also use the computer system as an electronic blackboard to support verbal discussion 

of key issues. 

Enterprise Analyzer has been used successfully in three different settings: the 

Arizona EMS facility located at the University of Arizona, a temporary facility set up 

in a hotel meeting room in Huntsville, Alabama, and an IBM Decision Support Center 

located in Bethesda, Maryland. Although these locations are geographically dispersed, 

there are basic similarities to the hardware used to support the Enterprise Analyzer 

process. The minimum hardware requirements are: a workstation for every participant 

plus the support team, a local area network to link each of the workstations, a network 

server with 20 megabytes of disk space available, a printer, an overhead projector and 

a plasma PC display unit for the projector. 

The rented facility made use of this minimum hardware requirement, while the 

Arizona and IBM sites have assorted enhancements including large-screen projection 

and ergonomically designed workspaces. The EA and GroupSystems tools are designed 
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to run on any LAN with any kind of MS DOS compatible computers used as 

workstations, however, the system required adjustments to the LAN and workstation 

configurations to increase the maximum number of files that can be open simultaneously 

and the environment space available. 
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Figure 4.19 The University of Arizona's Meeting Rooms 
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The meeting room used for the ISM sessions features workstations for up to 24 

participants which are networked together and connected to two large display screens 

at the front of the room. There are also 2 facilitator work stations and an analyst work 

station in the back room with a laser printer available. This made it possible for up to 

3 members of the support team to run translation utilities to format data and generate 

reports, while the facilitator was leading the group through another task. Figure 4.19 

presents schematic diagrams of the first two meeting rooms at the University of 

Arizona. 

As of this writing, mM has 35 Decision Support Centers (DSCs) located in the 

United States with approximately 20 more under development. The Bethesda, 

Maryland site is a representative example. The Bethesda DSC contains 14 participant 

stations and a facilitator station linked via a Token Ring LAN and PCLAN software. 

Each station contains a keyboard support that is adjustable for the participant's comfort. 

Carpeting, adjustable lighting, and decor were selected to create a pleasant environment 

for collaboration. The participant stations are grouped into a U-shaped arrangement, 

giving the speaker and/or facilitator room to move about, directly stimulating the group 

dynamics in the center of the "U. II 

Each of the 15 stations in the DSC and the network server are IBM PS/2 

microcomputers. An mM 3812 PagePrinter is attached to the network to allow 

immediate laser printing of reports during the session. The room contains a large

screen projection system for displaying the facilitator's screen. An overhead 
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transparency projector is available to display foils produced for the session such as 

agendas, team assignments, and diagrams of the current system. There is a back room 

at the Bethesda DSC, but it was equipped with mainframe terminals so that meeting 

participants could check their electronic mail during meeting breaks. Unfortunately, 

there were no workstations attached to the LAN in the room, so the support team had 

to use laptop computers for much of the data manipulation and report file generation. 

With the printer attached to the server instead of a workstation, printing caused a 

significant increase in response time, so it wasn't practical to print reports while the 

meetings were in progress. 

4.4 Summary 

This chapter presents the University of Arizona's approach to performing 

enterprise analysis as a front end activity to process and information system redesign. 

The Enterprise Analyzer methodology makes use of an EMS to support teams during 

the steps of the process. The enterprise analysis process may consist of several levels 

of projects that are assigned to capture the requirements of a new vision for the 

organization. Within each project, there is an orderly progression from vision building 

and project framing activities, through model building and analysis, and generating and 

evaluating proposed changes. While the steps are presented in a logical progression, 

the process is not a "waterfall" sequence, frequent iterations and revisions are 

encouraged. 
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Enterprise Analyzer is presented as a series of extensions to the GroupSystems 

EMS in terms of roles played by the meeting participants, the tools developed to 

provide additional process and task support and structure, and the repository approach 

to storing and updating the model built during the meetings. The repository is 

implemented with a commercial database package in order to keep the development 

simple, and to increase the portability of the model. The chapter finishes with a brief 

discussion of the physical resources required to support an Enterprise Analyzer meeting. 

Table 4.5 summarizes which tools can be used to support the steps in the 

methodology. The tools used for each step are selected on the basis of group and task 

characteristics. Not every group will use every tool or even perform every step in the 

methodology. Some experience with the tools is required to select the best match for 

the task. Many of the tools have overlapping capabilities, for example, Topic 

Commenter's capabilities are a subset of the Group Outliner's capabilities. Likewise, 

in the table, the Enterprise Editor is used to represent any of the group editing tools 

available although there are differences between them. 

Other tools can be used for different types of tasks. For example, the Group 

Matrix can be used for ranking purposes in its numerical mode or for building relation 

records in its list mode. The object editing templates can be used to capture 

relationships as well as the objects in the model. Specific objects can be defined in the 

repository and then used to schedule the meeting activities, the implementation planning 

and other project events. 



TOOL Prep-
aration 

MM x 

EBS x 

10 x 

GO x 

GM 

SIAS x 

VOTE x 

EE 

EM 

SGGS 

OET 

FR x 

TU 

RPT 

SP 

Vision 
Estab. 

x 

x 

x 

x 

x 

x 

x 

x 

x 

Model 
Devel
opment 

x 

x 

x 

x 

x 

x 

x 

x 

x 

x 

Model 
Anal. 

x 

x 

x 

x 

x 

x 

x 

x 

x 
Table 4.~ : Tools and Methodology Steps 

Legend 

Proposal 
Genera
tion 

x 

x 

x 

x 

Implemen
tation 
Planning 

x 

x 

x 

x 

x 

x 

EBS = Electronic BrainStorming GM = Group Matrix 
MM = Meeting Manager (Agenda) EM = Entity Matrix 
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Project 
Evalu
ation 

x 

x 

x 

x 

x 

x 

x 

10= Idea Organizer SGGS= Graphical Browser 
GO= Group Outliner VOTE= Rank Order Voting 
EE= Enterprise Editor SP= Screen Prototyper 
FR= File Reader(briefcase) TU= Translation Utility 
RPT= Query! Report Generator (repository program) 
SIAS = Stakeholder Identification and Assumption Surfacing 
OET= Object Editing Template (repository program) 
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CHAPrERS 

CASE STUDIES EVALUATING ENTERPRISE ANALYZER 

5.1 Introduction 

This chapter describes the meetings held by the groups that used of the 

Enterprise Analyzer. This description refers to the meetings in the chronological order 

in which they occurred, in order to show the evolution that took place. The meetings 

are grouped together, whenever a series of meetings had much in common. These 

meetings were conducted as part of the systems development methodology and these 

field studies were designed to validate and refine the propositions, methodology, and 

software that make up the Enterprise Analyzer system. The variety and duration of the 

evaluations gave the researcher significant opportunity to improve the system in 

between meetings. 

The Enterprise Analyzer was used a total of twelve occasions over a period of 

sixteen months at three locations. Figure 5.1 summarizes the timing and location of 

the meetings. Seven meetings were held with teams from the Army's ISM project, 

(described in sections 5.2 and 5.4) four were held with a team from IBM's applications 

support group (described in section 5.3) and one meeting was held with a team from 

the Army Corps of Engineers (described in section 5.5). Each of the sections contains 

a description of software tools that were used for the first time during the meetings. 
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The next section will describe the goals, deliverables and other features of the 

ISM project, that were common to several meetings. The meetings are described 

separately to preserve the chronological order of this chapter. As the first organization 

to use the Enterprise Analyzer, the ISM project had a significant impact on the 

development of the system. 

Time organization Location 

2/90 ISM Tucson 

3/90 ISM Tucson 

5/90 ISM Tucson 

6/90 ISM Tucson 

7/90 ISM Huntsville 

10/90 IBM (2) Bethesda 

11/90 IBM (2) Bethesda 

2/91 ISM Tucson 

3/91 ISM Tucson 

6/91 COE Tucson 

Figure 5.1 Enterprise Analyzer Meetings Summary 

S.2 Installation Support Modules (ISM) Project 

As the 1980's were ending, the cold war was winding down and Congress was 

putting budget pressure on the military. One of the u.S. Army's biggest concerns was 

downsizing. They needed to improve the productivity of their information systems in 
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order to run their installations with fewer people. The U.S. Army currently spends $5 

billion annually and employs over 250,000 people to operate the many Army, National 

Guard and Reserve installations in the U.S. and worldwide. However, there is 

currently no common integrated method for managing installations. This results in poor 

communication and coordination, information redundancies, and non-standardization 

both between installations and between functional areas at a single post. Consequently, 

the U.S. Congress and Army administrators have identified this lack of standardization 

for installation management as a primary concern. For example, if installation 

management productivity could be improved by 5 %, more than $250 million and 

12,500 man-years of effort could be saved each year [36]. 

In an attempt to improve the productivity of managing installations, the U.S. 

Army has started the Installation Support Modules (ISM) Project. The objective of the 

ISM Project is to develop a set of integrated information systems that will support the 

management of the installation; a job comparable with running a small city. This 

project has a budget of $172 million through 1995 to develop an army-wide system that 

will be installed at all U.S. Army, National Guard and Reserve installations world-wide 

[36]. 

This integrated information support system will assist in the management of the 

varied activities that occur at each site (e.g., linking tactical and strategic systems with 

the installation sustaining systems, managing the arrival and departure of personnel, 

sharing information across functional areas, etc.). The existing system(s) at the bases 
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may be quite automated yet any single installation may be suffering from the problems 

listed in Table 5.1. 

The Systems may be ... 

1 unable to communicate with other systems 

2 inconsistent with systems used in other commands 

3 causing unnecessary delays in processing cycles 

4 automated for some functions and manual for others 

5 so difficult to understand/change that they constrain the 
flexibility of the very functions that they are supposed to support 

Table 5.1: Potential Problems With Installation Information Systems 

Historically, military information systems have concentrated on providing 

information up and down the chain of command, rather than sharing data across a 

single level. The ISM project must address the need to share information both 

vertically and horizontally. The project management felt that a systems development 

effort of this scope and complexity presents a tremendous challenge, and that traditional 

requirements definition techniques would to be inadequate to meet the necessary time 

and budgetary constraints. As a result, they established Life Cycle Management 

processes and procedures specifically for the ISM project [36]. 

In order to comply with DOD regulations, each module must have a functional 

description (FD) written before any further prototyping or development for that module 

can be authorized. The functional description for each module must conform to the 
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DOD-7935A standard [74]. These FDs are roughly equivalent to a requirements 

specification for the system at the logical level. 

In order to identify the world-wide requirements for standardized information 

systems, the Army needs to consider the needs of all units and installations that are 

potential users of the system. Representatives are chosen based on their experience 

doing the work that the system is to support, and they are flown in to a meeting for 

approximately a week. It is critical to make the best use of the meeting participant's 

time during the meeting because it is impractical to extend their participation and/or 

schedule additional meetings. This means that the meeting agenda must concentrate on 

activities that provide the most leverage from the interaction. 

The contents for many of the requirements categories in the FD were common 

(by definition of the project) to all of the ISM modules and were prepared by the ISM 

project management independently of the module specific meetings. The standard 

includes major sections listing detailed characteristics, design considerations, the 

environment, security, the development plan, and cost factors. Appendices to the 

document list other information such as: readiness and performance requirements, 

related project documentation, existing and proposed data flows, functional processing 

steps, interacting organizations, inputs and outputs, and telecommunications 

requirements. 
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This standard caused the meeting participants significant confusion, because it 

actually requires the system requirements to be described in 4 different styles. Section 

2 of the FD is expected to contain a high level, non-technical description of the system. 

Section 3 contains a detailed description in "non computer" terminology, and section 

4 contains a detailed description of the same material in "computer" terminology. The 

fourth description is actually a separate document, the "Requirements Document", that 

is supposed to be written after the FD is finished. 

Ideally, the meeting agenda should be designed to produce two deliverables that 

ensure that all of the system requirements are being documented. The primary 

deliverable is the textual functional description. A secondary deliverable would be an 

electronic model of the system that can be loaded into prototyping tools for evaluation 

and further development. 

This type of meeting resembles a joint application development (JAD) session 

except for the use of technology and the restrictions of the regulations [202]. Some 

artifacts such as prototype screen layouts, that are typically part of a logical design, are 

reserved for the requirements document and excluded from the FD. Other federal 

regulations, regarding the bidding process for software development contractors, 

prevents the organization that will develop the module from having any participation 

in the specification of the module's requirements. In a JAD session the system 

developers are encouraged to attend the meetings as silent observers. The analysts are 
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allowed to influence the design, but they can observe and understand the negotiation 

and compromise process that leads to the final design. 

5.2.1 ISM Meetings (1990) 

Five sessions were held in 1990 to generate functional descriptions for six 

modules. Table 5.2 summarizes the timing of the meetings. 

February 1990 In- and Out- Processing (personnel transfers) 

March 1990 EdMIS/ACES (educational benefits tracking) 

May 1990 Installation Command Group (an executive support system) 

June 1990 Orders and Records Management (2 FDs) 

July 1990 Civilian Personnel Offices (in Huntsville Alabama) 

**"'****** ***Desert Shield ****** 

February 1991 Training and Audio Visual Support (TRA VIS) 

March 1991 Master Activities Scheduling (MASSCHA T) 

Table 5.2: ISM Modules and Meetings 

The ISM project identified over 150 modules to be developed over several years. 

This meant that the project had to produce a functional description for a module 

approximately every 2 weeks. When the initial attempt to write an FD for the In- and 

Out- Processing module took 9 weeks using traditional methods, and was then found 

to be incomplete, the project management began looking for alternate methods. The 

ISM management decided to rewrite the FD, in only one week, by conducting a 

meeting at the University of Arizona's GroupSystems facility. This allowed them to 
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bring in representatives from more geographic areas since they only had to miss a week 

of their regular jobs. 

In general, the research team would meet with the project leaders for a pre

planning meeting on a Sunday night to set the agenda for a week-long session. There 

would be approximately three weeks after the session ended to prepare for the next 

session. The process matured greatly from session to session and more of the support 

activities were automated each time. As a result, less and less time was needed in 

between the meetings for the support team to reformat information and prepare reports. 

The ISM project management created a template functional description for all 

of the groups that includes the information that applies to all of the modules. The 

template FD that is used is approximately 100 pages long before any module specific 

information is added to it. Therefore much of the terminology, rules, goals and system 

specifications were presented to the participants rather than gathered from them. Many 

of the data elements and forms and reports currently in use were already defined in 

documents that the participants brought with them. 

The In- and Out-Processing Module 

The first session used only tools from the standard GroupSystems toolkit and a 

word processing package installed on the network. The facilitator kept the group 

focused on their tasks and the support team was able to manipulate data, run reports, 
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and observe the meeting process. This meeting was designed to provide an informal 

baseline to estimate the contribution of the tools and methodology. 

Most of the GroupSystems tools are designed overcome the communication 

based process losses involved with face to face meetings of large groups. They 

encourage creative comments and evaluation of alternatives. These tools work with 

unstructured comments, keywords and reference files, but do little else to create a 

structure other than an ordered list. One person's comments can trigger another's train 

of thought, but the task of building a model from the comments and lists is not a trivial 

one. This identified the need for electronic equivalents of the sort of forms used in 

joint application design (JAD) sessions to force structure on their comments. 

The project management decided to concentrate on process modelling to flesh 

out the functional description (FD). In this module, there were 17 functional areas that 

a soldier had to check in with and get a sign off and 15 that he had to check out with. 

These were mostly independent of each other and often at different physical locations. 

Each process was a center of study, interfaces were described from that process' point 

of view, not as a relation between two processes. 

For example, the soldier might be transferred from Europe to the United States. 

He has to get a print out of his orders and status documents when he checks out of his 

old base. When he arrives at the new one, he must present his papers at each step in 

the check in process at the new base, where they are retyped into the local system. 
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Each process was described with "peculiarities", for Wartime, Peacetime, and other 

conditions that would lead to actions being skipped or hurried. 

The meeting started with an electronic brainstorming session, to identify and 

discuss the problems and issues with the process from the point of view of the soldier 

who was being transferred. Then the group defined a list of high-level processes in a 

chauffeured process mode, while the facilitator used Idea organizer to build a list. The 

list was imported into Topic Commenter to allow the group to add more detail for each 

process. 

The group spent the last part of the first day describing the list of high-level 

processes. Then the group learned that one participant had a copy of the new 

regulations that specified high level processes. He was reluctant to tell the rest of the 

group, thinking that everyone already knew about them and was ignoring them. This 

kind of discovery was a typical benefit of these meetings, people tended to assume that 

communication was better than it actually is. 

On the second day the new list of processes, built to correspond to the 

regulations, was set up in Topic Commenter, but after a half day session, their were 

numerous complaints that the participants needed to be able to change the wording in 

entries that had already been made. In the standard GroupSystems tools, this can only 

be done by the facilitator. The problem continued to reduce the productivity, so 

another approach was taken. 
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The template FD, that the ISM management had prepared, contained several 

headings indicating the type of data required to describe a process. Portions of the 

template containing these prompts were copied onto the network and formatted for a 

word processing program to create blank forms for the processes. The processes 

included prompts for reports and data elements within reports used by the process. 

Process Number: 

Process Name: 

Peculiarities (peacetime, wartime, transition or other) 

Interfaces: 

Reports: 

Forms: 

Data elements: 

Process Number: 

Process Name: 

Peculiarities (peacetime, wartime, transition or other) 

Interfaces: 

Reports: 

Forms: 

Data elements: 
Figure 5.2 Sample of Word Processing Template 
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The contents of the descriptions were also copied into word processing files and 

divided up for further decomposition and description. A template form was built to 

demonstrate the types of information that should be included for each process described 

in the file. Figure 5.2 indicates the level of structure provided by the prompts in the 

template. By the end of the fourth day, the process descriptions were complete. The 

support team went through the files after the session ended and extracted 1100 data 

elements and paired them with the processes that used them. The group spent the last 

morning reviewing the list of data elements. The word processing files and reports 

from the GroupSystems tools were imported into the template FD document to create 

a first draft and the electronic copy was given to the project management for further 

editing. 

Evaluation 

Unfortunately, most of the participants did not consistently follow the format 

suggested by the prompts included on the "blank" forms. Furthermore, it was very 

difficult to separate or extract the comments entered from the prompts. This left no 

way to easily compare the descriptions for duplications and contradictions. The group 

also spent a lot of time specifying which data elements went into which forms and 

reports. This was a poor use of the group's time, because the participants had brought 

(or could get) copies of these forms and reports. A clerk could derive those lists after 

the meeting was over. The participants should have been focused on higher level 

information flows. 
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This session was generally regarded as a success by the participants, the ISM 

project team, and the outside observers. The ISM deputy project manager (the project 

leader for this session) decided to schedule another session for the following month. 

She felt that the productivity of the week long session was comparable to the previous 

9-week meeting that had no computer support. In addition, there was an absence of 

turf wars between representatives of different commands. The research team 

hypothesized that the same lack of media richness of the electronic communications that 

was expected to be a problem in some situations, [58] had actually helped to neutralize 

potential hostilities by capturing opinions in a somewhat "sterile" manner. The initial 

FDs for In- and Out-Processing were completed by the ISM system analysts from the 

meeting output 45 days after the end of the meeting. At that time, prototype 

development for the system began at an Army installation in Idaho Falls, Idaho. 

There were clearly several opportunities for improving the computer-supported 

process. The participants had some difficulty in initially understanding the form in 

which the requirements were to be specified. It was only after working through several 

examples and exploring the structure on their own that most of them understood what 

was needed. As they began to understand the ISM point of view, several participants 

wanted a way to edit or delete the comments they had made earlier with GroupSystems 

tools. While there is a need to trace system decisions back to the requirements 

elicitation phase, this applies more to the final document, rather than statements based 

on initial misunderstanding. 



219 

The word processing template didn't enforce the requirements elicitation 

structure. As a result, it took several people most of the night to reformat the process 

descriptions into a coherent model so the participants could review it on the last day of 

the session. The ISM project analysts also had to spend a non-trivial amount of time 

adjusting the format of the requirements to produce the final FD. Finally, the 

unstructured teKt form of the requirements made it difficult to identify and extract the 

data elements. Considerable time was spent searching the files to produce a complete 

list of data elements and which processes they were used in. 

It became clear that a better way to capture structured data was needed. The 

research group's goal for the next meetings was to use a more restrictive tool to create 

a tangible structure that could be easily manipulated. Two tools were added to the 

process to create the added structuring ability: Group Matrix, and a multi-user 

repository. The use of the new tools would allow comparisons between several ways 

of capturing the relationships between the systems' entities. It also could provide an 

evaluation of the Group Matrix tool in the process. 

Enterprise Analyzer requires a repository (database) product that would allow 

the database administrator to perform integrity checking and identify missing 

information quickly and automatically. It would need to be flexible enough to adapt to 

both individual group's needs and the researchers' observations. The dictionaries of 

most CASE tools were deemed to be too inflexible for this purpose. A LAN DBMS 

that would allow rapid prototyping and restructuring of data files was selected. A set 
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of data entry programs for parallel group input to the repository were developed using 

the LAN version of dBASE III +. These "electronic forms" were the precursors of the 

object editing templates described in chapter 5. 

The EDMIS/ ACFS Module 

The module was designed to help the counselors who would advise soldiers on 

what courses they could take for college or high school credit, how to transfer credits, 

and how to integrate the classes with their work schedule and normal job training 

classes. Furthermore, the counselors had to determine from a combination of sources 

what the educational benefits (such as the GI bill, or tuition credits) the soldier was 

entitled to upon the end of his term of service. Typically, this was a function of the 

soldier's original enlistment situation, acts of Congress, service record, and a number 

of variables that made each soldier need to be evaluated as a separate case. 

Often, the soldier had no idea what he was entitled to, so the goal of the 

counselor was to interpret what the Veterans administration would think he was entitled 

to, so that the soldier could make reasonable plans for continuing his/her education. 

As a result the counselor had to access information from both local records and from 

the STAndard Military Information System (STAMIS) databases. 

The Agenda for the meeting is presented in Table 5.3. The session began with 

opening remarks from the project management to explain to the participants what their 
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role in the process was. Next an electronic brainstorming session was used to introduce 

them to the tools and to find out what their problems were with their current system 

(some locations were still manual). After the group was comfortable with their 

mission, an editing template program was used to capture the requirements in a 

structured fashion in the repository. The initial use of the program was to capture the 

high-level processes that made up the module. The same program was also used to 

decompose the processes and related them to other objects in the model. 

Activity Tool 

Monday 
Discuss key problems EBS 
Define and decompose processes Editing template 

Tuesday 
Reinstruct participants how to decompose and define Editing template 
processes 

Wednesday 
Link forms and reports to subprocesses Group Matrix 

Thursday 
Continue linking forms and reports to subprocesses Group Matrix 
Discussion of forms and subprocesses without links (orphans) Editing Template 

Table 5.3: ACES Meeting Agenda 

The editing template was a complex data entry program that attempted to 

maintain referential integrity between the entities such as: processes, forms, reports, 

data elements, etc. This program proved to be too complicated for some of the 

participants to learn in such a short time period. Furthermore, the referential integrity 

checks weren't useful until the model had become nearly completed. 
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During a progress review, it was decided to use simpler editing templates to 

create and update the entities in the system for the rest of the meeting. The participants 

were given a menu of entity types and when they, selected one, it brought up an editing 

template for that entity type. The Group Matrix tool would be used to the capture 

relationships between the entities. 

In the Group Matrix, typically the participants would navigate across a row or 

~own a single column at a time, using that object as a reference for the relationships 

they were entering. As the participants tried to add relationships from one object to 

another, they frequently remembered objects that had been left off of the initial list. 

Several workstations were switched from the Group Matrix to the database update 

programs to allow the participants to add new. object records. 

Evaluation 

Once again, the session was generally regarded as a success by the participants, 

the ISM project team, and the outside observers. Overall, the use of a database greatly 

reduced the amount of time needed by the group to build a model and the amount of 

time needed by the support team to clean it up. The ISM deputy project manager felt 

that this session had produced substantially better results than the previous session. The 

FD was completed 60 days after the meeting. 
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Unfortunately, however, dBASE III+ didn't have good enough concurrency 

control to support the desired level of participant interaction. Its method of handling 

concurrency for record updates and additions, locking entire records and entire files 

proved problematic. If someone was editing a record, no one else could see its 

contents, so a lot of duplicate records were created. In addition, no one could add new 

records to a database unless everyone else stopped editing it. The techniques we 

developed to sidestep the locking problems were only partially successful; users 

frequently encountered locks which slowed them down and increased frustration. The 

need for a DBMS with more sophisticated concurrency control was clear. 

Our initial experiences with Group Matrix suggested that it was a valuable tool 

for allowing groups to quickly establish the relationships between sets of related 

information. However, a memory limitation of the program prevented it from creating 

matrices larger than 80 by 80. Since this module made use of more reports and forms 

than could fit into one matrix, they had to be clustered into several smaller lists. The 

results of the smaller matrices were then merged together to provide the "big picture". 

This problem was particularly severe with the processes and data elements, which had 

to be divided into six chunks. 

As in the prior meeting, the participants had difficulty understanding the specific 

information needed (particularly the level of detail) for the requirements elicitation. 

The importance of properly training the participants cannot be overstated. Another 

difference between this meeting and the prior meeting, was that the participants in this 
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meeting were the officers responsible for the activities while those in the prior meeting 

were the NCOs actually performing the activities. While the second session benefitted 

from the officers' broader understanding of the issues involved, with ACES, it suffered 

from a lack of "hands-on" detailed knowledge of the activities. In requirements 

elicitation sessions, representation from both the activity management (Le. officers) as 

well as those that typically perform the activity (Le. NCOs) is needed. The cross

functional teams should include members from various levels within each function 

represented. 

The Installation Command Group Module 

The third session, for the Installation Command Group, allowed us to test the 

approach on non-routine, non-clerical type tasks. Table 5.4 lists the agenda for this 

meeting. This was the first group who didn't have regulations specifying their 

responsibilities in detail. As a result, a significant amount of time was spent discussing 

critical success factors (CSF) for the command group. The participants consisted of 

several officers from around the world, and an entire command group from one 

installation. This was an attempt to get the multi-level perspective as well as the multi

location perspective on the system requirements. In general, the process was as viable 

with executive level officers as well as it had been with clerks. There were a 

significant number of officers who refused to believe it was possible to describe their 

"normal" activities, since they felt their responsibilities were too dependent on reacting 

to outside events. 
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Activity Tool 

Monday 
Identify information the boss needs BBS 
Identify information you need BBS 
Identification of eSF 10 
Prioritization of eSF (by all) Vote 
Prioritization of eSF (by garrison commanders) Vote 

Tuesday 
Identify what a garrison commander does BBS 
Identify the high-level functions 10 
Refine descriptions Group Writer 

Wednesday 
Refine description of processes/interfaces/peculiarities Process template 
Define forms and reports Forms template 
Link forms and reports to processes Group Matrix 
Discuss deterrents BBS, 10, Vote 
Discuss system characteristics BBS, 10, Vote 

Thursday 
Automation priorities BBS, 10, Vote 
Identify key activities 10, Vote 

Table 5.4: Installation Command Meeting Agenda 

This meeting focused more on identifying the activities that the participants 

thought were most important and which ones should provide the most benefit if they 

were automated. Without regulations, the participants spent more time voting and less 

time describing the existing ways that the work was done. 

Several changes were made to the toolkit for this meeting. The concurrency 

problems were solved by replacing dBASB III + with Dataflex. This product supported 

a eUA style screen interface that was similar to that of the GroupSystems tools. This 
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was expected to reduce the learning time required by the participants to switch from 

tool to tool. Modifications to the group matrix allowed concurrent execution of several 

matrices over the network. The maximum size of the matrix that could be used was 

expanded. The Enterprise matrix was developed for documenting existing systems 

relationships, in which there were no conflicts expected. 

The use of tools that captured the system design in a structured manner meant 

that a set of report programs were needed to generate files which could be imported 

into the template FD. These use of these reports demonstrated that it was easier to take 

structured data and format it into sentences and paragraphs, than it had been to extract 

structured information from natural language text. 

The Orders and Records Management Modules 

The fourth session, for the Orders and Records Management modules, added a 

new twist, the group was divided into two sub-groups and created requirements 

documents for the two similar systems simultaneously. This led to problems with 

timing between the two groups. One group would finish a task first and have to wait 

for the next task to begin. The expected benefits of combined instruction and training 

in the use of the tools didn't necessarily outweigh the cost of increased strain between 

the sub groups and increased demand on the support staff to produce backups, reports, 

and start tools on the participant's workstations. 
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The repository programs had worked well during the previous meeting, and only 

minor changes were planned for this meeting. Preliminary testing determined that the 

repository programs could be used simultaneously by both groups to update different 

copies of the repository, if the participants were working in different sub-directories. 

Plans had already been made for the fifth meeting to be run without programming 

support available, so this meeting was a dry run with the programmers on call, but no 

planned improvements or adjustments were to be made during the meeting. 

The meeting agenda is presented in Table 5.5. The tools list three editing templates 

that were used, for processes, forms, and data elements. This agenda attempted to 

address a few more segments of the FD than the previous meeting, since the amount 

of effort required to use the repository and review the records had been reduced by the 

use of Dataflex as the new platform. The meeting followed the same initial pattern as 

the previous meetings, then addressed issues such as recommended changes to the 

procedures, failure contingency planning and security issues. The orders and records 

management required extra caution, since the paper copy of a soldiers orders were 

enough to authorize major changes in location, responsibilities, and benefits. 
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Activity Tool 

Monday 
08: 15 Introduction by Diane 
09:00 Introduction by Alan 
09: 15 Significant problems on a day-to-day basis EBS 
10:10 Break 
10:20 Read Comments FileReader 
10:30 CSF - Verbal discussion; Alan leads, MaryAnne types 10 
11: 10 Rank importance of CSF Vote 
11:30 Lunch 
13:00 Define processes and sub-processes Process template 
16:45 End of day 

Tuesday 
13:00 Continue process definition and decomposition Process template 
16:00 End 
18:00 Define reports and forms; tutoring for 20 min. Forms template 

Wednesday 
08:00 Continue defining reports and forms Forms template 
09:00 Recommend changes to the current system TC 
10:00 End 
10:30 Link processes and forms (source/use) Group Matrix 
11:30 Lunch 
13:00 Continue linking processes and forms Group Matrix 
14:00 Define data elements Data template 
16:30 End 

Thursday 
08:00 Finish data element definitions Data template 
09:30 Automation priorities Group Matrix 
10:00 Failure contingencies TC 
10:30 Break 
10:45 Security issues TC 
11:20 Lunch 
13:00 Finish writing FD Group Writer 
14:00 Wrap up 

Table 5.5: Orders and Records Management Meeting Agenda 
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Evaluation 

The repository programs proved stable even with two sessions going on 

concurrently. However, the meeting dynamics suffered. The two groups were always 

slightly out of synch, and it was difficult to run chauffeured processes for both groups 

since they had areas of disagreement, yet were so similar that participants occasionally 

mixed up their arguments and directed them toward the wrong FD. 

The Civilian Personnel Office Module 

The fifth meeting, for the Civilian Personnel Office module, tested the 

robustness of the system. It was held in Huntsville, Alabama, in a hotel meeting room, 

with rented equipment. Furthermore, there was no programming support team 

available to make immediate changes. This meeting was scheduled for three weeks and 

the facilitator was able to lead the group through construction of a more complete 

model than the other groups could achieve in single week. 

The meeting started with the standard approach of using tools such as EBS, 10, 

and Vote to find out the participants opinions before they got immersed in the project. 

Then after an initial effort to describe and reach consensus about the high-level 

processes that must be supported, the group got demonstrations of various systems that 

had been proposed as prototypes for the ISM module. The group evaluated them and 

then finished describing the systems requirements. These activities finished 
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approximately a week ahead of schedule, so the facilitator added new activities to the 

agenda. 

The group spent the remaining time creating screen prototypes with the Group 

Writer tool. The facilitator fed these screen layouts into the prototyping program that 

came with Dataflex, "DFAUTO" in order to create database files and working 

prototypes of the screens. DFAUTO took a text file with screen prompts and searched 

for the occurrences of "_" and "." . These characters were interpreted as data windows 

and decimal points within data windows respectively. The participants were able to 

evaluate "their" system in much the way they had evaluated the other candidates. 

Evaluation 

This screen design process was very popular with the participants, however, the 

ISM project management was concerned because the screen prototypes weren't allowed 

to be included in the FD. They felt that the group should have concentrated on meeting 

the documentation standard, even at the expense of the modelling activities. This may 

have indirectly affected the selection of the modules that were described in the 1991 

meetings (see section 5.4). At this time, Operation Desert Shield began in Saudi 

Arabia, and all funds for additional meetings were temporarily frozen. 
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5.2.2 Evaluation of the 1990 ISM Meetings 

In a memo to the MITRE corporation, Dr. Jim Gantt, the associate director of 

AIRMICS (U.S. Army Institute for Research in Management Information, 

Communication, and Computer Sciences) described the Army's interest in additional 

research and tool development for group work support through the Center for 

Information Management Research (CIMR) research center. 

"The need for tools to support group projects can be seen in the reduced 
budgets and staffs which have resulted in situations where greater 
reliance is being placed on teams of people from multiple organizations 
being used to solve common problems. Support tools are needed to 
make these groups/teams more productive when they are brought 
together and when they work in a distributed environment. 

This research has examined ways to apply group support techniques to 
military organizations. This work has resulted in the building of a group 
decision room at the Defense Systems Management College (DSMC). 
Also, PM, Installation Support Modules and the Director of Management 
at HQDA have used this research to support development of functional 
descriptions for information systems. 

AIRMICS plans call for the integration of CASE tools with the 
group/team support tools to allow for improved prototyping of 
information systems. • .. This research has resulted in direct savings, 
reduced development time, and improved quality in the development of 
functional descriptions for Installation Support Modules. " 

Dr. Gantt went on to report several benefits that the ISM project had realized 

by using the facilities at the University of Arizona. The ISM program manager reports 

that the use of the collaborative meeting technology saved approximately $500,000 and 

avoided an additional $500,000 during the development of these functional descriptions. 
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5.3 Redesigning Business Processes with mM 

In the last few years, IBM has begun downsizing to try improve their 

productivity and responsiveness to changes in the competitive environment. Quality and 

continuous product and process improvement are becoming critically important to 

competitive market position. In April, 1990, John Akers, the CEO of IBM, appointed 

Stephen Schwartz to a newly created position as senior vice president in charge of the 

"Market Driven Quality" program [118], initiating a company-wide push to dramatically 

improve quality and service levels by 1995. This quality control program, calls for all 

business units to reduce their defect rates to 3.4 defects in 1 million, a level that has 

been nick-named Six Sigma. Schwartz's former position was the head of the IBM 

AS/400 minicomputer manufacturing group in Rochester, Minnesota, one of the four 

winners of the 1990 Baldrige quality awards [128]. His new assignment was to ensure 

that existing products and services were brought up to the level of the newest products. 

Jerry Balm [6] of IBM, Rochester, says that many IBM people are too busy 

reacting problems to think about improving the outdated business processes which cause 

the problems. Top management has identified a number of changes needed to reach 

market driven quality. In addition to reducing the number of defects, they want to 

reduce the cycle times and increase the employee participation in process improvement 

efforts. Top management wants to shift from hierarchical organizations to flatter and 

more manageable organizations, where the employees have been empowered to increase 

their ownership of processes. They are stressing team contributions over individual 
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contributions and shared ownership of information instead of management ownership 

of information. Figure 5.3 summarizes the direction of change recommended by Balm. 

A Shift from Managerial to Professional organizations 

From To 
-------------- ----------

Processes Fragmented Integrated 

People Commodities Assets 

Decisions Centralized Distributed 

Boundaries Firm Flexible 

Jobs Disenfranchised Empowered 

structures Hierarchies Teams 

Figure 5.3 IBM's Directions for Organizational Change 
Adapted from Balm [6] 

ffiM's experiences with electronic meeting support led them to make inquiries 

to the University of Arizona about the possibility of using the Enterprise Analyzer in 

a pilot project for a set of process redesign meetings based on the "Reengineering" 

methodology proposed by Michael Hammer. The researchers of the Enterprise 

Analyzer project welcomed the opportunity to shift the meeting focus to process 

redesign and to work with a group at their own facility. The systems support and 

operations (SS&O) group was selected for the pilot project by IBM management. 
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5.3.1 Background 

SS&O is located in Bethesda, Maryland, and it operates a large data processing 

center that runs application systems responsible for internal IBM business functions 

such as: client billing, inventory, sales commissions, etc. The center has several 

networked mainframe computers and is connected via high-speed wide-band network 

to two other large IBM data processing centers in Dallas, Texas and Southbury, 

Connecticut. Some of the jobs initiated by the staff in Bethesda are actually run on 

machines in the other two sites. All of the IBM branch offices in the U.S. are 

somewhat dependent on the output from the Bethesda data center. 

While the hardware has been frequently upgraded and replaced, much of the 

software has been evolving for years. There are two types of programs, the interactive 

"real-time" database update programs and the batch update programs. The software 

environment has a fundamental limitation that prevents real-time jobs and batch jobs 

from being executed at the same time. As a result, the data center has to operate in 

two modes, providing real-time access to the branch offices and sales/service staff 

during the normal business hours in North America, and running batch reconciliation 

jobs during the night and on weekends. The batch jobs must be scheduled on either a 

daily, weekly, monthly, yearly, or exceptional basis. All of the batch jobs must be 

finished before the real-time can be made available at 8am Eastern time. 
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During the year prior to this study, SS&O launched a major initiative to improve 

quality; the objective was to reduce the number of processing errors' in the 

applications run at the Bethesda Data Center to a defect rate of Six Sigma (i.e. a 

successful completion rate of 99.9997%). After several months of error analysis and 

planning, a new series of ,quality measures were introduced. This program improved 

the successful completion rate steadily increased until it reached a plateau at 99.96% -

- or just over three sigma. After several months at this quality level, management 

concluded that a drastic, fundamental redesign of their processes was required to reach 

the six sigma target. 

The redesign effort was focused on a 40-person unit within SS&O, known as 

Application Support (AS). The AS group is the intermediary between the owner of an 

application (known as product management) and the production operations group in the 

data processing centers that actually load and execute the jobs that make up each 

application system. The computer operators, JCL specialists, and security specialists 

are part of the production group. The computer programmers and analysts are part of 

product management, or, more commonly, a separate business unit called Application 

Development. 

1 An error is defined as a problem arising during the execution of a job that requires it to 
be re-run. Typical problems include incorrect job parameters, hardware failures, lack of disk 
space, and incorrect job sequencing. 
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Each application system (e.g., Leased Inventory, Billing, Commissions) is 

composed of many sub-jobs that must be separately sequenced, scheduled and executed 

in tum. While many of these jobs are small programs to sort files, or other utility type 

functions, many of the batch file update programs can be very time consuming. Most 

of the 33 applications have evolved to be very interdependent. The batch update 

programs for one application, must wait until the files are updated by other applications 

before they can be run. Although there are several machines available for running the 

jobs, the file interdependence makes job scheduling much more complicated. For 

example, updating a price file is an activity that both takes a long time to finish, and 

also delays most other jobs in the system by locking up the data file. 

Application Support is responsible for scheduling approximately 27,000 jobs per 

month across the applications. The major responsibilities of the AS staff include, 

scheduling and rescheduling the jobs, verifying that the jobs ran successfully, and 

solving problems that occur. These problems can either be from mechanical failures 

such as power outages or disk crashes, or they can be timing and/or space related. The 

timing problems occur when one job has a data file and is still running when another 

job starts that needs the same file. The system architecture will crash the second job, 

which can cause a domino effect throughout the entire system. Many of these timing 

problems can be caused by the fact that most programs vary in their run times with the 

number of transactions to be processed. 
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Another cause of job crashes is lack of disk space (DASD). The operating 

system requires that each job reserve a specific number of cylinders in a chunk before 

the job begins, rather than being able to access space as it is needed. The secondary 

requests for space may be in smaller increments, but the total number that a program 

can make is limited. This requires a tradeoff between the programmer and the JCL 

system to get enough space that the primary and secondary allocations will be able so 

store all of the information, but not ask for chunks that are too large during runtime. 

A job failing for space reasons also has a tremendous potential for a domino effect, and 

these problems are also quite sensitive to transaction volumes. 

Many of the functions that the applications support staff perform are designed 

to provide audit information. Since the applications include such functions as billing, 

commissions, lease inventory, etc, there is a strong pressure for verification of 

transaction control totals. The system is so complicated right now, there is some 

suspicion that these reconciliation steps may cause more problems than they prevent. 

They are analogous to inspection points in a manufacturing process, they do little to 

prevent mistakes from being made, they just try to prevent them from reaching the 

customer. 

5.3.2 Sessions 

The meetings were scheduled at the Bethesda Decision Support Center (DSC) 

over a period of two months (see Table 5.6). The sessions within the meetings were 
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scheduled at least a day apart in order to allow the support team time to customize the 

system, generate reports, and evaluate the progress of the previous meetings. The 

support team did not have unlimited access to the facility, (as they had in Arizona) and 

much of the work had to be done with portable computers and then loaded onto the 

network before the start of the meeting. Furthermore, since the DSC is designed to be 

a working facility rather than a research center, it is more difficult to work or observe 

the meetings without disturbing the participants. 

Dates Activities 

Oct 1-5 Meta-modeling and project framing 

Oct 15-19 Modeling 

Nov 5-9 Modeling and Model Analysis 

Nov 14-16 Refine reengineering proposals 

Table 5.6: Schedule for IBM Pilot Project 

The first week of sessions began with an installation of the Enterprise Analyzer 

software at the DSC. One disk drive on the server was reserved for the project's use, 

so that the data would not have to be removed in between sessions. A number of 

variables in the configuration of the network had to be adjusted by the support team in 

order to access the projects storage area. After the programs were installed, the 

support team met with the project leaders to determine the elements of the system that 

should be included in the model. Following Hammer's approach, the modeling focused 

on the processes first and then the entities related to the processes. After the project 
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leaders were satisfied with the meta-model of the system, the meeting agenda was 

reviewed. 

The meeting agenda was actually similar to the ISM agendas, however more 

emphasis was put on the people and organizations involved with the work and less 

emphasis was put on data elements, forms and/or reports. There were internal 

contracts, called service level agreements that defined the responsibilities of the group 

in a manner similar to the regulations of the Army, but these could be changed more 

easily than regulations. The meeting agenda was originally designed for 8am-5pm 

sessions, but it proved impractical to get the participants released from their normal 

responsibilities for an entire day. As a result, the sessions were actually from 10am-

3pm, to give the participants a chance to continue their normal duties. 

October 1-5 

Following a briefing on the project goals, the group used Electronic 

Brainstorming Session (EBS) to discuss the problems with the current system. The EBS 

session lasted 30 minutes. Participants were asked the question "What are the key 

problems and issues that you face on a day-to-day basis (including week-end, month

end, and year-end processes?" The participants submitted general and specific 

comments, all focused on the areas within Application Support. 
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Next, Idea Organizer was run in a chauffeured mode to consolidate these 

problems into a narrow set of critical success factors which could be used to gauge the 

success of any modifications resulting from our sessions. Group members would 

contribute a CSF and, as the group discussed how the issue should be worded, the 

facilitator's scribe would edit it. The group settled on 10 CSFs. Next, the group used 

the Vote tool to rank-ordered the issues in terms of their importance. Figure 5.4 lists 

the final rankings and the concordance calculated by the Rank Order Vote tool. 

Realtime up by 8:00 
Timely and accurate deliverables 
Timely application input receipt 
Accurate code 
Accurate job set up 
Accurate scheduling 
Ensure cross-systems integrity 
Production Systems 
Home Terminal Support 
----------------------

1 2 3 4 5 6 7 8 

Real 7 1 2 
Time 6 2 1 1 
Time 1 2 3 3 1 
Accu 1 2 4 2 1 
Accu 2 2 3 2 1 
Accu 3 2 2 2 1 
Ensu 3 1 1 2 3 
Prod 1 1 2 6 

9 

Home - 10 
----------------------

Mean 

2.70 
2.80 
3.50 
4.00 
4.80 
5.60 
5.80 
6.80 
9.00 

Coefficient of Concordance 0.56 

Figure 5.4 Critical Success Factors 

STD 

2.75 
1.32 
1.65 
1.94 
1.32 
1.43 
2.15 
2.25 
0.00 
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The next session started with the Idea Organizer tool used in a chauffeured mode 

to develop the list of high-level processes which characterize the Lease Inventory 

Application within Application Support. Each process was classified as either "as 

required" or "routine." Within those 2 classifications, the group generated 4 and 6 

processes, respectively. These processes were agreed on by all participants before the 

decomposition process began. 

October 15-19 

The meeting reconvened and reviewed the high-level processes identified during 

the previous session. Then the participants were assigned to subgroups of 3 or 4 

participants, by the project leader. The composition of each subgroup was based on 

area(s) of the participant's previous experience. Each of the subgroups were assigned 

specific processes to describe and decompose. The entire group would reassemble to 

review all of the processes. 

The facilitator led the entire group through the definition and decomposition of 

one of the high-level processes, before letting the sub-groups work independently. This 

improved the likelihood that each sub-group would define and decompose the processes 

in a consistent manner. The tutoring step lasted about 45 minutes. 

The sub-groups worked for about 2 hours before the facilitator called the sub

groups together to perform a validation of one of the decomposed process. Although 
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many attributes had been interpreted consistently among all the sub-groups, the owner 

attribute of a process was interpreted differently in a few of the sub-groups. Also, 

some groups decomposed processes to a much greater detail than others. Their 

guideline was that they should decompose a process until they began duplicating 

existing documentation. Following the discussion, the group again broke into sub

groups to "fix" areas to be more consistent and to complete their assigned processes. 

This cycle of 1) sub-group assignment, 2) group tutoring, 3) sub-group work, 4) group 

review, 5) sub-group refinement and sub-group work improved the consistent use of 

terminology and methods among each of the sub-groups. 

The other entities that were needed to create the model were organizations and 

applications. Organizations are recognized areas of responsibility (e.g., service level 

management), a starter set was generated by one of the project leaders. The application 

names was supplied by another of the project leaders. The starter set of organization 

names was reviewed by the group to determine if it was complete and any changes were 

necessary. Several names were merged and one organization name was added during 

the group review of this entity. These lists were used to capture the Responsibility and 

Information Flow Relationships with the Enterprise Matrix programs. 

EM-! was used to establish the relationships in the responsibility matrix. The 

rows represented organizations and the columns represented the decomposed processes 

generated by the group. The intersection contained a value which represented the level 

of involvement between an organization and a process. The available descriptions were 
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1) primary responsibility, 2) supporting role, 3) exceptional involvement, and 4) other. 

One of the project leaders described the terminology, then the facilitator worked 

through one complete column with the group as a unit to improve the consistent use of 

terminology after the group was divided into sub-groups. The sub-groups were able 

to complete their assigned sections of the responsibility matrix in less than an hour. 

The facilitator navigated each cell of the matrix to review the responsibility matrix, 

creating a relatively tedious process since the group had spent the training period 

together and used the terminology consistently. 

November 5-9 

The next session began with more modeling of relationships. A second matrix, 

designed to model the information flows between processes and processes, organizations 

and applications, were created using EM-2. Unlike the first matrix, the relationships 

in the information flow matrix were not mutually exclusive. The terms selected by the 

project leader team were 1) sends data to, 2) sends control to, 3) sends status to, 4) 

receives data from, 5) receives control from, 6) receives status from. The hybrid tool 

used for this matrix allowed more than one relationship/cell to be valid. 

Again, the entire group received a training session together to improve the 

consistent use of terminology before the sub-groups worked on their assigned sections 

of the matrix. This matrix required more time to complete since it was both a larger 

matrix and there were more alternatives to consider (since more than one 
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relationship/cell could be marked). After all the sub-groups completed their assigned 

sections, a group review of the information revealed that all of the sub-groups had not 

interpreted the terminology in a consistent manner. After spending some time trying 

to resolve some of the conflict, the group agreed that one participant could review the 

remainder of the area in question outside the meeting. 

With the completion of the responsibility and information flow matrices, graphic 

models were produced by importing data from the repository into the Enterprise 

Analyzer Instance Processor (EAIP) and Graphics Browser (SGGS). The arrangement 

of the objects of the model on the screen was modified to improve the readability of the 

display. Printouts of the composite model and subsections of the model were created 

by generating an plotter control file within the tool, importing the file into WordPerfect, 

and printing the file on an IBM laser printer. The printouts of the model were used 

during the later creative thinking phases to spot candidates for reengineering. 

Application Support had built a model of a system which had evolved over 

nearly thirty years until it became very complex, and in need of substantial analysis to 

identify areas for radical improvement. The meeting's goal was to use the model to 

direct attention on aspects of the system that could benefit from radical restructuring 

the business activities. Therefore, the activities for the participants were designed to 

promote creative/radical thinking. 
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The creative thinking was encouraged by several steps in which the group used 

a combination of topic commenter and idea organizer as tools to support soft and hard 

thinking. The participants were initially asked to do some metaphorical thinking. The 

purpose of this was to try and make them think about familiar things in an 

unconventional manner. The "soft" approach included asking the group to use 

metaphors to describe how application support would be under optimistic and 

pessimistic circumstances. 

The metaphorical techniques were a prelude to the more analytical approaches 

and were designed to stimulate the participants into thinking more creatively. It is 

difficult to assess the relative benefits of the "soft" approach since many of the useful 

suggestions found in the "hard" phase may have resulted from techniques which were 

introduced to the group in the "soft" phase. The questions used to direct the 

participants during the creative phase are in Figures 5.5 and 5.6. 



"Soft Thinking" Analysis Techniques for Reengineering 

1. Metaphorical Thinking 
a. Make metaphors of the situation today 
b. Make metaphors of the desired situation 
c. What is the ideal system 

2. What if Games 
The objective of What If Games is to challenge the basic assumptions 
held about the business and how it should be conducted. These are 
examples from the Application Support Case 
a. What if Application Support had three people? 
b. What if Application Support had 300 people? 
c. What if batch processing took 10 seconds? 
d. What if batch processing took two days? 
e. What if batch processing was done during the day? 
f. What if batch processing was never run? 
g. What if batch processing never ran without error? 
h. What if we could predict each job's outcome? 
i. What if everyone could do everyone else's job? 
j. What if fixing all errors took 10 seconds? 
k. What if there never were any errors? 
1. What if everyone did their job perfectly? 
m. What if Application Support was paid based on the error rate? 
n. What if all processing was done in real time? 

Figure 5.5 Soft Thinking Questions 
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While the session facilitator directed the group in the "soft" phase, the technical 

support team was able to spend time in generating the graphic and tabular reports that 

the group used during the "hard" phase. The "hard" approach included asking the 

group to identify and describe the impact of certain measures taken to improve 

processes within Application Support. The model provided them with evidence of 



"Hard Thinking" Analysis Tecllniques for Reeogineering 

I. Process Analysis 
a. Can the Intemal operatloDl of a process be Improved ? 
b. Can a procesl be eUmlDlted? 
o. Can a proceas be performed by another organization? 

2. People/OrganizatioDl' Involvement Analysis 
a. If there are many people/organizatioDl Involved with the execution of a process, there I. a high 

coordiDltion/content ratio. 
i. ElimlDlte involvemcnt 
iI. uslgn respoDlibility for some involvement to others involved and elimlMte involvement; provide 

additional training If needed 
III. Build cross· functional teams and uslgn respoDlibility to team 

b. If one person/organization Is Involved in many processes, that person/organization may be overburdened 
and fragmented. 
i. ElimlDlte involvement 
II. ABBlgn respoDlibility for Bome involvement to others Involved and elimiDlte involvement; provide 

additional trainiog if needed 
Iii. Redesign PI'OC"'.ises to Integrate related processes into one process and reassign reapoDlibility if 

needed 
c. If one person/organization ("expert") performs tile same process for many different clients, we have an 

assembly·line organization; a "work cell" organization is an alterDItlve. 
i. Train the clients of the "expert" to perform the function and Ro-allocate responsibilities 

3. Information Flow Analysis 
a. If a process receives control information from many processes and/or peoplc/organizatloDl, there is a high 

coordiDltion/content ratio. 
i. Combinc/intcgrate the processes that produce the control Information with the processes that use 

it. 
iI. Consolidate responsibility to reduce the need for control information to be exchanged between 

those executiog the process and those supplying control information. 
iii. Create II now process, person/organization or team to integrate the control information prior to its 

use. 
b. If II proceaa senda control information to many processes, it is a critical process that may have a high 

impact (good or bad) on the overall system. 
i. Examine the process to eDlure it works well 
iI. Split the process into smaller procesBC8 

c. If II person/organization sendB control information to many processes, it iB II critical process that may 
have a high impact (good or bad) on the overall system. 
i. Examine the person/organization to eDlure it has the rightllbilities 
II. Reassign responsibility to other people/organizations 

d. If two processes exchange information between themselves (i.e. both send and receive), there mlly be an 
unncccBBIIl}' fragmentation. 
i. Combine/integrate the processes 

e. If two people/organizations exchange informlltion between themselves (i.e. both send and receive), there 
may be an unnccesBllf}' fragmentation. 
l. Combine/Integrate responsibilities 

f. If II process or person/organization receivel information and passes it along to another process or 
person/organization with little value added, there mllny be unneeded intermediation. 
i. Make the indirect linkages direct (i.e. change A· > B- > C to A· > C). 
ii. Store the information in one place 80 that all processes and/or people/organizations can IIccesa it 

themselves. 

Figure 5.6 Hard Thinking Questions 
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excessive or insufficient involvement of organizations, overburdened people, etc. 

Participants were asked to suggest changes in the interaction of people and 

organizations with the processes. A number of suggestions were generated during this 

exercise. The types of changes suggested include changes to information flows, 

changes to the roles played, elimination of certain organizations and posts. 

In another exercise participants were asked to evaluate the existing processes and 

select those processes that could either be eliminated or merged with other processes. 

Participants were again provided with appropriate models to aid them in this task. For 

each process participants generated comments on whether the process could be 

eliminated/merged. A number of issues that were stumbling blocks to the elimination 

of certain processes were also raised. 

November 14-16 

All of the creative thinking activities in the previous session were supported with 

the Topic Commenter tool. The final session in this project aimed at generating 

specific proposals for change. The group came up with a set of fifteen proposals which 

were based on the comments generated during the previous creative thinking sessions. 

The group then commented on these proposals in order to provide insights as to how 

these proposals could actually be implemented. The proposals were ranked and 

rewritten to reflect the consensus of the participants. 
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5.3.3 Evaluation 

Following the last session, the project leader asked members of the group to 

think back to the specific proposals that the group submitted and establish when (which 

phase) the idea was conceived. An analysis of the results show that a majority of the 

ideas were conceived during the "hard" thinking phase. The participants were asked 

to reevaluate the roles played by different people and organizations in supporting the 

processes. 

The methodology was generally successful, as the group was able to generate 

a series of fifteen proposals. Table 5.7 presents a summary of questionnaire results 

evaluating the methodology. Overall, participants rated the methodology as being 

effective, efficient, and satisfying. The participants rated the effectiveness of the 

methodology at generating ideas particularly highly. 

Comments from the EMS debriefing supported the questionnaire results. For example: 

"The DSC allowed a free and uninhibited flow of information ... I think we got 
a lot of information that we normally wouldn't have if this were done during a 
[regular] meeting." 

"The automated online tools were a great improvement over hand written 
methods of gathering brainstorming data. " 
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Questionnaire Measure Mean Stdv Min Max 

Evaluation of Methodology 
Effectiveness of Methodology 3.93 0.49 3.33 5.00 

Efficiency of Methodology 3.37 0.42 3.00 4.00 

Satisfaction with Methodology 3.83 0.45 3.00 4.50 

Idea Generation Effectiveness 4.22 0.50 3.33 5.00 

Evaluation of Ideas Proposed 
Effectiveness of Proposals 4.00 0.37 3.66 4.66 

Satisfaction with Proposals 3.50 0.53 3.00 4.00 

Understanding of Application Support 
Before Project 2.86 0.90 1.00 4.00 

Now 3.44 0.64 2.33 4.00 

All the Right People Present 3.38 0.88 2.00 4.50 

Table 5.7: Questionnaire Results 
Scale: l=Low, 3=Neutral, 5=High 

The only area of concern with the methodology itself was the amount of time 

required: 

"The quality of meetings were enhanced. However, I think a hindrance to the 
quality maybe the length of time it took to get us to this point. " 

"We need to move the project along a little faster." 

"Most of us are busy, busy and busy. It took a lot for us to give up several 
hours a day to accomplish this task. " 

"Maybe we should have been away from the office ... Too many interactions, 
too many other things due. " 

"With running the business the primary focus, many people couldn't/didn't 
attend. Their input could have been quite valuable. " 
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Appendices E, F, and G present a summary of questionnaire results that asked 

participants how well they perceived each tool to fit the methodology. In general, the 

tools were very well received and thought to be effective, as is typical of DSC tools for 

projects of this kind: 

"The DSC is excellent. I enjoy each time I come. " 

While all tools received positive evaluations, the new tools developed specially 

for the EA process (Model Object Editor, Enterprise Matrix, Group Writer) received 

lower ratings than did the standard tools (Electronic Brainstorming, Topic Commenter, 

Idea Organizer). There are at least two plausible explanations. First, these were new 

beta test tools; the participants encountered several bugs and the user interfaces were 

not yet consistent with the other tools. This is an area of improvement discussed in 

section 5.3. Second, the tools and the activities they supported required the participants 

to spend more time learning than the standard DSC tools with which they were familiar: 

"Learning new software slowed the process some." As participants were less 

comfortable with the tools, they may have rated them lower. Table 5.8 lists the scores 

for the tools and the task they were used to support. 
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Problems and Issues 

Critical Success Factors 

Identify High Level Processes 

Decompose Processes 

Define People and Info Flows 

Soft and Hard Brainstorming 

Select and Filter Ideas 

Refine Ideas into Proposals 

Table 5.8: Questionnaire Tool Evaluations 
Scale 
1. it clearly does not work 

Tool 

EBS 

10 

10 

DB 

OM 

TC 

10 

OW 

2. it is awkward, very slow and breaks down 
3. not elegant but gets the job done 
4. the right tool, but not the right size 
5. the perfect tool 
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Avg Stdv 

4.43 0.79 

4.50 0.54 

4.50 0.76 

4.00 0.76 

3.50 0.93 

4.50 0.76 

4.13 0.99 

3.88 0.84 

Appendix E presents participants' evaluations of the ideas and proposals 

themselves. In general, participants perceived the proposals to be effective and were 

satisfied with them. The participants also noted that participation in the project 

promoted organization learning. The questionnaire results suggest that participants 

gained a greater understanding of Application Support. Interviews support this 

conclusion, and suggest that participants also gained knowledge of other areas with 

IBM: 

"I became aware of the people that are my peers through this project. It gave 
me more insight into what motivates the people that I interact with on a day to 
day basis." 
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Interviews with participants in the pilot project indicated that the project framing 

in the vision establishment phase should include more explanation of the EA process. 

Case studies and examples of previous experiences with EA in similar environments 

should be provided to the groups. This would help build a shared vision of the project 

goal within the group. Detailed instructions with examples for tasks and activities 

should be provided. 

It is also necessary to establish the nature of organizational commitment to the 

project and a clear and common understanding of the scope of the project. The 

researchers found that many good ideas were rejected by the participants since they felt 

that it would be viewed by management as being too radical, too costly or outside the 

scope of the project. However, it was the researchers perception that most group 

members were unsure of the scope and organizational commitment to the project and 

were erring on the conservative side. 

The group review process (in the pilot project) was accomplished by dividing 

the participants into homogeneous sub-groups. This strategy proved to generally 

successful but there was an instance in which one sub-group consistently interpreted the 

terminology contrary to the interpretation accepted by the other sub-groups. This 

suggests that the progress of the group during each session needs to be monitored 

periodically to ensure that the group is working towards the same goal. The notion of 

an "expert floater", i.e. a person who works with each of the teams for small periods 
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of time and ensures that teams' understanding of the task goals and terminology is 

consistent, has been proposed as a possible solution. 

The level of decomposition (of processes) necessary needs to be defined very 

clearly at the beginning of the descriptive phase. Analysis and experiences with this 

project indicate that the focus should be "more breadth and less depth" i.e. defining 

processes that cover a wider domain is probably more useful than defining a limited 

number of processes in great detail. 

Activities such as group review of matrices and processes took a substantial 

amount of time. The nature of these activities, however, is such that they can be 

accomplished by providing meeting support outside the DSC. Such support would 

allow utilization of the time spent at the DSC on activities that require the use of 

facilities provided at the DSC. 

A model of the redesigned process needs to be built so that the group can 

evaluate the impact of the changes proposed on the application. This model could then 

be used as a basis for the next iteration of the Enterprise Analysis. A formal process 

for evaluating the proposals generated is also needed. This process is envisioned to 

have two major activities. First, a group needs to analyze the session data (creative 

thinking sessions) to find ideas that could help in the re-engineering but were somehow 

filtered out. This should then be followed by a complete stakeholder analysis aimed at 
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evaluating the proposals to determine the support needed from management and other 

applications. 

5.4 ISM Sessions (1991) 

When the meetings resumed in 1991, the ISM project management had 

reconsidered the situation and adjusted some of the meeting priorities. The previous 

meetings had captured information that was appropriate for inclusion in the 

requirements document at the expense of the information required for the functional 

description. While personal opinions about the relative value of the information varied, 

the DoD standards had not. The modules selected for the next two sessions had a 

number of participants available with extensive experience using and developing some 

unofficial prototypes. These prototypes could be used to frame the requirements in lieu 

of a formal modeling effort. 

Furthermore, the amount of time available after the meeting for editing the 

initial draft produced during the meeting was limited. They decided to spend more time 

in collaborative editing of the document and less time building a model of the system 

described in the document. 
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The TRAVIS Module 

This module dealt with Training and Audio Visual materials tracking. This 

turned out to be an area where there were two schools of thought on the requirements. 

TRADOC, the command group responsible for most training in the Army wanted a 

system with very little detailed tracking of the materials. The other commands only 

dealt with training on a special areas which often involved special equipment and 

facilities. The participants struggled to describe a set of requirements that was 

appropriate for both overhead transparencies and laser sensitive tank monitors costing 

thousands of dollars. The agenda for the meeting is summarized in Table 5.9. 

After the initial use of GroupSystems tools to describe issues and Critical 

Success Factors of the system, the processes were decomposed and the group started 

writing descriptions of them using the text editor within the repository. Since all of the 

data entry was being done in a single field, the description, a concurrency problem 

emerged. Several people would access the same record after it had been added to the 

database. One person would start working on it and then involve several people in a 

discussion about the contents. The person who had put in changes saved the record and 

went on to another. The people who brought up the record to look at it would also 

save it, thus replacing the new value with the old value. 
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Activity Tool 

Monday 
Introduction by Col. Carey, Dennis, Diane, Alan 
Challenges facing TSC Managers BBS 
CSF (chauffeured by Alan) 10 
Prioritizing CSF Vote 
Identification of High-level processes (using template, BE 
chauffeured by Alan) 
Continue high-level processes BE 
Introduction to process decomposition BE 
Process decomposition BE 

Tuesday 
Continue process decomposition Process template 

Wednesday 
Continue process decomposition Process template 
Develop List of Forms and reports Forms template 
Link forms to processes Group Matrix 
Review FD BE 

Thursday 
Identify issues ,and conflicts 10 
Continue resolving issues 10 
Update FD BE 

Friday 
Continue updating PD BE 
Wrap up and questionnaire 

Table 5.9: Agenda for TRAVIS 

The Enterprise Editor was selected to solve the problem. The descriptions were 

extracted from the repository and fed into the Bnterprise Editor. This program allowed 

several people to view a description at the same time, but only one could edit it at a 

time. If someone was editing a record, anyone else who was viewing it would see the 
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text in red to warn them that someone was working on it. If one person saved their 

changes in a record, the next person to edit the record would get the updated contents 

automatically. This didn't prevent people from deliberately going back and forth 

between conflicting descriptions, but it did make sure that it was a deliberate act. 

Furthermore a backup file was created to allow text that had been deleted to be restored 

from previous versions. 

The output from the Enterprise Editor was loaded into the template functional 

description and taken back to the project office. The final version of the FD was 

completed in approximately 2 weeks by a single analyst. The primary source of delay 

was the formatting of the document to use new fonts and layouts that had been 

developed since the previous meetings. It is impossible for the researchers to judge the 

quality of the FD, but the completion time was certainly reduced from previolls EA 

meetings. 

The MASSCHAT Module 

The Master Schedule of Activities module presented an interesting variation in 

the participants. Most of the participants had just finished developing a prototype of 

the system, and were attempting to write up the requirements after the fact so that a 

second round of prototyping could begin. Several additional participants were present 

to make sure that the second prototype included features that had been left off of the 

first prototype. The subject matter of the module involved scheduling resources such 
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as bands for activities such as parades. This was not an area of controversy and the 

session was dedicated to recording details rather than resolving conflicts. 

The meeting started with the standard pattern to establish the goals and scope 

of the project. Then a list of the high-level processes were developed to ensure that 

everyone was in agreement. Given their experience with the previous prototype, the 

modelling activities were considered less important than creating a functional 

description to allow the next round of prototyping to officially begin. The list of 

processes from the process decomposition was fed into the Enterprise Editor 

immediately and all of the descriptions were written using the editor. No concurrency 

problems or lost work were encountered. A revision in the output report from 

Enterprise Editor made it easier to import the results into the new functional description 

template and the final document was finished within a week of the end of the meeting. 

5.S U.S. Army Corps of Engineers 

In May 1991, in the initial planning session it became clear that the Corps of 

Engineers (COE) goal was similar to that of the ISM project. The COE had a multi

module system, called the Integrated Facility Management System, installed at several 

bases. One of the modules in the system, contract administration, had been designed 

with specifications that were too narrow. As a result, several important functions and 

data elements were not included in the system. This meeting was an attempt to get 

business experts from a wide variety of installations and jobs to ensure that all of the 
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related activities were considered in the revised version of the module. In fact, the 

revised module was actually going to be a project tracking module, that included 

information for contract administration. 

There were two significant differences between the COE project and the ISM 

contractual obligations. First the COE had obtained a waiver that allowed them to 

combine the activities of generating the functional description and the requirements 

document into one step. The second was the involvement of analysts from the software 

development team. Since this was a second attempt to gather requirements for the 

system, the development team was already in place and a standard approach for 

documenting the system requirements and design were available. 

At the suggestion of the researchers, the chief data modeler for the project 

attended the sessions and provided rapid feedback to the project leader about the value 

of the group's contributions. This allowed the project leader to adjust the meeting 

agenda on a daily basis to maximize the contributions of the group. The participants 

didn't have to worry about going into too much or too little detail, because the people 

who were going to use the document had an opportunity to monitor its creation. 

The project team used the SADT activity diagrams developed by Ross [223] as 

the basis for their requirements design. They documented ICOMs (Inputs, Constraints, 

Outputs, and Mechanisms) for each activity. These activities were the equivalents of 
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the processes documented during the ISM meetings. Table 5.10 presents the meeting 

agenda. 

Meeting objectives Tool used 

Monday 
Discuss current issues EBS 
Organize issues Idea Organizer 
Rate issues Group Matrix 
Identify CSFs Idea Organizer 
Rate CSFs Group Matrix 
Define high-level activities Group Outliner 

Tuesday 
Define activities Activity template 

Wednesday 
Discuss data entities Idea Organizer 
Rate importance of entities Group Matrix 
Rate importance of activities Group Matrix 

Thursday 
Define data entities/element Data element template 
Design screen prototypes Screen Prototyper 

Friday 
Review screens Screen Prototyper 
Evaluate screens Group Matrix 
Discuss other issues Idea Organizer 

Table 5.10: Schedule for Project/Contract Management Meeting 

The meeting began with the vision establishment activities and moved into the 

development of the high-level activities (decomposed in the same manner as the 

processes in previous meetings). Once the initial list of activities was completed, a 

problem was raised. The inability of participants to add new sections to the table of 
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contents made it impractical to use the Enterprise Editor at the start of the meeting. 

The concurrency problem with the repository's editor also made it undesirable. 

As a result a compromise approach was taken. A scaled down version of the 

Enterprise Editor was developed that would only edit the file name that was passed to 

it as a parameter. The repository was used to add records for the decomposed activities 

and the editing template calculated a file name to use for storing the description based 

on the record number in the repository. A function key was used to call the small 

version of the Enterprise Editor and pass it the filename as a parameter. In this manner 

the best of both programs was used. The Enterprise Editor was also used to develop 

a Screen Prototyper tools. It allowed the participants to describe the screen, the 

navigation allowed from the screen and any processing logic or notes that the 

participant wanted to attach to the screen. 

The repository program was designed to capture the inputs, constraints, outputs 

and mechanisms that were attached to an activity by using function keys to add the 

appropriate records. Inputs to one activity were used to automatically generate the 

output record for the activity on the other end. Unlike the second ISM meeting, the 

participants had little difficulty creating the relationships between the activities and the 

ICOM records. 
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The third day saw the participants focus on identifying candidate data entities 

and then reducing and consolidating the list. This list was developed in sub-groups, 

then consolidated via a chauffeured process. The resulting list of data entities and the 

list of activities were ranked to determine what the automation priorities should be for 

the next upgrade to the system. Meanwhile, the support team used the data entered 

during the first two days to test programs to produce some diagrams for inclusion in 

the FD. 

Several programs were developed to process the records in the repository. The 

decomposition numbers assigned to each activity were used to create relationship 

records, which were in tum used to generate node tree diagrams. The repository 

records were also used to generate IeOM drawings (similar to SADT activity grams) 

automatically. Appendix e contains the program listing used to extract the records 

from the repository for the IeOM and Appendix D contains the program listings used 

to create the node trees. 

On the fourth day, the participants began identifying data elements that were 

associated with the data entities. Some previous data element and data entity lists were 

available on diskette and these were imported into the repository to start the process. 

After enthusiasm for the task began to wane, the participants were allowed to use the 

screen prototyper. This provided a more interesting way for them to think about which 

data elements should be accessed together. The screens contained so much information, 

that a "demonstration" version of the prototyper was given to the project leaders so they 
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could demonstrate the navigation paths between the screens at their home office. This 

meeting served to confirm that most participants prefer to design computer screens than 

think about data modeling in abstract terms. 

One of the final activities was to let the group evaluate the screens that had br..en 

developed. The project leaders were concerned that the screens might only reflect on 

person's opinions. The evaluation indicated that screens did reflect the majority opinion 

about how the work should be organized in the new module. The meeting participants 

were quite happy with the new tools and the project leaders asked if they would be able 

to reload the prototype screens "when they came back for the next round". 

The final activity in the meeting was to let the participants discuss any issues 

that hadn't been addressed or resolved to their satisfaction during the meeting. While 

they were doing this, the support team re-ran the query programs and generated new 

copies of the diagrams to reflect the final state of the model. The project leaders 

described themselves as "exhausted, but delighted" after the meeting ended. 
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5.6 Discussion 

The intent of this discussion is to contrast and compare the groups that used the 

Enterprise Analyzer system in order to determine which features of the system are the 

most valuable for turning the system into a fully operational product. As described 

here, the prototype system worked well when given intense support by several graduate 

students. The next goal of the project is to make the system operational with more 

reasonable level of human support. 

There were two groups which demonstrated that the system from the last group 

could be used without any modifications. The first time was the meeting in Huntsville. 

The programs were developed and evaluated in the previous meeting and then used in 

without changes during the next meeting. This session had less time pressure than the 

one week long sessions, however the facilitator was able to run the session without 

help. 

After the Huntsville session, the mM project began which required significant 

modifications. When the Army came back after the IBM project, they had changed 

their priorities, so development was done to provide additional editor support. After 

that session, the tools were used again for the next group a month later. After this 

session, the Corps of Engineers came in and significant development came in again. 
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Several variables had impacts on the overall productivity. The first major 

discussion point is the tools available to support the process. The second is the meeting 

environment and the timing between sessions, that could lead to getting the maximum 

benefit from Enterprise Analyzer. The third is the nature of the task. 

Evolution of Enabling Technologies and Tools 

The GroupSystems Version 4.0 tools were useful for planning the meeting 

agenda and leading the group through the vision building activities. The word 

processing templates, used in the first meeting, were not enough to enforce structure 

in a large document (80-100 pages). Furthermore, human natural language processing 

(by the support team) is too slow to keep up with a large group. 

The addition of dBASE III, for the second meeting, demonstrated that adding 

structure helps the analysis but isn't enough to completely avoid redundant effort and 

reconciliation problems among duplicate records. Record locking, of the type used by 

dBASE, prevents shared understanding of model by making almost half of the records 

unavailable for viewing at anyone time. Under these circumstances, data entry 

programs with complex navigation and referential integrity are not practical until the 

model stabilizes and the participants understand the emerging model. 

The addition of DataFlex as the repository platform, for the third meeting, 

demonstrated that summary lists (essentially a table of contents) can reduce the amount 
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of redundant object definition. When these summary lists are actually on demand 

selection lists, they complement the sequential and key based navigation through the 

model very well. With field level locking, several participants were able to view 

and/or update attributes of the same record concurrently. However, the later meetings 

indicated that field level locking is not enough for memo fields, since the time spent 

entering data in them can be quite long. The database reporting and query features that 

come with the repository are quite valuable for manipulating structured data and 

simulating natural language text descriptions. 

In general, the ISM sessions demonstrated that the Enterprise Analyzer project 

had successfully added structuring capabilities to the GroupSystems tools, and an 

effective group interface to the systems analysis and design tools available at the 

University of Arizona. While the ISM project was suspended, the Enterprise Analyzer 

team turned its attention to the business side of process redesign. 

The IBM meetings needed to capture more complex relationships than had been 

modeled for the Army. As a result the Enterprise Matrices were very valuable. The 

other parts of the meeting didn't require extra technical support, but they did involve 

additional training, analysis support and creativity exercises to keep the group thinking 

of ways to change the business. The meetings also demonstrated that the resources of 

the meeting facility could limit the effectiveness of the group tools performance. 
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The IBM meetings also demonstrated the potential for concurrency problems in 

long description fields that existed in the repository. When this was confirmed in the 

next session with the Army, the Enterprise Editor was developed to give the facilitator 

more control over the group editing process. This tool proved to be so useful it 

inspired another variation which became the screen prototyping tool. 

The Group Matrix and Enterprise Matrix programs provided improved relation 

entry/presentation methods. The relations could easily be imported into the repository. 

Data could be transferred from the repository to feed the graphical browser. The 

Enterprise Editor that accesses descriptions, on a table of contents basis, can eliminate 

accidentally lost work by only allowing one participant to edit a description and the rest 

of them to read the description being edited. 

By the time the Corps of Engineers arrived, the Enterprise Analyzer tool kit had 

begun to resemble the group CASE tool that was the original target. The group's 

success in using relationships entered directly into the repository without getting 

confused, allowed the support team to develop reports and drawing programs to 

generate diagrams automatically from the repository records. This was the capstone 

of a series of changes in which a few more steps were automated, allowing each group 

to make more progress towards their meeting deliverables in less time. 
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Meeting Locations 

The ISM project management selected modules for development in the EMS 

facility for a variety of reasons not available to the researchers, however, the common 

theme to all of the sessions was a potential political confrontation that was expected 

under traditional meeting situations. 

In the opinion of the author, the meetings conducted at the facility in Tucson, 

with groups from the Army, represent the ideal conditions for this kind of meeting. 

However, the meetings held at other sites help confirm the robustness of the approach 

and provided valuable insights into future scenarios and helped justify some of the 

conclusions of this research. 

The primary advantage to conducting "field studies" on the home turf of the 

researchers was the ability for the support team to make use of the other EMS facilities 

available in Tucson, to develop and test the changes made to the software during the 

course of the meeting. Furthermore, several printers and workstations were available 

for the support team to allow some of the work to be done in parallel without impacting 

the network supporting the meeting. Query and report programs could be run against 

backup copies of the data, saved and then run against the "live" data as soon as the 

participants took a break. The support team members could also observe the meetings 

unobtrusively from either a seat in the back row of the room, or from the control room. 

\ 
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The meetings held with the groups from the Army were usually 1 week long and 

followed the same pattern. The exception was the meeting held in Huntsville which 

will be discussed separately. Typically, the participants arrived on Sunday, spent 

approximately eight hours per day in the meeting room from Monday through Thursday 

and then returned for a Friday morning session which lasted until the majority had to 

leave to reach the airport. 

The meeting participants stayed at the same hotel, and due to a restricted 

number of rental vehicles available, spent most of their time together. They went out 

to dinner in groups, and typically played golf and visited local tourist attractions in their 

spare time. The meeting participants were typically given "homework" one night near 

the end of the week in order to let them review the information and look for items that 

appeared wrong, or raised questions. 

They were isolated from their normal responsibilities and families and able to 

give their complete attention to the task at hand for a few days. The meetings provided 

them with the opportunity to express their opinions anonymously through the electronic 

channels as well as the opportunity to make verbal declarations of their positions. 

The net effect of this togetherness, was that many of the disputes between 

individuals were settled outside of the meeting room through private communications. 

In our experience, the relaxed atmosphere during dinner, pool-side, or on the golf 

course, has helped many groups achieve compromise. Furthermore, the participants 
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tended to work harder at finishing their assignments than the casual observer would 

have expected from amount of enthusiasm and commitment displayed during the first 

few hours of the meetings. 

The meeting in Huntsville took place close to the office where the people in the 

session normally worked, but it was held in a hotel meeting room. The meeting was 

scheduled for three weeks and it had the added responsibility of evaluating several 

candidate systems to see if any of them provided all of the functionality required to 

support the civilian personnel office on a base. The pace of the meeting was slightly 

slower due to the extra time available and the lack of a complete support team. During 

this meeting, the facilitator performed all of the support team activities. The group 

finished their main task ahead of schedule and spent the last week developing screen 

prototypes. The participants became so enthusiastic, that they remained in the meeting 

room after the scheduled meeting hours to keep working. This group appears to have 

avoided the sense of "burnout" felt by many of the participants in the single week 

sessions. 

One exception to this team building effect of the meetings occurred with a group 

that included of a number of heavy smokers. Since the meeting room was designated 

as a no smoking area under state laws, the participants left the meeting frequently for 

smoking breaks. As the meeting progressed, the people who left the room spent more 

and more time away from the meeting, engaging in conversations among themselves 
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outside the building. This generated resentment on the part of the participants who 

were trying to reach consensus and build a model. 

The meetings held at IBM didn't enjoy the lUxury of isolation from normal work 

responsibilities. In fact, the meetings were held during the middle of the day to ensure 

that the participants could deal with any crises that occurred overnight before the 

meetings began and leave the meeting in time to prepare for the next night's work. As 

a result the meetings were scheduled over a two month period, but the actual time spent 

in the meetings was approximately the same as what the Tucson sessions had in one 

week. 

Some of the participants would arrive late, leave early, or remain pre-occupied 

throughout the meeting, depending on the status of their normal jobs. Furthermore, 

since the meetings were spread out over a long calendar period, several people missed 

meetings to previously scheduled vacations and training seminars. In general, any 

benefit the participants may have gotten from time to think about the problem in 

between sessions was counteracted by the relative lack of concentration on the project. 

The general conclusion is that the meetings should be held in blocks of time in 

which the participants are isolated from interruptions from their normal jobs. For 

example, a series of meetings on Monday, ~uesday and Wednesday would be preferable 

to Monday, Wednesday, Friday. Furthermore, the facility should have a "back room" 

where the support staff can work to support the meeting without impacting the 
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performance of the software and network being used in the meeting. The blocks of 

time seem to reduce the amount of meeting time that must be spent getting the 

participants "back up to speed" and concentrating on the problem at hand. The amount 

of time the participants will spend working may also be partially dependant on the 

visibility and importance that the organization has assigned to the project. 

Task 

The next major discussion point is the nature of the systems that the groups were 

modeling. Most of the information system development methodologies take either a 

data centered or a function centered approach to modeling. In this research, every 

group was able to describe the processes and activities that made up their jobs, with 

considerable training and examples from the facilitator. 

On the other hand, every group had considerable difficulty describing or 

validating data entities. The participants were confused between what constituted a 

form and a report and what was the ultimate source for a data item. Computer 

generated forms and hand written reports in the existing systems blurred the 

distinctions. Forms, reports and computer screens were used as means of identifying 

data and control flows between processes. None of the groups seemed to benefit from 

an exhaustive examination of data elements. It appears that the group is best suited for 

developing the schema for decomposing a system, but the lowest level decompositions 

are best done outside of the meetings. 
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Finally, the need for flexibility in model building was demonstrated by the 

different ways used to capture relationships. When the participants shared a 

understanding of the overall process, (e.g., the Corps of Engineers Office) they were 

able to use the object editing template programs to make connections between objects 

as well as decompose and define the objects. When the processes were physically and 

logically divided into independent segments (as was the case with several of the ISM 

modules), the participant's found it easier to use the matrix tool to enter relationships. 

They got lost in the object editing template program, but had no trouble working with 

very large matrices. It appears that the matrices allowed them to concentrate on a 

single row or column that represented an area they were familiar with, and treat it as 

a vector, ignoring the rest of the matrix. They had more difficulty finding familiar 

objects in the repository. 

The results of these studies are very encouraging to the researcher. The use of 

an EMS facility for design meetings holds great potential for improving the 

effectiveness of the process. The facilitation, project leadership, and the tools available 

to support the process can all help reduce the amount of time it takes to accomplish the 

meeting goals. 
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The objectives of this research were to develop software, refine a methodology 

for using Enterprise Analyzer, and to evaluate the EA system. The Enterprise Analyzer 

methodology and software tools were developed with the goal of uniting research about 

electronic meeting systems and computer-aided software engineering tools in order to 

create an environment that could enhance the performance of systems analysis and 

design teams. The methodology is operationalized with a repository to help cross

functional teams through the related tasks of business process redesign and information 

system redesign. This includes the creation, and analysis of system models including 

elements of both the business processes and the information systems. 

The software developed for Enterprise Analyzer was designed to assist the 

groups in the planning and decision making activities typical to meetings as well was 

the modeling activities normally conducted by analysts. The literature about trends in 

systems development, such as IBM's AD/Cycle suggests that enterprise analysis and 

repository-based information models will be critical to future systems development. 

This project provided a demonstration that programs and data models developed for a 

LAN DBMS can be used as a repository for supporting project analysis and design 

teams during meetings. 
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This research was conducted under the guidelines of the systems development 

methodology. Several field studies were used to validate and refine the propositions, 

methodology, and software that make up the Enterprise Analyzer system. Groups from 

IBM corporation and the U.S. Army used the Enterprise Analyzer a total of twelve 

occasions over a period of sixteen months at three locations. Seven meetings were held 

with the Army's ISM project, (sections 5.2 and 5.4) four were held with IBM's 

applications support group (section 5.3) and one meeting was held with the Army Corps 

of Engineers (section 5.5). The variety and duration of the evaluations gave the 

researcher significant opportunity to improve the system. Each evaluation typically 

involved both customization of the system and enhancements or extensions from the 

previous evaluation. 

6.2 Contributions 

The contributions of the research include the products developed and the 

progress towards answering the research questions posed in Chapter 1. This section 

will address the more specific sub-questions first, then the propositions presented in 

Chapter 3 and finally address the basic research question about the overall feasibility 

of the development of a methodology. 

The first question dealt with the expected overall meeting effectiveness. All of 

the project meetings used to evaluate Enterprise Analyzer were part of larger projects 

that were already in progress. The participants were able to compare the meeting 
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effectiveness with meetings that were held for other parts of the project. The 

evaluations indicated that less time and effort were required to produce the same sort 

of deliverables. As the methodology and software evolved for the Army meetings, a 

significant reduction in the amount of effort required to finalize the meeting deliverables 

was observed, for both the support team during the meeting and the project team after 

the meeting. 

Some of the other benefits from using an EMS facility are increased and more 

equal participation from everyone in the meeting. The Enterprise Analyzer 

demonstrated that large groups can make use of an electronic communication channel 

and training by a meeting facilitator to build a model in parallel. 

The second question deals with the range of people and problems, which the 

system can be used to help. At the highest level, there were similarities between the 

disparate groups and their tasks, but each group had its own characteristics which 

required customization of Enterprise Analyzer. These systems appeared to work 

effectively. 

There were clearly several cultural differences between the participants in the 

Army meetings and the IBM meetings. Furthermore, there were several differences 

between the participants in various Army meetings. These Army meetings involved 

high ranking officers, non-commissioned officers and civilian employees and 

consultants. The functions described during the meetings ranged from clerical tasks 
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that were well defined by current regulations to unstructured support for the installation 

command group. Furthermore, the participants were brought in to represent 

installations and commands from allover the world, to ensure that several perspectives 

were considered during the meetings. 

Enterprise Analyzer was generally well received by all of the groups and 

participants involved in the evaluation, regardless of their backgrounds. The different 

organizations modeled systems that varied in the number and type of relationships 

between objects that were described. The participants from different functional areas 

in the organization, used different terminology and/or levels of detail when describing 

essentially similar objects. However, through review of the model, the groups were 

frequently able to reach a consensus and consolidate redundant or overlapping portions. 

The third question addressed the feasibility of having a group of people without 

modeling experience, work concurrently to build a model. The sessions demonstrated 

that considerable training was required from the facilitator in order to teach the 

participants how to model their activities. The facilitator needed to lead the group 

through several processes in a chauffeured support mode in order to give the 

participants enough variety to notice the similarities and differences between each item 

being modeled. Furthermore, the project leaders and the research team's analysts had 

to review the models and provide feedback to the group to keep them working at the 

same levels of detail and decomposition. This is in accordance with the goals for the 

AD/Cycle, in which the analysts become equal partners in the model building process 
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instead of the only ones who understand the model. As Hammer suggested, the model 

building process created an opportunity for the participants to learn a lot about the 

system that was being modeled. 

Typically the model would fluctuate in size as the level of detail was adjusted. 

For example, when the group started specifying the high level processes for the system, 

participants would submit candidate processes. From a list of approximately 25 

candidates, the group would select approximately 10 high-level processes. When the 

participants would begin decomposing the processes, they would generate about 70-90 

processes. As the group began reviewing them and connecting them to other elements 

of the system, the number would be reduced by about one third. It was very difficult 

to explain to the participants how to know when to stop decomposing, especially since 

the analysts were unfamiliar with the system being described. However, it was 

relatively easy to identify processes that had been decomposed too far in the later stages 

of model development and analysis. 

In addition to the sub-questions, several propositions from Chapter 3 provide a 

basis for discussing further contributions. The research propositions identified several 

areas for initial investigations. The propositions will be presented and accompanied 

with a brief discussion. 

1: A group can benefit from a methodology to guide the use of collaborative 

tools for model building and analysis. 
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Enterprise analysis usually requires the formation of teams whose members do 

not normally work together. Even if individual participants have experience with the 

activities that make up enterprise analysis, the group as a whole will not. Many of the 

initial activities are designed to capture the positions of the participants sponsoring 

organization before the team building activities implicit in the meeting have a chance 

to influence their opinions. 

The methodology also provides the basis for the development of the meeting 

agenda. Without a mental model of the process, meeting participants can feel a great 

deal of anxiety about what they are expected to do towards the production of the 

meeting deliverables. The first groups to use Enterprise Analyzer displayed 

considerably more concern over the apparent lack of progress during the first few 

sessions of a meeting, than those who received a summary of the methodology at the 

start of the meeting. 

2: The methodology should use manual as well as automated process support. 

The automation should be used to make it easiest for the group to use processes 

and procedures that have been proven to be valuable. Premature automation of a 

prototype activity, may prevent the researchers from examining variations which might 

prove superior. The template approach has been used to customize the repository while 

providing a standard interface regardless of the number and variety of fields on the data 

entry screen. This is the sort of application that can make use of both the CASE tool 
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approach and the 4GL prototype approach. It seemed to be easier to let the facilitator 

and support staff generate prototypes, than to develop a system with enough robustness 

to support such a flexible group process. 

3: Design meetings will benefit from extensive facilitation. 

Most of the participants involved in the meetings in this research had little direct 

experience with the tasks involved. They were also being exposed to new technology 

in the meeting room (or several new software tools for those who were familiar with 

TeamFocus/GroupSystems EMS). The project leaders were unsure how to use the 

technology to create their project's deliverables. Furthermore, the project leaders 

didn't know exactly who would be attending, how well they were prepared, or how 

much hostility the participants had toward the project or each other. The model 

building activities require significant amounts of abstraction and decomposition. The 

facilitator needs to go through several examples and reviews in order to keep everyone 

in the group working at a comparable level. Extensive observation is often required 

to identify participants who are struggling with the task, but are reluctant to ask for 

help or clarification. 

4: Programmer intervention can simulate the flexibility of production 

programs. 
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On several occasions, participants asked for minor changes in programs that 

reduced the amount of time required to finish the task. For example, the option of 

saving a process description record without clearing the screen (the default) allowed the 

participants refining a model to edit a series of records that decomposed a high level 

process without having to reenter the information that was common to sibling records. 

A minor change to the repository update program was made during a coffee break and 

the new program variation was made available to participants who wanted it. In later 

versions, of the program a "save and clear" and "save" option allowed the participants 

to select the mode they wanted to work with. 

5: A customizable rep~sitory can help groups model a variety of systems. 

The preparation and planning meetings allowed the project leaders to decide 

which types of objects the group would be using to build the model, the number and 

type of keys to access the records, and the attributes kept for each object type. The 

nine projects all did some process modeling, but five different definitions of the process 

object type were used, and the last group called their processes "activities". The 

repository also allowed the output from the same GroupSystems tool to be imported into 

several object types. 

6: A group can simultaneously model different aspects of a system given a 

decomposition plan and rapid access to the contributions of other group 

members. 
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The decomposition plan must be understood, before the group can split up the 

work efficiently. In several cases, there was an existing decomposition scheme (the 

army regulations) which made it easy to determine if a record had been created. In 

other cases, the participants had to use a combination of the name and description to 

determine if they had the correct record. When the participants could not view the 

contributions of the other members, they spent most of their time creating redundant 

definitions of the most important objects in the system. When the participants were 

given several ways to find existing records (Le., process number, name, summary lists, 

paper reports), the redundant records dropped dramatically, and the participants were 

able to edit the previously defined records, rather than creating new ones. 

7: Design projects will require frequent and on-going access to information 

entered early in the process, both during the meeting and after the meeting. 

The typical pattern encouraged by the Enterprise Analyzer methodology focuses 

on the organization's problems and goals first. Then the participants model and 

evaluate the current system. Finally, they focus on changes that must be made to the 

existing system to reach the goals and eliminate the problems. It is important that the 

project leaders and the organization's higher level management review the initial 

contribution to determine if the group prematurely abandoned some of the alternatives 

proposed. 
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8: Manual intervention can augment the task support and task structure 

supplied by the EMS in order to emulate processes or procedures and 

evaluate them to determine the value of automating them. 

One example of this is the use of the graphical browser tool. Several groups 

expressed interest in either using the graphical views of the system for model analysis 

or including printouts as part of the system documentation developed during the 

meeting. The strategies used to make the graphical layouts vary with the number of 

objects in the graph and the number and the nature of the relationships between the 

objects. For example, a decomposition diagram involves a different layout strategy 

than a data flow diagram. The Enterprise Analyzer had only a rudimentary layout 

algorithm, but the graphical browser allowed the analysts to move items around and 

change the layout. 

The researchers could automatically generate an initial drawing, but they had to 

spend hours working in between sessions to produce diagrams that "looked right." 

Only after working with several groups and analyzing the types of relationships that 

were involved in the enterprise models, the author was able to generate better "first 

cut" layouts to match the strategy that had emerged from the manual editing of the 

diagrams. The researchers were able to confirm the importance of the alternate 

representation of the model that the graphical view provided, learn what made for a 

good layout (and a bad one), and then work to make the process more automatic. 
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The basic research question of this dissertation asked whether a flexible 

methodology could be developed to make use of an EMS to improve the effectiveness 

of meetings to redesign complex processes and information systems. This research 

demonstrated that GroupSystems is a generic toolkit that is easily extendable to provide 

additional process support, process structure, task support, and task structure, through 

the development of additional software tools and facilitation techniques. 

6.3 Limitations 

There is a general limit to the extensibility of results of this research to other 

organizations and tasks. The groups from the Army and IBM had differences, but they 

certainly do not map completely into all of the organizations that face similar tasks. 

The other limitations are more specific to the scope of the research. 

In order to maximize the number of sites that could potentially be used to 

evaluate the system, the research team limited the extensions to GroupSystems to 

software that could be run without any additional equipment, memory and storage 

capacity, or architectural enhancements. Furthermore, no provisions were made for 

transferring data to workstations outside the meeting facility except by diskette. 

The methodology developed for Enterprise Analyzer combines tools and 

techniques from several domains, (such as planning, modeling, and systems design) in 

order to provide electronic support for the types of tasks described in other 
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methodologies relating to process and information system redesign. The Enterprise 

Analyzer system was never designed to be completely automated, and most of the 

meetings reported in this research made use of three or four people to modify, 

customize and support the prototype programs that were used. Later versions of the 

system should only require a facilitator and a single assistant to make up the support 

team. Since many organizations will not let facilitators work five full days in a row, 

the expected scenario is to have two people alternating between facilitator and 

performing the other roles throughout the meeting. 

The project leaders for the groups involved in this research were working under 

time pressure to complete various deliverables from the meeting. They were unwi11ing 

to spend meeting time to test features of the software at the expense of reduced 

productivity. The amount of time spent planning the agendas was restricted by the 

geographic distances between the research team and the project teams. As a result, the 

project leaders often based their preliminary agendas on experiences with unsupported 

meetings. The research team could only suggest activities made possible by the 

technology and attempt to match the electronic tools to the methods that the project 

leaders wanted to use. 

Furthermore, none of the groups had enough time to follow all of the steps of 

the methodology during the meeting. Typically the project leaders selected the tasks 

which they thought would benefit most from the synergy of the group and completed 

the other activities outside of the meeting as best they could. The focus of the research 
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was on the activities that took place during the meetings. The research team did not 

have direct access to the work done before, after, or in between the meetings. 

The organizations involved in the research demonstrated some difficulties in 

establishing the climate for change and empowering the project team with the authority 

to enforce the decisions made during the meeting. In one of the cases, the meeting 

participants were able to develop a design which included a major compromise between 

two conflicting organizations. However, one of the organizations refused to accept the 

decisions made by their representatives after the meeting had finished. 

In another case, the participants expressed reluctance to suggest radical changes, 

because they were convinced that their superiors would not accept them. The use of 

anonymous electronic tools appeared to coax suggestions from them anyway, however 

it appears poor preparation and vision establishment can retard productivity in the other 

steps. This suggests that personal involvement from the project's champion(s) in the 

meeting preparation may be a critical element of the meetings success. 

The steps that the project leaders consistently avoided scheduling in the agenda 

were the political and stakeholder analysis and the implementation planning. It seems 

that since these activities were expected to take place relatively late in the meeting, and 

time 1imitations directed the resources to other activities. Since these activities can be 

supported with standard GroupSystems tools, they were not given a high priority by the 

research team. 
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There is an unresolved set of questions about the timing of the meetings and the 

degree of isolation required. There was a significant problem with the IBM participants 

not being isolated from their normal jobs. Some of the initial Army groups caused us 

to think we would have trouble getting material ready in between sessions, so we 

scheduled meetings for every other day and this seemed to lessen the effectiveness of 

the meetings. The Army people suggest there may be a long term problem of bum out 

by the end of a week long meeting, maybe the secret is to schedule two meetings that 

are a week or two apart, but keep each one intense and focused. 

The participants in enterprise analysis projects face a number of difficulties. 

First, they must represent the interests of their "home" organization (department, 

function, etc.) while working as member of the project team that is trying to address 

the needs of the entire organization. Figure 6.1 illustrates the nature of the cross

functional team. Second, they may be able to describe activities and requirements in 

specific detail or in departmental jargon, but have trouble abstracting their expertise 

into a format that can be understood by the other participants. Third, each functional 

area may require special tools and information in order to present their case. 

6.4 Future Research 

There are two types of future research under the systems development 

methodology. The first is to improve hardware, software, facility used to support the 
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process. Those kinds of changes are relatively easy to plan, control and schedule. The 

second type of research is to improve the methodology though further use and a wider 

variety of evaluations. Future field studies are much harder to arrange or control. 

The restrictions on hardware and architecture that were maintained during this 

research will be relaxed in the near future. The Enterprise Analyzer puts significantly 

more strain of the network and server than the typical GroupSystems meetings. The 

repository programs typically required many files to be open at each workstation. This 

caused several problems if the maximum number of files open on the network was set 

too low. 
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The next release of GroupSystems will begin the migration toward a graphical 

user interface and multi-tasking environment. In the first step, the server, the 

workstations used by the meeting facilitator(s) and any workstations available for 

analysts to use in back rooms will be upgraded to 386 (or better) machines with 

significantly increased memory and storage available. The use of DOS 5.0 can free up 

some of the memory which must be shared between the network and the application 

program. Every EMS facility could benefit from having the facilitator workstation 

upgraded in memory and speed to be able to make use of windows style multi-tasking. 

This provides a two-fold impact on Enterprise Analyzer. First, the facilitator 

station can run many of its activities designed to collect responses from the participant 

workstations in a background task. This would allow the facilitator to prepare for the 

next activity without waiting for the current one to finish (as done currently). This 

could reduce the pressure on the support team to complete a number of tasks during 

coffee breaks, lunch time, and at night after the participants have finished for the day. 

The second impact will be the replacement of the Graphics Browser tool with 

a windows based multi-user graphical editor. The graphical browser from the previous 

generation of Enterprise Analyzer predates the CUA interface and is consequently 

difficult for participants to use. Furthermore, mouse support was not included for the 

tool. Currently, research is underway to use the multi-user graphics editor that is being 

developed for a windows environment as the graphical representation / and modification 

tool for the Enterprise Analyzer. The multi-user graphics tool has freehand sketching 
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capability, so the system could be used for techniques such as Checkland's soft system 

methodology [42] as well as traditional systems analysis diagramming techniques. 

Enterprise Analyzer Instance Processor (EAIP) was used to generate the graphic 

models from the data gathered using Enterprise Matrix. This use identified a number 

of areas for improvement within the algorithm for laying out the objects. A new layout 

algorithm that was built into a repository report program was successfully used to 

generate node tree diagrams during the Corps of Engineers session. This routine 

allowed complex selection criteria to determine the scope of the diagram's contents and 

then created a rough cut layout that required only minimal adjustment in order to 

generate paper copies of the node trees that were easy to read. 

A series of these type of reports are needed that can select and calculate 

locations for objects and relationships to quickly produce different styles of diagrams 

such as data flow diagrams, entity-relationship diagrams, and decomposition diagrams. 

While it is relatively easy to generate queries from the repository to select the objects 

and relations that will appear on a graphic display, it is computationally difficult to 

automatically calculate an optimal location for the nodes on the diagram. Heuristic 

algorithms that improve the layout of a specific type of diagram need to be developed 

to minimize the amount of support team intervention required and to allow rapid 

transition between representation styles used by the group. 
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Printer availability and configuration can also have a tremendous impact on an 

Enterprise Analyzer session. Much of the information developed during the meetings 

are printed out and distributed for study outside the meeting room, or as memory 

support during other tasks. Printers attached to the network server tend to slow the 

network response of the tools to a crawl, (especially for graphical diagrams) so the 

support team was forced to print reports during breaks in the meetings. The graphics 

browser only had an HP driver, but the IBM Decision Support Center was equipped 

with an IBM laser printer. The windows GUI approach may solve the need to have 

specific printer drivers for graphical programs. 

Another effort will enable the long term management of project data in the 

GroupSystems meeting facilities. The current release assumes that all data is 

temporary, and maintains a maximum of ten versions of the output from each tool. 

After that, if the data hasn't been backed up, it is lost. Under the file naming 

convention used by GroupSystems 4.0, if the same data is used by more than one 

program, each program "imports" the data file and makes its own copy. This makes 

inefficient use of the server space. 

A potential solution is to assign all of the data a unique name and organize them 

by projects. Furthermore, the repository databases would store the unique names for 

all long description/memo fields instead of storing the contents in the database format. 

This would allow the data that would be shared among various tools in the course of 

a session to be accessed without any translation utilities or duplicate copies being made. 
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There is an on-going effort toward improving the tool kit, especially by selection 

of a standard DBMS package to serve as the repository platform. This will allow for 

construction of a library of template programs which will speed up the development of 

customized meta-models for separate projects. The current platform, Dataflex 3.0, is 

a beta test release program and the production version is over one year late and is still 

not released. The platform has most of the features and capabilities needed, but the 

performance is not optimal and numerous inconsistencies remain in the beta test version 

that make it difficult to build reliable routines. The upcoming acquisition of Ashton

Tate by Borland, may lead to a smooth interface between the Paradox and dBASE 

systems, which would allow a new standard for LAN database packages. The final 

element of the development research is the integration of EA tools with commercial 

CASE products, such as KnowledgeWare, which could provide enhanced support for 

model analysis. This could also provide the bridge between the electronic support for 

enterprise analysis and modeling and the automatic generation of information systems. 

The future evaluation research will consist of two strategies. The first will be 

to conduct laboratory experiments to evaluate specific tools and activities. For 

example, several studies could attempt to determine the effectiveness of the interface 

and lor representation options on the participant's abilities to analyze the model. 

Another might compare the model that is built if the participants see matrix or graphical 

displays, but varying whether they are allowed to update the model using them or 

whether they have to use the original format to update the model. 



294 

The second set of evaluation research will attempt to work with an organization 

from the beginning of the process through the implementation and evaluation of the 

design. The field studies included in the dissertation were all portions of larger projects 

that were in progress. As a result, the goals, the visions, and the resources had already 

been determined before Enterprise Analyzer was considered for use. Therefore, the 

evaluation of EA has been in terms of comparing the electronic support with the type 

of meeting originally planned. The narrow span of time available for dissertation 

research has also precluded the opportunity to report on the long term outcomes from 

the implementation of the recommendations created during the meetings. 

6.S Conclusions and Lessons Learned 

The project was a success because a methodology was indeed developed, 

refined, and evaluated by several project teams from large organizations who had 

complex redesign problems. Several groups used Enterprise Analyzer to develop 

functional descriptions for selected modules of the installation support modules (ISM) 

project. The project management and others associated with the project have estimated 

that the use of the EMS facilities to develop the functional descriptions, for those 

modules, saved the Army nearly a million dollars in direct and avoided costs. The 

Army intends to continue the use of EMS technology for requirements elicitation and 

systems design. 
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The IBM pilot project was also judged a success from both research and 

organizational perspectives. From a research perspective the project demonstrated that 

the EA tools and methodology were extensible and flexible and could be used to support 

the redesign of business processes, without focusing on information system design. The 

project also proved to be valuable to the participants, who were able to gain a better 

understanding of the structure of the business processes of the organization being 

studied and its relationship with the other organizations involved in the processes. 

Enterprise Analyzer was judged to be more expedient than process documenting 

techniques used that had been previously used by the organization. The participants 

were able to build a model of a particular application's processes while gaining insights 

about several similar applications. Fifteen proposals for changes in processes were 

submitted to management from the suggestions developed as a result of the project. 

Lessons Learned 

It is still very difficult to build good information systems. The problems have 

as much to do with the organization as the support for systems development 

methodologies. However, a few lessons emerged from using the Enterprise Analyzer. 

1) A top management review team is important. 

A top management team should be involved in the coordination and evaluation 

of the work of the project teams to ensure that the organization is getting the most out 
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of the design meetings. Also, the members of the project team may reach agreement, 

but their sponsoring organization may not accept the compromise. Management may 

have to negotiate a new compromise in another meeting. 

2) It is critical that the champion has established the organization's commitment to 

change before the meetings begin. 

If the participants are not convinced that radical suggestions will be accepted, 

they will be reluctant participants and only make conservative suggestions. Attendance 

at one of the first meetings of the project is an easy way for the champion to 

communicate the importance of the project. 

3) It is easier to derive a textual description of system requirements from a 

structured model, than it is to derive a structured model from unstructured text. 

While it may be feasible to have people type and organize contributions from 

a manual meeting, when a large group is contributing in parallel, human "natural 

language processing" is too slow to keep up with the group. On the other hand, it is 

relatively easy to generate reports (word processing files) from a structured model that 

look like unstructured text and allow someone to make a final edit and produce a 

grammatical final document. 
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4) Well defined rules for the relationships between objects in the system being 

modeled should be used for model analysis, not to restrict the description of the current 

system. 

In a redesign process, there is an establishment of goals and targets. There is 

also a modeling of the current situation in order to develop a transition plan. The goals 

for the project should not be used to restrict the accurate description of the current 

situation, or the model may be unable to document some important problems. 

Conclusion 

The last use of the system, by the U.S. Army Corps of Engineers, demonstrated 

that the system that had been tailored to the needs of one organization could easily be 

adapted to the needs of a similar organization with a similar task. It demonstrated that 

the project leaders didn't require experience using the system to benefit from the 

experiences of previous meetings. 

This is a first step in moving the project from a prototype requiring intensive 

support from a team of programmer/analysts, to an operational system that can be 

supported by the facilitation staff. While there is much work that must be done to 

improve the amount of support provided by the system automatically, this research has 

demonstrated that it is feasible to improve the effectiveness of design meetings with 

electronic meeting systems. 
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APPENDIX A 

EXTRACTS FROM THE GROUPSYSTEMS MANUAL 

GroupSystems Basics 

GroupSystems is a powerful software system that is useful for a wide variety 
of group tasks and activities. It helps groups improve consensus building and 
reduce meeting time while monitoring. controlling and documenting the processes 
involved. 

Although the goal(s) of a meeting val)' from group to grouP. many have 
common attributes. Typically in a group meeting, information is elicited 
relevant to a topic or topics. the ideas are then organized and an action plan 
is developed. GroupSystems expedites these processes by recording and 
organizing the information gathered. allowing group members to come to an 
agreement on an. action plan through voting or some other type of consensus. 

The power inherent in the GroupSystcms ~thvare tools is realized in its 
common characteristics: anonymity, and the simultaneous entry and recording 
of input by participants. In traditional meetings, participants provide input 
verbally. However. it is common for them to censure their own ideas or fear 
criticism by more dominant members of the group. The anonymity factor in 
GroupSystems removes these psychological barriers thus encouraging a robust 
generation of input. In addition. each participant contributes simultaneously. 
Therefore. input is generated and recorded faster than if done manually. Since 
the input is recorded automatically for future usc. there is no need to rely on 
the individual's notes and memory. 

298 



Overview of Software Tools 

GroupSy~tems software consists of a set of separate programs or software tools 
which are accessed through the Meeting Manager. Software toob are interactive 
program~ run during a session to accomplish a specific group ta~k or objective. 
When you start GroupSystems, the Meeting Manager is acthated. Starting 
GroupSy~tems and using the Meetil/g Mal/ager are covered in depth in a 
following chapter. 

Meeting .I!al/agel' is the home base for all GroupSystems acthities. Not only 
nre the ~llth\'are tools activated from here, there is a variety of utility programs. 
These handle the maintenance and file management functions of the systelll. 
In additilln . . \'feeril/g Mal/ager provides functions for pre-meeting planning such 
as objectil'e and agenda preparation. 

The following briefly describes each of the software tools. How to use each 
software tool is presented in depth in the following chapters. 

Electrol/ic Brail/stormillg is an unstructured idea generation soft ware tool 
allowing pal1icipants to share ideas on a specific question or issue. Once a 
participant enters an idea, it is electronically passed to another participant who 
may add to that line of thought or begin a new idea. Optionally, ideas can 
be categorized by creating and selecting keywords. The use of keywords adds 
a level (If organization to the unstructured list of ideas submitted. 

Idea Orga/lbltiol/ is a powerful multi-purpose tool that can be used for a 
wide varic;"ty of tasks. It is especially useful in two cOlllmon group activities: 
categorizing comments and generating ideas. One of the mo~t common uses 
of Idell On:(/IIi;ariol/ is to allow organization of the comments generated using 
other took such as Electrol/ic Brl/il/storming. Output from these tools (as 
well a~ llther text files) is organized into a list of categories entered by 
participalll' or by the session leader. In its idea generation format. participants 
enter a li,t of ideas related to the topic being considered by the group and 
enter Slll'I'1.1rting coml1lents for each idea. 

Topic COl/lIl/ellter is another idea generation software tool that utilizes a more 
detailed ~trllcture. It uses a predefined Ibt of topics in a multi-window format 
whieh re,elllbles file folders. Participants can respond to any or all of the 
topics in II hatcvcr order they desire. The participants are able to view the 
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comments entered by others 011 lIny of the topics. The end result is a 
comprehensive accumulation of responses from the group which you can edit 
and consolidate. 

Vote consists of three basic processcs: ballot initialization. individual voting 
and the collection of voting ballots. You enter a voting topic for the ballot 
and choose one of the seven voting methods available. The ballots arc then 
distributed to thc participants. Artcr pal'licipants have votcd and you have 
collcctcd the ballots. you can display thc results for group discllssion. Stutistical 
analyses of the voting rcsults arc available and thc participants may view a 
votc comparison. 

Alte1'llatil'e El'aluation allows pal'licipants to ratc a list of alternativcs against 
l\ list of criteria. one at a time. Altcrnatil'es may bc a list of actions. issucs 
or namcs that arc to bc ratcd against criteria. Criteria mc standards uscd to 
rate each altcrnativc. Oncc you collcct nil the ratings from participants. you 
can vicw thc group rcsults in a varicty of formats. including text rcports or 
graphic rcprcscntations. Thc rcsults can then bc discusscd to hclp dctcrminc 
the optimal alternative for implemcnting an action plan or making a decision. 

Polic), Forll/ation is a tcxt cditing software tool for dcveloping it final statcment. 
such as a policy or mission. through iteration and group CL1nscnsus. "This 
software tool is used most often aftcr idea generation and cOlbolidation and/or 
aftcr voting has takcn placc. Policy FO/'II/atioll cnables you ILl draft an initial 
statcmcnt and scnd it 10 pal'licipants. Each participant rewrit.:-s thc slUtcment 
and scnds it back to you. These rcsponses can bc presentcd to thc group for 
discussion. thcn sent back to participants for furthcr rcvision. This proecss is 
repeated until the statemcnt is rcfincd and agreed upon. 

Group Outliner is similar to Topic CO/IIIIICllt!'/' in that it allo\\'s participants 
to commcnt on a variety of predcfincd topics. Instead of' llsing a multi-window 
fOllllat. it uses a tree or outline structure. This typc of structure allows you 
to crcate a dctailcd hierarchy of subtopics for cach topic. Participants can 
rcspond to any or all of the topics in \\'hatevcr order th.:-y dcsire. The 
participants can view the comments cntercd by othcrs Oil allY of thc topics at 
any Icvel. The end result is a comprehellsi\'c accumulation of responscs from 
thc group which you call edit .lIld consolidate. 
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Group Matrix allows participants to establish relationships between two sets 
of items in a matrix (table) format. Participants view a matrix with labeled 
rows and columns. They select from a list of available words or enter a 
numeric value that represents the relationship between the row and the coltimn. 
GrollI' Matrix displays which cells in the matrix indicate a consensus among 
the group. Group results can be viewed in a variety of formats. 

Questionnaire provides a convenient way to collect and store information on 
a I'llnge of topics in a single questionnaire. First, you create a questionnaire 
fonTI. Participallls complete the questionnaire and you collect the responses. 
When constructing a questionnaire form, you Pill limit the rnnges of responses 
to specific questions or trigger another questionnaire form to appear based on 
responses. 

Stake/wider Identification is used to identify those who impact or are impacted 
by a proposed plan of action. Stakeholders have assumptions about the 
proposed action plan and these assumptions are measured by two factors: the 
importance to the stakeholder and the importance to the success of the proposed 
plan. The ratings are displayed graphically for review and consideration by 
the group. They often reveal discrepancies in the assumptions which should 
be investigated further. 

Group Writer is a text editing software tool which allows simultaneous group 
entry and editing of text in the same document. This software tool is used 
Illost often in small groups when there is more than one author for a document. 
A participant can have exclusive access to a line or block of text while others 
are editing different pans of the same document. Once the documelll is 
finished, it can be loaded into a word processor for further refinement. such 
as text enhancements and formatting. 

Group Dictionary is used to build a group dictionary by defining a list of 
terms or phrases. Building a group dictionary assures that all participants 
begin with the same basic understanding of the issues. GI'OIIP Dictionary 
enables you to enter a list of terms and send it to participants. Participants 
enter delinition,; for each term on the list and send it back to you. As the 
group discusse~ and agrees on the definition for each tcrm. you edit the 
definition to rt'flt'ct the group consensus. 
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Brie/case is a set of seven mini-tools which arc memory' resident; they can 
be "poppcd-up" for usc at any time, including when you are using another 
tool. Briclcase functions include Filc Readcr, Notcpad. Clipboard. Calcndar. 
Calculator, Mood Mctcr and Quick Vote." . 

The following bricfly dcscribcs each or the softwarc utilitics that are optionall~ 
a\ailablc with OroupSystcms. How to lise cach utility is presented in dcpth 
in the rollowing chaptcrs if thcy have been includcd with your systcm. 

Fideo Switc/ter (*) allows you to send text and/or graphic screen imagcs to 
any workstation on the nctwork from your scrccn or rrom thosc of the 
participants. Scrccns can be scnt one at a timc or pcriodically. You can 
also clear any images scnt. Additionally. you can save a tl'.\t-bascd scrcen 
to a filc using \ 'ideo Switcher and allow participants to vicw other workstation 
screens. 

Remote Keyboard (*) allows you to enter charactcrs remotely on allY or all 
of thc kcyboards on thc net work. The capabiIiiy or typing commands into 
any or all of thc workstations on thc network is a powcrful featurc of thi~ 
utility. Rell/ot£' Keyho(lrd also allows you to rcstart a workstation. 

(" I Utilities notatcd with this symbol (\ 'ideo SII'iteher and Rc'1II01t' Key/mardi 
are not available for usc with all nctworks. Thcy are nctwork dependent and 
special vcrsions arc rcquircd ror diffcrent harci\varc/softwarc l'onfigurations. 
See your system administrator for more inrormation: 
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It is also recommcnded that you have a working knowledge of thc Disk 
Operating Systcm (DOS), particularly the conccpts of files and subdircctories, 
This expcricncc is hclpful, fol' cxample. when saving a rcport at thc cnd of 
a session. 

Definition of Terms 

Th~ following terms arc used throughout this GroupSystems manual. As a 
session leadcr, your understanding of these is helpful in learning about 
GroupSystcl11s. A morc completc list of tcrms is found in thc Glossary in 
the Appendix of this manual. 

Meetillg 

Se.l'sioll 

A meeting is the gathering of a group of people which has one 01' 

more goals to achieve. A mceting includcs one or more activities. 
depcnding on thc goal(s) of the group. 

A period of time devoted to a particular actil'ity 01' task to accomplish 
a goal using a GroupSystcms software tool. One 01' morc sessions 
constitutes a meeting. 

Sessioll Leader or Facilitator 

A scssion Icadcr is the person who moderates the meeting and guides 
the participants through thc tasks necessary to achieve the goal(s) set 
forth. The session leader is also responsible for thc pre-meeting 
planning activities. 

Participallt 

A participant is a person attending a meeting whose input will help 
achieve the goal(s) set forth by the session lemler and group leader. 
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Group Leader 

The person responsible for requesting n meeting. The group leader 
is often the session leader or meets with the person designated as the 
session leader during the pre-meeting planning phase to identify the 
goal(s) of the meeting and to determine strategies. The pre-meeting 
planning activities help determine which software tools to use to 
achieve the goal(s). 

Tool or Actil'ity 

A software tool or activity is a GroupSystems application which is 
used to accomplish a specific objective. The software tools available 
in OroupSystems can be used in any order and the output from some 
software tools can be used in other tools. 

For example. if you IVant to get feedback on a particular issue, you 
may choose one tool. Another software tool can then be used to 
organize the ideas generated. That list can then be ranked using yet 
anot her ~oft ware tool. 

Chapter Layout 

Each software tool chapter contains four sections: 

I. The introduction is the first page of each chapter. It provides an ovcrview 
to the tool and its uses. 

2. QuickStar1 follows the introduction page. It provides a sUlllmary of the 
essential steps needed to conduct a session using a tool. QuickStart is onc 
to three pages in length. 

3. The basics skills needed to run a session arc described next. These include 
all the steps outlined in QuickStart in a more detailed step-by-step manner. 
The basics section of a chapter also includes additional easy-to-usc functions. 
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GroupSys~ems Characteristics 

Once the general process or method for accomplishing a task is id~ntified. a 
software tool can be selected. You will notice that certain tools can support 
more than one task and certain tasks may require more than one tool. 
Understanding the unique characteristics and the speeifi9 needs of the group 
will help in choosing the most effecth'e tool(s) for a particular session. One 
suggested alignment of tasks with tools is represented in the diagram below. 

GroupSystems 

Idea 

~~.-) 
Idea : 
Organization 

Idea 
Evaluation 

Issue 
Exploration 

Electronic Brainstorming 

Electronic Brainstorming 
Topic Commenter 
Group Outilner 
Idea Organization 
Policy Formation 
Group Writer 
Vote 
Allernaliv.e Evaluation 
Questionnaire 
Group Dictionary 
Siakehoider Identification 
Group Matrix 

Elcctronic I3rainstorming I EBS) prol'icb a very simple structure in which a 
question is sent out and participants r~~pond with comments. The basil' features 
of EBS support divergent processes ~uch as idea generation. with a minimum 
of structure. As a session leader gain~ ~xperienee and as participants become 
more familiar with the u,c of' the tools. there arc additional features that 
support a variety of group tasks including idea organization. 
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Idea Organization 

Idea Organization is used primarily to support the group process of idea 
organization. It can also be used to provide more structure for idea generation. 
Idea Organization has several levels of power and complexity. In its basic 
form, it allows each participant to create a private list of key ideas 01' categories. 
Private lists can then be submittcd to a public list of key idcas 01' categories. 
Participants can submit rclevant comments to each category in the public list. 
Comments can also be appcnded to these key ideas 01' categories from files 
displayed in a separatc "Refcrence" window at the bottom of the scrccn. 

Prior to the session the session leader can prepare data files in ASCII format 
for display and for appending into othcr text. Thc scssion leader can delete, 
consolidate. remove duplicates. sort and change the wording of kcy ideas 01' 

categories. Thc supporting comments can also be edited in a similar fashion. 

When groups have a list of items with supporting information that thcy would 
like to (lrganizc under headings. Idea Organization is especially suited for thc 
task. For example, the rcsults of the Electronic Brainstorming session may 
be loaded into Idea Organization as a reference l1le. Par1icipants may also 
bring in ASCII files to organize under headings. Idea Organization's advanced 
features allow the session leader to determine to how participants interact with 
the group list and provide for multiple sessions running concurrently. Familiarity 
with Idea Organization in its basic form is strongly recommcnded as a 
prerequi~ite to exploring the use of the advanced features. 

Vote 

In Vote. a ballot is initialized by the scssion leader and voted upon by 
participaJ1ls. The rcsults arc collected. tabulated and displayed in statistical 
and graphic formats. The \'oting methods include: Yes/No. Truc/False. 
Agrec/Di~agree, IO-Point Scale. Percentagc, Multiple Choice and Rank Order. 
Vote i~ used primarily to support the group process of' voting. It also can 
support the group process of issue exploration. 
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Topic Commenter 

Used primarily to generate ideas within u defined set of up to 21 categories. 
Topic Commenter has a ~creen display that resembles a stack or ranncd index 
cards. Participants can use the na\'igation keys to select a card and add 
COl11l11ents. They can abo view the cOl11ments submitted by other pal'licipants 
on any of the topics. Rank ordered lists can be loaded into Topic Commenter 
rrom the Vote application. Using Topic Commenter, participants can develop 
actions plans for a list of priority items. 

Alternative Evaluation 

Alternative Evaluation allows a list of ultel'llatives to be ranked on a scnle 
1'1'0111 I to 10 according to a list of criteria. The list or alternatives and criteria 
can bc loadcd rrol11 Rank Order Vote, Idea Organization. external lists in 
ASCII format or typed in manually by the session leader. 

After the results are tabulated. they can be displayed and viewed by the gl'Oup 
in a variety of ways. The relati\'e \'alue of the criteria can be changed and 
the resuits re-displayed in a series or "what-if" scenarios that isolate the 
importance of a criteria in relation to the aitel'llatives. 

For example, a set of aitcl'Ilatives e\'llluated by a group on the basis of how 
well each met the criteria of low purchase price. high reliability. and most 
desirable features could (hen be re-displayed with alternate weightings on the 
criteria. 

Alternative Evaluation primarily SUPP0l'ls the group process of voting. It can 
also support the group process of i~~ue exploration. 
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Policy Formation 

Policy Formation is intended to support groups during the process of formulating 
a policy statement. It is also used to develop actions plans where a high 
le\'el of consensus regarding the action is desired. 

The session leader enters a statement and makes it available to participants 
who can respond to it. The response can be a variation on the wording of 
the statement displayed at the top of the serecn or a comment. question. etc. 
in response to it. These steps can be repeated as the group develops a 
consensus statement. 

Policy for111ation primari Iy supports the group process of idea organization. It 
can also be used to support the group process of issue exploration. Some 
experienced session leaders haw used Policy Formation at the beginning of a 
session to arrive at a consensus among partidpants regarding the purpose of 
the session. 

Briefcase 

Briefcase is a memory resident set of utilities available to GroupSystellls 
participants while they arc acti"e in other tools. It includes a Calendar. a 
Calculator. File Reader in whil'h files can be viewed and text copied to the 
Clipboard. a utility to edit the Clipboard. a Quick Vote function. a Notepad 
to jot down notes. and a Mood ~lcter to informally register reactions. 

The voting function in Briefcase is distinct from the standard Vote tool because 
it is accessible from within any other tool. It allows for either Rank Order. 
Multiple Choice or Yes/No votes and the results are continuously totaled and 
displayed on a group screen. l·sed during a discussion. Quick ,"ote can track 
the consensus of the group as it changes in response to the discussion. Quick 
Vote docs not offcr the statisliL'al reports or graphs available in the standard 
Vote tool. 

Because of the variety of options available. Briefcase can support a Ilumber 
of different group and individual processes. These include the group process 
of ,'oting. idea organization and issue exploration. 
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Questionnaire 

This program allows the session leader to prepare a computerized questionnaire 
that can be distributed to pm1icipant workstations. The data collected from 
repeated usc of the questionnaire can be compiled into a single report. Branching 
into additional questionnaires based on the occurrence of certain responses is 
also supported. 

Questionnaire primarily supports the group process of voting. It may also be 
used to support the group process of issue exploration. 

Group Matrix 

Group Matrix allows participants to establish a relationship between entities. 
Columns and rows are labeled by the session leader to represent the entities 
to be analyzed. The cell at the intersection of a column and row is used to 
represent the relationship between the entities. Participants establish this 
relationship between entities by making a choice from a predefined. text-based 
list or from a list of values. 

A group display dynamically reflects the average group results of each cell. 
When a threshold of consensus (set by the session leader) is surpassed. it is 
reflected by a change in the color of the cell. 

Group r-.latrix primarily supports the group processes of issue exploration and 
consensus building. 
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Stakeholder Identification 

Stakeholder Identification is an impact analysis program thnt pro\,ides structure 
for a process that includes: 

I. Stakeholder identification. and 

2. Assumption surfacing. 

This tool is intended for use when a group needs to analyze the impact of a 
plan. policy. 01' other set of issues being considered for implementation. Any 
specific assumption 01' stakeholder position can be displayed and examined in 
more detail as can the individual ratings of the assumption scI. 

Stakeholder Identification primarily supports the group processes of issue 
exploration and strlllegic planning. 

Group Outliner 

Group Outliner allows the session leader to set up a simple Iht· of topics or 
an elaborate multi-level set of topics. Levels of subordination arc' represented 
by a graphical outline structure. All or some portion of the outline is made 
available to all or selected participants. who can COllllllent on and view the 
sel·tion of the outline provided. All comments :Ire dynamically updated. 

Group Outliner primarily supports the group process of issue exploration. It 
can also be used to support the group process of idea generation and idea 
organization when a high degree of structure is desired. 
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APPENDIX B 

PROGRAM LISTINGS OF EDITING TEMPLATES 

process.frm : 07/29/91 01:41:56 
PAGE 1 

======================================================== 
MEMORY AVAILABLE: 343768 
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l>//This is program process.frm which will be compiled into 
process. fIx 
l>//Author Bob Daniels. 
1>//******************************************************* 
1> 
1>// Include the following packages (Class Definitions to use 
in this program). 
l>USE ALLENTRY 
Using pre-compiled package ALLENTRY 
INCLUDING FILE: ALLENTRY.PKI 
5687>USE EntActBr 
INCLUDING FILE: ENTACTBR.PKG 
INCLUDING FILE: RECDE PD. INC 
/RECORD EXIT PULL DOwN 
Image 6~ RECORD_EXIT_PULL_DOWN 

/* 
INCLUDING FILE: NAVI PD. INC 

/NAVIGATE PULL DOWN 
Image 7, NAVIGATE_PULL_DOWN 



/* 
INCLUDING FILE: HELP PD. INC 
/HELP PULL DOWN 
Image-s, HELP_PULL_DOWN 

/* 
5731> 
5731>// OPEN files for data entry. 
5731>OPEN Process 
INCLUDING FILE: PROCESS.FD 
5732> 
5732>//******************************************** 
5732>// MEN U BAR D E FIN I T ION 
5732>//******************************************** 
5732> 
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5732>// Use the ENTACTBR package to create a menu bar for the 
top line. 
/MAIN ACTION BAR 
Image-9, MAIN_ACTION_BAR 

/* 
5732> 
5732>object Main Action Bar is an Entry Action Bar 
5734> set Location to 1 0 Absolute - -
5735>end object 
5736> -
/CHOOSE PROCESSNUM 
Image 10, CHOOSE_PROCESSNUM 
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Processes Defined----------------------------------

<Ctl+Home=First> <Ctl+End=Last> <Enter=Select> 
Use the ctl Page Up/Down, and Arrow keys to scroll, type any 
letter to jump 

/Choose Process Type 
Image 11, CHOOSE_PROCESS_TYPE 

Available Process Types 

<Enter=Select> 
/* 
5736>//****************************************************** 
5736>// V E R I F Y PRO M P T D E FIN I T ION S 

5736>//****************************************************** 
5736> 
5736>// The images for a verification prompt used by the 
DELETE routine. 
/VERIFYIMG 



Image 12, VERIFYIMG 

I'll 
5736> 

< > <---> 

5736>11 Break up the image into two pieces. 
5736> 
5736>SUB PAGE OK_Cancel_Prompt FROM VerifyImg 2 3 
5737> -
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5737>11 This object is the message displayed for the prompt 
(ie, Delete 
5737>11 Confirmation). 
5737>object VerifyIt is a CLIENT VerifyImg 
5739> 
5739> 
5740> 
5741> 
5741> 
is only 
5741> 
5742> 
5743> 
5743> 
5743> 
5745> 
5745> 
5747> 
5748> 
5749> 
5749> 
5751> 
5752> 
5753> 
5753> 
5754> 
5755> 
5756> 
5757> 
5757> 
5758> 

set location to 7 25 absolute 
set center state item 0 to TRUE 

II The parent of this object is 
a popup. 
set scope state to true 
set popup:state to true 

the desktop and it 

II The "choice" object (OK and CANCEL). 
object AskOk is a button OK_cancel_Prompt 

procedure Chose OK 
procedure return MSG OK 

end_procedure-

procedure Chose Cancel 
procedure return MSG CANCEL 

end_procedure- -

item list 
On Item "OK" SEND Chose OK 
On-Item "CANCEL" SEND Chose-Cancel 

end_item_list 

end_object II AskOk 

5758> function Validate_ok string Display_Message returns 
integer 
5760> 
5760> 
5761> 

local integer Return Val 
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// Put the message in the object window. 5761> 
5761> 
5762> 
5762> 

set VALUE of VerifyIt item 0 to Display_Message 

response 
5762> 
5763> 
5763> 
5763> 
5764> 
5764> 
5765> 

/ / Ask the operator what to do and store 
in RETURN VAL. 

ui_accept VerifyIt object to Return Val 

// Pass back the answer. 
function_return Return_Val 

end function 

5765>end object 
5766> -

// VerifyIt 

5766>//*********************************************** 
5766>// M A I NOB J E C T D E FIN I T ION 
5766>//*********************************************** 
5766> 
/TITLEBARIMG 
Image 13, TITLEBARIMG 

Enterprise Analyzer Process Description 
Maintenance 
/Processscreen Resident 
Image 14, PROCESSSCREEN 

Level Number: < > Process Type: 
Process Name: <-------------- > -------------------------------------Purpose: 
Value Added: 

Process Owner: 
Primary Input: 
Primary output: 
Resources: 

Duration(mins): Frequency/Volume: 
cost/Unit: Percentage of Total Cost: • 
----------------=-------------------- Record No: --. 

1::::::::::::::::::::::::::::::::::::::::::::::::::::::::1 
::.:.!:.:.'......... :::::::::::::::::: ::::::::::::::: ................. . :mm'm:mm ............. __ ..... ::mmm:m ___ ~!!!!!!1r!!!clm:mmm::m m 

::::::::::::mmm ......... ------~::~:::!'!!!:::!'!!:::!'!!::!!!::::: iiiii:::::::--",,....-__________ ..... ·::::::::::: ____________ -..J::::::::::::::::::::: I::::::::::::::::: 
/DataImg 
Image 15, DATAIMG 
/* 
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5766> 
5766>// Split the buttons out of the image for their own 
object. 
5766>SUB PAGE Action Buttons from ProcessScreen HORIZONTAL 15 
9 - -

5767> 
5767> 
5767> // While in our Transact Entry object, we want to 
be able to pop-up a -
5767> // list of valid payment types when the user 
presses the PROMPT key 
5767> // while in the payment field. The 
Choose Process Type object is a 
5767> - // pick list and will pop-up a list of payment 
types valid for 
5767> // this user (using the Person file). 
5767> function Delete Validation returns integer 
5768> -
5768> if (Validate ok(Verifyit.obj,"Are You Sure You want 
To Delete?"»; -

eq MSG OK function return 0 
5771> - -
5771> function return 1 
5772> 
5772>end function 
5773> -
5773> 
5773> Object Choose Process Type is a pick List 
Choose Process Type static RADIO -
5777> - -
5777> set SCOPE STATE to TRUE 
5778> set POPUP-STATE to TRUE 
5779> set LOCATION to 8 3 ABSOLUTE 
5780> 
5780> 
5781> 
5781> 
5782> 
5783> 
5784> 
5785> 
5786> 
5787> 
5788> 
5789> 
5790> 
5791> 
5792> 
5792> 

set SELECT_MODE to AUTO_SELECT 

ITEM LIST 
on item "ROUTINE" 
on-item "AS REQUIRED" 
on-item "DAILY" 
on-item "HIGH LEVEL" 
on-item "MONTH END" 
on-item "PROMOTION" 
on-item "RECOVERY" 
on-item "WEEK END" 
on-item "YEAR END" 

end_ITEM_LIST 

SEND 
SEND NONE 
SEND NONE 
SEND NONE 
SEND NONE 
SEND NONE 
SEND NONE 
SEND NONE 
SEND NONE 

End _.Obj ect // Choose_Process _Type 

NONE 



5796> 
5796> 
5797> 
5798> 
5799> 
5800> 
5800> 
5801> 
5802> 
5804> 
5805> 
5805> 
5806> 
5807> 
5809> 
5810> 
5810> 
5811> 
5812> 
5814> 
5815> 
5816> 
5816> 
5817> 
5818> 
5820> 
5821> 
5822> 
5822> 

procedure clearit 
clear process 
send request clear 

end_procedure -

procedure copyit 
move 0 to process.recnum 
save process 

end_procedure 

procedure my delete 
set auto clear state to true 
forward send request delete 
end_procedure -

procedure my save 
set auto clear state to true 
forward send save record 
send request clear 
end_procedure 

procedure my save keep 
set auto clear state to false 
forward send save record 
set auto clear state to true 
endyrocedure -

5822>11 The main data object. 
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5822>object ProcName is a Data set DataImg ring MAIN FILE 
Process -
5826> set attach parent state to true 
5827> set scope state to true 
5828> II The data entry object. 
5828> object ProcessForm is an Entry_Form ProcessScreen 
USING ProcName.obj 
5831> 
5831> 
program. 
5831> 
5832> 
Main Action. 
5832> 
5833> 
5834> 
5834> 
lines. 
5834> 

II When the ESCAPE key is pressed, stop the 

on key KCANCEL SEND none 
- / I The action bar for this obj ect is 

set ACTION BAR ID to Main Action Bar.obj 
set verify-delete msg to Get delete validation 
Register object Choose ProcessNum -
II The-action and title bars are on the top 

set location to 2 1 absolute 



5835> 
5835> 
redefine 
5836> 
redefine 
5837>11 
clear for 
5837> 
5837> 
5838> 

on_key KEXIT_FUNCTION send my_save 

on_key KSAVE_RECORD send my_save_keep 

on key KDELETE RECORD send my_delete 
delete- -

item list 
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I I F2 

IIF3 
II set 

Entry Item Process. LEVEL NUMBER ; 
- {capslock 

iPROMPT=(Choose ProcessNum(CURRENT OBJECT»} 
5839> - Entry Item Process. OBJECT TYPE ; 

- { c a p- s 1 0 c k 
iprompt=(Choose Process Type(Desktop»} 
5840> - Entry item Process.NAME 
5841> Entry-Item Process.PURPOSE 

50 1765 -
5842> Entry_Item Process. VALUE ADDED 

50 1865 
5843> 
5844> 
5845> 
5846> 

50 1815 
5847> 
5848> 

50 1715 
5849> 
6.0 1659 

5850> 
4.2 1662 

5851> 
50 1915 

5851> 
50 1665 

Entry Item Process. OWNER 
Entry-Item Process.Prim inputs 
Entry-Item Process. Prim-outputs 
Entry:Item Process.RESOURCES 

Entry Item Process.Duration 
Entry:Item Process. VOLUME 

Entry_Item Process. COST 

Entry_Item Process. COST PERCENT 

IIEntry Item Process.MUST FOLLOW - -
IIEntry Item Process.QUALITY 

II ASC 

II ASC 

II ASC 

II ASC 

II NUM 

II NUM 

II ASC 

II ASC 

5851> IIEntry Item Process.Automation {capslock, 
check=IIMINIAI "} -
5851> Ilentry Item Process. Reference 
5851> Entry item process.recnum {displayonly} 
5852> end item list - -5853> 
5853> 
5853> object Edit_Process_Description is a Text Window FOR 
Process. notes 
5856> set LOCATION to 15 4 relative 
5857> set SIZE to 4 69 
5858> on key KCANCEL SEND none 
5859> on:key KEXIT_FUNCTION send my_save_keep II F2 



redefine 
5860> on key KSAVE RECORD send my save IIF3 
5861> End_object I I Edit:process_description 
5863> 
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5863>11 BUTTONS make the program easier to use (CLICK on the 
button!). 
5863>object Prompt_Buttons is a button Action_Buttons 

5865> II POINTER_ONLY disallows the buttons from having 
the focus, 
5865> II although they can be "pressed" to do an action. 
5865> set focus mode to pointer only 
5866> item list- -
5867> On Item "<PgUp=Prev>u 
5868> On-Item u<PgDn=Next>u 
5869> On-Item u<F9=Find>u 
5870> On-Item u<F5=Clear>u 
5871> On-Item u<F2=Save>u 
5872> On-Item u<F3=Save&Clear>u 
5873> On -Item u<Alt+F9=Exit>u 
5874> On item U<F10=Menu>U 
Main action bar 
5875> - On item u<F8=List>u 
5876> end item list 
5877> end object 17 Prompt Buttons 
5878> End Object II Entry Form 
5880> - -

SEND Find Previous 
SEND Find Next 

SEND Find dE 
SEND Request Clear 

SEND my save keep 
SEND my-save-

SEND Exit Application 
SEND -activate to 

SEND prompt 

5880> II Object defined for the CUA Title Bar. 
5880> object TitleBar is a Title TitleBarImg 
5882> set location to 0 0 Absolute 
5883> set focus mode to nonfocusable 
5884> end_object -
5885> 
5885> Object Choose ProcessNum is a Selection List 
Choose ProcessNum POP UP RING; 

- MAIN FILE PROCESS BY Index.2 
5892> 
5893> 
5894> 

set LOCATION-to 2 3 ABSOLUTE 
set SCOPE STATE to TRUE 

5894> Begin Row 
5897> Entry Item Process. level number 
5898> Entry-item Process.Name -
5899> End Row -
5902> End ObJect II Choose Procnum 
5904>End ObJect II Data_Set 
5907> -
5907>11**************************** 
5907>11 M A I N PRO G RAM 
5907>11**************************** 



5907> 
5907>clearscreen 
5908>send activate to Main Action Bar 
5909>/1 Get the operator's-input.-
5909>start ui ProcName 
5911>clearscreen 
5912>abort 
5913> 
5913> 

SUMMARY 
MEMORY AVAILABLE: 211864 
Total Errors 0 
Total Symbols : 3235 
Total Commands: 5912 
Total Windows 118 
Total Pages 15 
static Data 37214 
Total Blocks 925 
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11********************************************************* 

IIThis is program relation.frm which is compiled into 
relation.flx 
IIAuthor Bob Daniels 
II 
II Include the following packages (Class Definitions to use 
in this program). 
USE ALLEN TRY 
USE EntActBr 

II OPEN files for data entry. 
OPEN relation 

11******************************************** 
II MEN U BAR D E FIN I T ION 
11******************·************************* 

II Use the ENTACTBR package to create a menu bar for the top 
line. 
IMain_Action_Bar 

1* 



set Location to 1 0 Absolute 
end_object 

11*********************************************** 
II M A I NOB J E C T D E FIN I T ION 
11*********************************************** 
ITitleBarImg 
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Enterprise Analyzer 
Maintenance 
IrelationScreen Resident 

Relationships 

Type: _______ (Process,Organization,Application) 
Number: 
Name: 

Relationship: ______________________________________ __ 

Type: _______ (Process,Organization,Application) 
Number: 
Name: 
---------------------------------== Record No: • 

Description =----= Maximum = approx. 15 Lines--===----

............... .............................. . ............................ . 
m.~ ... ~ ... ~ ... ~ .. ____ ...J!mmiimm~!immmmmmmmm ........................ ____ ..J!iimmmmmmmmm ................. -
!iii::::::::::: ::: Ii::::::::::::::::::::::::: =iii!!!!!i!!!!!!iiiiiiiii!iiii_ 
IDataImg 
1* 
II Split the buttons out of the image for their own object. 
SUB_PAGE Action_Buttons from relationScreen HORIZONTAL 9 8 

procedure clearit 
clear relation 
send request clear 

end_procedure -

procedure copyit 
move 0 to relation.recnum 
save relation 

end_procedure 
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II The main data object. 
object ProcName is a Data_Set DataImg ring MAIN_FILE relation 

set attach-parent_state to true 
set scope_state to true 

II The data entry object. 
object relationForm is an Entry Form relationScreen USING 

ProcName.obj -

II When the ESCAPE key is pressed, don't stop the 
program. 

on_key KCANCEL SEND none 

II The action bar for this object is Main Action. 
set ACTION BAR ID to Main Action Bar.obj -
II The actIon and title bars are-on the top lines. 
set location to 2 1 absolute 

I I BUTTONS make the program easier to use (CLICK on 
the button!). 

object Prompt Buttons is a button Action Buttons 
I I -POINTER ONLY disallows the buttons from 

having the focus, -
I I although they can be upressed" to do an 

action. 

II 
set focus mode to pointer only 

set object color 15 56 -
item list -

On Item-u<PU=Prev>u 
On-Item u<PD=Next>u 
On-Item u<F9=Find>u 
On-Item "<F5=Clear>" 
On-Item "<F3=Save>" 
On-Item "<ALTF9=EX>" 

Exit Application 
- On item U<F10=Menu>" 

Main action-bar 
- On-item "<F8=List>" 

end item list 
end_object II Prompt_Buttons 

SEND Find Previous 
SEND Find Next 
SEND Find-GE 

SEND Request Clear 
SEND Request Save 

-SEND 

SEND acti vate to 

SEND PROMPT 

II need to define another object for this guy 
ON KEY KCLEAR SEND clearit 
On-key kuser send copyit 

item list 
-Entry Item relation. OBJECT TYPE TOP ; 

{capslock} 
Entry item relation. level num top 
Entry:Item relation.OBJECT_NAME_TOP 



Entry Item relation.RELATION NAME {capslock} 
Entry-Item relation. OBJECT TYPE BOT ; 
{capslock} - -
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II 
II 

Entry item relation. level num bot 
Entry-Item relation.OBJECT NAME BOT 
Entry:item relation. notes file name 
Entry item relation. matrix batch {displayonly} 
Entry-item relation.recnum-{displayonly} 

end item list 

II Entry Form 

II Object defined for the CUA Title Bar. 
object TitleBar is a Title TitleBarImg 

set location to 0 0 Absolute 
set focus mode to nonfocusable 

end_object -

End_Object 

11******************************* II M A I N PRO G RAM 
11******************************* 

clearscreen 
send activate to Main Action Bar 
II Get the operator's-input.
start ui ProcName 
clearscreen 
abort 
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APPENDIX C 

PROGRAMS USED TO AUTOMATICALLY BUILD DECOMPOSmON 
DIAGRAMS 

Ilbldrel.src 
II Author Bob Daniels 
IIThis program parses the activity records and builds relation records based on 
lithe periods imbeded in the activity id. for example, 3.2 is assumed to be a 
IIdecomposition of 3. The relations are stored in the lines file for use by 
IIblddraw.src which is run next 
11******************************************* 
open activity index. 1 
open lines 
zerofile lines 
string tempstr 10 
string chkstr 1 
string othstr 10 
string nstring 
integer posit 
move "1" to activity.activityJd 
find ge activity by index. 1 

repeat 
move activity.activityJd to tempstr 

if (length(tempstr» gt 1 begin 
move 2 to posit 

repeat 
move (right(tempstr, (lO-posit») to chkstr 
show chkstr 

if (chkstr eq II ") begin 
move (left(tempstr,(posit-2») to othstr 
move 11 to posit 
end 
else increment posit 

until (posit gt 10) 
showln "!" 
clear lines 
move othstr to lines.level_num_top 
if ((length (othstr» eq 1) append othstr "." 



move "Contains" to lines. relation name 
move" Activity" to lines.ObjeetjYpe_top 
move "Activity" to lines.Objeet_type_bot 
move activity.activity)d to lines.level_num_bot 
move activity. name to lines.objeet_name_bot 
move activity.reenum to lines.reeno_bot 
move (rtrim(activity.activity)d» to nstring 
append nstring " " 
append nstring activity. name 
move nstring to lines.item_bot 
clear activity 
move othstr to activity.activity)d 
move othstr to nstring 

find eq activity by index. 1 
[found] begin 

append nstring " " 
append nstring activity. name 
move nstring to lines.item_top 
move activity. name to lines.objeet_name_top 
move activity.reenum to lines.reeno_top 

end 
save lines 

end 
clear activity 
move tempstr to activity • activity )d 
find gt activity by index. 1 

until [not found] 
abort 
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Ilblddraw.src 
I I Author Bob Daniels 
I I This program interprets the model as a series of trees 
I I or decomposition diagrams and attempts to assign each 
I I node to a level and spot in the diagram being created 
11************************************** 
open lines 
open drawing 
open nodes 

, zerofile nodes 
zerofile drawing 
integer last! last2 last3 last4 last5 
integer clevel 
find ge lines by index. 1 
repeat 

clear nodes 
move lines.object_type_top to nodes. node_type 
move lines.1evel_num_top to nodes.node_num 
move lines.object_name_top to nodes. node_name 
move lines.item_top to nodes.node_id 
find eq nodes by index. 1 

if [not found] begin 
move 0 to nodes.1evel 
move 0 to nodes.seconds 
move 1 to clevel 
save nodes 

end 
else calc (nodes.1evel + 1) to clevel 

clear nodes 
move lines.object_type_bot to nodes. node_type 
move lines.item bot to nodes. node id 
move lines.1evef num bot to nodes-:-node num 
move lines.object_name_bot to nodes.nade_name 
find eq nodes by index. 1 

if [not found] begin 
move 1 to nodes. seconds 
move clevel to nodes.1evel 

end 
else begin 

move (clevel max nodes.1evel) to nodes.1evel 
calc (nodes.1evel + 1 ) to nodes.1evel 
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calc (nodes. seconds + 1) to nodes. seconds 
end 
save nodes 
find gt lines by index. 1 

until [not found] 
clear nodes 
find ge nodes by index.2 
repeat 
clear drawing 
move "$" to drawing. type_code 
move nodes. node_type to drawing.obLtype 
move nodes.node)d to drawing.obLname 
move nodes.level to drawing.ycoord 

if (nodes.level eq 0) move 60 to drawing.xcoord 
if (nodes.1evel eq 1) begin 

calc (lastl + 15) to lastl 
move lastl to drawing.xcoord 

end 
if (nodes.level eq 2) begin 

calc (last2 + 10) to last2 
move last2 to drawing.xcoord 

end 
if (nodes.level eq 3) begin 

calc (last3 + 7) to last3 
move last3 to drawing.xcoord 

end 
if (nodes.level eq 4) begin 

calc (last4 + 5) to last4 
move last4 to drawing.xcoord 

end 
if (nodes.level eq 5) begin 

calc (lastS + 3) to lastS 
move lastS to drawing.xcoord 

end 
calc (drawing.xcoord '" 2) to drawing.xcoord 
calc (drawing.ycoord '" 10) to drawing.ycoord 

save drawing 
find gt nodes by index.2 

until [not found] 
abort 
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IIgendraw.src 
II Author Bob Daniels 
IIThis program creates sub-tree diagram records 

II·································· 
ISELECTEM 

This will generate records in the drawing file 
ENTER RANGE PLEASE _______ .,....--.,.-____ _ 

Run genfile next to generate the actual drawing file 
I· 
open lines index. 1 
open drawing index. 1 
open nodes 
ACCEPT SELECTEM.l 
ACCEPT SELECTEM.2 
zerofile nodes 
zerofile drawing 
string filstr 
integer lastl last2 last3 last4 lastS 
integer clevel TREENUM RIGHTMOST 
integer xtarget ytarget 
indicator first 
IImove "ACTIVITY" to lines.object_type_top 
move selectem.l to lines.item_top 
find ge lines by index. 1 

repeat 
clear nodes 
move lines.object_type_top to nodes. node_type 
move lines.levetnum_top to nodes.node_num 
move lines.object_name_top to nodes. node_name 
move lines.item_top to nodes.nodejd 
find eq nodes by index. 1 

if [not found] begin 
move 0 to nodes.level 
move 0 to nodes. seconds 
move 1 to clevel 
move lines.recno_top to nodes.act_recno 
save nodes 

end 
else calc (nodes.level + 1) to clevel 

clear nodes 
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move lines.object_type_bot to nodes. node_type 
move lines. item_bot to nodes.nodeJd 
move lines.1evetnum_bot to nodes.node_num 
move lines.object_name_bot to nodes. node_name 
find eq nodes by index. 1 

if [not found] begin 
move 1 to nodes. seconds 
move clevel to nodes.1evel 
move lines.recno_bot to nodes.actJecno 

end 
else begin 

move (clevel max nodes.1evel) to nodes.1evel 
calc (nodes.1evel + 1 ) to nodes.1evel 
calc (nodes. seconds + 1) to nodes. seconds 

end 
save nodes 
find gt lines by index. 1 

SHOW""''' 
if (lines.item_top ge selectem.2 ) indicate found false 

until [not found] 

clear nodes 
find ge nodes by index.2 
Iithis loop gets nodes in order within level 
repeat 
clear drawing 
move "$" to drawing. type_code 
move nodes. node_type to drawing.obLtype 
move nodes.nodeJd to drawing.obLname 
move nodes.1evel to drawing.ycoord 
move "proc" to filstr 
append filstr nodes.actJecno 
append filstr ".txt" 
move filstr to drawing. document 

calc (drawing.ycoord ... 20) to drawing.ycoord 
save drawing 
SHOW"!" 
find gt nodes by index.2 

until [not found] 

I I loop for xcoordinate 
clear drawing 
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move 10 to lastl 
move 7 to last2 
move 5 to last3 
move 3 to last4 
move 1 to lastS 
find ge drawing by index. 1 
indicate first true 
move 1 to treenum 
move 20 to rightmost 
repeat 
llcalculate an xcoordinate for tree style layout 

if (drawing.ycoord eq 0) move 20 to drawing.xcoord 
if (drawing.ycoord eq 20) begin 

move lastI to drawing.xcoord 
[not first] begin 
move (rightmost max lastI) to rightmost 
move (rightmost max last2) to rightmost 
move (rightmost max last3) to rightmost 
move (rightmost max last4) to rightmost 
move (rightmost max lastS) to rightmost 
move (rightmost + 10) to lastI 
move (rightmost + 7 ) to last2 
move (rightmost + 5) to last3 
move (rightmost + 3) to last4 
move (rightmost + 1) to lastS 

indicate first false 
end 
calc (IastI + 20) to lastI 

end 
if (drawing.ycoord eq 40) begin 

move last2 to drawing.xcoord 
calc (Iast2 + 5) to last2 

end 
if (drawing.ycoord eq 60) begin 

move last3 to drawing.xcoord 
calc (Iast3 + 4) to last3 

end 
if (drawing.ycoord eq 80) begin 

move last4 to drawing.xcoord 
calc (Iast4 + 3) to last4 

end 
if (drawing.ycoord eq 100) begin 
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move lastS to drawing.xcoord 
calc (lastS + 3) to lastS 

end 
calc (drawing.xcoord * 2) to drawing.xcoord 
save drawing 
show"%" 
find gt drawing by index.! 

until [not found] 

CLEAR LINES 
move selectem.! to lines.item_top 
find ge lines by index.! 

repeat 
clear drawing 
move lines.object_type_bot to drawing.obLtype 
move lines.item_bot to drawing.obLname 
find ge drawing by index.! 
[found] move drawing. ycoord to ytarget 
[found] move drawing.xcoord to xtarget 
clear drawing 
move .,&., to drawing. type_code 
move lines.object_type_top to drawing.obLtype 
move lines.object_type_bot to drawing.to_obLtype 
move lines.item_top to drawing.obLname 
move lines. item_bot to drawing.to_obLname 
move lines. relation_name to drawing. reI_name 
move ytarget to drawing.ycoord 
move xtarget to drawing.xcoord 
move 3 to drawing.fromside 
move ! to drawing. toside 
[found] save drawing 
SHOW"U" 
find gt lines by index.! 
if (lines.item_top ge selectem.2 ) indicate found false 

until [not found] 
abort 
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Ilgenfale.rpt 
II Author Bob Daniels 
IIThis program outputs a file that can be read by the IIgraphical browser program (s 
ggs) The drawing can 
II be edited within the sggs program. Each record is 
II either describing a node or a line on the diagram. 
IBody 
1* 
STRING OUTLINE 
Direct_output "genfile.drw" 
Open DRAWING index.! 
find gt drawing by index.! 
repeat 

if drawing. type_code eq "$" begin 
WRITE (RTRIM(DRA WING. TYPE_CODE» 
WRITE "_" 
WRITE (RTRIM (DRA WING.OBJ _TYPE» 
WRITE "_" 
WRITE (RTRIM(DRAWING.OBJ_NAME» 
WRITE "_" 
WRITE (RTRIM(DRA WING.XCOORD» 
WRITE "_" 
WRITE (RTRIM(DRA WING. YCOORD» 
WRITE "_" 
WRITE (RTRIM(DRA WING. PARENT» 
WRITE "_" 
WRITE (RTRIM(DRA WING. CHILD» 
WRITE "_" 
WRITE (RTRIM(DRA WING. DOCUMENT» 
WRITE "_" 
WRITE (RTRIM(DRAWING.M!» 
WRITE "_" 
WRITE (RTRIM(DRA WING.M2» 
WRITE "_" 
WRITE (RTRIM(DRA WING.M3» 
WRITE "_" 
WRITE (RTRIM(DRA WING. DES C» 
WRITELN OUTLINE 
end 
else gosub linerec 

find gt drawing by index.! 
until [not found] 
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Abort 

linerec: 
WRITE (RTRIM(DRAWING.TYPE_CODE» 

WRITE"-" 
WRITE (RTRIM(DRA WING.REL_NAME» 

WRITE "_" 
WRITE (RTRIM(DRA WING.XCOORD» 

WRITE "_" 
WRITE (RTRIM(DRA WING. YCOORD» 

WRITE "_" 
WRITE (RTRIM(DRA WING.FROMSIDE» 

WRITE "_" 
WRITE (RTRIM(DRA WING. TOSIDE» 

WRITE "_" 
WRITELN 

return 



APPENDIXD 

A PROGRAM USED TO BUILD ICOM DIAGRAMS 

1/ Author Bob Daniels 
IIThis program reads several related records in the 
Ilrepository and generates a list similar to a control break 
Ilreport that is used as input to another program which draws 
Ilactivity diagrams based on Ross's SADT approach 
IGETFIL 
Enter output file name please: __________ _ 
1* 
STRING OUTLINE 
indicator brake 
accept getfil.! 
Direct_output getfil.! 
Open activity index.! 
Open constr index.! 
open flows index. I 
open reqr index.! 
open recv index.3 
find gt activity by index.! 
repeat 

WRITELN (rtrim(activity.activity)d» + " " + activity. name 
WRITEln "f:\v4\public\proc" + activity.recnum + ".txt" 

clear constr 
move activity.activity)d to constr.c_activityJd 
find eq constr by index.! 

repeat 
[found] begin 

end 

WRITE "c" 
WRITELN constr.name 

find gt constr by index.! 
indicate brake true 

[found] if constr.c_activity)d eq activity.activity)d indicate brake false 
until [brake] 

clear reqr 
move activity.activityJd to reqr.r_activity_ID 
find eq reqr by index.! 

repeat 
[found] begin 
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end 

WRITE "M" 
WRITELN reqr.name 

find gt reqr by index. 1 
indicate brake true 

[found] if reqr.r_activity_id eq activity.activity)d indicate brake false 
until [brake] 

clear recv 
move activity.activity)d to recv.recv)d 
find eq recv by index.3 

repeat 
[found] begin 

WRITE "I" 

end 

WRITE (rtrim(recv.name» 
write "-" 
writeln recv.send)d 

find gt recv by index.3 
indicate brake true 

[found] if recv .recv)d eq activity . activity )d indicate brake false 
until [brake] 

clear flows 
move activity.activity)d to flows.send_ID 

find eq flows by index. 1 
repeat 

[found] begin 
WRITE "0" 

end 

WRITE (rtrim(flows.name» 
write "- II 

writeln flows.recv)d 

find gt flows by index. 1 
indicate brake true 

[found] if flows.send)d eq activity.activity)d indicate brake false 
until [brake] 

writeln "*******" 
showln "*" 

find gt activity by index. 1 
until [not found] 
Abort 
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APPENDIX E 

EVALUATIONS OF THE EA PROCESS BY mM PARTICIPANTS 

= > Was_using the DSC helpful or not? Why? 

The DSC allowed a free and uninhibited flow of information. Generally people who are not sure 
of a subject will not comment for fear of be ridiculed. I think that we got a lot of informatio 
n that we normally wouldn't have if this was done during a meeting. 

The DSC is excellent. I enjoy each time I come. 

Using the DSC was helpful because the environment was conducive to participation from all of 
the attendees. 

Yes. the freedom to feed ideas to each category, generated more ideas and information for each 
topic. 

For the most part it was useful, but I feel that towards the end it should have been opened up 
for group discussion with one person scribing. I think some of the interactive brainstorming that 
could have been achieved was lost in having to key it into the system. 

It gives us the opportunity to work independently and as a team. It's like freedom of think. No 
one knows who said what. 

The anonymity afforded a freedom of expression not available in the usual decision type 
meetings. 

VERY HELPFUL ... BUT NOT VERY USER FRIENDLY. 

The DSC is always helpful in reaching decisions, collecting information, generating ideas, 
prioritizing activities, etc. Attempting to do the process analysis done in these sessions through 
normal channels would have been a much longer process with fewer ideas, etc. Generally, the 
DSC greatly improves the quality of the effort. 

= > How_was _quality jncreasedl decreased? 

increased 

The ability to enter comments and ideas simultaneously in the beginning greatly increased the 
quality of information 
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gathering. 

Quantity was increased, Quality was sifted from all verbiage, and redundant thoughts. More 
inputs, more Quality ideas come out. 

The quality was vastly increased. 

Learning a new software slowed our process some. The screen did not take our typing in the 
manner in which we were accustomed. 

The quality of the meetings were enhanced. However, i think a hinderance to the quality maybe 
the length of the time it took to get us to this point. Most of us are busy, busy and busy. It 
took alot for us to give up several hours a day to accomplish this task. 

It encourage (made easier) participation. 

It enables freedom of expression not available in the standard decision process. 

NO EFFECT ON ME . 

This factor really didn't matter in this session. None of the topics were controversial. It did 
however allow people to enter ideas that they might not be willing to share - being worried that 
the group would think them dumb or too far-fetched. 

generates a freer environment in which to input ideas. All ideas are accepted, no matter what 
the comment. 
creative inputs flow from this type of environment where all inputs are of value, and are 
evaluated based on idea. 

I loved it. If there were ideas listed that I totally disagreed with, I could tear it down without 
thinking I was hurting someone's feelings. I felt completely free to approve and/or disapprove. 

In these particular sessions, there was much less anonymity than in any other DSC I have been 
involved in. By splitting into teams with specific areas of responsibility, it was easy to tell who 
did what. The affect of this was not felt by me but could be taken negatively by some. 
Anonymity also makes it difficult to evaluate ideas, comments, etc. Unless the author of an entry 
is clear on the point being made, the user/reader of the information is at a loss for the meaning. 
I have experienced this in other decision sessions as well. In such a case, the input has no value. 
If an attempt is made to understand the meaning through discussion, many interpretations can 
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develop and possibly a loss of anonymity. 

Free-loading was hard to judge due to the anonymity factor. There was fairly equitable 
participation, but in some areas, the material was covered so fast that not all involved caught 
the concept right away. 

I didn't see and freeloading. I saw people reading other 
recommendations and adding their own comments. I would call this piggybacking and not 
freeloading. 

I didn't notice any free-loading. 

I think towards the end there was some free-loading as everyone was a little 'burned-out' on the 
DSC at that point. 

SOME TIMES THERE WERE, BUT IN GENERAL I THINK EVERYONE CONTRIBUTED 

I believe most of the people pulled their weight. However, there were days when we could not 
make it to the meetings due to the needs of the business. 

everybody has ideas, and all are willing to input them into this type of system. However no-one 
can tell whose comments are whose. this environment is great for creative thought 

I'm not aware of free-loading in any meeting. 

working in parallel was an aid because all the folks had the same amount of time for input so 
that no one should have felt stifled. 

I think that it help. My opinion is that this reduced the amount of discussion that was required 
in group review. 

It was a major productivity gain for the most part. 

Working in parallel enabled the group to accomplish a greater amount of work in a more limited 
time. 
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GREAT, THERE WOULDN'T BE ENOUGH TIME TO COMPLETE IT OTHERWISE. 

This help when one may not have been as familiar with a topic as one of our peers. But it hurt 
when the other person was over-bearing and insisted on his ideas. 

no waiting to be listened to. 

It helped your creative juices flow. 

Obviously working in parallel saves time but does not preserve anonymity. 

The electronic brainstorming. 

the automated online tools were a great improvement over hand written methods of gathering 
the brainstorming data. Use any other linkable or attachable tools as they become available. 

The use of small teams helps to stimulate one's thought. The ideas of peers often stimulate and 
reinforces one's own ideas. 

The concept of EI A is excellent. I think that if we come back to this with another application, 
that it would not take as long. I think that we assembled site technical experts to solve business 
problems, EI A would help the process of identifying and solving business problems. 

continue just as is. 

= > What_can_beJmproved? 

We need to move the project along a little faster. Also group review should be kept to a 
minimum. The review could have been discussed in a meeting, and not tying up the DSC. 

I think that we need to level set more while individuals or group are documenting processes to 
ensure consist level of data. I would image that this would involve a expert 'floater' 

Timing is all important. Maybe, we should have been away from the office. Go on a resort, 
or something like that so that we would have a free mind to contemplate. Too many 
interactions, Too many other things due. 

Use a little more verbal free-form brainstorming in the proposal formation phase. 
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SOME OUTPUT EXAMPLES FROM OTHER DSC PROJECTS. 

The past few sessions (two snap and two 5 hour sessions) should have been spread out. With 
running the business being the primary focus, many people couldn't/didn't attend. There input 
could have been quite valuable. 

Some of the instructions on what the group would be working on for the session were frequently 
a little vague. I would waste too much time trying to figure out just what we were supposed to 
be doing (consolidating, re-wording, editing, etc.) 

The tools used are not particularly user friendly. Simple mis-directed key strokes can put you 
into insert mode, lines are not spaced properly and there is not consistency in key settings 
between tools. 

I think that we identified items that although will not improve the Lease Inventory process, it 
could improve the production 
environment. 

I became more aware of the backgrounds of the people that are my peers through this project. 
It gave me more insight into what motivates the people that I interact with on a day to day basis. 

it was educational. 

I think that the information that was brought forward opened a few eyes as to what is possible 
with today's technology. I heard of tool that exist that I had no idea were out there. 

GOT SOME MIND BENDING IDEAS TO THINK ABOUT 
TO IMPROVE THE SYSTEM 

old thoughts are brought back to life for consideration. 

= > Was_thisjJroject_worthwhile'] Why/Why not'] 

The project forced the participants to think logically to define the Lease Inventory process. I 
think that E/ A would be an excellent tool to document an undocumented process. 

Using E/A appeared to be a good tool, however many of the comments or subjects brought up 
aren't really new. The focus should be on implementing these ideas now that they are in the 
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forefront again. 

We do not know yet. I think we did a fair job of gathering data and exchanging ideas. And 
again, I do believe that under a different set of circumstance, this could have been improved 
also. 

It hard to totally judge this. In dome respects I feel it was and in others all it did was reconfirm 
what I already realized. I guess the reconfirmation could be viewed as positive in that it gives 
credibility to my ideas so that I can present them to management with some background to them. 

yes, i am anxious to see the results. 

I feel that the project may have been beneficial, but I won't know until some effects of this 
project are seen or felt. 

YES, I AM WAITING TO SEE THE WHAT COMES OUT OF THE RE ENGINEERING 
PROJECT 

project was very worthwhile. there were more inputs and more creative thoughts brought here 
than in any other type of brainstorm 
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QUESTIONNAIRE ITEMS 

To answer the next set of questions, keep in mind the following 
analogy: 

Suppose that you need to pound a one-inch nail into a wooden beam. 
To do this you have to choose from several tools. 
You would like to choose the best one. 

1. a piece of cardboard it clearly does not work 
2. a hardcover book its awkward, very slow and breaks down 
3. frying pan not elegant but gets the job done 
4. small one-pound hammer the right tool, but not the right size 
5. larger three-pound hammer the perfect tool 

Using the above analogy, how well did the highlighted tool 
assist in doing the task? 

Problems and Issues with EBS 
Critical Success Factors with Idea Organizer 
Identify High Level Processes with Idea Organizer 
Decompose Processes with Enterprise Analyzer 

\ Define People & Info Flows with Matrix 
Creative Brainstorming with Topic Commenter 
Select and Filter Ideas with Idea Organizer 

REVERSE 
Refine Proposals with Group Writer 

1. a piece of cardboard it clearly does not work 
2. a hardcover book its awkward, very slow and breaks down 
3. frying pan not elegant but gets the job done 
4. small one-pound hammer the right tool, but not the right size 
5. larger three-pound hammer the perfect tool 
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APPENDIX G 

ADDITIONAL QUESTIONNAIRE ITEMS 

EFFECTIVENESS OF METHDOLOGY 

1. How useful do you think computers are NOW for a group Decision? 
1 =Poor 5 = Excellent 

2. Was the computer supported method better or worse in helping the group to 
achieve its objective? 

I=Much Worse 5=Much Better 

3. Was today's computer supported meeting more or less effective? 
I=Much Less 5=Much More 

EFFICIENCY OF METHDOLOGY 

1. Is the computer supported method more or less efficient 
I=Much Less 5=Much More 

2. Was the computer supported method faster or slower? 
I=Much Slower 5=Much Faster 

3. About what percent of the session time was wasted due to an inefficient 
meeting agenda? 

1. 61 + % 2. 41-60% 3. 21-40% 4. 1-20% 5. 0% 

SATISFACTION WITH METHODOLOGY 

1. Was the computer supported method more or less satisfying 
1 = Much Less 5=Much More 
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2. My level of satisfaction with the entire process that took place in this 
session is best described as 

1. Very dissatisfied I 
2. Dissatisfied 
3. Neutral 
4. Satisfied 
5. Very satisfied! 

3. My overall level of satisfaction with the way TeamFocus was used is best 
described as 1. Very dissatisfied 

2. Somewhat dissatisfied 
3. Neutral 
4 Satisfied 
5. Very satisfied! 

4. My level of satisfaction with the session AGENDA is best described as 
1. Very dissatisfied! 
2. Dissatisfied 
3. Neutral 
4 Satisfied 
5. Very satisfied! 

IDEA GENERATION EFFECTIVENESS 

2. The process that we went through in the session helped ME to come up with 
ideas on important issues. 

1. Disagree strongly! 
2. Disagree 
3. Neutral 
4. Agree 
5. Agree Strongly! 
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3. The process that we went through in the session helped the GROUP to come up 
with ideas on important issues. 

1. Disagree strongly! 
2. Disagree 
3. Neutral 
4. Agree 
5. Agree Strongly! 

EFFECTIVENESS OF PROPOSALS 

2. I expect that the new Lease Inventory process will be a 
1. disaster 
2. poor system 
3. adequate system 
4. good system 
5. dream system 

3. I believe that relative to the current way of doing things, the new process 
will be 1. much worse 

2. a bit worse 
3. about the same 
4. better 
5. much better 

SATISFACTION WITH PROPOSALS 

1. My level of satisfaction with the PROPOSALS GENERATED that I've helped 
create is best described as ---

1. Very dissatisfied! 
2. Dissatisfied 
3. Neutral 
4 Satisfied 
5. Very satisfied! 

UNDERSTANDING OF APPLICATION SUPPORT BEFORE PROJECT 

1. Before the sessions began ... I had ___ of what the new system will be 
like. 1. No idea whatsoever 
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2. thought through 1-2 ideas 
3. some ideas 
4. a fair idea 
5. a very clear picture 

UNDERSTANDING OF APPLICATION SUPPORT NOW 

1. Now that the sessions are over ... I have a ___ what the new system will 
be like. 1. VERY vague feeling for 

2. vague feeling for 
3. adequate picture of 
4. clear picture of 
5. VERY clear picture of 

2. At this point. ... My understanding of the business area is 
1. nil 
2. fragmented 
3. adequate I fair 
4. good 
5. excellent 

3. I can explain our ideas to a co-worker. 
1. not at all 
2. a few points 
3. adequately 
4. except for a few points 
5. completely I very well 



RIGHT PEOPLE PRESENT 

1. During the session there were questions that came up about Lease Inventory 
which the group could not answer. 

1. a great many 
2. a fair amount 
3. some 
4. a few 
5. none 

2. All relevant and important decision-makers were present in order to carry 
out the objective of the session. 

1. Disagree strongly! 
2. Disagree 
3. Neutral 
4. Agree 
5. ,Agree Strongly! 
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