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(ABSTRACT)

This research studies the concept of responsiveness in management tools to improve the match
between a management tool and rﬁanagers using it. This research first operationalizes the concept
of responsiveness. The concept involves two components: a management tool and managers using
it. Responsiveness is a property of the tool for matching the varying and evolving needs of the
managers. It requires certain capabilities of the tool: functionality, user interface capability, and
adaptivity. Responsiveness implies a certain process: observe and understand the manager, and

interpret and implement his or her needs.

This study combines the concept with artificial intelligence technology and introduces the respon-
sive system. A responsive system mainly consists of three parts: the application program, the user
interface, and the responsive layer. The responsive layer is the core of a responsive system, em-

ploying the blackboard architecture and performing the responsiveness process.

To realize the structure of a responsive system, this study builds a prototype responsive manage-
ment tool called MSLTRAIN, which helps managers schedule their training needs for computer
packages. MSLTRAIN observes the behavior of the user, infers the user’s preferences and decision

patterns, reasons the user’s goals, and responds appropriately based on the user’s goals.

To evaluate the effect of responsiveness in MSLTRAIN on user performance and user satisfaction,
this study conducts a laboratory experiment involving twenty human subjects. The subjects use and

compare the prototype responsive management tool (R-MSLTRAIN) with the original



MSLTRAIN (O-MSLTRAIN) that doesn’t have responsive features. The results support re-

sponsiveness has positive effect on user performance and user perception to a limited degree.

This study opens the door to management tools responsive to the varying and evolving needs of
the managers. I believe responsiveness in management tools will improve success and sharing of the
management tools. The concept of responsiveness and the structure of a responsive system can be

applied to other domains.
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Chapter 1. The Problem and Its Setting

The purpose of this chapter is to put this research in perspective. In this chapter, I explain the
problem and discuss the type of research, the delimitations, the assumptions, the significance, and

the contributions of this research to the area of management systems engineering (MSE).

1.1 The Problem Statement

This research is about the transfer of a concept from the human world to the world of management

tools!. The conceptual basis for this research is:

Question: How can we implement the concept of responsiveness into management tools?
Purpose: To provide a way for a management tool to match the varying and evolving needs of

managers using it so ultimately to increase the tool’s success and sharing.

1 By management tool | mean anything we use to manage with; for example, information systems, plans,
forecasts, organizational structures, models, expert systems, etc. (Kurstedt, 1985a).
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Goal: Operationalize? and implement the concept of responsiveness into a management tool.

In this section, I explain the purpose in terms of motivation and the goal in terms of stages and

subproblems.

1.1.1 Motivation

We help managers most by providing management tools to support their decision making. Often
these tools fail. Kurstedt (1985a) claims 70 percent of all management information systems fail and
Martin (1988) reports that “less than 5 percent of the money put into the nine software develop-
ments resulted in software which could be used as delivered or with minor changes” based on a
Government Accounting Office study. I suspect this high failure rate of management tools is largely
due to the lack of a total management system perspective. The success of management tools de-
pends on the success of a management system the management tools support. Management tools
are means to achieve all management system objectives. If the management system fails, the man-
agement tool fails whether it appears successful in itself. Often people are confused between their
ends and means and tend to bend their needs (ends) to fit the tools (means) rather than vice versa.
This forced fit causes the management system to fail in meeting system objectives. To rectify the
confusion between ends and means, Kurstedt (1985a) has developed the Management System

Model (MSM) shown in Figure | on page 3.

The MSM represents a structured approach we need for understanding and applying management
tools. The MSM provides a simple framework describing a management system, its components,
and their relationships. The MSM consists of three essential components: who manages (a man-

ager), what is managed (operation), and what is used to manage (management tools). The who

2 By operationalize | mean to come up with an operational definition that puts communicable meaning into
a concept, that people agree on and can do business with (Deming, 1986).

Chapter 1. The Problem and Its Setting 2



Decision Action

Who
manages

What is
managed

Information

perception / \ '
Measurement
Information ] Data
What is used

portrayal
| to manage

Figure 1. The Management System Model has three essential components. (Source: Kurstedt, 1985a)
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manages component is anyone who uses information to make decisions resulting in actions affecting
what is managed. The what is managed component includes the tangible physical things the man-
ager is responsible for. The what is used to manage component comprises the tools with which we
manage, such as organizational structures, information systems, plans, etc. Explicitly, the MSM
separates means (what is used to manage) from ends (what is managed). A common source of
management tool failure is the emphasis on what is used to manage as the end rather than the
means. The MSM implies the focal point of managerial concern should be the physical things that

constitute what is managed.

We balance the three essential components by matching both sides of each interface between the
components (Kurstedt, 1985a). Kurstedt (1985a) argues lack of match in the MSM interfaces is
another major source of management tool failure. Management tools must reflect what is managed
and must be acceptable (comfortable and useful) to who manages. If our operation provides
customer-oriented goods or services, a technical-function-oriented organizational structure will not
work for us. If the manager is systematic and prefers definition and details, a colorful graphics

package may not be appropriate.

The MSM highlights who manages, a component neglected in many management information
system (MIS) research models. The MSM implicitly recognizes that different managers or a man-
ager at a different time may 1) need different kinds of information in different formats, 2) perceive
the same information differently, and 3) go through different decision making processes. The re-
cognition of individual differences between managers implies management tools should reflect these
individual differences to match the interface between a manager and his or her management tools.
To be more successful, management tools should respond to changes in who manages. Usually
conventional management tools have not reflected this changing nature of managers” needs. This

is another source of management tool failure (Kurstedt, 1985a).

I'm also concerned with sharing management tools among different managers in terms of the con-

verter of data, the information the tool produces, and the data the tool converts. We’ve experienced
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a low sharing rate of management tools (MSL, 1986). I suspect one of the reasons is those man-
agement tools didn’t have the ability to respond differently to different managers. In other words,
they couldn’t satisfy different needs of different managers. They might satisfy some of the managers
they fit. For the rest of the managers, those management tools are useless. Therefore, if manage-
ment tools could respond differently to different managers, those management tools will have higher

sharing rates among managers.

In the context of success and sharing of management tools, we can imagine management tools re-
sponsive to the varying and evolving needs of the managers. Responsiveness is a valuable property
human beings have shown with their intelligence for their success. For example, responsiveness is
the credo of Management Systems Laboratories (MSL)3. Responsiveness characteristics mean
MSL'’s ability and willingness to listen and understand the needs of sponsors and to provide good
and timely solutions to the problems of sponsors. Responsiveness is a key and requisite charac-
teristic we need for our success. So, why shouldn’t successful management tools be responsive to
us — the user ? Responsiveness implies intelligence. The rapid development of artificial intelligence
(AI) supports our thoughts of intelligent management tools responsive to individual managers’
needs. This research transfers the concept of responsiveness in the human world into management

tools with Al technologies.

This research focuses on operationalizing and implementing the concept of responsiveness into an
existing management tool. Therefore, the research problem can be stated as operationalizing and
implementing the concept of responsiveness into an existing management tool to provide a way for a

management tool to match the varying and evolving needs of managers using it.

3 MSL is a research arm of Virginia Tech as a part of the Department of Industrial and Systems Engi-
neering within the College of Engineering. MSL has been creating new methods to resolve persistent
management questions.
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1.1.2 Research Stages and Subproblems

Brinberg & McGrath (1985) divide research into three stages: preparatory, exploratory, and
confirmatory. In the preparatory stage, we develop, clarify, and refine the problem. In the explor-
atory stage, we combine some content, some ideas, and some techniques to arrive at some findings.
Usually, when we talk about “doing a study,” we mean the exploratory stage. In the confirmatory
stage, we explore the scope and limits of the set of findings. According to Brinberg & McGrath
(1985), I'm explaining the preparatory stage of this research — defining the problem. In this sectvion,
I explain the exploratory stage and the confirmatory stage of this research by stating the subprob-

lems (goals) in each stage.

Exploratory Stage. This stage is further divided into three steps:

1. Operationalize the concept of responsiveness in management tools.: The purpose of this step
is to understand, in communicable terms, what constitutes responsiveness in management
tools. The output of this step is the operational definition of responsiveness in management

tools and frameworks that distinguish and clarify the concept of responsiveness.
2. Reflect the concept of responsiveness in the design of a responsive system.

The purpose of this step is to provide a mechanism for interpretation of the concept of re-
sponsiveness. The output of this step is a structure of a responsive system — elements of the

system, relationships between the elements, and a working mechanism.

3. Realize the structure of a responsive system by building a prototype responsive management

tool in a representative domain of responsibility.*

4 This step includes validation of the prototype. By validate I mean to ensure that a product or a program
functions and contains the features as prescribed by its requirements and specifications (Deutsch, 1982).

Chapter 1. The Problem and Its Setting 6



The purpose of this step is to see the results of the interpretation in the previous step. The

output of this step is a prototype responsive management tool realizing the structure of a re-

sponsive system.

Confirmatory Stage. This stage has one step:

1. Evaluate’ the prototype responsive management tool in terms of fit between the management
tool and the managers using it compared to a reference management tool (the same tool

without responsive features).

The purpose of this step is to evaluate the effect of responsiveness in a management tool. The
output of this step is to see whether the prototype responsive management tool fits users better

than the reference management tool.

1.2 The Type of Research

Brinberg and McGrath (1985), from a social science perspective, define three interrelated but ana-

lytically distinct domains research involves:

e  Substantive domain — real-world systems and phenomena we’re interested in,
¢  Conceptual domain — ideas that give meaning to substantive phenomena, and
¢  Methodological domain — some techniques or procedures with which we can study those ideas

and phenomena.

$ By evaluate I mean to determine the merit, worth, or value of something (Scriven, 1981).
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This distinction is useful in defining my type of research. To define the research we start with one
domain (conceptual, substantive, or methodological) and have basic research, applied research, or
technological research, respectively. Depending on which domain we bring as a second domain, we
have the theoretical path, the experimental path, or the empirical path. 1 modify the term

methodological domain to technological domain to explain my research more properly.

This research is basic research. It starts from the conceptual domain — responsiveness in manage-
ment tools. This research takes the experimental path. It starts from the conceptual domain,
combines it with the technological domain, and applies that combination to the substantive do-

main.

Conceptual Domain: This research is about the concept of responsiveness in management tools.
The concept of responsiveness involves two components: a management tool and a manager using
it. Responsiveness is a property of the management tool including the manager. This research starts
from the speculation that responsiveness in a management tool will improve the fit between the
management tool and the manager using it, so ultimately increasing the success and sharing rate
of the management tool. Most designers of management tools ignore dynamic characteristics of
managers. Those tools don't respond to the managers’ needs varying among different managers and
evolving over time. Consequently, many management tools fail. The concept of responsiveness

counts the varying and evolving aspects of the managers’ needs.

Technological Domain: The technological domain provides a way (technique) to realize concepts
and/or relations in the conceptual domain into a real-world system (infra-structure) in the sub-
stantive domain. The technological domain of this research is artificial intelligence (AI), especially
the blackboard architecture. This research applies the blackboard architecture to reflect the concept
of responsiveness into the structure of a responsive system. The blackboard architecture was first
developed between 1971 and 1975 in HEARSAY-II speech understanding system research (Erman

et al, 1980) and has been used in several areas. The blackboard architecture is useful to solve a
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complex problem that needs integrated knowledge of several experts. This research combineés the
concept of responsiveness with the blackboard architecture to come up with the structure of a re-

sponsive system.

Substantive Domain: The substantive domain of this research is an area of management — identi-
fying and scheduling training needs on computer packages in an organization. However, any other
substantive domain would be proper, which is a characteristic of experimental research. Kurstedt
(1986) developed a five-step instrument that helps managers with their training by addressing the
organization’s information needs and then helps identify which people should be trained on which
computer package at what times. The worksheet was transformed into a computer package called

MSLTRAIN, into which this research implements the structure of a responsive system.

1.3 The Delimitations

This research has boundaries as follows.

This research concerns only computer-based management tools, which is a part of management
tools. Responsiveness doesn’t necessarily imply computer-based. However, management tools such
as plans, notebooks, organization charts, etc. can’t be smart until we have such technology. We can

begin to make a computer smart, so I'll deal with computer-based management tools.

This research focuses onI‘y on the reasoning aspect of responsiveness. This study doesn’t concern the
issue of response time, which is, however, important in the concept of responsiveness. I assume
interactive computer syétems respond in a reasonable time. After we understand the reasoning as-

.

pect of responsiveness, we can focus on the issue of response time.
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This research looks at the fit between a management tool and the managers it supports only from
an individual perspective, not an organizational perspective. For example, this study doesn’t concern
organizational structure, power distribution in an organization, or organizational environment. In

terms of Markus & Robey (1983), this study focuses on User-System fit.¢

The responsive features of the prototype management tool will be limited to its application domain,
the capabilities of the development tool, and current technologies. In other application domains, the
implementation of responsiveness might be different in terms of responsive features. However, the
structure could be applied to other domains. The capability of the development tool limits the re-
sponsive features of the prototype. The prototype can’t have features the development tool can’t
support. Current Al technologies also limit the responsive features. If we have more advanced

technologies, the prototype can have more advanced responsive features.

The prototype management tool can’t be responsive to all managers in every situation. Even in the
human world, no person is responsive to all people in every situation. The prototype is responsive
within its notional world. The notional world is a fictitious world in which a system would be per-
fectly adapted (Bechtel, 1985). A notional world of a system represents the beliefs the system holds

about the user, task, and application characteristics of its environment (Totterdell et al, 1987).

1.4 The Assumptions

The assumptions’ of this research are as follows.

¢ Refer to “2.2 The Concept of Fit in Management Tools” on page 21.

7 I follow Leedy’s (1980) definition of assumption: “a condition which is taken for granted and without
which the research effort would be impossible.”
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The better a management tool fits individual managers it supports, the less likely it will fail. Based
on this assumption, I can argue a responsive management tool will decrease the failure rate of
management tools if responsiveness in a management tool improves the fit between the manage-
ment tool and the managers it supports. Therefore, this study tests just whether or not responsive-
ness in a management tool improves the fit between the management tool and the managers using

it.

If we know enough about a manager, we can build a management tool that fits the manager. We
can elicit that knowledge from human experts or empirical research findings. This assumption is
crtical. Extracting the knowledge is not the objective of this research. I borrow the knowledge from

literature or build the knowledge from my speculation.

Managers don’t misuse a management tool intentionally. Users may misuse the management tool

due to their misconceptions about it, but not intentionally.

The cost in terms of money and time to develop a responsive system is not important at this stage.
The cost to be responsive may be more than what we can accept. However, I believe technical de-

velopment will decrease the cost to a reasonable level at some time.

Interactive computer systems have the ability to respond in a reasonable time. This research doesn't
concemn the issue of response time. However, I'm not saying response time isn’t important in the
concept of responsivenéss in management tools. I focus on the reasoning side of responsiveness
rather than response time. We might study further the issue of response time. For example, rea-
soning takes time and we need timely response. Which one is more important? There is a problem

of trade-off between right reasoning and quick response time.
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1.5 The Significance of the Research

This research is significant in terms of the following aspects.

First, this research studies the concept of responsiveness in management tools extensively for the
first time. Several people used the term responsive or responsiveness.® However, they didn’t study the
concept of responsiveness extensively. The concept of responsiveness is critical for the success and
sharing of management tools. Many management tools have failéd due to their inability to respond
to changes in managers’ needs (Kurstedt, 1985b). Changes may be caused by personnel changes
or evolution of managers. Changes in the who manages component of the MSM cause the whole
management system to be out of balance, especially at the information portrayal/information per-
ception interface. This causes the management system to fail (Kurstedt, 1985a). Therefore, to sig-
nificantly increase the success rate of management tools, we need to develop management tools
reflecting the changing aspects of who manages. This research responds to that need and introduces
the concept of responsiveness to management tools. I expect responsive systems to provide more
effective support to managers and result in higher user satisfaction, higher user performance, and

ultimately, higher success rates and more sharing of management tools.

Second, this research is integrative. This research transfers a concept in the human world to the
world of management tools and combines the concept with existing technology. This research in-
tegrates studies in decision support systems (DSS), human computer interaction (HCI), and artifi-

cial intelligence (AI) areas into the concept of responsiveness.

Third, this research provides a real prototype responsive management tool developed onto an ex-

isting management tool. This research doesn’t stop at the stage of discussing the concept and the

8 For examples of these, see “2.1 Overview"” on page 19.
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structure. Furthermore, the prototype was developed onto an existing system. This implies we can

implement the structure of a responsive system to other existing systems.

Fourth, this research involves evaluation of a responsive system. There has been little study on
evaluation of adaptive computer systems even though there has been lots of literature on developing
adaptive computer systems. This research provides a procedure and an instrument asking the user’s

response to the system’s performance.

1.6 The Contributions of the Research

This research doesn’t directly contribute to the knowledge of the technological domain, and con-
tributes marginally to the substantive domain. This research primarily contributes to the body of
knowledge of the conceptual domain — management systems engineering (MSE). This research
adds knowledge of what we should consider in the design of management tools to balance the whole
management system, and how we can actually design and develop such management tools. I sus-
pect this knowledge will help decrease the failure rates of management tools and increase the sharing
of management tools. This study brings artificial intelligence (Al) and human computer interaction

(HCI) concepts and techniques to bear on the concept of responsiveness in management tools.

The output of this research is 1) the operational definition of responsiveness, 2) the structure of a
responsive system, 3) a prototype responsive management tool realizing the operational definition
of responsiveness, and 4) an evaluation result of the prototype in terms of fit. The operational
definition of responsiveness will help decision support system (DSS) researchers and designers un-
derstand the concept of responsiveness, which provides a new perspective for considering individual
users. The structure and the building procedure can be used to build other responsive systems,

leading to a generalization of how to build the concept of responsiveness into management tools.
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The evaluation procedure can contribute to the knowledge of evaluating responsive (or adaptive)

systems in terms of methodology.

1.7 Terminology

This section provides the definitions of terms and abbreviations used in this document.

1.7.1 Definitions of Terms

adaptation any process whereby a structure is progressively modified to give better perform-

ance in its environment

application domain a domain or domains of responsibility a management tool is supposed to

support

application program  a functional part of software that performs and contains those functions
which provide what the user is to accomplish

assumption a condition taken for granted and without which the research effort would be

impossible

cognitive style  the characteristic, self-consistent mode of functioning which individuals show in

their perception and intellectual activities
context circumstances in which an event occurs
decision support support to help managers make decisions

decision support systems (DSS) all management tools integrated to support managers’ decision
making, which are not necessarily computer-based '

domain of responsibility a bounded domain a manager is responsible for
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