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ABSTRACf

This research addresses the problem of developing computer-based systems to
support the understanding of infonnation by executive level users. The approach taken is
based on the use of prior knowledge in the fonn of knowledge (cognitive) structures to
understand new infonnation. The knowledge structures used are case, schemata,
concepts, and semantic networks. A system architecture for supporting infonnation
understanding, the Understanding Support System (USS), was developed and was
implemented on an Apple Mac using HyperCard software. The USS is implemented in an
object-oriented architecture using hypertext organization methods to support the cognitive
process of associative information development and retrieval.

Node and link

representation and associative schemes are used to store and represent cognitive structures
in the fonn of networks of interlinked nodes of knowledge. These networks are treated as
individual units by the USS. The current system supports a single user for: 1) building
mental representations, 2) using prior knowledge in the fonn of knowledge nodes,
knowledge structures, and case knowledge, 3)

using knowledge structures

for

knowledge base access, and 4) navigation of the knowledge base through links that
associate knowledge nodes in the cognitive structures.

Eventually the USS can support

use of a corporate knowledge base by many users. An evaluation of the USS based on
human-computer research methodologies for systems development is discussed.
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CHAPTER ONE - INTRODUCTION

In the loosely, coupled, anarchic world
of the organization differences are
everywhere and people need abstractions
to smooth over the differences
• Karl Weick, in MaDping Strategic Thought, 1990.

Effective understanding of infonnation can result in individual-based conceptual
frameworks of infonnation, in an increased ability to incorporate new data and infonnation
into an existing framework, in a greater ability to perceive or interpret infonnation, and in a
greater ability to apply organizing principles to infonnation [Wunnan, 1989]. In a typical
business environment, managers are constantly encountering infonnation that they need to
understand [Wunnan, 1989].

The objectives of this research are to identify the key

processes and frameworks used in understanding of infonnation and to develop a
conceptual framework for a computer-based information system to support the
understanding of infonnation in a business environment.

This is in light of an increasing demand on the level of support provided by
infonnation systems [Wiseman, 1988]. Executives are developing an awareness that the
use of infonnation can have organizational impact and that infonnation technology can be
used not only as a management tool, but also as a profit-making or a strategic tool
[Wiseman, 1988; Wunnan, 1989]. Infonnation technology can provide answers to key
questions for competitive strategy development [QED, 1989; Porter, 1980].

Used
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effectively, infonnation systems can result in: higher quality sales presentations, improved
ability to respond to changing market needs or to deal with a crisis, or greater ability to
address business problems from a strategic perspective [Gunton, 1989].

For this to happen, managers need relevant (in their terms) information that is easily
accessible; managers need to be able to identify, select, and search for what is important
[Gunton, 1989; Ackoff, 1976]. In other words, they need to be able to make sense of the
information available. In general, information systems developed for business applications
do not directly support this level of cognitive knowledge processing.

Corporate

investment in management information systems (MIS) has been almost exclusively
focused on supporting basic managerial and operational activities [Teichroew and Sayani,
1971].

In essence, there is a need for information systems that go beyond answering

questions and provide support for understanding of information. Providing such support
for the cognitive processes of understanding is a fundamental challenge to businesses
[Wurman, 1989]. The effects of the use of knowledge structures such as schemata in text
comprehension [Rumelhart & Ortony, 1977] and the use of cases in business and law
[Kolodner, 1988] suggests that such a cognitive system provide a knowledge base that is
organized and structured.

The research question addressed by this research can be

summarized as:

What common forms of knowledge structures are involved in information
understanding and what is the required conceptual framework to provide
computational support for effective representation and access of business
domain knowledge on such an organized basis?
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1.1.

Research issues
This research question presents the general direction for the research. The research

question is refined into the following questions:

1. What are the relevant knowledge structures that need to be
provided and what kind of knowledge representation
scheme is required?
The first step is to identify what are the common forms of knowledge
structures that people use in understanding. This is addressed in
Chapter Two. After that has been accomplished, a knowledge
representation scheme for a computational system needs to be
developed. This topic is covered in Chapter Four. The system
developed is termed the Understanding Support System (USS). The
knowledge structures serve to represent abstract and experiential
knowledge that can be modified, accessed, recorded, and generalized.

2.

What kind of system architecture and system design is
required to support USS processing?
The system architecture and design developed address cognitive
processing mechanisms involved in understanding, and support the
representation of knowledge based on the identified knowledge
structures. The resulting system can be used to represent specific
knowledge structured knowledge bases. The system architecture and
design are presented and discussed in Chapter Four.

3.

How can the USS be used to represent business domain
knowledge and what is required to support the use of a
knowledge base for a particular business domain?
An implementation of the USS was developed based on the architecture
discussed in Chapter Four. This implementation was used to represent
a small subset of business domain knowledge, knowledge related to
strategic planning and management. This implementation is presented
in Chapter Five. Evaluation of the implementation is then discussed
in Chapter Six.
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1.2. The Process of Understanding
Mayer (1983) describes the process of understanding as involving cognitive
processes that manipulate both new and prior knowledge. This knowledge is represented
and stored in memory.

The knowledge can be considered structured in that units of

knowledge are networked together through relationships [Moates & Schumacher, 1980].
The knowledge can be either experiential, abstract information or both [Kolodner, 1988].
Knowledge structures are the primary means for understanding, comprehension, and
remembering [Rumelhart & Ortony, 1977], and they serve to select and organize
information into an integrated, meaningful framework to comprehend a situation [Mayer,
1983; Moates & Schumacher, 1980].

The process of understanding is initiated when a person intends to deal with an
external stimulus pattern or intends to "make sense" of something

[Mayer, 1983; Spiro,

1987; Moates & Schumacher, 1980]. During understanding, several events occur
[Mayer, 1983]. First, a person perceives and attends to information based on current
mental frameworks. The person then constructs a mental framework to reflect and
represent the new information. After that the person uses prior knowledge to interpret,
select, relate, and organize further the information in the current mental framework. The
mental framework or representation thus developed is stored as new knowledge with any
modifications to prior knowledge. The development of the mental representation is
continual and gradual and uses input stimulus and prior knowledge when necessary.
When the individual determines that an adequate level of understanding has been achieved,
the process of "understanding" stops.
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The process of understanding as described involves the construction of a
representation that provides a meaning for the current context and is represented as a
collection of knowledge units [Meadows, 1986]. This psychological-based model of
understanding is used to provide the conceptual framework for the development of an
understanding support system. The process of understanding and knowledge structures
are interwoven [Smyth, Morris, Levy, & Ellis, 1987], and so an understanding support
system needs to support both of these.

In particular, understanding involves a process

called comprehension, the memory system, and knowledge.

1.2.1. Comprehension

The distinction between understanding and comprehension is not always clear
[Meadows, 1986].

At times the two tenns are used synonymously. In this research,

understanding will be considered as an general descriptive process that entails the process
of comprehension. Comprehension will be reserved as a technical definition of a cognitive
process that is directly measurable and distinct from the knowledge structures.

In the

Piaget (1926) model of understanding, comprehension is a combination of the processes
relating new infonnation to prior knowledge structures, of the development of new
structures from old ones, of the maintenance and development of systems of knowledge
structures in a coherent, organized and consistent way. The support for these processes is
the knowledge processing support that an understanding support system must provide.
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1.2.2. Memory System

The memory system refers to the processes and storage system involved in the
retrieval and storage of information.

The human memory system is an element of

cognitive systems that facilitate understanding [Moates & Schumacher, 1980]. The model
of memory used in this research is based on an information processing model which is
oriented toward a computational framework of cognition. Memory serves to maintain
information for use by other cognitive processes.

Moates and Schumacher (1980) describe key characteristics of the memory system
that are relevant to the USS research. First, knowledge is associatively related in memory
storage. Experiences are stored as memory traces that can be subsequently retrieved or
recalled. Second, contextual cues serve as the basis for retrieving memory traces. This is
known as encoding specificity. For example, encoding specificity occurs when a word
such as "opportunity" causes the recall of different information than when the word "threat"
is used. Third, the cueing of a memory trace results in a process called spreading
activation. Spreading activation is the activation of the memory knowledge units that are
part of the network of a memory trace. An example of how this works is when a person
hears the word "strategic planning" and a series of related knowledge units are activated.
For instance, the concept of "business" as well as the concept of "planning" may be
activated.

"Planning" in turn may activate a case memory that involved "planning."

Finally, to facilitate the processing of large numbers of knowledge units in working
memory, related knowledge units are grouped and the groups are manipulated as a unit.
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1.2.3. Knowledge

Knowledge is the third component involved in understanding.

From the

perspective of understanding, two forms of knowledge are identified. One form involves
abstract knowledge structures. The other form involves experiential knowledge structures.
These forms are interlinked in that a knowledge structure of either type can be accessed
from another knowledge structure of either type.
Abstract knowledge structures. Abstract knowledge structures are units of
organized knowledge that individuals have about the world for every situation [Moates &
Schumacher, 1980; Schank, & Abelson, 1977; Mandler, 1984; Johnson-Laird, 1980].
Abstract knowledge structures play an important role in text comprehension [Moates &
Schumacher, 1980; Rumelhart & Ortony, 1977]. Three common types of abstract
knowledge structure are schemata, concepts and semantic networks [Moates &
Schumacher, 1980]. Schemata are units of knowledge that represent generalized, pattern
type information. According to schema theory, understanding involves the construction of
a schema and the assimilation of incoming information based on schemata. In the
remembering process, schemata guide storage and retrieval operations. Concepts are units
of knowledge that represent a category or class of objects or that represent a thought or
idea. Concepts serve to distinguish one part of the world from other parts, such as
distinguishing a chair from a foot or an opportunity from a threat. Semantic networks are
network combinations of related knowledge units.

Any knowledge structure can be embedded in any other knowledge structure.
Generally, knowledge structures are used to select and organize information into an
integrated, meaningful framework [Moates & Schumacher, 1980]. Knowledge structures
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help dramatically to reduce the complexity of a given environmental context by providing a
framework with which to understand the situation [Moates & Schumacher, 1980].

Experiential knowledges structures. The role of experiential knowledge is
important because people reason from an experience-based perspective [Kolodner, 1988].
Consider for example, when people encounter a problem, they retrieve from memory the
experience that is closest to the problem. An episode is a knowledge structure that is used
to organize knowledge about a particular situation that occurred. A case is a knowledge
structure that is made up of episodes that is used to reflect a particular situation. Law
schools and business schools make extensive use of experiences in the form of cases and
successful performance in each field depends on appropriate case knowledge and extensive
prior experiences [Kolodner, 1988]. Experiential knowledge can be considered as
structures in the sense that they represent prior experiences.

1.3. Understanding Support Requirements

From the components of understanding, the basic requirements for understanding
support can be derived. In terms of processes, mechanisms are required for creating new
knowledge structures, modifying existing ones, and organizing knowledge based on
knowledge structures. In terms of storage (memory), facilities for coding, storing, and
retrieving knowledge must be provided.

In addition, the development of knowledge

structures must be dynamic and associative-based.

In addition, the system needs to

represent abstract, experiential, or combinations of abstract and experiential forms of
structured knowledge.

A final requirement is that the system must be of general use and

adaptable to any knowledge domain.
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The design of the USS was also guided by several key principles. The knowledge
to be represented may be in an incomplete form and subject to subsequent development,
which may be incremental and must be accessible in the incomplete form. Any knowledge
structure can be embedded in any other knowledge structure. The USS must display
knowledge at different levels of detail. This will enable the development and use of generic
prototypical knowledge structures, such as schemata, and will enable the user to examine
knowledge at different levels of generality and abstraction. Finally, the USS must deal
differently with knowledge depending on the context.

1.3.1. Overview of USS

The Understanding Support System is based on
psychological model of understanding.

providing support for a

The USS is an experimental system and it

combines hypermedia, artificial intelligence, and cognitive science research results to
provide computer system support for understanding. The knowledge representation
scheme used in the USS is based on the process of understanding. With the USS, the
simple knowledge structures of the abstract and experiential forms discussed can be
developed and represented. The knowledge structures are contained in a knowledge base
organize.d based on these forms. These knowledge structures can later be accessed through
the USS.

The interface for system interaction is developed at the level of the user's

knowledge domain.
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1.3.2. USS Knowledge Representation

Knowledge is represented as knowledge structures built up from nodes and links.
A knowledge unit is an object called a node with links to other objects.

The basic

components of knowledge structures are knowledge units (nodes). Knowledge structures
themselves can be treated as a node and thus be a part of a larger knowledge structure.
Knowledge structures can contain information in different fonns and combinations. The
contents of a basic node may be text, graphics, sound, animation, or video. A node thus
could contain text that described a competitor for an organization. A system of linkages is
provided for linking the knowledge units together in an associative manner. In particular,
links and nodes can be used to represent concepts, schemata, semantic networks, and
experiential knowledge. Each node may link to any combination of schemata, to concepts,
semantic networks, and experiential knowledge. Links may be both internal within a node
and external between nodes. For example, a node may contain a corporate report where
an internal link could be a reference within the report to another part of the report such as a
figure or graph. An external link could be a reference within the report that refers the
reader to another node that contains information about a competitor. Additionally, links
can be used to activate programmed operations. The node and link system can represent
any knowledge organization or association such as linear, hierarchical, taxonomic,
alphabetic, and network [Conklin, 1987].

In the USS, the basic knowledge structure representation form is composed of two
knowledge units with a relation between them. Other forms of knowledge representation
such as rules, frames, and data structures have been used to represent knowledge [Barr &
Feigenbaum; 1982]. Yet they do not easily facilitate knowledge structure processing. The
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use of knowledge structures allows the organization of knowledge and its processing to be
focused on knowledge and not on the translations that need to be made to represent
knowledge in a system based on these other fonns, such as in a rule-based system. The
use of knowledge structures, knowledge units and relations for representing objects of
understanding also provides a more direct mapping of objects in the real world to the
representation of those objects.

1.3.3. USS Interface

An interface provides the interaction between the human and the supporting
computer system. There are two key features that need to be provided. One is the display
of knowledge and other is the set of operations that are provided for manipulating that
knowledge. First, the display and representation of the knowledge structures must be in a
fonn that is natural and closer to the view of the user. Second, the set of knowledge
operations provided must be consistent with the user's knowledge operations. This
consists of editing and creation, retrieval and storage, traversing and browsing, and
accessing navigational information.

Editing and creation operations enable the user to

modify, delete, and create either semantic networks, schemata and concepts, or basic
knowledge units. Retrieval and storage operations enable the user to store and access
knowledge structures based on a set of input cues, on keywords, or on structure
associations.

Traversing and browsing operations allow the user to examine the

knowledge base via sets of linkages (a browse or traversal path) that can in turn be stored
as a knowledge structure for later operation. The user can access and review the current
path of knowledge linkages followed. Underlying these operations is a consistent interface
and set of operations so that as the user moves through various layers and levels of the
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system, the interface display remains consistent and operations available at any time are
consistent not only with the level but also with the overall cognitive processing of the user.

1.3.4. System Design

The general system design is a layered approach (see Figure 1.1). The innermost
layer or core consists of the knowledge stored as individual, unrelated units with
information that relates the various knowledge units in knowledge structures. The next
layer consists of an indexing, storage and retrieval system; this can be addressed by a data
base management system. Above this layer is the knowledge structure laY6r which consists
of the system of knowledge structures and operations. This level allows operations on the
nodes and links of the knowledge structures and on the knowledge structures themselves.
The outermost layer is the interface layer.

This layer can be designed to accommodate the

particular knowledge orientation and knowledge domain of the use.r. In this research, it
was designed toward providing knowledge structure operations for general knowledge
domains.
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1.3.5. Implementation

A hypennedia software tool was selected to implement the system of interest in this
research.

A hypennedia tool is based on the hypertext concept. The two tenns are used

synonymously in this research. A hypertext system is an infonnation system based on an
organization of nodes and links that are used to represent and access text infonnation
[Conklin, 1987]. Nodes represent units of infonnation and the links represent the
relationships between units of infonnation.

In a hypennedia tool, infonnation can be
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any fonn of knowledge-bearing object such as text, procedures, graphics, audio, video,
and animation [Halasz, 1987; Halasz & Conklin, 1989]. The hypennedia software tool was
selected as the software platfonn for several key reasons. First, it is easy to use it to
implement the knowledge structure representation format of the USS since the hypennedia
tool is based on nodes and linkages with browsing operations. The nodes in hypennedia
contain the domain knowledge

and the links between nodes provide knowledge

organization and relationships. Second, hypennedia can be used to model knowledge as
networks based on associations between the knowledge nodes.
between the basic concepts of the USS
correspondence.

and the

Finally, the mapping

hypennedia tool is a direct

These characteristics of hypennedia technology makes it an ideal

candidate for implementing the USS.

1.4. Research Framework

The primary research framework followed is the software development research
framework that was described by Nunamaker, Chen, and Purdin (1991). Software
development research consists of several phases: 1) conceptual definition of the system,
2) system requirements definition, 3) definition of specifications, 4) system design, 5)
system implementation,

6) observation or testing the system, and 7) evaluation and

interpretation of results. According to Nunamaker, Chen and Purdin (1991), different
research methods are used in the different phases of the software development research.
Phases One and Two use software development research methods and building of a
conceptual framework to develop the conceptual definition of the system and the system
specifications.

Phases Three through Five use prototype and tool building research

methods. Phase Six emphasizes the use of empirical research methods to observe the
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system in operation. Phase Seven focuses on matching the requirements and refining the
system architecture and repeating phases One through Six. This approach addresses the
problem of using a research framework for research in the development of software
systems that support cognitive processing.

1.4.1. Research Scope and Constraints

The focus of this research is the development of the USS architecture for supporting
cognitive processes used in understanding.

Support for other forms of executive

operations such as decision making, financial analysis, expert systems, and so on, is not
provided, since these operations have been extensively researched and studied and since
understanding is a fundamental process underlying these other processes. The specific
cognitive processes supported are those that deal with memory processing due to the extent
to which memory determines a person's actions.

The term cognitive processing refers to processes that are related to cognition and are
defined as higher level thinking. In this research, it is limited specifically to the use of
cognitive structures and case knowledge for understanding. Cognitive structures and
nodes are the primary units of knowledge of the USS. Finally, the interface is the point of
connection between the human user and the information system that includes the
hardware, the software and the conceptual model provided for user interaction within the
USS.

The knowledge representation scheme used is not rule or procedure-based. It is
object-oriented and frame-like. This allows the development of categories, classes, and
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hierarchical operations. The primary objects are the nodes and links. All system operations
and knowledge processing are carried out through the node and link framework.

HyperCard was the software used for implementation of the USS. This software
was selected for several reasons: 1) the software is object-oriented, though to a limited
extent; 2) prototyping of architectures is very rapid; 3) sophisticated user interfaces are
easy to create and modify; and 4) it can support a hypermedia organization of information.
Due to the investigative nature of the research, the basic operations of the USS are
implemented in prototype form. A full design for a broader range of operations is
described in Chapter Four. The issues of performance and use of system resources are not
examined. The primary focus is in demonstrating the feasibility and power of the
approach.

1.5. Contributions
Contributions of this research are: 1) a high level model of providing computer
system support for the understanding process both in terms of process and components is
developed; 2) a computer-based representation of knowledge structures is instantiated; 3)
a framework for representing specific executive knowledge structures is developed and
examined,

and 4) a framework for developing hypertext systems that

understanding is implemented.

support

Implications of this research are: 1) human-computer

systems can be developed that work synergistically for cognitive activities; 2) researchers
in information storage and retrieval technologies can extend performance in their systems
through the direction provided in this research; 3)

further research in the hypertext
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systems is pressing; and 4) due to the processing impact of a USS type of system, new
software and hardware platfonns need to be developed.

1.6. Overview
This research has been conducted to demonstrate the potential of providing a
particular structured framework on knowledge bases and to demonstrate the impact of
providing direct support for these explicit cognitive structures and for experiential
knowledge development and processing. Chapter Two presents and examines previous
research that contributes to the research objective. The research methodology issues and
terminology are discussed in Chapter Three. Chapter Four discusses the design component
and architecture involved in the design of an understanding support system. This includes
knowledge representation, knowledge structure processing mechanisms, and cognitive
processing support mechanisms. In Chapter Five implementation of the system for a
specific knowledge domain is discussed. Chapter Six provides a discussion of empirical
observations of the system in use including problems encountered and insights made. The
remaining chapter, Chapter Seven, concludes with a discussion of the contributions made
by this research and future research that can be undertaken.
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CHAPTER TWO - LITERATURE REVIEW

Genuinely effective organizing
-the gift of Executive Mindgenerates order from chaos.
-William Torbert, in The Executive Mind. 1983

Effective understanding of infonnation requires some fonn of organization or
framework upon which to arrange the infonnation.

But, before an organization can be

effectively used, certain processes have to occur. Namely, the processes that create, store,
adjust, and otherwise change the organization.

Before a computer system can be

developed to support the processes involved in infonnation understanding, it is necessary
to identify what is involved in the process of understanding and then detennine in what
capacity computer-based support can be provided.

One focus of this thesis is the

identification of common fonns of knowledge organization, knowledge structures, that
people use in the understanding of infonnation. Another related focus is the development
of computer support for the representation and access of knowledge based on the
knowledge structures.

In this chapter, relevant research on the nature of the process of understanding is
examined, then cognitive development, a basic process of understanding, is reviewed.
This material is followed by a section that presents research on knowledge structures. The
use of information systems to support understanding is discussed next. The chapter
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concludes with a summary of the research reviewed in terms of identifying the
requirements for a computer-based system to support the process of understanding. These
requirements are later used as the basis for a conceptual framework for a computer-based
understanding support system (USS).

2.1.

The Process of Understanding
Mayer (1983) describes the process of understanding as involving several other

cognitive processes (see Figure 2.1). The process of understanding is initiated when a
person intends to deal with an external stimulus configuration or intends to "make sense" of
information. During understanding, several events occur. First, a person perceives and
attends to information based on current mental frameworks. Second, the person constructs
a mental framework to reflect and represent the information. The person then uses prior
knowledge to interpret, select, relate, and organize the incoming information. Finally,
the developed mental representation is stored as new knowledge with any possible
modifications to prior knOWledge. The development of a mental representation is gradual
and ongoing, utilizing input information and prior knowledge when necessary [Moates &
Schumacher, 1980].

When the individual determines that an adequate level of

understanding has been achieved, the process of "understanding" stops [Mayer, 1983;
Spiro, 1987; Moates & Schumacher, 1980].
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Figure 2.1 Development of understanding involves several activities: perception,
construction, interpretation, selection, relating, organizing, and storage [adapted
from a description by Mayer, 1983].

Several specific factors can be identified as involved in the events just described and
shown in Figure 2.1.

Understanding of information involves

incoming information,

prior knowledge, a mental representation, the storage and retrieval of information, the
context in which the information is encountered, and organization.

Information.

Several characteristics of information can directly affect how it is used

[Gunton, 1989; Englebart, 1988; Ambron and Hooper, 1988]. First there is duration - the
length of time that the information is available or that it is useful. Information is also of a

physical type, (physical storage, and presentation media) which involves what form the
information is in, such as data, text, graphic, video, audio, or combinations of these; how
it is stored, such as in computer databases, paper form, film, or magnetic and optical
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recording media; and how it is presented, whether on a computer monitor, book, film,
compact disc, laser disc, television, or radio. Information is also domain-based in that
information can have membership in one or more knowledge domains. A knowledge
domain is a set or sets of related knowledge units and knowledge structures. Another
important characteristic is that of relation. Information is related or associated to other units
of information and combinations of these are known as knowledge structures, which can
be stored and accessed. Lastly, information is functional.

The functions that can be

performed upon information depend on the type, duration, domain, and structure.

For example, a strategic planning domain could consist of information related to strategic
planning.

The information could be stored on papers as reports, on computers and on

video tapes, and would then be in the forms of text, data, and video. Within the domain
of strategic planning, knowledge structures such as planning, strategy development, and
case histories would be included.

Prior Knowledge.

New information needs to be related to other information to be

understood [Wurman, 1989].

In processing new information, people use existing

concepts, such as knowledge of planning, to integrate (assimilate and accommodate),
interpret, or understand the new material, such as market planning [Mayer, 1983].

For

example, when an executive is examining an investment situation, prior knowledge about
investments, investment vehicles, possible investment strategies, and investment evaluation
processes can all be brought into the examination. Prior knowledge is thus important to
the process of understanding and it is relevant to examine how prior knowledge is stored
and made accessible.
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Mental Representation.

A person develops a mental representation that accounts for

both incoming infonnation and prior knowledge. Unless it is stored, the representation is
only available for a short period [Spiro, 1983; Mayer, 1983].

When the mental

representation is stored, it is stored as a conceptual representation, which is available for
subsequent access and understanding. A conceptual representation is defined as a
collection of related knowledge units that fonn or account for the mental representation.
Thus, as a manager is working out an understanding of a situation such as planning
production for a new product, the manager is developing a mental representation of the
problem and its solution. This can be stored and made available at a later point when the
manager encounters a similar situation.

Storage and retrieval of information.

The processing of information requires a

mechanism for storing new knowledge and for accessing prior knowledge. The storage
and retrieval mechanisms also must retrieve infonnation based on the context (the
information content),

the conceptual representation developed, and the match or

association to other infonnation.

Context.

The relationships between the environmental stimuli, the current mental

representation, and prior knowledge or experiences provide the context for information
understanding. The context determines the meaning of a situation [Spiro, 1983; Mayer,
1983; Gunton, 1989]. A context can be viewed as a set of cues [Tulving, 1972]. Given a
set of cues, it can be used to retrieve a knowledge structure that serves as an organizing
scheme for interpreting, flltering, and further retrieving information.
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Organization.

Without organization, infonnation cannot be retrieved. Organization

pervades all the processes that occur during understanding [Mayer, 1980; Meadows,
1986]. In this research, there are two types of organization of relevance. One is the
organization that a computer system maintains to store and retrieve infonnation. The other
organization is the organization of infonnation in the fonn of knowledge structures in a
person's tenns.

Figure 2.2. Factors influencing understanding.

In summary, there are several key aspects related to infonnation understanding
(see Figure 2.2). One is the development of a mental representation of input infonnation
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based on the existing context. Another is access of knowledge structures from memory
based on the mental representation and current context A third is the modification of the
mental representation based on knowledge structure information. A final aspect is
the process of providing storage and retrieval mechanisms based on the knowledge
structure organizational schemes.

This research is concentrated on the issues involved in

the support of storing and accessing knowledge structures from memory and on providing
the necessary storage and retrieval mechanisms. The underlying framework provides for
the representation and access of knowledge based on knowledge structures.

The next

section examines the types of knowledge, how that knowledge is stored, and the types of
knowledge structures that people use in representing and accessing knowledge.

2.2.

Understanding

and Cognitive Development

The process of understanding just examined is of an immediate nature. It does not
present much about how knowledge structures develop over time. The development of
knowledge structures, knowledge organizations, over time is known as cognitive
development [Meadows, 1986]. Cognitive development involves the ongoing processing
of new information in accordance with prior knowledge. Because of the processing, prior
knowledge structures are transformed into new, better integrated versions [Meadows,
1986, Wurman, 1989]. They are better integrated in that they fit into the existing
knowledge base better. One predominant model of cognitive development is the Piaget
model [Meadows, 1986]. In the Piaget model of cognitive development [Piaget, 1926],
"making sense" or understanding is a process of cognitive development framed in terms of
functions, structures and content [Meadows, 1986].

38
The Piaget model of cognitive development involves four invariant functions
[Meadows, 1986; Piaget, 1926; Phillips, 1969].

They are invariant in that they are

common to all biological systems and that they transfer across situations [Phillips, 1969].
One function is assimilation. Assimilation occurs when new information is related to preexisting structures of understanding. For example, if a manager had a knowledge structure
that represents an economic recession, new information that conforms to that knowledge
structure will be integrated into the existing knowledge structure. A second function is
accommodation. Accommodation is the development of new structures of understanding
from old structures and is in response to new information. For instance, this occurs when
an executive encounters a planning situation for which there is no developed solution, such
as market planning for a high priced item and generates a solution by piecing together
various knowledge structures, such as a planning structure and a marketing structure, to
fit the current situation. The processes of assimilation and accommodation are defined as
processes of adaptation and result in a system of cognitive structures. A cognitive structure
is a knowledge structure used by the cognitive system. In this research, the two terms:
cognitive structure and knowledge structure, are used synonymously, since both are
products of the process of understanding.

Another primary function is organization.

Organization is the name for the

processes that maintain knowledge in an organized form. For instance, in a business
setting, information related to strategic planning is kept organized in such a manner that
related information is accessed as needed.

The fourth function is equilibration.

Equilibration is an ongoing process that maintains knowledge in a coherent and consistent
form.

Equilibration is responsible for discovering conflicts and inconsistencies or gaps in

knowledge and in causing further assimilation and accommodation. Under the process of
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equilibration, a manager can discover gaps in knowledge about a potential investment.
The manager then proceeds to gather information to flU in the gaps.

Together these functions produce complex, integrated, and dynamic ways of
understanding and responding to the environmental stimuli [Meadows, 1986, Phillips,
1969]. The processes identified are the principal means by which new information is
brought into the existing cognitive structures [Phillips, 1969].

In particular, when a

person such as an executive encounters a particular set of information, the person attempts
to make sense of (understand) it. If the information is about the activities of a major
competitor, the executive may attempt to understand what the competitor is doing by
drawing upon previous knowledge.

Cognitive structures are created and manipulated through the functions [Phillips,
1969]. There are three aspects of a cognitive structure [Phillips, 1969]. First, it is
cognitive in that it is the result of thinking. Second, it is a structure. Structure refers to the
organization or relationships between elements of information. Structures, like functions,
transfer across situations. A cognitive structure can be an organization of knowledge units
such as a system of rules, categories, procedures, and so on. A cognitive structure is
systematized. Cognitive structures can be abstract or concrete (have content). An abstract
cognitive structure is used to represent a generalization that can be made about specific
instances of knowledge structures. Finally, a concrete cognitive structure has a content in
the sense that the content reflects the particulars of a situation and in combination with the
overall structure represents an instantiation (an example) of an abstract idea, experience, a
case, a story, or an event.

For example, an executive can have an general abstract
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cognitive structure for the process of strategic planning and have a concrete structure, an
example, of having carried out strategic planning.

This section has presented the general process of cognitive development. A system
that supports understanding has to provide or account for the processes of cognitive
development described here.

The system has to provide both functional support and

structural support.

2.3.

Knowledge: Content, Processes, and Structure
As a result of understanding, knowledge is constructed or modified [Cohen,

1983]. Knowledge itself can be used to guide the construction of the knowledge
representation of what has occurred [Mayer, 1983].

As this discussion illustrates,

knowledge itself plays an important role throughout the process of understanding. The
aspects of knowledge in this research focus on knowledge representation, organization,
and operations utilized in understanding.

Given that people utilize and build knowledge structures to facilitate understanding
[Rumelhart & Ortony, 1977], to provide support for these activities, it is necessary to
identify what types of knowledge structures are used and what key processes are involved.
As discussed previously, understanding of new information requires the use of prior
knowledge.

This knowledge in terms of content can be discrete items such as facts,

concepts, rules, procedures, principles, or it can be combinations as organized systems of
infomlation (cognitive structures) that relate the discrete items to each other.

This

knowledge is stored in memory and made available for subsequent use. When new
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information is received, it is related to prior knowledge through cognitive development

processes (assimilation, accommodation, equilibration, and organization). These three
aspects of knowledge: content, structure and process,

are key components of

understanding.

2.3.1. Content

In this research, knowledge is treated as a component of the process of
understanding. The knowledge is contained in a knowledge base. A knowledge base for
a knowledge domain contains two types of knowledge: concrete facts about the real world
and abstract concepts (conceptual knowledge structures) [Romiszowski, 1984]. The
information in the knowledge base may be stored as discrete items (facts, concepts, rules,
procedures, or principles), or as groups re!ated as systems that relate the discrete items to
each other in combination of several types of factual and conceptual knowledge
[Romiszowski, 1984].

Factual knowledge (derived either directly from concrete

experiences or from verbal information) can be facts, objects, events, people, or it can be
procedures for a given situation.

Conceptual knowledge can be specific concepts or

groups of concepts or it can be rules or principles that link certain concepts or facts in
specific ways.

These types of knowledge can be classified in five categories, in terms of

complexity, in a hierarchy ranging from low to high [Romiszowski, 1984; Woolever &
Scott, 1987]. A higher level of knowledge is considered more useful than a lower level in
describing and explaining the complex reality of our universe [Romiszowski, 1984;
Woolever & Scott, 1987].

Each of these will be described and discussed (going from low

level to high level complexity):
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Factual information.

Factual knowledge is very specific and is limited in

application and usefulness in understanding the world. The category of facts includes
concrete facts, verbal information, fact systems. Concrete facts

are the concrete

associations, observations, memories, and other knowledge gained by direct experience.
Verbal (symbolic) information includes statements of fact, descriptions of events, and
specifications of objects. More complex types of facts are fact systems (structures), which
refer to complex interrelated factual knowledge such as the Morse code symbol system.

Procedures. The next level up is procedures. A procedure can consist of chains
of simple step-by-step procedures, defined as linear procedures, or combinations of
chains.

Procedures can be discriminations (decision procedures), or they can be

algorithms that are combinations of step-by-step actions, possibly leading to decision
points, where discriminations are made.

Conceptual information.

Conceptual information includes concrete concepts

(also known as primary concepts), which serve as classes of real objects or situations such
as a chair or an apple; defined concepts (secondary concepts) such as the concept of
strategy; and concept systems (structures), which are sets of related concepts including the
relations between the concepts such as all the knowledge involved in the idea of strategic
management.

Generalization (Principle). Another level of knowledge is a generalization
(principle), which is a statement of a relationship that exists between two or more
concepts or phenomena. The category of principles includes principles of nature (rules of
nature, principles), action principles (rules of action, behavior, and heuristics), and rule
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systems (theories and strategies). Rule systems are discrete but related rules such as a set
of highly specific problem solving strategies that are suitable for a given class of problems.
Production systems or expert systems are examples of rule systems.

Theories. A more complex type of knowledge is a theory. A theory is a set of
interrelated definitions, facts, concepts, and generalizations that provide a systematic view
of a wide range of phenomena by stating relationships among variables and by explaining
and predicting phenomena. Examples of theories are the Theory of Evolution (biology)
and the Monetary Theory (economics) [Woolever & Scott, 1988].

Knowledge of a particular topic is seldom of one type, but is usually a combination
of several types of factual and conceptual knowledge, both concrete and verbal; some
knowledge is stored as coherent systems of related knowledge and some as discrete
unrelated items.

A system designed to support understanding must support the use of

these different levels of complexity and types of knowledge. For instance, a user must be
able to access knowledge such as the date of a merger or the number of units of a particular
product on a particular date, or the user may want to examine and utilize the procedures for
performing competitive analysis. In addition, the user may wish to pursue such concepts
as strategic management to review the process or the user may want to represent
knowledge about a domain in terms of rules, such as financial planning production rules.
Finally, the user may want to represent knowledge in a more complex manner as in a
network of knowledge units that contain facts, procedures, and generalizations. It is also
important to understand how this knowledge may be stored or represented.

The next

section deals with this topic by examining how knowledge is stored and represented in
memory.
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2.3.2. Memory

The human equivalent of a computer knowledge base is memory. Memory is a
system that contains memories and utilizes storage and retrieval processes [Smyth, Morris,
Levy, & Ellis, 1987]. Memories, the contents of memory, are a product of the processes
of making sense (understanding) of the input from the world [Smyth, Morris, Levy, &
Ellis, 1987]. The primary function of memory is to aid in understanding [Smyth, Morris,
Levy, & Ellis, 1987]. Understanding is dependent on memories of past experiences that
result in knowledge about what to expect and what to look for in a given situation.

Technically speaking, memory is defined as a model of human storage of
knowledge (called archival memory [Nickerson, 1977]). The contents of memory include
all the knowledge an individual acquires such as events, facts, concepts, faces, places,
skills, concepts,

rules, procedures, and generalizations.

Tulving (1972, 1983)

distinguished between two types of memory contents. One he called declarative knowledge
("knowing that"), which is all the related and derived knowledge of facts, concepts, and
events that have occurred and would include such things as the concept of an organization,
the date of someone's birthday, the overall layout for a grant proposal, and even how to
perform numerical integration. The other type of memory was labeled procedural
knowledge ("knowing how") and includes such knowledge as motor skills, internal rules
of behavior, procedures on how to build an object, and the development of plans to
accomplish some objective such as driving to the store to get groceries.
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Most of the models of memory that have been developed have focused on
declarative knowledge (also known as propositional knowledge) [Cohen, 1983; Smyth,
Morris, Levy, & Ellis, 1987]

Tulving (1972) further divides this type of memory into

two types of propositional knowledge. One is episodic memory that consists of episodes
of personal experience and knowledge relative to a given context, such as what X had for
breakfast today and that Y's shirt is blue, and the other type is semantic memory, which
consists of the store of somewhat permanent knowledge of facts that are true,
independent of context, such as cats are animals, leopards have spots, a chair is an object
that a person can sit on, roses are red, and two and two make four [Cohen, 1983]. Most
memory research has been on semantic memory and not on episodic memory [Cohen,
1983].

The distinction between the two types of memory is not always clear [Cohen,

1983], and this research makes an accommodation for both types.

Episodic memory. Episodic memory contains memories of the events from our
lives and the units of storage are the events [Smyth, Morris, Levy, & Ellis, 1987; Cohen,
1983].

Temporal relationships between the events are the basis for their organization in

memory and the way by which they are retrieved [Smyth, Morris, Levy, and Ellis, 1987].
When an event, an episode, occurs, it is represented in memory in the form of a memory
trace [Tulving, 1972]. A memory trace is a collection of related memory elements that
represent the event. Episodic memory is retrieved based on cues that contain contextual
elements of an event, like the time and place at which the event occurred, and sense
information such as sounds can retrieve an episode. This process is known as encoding
specificity [Tulving, 1972; Cohen, 1983].

Episodic memory consists of single episodes

and collections of single but related episodes [Tulving, 1972]. There is no restriction in
how many episodes related to a particular event or situation can be retrieved.
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Semantic memory. Semantic memory is personal in that it represents and
reflects the content and organization of each individual's knowledge and experience and is
also social in that some knowledge is derived through shared communication [Cohen,
1983]. It does not function like a static mental encyclopaedia, but functions as a working
system in which new facts are constantly being incorporated, stored knowledge is updated
and reclassified, and particular items of information are being sought, located, assembled
and retrieved [Smyth, Morris, Levy, and Ellis, 1987].

Semantic memory stores

knowledge, such as facts and concepts, independently of when or how an experience was
encountered. However, experiential memories can be retrieved based on semantic
information, such as providing an experience of a business mistake when the concept of
business mistakes is being discussed. Semantic memory is organized and interlinked to
make the retrieval of its knowledge as successful as possible [Tulving, 1972; Smyth,
Morris, Levy, and Ellis, 1987; Howard, 1987].

The units of semantic memory range in

size from individual word to phrases, sentences, and paragraphs to large text structures
[Howard, 1987]. Several general models of memory have been developed to account for
the nature of memory organization as suggested by research findings.

2.3.2.1. Models of Semantic Memory

Semantic memory models have been developed to provide more understanding
about the structure (organization) of knowledge [Cohen, 1983]. The models address the
question of how knowledge is represented, stored, cross-referenced and indexed so that it
can be accessed and retrieved on demand.

There are two major types of memory models:

network models and set-theoretic (attribute) models [Cohen, 1983]. Both need to be
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accommodated in the understanding support system. Each of these types is described to
isolate what is required for a system that supports representation of knowledge in the same
manner as it is stored in memory.

Network models. Network models are based on associations of knowledge.
The idea of a memory based on associations can be traced as far back as

Aristotle

[Brachman, 1979]. Quillian (1966) first introduced the idea of a "semantic network" as a
model of a memory based on associations. Semantic networks are a form of knowledge
representation where all the information about a given conceptual entity can be accessed by
following associations between knowledge nodes in the "network" [Quillian, 1966;
Schubert, 1979]

A conceptual entity is anything a person can know, think, believe,

describe, discuss or experience [Schubert, 1979].

The networks of information

themselves can be treated as meaningful entities, and knowledge about these entities can be
particular (individuals), and generic (properties and relations). Human knowledge is
represented in network models in terms of nodes interconnected by various kinds of
associative links [Brachman, 1979; Levesque & Mylopolous, 1979]. This is similar to the
organization of an ordinary dictionary in that nodes are considered "word concepts" and
links point from word concept nodes to other word concept nodes that taken together
represent a definition of a particular word concept [Brachman, 1979].

Set-theoretic models. While network models are primarily concerned with
representing the storage of information, set-theoretic models (attribute models) of semantic
representation have been developed to explain how we comprehend quantified statements
like "All robins are red" (All S are P) and "Some robins are red."

In this model, each

concept is represented by a set of elements including its descriptive features and properties,
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including the names of its supersets and subsets, i.e., - robin (physical object, living,
animate, feathered, red-breasted, ... ), bird (physical object, living, animate, feathered, ... ).
Concepts can be not just collections of inter-connected nodes but also can be in terms of
features and properties and their values. In this research, features and properties will be
referred to as attributes with values.

Due to the set, subset, and superset framework, this

model provides an orientation for dealing with class membership and for representing
categorical and hierarchical organizations of knowledge.

Set-theoretic models are more closely related to the perceptual experiences of
concepts and network models lack a direct real world connection [Cohen, 1983]. Network
models can be extended by through links that represent a variety of relationships, while settheoretic models can only represent class membership, relations, and properties. Since
there is no logical reason that the processes of storage and retrieval of knowledge need to
be of any single model [Cohen, 1983], this research provides for a composite or hybrid
model comprised of a combination of different mechanisms that can deal with knowledge
on a network basis and on an attribute-value basis.

2.3.2.2. Characteristics of Semantic Memory

With respect to semantic memory, there are several key characteristics that are
relevant to the development of a USS. Cohen (1983) summarized research on the nature
of semantic memory. First, there is categorical organization of knowledge in memory.
Dynamic categorization can occur with different categorizations being generated for the
same items, and the classifications can be manipulated by the context. There is hierarchical
ordering of items.

Second, extensive restructuring of knowledge occurs in memory.
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Knowledge is transformed or distorted due to loss of detail, by conforming knowledge to
personal experiences, or by adding information to maintain an internal sense of coherence.
A third characteristic relates to the overall nature of memory.

From a particular

knowledge set, a global representation of knowledge can be constructed that has abstracted
elements of information linked in a network based on a structured relationship. Finally,
inferences drawn from recalled knowledge are stored and are included with when it is later
accessed.

2.3.2.3. Processes of Memory

There are two key processes involved in memory [Smyth, Morris, Levy, and Ellis,
1987].

One is the process of storing (encoding) the information and the other is the

process of remembering (retrieving) the information [Smyth, Morris, Levy, and Ellis,
1987]. These two processes are inextricably tied together, since successfully remembering
information depends on how the information was encoded in the first place and then on
what happens during retrieval.
Encoding.

Encoding results are influenced by the processes undertaken during

understanding and by what particular results are encoded.

Encoding is most efficient

when a record is made with as much richness and elaboration as possible that distinguishes
one memory entry from other memory entries (elaboration) [Tulving, 1972]. Also, the
deeper a person goes in processing knowledge, the more that can be recalled and learned
[Tulving, 1972]. For example, experts use richer structures, deeper levels, broader
perspective, richer experiences, and more instances in understanding [Kolodner, 1988;
Snyder, Happ, Maicus, Paap, & Lewis, 1985]. The outcome of encoding is affected by
the content and context in which information is received and encoded which in turn
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influences the interpretation and the subsequent recall of larger units of information. This
is called encoding specificity [Tulving, 1972]. Subsequent retrieval (recall) of information
depends on the compatibility between the stored information and the information (the cues)
being used for retrieval. Successful retrieval then depends on how well knowledge is
encoded so that given an adequate number of cues, the correct and substantive memory is
retrieved.

In terms of system support, this means that the information used to recall

knowledge must match the aspects of the information used to store it.

Retrieval. Unless the stored information can be retrieved when it is needed, the
most efficient encoding and storage system is useless [Moates and Schumacher, 1980]. As
discussed before, retrieval of information depends on the appropriate cues being processed
in the cognitive system. Retrieval processes are primarily a continuous matching of the
current mental representation being built in the processing system with the prior knowledge
in memory. When the active elements being processed sufficiently match a stored entry in
memory, then that entry becomes potentially available for recall. Moates and Schumacher
(1980) describe several processes conducted in memory that affect retrieval operations.
The process of retrieval itself biases future retrieval and this alters the ease with which an
item can be recalled again. An item's threshold of activation, for later retrieval, is said to
be lower once it has been activated and is more readily retrieved. Another key process of
retrieval is spreading activation. This occurs when a retrieval activity cues or activates a
set of associated and related memory nodes. A node is said to be activated in that its recall
is easier. Activation then spreads from node to associated or related node, creating a
network of activated nodes, which are readily accessible [Smyth, Morris, Levy, and Ellis,
1987].
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In summary, the mechanisms of semantic memory are active and dynamic [Cohen,
1983]. New infonnation is structured to confonn to prior knowledge. Interpretation of
infonnation is biased by context, and the organization of knowledge is predominantly
categorical [Cohen, 1983]. Irrelevant or inconsistent details are deleted or altered and new
details are added by inferential procedures to fill gaps and build links to produce a coherent
body of knowledge [Smyth, Morris, Levy, and Ellis, 1987]. This section has presented
the issue of memory and its characteristics and processes. The framework presented here
is important in that it provides a model for the type of organization and processing that is
needed for the storage of knowledge in a USS. It now remains to examine common types
of cognitive structures that people use, the nature of these structures and how these
structures contribute to understanding.

2.3.3.

Cognitive Structures

Organized knowledge has a very important role in comprehension, learning, and
memory

[Wilson & Anderson, 1986;

Bruner, 1960; Pehrsson & Denner, 1989;

Anderson & Pearson, 1984; Mandler, 1984; Rumelhart, 1980, 1984; Rumelhart & Ortony,
1977; Scott, Osgood, & Peterson, 1979].

Infonnation becomes meaningful only when

some organizing structure has been uncovered and imposed on the infonnation [Anderson
& Pearson, 1984].

Successful comprehension, problem solving, and decision making

depend on the activation and appropriate application of relevant pre-existing knowledge
and on the organizing scheme involved [Palatino, et. al.; 1987]. Different knowledge can
give rise to different interpretations, so that one person's interpretation may differ from
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someone else's [Wilson & Anderson, 1986]. This research focuses on providing
support for such differences as well as the commonalities and common organizing.

One such organizing scheme is a cognitive structure. A cognitive structure has been
briefly defined previously. This definition is elaborated here. A cognitive structure is an
organized set of facts, concepts, and generalizations that a person has about a subject The
information in the set is connected in a network of taxonomies, partonomies, and other
relations [Klausmeier and Goodwin, 1975]. A cognitive structure is a network of
memory components composed of a set of knowledge nodes and links between the nodes,
and the entire set can be treated by cognitive processes as a unit [Klausmeier and
Goodwin, 1975].

In this way it is similar to the notion of a "semantic network"

presented earlier. A cognitive structure contains cognitive contents that are the results from
cognitive processes. Cognitive contents are ideas about the world. Cognitive structures
provide organization and facilitate access of the contents. Structural aspects of cognitive
structures can include attributes of objects, relations among attributes, relations of
association, and relations of implication.

Cognitive structures can provide an object-

attribute view of knowledge and based on networks of related objects.

2.3.3.1. Cognitive Contents

No single cognitive structure represents all the knowledge of a person [Klausmeier
& Goodwin, 1975; Scott, Osgood, & Peterson, 1979]. Separate structures are required
for each domain of interest and, sometimes, even for individual knowledge units, since not
all knowledge units are heterogeneous and not all knowledge can be easily represented by
one knowledge unit.

A cognitive domain is the set of objects that are treated as a unit in
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that a common set of attributes can be used to organize them, relate them or collect them.
On this basis, a particular set of objects may be a domain for one context, and for another
context, the objects may be scattered over several domains, or included as a subset of some
larger domain, or not enter a cognitive domain at all. Any object or sets of objects may
belong to several domains depending on the attributes used for classification [Scott and
Peterson, 1979].

Cognitive domains can be categorized as two types: ill-structured and wellstructured [Palatino, et. al.; 1987].

An ill-structured domain is broad in that it

encompasses a wide area of knowledge, complex in that it contains a wide range of
knowledge types and knowledge organizations, and irregular in that the organizations of
knowledge in the domain cannot be clearly defined or organized based on associative
relationships, and formulating knowledge to prescribe explicitly its full range of uses is
impossible.

Well-structured domains are more routine and have well developed

knowledge structures [Palatino, et. al.; 1987]. Despite its importance, very little is known
about the organization of knowledge of ill-structured domains and how it is applied in the
understanding of new situations [Palatino, et. al.; 1987].

This research provides a

framework with the capacity to represent both types of domains.

In fact, no attempt is

made to distinguish between the two types, since the domain of interest will reflect the
user's state of knowledge up to that point in time.

While the subject of domains is interesting, knowledge representation and access
require a lower level definition of cognitive structures to provide knowledge representation
at the computational level.

The next section presents three types of abstract cognitive
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structures, that have been well researched and investigated, and a fourth type that
represents experiential knowledge that is typically stored in episodic memory.

2.3.4. Types of Cognitive Structures

Specifically the organization of knowledge in cognitive structures can be
characterized as: semantic networks, concepts, and schemata [Moates & Schumacher,
1980]; and case-based knowledge structures [Kolodner, 1988]. Because of the nature of
knowledge domains that need to be represented and supported in a system such as a USS,
it is necessary to have knowledge structures that can be used flexibly. The cognitive
structures identified meet that requirement. They provide knowledge representation of
loose but organized units of knowledge as semantic networks; related, similar, and
organized units of knowledge as concepts; related, organized, framework-like units of
knowledge as schemata; or as a direct collection of facts about an event or situation as a
case.

2.3.4.1. Semantic Networks

Quillian (1966) first described the semantic network cognitive structure that
represents knowledge as an organization composed of nodes, interconnected by various
kinds of associative links, and reflects the organization of an ordinary dictionary. A "full
word" concept is by definition all the nodes that can be accessed by starting at an initial
node, the concept node, and moving first to nodes directly linked (related) to the initial
node, then to the nodes pointed to by each of these nodes, then on to all the nodes
pointed to by those nodes and so on, until every node that can be reached by this process
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has been traced through at least once. This process is very similar to the spreading
activation process previously described. The resulting set of nodes reached through this
spreading activation consists of the information that is in the network of related nodes.

Functions of semantic networks.
represent different

t~pes

Semantic networks can deal with and

of knowledge. Semantic networks are a popular meaning

representation mechanism for use in natural language systems, since this type of memory
organization is useful for such tasks as understanding the meaning of a sentence or in
representing a concept [Brachman, 1979].

A semantic network can function as a

reasonable description of the general organization of human memory for semantic material
[Quillian, 1968]. It is useful for representing network-like collections of different types
of knowledge.

Characteristics of semantic networks. The semantic network representation
models two important types of memory features: the description of properties for each
knowledge based on classes and an organization of knowledge based on a taxonomic or
hierarchical framework.

In terms of properties, the basic semantic network is a simple

superset hierarchy of concept nodes with each node having attached a set of properties
defining its corresponding concept. A property is an attribute common to all objects in a
class and property bears a relation to a value.

With properties, a concept node can be

defined as a unit that represents objects, events, ideas, and assertions [Brachman, 1979].
More general properties are stored higher up the generalization hierarchy.

Properties can

be inherited from a general concept by a more specific concept. Consider the concept
node that represents "electronics equipment manufacturing company." This concept node
can have certain properties, such as products are electronics equipment, is a clean industry,
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and raw materials are electronic components.

As part of a hierarchy of concept nodes, an

"electronics equipment manufacturing company" is a kind of "manufacturing company"
and therefore inherits the general properties of a "manufacturing company," such as has a
production line, uses raw materials, and so on.

The notion of properties attached to the

nodes of a semantic network is very much like the set-theoretic model of memory and yet,
the network configuration of nodes is directly modeled after the semantic model of
memory.

One structural aspect of semantic networks is that it is based on classes and
relations that are all (but not only) objects [Howard, 1987; Quillian, 1969]. An object is
any single conceptual unit that can be treated as a whole unit. A class is a collection of
objects sharing common properties; the objects are said to be instances of the class and may
themselves be classes. Classes are organized in a "IS-A" (taxonomic) hierarchy that is
used to represent generalization relationships between superclasses, classes and subclasses
[Levesque & Mylopoulos, 1979]. In this framework, a class is then a specialization of a
superclass and a class is in tum a generalization of a subclass. For instance, an "electronics
equipment manufacturing company" is a class of the superclass "manufacturing company,"
which is a generalization of manufacturing companies.

The class "manufacturing

company" is also a class and is a subclass to the class "company."

Classes have an

internal structure made up of slots that can contain parts to fill these slots generating a
"PART-OF' (partonomic) hierarchy. For example, the class "manufacturing company" can
have slots (part-ofs) such as sales department, administration, production, distribution,
and so on.
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The class relations are like functions in that there is a mapping from one class, a
domain, to another, a range.

These points can be summarized as follows: nodes are part

of a larger structure that represents the knowledge in terms of classes based on a "kind-of'
relation and the relationships between nodes and nodes themselves have an internal
structure that can point to other nodes based on a "part-of' relation. Due to the ability of
the semantic networks to represent a wide range of knowledge types, in this research the
nodes will not be limited to any type of cognitive structure or knowledge, and the relations
between nodes will be any type that is defined by the user.

This is in keeping with

research on extending the knowledge representation capabilities of basic semantic networks
[Brachman, 1979].

The definition of a semantic network as defined here is rigorous and highly
structured. For the purposes of this research, the definition will be loosened up to include
many different relations between nodes, and the nodes themselves can be anyone of the
cognitive structures. For example, a set of knowledge nodes such as company, planning,
administration, competitors, mergers, management, and a mission statement all could be
part of a semantic network with each node having relation to one or more of the other
nodes. The spirit of the taxonomic and partonomic organizations will not be lost. It will be
assumed that any knowledge node can be part of such organizations. When a knowledge
node is part of such organizations, the characteristics such as generalization and
specialization will apply.
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2.3.4.2.

Concept

Another type of cognitive structure is the concept. Concepts can serve as nodes in
semantic networks. Although the term concept has been used before, the next section
presents a more detailed treatment of the topic. Concepts have been described as an
important forms of cognitive structures.
Concepts provide much of the basic material for thinking. They enable the
individual to interpret the physical and social world and to make appropriate
responses. Concepts, once learned, serve as symbolic mediators between sensory
input and overt behaviors. The ability to engage in knowledge inquiry depends in
large part on one's store of already learned concepts... (Klausmeier, 1980:45).

Two definitions can be provided for a concept. One is that a concept is a word or
phrase that is used to "label" and represent a group (or set) of people, things, events, or
ideas [Woolever & Scott, 1988]. A concept is thus a mental representation of a category.
A category is a class that is used to place stimuli according to some similarities [Woolever
& Scott, 1988]. For example, the concept of strategic planning would be characterized by

the set of features such as planning, uses strategy, long range outlook, external focus, and
uses tactics. From this set of features, an instance of strategic planning could be
identified. The second definition is that a concept is a thought, an idea, or some otherwise
similar unit of knowledge [Klausmeier, 1980]. For example, the concept of strategic
planning can be considered the unit of knowledge that captures the meaning of strategic
planning. This type of knowledge is what is contained in textbooks. The remaining part
of this section discusses concepts based on the first definition, including functions of
concepts, the characteristics of concepts, and structural aspects of concepts.
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Functions of concepts. Concepts serve many uses that support understanding
of the world and its events, and understanding the world depends on the concepts that are
known and used [Howard, 1987; Moates & Schumacher, 1980; Cohen, 1983].

They

reduce the complexity of the world to manageable proportions by breaking it apart into
concepts. For example, problem solving can be facilitated by using concepts to categorize
problems. Once an object has been categorized, concepts enable inferences to be made
about the object. Concepts can be used to identify and relate other concepts and to identify
incoming stimuli particularly based on existing taxonomies and partonomies. Concepts
enable the forming and understanding of generalizations.

Once a concept has been

learned or understood, a person can use it to acquire more concepts. For instance, the
concept of strategic planning cannot be understood until the concepts of planning,
management, and so on are understood.

Concepts serve in providing a framework for

the understanding of information.

Characteristics of concepts. Technically, a concept is one or more attributes
related by a rule (an association or relation) [Moates & Schumacher, 1980]. An attribute is
any feature of an object (or event) that can be discriminated from one instance of the
concept to another [Moats & Schumacher, 1980; Woolever & Scott, 1987].

There are

three types of attributes [Moats & Schumacher, 1980; Cohen, 1983]. One type is termed
defining, in that the attribute is one an object must have to be considered an example of a
particular concept. A second type is termed characteristic, in that many, but not all, objects
in a category have this attribute. The third type of attribute is termed irrelevant, in that the
feature is not relevant in determining whether the object is a member of a category. An
attribute can take on one of two or more values.

A "rule" relates (or combines) the

attributes in a particular way [Moates & Schumacher, 1980]. Rules can be affirmation,
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negation, conjunction, disjunction, conditional, and bi-conditional.

The attributes and

rule(s) defining a concept can be treated as separate components of a concept so that the
same attributes may be combined by different rules to produce different concepts [Moates
& Schumacher, 1980].

Types of concepts.
(constructed) and

There are two basic types of concepts:

artificial

natural, and they range from concrete to abstract, from verbal to

nonverbal [Woolever & Scott, 1988]. Artificial (technical) concepts are well defined with
clear boundaries, defining attributes, fixed criteria for classification, all or none
membership, and are fonnally taught. Natural concepts are ill-defined with fuzzy
boundaries, no defining attributes, gradient of typical to atypical members, variable criteria
for classification, infonnally or spontaneously acquired. Providing support for various
types of concepts requires a system that has flexibility in its knowledge representation
scheme.

The definitions discussed here serve to provide a representation scheme for
concepts in a USS. In the USS, both types of definitions will be accommodated. A
concept will contain attributes with values and thus participate fully in a semantic network
type of organization and contain thought-like knowledge. Thus, access to a concept can
provide both attribute infonnation and idea-like infonnation.

2.3.4.3.

Schemata

No system of knowledge representation for understanding support would be
complete without schema representation. Where concepts serve to break up the world into
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constituent components, schema theory serves to explain how combinations of those
components are used to interpret the world. In particular, schema theory explains how a
person's prior knowledge affects understanding [Wilson &Anderson, 1986; Rumelhart &
Ortony, 1977]. A schema is a cognitive structure (a mental structure) that represents some
domain [Wilson & Anderson, 1986; Rumelhart & Ortony, 1977; Rumelhart, 1980]. A
schema is a pattern of relations extracted from a pattern of relations that remains stable
across various instances of the same action or class of things [Howard, 1987]. The
schema is knowledge that can be used to describe and represent generalized knowledge of
actions, events, and objects [Pehrsson & Denner, 1987].

Schemata are not atomic, but are data structures for representing the generic
concepts stored in memory [Rumelhart and Ortony, 1977]. A schema is an abstract
structure of knowledge. It is abstract in that one schema can be applied to many situations.
It is structured in that it indicates relations among constituent concepts [Rumelhart and
Ortony, 1977]. A schema contains general, organized knowledge about a set of objects in
a domain, including a specification of the relationships among the attributes, and can
include specific examples or instances of the set.

Schemata can represent generalized

concepts underlying objects, situations, events, sequences of events, actions, and
sequences of actions. Schemata are used in perception, such as in recognizing patterns
from a mass of data by filtering, analyzing and interpreting it [Howard, 1987], and in text
comprehension [Howard, 1987; Rumelhart, 1980; Rumelhart & Ortony, 1977; Mayer,
1980; Mandler; Cohen, 1983; Spiro, 1983], and in memory and learning [Howard,
1987].

Schemata are key units of understanding [Rumelhart & Ortony, 1977; Cohen,

1983; Spiro, 1983].

Understanding through schemata involves selecting appropriate

schemata and binding values to parts of the schemata that will "account for" the material
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being understood, and then verifying that the schemata do account for it [Rumelhart &
Ortony, 1977].

Like a concept, a schema is a representation abstracted from experience and is used
to understand the world and deal with it [Howard, 1987]. However, a schema can be
distinguished from a concept in several ways. A schema is based on a pattern of
relationships between conceptual units. A concept is based on a set of features associated
with a conceptual unit. Schemata are not atomic and are composed at the basic level of
concepts. Concepts are definitional in nature and schemata are relational in nature. The
remaining part of this section discusses the functions of schemata, thereby highlighting the
importance of schemata, the characteristics of schemata including structural aspects of
schemata that differentiate schemata from the other cognitive structures, and the different
types of schemata.

Functions of Schemata. Schemata serve many key functions in comprehension
[Cohen, 1983; Wilson & Anderson, 1986]. Schemata determine what information will be
encoded or retrieved. Schemata structure experiences and provide an ideational scaffolding
for interpreting and organizing information that is presented. In a business environment,
a schema for takeover acquisition candidates would serve to focus on only the most likely
candidates. A schema also can be used to guide the determination of the important aspects
of a situation for information that needs to be recalled. Again, in the previous example, the
acquisition candidate schema could be used to determine what other information needs to be
gathered.

A schema provides the basis for making inferences that go beyond the

presented information. Schemata aid in predicting unknown information by providing
values for it or anticipating it. Schemata also can be used to anticipate the future, to set
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goals, to make plans, and to develop routines to accomplish them. Thus, if a company has
a schema for corporate takeover, they can detennine that the infonnation that they have on a
particular company is indicative that company is attempting a hostile takeover and then the
company can make the appropriate response. Finally, schemata provide the basis for
solving problems by providing strategies for problem solving and providing frameworks
for understanding a problem. For example, a manager who needs to do market planning
can use a market planning schema that contains problem solving strategies and that helps in
providing a perspective on the problem. From this the manager can then develop a problem
solution.

The use of schemata is not without disadvantages [Howard, 1987]. Errors can be
made due to using the wrong schema, such as detennining that a company is a good
candidate for acquisition by using a schema that fails to consider some criteria that requires
a different schema; due to making a set of assumptions, inferences, or assuming bi:s of
infonnation that are not present in the stimulus configuration encountered by the perceiver.
An example of this occurred when American car manufacturers failed to notice that the
American automobile consumer was no longer interested in gas guzzling automobiles, or
errors can be due to accepting data as consistent with a schema even when it is neutral or
even inconsistent such as when a manager detennines that sales are going well by using
an opportunistic situation schema.

Characteristics of schemata.

Four essential characteristics of schemata,

which combined, make them powerful tools for representing knowledge in memory
[Rumelhart & Ortony, 1977, Wilson and Anderson, 1986]. First, schemata have variables
(slots, attributes) that can be instantiated with specific infonnation.

Variables can be
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constrained by specifying what can fill the slots and by providing default values. Also,
schemata can embed one within the other where the structure of a schema can be given in
tenns of relationships among other schemata and are often organized into partonomies or
taxonomies. Another characteristic is that schemata can represent knowledge at all levels of
abstraction, ranging from basic perceptual elements to abstract conceptual levels. Finally,
schemata represent knowledge that is encyclopaedic rather than definitional in character.

Types of schemata.

Based on actions and objects, there are two basic

relational patterns (types) of schemata [Pehrsson, and Denner, 1987; Rumelhart & Ortony,
1977]. One type is an action schema that describes, interprets, and perfonns actions and
are usually represented by action-centered frames with slots that specify the network of
relations thought to hold among constituents of the action. The other type is state schemata
that represents knowledge about objects. This research deals mainly with state schemata.
State schemata can hold and express conceptual knowledge such as knowledge of how
categories of things are defined, described, and function. State schemata can be used to
summarize knowledge of individual cases [Anderson & Pearson, 1984] and specify a
heterogeneous network of links among concepts [Rumelhart & Ortony, 1977].

For any

given object, a typical state schema can specify prototypical instances of the schema,
characteristic properties and traits of the schema, immediate superordinate and subordinate
relational links, and the kinds of events or actions the object can perfonn [Pehrsson, and
Denner, 1987].

For example, a schema for a successful company could include

prototypical examples of successful companies. It could include properties such as
employee morale, rate of growth, and profitability. It also could contain superordinate
links to a schema for a company and subordinate links to a schema for a successful
manufacturing company.
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2.3.4.4.

Case Knowledge

A complete system of knowledge representation must account for experiential
knowledge [Rumelhart, 1980; Cohen, 1983].

Experiential knowledge affects

understanding [Kolodner, 1987]. One major difference between a novice and an expert is
the amount of experience with a particular knowledge domain [Palatino, et. al.; 1987]. The
result of many experiences is a rich set of organized and accessible cognitive structures and
episodic memories that can be brought to bear upon a particular situation [Palatino, et. al.;
1987].

In understanding, both generic knowledge (cognitive structures) and specific

memories are used [Rumelhart, 1980; Turner, 1988; Kolodner, 1987].

Professional

fields such as medicine, business, and law make extensive use of prior experiences as well
as generic knowledge. For example, aspects of related situations are used to understand
aspects of a current situation. A particular set of prior experiences that can be treated as a
unit will be defined as a case.

An expert in a professional field is someone who can

access and use the right set of experiences (cases) in the current experience [Kolodner,
1988].

To effectively use cases, professional fields have developed categories and
classifications of cases [Kolodner, 1988]. Thus, generic knowledge can be abstracted
from episodic memories [Rumelhart, 1980; Tulving, 1972]. Experience with many cases
can be used to generate cognitive structural aspects such as relations, attributes, and values.
Knowledge is interrelated so that knowledge about particular events (cases) can be directly
related to generic knowledge (cognitive structures) [Rumelhart, 1980].

Effective use of

case knowledge requires that experiential knowledge (cases) be retrieved based on cues,
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that a few cases are retrieved; that either a prototype or generalization is retrieved; that
generalizations and cases are both equally accessible; and that case infonnation can be
either facts or text organizations or both [Kolodner, 1988].

As this discussion has shown, successful knowledge representation requires a
combination of different types of knowledge structures. Where and how these structures
are developed is the subject of the next section, which examines processes that are
involved in the development of the cognitive structures.

2.3.5 Cognitive Structure Development

Besides providing knowledge representation schemes to support understanding in
a system, it is also important to provide mechanisms that allow the development of
cognitive structures. Otherwise, the system will be static and dependent on an initial
knowledge base. Among all the mechanisms that could be provided, it makes sense to
examine those used by people and implement them rather than invent some arbitrary
mechanism. In addition to the mechanisms of cognitive development discussed in Section
2.2, several other mechanisms serve in the development of cognitive structures:
organization, generalization, specialization, aggregation, decomposition, instantiation, and
inheritance [Howard, 1983, Cohen, 1983, Quillian, 1969; Levesque & Mylopolous,
1979].

The organization of a cognitive structure is an abstraction mechanism in that details
from a lower level or representation are suppressed or not expressed directly at the higher
level. One common form of organization is a hierarchy of classes. A class refers to a set
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of objects that share common features, such as the class of tools. A hierarchy of classes
can be developed by deriving subclasses from the classes.

A subclass is a subset of a

class where the elements of the subclass all share additional common features, such as the
subclass of carpentry tools. A subclass in tum can be treated as a class, and a subclass
derived from it, such as the subclass of sanding tools. For a particular class, the class it
derives from is known as the superclass.
carpentry tools, is the class tools.

For example, the superclass of the class,

Each subclass, known as an instance of its superclass,

is also an instance of the superclasses of its superclass.

In generalization, details are suppressed concerning the similarity between objects.
For example, by suppressing certain features, the class "manufacturing company" can be
generalized from the class "electronics manufacturing company." In specialization, details
are emphasized in differentiating between objects. Here, from the class "planning, "
specialization can result in the class "product planning." In aggregation, details are
suppressed concerning the relationships between objects and involves composing groups
of interrelated objects into single functional units. Aggregation would result in a class
called "consumer electronics" from the classes "consumer" and "electronics."

In

decomposition, details are used to differentiate components within an object to generate
new objects. An example of decomposition can occur when the class "automobile" results
in the classes called "tires," "engines," and "auto electronics." Instantiation is the
development of an instance unit of a cognitive structure from a class unit (the class
definition). An instance is based on the basic cognitive structure with various attribute and
values filled in. When an instantiation is made of a cognitive structure, the newly
instantiated cognitive structures may take on certain characteristics of the superordinate
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cognitive structure. This mechanism is called inheritance where attributes, attributes
values, or procedures can be inherited.

In terms of rate of development, the development of cognitive structures can occur
in two ways.

A cognitive structure may evolve slowly as new knowledge is added,

modified or deleted, and the patterns of relations between components are altered by
processes of assimilation and equilibration, or a cognitive structure may alter radically in a
short time through accommodation (such as major altering of an existing schema) because
current cognitive structures can't handle or account for data or facts [Howard, 1987]. In
terms of the research agenda, this means that the USS developed must provide for the
development of cognitive structure in a flexible and dynamic basis.

Cognitive structures can change in form or content. There are several conditions
that may cause a cognitive structure to be developed or modified. One is that a structure
becomes part of a larger conceptual framework. Another is the need to develop or modify a
prototype. Additional experiences with new examples of a cognitive structure may cause
the need to alter the prototype. Since a prototype can be formed around the central
tendency of a set of instances, the prototype can shift based on the exemplars. A third
condition is the need to extend the boundaries defining a particular cognitive structure to
include more peripheral examples.

A fourth condition is that the features used for

categorization may change due to more experience. Finally, changes in representation
format and content may require a shift from exemplars to a prototype representation or
from a prototype to a defining set of features.

The identification of conditions remains in

the hands of the USS user. To accommodate user operations, this requires the ability of
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the USS to support the user at whatever level of representation is desired and any cognitive
structure may be defined in such a way that it can be changed either radically or gradually.

2.4. Information Systems Support for Cognitive Processes
In the previous sections, the processes involved in understanding, the types of
knowledge structures people use, and the organization of memory have been described.
In this section, the use of computer-based information systems for the support for
understanding of information is discussed.

Information systems are used to support

activities of a business at many levels [Laudon & Laudon, 1991].

Thus, there are many

different types of information systems available for use in providing understanding
support. Not all are practical and suitable. The category for consideration was narrowed
to that of Management Support Systems. The first part of this section presents several
types of management support systems.

The remaining part of the section provides an

examination of information systems that are suited for the development of an understanding
support system and presents their capabilities.

2.4.1.

Management Support Systems

Management Support Systems can support activities such as analysis, design, and
decision-making.

Management Support Systems address management needs in the

management of a business [Laudon & Laudon, 1991]. One particular form of management
support addressed in this research is the support of information understanding. The
following discussion shows that the system developed in this research, the USS, is a
management support system and particularly, an executive support system. Management
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Support Systems can be categorized into three types: management information systems
(MIS), decision support systems (DSS), and executive support systems (ESS, also
known as EIS) [Laudon & Laudon, 1991].

Each of these as described by Laudon &

Laudon (1991) will be discussed in turn.

2.4.1.1. MIS

MIS (management information

syst~ms)

are information systems whose primary

functions are monitoring organizational operations, predicting future performance of
operations, and providing management the means for changing and controlling operations.
MIS's present information from underlying transaction processing systems (TPS) and in
turn control and monitor TPS operations.

MIS's serve to summarize and present

organization operations, workforce performance, or resource allocation and utilization.
MIS's generally deal with issues related to daily operations and with structured problems.
MIS's primarily process internal information that is data oriented. MIS's address middle
and low-level managers who deal with short-term, daily, operational issues.

2.4.1.2.

DSS

DSS's generally deal with issues related to daily operations and with decision
making. DSS's are primarily used in semi-structured problem solving. A DSS focuses
on knowledge and information based tasks.
if' questions.

DSS's provide support for answering "what

DSS's make extensive use of sophisticated modeling techniques. The

form of information stored in DSS is primarily models. Like MIS's, DSS's also are used
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to address by middle and low-level managers to deal with short-term, daily, operational
decision issues.

2.4.1.3. ESS

ESS (executive support systems) are senior-level management oriented systems
that provide computing resources for monitoring and controlling an organization. ESS's
provide support over a wide range of topics [Rockart & DeLong, 1988]. One application
of ESS is the support of unstructured executive activities such as strategic planning and
strategic management activities.

These activities typically deal with unstructured, more

ad-hoc type of problems and result in decisions and solutions that concern possible, yet
unpredictable, future events. Often there are no models available for problem solving.
ESS's use both internal and external information. Although one key feature of ESS's is
providing support for conceptual modeling, most ESS's have been designed with more
concrete and operational goals in mind [Rockart & DeLong, 1988]. The key desired
features of a ESS are an improved access to data, the ability to combined data from
multiple sources, the presentation of data in more meaningful formats, and improved
analytic and modeling capabilities [Laudon & Laudon, 1991].

2.4.2. Cognitive-oriented Systems

This section examines information systems that have the capacity to implement an
understanding support system as a management support system.

These will be referred to

as cognitive-oriented systems because their design is toward facilitating cognitive
processes. Computer-based support of cognitive processes has been developed for use in
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several areas:

natural language understanding [Quillian, 1969; Brachman, 1979],

information retrieval [Findler, 1979], expert systems [Barr and Feigenbaum, 1982],
decision making [Gunton, 1989], planning [Schank & Abelson, 1977], and hypertext
[Conklin, 1987; Smyth, et al., 1987]. To narrow down the scope, only the systems that
provide direct support for the components of understanding will be considered. From the
preceding discussions on what is involved in understanding, cognitive systems that
support understanding must provide two key capabilities. One is the type of processes that
are supported for supporting understanding.

The other is the type of knowledge

representation and organization framework that is used. Two types of systems will be
considered for addressing these requirements. One type is called Systems to Think With
(STW) [Weber, 1986]. The other type is known as hypertext systems.

2.4.2.1.

STW

Systems to Think With (STW) address problems from a perspective that includes
understanding. Weber [1986] proposed an approach that provides support for learning
and problem solving activities of managers in ill-structured situations. One objective of
the approach, Systems to Think With (STW), is to extend human information processing
capabilities and address individual or situational limitations in ill-structured situations. In
such situations, managerial and organizational problems are barely sensed or understood
and not easily quantifiable [Weber, 1986]. With STWs, managers can create and explore
meaningful microworlds to understand a problem situation (learn more about it), and in so
doing (learn to) solve formerly inaccessible problems.
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The STW approach is described by Weber (1986) as cognitive-oriented and
supporting a range of cognitive behaviors. The STW approach is derived from the DSS
technology extended in a way that exploits the power of cognitive strategies [Weber,
1986]. The resulting system is a new process-oriented support system [Weber, 1986].
STWs, like Idea Processing Systems (IPS), facilitate the processing of ideas by enabling
the discovery of relationships among the elements of a problem or situation. In addition,
STW's facilitate a range of cognitive behavior from reception and recognition
(understanding)

of input stimuli to the manipulation of perceived, learned, and

remembered information

The key features of a STW are the support of information

clustering and access, organization, the support of learning, and problem solving. These
features are relevant to the process of understanding.

Information clustering and access.

This involves providing support for

organizing ideas into groups based on shared attributes. It also means providing support
for building relationships among knowledge elements. With respect to access, the system
must provide access to prior fact,S, generalization, personal events, and attitudes.

Information and knowledge organization. A STW provides the means for
imposing various organizational strategies on the knowledge base.

Knowledge can be

represented in the form of node-link maps (networks). Networks can be constructed from
smaller networks. In addition, networked hierarchies of the information can be
identified, represented and maintained.

Finally, particular networks can be developed to

support cognitive operations such as learning and problem solving.
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Learning.

STWs provide support for learning in several ways. One is the

support for building internal associations among concepts and facts to be learned. Another
form of support is the ability to integrate or relate new information to old infonnation. The
understanding of the world can be facilitated by enabling the accumulation of patterns and
extraction of the invariant features from these patterns to build up a database of familiar
models.

Finally, learning support can be provided through tools that can be used to

construct and manipulate alternative models of events to examine and compare either
predicted or real outcomes or any alternatives.

Problem solving support.

This involves support for problem representation

and understanding. It also involves support for problem solution development including
analytical problem-solving tools, new views of the problem, and composition and
decomposition tools. In addition, it involves support through creativity tools such as
automated listing and brainstorming tools. Since an STW deals with the same issues that
are involved in understanding, the approach developed by Weber (1986) provides
a framework for developing a USS.

2.4.3. Hypertext Systems
Hypertext systems are based on the hypertext concept. The hypertext concept is
based on a simple framework: an interface and an underlying network of interconnected
units of knowledge. The interface displays segments (windows, fields) of information on
the screen that are associated with objects in a data or knowledge base (see Figure 2.3), and
links are provided between these objects, both graphically (defined as icons) and in the data
base or knowledge base (as pointers) [Conklin, 1987]. The term hypertext has been
expanded to the concept of hypermedia [Smith, 1989]. Halasz (1987) defines hypermedia
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as informal knowledge representation and management systems that organize information
into networks of nodes interconnected by links and used for manipulating large amounts
of irregularly structured information.

Access to the information is accomplished by

navigating (following links) from the nodes through links in knowledge networks. The
contents of a node can be simple, discrete items such as a word, a textual chunk, a piece of
a graphic, data; or they can be large chunks of information such as a document, a graphic,
voice, or video. Hypermedia is a combination of database (relational and object-oriented)
information storage and retrieval systems, user interface management systems, and
knowledge representation and knowledge base systems (AI) [Conklin and Halasz, 1989].
Architecturally, hypermedia systems can even be used to provide front-end and back-end
support for other systems or used as separate systems or integrated as one system.
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Figure 2.3 The objects e.n.d pointers in the knowledge base correspond 10 the
information segments e.n.d I.ink3 in the d:i3play. TIle link named liB II in segment A
can be used to access segment liB" from the knowledge base e.n.d have :i3 d:i3play
on the screen [adapted from Conklin, 1987].
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2.4.4.1. Hypertext Nodes

Nodes in hypertext systems express a single concept or idea, and are thus much
smaller than traditional fIles. This introduces an intermediate level of organization between
characters and files, a level that has the aspect of the expression of ideas. Nodes can
function as entities and are uniquely addressable. There are two basic node types. One
refers to the contents of the node and is called implementation type and can contain text,
graphics, animation, video. The other type is called representation type and can be used to
develop concepts, semantic networks, schemas, or even higher level structures such as
arguments, issues, notes [Halasz & Conklin, 1988]. Nodes can be used for referencing or
for making connections. A reference is a component within a node that contains a name or
address (a link) that refers to another node (or region within another node). A connection
is a component that is used to connect one node (or region within a node) to another node
so that both nodes depict the connections.

2.4.4.2. Hypertext Links

Hypermedia systems provide machine support for tracing of the references from
one node segment to another. Links represent and encode the relationships between nodes
and their contents.

Links have several properties that account for their functionality and

usefulness [Halasz & Conklin, 1988]. First, links are connecting in that they connect
from point to point, point to node, or span to span, where a point is a location in a node
and a span is a segment of text in a node. Links can have names. Also, mechanisms are
provided for creating new links, deleting links, changing link names or attributes, or
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listing links.

A link has an origin (the link source, and usually acts as the reference) and

an end (the destination, is the referent). Finally, a span (region), source or destination, is
a set of contiguous characters that can be treated as a unit

2.4.4.3. Operations in Hypermedia Systems

In tenns of operations within a hypennedia system, there are three ways of viewing

the contents of a hypennedia knowledge network [Conklin, 1987]. One way is that a user
can follow links and examine nodes in sequence. Another way is that a user can search the
network for occurrence of some string, keyword, or attribute value. The third way is that a
user may navigate around a network of nodes, a "hyperdocument,"
browser or other similar capacity.

via a graphical

Besides viewing, there is the authoring of the

networks. A user has to be able to create, modify, delete, or otherwise make changes to
the node contents, links, or to the networks and their components.

2.4.4.4. Advantages and Disadvantages

of Hypertext.

One major advantage is in tenns of knowledge representation capacity of a
hypertext network. A semantic network is directly analogous to hypertext organizations of
nodes [Conklin, 1987].

Hypertext nodes can represent single concepts or ideas,

internode links can represent semantic relations among the concepts, and the process of
building a hypertext network is a fonn of knowledge engineering [Conklin, 1987].
Semantic networks have been used for representations that can be mechanically interpreted
and hypertext systems can be used to capture such an interwoven collection of ideas
[Conklin, 1987].

Another advantage is that hypertext systems provide new forms of
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organization and use for the authoring and design of knowledge networks and for reading
and retrieving knowledge and infonnation. Authors can structure ideas, order of
presentation, and conceptual exploration, as well as manipulate document contents.

Ideas

can be developed in nodes, and then linked with other ideas, also in nodes, to make
associations resulting in various networks.

Authors can link infonnation together and

create paths through a body of related material. These individual paths can then later be
accessed for viewing or searching.

Hypertext also offers new ways of accessing large or complex infonnation sources.
There are also operational advantages of using hypertext systems [Conklin, 1987; Smith,
1989]. Readers can temporarily suspend reading a text to pursue some related topic or
explore a body of knowledge from multiple points of view through different sets of links,
or follow established paths through the documents. Another operational advantage is the
ease of creating structures, references, or documents.

Users can create networks, or

simply annotate a document with a comment. For the purposes of this research, one major
advantage is that both hierarchical and non-hierarchical organizations can be imposed on
unstructured infonnation, or text segments may be threaded together in many ways to
create the organization of different documents.

However, there are two basic problems in using hypertext systems. One problem
is related to navigation. This is the disorientation problem - the problem of knowing
where you are in the network and how to get to another place that you know (or think)
exists in the network [Conklin, 1987; Smith, 1989].

The second problem is that of

"cognitive overhead" [Conklin, 1987], the additional mental overload required to name,
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create, and keep track of links.

A solution, of course, is to provide mechanisms to keep

track of links and names.

Hypertext and similar tools are best at the collection of large amounts of somewhat
unstructured information, but such collections require adequate mechanisms for filtering,
organizing, and browsing for more effective use [Smith, 1989; Thompson & Croft,
1989]. The Understanding Support System emphasizes knowledge structures because
knowledge structures hold much promise in providing a higher level of support for the
operations of filtering, organizing, and browsing.

2.4.4. Knowledge Processing Operations

This next section discusses basis knowledge processing operations that will be
needed at the operational level of the Understanding Support System. Its relevance is that
this completes the requirements for an understanding support system, from the conceptual
framework to the system operational level. Before network data structures can be used for
information retrieval and other similar operations, a high level user interface with support
for navigation and knowledge development of the knowledge based is required [Schubert,
1979]. This section examines the operational support for knowledge understanding.
There are two modes of operation involved in a knowledge base.

One is in the

development of the contents of a knowledge base and the other is in the use of the
knowledge base.

Developmental operations involve the creation, modification, and

manipulation of knowledge contents, both structures and discrete units. The operations of
storage, retrieval, and the abstraction mechanisms, previously described, are included in
these operations. Use operations include operations that facilitate the examination and
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access of the knowledge contents. This category will be called as cognitive. However,
the two operations are not mutually exclusive. A system user can shift between the modes
of operation at any time.

The remaining part of the section discusses both types of

operations.

2.4.4.1. Development Operations

A basic set of operations includes the creation and modification of knowledge base
contents at all levels of abstraction and organization. Operations are required to manipulate
cognitive structures and components for creating a class, an instance, an attribute, or a
relation; to delete elements of a cognitive structure: delete a class, an instance, attribute, or
a relation; and to edit or modify elements of a cognitive structure such as editing a concept,
a semantic network, an instance, attribute, or a relation [Levesque & Mylopoulos, 1979;
Brachman, 1979]. In addition to these basic level operations, abstraction mechanisms are
also necessary. These include organization, generalization, specialization, instantiation,
aggregation, and discrimination [Brachman, 1979; Findler, 1979].

2.4.4.2. Cognitive 0 perations

The second type of operations deals with navigating through the knowledge space
and the support of basic thinking skills needed to organize and use information such as
classifying, interpreting, analyzing, summarizing, synthesizing, and evaluating [Woolever
and Scott, 1988]. Subsumed in both types of operations are also development type of
operations such as storage and retrieval.

The primary forms of navigating the knowledge

spaces are at two levels [Findler, 1979; Palay & Fox, 1981; Thompson & Croft, 1989].
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One level is browsing, traversing, discovering, filtered examination, and querying type
of operations. Browsing and traversing involve exploring a knowledge domain by using
keywords or following paths of relationships or using menus or other forms of indexes.
The other level is creation and authoring operations. The basics of this level have already
been discussed concerning hypertext authoring.

Other operations for the direct support of

basic thinking skills were discussed in Section 2.3.4.1.

2.4.5.

Organization Frameworks

From the discussion on understanding, the role of the knowledge organization
framework is important. For the purposes of the research, the knowledge organization
framework was translated into requirements.

First, a system must provide a node and

link knowledge representation scheme such as that of a semantic network.

Semantic

networks are expressive sufficiently to encode any fact or concept encodable in any other
formal, symbolic system [Hendrix, 1979]. In addition, associative relations between the
nodes and the cognitive structures must be developed and maintained. Another key
capability is the ability to develop and maintain a knowledge base for storage and retrieval
operations on the knowledge base. Additionally, the system must provide for the dynamic
development of node and links and knowledge structures. The node contents may be used
to represent single values or cognitive structures such as concepts (record and text-based
nodes) or semantic networks. These requirements are addressed by hypertext systems.

Hypertext-based systems meet these requirements while other system approaches
fall short in one way or another.

Semantic networks systems provide a uniform

representation for knowledge domains [Schubert, 1979], but do not contain support for
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higher level knowledge structures. User Interface Management Systems (UIMS) have the
interface functionality but have no underlying database [Conklin, 1987]. File systems are
limited to the examination of individual units of information in the form of files, and
database management systems (DBMSs) incorporate "links" of various kinds, relational
and object-oriented, but they are limited to dealing with fixed format, record sized
information or fail to provide adequate user interface development tools [Conklin, 1987].
Systems to Think With (STW), while providing an operational framework for
understanding processes to be supported, cannot be used in a representation capacity.
Hypertext systems are hybrid systems that cross traditional boundaries in that they can
serve as a database tool with machine supported links that provide dynamic means of
accessing data (both text and record type), as a knowledge representation tool with a natural
correspondence between the objects (object-oriented) in the world and the nodes in the
hypertext database, and as an interface tool that can be used to develop sophisticated user
interfaces [Conklin, 1987].

2.5. Summary

Systems that support cognitive processing can differ on many dimensions. They
can differ on the knowledge representation level, on the amount of cognitive processing
support provided, and on the particular cognitive processes supported.

The level of

representation is the degree to which the representation matches an individual's mental
representation of a situation. The amount of cognitive processing support can range from
simple help systems to systems that operate independently of the user.
process can be anyone of a wide range of processes.

A cognitive

In this research, it is limited to

those processes that fall under the label of understanding.

The primary focus of an
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understanding support system (USS) is the understanding of information by an individual
(executive).

A USS is classified as a type of ESS. This chapter has been directed

toward examining what is meant by understanding and how knowledge structures relate to
and promote understanding.

From the previous discussions, the requirements for the system components of a
USS can now be developed. The Understanding Support System must provide support
for the development of a "mental" representation.

It also must provide support for the

storage and retrieval of knowledge as either discrete units, knowledge structures (semantic
networks, concepts, and schemata), and for prior experiential knowledge (cases).

The

USS must provide representation for factual knowledge (both discrete and organized),
cognitive structures (both discrete and organized), or combinations of both factual
knowledge and cognitive structures. Finally, the USS must provide a high level interface
that is characteristic of hypertext types of systems. This knowledge is then used to derive
the architecture for an Understanding Support System (USS), a computer-based system
designed to support the understanding of information.

The fundamental design principle for the development of the system has been not to
simulate but to augment human knowledge understanding. The primary processes that are
to be supported are the assimilation and accommodation of new information, the
organization of knowledge at a variety of levels, the application of general principles and
techniques of specific cases, the discovering of similarities, and the utilization of partial
and complete cognitive structures.
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In addition, the literature review has served to identify functions that need to be
provided by a computer-based understanding support system in terms of representation and
processing mechanisms. In terms of representation, a USS should represent complex
knowledge networks in terms of cognitive structures and do so in terms of the user's
mental representation. The system must provide the network and hierarchical organization
of knowledge based on a node and link organization. The system must provide associative
knowledge operations that enable the retrieval or use of knowledge based on associations.
Finally, the USS must provide support for the development of cognitive structures and for
instantiation of cognitive structures. The mechanisms of the USS need to provide
knowledge domain navigation, knowledge base development and structuring and storage,
and the retrieval of knowledge based on cognitive structures or based on content.

In this research, a computational-based framework of understanding is developed to
serve as the cognitive architecture for a USS that facilitates understanding. From this, the
requirements for a USS are identified. The cognitive-based system architecture is
implemented using an object-oriented framework, hypertext organization and case-based
mechanisms. The effect of using a USS for well-structured and ill-structured domains is
discussed. An ill-structured domain is of interest for several reasons. It requires a high
level of cognitive processing to develop a degree of organization of the information.
Problems in the domain are typically unstructured. Most importantly, the use of a
computer-based information system, such as a USS, to support the understanding of
information for domains such as strategic analysis and strategic planning can have
significant organizational impact [Wurman, 1989].
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The major focus of the research is the design and implementation of a system that
can be used to capture, represent and provide access to experiential and cognitive structure
knowledge for any knowledge domain. There are four major aspects of the USS: 1)
cognitive structure development, management, and organization; 2) interface display of
knowledge structures and cases; 3) cognitive structure and experiential retrieval and
storage; and 4) cognitive-based processes for control and invocation of cognitive
structures. The Understanding Support System (USS) is developed based on these
requirements and is described in Chapter Four. The next chapter discusses the research
methodology that was used in this research: Systems Development. The design of the
USS is discussed in Chapter Five.
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CHAPTER THREE - RESEARCH METHODOLOGY

In this chapter, the underlying research methodology used in the research, systems
development, is presented and discussed. The philosophy behind systems development is
first presented. The systems development research process is then outlined and discussed.
The chapter concludes with a discussion of how the research agenda was conducted for this
research.

3.1. Research Philosophy of System Development

Nunamaker, Chen, and Purdin (1991) describe systems development as a research
methodology that falls into the category of applied science and engineering. As an applied
science, they describe this type of research as organized around the application and
verification of a theoretical framework. As engineering research, they describe the use of
principles such as system definition and specifications, system organization, system
development, system component testing, system performance, and system reliability.
The development of a human-built system begins with a simple requirement (a
specification): develop a system to do something. In the case of the Wright brothers, as
described by Nunamaker, Chen, and Purdin (1991), the system specification was to build
an object that carries a human through the air for a period of time.

The actual system

configuration or the means of propulsion was not important. What was important was that
the system met the specifications. The first airplane was obviously a prototype, and it was
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the end of a long stage of research conducted by the many aircraft researchers.

From this

initial prototype, the aircraft industry has developed into a field that includes: aeronautics,
aerodynamics, and the use of sophisticated CAD/CAM equipment.

This example serves

to present the systems development approach in a concrete setting.

3.2. Process of Systems Development Research Methodology
Nunamaker, Chen, and Purdin (1991)

outline the systems development

methodology for conducting research in the information systems field. As they describe it,
systems development research is based in the system building process.
building process consist of several phases.

The systems

In the first phase, a conceptual framework

and definition of the system is developed. The second phase involves using these results
to develop the architecture for the system. The next phase is to analyze the system
architecture and design the system.

In the fourth phase, the system design is built and

implemented. The final phase consists of the evaluation and interpretation of the system
performance.

Figure 3.1 shows the system development process from the research

methodology perspective. Within the systems development research methodology,
different software engineering research methods are used at the different steps (phases).
Phase One uses developmental-type research to develop the conceptual framework and
determine the specifications of the system. Phases Two through Four use prototype and
tool building research. Phase Five involves using empirical research methods to observe
the system. In Figure 3.1, the steps (phases) indicate what research issues are related at
each step.
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System
Devel0p.ment
Research Process

Construct a
Conceptual
Framework

Research Issues

o State a meani ngful research question
o Investigate the system functionalities
and requi rements
o Understand the processes/procedures
in buildi ng the system
o Study relevant disci pli nes for new
approaches and idees

Develop a
System
Archi tecture

• Develop a unique architecture design for
extendi bility, modularity, etc.
• Defi ne functionalities of system
components and their interaction

Analyze &
Design the
System

• Design the data structures and processes to
carry out the system functions
• Develop alternative solutions to design
problems and select one

Build the
System

• Learn about the concepts, framework, and
design through the system building process
• Gain insight about the problems and
complexity of the system

Observe &
Evaluate the
System

• Observe the use of the system by case study
and field study
• Evaluate the system by lab experiment and
field experiment
• Develop new theories/models based on the
study of the system built
• Consolidate experiences learned

Figure 3.1 System development research process [Nunamaker, Chen and
Purdin, 1991].
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3.2.1. Construction of a Conceptual Framework

A key aspect of this phase is that it is generally guided or directed by an intuitive
motivation based on an understanding of a theory or an analysis. In this research, it was
guided by the author's hunch that computer-based support for the process of information
understanding is feasible and desirable. The development of such a system required
investigating what is involved in the process of understanding. One of the fIrst activities
undertaken was the identifIcation of processes entailed in understanding. This consisted of
examining literature in the areas of cognitive psychology, education, and cognitive science.
The objective of this review was to determine how people understand information in terms
of key processes and how knowledge is used to further understanding. Several key issues
emerged for the review that were relevant to the research:

1. Understanding involves the use of stored knowledge;
2. Development of a mental representation based on relating ,stored
knowledge to a current information context;
3. Use of a mental representation as a network of related knowledge units
and frameworks;
4. Storing and accessing knowledge networks;
5. Treating a user's knowledge about a particular topic as an organization
of related knowledge units and frameworks;

The issues were used as the basis for the development of a conceptual framework
that provided the underlying structure for an Understanding Support System.

The

resulting conceptual framework is depicted in Figure 3.2. One key element of the system
is the interface for a business, executive-level type user. Through the interface, the
executive gains access to a knowledge base. The knowledge base contains both discrete
knowledge units and knowledge structures that relate knowledge units in various networks.
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The interface is used to examine, create, and modify the various types of knowledge in the
knowledge base. Through the interface, the user's mental representation can be captured.
The knowledge structures are used to store the user's mental representation and the
knowledge units can capture small units of knowledge.

In addition, the relationships

between knowledge units also can be captured.

Executive
User

Browsing
Interface

p

Knowl edge Base
p

Data
Facts
Schemas
Concepts
Cases
Semantic Networks

)
Knowl edge Ba se
Developer

p

Authoring
Interface

p

Figure 3.2 Conceptual Framework for the USS

3.2.2.

Develop a System Architecture

Based on the conceptual framework, the USS architecture developed provided the
foundation for the rest of the research and provides an overall perspective on the functional
components of the system.

The USS architecture established the organizational and

communication relationships between the system components. The system architecture
also reflects an emphasis on providing support for the representation and manipulation of
knowledge structures. To provide the USS with flexibility and modularity, the USS
architecture is based on a layered approach, where each layer provides a separate system
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function and utilizes the functional capabilities of the layers below it. There are four
functional layers in the USS. One is the interface layer. Another is the layer that deals with
. infonnation based on knowledge structures. Below this layer is a layer that manages the
storage and retrieval of infonnation from the bottom most layer: the knowledge base.
The knowledge base is a collection of knowledge units and networks.

The research focused on identifying and using conceptual, hardware, and software
tools to implement the system and on the development of an appropriate tenninology to
describe the system. Tools were developed in this research to support the organization and
use of knowledge structure creation, maintenance, and modification. The tools can be
used to provide the creation of graphics, development of icons, integration of text and
graphics in a user presentation and provide the dynamic linking of text/graphic
documents.

The system architecture and design are discussed in more detail in Chapter

Four.

3.2.3.

Analyze and Design the System

Once the architecture of the system was established, the system design was
developed.

Due to the type of software platfonn used, several system solutions were

prototyped and examined for suitability in providing support for the maintenance,
combination, modification, and creation of knowledge structures. Once the system design
was established, further design refinement was perfonned, including the design of the data
structures, of data and knowledge base contents and operations, of cognitive structures
and linking mechanisms, and of functional, control and communicational program
modules. This also included the type of knowledge representation mechanisms that were to
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be used and the identification of the system modules required to support knowledge
structures. Further design details are discussed in Chapter Four.

3.2.4.

Build the USS

Prototype

Given the system design and the environmental constraints, the initial USS
prototype was built. This first prototype consisted of a basic user interface that displayed a
network of knowledge units.

This served to demonstrate the feasibility of the system

design and usefulness of the system proposed. This initial prototype led to new insights
into the problem. One key issue that emerged was the display form for knowledge
structure information. The display of knowledge structure information had to be at an
appropriate user level and yet provide adequate functionality. Examining and addressing
such issues led to further modifications to the system design and to the initial conceptual
framework. The process was a cumulative one that let to a better, more refined system
design. In fact, several distinct systems were developed as different interfaces and
knowledge base organizations were examined. The final system solution that was
implemented is discussed in Chapter Five.

3.2.5.

Observe and Evaluate the System

In this phase of the system development process, the research problem solution was

examined for how well it met the research goals and objectives. The system was evaluated
in terms of impact on people and its operational and functional performance.

It involved

evaluation of the system with respect to knowledge structures processing and evaluation of
the system through observing several users using the USS to assess its usefulness and

94
functionality. This phase served to guide further developmental directions of the research
that include developing new system designs or conceptual frameworks, identifying
limitations and opportunities of the system, and identifying additional research. Chapter
Six provides more detail into the evaluation conducted on the USS.

Future research

directions and conceptual frameworks are discussed in Chapter Seven.

3.2.6.

Adjust Accordingly and Repeat Steps that

Since systems development

are Necessary.

is an ongoing and iterative process, systems

development efforts need to be redirected to the appropriate steps. In this research, a
research agenda was established that included developing a description of the workstation
environment necessary for providing a user interface and providing a definition of tools for
implementing an understanding support system. It was necessary to refine further the
architecture for implementation of a knowledge structure interface system by identifying the
operational scope of each of the underlying layers, and modify the USS to address the
requirements of a user-level interface and access of information based on knowledge
structures.

3.3. System Development Research Methodologies Used

Several research methodologies can be used in conducting research in software
engineering [Nunamaker, Chen and Purdin, 1991]. Nunamaker, Chen, and Purdin(1991)
categorized them into several types of research.

One type is based on a development

process that involves the development of a prototype system (prototyping). Another is the
development of a methodology for system design such as object-oriented design or
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database design techniques, and a third is the development of a theory or other theoretical
contribution. A fourth category involves the fonnulation of a concept or perspective for
examining or studying a phenomenon.

Empirical evaluation of the system or its

components through research methods such as survey, field experiment, or laboratory
experiments is the fifth research category.

The final research category involves the

study of cases that contain the phenomenon of interest.

The research conducted here

involved the use of several of these methodologies.

3.3.1.

Conceptual Formulation

The key research method used that supported the rest of the research methodology
was the fonnulation of the conceptual framework that was used to organize and integrate all
other research activities and that provided the core concepts upon which the user support
system software is based.

The framework provides the basis for investigating research

topics and for developing key system components. The framework is an integration of the
conceptual foundations that were brought to bear upon system development: artificial
intelligence, cognitive science, educational psychology, cognitive psychology, and
management information systems.

Since the system was to support a user in understanding information, this required
developing a definition of understanding, identifying what is the general process of
understanding information and what are the key components and processes involved in
understanding, and then developing a computer-based system to support these processes.
It also entailed accommodating the requirements within a management information systems
framework, since the system was targeted for users, typically executives and high level
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managers, who have a keen interest in developing a better understanding of information.
However, its use could be extended to any user who wants to examine how units of
knowledge relate to other units of knowledge and to access information (both conceptual
and factual, including case information) on a knowledge-structured and associative basis.
The level of support provided by the system was to augment user activity, not supplant it.
Consequently, system approaches whose objective was to supplant the human user were
not adopted, nor were approaches that required too much user involvement at the system
description level, such as a database management systems approach.

The ideal candidate

for this was the hypermedia approach. It provided a way of information organization and
presentation that was user-oriented and could be extended to deal with knowledge
structures.

The USS supports the use of organized knowledge and extended the

development of user support systems. Chapters Four and Five elaborate further on the
conceptual framework developed.

3.3.2.

Prototype Development

Prototype development was one of the primary types of research used. A prototype
of the user support system was first developed using a computer system that provided
much flexibility. The initial system hardware-based requirements were that the system be
a mouse-based, graphics-capable, high-resolution workstation. The software-based
requirements were that the software be capable of providing an object-oriented, windowbased, and good user-interface support. The conc~ptual-based requirements were that an
interface to a knowledge base be used to support understanding. The first prototype was
developed to meet these objectives. From the prototype, several issues came up. One was
that the software with proper interface capabilities was very crucial. A second was that an
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Apple Mac computer can provide the necessary hardware and software platform support.
Another issue was that a sophisticated, high quality user interface can be developed quickly
and with good quality using the Apple Mac and key software available on it. The final
issue was that the connection between the user interface and the underlying knowledge base
requires extensive development. The first prototype did not include direct knowledge
structure support. It did include the development of linkages between knowledge nodes,
and several methods for user interaction that included menus, graphic selection, and
keyword. This first system was built using the HyperCard software. The success
encountered, although there were limitations that needed to be addressed, indicated that the
approach was feasible and was in the right direction.

From the results of examining the prototype, further research was conducted on the
conceptual foundation for the software system. This resulted in a refinement of conceptual
requirements and specifications for the system. Cognitive structures support that was to be
provided by the system included semantic networks, concepts, and schemas. In addition,
the types of contents of the underlying knowledge base were extended to include graphics,
video, and text. Another prototype system was developed that provided video support and
dynamic linking of graphics, video, and text elements. Semantic network capabilities were
added and the foundation for the indexing and linking mechanism for cognitive structures
was developed. From this prototype, several directions for further development were set.
One direction was that support for cognitive structures had to be both at the developer and
browser level. In addition, the user interface needed to be consistent across all levels.
Another was that users needed to access and create both cognitive structures and
knowledge node contents. Finally,

hyp~rtext

tools like HyperCard and SuperCard were

identified and used as the developmental software.
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3.3.3.

Case studies Research

The primary fonn of case study research was the examination of cases describing
other systems that were developed to support some fonn of understanding, to support
knowledge base use, or to support hyperdocument processing.

Of the descriptions of

systems developed and the processes, hypennedia (hypertext) showed a closer alignment to
a knowledge structure research orientation. Conklin (1987) provides a good summary of
systems that were of particular interest. In addition, the author's prior experience in using
authoring system software provided some insights into requirements for a system to
support knowledge users.

From these cases, several conclusions were drawn. First,

hypennedia systems proved to be a good prototyping approach.

Second, the use of a

programming language like HyperTalk in HyperCard was a key requirement to add to the
basic software available. Also, hypennedia systems can handle all the required types of
infonnation: graphics, video, and text. A fourth conclusion was that cognitive structures
and their use could extend hypennedia system's capabilities and find greater application in
the use of systems for the presentation and development of organization of knowledge
units. The review of the prior systems developed thus served to provide an understanding
of the limitations and approaches that would have to be undertaken and addressed. It also
served to provide an initial set of requirements and expectations for the functional and
conceptual software environment.
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3.3.4.

System Evaluation

A system of this type of focus can generate many different types of empirical
studies.

Some studies that can be conducted include case study, field experiment and

implementation, laboratory experiment, and system performance.

Conducting these

studies is beyond the scope of this dissertation. A modified form of field oDservation was
conducted to assess the system's capabilities and functionality. In addition, the system's
capacity for knowledge representation was evaluated. The system evaluation performed is
discussed in Chapter Six. Chapter Seven additionally provides a discussion of the scope
and direction of studies that need to be conducted to evaluate the system developed.
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CHAPTER FOUR USS DESIGN COMPONENTS AND SYSTEM ARCHITECTURE

This chapter discusses the design components and system architecture of the
Understanding Support System developed to provide support for the understanding of
information.

Section 4.1 presents the system structure and the system architecture.

Section 4.2 discusses the components involved in the system design: the knowledge
representation, operations provided by the USS, the abstraction mechanisms, and
navigation of the knowledge space. The chapter concludes in Section 4.3 with a summary
of the issues involved in the design of a USS.

4.1. System Structure and Architecture
In Chapter Two, the requirements for an understanding support system were
developed. The requirements were used to develop a system design that addresses the
components of understanding: prior knowledge, mental representation, cognitive structure
development and use, experiential knowledge use, abstract and factual knowledge base use
and a high level user interface.

These and the additional requirements derived from

examining specific components were the input into the design process that generated the
overall system architecture and design.

This section presents the system structure

developed to address the requirements and then presents a functional system architecture
based on the structure and system functions required.
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4.1.1.

System Structure

The overall system is structured based on a layered approach (see Figure 4.1).
The innermost layer consists of the knowledge base. This is knowledge that can be in
many different forms such as text, audio, video, and graphics. Basically, the knowledge
base is a collection of individual unrelated knowledge units, files of related knowledge
units, and information used to organize the knowledge into different configurations. The
next layer consists of an indexing, storage and retrieval system and can be effectively
served by a database management system. On top of this layer is the knowledge structure
layer. This layer consists of system support for the development and use of knowledge
structures. The outer most layer is the interface layer.

This layer controls the interface

activities with the user. This layer can be designed to accommodate a particular knowledge
orientation and knowledge domain of the user. In this research, it was designed toward
cognitive structure development and use in the understanding of knowledge.

The layered

approach was adopted to build flexibility and modularization into the system. Each layer
can be implemented through various mechanisms. All that is required is that the necessary
interlayer communication mechanism be set up.

Additional layers, such as intelligent

processing capabilities, can be inserted between the existing layers.
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Interface
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Figure 4.1 Layered Archi1ectu.re of the UndeI'31aruling Support S)'51em

Knowledge Base Layer.

This layers contains all knowledge stored by the

system. The basic unit of knowledge in this layer is data.

Information may be in the

form of text (both document and program code), numeric, video, graphics, audio, and
animation. Additional information about cognitive structures, indexes, tables, and links is
also maintained in the knowledge base.

Another unit of knowledge is the document.

Documents are maintained as integral units and may be of any size. Documents can be text
documents, which are simply composed of text information, or graphics documents,
which can be composed of both graphics and text information.
contain within it links to other documents.

Any document may

Video and audio information can also be used
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and stored in different lengths or sizes. Video infonnation may be accessed as a single
frame or as any number of frames of a video segment.

Audio infonnation may be

accessed as a single or any number of audio segments such as music or verbal data.

Index Layer. The index layer is responsible for the storage and retrieval of
infonnation in the knowledge base and for making the infonnation available to the upper
layers.

This involves maintaining and utilizing indices, tables, and link sets.

The

infonnation contained in this layer relates a name (symbol) to a pointer. Pointers are used
in locating and retrieving infonnation in the knowledge base.

The system can be

implemented as an indexing mechanism or more complexly through a database management
system. The use of a database management system provides faster and more sophisticated
processing of infonnation.

Knowledge Structure layer.

The knowledge structure layer involves

operations upon the cognitive structures used in the system. Here, the cognitive structures
are semantic networks, concepts, schemas, and packets of data. Each of these cognitive
structures can be treated as a node of infonnation. The basic unit of knowledge at this level
is a node with links to other nodes.

Operations can be perfonned on nodes and links or

on node contents. A node can refer to (contain) any type of infonnation available in the
knowledge base.

The operations on nodes and links involve treating the nodes as objects.

Nodes can be created, modified, or deleted, and links from one node to another node can
be added or deleted. Cognitive structures are built from the combinations of various nodes
that are related to each other through the links.

In addition to the basic node and link

operations, there are operations for following links from one node to another node and for
recording and storing a path of link traversals.
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Interface layer.

The interface layer controls interactions between the system

interface and the lower layers and provides the interaction between the human and the
supporting computer system. There are three key features of this layer: the display of
stored knowledge, the knowledge operations provided, and support of the development of
a mental representation. First, the knowledge is displayed in a form that is natural and
closer to the view of the user. It is based on cognitive structures and knowledge nodes.
Second,

the set of knowledge operations provided are consistent with the user's

knowledge operations. The knowledge operations consist of editing operations th'at
include modifying, deleting, and creating cognitive structures, cases, and documents. The
knowledge operations include operations for retrieval and storage of knowledge structures
and documents based on a set of input cues, on keywords, or on link-based associations.
Also included are navigation operations such as traversing, browsing, or exploring of the
knowledge space based on node contents or linkages between nodes. A browse or
traversal path can be stored and treated as a knowledge structure. The system has a
consistent interface which allows the user to move through the operations of editing,
storage and retrieval in a single mode.

Finally, the user can construct a framework that

represents the current understanding of knowledge.
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4.1.2.

System Architecture

The USS architecture was derived from the requirements and based on the layered
framework. The layers can function as separate systems of the USS.

Each system

addresses the operations and interlayer communications within its functions. A functional
architecture of the Understanding Support System (USS) is presented in Figure 4.2. The
system components are the Knowledge Base, the StoragelRetrieval Subsystem, the
Knowledge Management Subsystem, and the Interface Subsystem.

The interface layer

operations are addressed by the Interface Subsystem. This system is composed of the
Local Storage, and Interface Control System, the Navigator Subsystem, and the Editor
Subsystem.

4.2. USS Design

Components

The structural and functional organizations of the USS provide one aspect of the
USS organization.

However, another aspect is that of the support provided at the

cognitive level of understanding. Addressing the support requirements at this level and
providing system support for understanding involves identifying the design components
for the USS at the cognitive level of operations. In Chapter Two, the requirements for
cognitive-level support for understanding were identified. These requirements are the
cognitive-level components involved in the design and development of the Understanding
Support System (USS) and include knowledge storage and retrieval, knowledge
representation, knowledge processing operations, knowledge organization, knowledge
development mechanisms, and navigation through the knowledge space. These operations
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are directed at the cognitive level of the user. The system at this level provides cognitivelevel support for understanding.

4.2.1.

Knowledge Representation

Knowledge representation requires a framework for representing knowledge.
Developing a framework involves identifying the basic building block components for
knowledge and the type of knowledge represented, and providing a structural description
of the knowledge components used.

This subsection presents the knowledge

representation aspects involved.

Nodes and links. The basic unit for knowledge representation in the USS is an
object. Another key unit used is a relation (association). A relation is a special case of an
object and is used to relate a set of one or more objects to another set of one or more
objects.

From these two knowledge units, a knowledge representation scheme is

developed that is based on objects called nodes and links.

Every node has two types of information related to it. One is the knowledge that
the node is to represent and the other is the node-related information that the system uses in
its functioning. The following information related to a node is required and maintained by
the system (see Figure 4.3):
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Figure 4.3 Structura1aspects of 8. node

1. Node name. Every node has a name associated with it and can be accessed
based on the name.

2. Node description. A description provides infonnation about the node, such
as the use, purpose, or source of infonnation related to it.

3. Node Content. The content of a node is the infonnation that is stored in the
node.

4. Node features (attributes, slots). A feature is a characteristic of the node
contents that can take on a value from a set of values (continuous or discrete).

5. Node properties. A property is a characteristic of the node that can take a
value, an operation, procedure, or action, and is independent of the node
content.

6. An array of node link pointers.
node.

A node can be linked to more than one

Pointers to node links are stored rather than pointers to the nodes

themselves.

This allows for individual links to point to more than one object.
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Links associate nodes with other nodes and can represent any type of relation
(association) between objects. The following infonnation related to a link is maintained
and used by the system:

1. Link name. Every link has a name and can be accessed by name.
2. Link description. A description serves to present infonnation about the link
such as use, purpose, and source.
3. Link type. Each link is of a type and can be used to define how and when the
link can be used.
4. An array of pointers to from-nodes.

This infonnation enables following

pointers from the current node in a "reverse" direction.
5. An array of pointers to to-nodes.

This infonnation enables following

pointers from the current node in a "forward" direction.
6. An array of

conditions for from-pointers.

Each from-pointer has

associated with it infonnation that can determine when it is used.
7. An array of conditions for to-pointers.

Each to-pointer has associated

with it infonnation that can determine when it is used.
8. Constraining conditions.

Additional conditions can be set that put

constraints on use of the link. The conditions include prior conditions that must
be met first, current conditions that must be in place, and conditions that need
to be passed forward.
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Figure 4.4. Links can be from inside
node to node.

8.

node to other nodes as well as from

Nodes can represent any discrete unit of multimedia knowledge such as text,
graphics, video, or audio. For example, a node could be a character, a paragraph, a
multi-paged document or a file. Nodes can contain internal links to other nodes besides
having node to node links (see Figure 4.4). Nodes and links are used to build complex
networks of related objects.

Class hierarchy.

An additional level of representation is the class/subclass

distinction that is made between objects. An object can be a member of a class of objects.
A hierarchy of relations between classes is defined where a class is a specialization of a
superclass.

A superclass is thus more general than a class and a class in turn is more

general knowledge than one of its subclasses. A class is like a prototype or template of
default information about a category of objects. All members of a class have a particular
set of characteristics in common and class membership is defined and determined by the set
of characteristics.
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Knowledge Objects. In the USS, there are six knowledge representation types
of objects that are used to contain or represent knowledge: documents, cases, semantic
networks, concepts, schemata, and knowledge domain. A document is the simplest form
of knowledge object that is represented. A document can be represented by a single node
without relations to other nodes.
knowledge stored by the system.

The contents of a document can be any type of
A case is a special form of document that contains

additional information regarding a particular situation. A case can be related to the other
knowledge objects. A case is a description of a situation. A semantic network represents a
set of related knowledge nodes with the links between them. However, it is more than just
a set of nodes, in that the relations between the nodes are also important. A semantic
network is the simplest form of a knowledge network.

A concept represents the next higher level of knowledge objects. A concept is
based on a semantic network of nodes and represents knowledge that has regularity and
can be treated as 'a single unit.

A concept is based on a document with attributes.

concept can be represented by a single node and can be related to other objects.

A

Like a

concept, a schema is considered a higher level knowledge object since it is built from
concepts. A schema provides a framework for treating different knowledge elements as a
single conceptual unit. However, a schema, in addition to information about the important
features of the conceptual unit, includes information about the functions of the unit, rules
for selection and use of the unit, and specifications about the types of interrelations and
restrictions upon the way things fit together.

A schema can also contain statements that

initiate actions and set conditions based on a condition state.

A knowledge domain is an

extensive collection (set) of related knowledge objects and

provides a particular

framework for viewing a set of objects. A knowledge domain can be a subset of another
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knowledge domain.

Any collection of nodes can be a member of more than one

knowledge domain. Figure 4.5 depicts the knowledge objects.
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Figure 4.5. In the USS, there are several types of knowledge objects:
documents, cases, semantic networks, concepts, schemata, and knowledge
domain.
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Knowledge Space The collection of knowledge objects is the knowledge space.
A knowledge space can contain several knowledge domains and several knowledge
domains can be contained in more than one knowledge space. The knowledge space can
also be partitioned by planes and vistas.
partitioning.

Figure 4.6 shows the various types of

The notion of navigating through the knowledge space provides additional

understanding of the knowledge space.

Because the knowledge space is made up of

nodes and links, every node can potentially be reached by following the links from node to
node. As shown in Figure 4.7, a link from a node in one concept can be followed to a
node in another concept or to a node within the same concept. Figure 4.8 indicates the
various types of linkages that can be developed between knowledge objects and which are
possible due to the node/link framework.

Vista J

~
v;s~

Figure 4.6. A knowledge space of nodes, vista3, and knowledge domains. A10mic
nodes (0) and composite node (@) (schemas, concepts, semantic netvork3) are in the
network of knowledge. The three domains in the diagram each con1ain tvo vista3 one
of which (Vista L) is shared by all three knowledge domains
[adapted from Schubert, et. aI., 1979].
I
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Figure 4.7. Every node can be reached by following the links from node 10 node. A
link from a node in one concept can be followed to a node in another concept or 10 a
node within the same concept [adapted from Conklin, 1987].
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Knowledge Domain

Figure 4.8. Various types of l:inkages can be developed betveen knovledge
objectJ e.rul are possible due 10 the node/link. framevork.

4.2.2.

Knowledge Processing Operations

Several types of knowledge processing operations are involved in the use and
development of knowledge. One type of knowledge processing operation is the editing of
knowledge structures and documents.

Another type of operation is the storage and

retrieval of knowledge from the knowledge base. A third type of operation is based on the
development of knowledge structures and documents through setting links.

Editing Operations. Two types of editing operations are involved in the USS:
node level operations and node content level operations. Editing operations such as the
creation, modification, or deletion of a document, of a semantic network, concept, schema,
and knowledge domain are node level operations. Node-content operations are operations
that involve the knowledge stored within the node itself.
contains text, then editing can be performed on the text itself.

For example, if a document
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In addition, every node contains a document and has operations that are common to
all nodes. Every node also has operations available that are specific to the type of
knowledge object. The common node editing operations are independent of the type of
node (type of knowledge object) involved:

1.

Node-based operations. These operations treat a node as a whole unit and
make no changes on the contents of the node and are as follows:
create_KNOWLEDGE-OBJECT_Node. This creates a node of the designated

type of knowledge object, deals with the structural issues such as name,
number of features and inserts it into the knowledge base.
copy_KNOWLEDGE-OBJECT_Node.

This operation creates a copy of an

identified node including type, deals with the structural issues such as name,
number of features and inserts the node into the knowledge base.
edicKNOWLEDGE-OBJECT_Node. If a named node has not already been

created, this operation initiates a create_KNOWLEDGE-OBJECT_N ode.
Otherwise, editing of node specifications is provided, such as changing the
name, the number of features, or links to other nodes.
remove_KNOWLEDGE-OBJECT_Node. This operation simply removes a

designated node from the knowledge base.
createNodeLink. This creates a node level link to a designated node. It will

create the designated node if it does not exist.
modifyNodeLink. This modifies a node level link to point to a designated node.
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copyNodeLink. This creates a copy of a node level link to a node.
deleteNodeLink. This deletes a node level link.

2. Node content-based operations. Text, graphics, audio, and video infonnation
can be inserted as the node contents. A node's contents are thus multimedia
infonnation. A node is ftrst represented as a document. Additional operations
are added based on the type of knowledge object involved.

Common

operations are at the document level and are:
create_KNOWLEDGE-OBJECf. A node of the designated type of knowledge
object is created by initiating a create_KNOWLEDGE-OBIECT_Node
operation and optionally initiates an edicKNOWLEDGE-OBJECT
operation.
copy_KNOWLEDGE-OBJECT.

A copy of a designated node is made by

initiating a create_KNOWLEDGE-OBJECT_Node operation and then
editing the copy's name through an edicKNOWLEDGE-OBJECT
operation.
edicKNOWLEDGE-OBJECT. If the knowledge object does not exist, this

operation initiates a create_KNOWLEDGE-OBJECf operation; otherwise, a
designated knowledge object is retrieved from storage, and is available for
editing at the document level.
delete_KNOWLEDGE-OBJECT. This initiates a remove_KNOWLEDGE-

OBJECT_Node operation.
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createLink. This creates an internal link to a designated node.

modi.fYLink. This modifies the characteristics of an internal link.
deleteLink. This removes an internallink.
copyLink. This creates a copy of an internal link.

4.2.3.

Organization of the Knowledge Base
An organized knowledge base provides the means for various access routes to the

information in the knowledge base and for development of cognitive structures. Figure 4.9
depicts the various types of organization that can exist in the knowledge base. There are
two issues related to the organization of the knowledge in the knowledge base. One is the
types of knowledge networks and the other is the relationships between units of knowledge
in the knowledge base. The knowledge networks, as Figure 4.9 indicates, can be linear,
matrix, hierarchical, network (web), or combinations of these.

The first issue is of a

structural nature and simply deals with the networks that are developed between nodes.
The knowledge is organized associatively in such a way that any piece of information can
be accessed (directly or indirectly) through any other piece of information.

Access of

information is achieved by starting at a knowledge node and following the links from one
node to another. The second issue deals with the relationships between the knowledge
objects. Through defined relationships, each object can be related to any other knowledge
object.
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Maw

Web

Combination of networks
Figure 4.9. Various types of knowledge networks can exist in the knowledge base:
linear, matrix, hierarchical, network (veb), or combinations of these.

In addition to the superclass/c1ass relationships, different types of knowledge
objects have special relations to other knowledge objects.
provide a context around a particular knowledge object.

The various relations serve to
Figure 4.10 displays the types

of relations that can exist between the knowledge objects. A document can be linked to
other knowledge objects.

A semantic network can be linked to subsets of its contents in
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addition to the other knowledge objects. A concept can be linked to a subconcept,
superconcept, a case(s), a schema, or a document(s).

For example, accessing the

concept "bird" can provide access to the superconcept "animal" or the subconcept "robin."
A schema is linked to a subschema, a superschema, a case, a concept, a document(s) and
instances.

Thus, accessing a schema provides a direct link to other schemas related to the

schema, or to cases related to the schema.
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Figure 4.10 The built in relations between knowledge object types
inc:luding class/ supe:n:lass.
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The knowledge networks are maintained by the USS at an implicit and explicit
level.

Implicit networks exist due to the linkages between the nodes and the USS does

not keep track of the network itself.

An explicit network, however, is maintained by the

USS and is accessed as a network. The USS is organized around libraries of each type of
knowledge object: document library, case library, semantic network library, concept
library, and schemata library. Each library is organized and indexed. In addition, links
are maintained knowledge objects in any of the libraries.

Knowledge Retrieval and Storage

4.2.4.

Information Retrieval. Retrieval of information from the knowledge base is
achieved through several mechanisms. The knowledge organization itself provides one
mechanism where information is retrieved by following the links between knowledge
objects.

Additionally, information can be retrieved through keyword(s) search, through

criteria definition, and through table lookUp.

Keyword search retrieves all information

that contains a word or set of words (boolean type).

The user is then obliged to sift

through the retrieved information to find the relevant or desired information.

Criteria

definition is similar to keyword search in that a word or sets of words are used to retrieve
information, however, only information that has been explicitly associated with the set of
words is retrieved. For example, a set of "environmental cues" can be provided that will
retrieve schemata or cases that match the set. The matching process itself can be defined
to provide several matching mechanisms.

Table lookup allows the retrieval of

information by examining a list of knowledge objects and then selecting the linked
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knowledge objects. Table lookup can be constrained to a certain category or categories of
knowledge objects or based on link types.

Information storage. Storage of information in the knowledge base is based on
providing the type of retrieval operations just described. As information is stored the
storage mechanisms make entries in the tables and indexes related to the type of knowledge
object being stored. There are two types of information used in the storage of knowledge
objects.

These are system derived and user provided information.

System derived

information is developed and used by the system to keep track of stored information in the
knowledge base. For example, when a schema is entered into the knowledge base, an
entry is made in the schemata index table.

User provided information is specific

information that is used to fill out the contents of knowledge objects.

For instance, the

user provides the number and names of key terms that makeup the components of the
schema.

4.2.5.

Knowledge Development Mechanisms
The issue of knowledge development is an important one as evidenced by the

discussion of cognitive structure research in Chapter Two in Sections 2.1 and 2.2.

The

knowledge base of the USS is not a static and fixed knowledge base. The knowledge base
grows and changes through support of the processes of accommodation, assimilation,
organization, and equilibration undertaken by the user. These operations are supported
through the basic mechanisms provided in the USS. An additional level of support for
knowledge development is also provided for the mechanisms described in Section 2.3.5
and include the mechanisms of discrimination, organization, instantiation, generalization,
specialization, aggregation, decomposition, inheritance, and union and intersection.

This
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section describes a basic set of knowledge development mechanisms in tenns of the USS.
The mechanisms provide for the creation and modification of knowledge base contents at
all levels of abstraction and organization. The mechanisms used in the development of
cognitive structures are:

1.

Classification (discrimination).

The first process in developing any

fonn of knowledge is the discrimination (identification) of a knowledge object
from all others. This involves providing the distinguishing infonnation that
distinguishes a knowledge object from the others. This operation can occur at
the individual node level or in tenns of cognitive structures by providing the
infonnation that distinguishes a class of knowledge objects. It is implemented
through the operations of:

createaClassoLKNOWLEDGE-OBJECT.

2. Organization. The organization of the knowledge base is one of the basic
knowledge development mechanisms and was discussed in section 4.2.4.

3. Instr.ntiation:

Instantiation can occur by making a copy of a cognitive

structure and filling in the parameters. For example, an instance of a schema is
developed and is filled in to reflect a particular occurrence of that schema.
Instantiation can also occur at the abstract level when a cognitive structure is
derived from a higher level cognitive structure, such as a market planning
schema is filled out from the general market planning schema.
implemented by:

It is
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createlnstanceo/-KnowledgeObject
for a particular instance of schema or

createlnstanceo/-KnowledgeObjeccClass
for a particular abstraction of a class of schema.

4.

Inheritance: When an instantiation is made of a cognitive structure, the
newly instantiated cognitive structure may inherit certain information from the
superordinate cognitive structure. Inheritance can be of attributes, of values
of attributes, of links, and of procedures that can determine or affect values
or processing that is related to a cognitive structure. It is implemented through
the operation:

createSubClassoLKNOWLEDGE-OBJECf.
S.

Generalization.

Generalization occurs when particular attributes of a

knowledge object are suppressed (replaced) with a broader, more general set of
distinguishing attributes. The resulting knowledge object class is more general
than the origir.al and is a superclass to the original knowledge object.

It is

implemented through the operation:

createSuperClassof_KNOWLEDGE-OBJECf.
6.

Specialization:

In specialization, details are emphasized in differentiating

between objects. In other words, additional distinguishing information is used
to provide a more specialized knowledge object class. The newly generated
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knowledge object is labeled a subclass to ule original knowledge object. It is
implemented through the operation:

createSubclasso!_KNOWLEDGE-OBJECf.

7. Aggregation.

In aggregation, details are suppressed concerning the

relationships between objects and groups of interrelated objects are treated as
single functional units.

BuildComposite_KNOWLEDGE-OBJECf.

8. Union and intersection.

Knowledge objects can be developed through

the union or the intersection of the attributes of two or more knowledge objects
and the resulting knowledge object is treated as a new class.
For union the operation is:
combine_KNOWLEDGE-OBJECf.

For intersection the operation is:
incommon_KNOWLEDGE-OBJECf.

9. Decomposition.

Decomposition is similar to specialization. However, in

decomposition, details are used to differentiate components within an object to
generate new objects. The result is that the parts of the original knowledge
object are treated as several different knowledge objects. The operations is:
split_KNOWLEDGE-OBJECf.
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10. Case development.

Case development occurs when a particular set of

experiential knowledge is stored and treated as a case. This includes the use
of categories and classifications of cases for effective use. The operation for
developing a case is:

createCaseoLKNOWLEDGE-OBJECT.

11. Adaptive knowledge development.

Palatino, et. al.

(1987) describe

mechanisms for adaptive knowledge development based on a flexible,
purpose-sensitive, situational representation of knowledge in which fragments
of a knowledge object can be assembled to fit a given context of application.
This involves several activities. First is the recombination of elements of the
representations. Next is the reordering of the importance of elements. The
decomposing and representing along many partially overlapping dimensions is
another activity. Fourth, it includes establishing many possible connections
across the fragments of the knowledge objects.

assemblyoLKNOWLEDGE-OBJECT.

Conditions for knowledge development.

Knowledge development

mechanisms can be triggered by certain conditions rPalatino, 1987].

As a result of a

triggering condition being set, a knowledge object is developed and integrated into the
knowledge base. In the case of the USS, the triggering conditions are detected by the user.
There are several triggering conditions described in Section 4.2.4.

One is when a

knowledge object becomes part of a larger conceptual framework. Next is when a
prototype forms around the central tendency of a set of instances which can shift based on
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the set of exemplars and when there is an extension of boundaries to include more
peripheral exemplars of certain categories. Another triggering condition is when changes
occur in the basic features used for categorization through experience, more abstraction of
the knowledge, or more content. A fifth triggering condition is when there are changes in
representation format and content, which involves a shift from exemplars to prototype
representation, from prototype to a defining set of features.

The various storage and

retrieval mechanisms of the USS enable the user to detect these conditions.

4.2.6. Navigation Through the Knowledge Space

The notion of navigation entails the notion of a knowledge space. The USS
provides support for active navigation within the knowledge space.

Since the system that

keeps track of the link sources and link destinations, navigation can be accomplished by
using the link mechanism to go from one node to another.

Navigation through the

knowledge space involves the operation of accessing information in a manner that can be
described as traversing a set of nodes by following the linkages between the nodes. The
navigation operations can be characterized as searching, browsing, discovery, scanning,
exploring, wandering, and creation and authoring [McAleese, 1989].

A searching operation involves having a specific goal in mind and performing
activities to find that particular item. Search operations are specifically provided by the
mechanisms of keyWord search or implicitly provided by the link following mechanism or
by accessing the index tables of the knowledge objects in the system.

Browsing involves

following a path (following a predefined set of links form node to node) until a goal is
achieved. Although browsing is purposeful, a goal is not determined beforehand, but is
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determined during the course of browsing. Discovery is purposive navigation to find new
relations, new patterns of information, or information that was unknown.

Scanning

involves covering a large area without going into anyone area in depth. The user focus is
on fast navigation through the knowledge space. Exploring involves finding out the extent
of various aspects of information provided, such as following a trail to the end. Wandering
is purposeless and unstructured navigation through the knowledge space.

The user

follows links based on a whim, interest, or curiosity. The operations dealing with
navigating through the knowledge space can be supported by providing the traversal of
the knowledge space through

keywords, query, filtering, or following paths of

relationships or using menus or other forms of indices.

Paths may be either hand coded

domain knowledge links or through a predefined cognitive structure. The extent of the
USS support is to enable these various types of navigation to be undertaken.

4.3. Summary

This chapter involved the presentation of the structural and function architecture for
the USS and of the system design for the understanding support provided by the USS.
The development of the USS design was based on addressing the key requirements for
information understanding support identified in Chapter Two.

The requirements were

based on providing support for key components of understanding:

use of prior

knowledge, mental knowledge representation, cognitive structure development and use,
experiential knowledge use, and the access and use of an abstract and factual knowledge
base through a high level user interface.

These requirements were the input into the

design process that resulted in the overall system architecture and design. The resulting
system architecture provided a structural organization and a functional organization of the
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USS. The structural organization was based on a layered approach to identify and provide
a clear definition of the system components at each level of system operation.

The

functional organization provided a further definition of the system at each layer of the
structure.

The functions identified at this level of the system were with respect to the

manipulation, organization, presentation, and access of knowledge structures.

The final

aspect of the system design involved addressing the operational requirements for
understanding support. This included knowledge organization, knowledge representation,
knowledge processing operations, knowledge development mechanisms, and navigation
through the knowledge base.
level support for the user.

All of these operations were directed at providing cognitive
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CHAPTER FIVE· USS IMPLEMENTATION

The development of the USS was undertaken as a "proof-of-concept." The concept
to prove was that providing access to an organization of knowledge, based on common
cognitive structures, can be used to support understanding.

Since the nature of such a

system has not been established, much of the developmental effort was of an exploratory
type. This chapter presents the prototype system that was implemented and discusses
particular aspects of the system.

Section 5.1 provides background information on the

software and hardware platforms that were used for system implementation. The next
section, Section 5.2, covers the knowledge representation schemes that were developed for
capturing the knowledge structures. In Section 5.3, the user-level operations are detailed.
Two modes of operation were introduced into the system.

One mode was labeled the

browsing mode and the other labeled authoring mode Each of these modes is discussed.
A discussion of implementation issues in Section 5.4 concludes the chapter.

5.1. Hardware and Software Platforms for the USS
In implementing a system solution, there are many possible options. In the case of

the development of the USS, one option that showed much promise was using the objectoriented approach toward system development and programming.

This particular form of
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system solution was attractive because it is based on representing real world objects in
terms of software objects, so that the mapping from the real world objects to system
constructs that represent the real world objects does not require much translation. In
addition, the key operational mechanisms, such as inheritance, specialization, and
generalization, of the object-oriented approach are in terms that can be used to provide
operational support for the cognitive development process as described in Section 2.3.5.
A systems implementation issue was the hardware platform to be used. Here, a hardware
system that facilitated development of object-oriented user interfaces and that provided a
well developed set of system software routines for interface development was used.

5.1.1.

Software Platform

HyperCard was the software used for the development of the USS. HyperCard
has some unique features that made it attractive for implementing a system solution such as
the USS. It is based on a simple form of object-oriented constructs, nodes and links. It
supports a messaging protocol that is common to object-oriented systems. HyperCard has
a limited set of objects that can be given their own methods.

However, through the

programming language provided, HyperTalk, additional objects can be defined with new
properties and methods. The set of objects provided in HyperCard can be easily utilized to
develop sophisticated user interfaces.

One of the key requirements of the operational system components underlying the
USS was the node and link knowledge representation scheme.

This was crucial for

developing the abstract cognitive structures. HyperCard is based on the node and link
framework, and applications developed using HyperCard are also based on the same
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framework.

Nodes are called cards in HyperCard and links are called links in

HyperCard.

In fact, during the development of the USS design, other HyperCard

applications were examined to provide a broader appreciation of the capabilities of the node
and link-type software system.

HyperCard nodes can be used to represent

text,

graphic, audio, or video information. Links can be made from inside a node or from a
node itself to any other node or part of a node.

Thus, HyperCard provides a lot of

flexibility for implementing an object-oriented system solution that requires node and link
network configurations.

HyperTalk, the programming language of HyperCard, provides a source of
additional programming expression.
constructs and operations.

HyperTalk provides a full range of programming

Perhaps the only limitation of HyperTalk is that few data

structures are provided, and it is up to the programmer to develop the necessary
mechanisms to create and manipulate the developed data structures.

As a result, some

additional programming is required that would not be necessary in a language with a fuller
set of data structures.

5.1.2.

Hardware Platform

Since the USS is targeted toward individuals, executives, who do not customarily
make extensive or even minimal use of computers, a system that helps minimize the
amount of user data entry was desired. The hardware system selected for the
implementation of the USS was the Apple Macintosh (Mac) computer system.
system was selected for several key reasons.

This

The Mac is icon-based and most user

operations are through direct manipulation of a mouse.

Direct manipulation minimizes
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the amount of data entry that is required on the part of the user. An icon-based system also
promotes less keyboarding activity, since the user can point and click to elicit computer
operations rather than having to enter a string of commands. The basic system required to
run the USS was an Apple Mac with 2 mb of memory and a 10 mb hard drive. Virtually
any Apple Mac computer in the product line is capable of running the USS.

5.2. Knowledge Representation Scheme

Based on the cognitive structures identified in Chapter Two, several knowledge
representation formats were developed for the USS: semantic networks, concepts,
schemata, and experiential knowledge. Each one captures and represents a particular
knowledge framework.
scheme.

All the formats are based on a node and link representation

Knowledge nodes in the USS can be one of four types: conceptual nets,

concepts, schemas, and experiential knowledge. A knowledge node can be a part of many
different knowledge networks.

Every node can be linked to many nodes.

Nodes may

"point to" it or it may "point to" other nodes. Through these types of linking relationships,
networks of linked nodes can be created. The direction and the pointer to another node is
contained in the link. Link information can be added, created, or modified by clicking on
the "Link Info" or an "Add Link" button. A button is a selected area of the display that
can cause some action to be taken when a cursor is moved into the area and the mouse is
clicked. In Figure 5.1, buttons are displayed that can be used to initiate user-level
operations upon the knowledge structures.

Thus, a node contains content information (called descriptions in the USS) and a
link is used to represent relationships or associations between various knowledge units
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(nodes). Every node is one of the knowledge types. From the node and link framework,
networks of related nodes can be developed. When the networks are explicitly defined,
they are called conceptual nets (semantic networks). Otherwise the networks are implicitly
defined in that the collection of nodes in the network are identified only through traversing
the network.
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Figure 5.1 Conceptual Net (Semantic Network) representation scheme displaying link
infonnation

Figure 5.1 depicts the screen fonnat that is presented to the user during authoringlevel operations for a Conceptual Net.

The following discussion regarding nodes and

links is common to all knowledge structures provided in the USS. Every node is provided
with an area for content-type of infonnation.

This is called the description field.

A

137
description field contains text infonnation that can be used to expand upon, provide
examples, provide factual infonnation, or any other relevant piece of infonnation that the
user deems appropriate. A description field is automatically created when a knowledge
node is created and can be modified during authoring mode operations. If it is not already
displayed on the screen, a description field is accessed by clicking on the "Description"
button.

The link infonnation that is provided, as depicted in this display, presents the link
name, the node being linked to, the type of node being linked to, the name of the semantic
network (if there is one) that the node is a part of, ane. the direction of the link, whether it
is forward (superordinate relationship) or reverse (subordinate relationship). Through the
link, the particular node shown in the "Link Name" field can be accessed.

5.2.1.

Conceptual Net Knowledge Scheme

The Conceptual Net knowledge scheme is used to represent a collection of units of
various knowledge types. The knowledge units can be a knowledge structure or basic
knowledge units. The scheme also captures the relationship between each knowledge unit
to the other knowledge units in the network. The collection or set of knowledge units are
made available when a Conceptual Net name is accessed. Each set of knowledge nodes is
thus named and accessed based on the name. For example, accessing the Conceptual Net
called "strategic planning" provides access to the set of knowledge nodes that are related to
the node "strategic planning." Once the network is accessed, the user can examine
individual parts of the network via the Conceptual Net linkages between the individual
nodes. Conceptual Net linkages are maintained by the system by including a Conceptual
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Net name with each link, called the "Net Name." The "Net Name" can either be "None," if
there is no network of reference, or it can be a unique Conceptual Net name that the node
is a part of. When there is a current Conceptual Net that is being referenced, for any
particular node only links that contain the net name of the Conceptual Net are displayed.
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Figure 5.2. Semantic Network representation scheme depicting the
collection of related knowledge nodes.

Additional information related specifically to a semantic network is depicted in
Figure 5.2.

Two particular aspects are depicted.

First, a list of all the nodes in the

semantic network is provided and is presented in a particular format. There is a list of
nodes that point to other nodes in the forward direction and are called the "Start Link"
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nodes. There is the corresponding list of the nodes that are pointed to by each "Start Link"
nodes and these are called "End Link" nodes. A third list contains defined relations
between each "Start Link" and an "End Link" node. By examining the lists, the user can
identify the network of related nodes and the specific relationships. This information, of
course, can be modified or additions made. The lists of nodes can be created in two ways.
One way is by actively constructing the network by visiting each knowledge node in the
desired order and then selecting the visited node to be a part of the network. The second
way is by simply entering the information in the list fields.

Figure 5.3 This display shows the to and from nodes of a selected node
called "creativity."

The remaining part of the display space is allocated to providing information about
which nodes are pointing to (From Nodes) any individual node in the network, which
nodes it is pointing to (To Nodes), and which nodes (called "Next Level Nodes") any "To
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Node" is pointing to (see Figure 5.3).

A node is selected for this type of display by

clicking on the "Show Nodes" button (not shown here) and then selecting the desired node
from the "Start Link" nodes. The name of the selected node is entered into the "Current
Node" field along with the type of node that it is, whether it a "Concept," "Conceptual
Net" (semantic network), "Schema," or a "Knowledge Node."

Thus, the knowledge

representation scheme depicts two aspects. One is the set of nodes that are part of the
semantic network and information about how any particular node is related to other nodes
in the semantic network. In the example in Figure 5.3, the current node is "creativity."
The node type is "Concept." The "From Nodes" pointing to it are "Art" and "problem."
The node "creativity" is pointing to is "evolution," which in turn points to "culture." The
other aspect is information about the links that the indi·..idual semantic network nodes have
to other nodes.

5.2.2.

Concept Knowledge Scheme

Two forms of concepts can be represented in the USS. One form is based on a
concept as being a collection of attributes with values.

The other form is based on a

concept as being a unit (a node) of text (a description).

Because of the nature of the

knowledge representation scheme used in the USS, both forms are easily accommodated.
Figure 5.4 depicts the knowledge representation scheme provided for concepts at the
authoring level. Like all nodes it contains the basic link information and description
information. Figure 5.5 depicts an example concept node with a fIlled-in description field
(content).

The concept attribute information is accessed by clicking on the attribute

button. Figure 5.5 also shows a display of the attribute/value information related to the
node.

Effective use of the attribute/value information is dependent on the particular
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knowledge that is represented. For instance, the attribute/value pairing could be used to
represent an acquisition candidate as a set of features such as business type, valuation,
amount of stock available, and so on. This may be more useful than a simple description
of an acquisition candidate.
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Figure 5.4 This display depicts the knowledge representation scheme for a concept
and shows the link information space

142

I

i

F"illl d DSS:

iiii

tonoept :N;un& StnbaElc P1i!1nn1n~ SkateEY

Itp

DNCriJ)t:l.otl.

I

I

Stt'IUIII8Y L. a lie h ama C6 S'CQ/I map 'Q\ 111: f. oil 8'VId.DpDd 10
achieV9 e. 8(11 ar eooJ. ar obfect1
Strale!!,.. 1. Q 'lQ[emant
r1if ~h.., t>rgDCi .a:iTD'C:ficln _ ,..j11 ~ ta a.~bi.,,,,,, gl.U:' ~Dl!dll an..a
l:Ibi ~.,... It CI'UII" IiiIvlll b 10 ~n:lW bv 3) ~ a. yaW' ftzr 'tb,., nlDlt
n ~ ~, -m1:b.aut u.11TertI!Isrv ta SEet 1!18TI!I, 1!1J1: II:tatIIImlll1t 111

w..

1\0 mDt'o 1hA1.n ~f\J:Il thfnkLns:. :n noDd, tel loa
Ln10 1I0~ :t$)~I:r.c dLrec1fon., iIU.ch IU:

~hOW eo n eel!

(""'Dd.',,]
o

i

I>~Dd

-down

iiiiiii~=

@)

fY
I
I
I
I
I
I

t!>

De'C1'j~t1Dtl

~

o

CBDdlfll NOdi)
Al~n>u,e.

Dl..U1.l< ImtI

.A.tt!'ltlu1» Ve1U1&B

AttTlbutoo
:&.~rl

L _ l ot &mI.Il
3~UC:1UL'e

LOl\g-1I!!"~ Dl'~n1l!:d

111 JIM _tub
K> re1Q[lwJ"'~

111
K>

Figure 5.5 A concept can have attributes with values associated with it.

Figure 5.6 is an example of the concept "strategic planning strategy" with a link to
a knowledge node called "examples of strategies."

In addition, the link name is also

called "examples of strategies." The naming of nodes and links is very user-dependent.
In addition, the USS can provide any number of links between any two nodes. So, two
nodes can be linked by a variety of links, all with different names. This provides the user
the ability to create and establish any configuration of nodes through labeling the links with
appropriate names that reflect the knowledge domain of the link (the context) in which the
node is participating.
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Figure 5.6 Concept node display with description and link information filled in.

5.2.3.

Schema Knowledge Scheme

The basic knowledge representation scheme for a schema is shown in Figure 5.7.
The format for a schema node contains link information (see Figure 5.8), description
information (see Figure 5.8), and schema-specific information known as schema slots and
values (see Figure 5.7).

In a sense, schema slots are similar to attributes; however,

schema slots are used to capture the relationships between segments of knowledge that
taken together comprise a framework. For example, a schema for a meeting could consist
of the steps that are undertaken in conducting a meeting or it could be the overall pattern of
what is relevant about meetings in general. Schemata are similar to templates in that slots
are placeholders for information that is to be provided. When slot values are provided,
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then a filled-in copy of the schema is created. This is called an instantiation of the schema.
In the USS, schema slots are accessed by clicking on the "Schema Slots" button.
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Figure 5.7 Basic schema representation scheme showing schema slots and values
and schema description fields.
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5.2.4.

Experiential Knowledge Scheme

The final type of knowledge representation scheme provided is called the
knowledge node.

This can be used to represent both the document and case type of

knowledge. A knowledge node is very basic. It simply contains a node contents field and
link information fields. Actually, that is all that is really required since a knowledge node

only needs to contain content information and link to other nodes. As in the other nodes,
the description field of the knowledge node is used for capturing the content information.
In Figure 5.9, an example knowledge node is displayed.

This particular node contains

case-like information that describes merger and acquisition activities of two companies.
Figure 5.10 is another view of the same node. Here, the entire list of all knowledge nodes
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is available for scanning.

A user can examine this list for other nodes that may be of

interest without having to leave the current node.
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Figure 5.10 A knowledge node with the knowledge node list.

5.3. User-level Operations
There are two basic user-level operations available in the USS. One is called the
browsing mode level and the other is called the authoring mode level. Initially, a user can
only operate at the browsing mode. To operate at a higher level, the authoring mode,
requires initiation on the part of the user, otherwise the system defaults to browsing level
operation.

Figure 5.11 is the screen display that is encountered at the higher level. At

this point, the user can actually select which mode of operation is desired. From this point
the user is directed toward two distinct modes of operation and two different interfaces.
The underlying system and data remain the same.
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Figure 5. 11 Screen display for selecting mode of operation.

5.3.1. Browsing Mode

The browsing mode of operation is considered to be a more passive type of
operation. Here it is anticipated that the user will only be interested in traversing
(following) the links between the various knowledge nodes. The user will thus be
examining the contents of each node and then following a particular link based on some
relationship. The interface for this mode of operation has been designed to be simpler in
presentation and in capabilities. One reason for a separate interface for browsing mode is
that the authoring level interface is more complex and involves more understanding and
interaction with the system. In light of the type of user that will be at the browsing mode,
a tutorial introduction is provided at this level. Figure 5.12 shows the initial screen display
that is encountered at the browsing level. It provides a short introduction to the operation
and cognitive structures underlying the USS. It introduces the four knowledge node types:
concept, conceptual net (semantic network), schema, and knowledge (as defined in the
USS).
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Along with providing a short introduction to the underlying cognitive structures of
the USS, the tutorial provides an introduction to the operational actions that can be taken
and provides an introduction into the nature of the USS. Figure 5.13 is an introductory
screen that depicts two key points. One is that the user needs to select a node by clicking
on it, and when this is done, a list of all the nodes that are related to that particular node are
displayed. The other point is that the network-like arrangement of the knowledge in the
USS knowledge based is introduced.

Select the Knowledge Domain

Art
Politics

problems
opportuni ties

o

( Help)
Figure 5.14 First screen encountered for access of the knowledge base.
Figure 5.14 depicts the first screen display that the user encounters after the tutorial.
This is the initial point of entry into the knowledge base operations provided at the
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browsing mode level. From this point the user selects one of several, in this case there are
three, networks available. As the screen shows, the node "Business" has been selected
and there are two links ("problems" and "opportunities") related to the "Business" node.
A link name shown here only indicates that there is at least one node related to the
"Business." Thus, it is possible for the "Business" node to be related through the link
"Problems" to several nodes. That is the case in this particular network.

Figure 5.15

shows the information screen that is displayed when the link "Problems" was selected.
Again selection is made by moving the mouse to the desired name and clicking it. Here,
the node "Business" is linked to four nodes named "planning," "management," "strategy,"
and "mergers and acquisition" by a link named "problems."

The display in Figure 5.15

presents the current node, "Business," the type of node, "Concept," the link name,
"problems," the list of nodes (in a field called Node Name) related to the "Business" node
through the link "problems," and a list of links, called the Link field, from the selected
related node, "planning," to other nodes.

Concept Information
Node

naJD.e

flusiness

Concop\

r--=,,'7-__Ioiiiiiio____-<lshO\rl 1; nks •
J(nawladga

( Ile.:::rlptlon J~'-S-h-ow-a-ll-c-o-n-c3 (NOde. VI.nell)

Figure 5.15 When a node is selected, like "planning," the set of links from it to other
nodes is displayed.
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The discussion that follows applies to all the knowledge types. Where there are
differences, they will be pointed out. Otherwise, the assumption is to be made that all node
operations are the same. As Figure 5.15 shows, the node "planning" was selected and all
links from "planning" to "Concept" type nodes are shown. At this level of operation, the
user can perform several actions in following a link. The user indicates the type of nodes
of interest, Concept, Schema, or Knowledge, by clicking on their respective buttons.
When the desired type of node is selected, in this case Concept, and the node name is
selected from the displayed list in the node name field, in this case "planning," only
Concept type nodes with links to the node, "planning," will be selected. If any nodes are
found to be linked to the selected node, the link name is shown in the Link field. As the
screen shows, in this case there are six such links. If the same link name is used between
different nodes, the link name is shown only once in the Link field. From this point, the
user can choose to examine Concept nodes related to "planning" by clicking on anyone of
the link names. If this action is taken, the next screen will show a list of all nodes that are
related to the selected node, "planning," and with the selected link name, "business
planning."

This is shown in Figure 5.16.
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Figure 5.16 A concept node display that presents the concept description.

Another operation that the user can perfonn is examining the description related to a
particular knowledge unit. In Figure 5.16 the concept description is shown. This was
brought about by selecting the desired node, "Strategic Planning," and clicking on a button
labeled "Description." The description field is displayed on top of the link field and the
Node Name field. However, the links can be seen again by hiding the description field,
accomplished by again clicking the "Description" button, and if the link field is not
displayed, then clicking on the "Show Links" button. Although the infonnation is not
shown here, clicking on the button labeled "Show All Concepts" shows the entire list of
concepts available in the knowledge base.

The display also shows a button labeled

"Nodes Visited." Clicking on this button lists all the nodes that were visited prior to
reaching this node.

154

Schema Information
Node name: Stra\e~c Planning
HodtJ t. yp~: Schema
UnttypG: sc[~~~~-S~b-~------------------------nn~~
S'el.Gc;bed name plmDiDB
Strategic Plan COf]t0J'8te ])I8nnLng

l
(

@)(

I:cntep11

'--.I

J

Schema. ) (.--S-hO-w-L-ln-t-II.....] (Sc:hBma ual uel) ( go to Node)
ICnllwled!je] DlIuripiion) ( tchama Ilotl) ,~ ~I

Figure 5.17 A schema node, as well all other nodes, can access a list of all nodes
visited prior to the current node.
Figure 5.17 is a display for a schema node. Here, the button "Nodes Visited" has
been selected and this resulted in a display of the list of the nodes that were visited prior to
the current node. An additional button, "Go to Node," is also displayed, and, if selected,
will go to the node that the user selects from the "Nodes Visited" list. The display of the
schema node information in Figure 5.17 shows other aspects related to the schema node.
One is schema slots and the other is schema slot values. Once a schema has been selected,
clicking on the "Schema slots" button will display the schema slots field related to that
node, and clicking on the "Schema values" button will display the schema slot values field
related to the schema slots field. Thus, in addition to the description, the list of related
nodes, nodes visited, and the links, the user can access the schema slots. In Figure 5.18,
the schema slots related to a schema named "Strategic planning" are displayed.

When a

particular schema is accessed by selecting it, all available information is gathered and made
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available to the user for examination. The schema slots in this case would serve to remind,
inform, or otherwise present to the user the aspects of a framework for strategic planning.
Here, they are in the form of questions that the user must address.
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Figure 5.18 Schema node displaying schema slots for the node-named "Strategic
Planning."
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Figure 5.20 A Knowledge node depicting an event, in this case, a merger.
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The last type of node available at the browsing mode level is the "Knowledge"
node. This type of node is very simple. As Figure 5.19 shows, it is like the other node
types and other than links contains no other constructs such as attributes or schema slots.
The purpose for this node is to capture factual or descriptive information. A wide range of
information can be the contents of a knowledge node. It could be a process description as
in Figure 5.19, or a description of an event as in Figure 5.20.

Figure 5.20 shows a

knowledge node that contains a description for a merger that occurred.

The user can

examine it and its links to other nodes. All related nodes can be accessed from anyone of
the knowledge structure nodes, and the ones related to those can also be accessed, and so
on. Thus, starting at a particular node is like being dropped in front of a door that opens up
different rooms of information, all of which may contain doors that open onto other
rooms.

5.3.2. Authoring Mode

In this mode, the user has complete control and access to the knowledge base.
Figure 5.21 shows the screen that is flrst encountered at the authoring level.

The user can

create, modify, or simply navigate throughout the knowledge base. As the display shows
the user selects the desired operation such as "Create," "Modify," or "Navigate," and then
selects the type of node such as "Knowledge Node," "Concept," "Semantic Network," or
"Schema," as the subject of that operation.

From thh: point, the user then gains access to

the individual nodes of the selected type. Much of the background for operating at the
authoring mode level was covered in Section 5.2 during the discussion of the knowledge
representation schemes. A few items remain to be added and those deal with capabilities
of the system for user knowledge structure development.
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Figure 5.21 Initial Authoring level display.

First, in any node the user can access a list of all the knowledge nodes of that
particular type. For example, in the schema knowledge node, the user can access all the
schema knowledge nodes and bring up the infonnation on any node by selecting the node
from a displayed list of nodes.

This infonnation is shown in Figure 5.8 and the

infonnation is activated by the button named "Show schema."

Second, in any node the

user can access the entire list of all knowledge types and names. Figure 5.4 displaying
concept node infonnation has two fields that provide this infonnation. One is a short field
simply listing the four knowledge types. The other field contains a list of all nodes of the
particular knowledge type selected from the first field. Thus, if knowledge type "Concept"
is selected, all the concept nodes will be displayed. Therefore, from any node any other
node can be reached, even if there is no explicit link, by selecting the node from the
displayed list. At any point the user can return to the initial menu provided at the authoring
level.

Developing the knowledge base at the authoring level requires much thought and

planning on the part of the user.

It also requires a commitment toward populating and
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developing the knowledge base. The selection of concepts, terms, links, and knowledge
structures developed depend on many factors. All of them are under the control of the
user. Therefore, the knowledge base that is developed requires some thought so that the
user can effectively use it. This issue will be taken up again in the final chapter of this
research.
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CHAPTER SIX - EVALUATION OF THE USS

After the system prototype implementation, the next step in the research agenda was
the system evaluation. This is crucial since the process of iterative systems development is
guided by a program of evaluation measures and procedures [Nunamaker, Chen and
Purdin, 1991]. The value of the evaluation process in systems development research was
discussed in Chapter Three.

The particular evaluation method used depends on the

research issues involved. In this research, there were several key evaluation issues. One
was the understanding that a user developed after using the USS. This was in terms of the
nature of the USS and the knowledge domain.

Another issue was the general usefulness

of the system including the adequacy and performance of the interface provided.
issue was the users's reactions to the knowledge structure framework.

A third

The final issue

was general comments regarding extensions about or modifications to the system.

Addressing each of these issues thoroughly is a major undertaking. Since the
research was of an exploratory nature, the evaluation approach needed to accommodate
that research approach. Basically, the evaluation approach used in this research was to
observe the system in use by a limited number of users. This began to address each of
these issues as well as establish directions for future research. The chapter begins with a
general discussion of the methodology for evaluating systems. Then the evaluation process
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that was conducted is described. The research results are discussed next. The chapter
concludes with a summary of the key insights gained from the system observation.

6.1. Evaluation Methodology
Designing systems to fit the end user can be a difficult process [Anderson &
Reitman Olson, 1987]. Designing a system to fit end users on a cognitive basis is, of
course, even more difficult. The nature of this research was to develop a framework for
the development of a system for supporting user understanding of computer represented
information. The first step in this process was the development of a prototype following
software engineering and human-computer interface guidelines. After a prototype was
built, the next step was to examine the system at the hands of actual users. If the USS is
classified as a type of human-computer system, a software system such as the USS can be
evaluated through different methodologies.

Anderson & Reitman Olson (1987) point out that selecting the appropriate
methodology depends on several factors. Evaluation:>f systems in the hands of users can
vary greatly in how well controlled the evaluation designs are and how representative the
tested users are of the targeted, final population of users. Moreover, the tasks carried out
by users can range from the normal, frequent tasks that typical users will perform to tasks
that are infrequent or difficult. Evaluations also can differ in what kinds of data are taken
from the user: times and errors, thinking aloud protocols, or attitudes.

Baecker and

Buxton (1987) present possible research approaches in the general context of human
factors research in terms of four continuous dimensions:
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1. Naturalistic observation versus true experiments. The observation
approach involves examining an ongoing process over time and the
experiment approach enables the examination of relationships through
the manipulation of one or more independent variables directly and by
observing the effect on one or more dependant variables. The
observation approach has an advantage in that there are no preconceived
notions of what is being sought and this can lead to insights that can
later be pursued through experiments.

2. Field research versus laboratory research. Field research has the
advantage that the subject can behave in a natural and ecologically valid
manner. Laboratory research, on the other hand, provides more control
over environmental factors.
3. Scientist as participant versus scientist as observer. The scientist can be
a part of the study or can function as a "passive" recorder of data.
4. Few or many subjects. This can range from the detailed study of one
individual to experiments on hundreds of subjects.

The combinations of these dimensions provide a space of research approaches.

The

particular research approach adopted depends on the research objectives and on the
perceived advantages and disadvantages of each approach.

Anderson and Reitman Olson (1987) present what they describe as some of the
more useful approaches for observing and evaluating user interfaces and for examining the
quality of the human-computer interaction. These are:
1. Gathering reports and evaluations from users of real systems. This
method employs naturalistic observations, is conducted in the field with
scientists acting as observers, and requires many subjects. User
surveys are typically used for eliciting reports and evaluations of real
systems in the field.
2. Detailed observations of users working with a system. Here the
researcher examines user and system interactions in detail under
idealized condItions. This method employs the naturalistic observation
method and is aided by computer recording of computer interactions,
audio taping, and video taping. The scientists are the primary observers
and may even be subjects themselves. Observations are carried out in
the laboratory. Even if done with only a few subjects, they are
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considered valuable. Examples of this type of technique are "think
aloud" and "protocol analysis" methods.
3. Fields tests on users working with real systems. This method involves
observations on real systems in complex use. Again the scientists are
the observers and utilize naturalistic observation methods. This method
typically requires an intermediate number of subjects.
4. "Quasi-experimental" designs. This method of evaluation is used to
study a system as it evolves over time. Again, the scientist acts as the
observer. The method uses an intermediate number of subjects, and is
carried out in the field.
5. Controlled experiments. Controlled experiments are conducted in the
laboratory with the scientists acting as the observers and involves the
use of many subjects. Experimental design and statistical evaluations
are complex subjects and there is a difficulty in achieving meaningful
empirical evaluations, even with accepted designs and proper statistical
procedures (Sheil, 1981).

Different approaches are more useful at different points in system evaluations
[Anderson & Reitman Olson, 1988; Nunamaker, Chell, & Purdin, 1991]. An example of
this is provided by Bewley, Roberts, Schroit, and Verplanck (1987) in the discussion of
the testing of the Xerox Star system.

The testing of the Xerox Star system was

accomplished by:
1. The general user interface was prototyped in an environment where it
was easy to m.:xlify. The system provided the user interface support,
but not all the underlying structure necessary for a robust system. The
prototype provided a "feel" for what was being proposed.
2. When a prototype could no longer adequately address questions arising
in the design, other forms of analysis were used. These included
studying user actions and the amount of time required to perform large
office tasks. One objective was to identify bottlenecks and annoyances
users encountered in performing the tasks.
3. When the analysis or the informal use of prototypes was insufficient to
validate or invalidate proposed designs, formal human-factors
experiments were conducted.
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Here, the graphics software part of the Star interface was evaluated through an
experiment that used three subjects. The researchers state that this was because they were
looking for qualitative behavior, rather than statistical significance in the tests. During the
test, the evaluators recorded times and critical incidents in the use of the system.

They

used formal and careful procedures when the topic of the experiment could be well defined
and experiments could be kept short. As the questions to be addressed became less welldefined, the experiments took on the flavor of "fishing expeditions" to see what came up
[Bewley, Roberts, Schroit, and Verplanck, 1987]. There was an emphasis on qualitative
experiments because controlled experiments typically require large amounts of training and
can be costly.

The set of system evaluations used was flexible enough to enable the

researchers to observe why they were getting particular results.

Verbal protocols

techniques were used in the tests through formal and informal interviews that followed all
tests [Bewley, Roberts, Schroit, and Verplanck, 1987].

6.2. System Evaluation Process
Given the research approach of the Star researchers [Bewley, Roberts, Schroit, and
Verplanck, 1987] and those outlined by Anderson and Reitman Olson (1987), the system
evaluation process adopted for the USS research involved observation of a small number of
users operating the USS. Since the research was of an exploratory nature, the flexibility
of this approach provided a better "feel" for the system and its operation and its use. The
setting was structured to control the extent of system use by directing the activities that
were carried out during system use.

The method in evaluating use of the USS was fairly

straightforward. A user was introduced to the system. The user was then observed using
the system, and then a discussion was conducted for further user input.
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6.2.1.

User Introduction to the System

Each user was contacted regarding using the USS for evaluation purposes. A brief
verbal description of the system was provided.

TIle description is as follows: "The

system you will be working with provides access to a body of knowledge based on
particular forms of knowledge organization. You will be familiarized with the forms and
the system before you begin using it.

After that, you will be asked to examine the

knowledge base at your discretion and interest."

Before the user used the system, another a brief, verbal introduction was provided.
The basics in the use of a mouse (input device) and system operations were demonstrated.
The user was encouraged to think-aloud and their comments were recorded. USS use
began with the user being presented a tutorial introduction that provided a description and
illustrative example for each of the knowledge structures. The tutorial also covered use of
the system for examining knowledge base.
indefinitely.

The entire tutorial could be repeated

After the introduction, the user began examining the knowledge base.

During this time, the researcher observed system use and provided help and guidance when
necessary.

6.2.2.

User Interaction with the USS

The user was encouraged to ask questions at any point in time regarding the system
or its use. The purpose of this was to prevent users from being stymied due to an
inadequate understanding of system operations. At the beginning of USS use, additional
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operations were demonstrated. Not all operations were demonstrated in the tutorial. This
was done to encourage exploration. Since the think-aloud process did not capture all the
user's interactions with the USS, the observer recorded user actions. The user was
encouraged to explore the USS in any fashion they desired.

Occasionally, when their actions clearly indicated misunderstanding of the system
functions, they were verbally redirected by the observer. In addition, the observer
occasionally interrupted to elicit specific user input. This happened in particular when the
user would attempt something and would get no result~. The observer then interrupted the
user to find out what they were trying to accomplish. In many cases, what they were
trying to do was beyond the system's capabilities. However, this bit of information
provided insight into what capabilities could be added to the system to enhance its
usefulness. User activity continued in this fashion for an hour. After an hour, the user
was interrupted. A discussion regarding the USS and its use was then conducted.

6.2.3.

Subjects

Four subjects were involved in evaluation of the use of the USS. One of the
subjects was the researcher. The researcher is included in the system evaluation because
many of the insights into the USS capabilities and limitations came about during the
researcher's use of the USS. The researcher also had the distinct role of being both author
of the knowledge base and browser of the knowledge base.

The other three subjects were

selected to represent a variety of backgrounds in tenns of experience with the knowledge
domain and experience with a node and link system. Each of these subjects provided a
profile that was a combination of various backgrounds.
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One background variable was the level of domain expertise.
familiarity with the knowledge structure framework.

Another was

A third was the level of prior

experience with organizing knowledge based on node and link representations.

One

subject was an instructor who had successfully built many HyperCard applications of
tutorial-level knowledge in different knowledge domains. This subject was not familiar
with the knowledge domain, management and strategic planning, or with the types of
knowledge structures of the USS.

A second subject, a researcher, developed a node and

link knowledge representation system for mental models of planning. This subject was
familiar with the knowledge domain of strategic planning and had extensive experience
with the node and link methodology and with the knowledge structures provided in the
USS. The third subject was an executive whose adrr.jnistrative duties included strategic
planning. This subject was conversant with the knowledge domain. This subject was not
familiar with the node and link knowledge representation methodology nor with the
knowledge structure framework.

All three subjects were familiar with the use of the

Apple Macintosh computer systems.

6.2.4.

Researcher Observation

During USS use, the researcher observed several aspects of USS use. One aspect
was how long it took a user to effectively use the system. This was to assess both the
effectiveness of the tutorial and the ease of use of the USS interface. Another aspect was
how the users browsed through the knowledge base. This dealt with what strategies they
followed in exploring the knowledge base. A final aspect dealt with operational issues and
included the operations of the system that were used, the operations that were attempted,
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and understanding more about what operations added to the USS usefulness.

The

observations addressed the issue of system functionality and usefulness.

6.2.5.

Discussion Session

The discussion and interview lasted from thirty to sixty minutes. The purpose of
this section of the evaluation was to address several, specific research questions and to
discover any key issues related to the use of the USS.

There were two aspects to the

discussion session. One followed a structured format by addressing a series of questions.
The other aspect was an open-ended discussion intended to provide additional information
about use of the USS or about the user's reactions to the system use.

The structured interview questions are presented in Appendix A. The questions
covered six general areas regarding the USS. One area was the understanding of the USS.
This dealt with understanding both the nature and the purpose of the USS. Another area
was the adequacy of the interface provided. This included whether the operations provided
were sufficient, whether they were easy to execute, c.nd if any operations were lacking.
These questions dealt with the nature of the interface and the conceptual framework that
was embodied in the USS.

A third area addressed how much the users understood about

the knowledge domain. This included whether they developed a new and a better
understanding of the knowledge domain. A fourth area dealt was the general usefulness of
the system. This was to assess whether the users found it worth their time to use the
system, whether they found it of practical application in their work, and whether they
would want to use it.

Another area was the users's reactions to the knowledge structure

framework and how they found it to use. This provided information about what barriers
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the knowledge structure framework introduced. The final area dealt with users's general
comments about the system.

The open-ended discussion focused on ease of USS use, operations that were
desired but not provided, applicability of the USS for their own projects or activities, and
their perceived value of the USS for understanding information.

The open-ended

discussion was directed toward eliciting addition information about the general format that
was used to present information and about any user functional interface requirements for
the USS to support user understanding. The discussion also included the nature of the
interface, the knowledge base, and the organization of the knowledge base.

6.3. System Use Results
The observations made during use of the USS and the structured interview and
discussion conducted after use of the USS provided information regarding the USS in
terms of its performance and the knowledge representation framework used.

6.3.1. Observation Studies

The observations provided particular information about USS use. One aspect dealt
with how soon the users began actual system use. All the users quickly jumped to the use
of the system and took very little time going through the tutorial. When asked about this in
the open-ended discussion period, they stated that they felt comfortable with the system
very quickly. Another aspect dealt with the strategy that the users followed in exploring
the knowledge base.
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6.3.1.1

Using the System

Roughly twenty to thirty minutes were spent by the users in exploring how the

USS functioned and what was available. The users were able to maneuver around the
knowledge base easily once they were familiar with the basic system operations. Although
each user started out by conscientiously going through the tutorial, at some point they
abandoned the tutorial or went quickly through it. They immediately started clicking on
the buttons or skipping examples. They later indicated that they felt they understood it and
felt they were capable of using the system.

Thus, they jumped into system use fairly

quickly. Invariably, they all stopped their browsing activity because they either did not
understand the differences between the various knowledge types or because they did
understand the relationships between the knowledge types. At this point, they would either
return to the tutorial or comment that they did not understand when the tutorial failed to
provide any additional information.

6.3.1.2

Navigation Strategy

All the users employed a strategy in examining the knowledge base. They were
methodical about their approaches. Their approach, called a browsing approach, was
either a depth-flrst or a breadth-flrst. The users went as far as they could along one path
until they either reached a dead-end in terms of new knowledge nodes or found that the
path only led to previous paths. The desire to be methodical about the approach was so
strong that one user went back to the beginning of the path and starting writing everything
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down including the relationships between the knowledge nodes and then followed the same
path as before.

6.3.2. Discussion and Interview

Several issues emerged from the discussion and interview. One set of issues was
what the users understood about the organization of the knowledge base. This included
that there was an organization underlying the knowledge base, that there were different
kinds of knowledge organizations, and that the users viewed the knowledge structured in
terms of different levels.

A second set of issues was what they understood about the

system and its purpose, how it operated, and what operations were available.
of issues was how they maneuvered around the knowledge base.

A third set

Another was the

effectiveness of the interface and what interface capabilities the users desired.

A fifth

issue was the usefulness and value of the system to the user. The final issue was
recommendations and suggestions that the users made regarding the overall system
interface and capabilities.

6.3.2.1. Understanding of the System

In general, the users felt they understood how the system was operated and what
operations were available. They described the system in terms of operations that they could
perform or information that they could access. As they described it, they could jump to a
particular node, they could explore a link, or they could follow a particular path.

They

had no problem with how the system functioned or how to get things accomplished in the
system. They understood it to be composed of a knowledge base, a set of operations on
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the knowledge base that contained different types of knowledge, different types of
knowledge organization, and different relationships between the knowledge units.

6.3.2.2. Understanding of Knowledge Organization

The users understood that the knowledge was organized in some fashion.

They

understood that the knowledge was associated on a node and link basis. Part of their
activity was in trying to understand what was contained in the knowledge base and how it
was networked together.

One user commented that he established a path through the

linked knowledge nodes and then used that path to discover other paths. The organization
was described as being like an on-line dictionary with multiple dimensions, which could be
used to examine different relationships among the knowledge nodes. The knowledge base
was described as being like an encyclopaedia where retrieval

was provided based on

connections between the knowledge units. The users understood that the knowledge base
was organized in a web-like arrangements that included different levels of knowledge.
They described knowledge in terms of levels such as going deeper into a topic or two units
of knowledge not being at the same level such as one more general than another or one
being a subset of another.

Although it was not provided, the users wanted to know what

the overall network of knowledge was.

All the users mentioned levels of knowledge organization. In addition, one user
brought up the point that the same name was and could be used for naming different
knowledge units that were at different levels and that were of different types of knowledge.
For instance, management could be a schema, a concept, or a semantic network. It could
also be a knowledge node that provided an example of management.

To compound things
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even further, one user brought up the problem where multiple ideas could use the same
concept name. In general, they thought that the use of semantic networks could help deal
with the problem of providing a context for knowledge nodes. Thus, any given node
could be part of different knowledge networks, which represented different contexts for the
knowledge node.

One user stated that at fIrst he didn't understand that not all lists of

knowledge were on the same level. In fact, the user said that it was irritating to get
information at different levels in that same display and that he felt it was similar to "getting
six and eight penny nails" when you wanted only one kind of nails. They wanted a better
way of accessing relationships between nodes and wanted to see hierarchical levels of
access.

The users wondered if there were better organizations of knowledge or

frameworks for relating the knowledge units.

6.3.2.3. User Interface

In terms of system performance, users complained about the system being slow and
having to wait a long time. In terms of operations, the users felt that they understood all
the operations available and how to use them. This WF.S in terms of navigating through the
knowledge base, examining the contents of a knowledge node, and examining link
information.

In addition to the operations provided, the users also wanted to be able to

perform such activities as fIlling out a strategic planning schema and actually doing the
associated analysis. A key issue that came up was related to what was presented in the
system interface. Users wanted a visual road map that could be used for navigation and for
understanding how the knowledge was related in the knowledge base. They wanted to see
the structure of information since they didn't know how they would use it. Without this
type of information, the users commented that they felt lost in where to go next, where they
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wanted to go, or that they reached dead ends and then didn't want to retrace their steps.
Without some kind of information like this, the users stated that they had trouble
remembering where they had been and what information was contained in nodes they had
previously examined.

In addition to the visual map, the users wanted to be able to take anyone of the
information windows and blow it up until it occupied the whole screen.

Some of the

knowledge nodes contained a lot of text and they wanted it to be easier to read and process.
The links at times provided a source of confusion. From the information provided in the
list of links, the users didn't know if the link name indicated whether there was one or
more than one link. They wanted to see more information about the links so that they could
know which were multiple links. They also didn't want to select a link, go to a node, and
then have to go back because it was not one they wanted. They wanted to see all nodes
related to the selected node for each link selected. The links were also confusing since
there were links with the same exact name to different knowledge nodes.

The use of

inverse to indicate reverse links was not easily accepted.

One user described wanting a sense of what's going on through reinforcement
information that let him know where he was and any particular action he might be able to
take.

The users described the exploration being like a blind find. They wanted some

measure of accomplishment and direction. In addition to knowing their location in the
knowledge base, they wanted to know what they could do with the information they had
and what was available.
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6.3.2.4. Usefulness and Value of the System

All the users stated that the introduction to the USS was worth their time and
appreciated the introduction. In fact, they all made suggestions about improving the system
to make it more effective to use. They all stated that they would use it in their work if it
was available and had a real knowledge base. They also stated that they could see
application of the system in their work.

6.3.2.5. User Recommendations and Suggestions

Users wanted browsing support, but they also wanted to actually fill out knowledge
structures such as schemas. For example, all three of the subjects attempted to examine the
strategic planning schema and use it to perform strategic planning. Since the prototype
USS was constrained to the exploration of the knowledge structured knowledge base, this
was not possible.

In terms of information, the users wanted to be able to see the knowledge
organization. The users wanted to see their location in the knowledge organization, where
they had been, and what they could access.

In addition to being able to see it visually,

they wanted to be able to move about on the knowledge organization by selecting a
knowledge node from the visual map.

They wanted to be able to identify major nodes to

either go back to them or to find other related knowledge nodes. They wanted to know the
underlying knowledge organization for a particular set of knowledge nodes.

One user

wanted to see more explicit levels of organization to be able to move around better.
Without the visual map, users wanted more information when they examined node links.
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Underlying all this, the users wanted to quickly jump around the knowledge organization.
Additionally, when they got to, what they described as, dead ends in the path, they
wanted to take quick action and not have to retrace their steps.

The users suggested that the differences between concepts, schemas, semantic
networks, and knowledge units needed to be made more distinct.

They stated that at times

they had trouble keeping the differences straight. They didn't know if it was because of the
newness of the system and in time they would do better or if it could be addressed better.
They also suggested that the more commonly used knowledge units be available in a list.
One user suggested developing another framework for involving user interaction and
presentation of information, something along the lines of subject, verb, and object
presentation of information or even the use of templates.

One of the key, desired features was more active involvement with the system. For
example, they wanted to be able to create different schemas. In addition, the users wanted
the individual slots of the schemas to be linked to other knowledge nodes. In this
implementation of the USS, both of these features were not provided. This was considered
a lower level of networking of knowledge node3 and was left for a subsequent
implementation of the USS.

One user described the USS as being some kind of EIS or DSS with multiple
layers and suggested it could be used at different levels of operation such as a fIxed, query
system, such as an update system where changes could come from aggregated data or
downloaded data, or for operational decision making. They stated that they got interested
and fascinated with the USS. They described the system as engaging and suggested using
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it for self-guided program instruction and self-directed learning. One user stated that the
USS was like a springboard tool that could be used to put together a total picture of
information, used to focus on aspects for a more meaningful picture of the situation, or
used for exploration of a situation.

6.3.3. Populating the Knowledge Base

One major issue that resulted from the researcher's use of the system was that of
populating the knowledge base. The physical act of populating the knowledge base was
time consuming, even for a small knowledge base that contained two hundred knowledge
units. This included making links between the knowledge units and setting up different
types of knowledge. The labels used for the links required thought. The authoring of the
knowledge base required thought in terms of the overall design of the knowledge base
structure.

One important problem to resolve with populating the knowledge base is to

determine on what basis to organize the knowledge base. This includes determining key
links and different levels of links and knowledge nodes. The first knowledge base was
based on the researcher's own interests. Subsequent knowledge bases will have to reflect
an active user population.

6.4. Summary
The observations conducted during use of the VSS and the structured interview and
discussion conducted after use of the USS provided information in terms of performance
and framework. Several aspects regarding use of the USS were identified. One aspect
dealt with the user's perception of the USS and how it functioned. The users were able to
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maneuver around the knowledge base easily once they were familiar with the basic system
operations. Another aspect dealt with the operations that the users wanted to perform on
the knowledge structures. The users wanted the browsing operational support. However,
they also wanted the support for actually filling out knowledge structures such as schemas.
In addition, the users wanted the individual slots of the schemas to be linked to other
knowledge nodes. The third aspect dealt with what kind of interface the users wanted.
Another aspect dealt with how long it took to learn the system and then when it was
learned, whether it was easy to use.

Another aspect of the use of the system dealt with the issue of how much would
the system be used and to understand more about the barriers that could inhibit use of the
USS. One barrier to effective system use was the amount of useful knowledge that was
contained in the knowledge base. Another barrier was the effectiveness of the operations
provided.

A third barrier was the usefulness of the system in supporting knowledge

understanding activities.

Finally, the evaluation peformed was based on a wholistic approach in order to
begin to understand how the system was used and how it functioned. The first step in the
system evaluation was to see what actually happened with the system.

It was not a

specific evaluation of the process of understanding. The next step will be to see how the
system provides support for the processes of assimilation, accommodation, organization,
and equilibration. This may be accomplished by first capturing an expert's knowledge
structure for a subset of a knowledge and then representing it the knowledge based.
Users will then be given a task that will require them to use the USS.

Their respective
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knowledge structures will then be identified and compared against the expert's. This will
provide a measure of understanding for further system evaluation.
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CHAPTER SEVEN - CONTRIBUTIONS AND CONCLUSIONS

The development of the USS and its evaluation was based on the knowledge
structure framework.

The essence of the USS is not the interface that was provided nor

the knowledge base that is accessed, though these components are important. The essence
is the knowledge structure framework that is used to organize and provide views of the
knowledge base. Without this framework, the USS support cannot take on the intended
role of truly supporting understanding.

Understanding of information, as has been

described in Chapter Two, comes from the use of prior knowledge to, in some sense, put
an organization around a knowledge set. The prior knowledge serves to provide a basic
framework that serves as the scaffolding, the ideational scaffolding, upon which the rest of
the organization is built.

Knowledge structures are the key to the entire process in that the

knowledge structures not only provide an organization to knowledge, but also provide
access to knowledge through different avenues, all based on the fact that the various
knowledge units are related.

Chapter Seven is a discussion of the contributions,

implications, and conclusions that can be drawn about the research conducted and of the
scope and direction of future studies that need to be conducted.
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7.1. Contributions
This research was begun on the premise that providing computer-based support for
the task of the understanding of information was possible and desirable. A large portion
of the research work undertaken was devoted toward developing a conceptual framework
as the basis for that computer-based support. A prototype system, the USS, was
developed and implemented to provide a platform for this conceptual framework. The
framework focused on providing support for key processes involved in understanding and
on organizing a knowledge base based on knowledge structures.

The knowledge

structures that were used for representation of knowledge were derived from knowledge
structures that people use to organize and access knowledge.

A major contribution of the research is the development of a framework for providing
computer system support for the understanding process. This was specifically in terms of
processes and components. Given that people use knowledge structures to maintain their
knowledge of the world [Rumelhart & Ortony, 1977], this research contributed toward the
development of knowledge-based systems for use in capturing and representing user
knowledge with greater fidelity. The knowledge represented as networks is in a form that
is closer to the organizational structures that people use. The system supported the process
of understanding by providing support for the development and use of four key knowledge
structures involved in understanding: concepts, semantic networks, schemata, and cases.
In addition, the processes of knowledge access, coding, and storage were supported by the
framework.

The research also resulted in the instantiation of a computer-based

representation of knowledge structures.

The framework was used for developing

182
representing knowledge in the form of knowledge structures for a subset of a knowledge
domain, strategic management

Executives and high-level managers constantly have to make sense of information that
they encounter [Wurrnan, 1989]. Yet specific computer support for such activities has not
been sufficiently developed [Wurrnan, 1989]. This research contributed by providing a
framework for supporting specific executive cognitive processes that require information
understanding. This framework is used before such activities as decision making and
planning are undertaken by the executive. The framework provides a reference for
identifying and unifying the various cognitive strictures that executives develop in
identifying a situation or resolving a situation. This is accomplished by enabling the
executive to examine and organize his or her knowledge as a knowledge domain that can
encompass various processes and knowledge components.

Another contribution of this research was in the area of hypermedia systems. The
USS provides an organizational scheme that allows for individual knowledge components
to be linked in different knowledge organizations and that can be accessed based on
context. In the USS, various knowledge configurations, networks, can be stored and
accessed as units.

Thus, the same set of knowledge components can be arranged and

accessed in different ways, none of which interfere with each other. The research also
contributed to the development of knowledge base systems by providing a conceptual
framework for mechanisms to access individual knowledge networks in a knowledge
base.
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Finally, the approach taken here focused on knowledge and not on data, and on the
understanding of information or knowledge. One of the most important aspects of this was
the use of the knowledge structure form of knowledge organization. The knowledge
structure mechanism enabled the focus of the USS to be on knowledge and the support of
knowledge representation rather than on data and support of data organization. The
knowledge structures identified provided a form of knowledge representation that can be
used to extend the capabilities of knowledge base systems.

7.2. Research Implications
Several implications can be drawn from the research. First, from the preliminary
evaluation, it is evident that human-computer systems can be developed to complement or
supplement cognitive activities. Here, it is the support of understanding of information
arranged based on cognitive structures. Second, further research is needed in the area of
information storage and retrieval technologies to extend the performance of knowledge base
systems in the direction taken in this research.

These technologies need to support a

conceptual view of knowledge and to provide, what can be termed, a mental map, a map
of the organization of knowledge in a particular knowledge domain. This system was
based on the use of a hypertext system. The results of the use of the hypertext system,
HyperCard, being representative of other hypertext systems, showed that further research
is needed in the basic support that is provided in hypertext systems.

The limitations of

HyperCard caused extra programming and also resulted in slow system operation.

Although the USS type of system is still in the developmental stage, it is not too
early to begin to characterize what capabilities are needed in such a system.

One is a
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visual map that can be used to examine the network of related knowledge nodes and that
can be used to access nodes and move about in the network. Another is the ability to build
links between nodes and between a node segment and a node. A portion of the research
work was based on addressing deficiencies of the HyperCard, hypertext system. The final
implication that can be made is that a system of the USS type has processing impact. To
facilitate the processing of the knowledge structures and deal with such things as context
sensitive access of knowledge,

new software and hardware platforms need to be

developed. The purpose of these platforms is to provide mechanisms for the creation of
interfaces that can accommodate user needs and at the same time deal with knowledge and
knowledge structures in a knowledge base.

7.3. Conclusions

Several conclusions can be drawn from the research. Some relate to the nature of
the process being supported, some relate to the intended user of such a system, and some
to the nature of the system provided. First, understanding information is a complex
process. To truly support understanding requires much investigation into such things as
the nature of the knowledge structures used, into the usefulness of different knowledge
structures at different points in time, and into the process by which retrieved knowledge
structures are matched against the current situation.

Additionally, different ways of

organizing information need to be provided. This would allow the user to examine the
situation from different perspectives or emphasize different parts of the situation. The end
result is that the user could superimpose on a situation different overlays that could be used
to direct the search for more information, to provide a framework around a current
information set, or to eliminate some piece or pieces of information.

Along these lines,
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another issue that requires some consideration is the organization of the knowledge base.
The manner in which the knowledge in the knowledge base is organized can affect what is
retrieved and what inferences and associations are made by the user. Thus, some forms
of organizations in the knowledge base may be more effective than others. Addressing
this issue requires the examination of generic knowledge organizations or organizations that
can be self-adjusting. The remainder of this section presents other issues in more detail.

7.3.1.

USS Research Limitations

The USS research was based on the development of a system for the representation
and access of stored information based on knowledge structures.

Issues of interface and

knowledge base design were not addressed in developing the system. The interface was
developed to provide a basic set of operations to access information. The knowledge base
organization was not examined in the research. This area of research was left for another
time. The extent of the USS dealt with displaying the knowledge structured information
and in storing and retrieving in a knowledge base.
outside of the USS.

The user interface tools used were

The system was comprised of a structured knowledge base, a

representation subsystem, and an interface.

The evaluation of the USS was limited in several aspects.

One aspect was that

there was a small number of users that tried the system. Future research will examine the
system in the hands of a larger number of users.

Another aspect is that the depth and

breadth of the knowledge domain, strategic management, appeared limited.

In this

research, the knowledge domain was limited to several hundred knowledge units. This
did not seem like very much when the users browsed through the knowledge base.

A
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third limitation was that the initial users of the system were not the targeted users,
executives. Thus, the system may serve the needs of the particular users in the evaluation,
but may fall short when trying to meet the needs of the executives.

Another limitation

was simply the amount of time available for observing the system in operation.

This

evaluation of this type of system can benefit from long range examination of the system
where there is a gradual development and use of the knowledge base.

One major limitation was that the system provided no graphical representation of the
organization of part or all of the knowledge base. Of course, operational support was not
provided graphically either.

This caused some problems for users who wanted to

visualize the overall knowledge organization and to be able to maneuver quickly around the
knowledge base through a graphical interface.

Another limitation was the amount of

operational support provided. In this implementation of the USS, users could only browse
through the knowledge base; they could not fill in knowledge structures and use them to
perform certain activities like competitor analysis for strategic planning. Although it was
in the USS design, the implemented system did not provide for the instantiation of
schemata and for the mechanisms of inheritance and copying.

The process of knowledge acquisition for this type of system is important. The
successful use of the USS can depend on the knowledge contained in the knowledge base
and how it is structured.

For the purpose of this research, it was assumed that the

knowledge base would just be there and that it would be structured on some basis. The
knowledge base was dependent on the researcher's own view and understanding of the
knowledge domain. How the knowledge base could be developed in a real environment
was not made clear through in research. The only form of knowledge acquisitio addressed
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in the research was direct user entry of knowledge and knowledge organization. Also not
dealt with was how to accommodate the various knowledge organizations of different
users so that each user could examine the knowledge base from not just their own
organizational perspective but also that of other users.

A key issue was the motivation for examining the knowledge base. The users
were asked to examine the knowledge base and were given no other motivation than that.
It was not clear that this would be enough for future users of the system. Most likely, it
won't be. The subjects for the evaluation were willing and diligent. They wanted to help.
However, when pressed to use the USS for work-related activities, they may not find
much value in it as it is.

In addition, after the users examined the knowledge base using

the USS, not much is known about what they understood about the knowledge base. No
measure was made of their knowledge structures
terms of organization and of content.

Thus,

rela'~ed

to the domain they examined in

it is not exactly known what they

understood. Also, it is not clear whether the terminology introduced by the USS was
confusing or not and whether the terms selected for the knowledge domain were
sufficiently expressive.

The value of knowledge structures in text comprehension has been made clear
[Rumelhart & Ortony, 1977]. In this research, it was not unequivocally demonstrated.
Thus, further work is needed in determining to what extent knowledge structures can be
used in the understanding of computer-based information including what types of
knowledge structures and what operations upon the knowledge structures are more useful.
This would address the question of the value of knowledge structures for understanding
support of computer-based information.
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Another deficiency of the research was that after all the work, it was not really
known why an executive would or would not use the USS.

Assumptions about the

disincentives toward use of the USS were based on generalizations about how users relate
to computer systems and were used to provide basic opertional support. The research did
not provide insight into direct support for executive use of computer systems like the USS.
Additional research will need to be conducted for eliciting specific knowledge structures
from executives, for reprenenting information in a form that is attractive to executives, and
that provides support for operations related to information understanding. Also, it is not
expected that executives create the initial, well-populated knowledge base, but they will be
expected to modify it to suit their needs. This requires that someone be responsible for
the initial development of the knowledge base and that the development be conducted
following some well established guidelines.

Included in this are issues dealing with the

particular organization of the knowledge structures, with the content of various knowledge
structures, with the presentation of different levels of knowledge, with the long term
maintenance of knowledge, and with the interfaces provided for using the knowledge
base.

A final limitation of the research was that while the knowledge representation
scheme of the USS captures how people organize knowledge from a cognitive psychology
perspective, it does not provide any means for a formalization of the knowledge base and
the operations used on it.

Chang, Holsapple, and Whinston (1991) present a

hyperknowledge framework of decisions support systems that could be used to formalize
the representation of knowledge, the navigation of the knowledge system, and the user
interface for the support of understanding.
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7.3.2.

Evaluation of the USS

The USS functioned as expected. Through t.l}e evaluation its limitations became
clear fairly soon.

One was that knowledge base development required much work to

make it useful. The knowledge base also has to be fairly large in order for its use to be
interesting to the user. In addition, the knowledge navigation facilities were not enough to
satisfy user needs. The need for a visual map of the knowledge nodes was definitely in
much demand.

The operational support provided in terms of active knowledge processing

was also limited. Users not only wanted to examine the knowledge nodes through the
relationships but they also wanted to work with such knowledge structures as schemata and
at times wanted a level of linking that was not provided in the system.

In spite of the limitations, much was learned in the evaluation of the USS. Users
understood how to perform operations in the USS and described the system in terms of
operations that they could perform or information that they could access.

They

understood the USS to be composed of a knowledge base, operations on a knowledge
base that contained different types of knowledge, of knowledge organization, and
relationships between the knowledge. They understood that the knowledge was associated
on a node and link basis. They described the organization like an on-line dictionary with
multiple dimensions or like an encyclopaedia where retrieval was provided based on
connections between the knowledge units.

The users suggested that some organizations

of knowledge or frameworks may be better than others for relating the knowledge units.

From the amount of USS use, the users were able to identify potential problems
that needed to be addressed or the USS would be confusing to use. One was that the same
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name could be used for different knowledge units that that could be at different levels and
of different types of knowledge.

The users detennined that semantic networks would be

useful in providing a context for knowledge nodes so that given a particular context for a
node only the specific knowledge networks that reflected that context would be retrieved.

In terms of an interface, the users clearly wanted a graphical interface that could be

used to access and understand relationships between nodes and to display hierarchical
arrangements of knowledge. The interface was also easy to learn and use. Thus, future
systems will need to maintain that ease of use. However, the users quickly exhausted the
capabilities of the system once they understood how to use it and wanted a more active
role: they wanted to fill out a strategic planning schema and perform the associated
analysis. Another interface issue was the use of links. Because a link name displayed in
the Link field only indicated that there were one or more links, and it was not shown
which nodes were related to the selected node for each link, links provided a source of
confusion. This means that the interface will need to be modified to provide such
information. The support provided in the interface was another issue. Along with the
browsing support, the users wanted to fill out knowJedge structures such as a strategic
planning schema and use it to perform strategic planning.

This is planned in the next

version of the USS. This will mean that the users will be provided authoring mode level
operations.

The fact that the users wanted a visual road map that could be used for navigation
and for understanding how the knowledge was related in the knowledge base stresses the
importance of providing a graphical interface for presentation of information and for
navigation in the knowledge base.

Because the users wanted to be able to see the

191
knowledge organization and wanted to see their location in the knowledge organization,
where they had been, what they could access, and also wanted to be able to move about on
the knowledge organization, this information will have to be provided in a graphical
interface.

Users also wanted to be able to see explicit levels of organization to

understand different relationships among the knowledge units.

Providing these

capabilities in the USS will help address the barrier of the effectiveness of the operations
provided and also the barrier of the usefulness of the system for supporting knowledge
understanding activities.

The problem of populating the knowledge base will need to be addressed in future
research.

Populating the knowledge base was time consuming, primarily because this

required setting up the links between the knowledge units and setting up different types of
knowlt;dge. The authoring of the knowledge base required some thought for the overall
organization of the knowledge base. Processes will have to be developed so that future
knowledge bases will be more effectively developed: 1) to organize the knowledge base,
2) identify key links and different levels of links and knowledge nodes, and 3) capture and
represent the knowledge domain. Thus, developing a knowledge acquisition process will
help deal with the barrier of how much useful knowledge is contained in the knowledge
base and also with the barrier of the usefulness of the system for supporting knowledge
understanding activities.

7.3.3.

Executive Use of the USS

The targeted user for this type system is the high-level manager or the executive.
That does not preclude other users from using the system. However, the focus on this type
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of user was in an effort to consider the type of problems that are not typically or adequately
addressed by information systems for organizations.

For such a system to be used

successfully by executives, several issues need to be addressed.

The first issue is

populating the knowledge base. From the work conducted by the researcher, this is not a
trivial task. The process of entering the knowledge is time consuming in terms of design
and physical effort.

Additionally, the process of organizing the knowledge in the

knowledge structures cannot be done haphazardly. From some of the users' comments,
even the names used for the links and for the different knowledge types can be confusing
and misleading.

This suggest that a knowledge engineer is needed. This person would

examine the knowledge domain and then conduct knowledge acquisition procedures to
identify knowledge organizations and knowledge nodes.

Since this system is to be a

dynamic system, this also requires that the knowledge base grow and change to reflect
different user perspectives and to be able to accommodate both permanent and transitory
changes.

This will mean that a knowledge engineer type of person will need to be

involved in the process of maintaining and modifying the system.

Another aspect deals with the form in which information is presented to the
executive and the operations which are provided upon that information. Executives may
not want to work with the system at the authoring level, as that requires much work and
can cause an executive to function like a knowledge engineer. This may mean that
interfaces will need to be tailored for specific knowledge processing operations and for
specific domains.

The system terminology will have to be in terms that executives use

and the system will have to contain and present information that is relevant to executives.
This will require a knowledge acquisition process in which executives provide the
information for the development of an interface oriented toward their perspective and for
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identifying the tenns and organization of their knowledge domain.

From the comments

provided by the users, this will need to include a graphical representation of the knowledge
base and its organization.

The value of the knowledge base for an executive will probably come from the
value of the infonnation that is contained in the knowledge base, the ease of access of that
knowledge, and fonns of organization of the knowledge provided. This requires a much
more comprehensive tool than was provided by the USS.

The tool will need to be able to

access both a knowledge base and any available databases.

Information in the

knowledge base will need to be linked at many different levels. For example, a schema
may have a schema slot that is connected to any other knowledge object.

The infonnation

displayed as a schema slot value may be contingent upon information in another
knowledge object and if the infonnation in the knowledge object is changed, the change
will automatically have to be reflected in the schema slot.

Additionally, the tool will have

to create instantiations of any knowledge structure, provide the ability to populate the
knowledge structure, and keep track of related knowledge structures.

A USS type of system can also provide support by filtering and limiting the
infonnation provided.

This capability will need to be added to future systems.

capabilities of expert systems will be needed for this capability.

The

Thus, the display of

infonnation can be based on a set of rules that can signal some key event, that can restrict
the infonnation of interest, or that can identify a pattern among knowledge units.
Additional expert system support can be provided for triggering different operations based
on a current set of know ledge.
is that of spreading activation.

A fonn of filtering of knowledge units that will be useful
Here related knowledge units could be accessed and
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displayed as a network based on a degree of relationship between the knowledge units.
This means that a weight or value could be attached to the relationships between
knowledge units. In this spreading activation, only the nodes that were related above a
certain weight or that contained a certain value would be displayed.

For example, if an

executive selected a strategic planning schema, tins would activate (access) an example of
strategic planning, in turn activate different types of strategies, activate examples related to
each strategy, and activate information about different competitors using each strategy.

7.4. Future Research
One of the directions that the researcher intends to take is the development of a
knowledge base that can be used as a corporate knowledge base. This means dealing with
the same issues that multiuser data base systems deal with. This also means integrating the
various views of the knowledge in such a way that it supports diverse users views. This
also means the identification of roles of people who will be involved in the development
and maintenance of the knowledge base. Another direction that will be taken is the
development of an interface tool that can be used to tailor the presentation of common
templates or schemas. These systems can then be used for a narrow range of activities
such as competitor analysis, strategic planning, or acquisition candidate evaluation.
Another direction is understanding which knowledge networks work better and
determining how to organize knowledge bases using the various forms. This will include
studying what basic forms of knowledge organization are more effective and useful.

The use of knowledge acquisition techniques to elicit various knowledge structures
is another research direction. These can be used for such things as mapping schemata for
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organizational success, schemata for early market entrance, or for applying different frames
of reference. A final research direction includes extensions for the use of AI rule-based
processing of information networks, the implementation of contextual constraints on the
knowledge provided, and perhaps, most important of all, the development of an integrated
system that combines the associative capabilities of a hypertext system, the text
development and access of a word processing system, the storage and retrieval of a data
base management system, and the operational capabilities of a programming system.

In the immediate future, two research activities are planned. One is to test the
system further through formal experiments that include more users, more information in the
knowledge base,

different knowledge bases, and more tasks.

For instance, one

experiment that can be conducted will measure how much information is understood by the
users.

The measure for this will be the amount of information remembered and

organization of the knowledge base. The USS will be compared against an index system
that accesses the same knowledge base. This will
for learning.

m~asure

the usefulness of the system

By including a knowledge base that is relevant to the subjects, a measure of

usefulness of the system can be derived. By including tasks in the experiment, a measure
of productivity can be derived. These experiments will provide more information about
the approach and the particular implementation of the USS.

Another research activity that will be conducted is that of identifying the knowledge
structures of executives for different knowledge domains. This will include developing
knowledge acquisition procedures that will not only elicit the individual knowledge
structures, but can also be used for deriving the knowledge structures of groups. Thus,
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for a corporation, a knowledge base can be developed that captures individual knowledge
organization in the fonn of a broader organization.

Although the USS that was developed focused on providing support for an
individual, the intent of the support provided by the USS is that it will be used as a
framework for tying together all the infonnation that currently exists in separate, unrelated
locations in many corporations. For instance, this type of system could be used to link a
corporate report to a strategic plan to the production of a particular plant to the minutes of a
meeting to a marketing plan to a memorandum and so on.

Finally, this research was based on the development of a conceptual framework
derived from the examination of cognitive psychology research on cognitive structures.
The research was based on subjects who represented the general population. A necessary
study that will be conducted is to examine how business people actually reperesent
knowledge for strategic management. This will provide infonnation that can be used to
provide support for understanding not only of general infonnation but also for business
infonnation.

Protocol analysis techniques and those used by Snyder, Happ, Maicus,

Paap, & Lewis (1985) can provide two methods for capturing the knowledge structures of
the individual users.
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APPENDIX A - DISCUSSION QUESTIONS
1. Understanding of the system
Do you feel you understand the nature of the system?
Do you understand the purpose of the system?
2. Use of the system: operations provided
What things did you find yourself trying to do, but couldn't?
What things did you do that you wanted to do?
Did you have enough operations to accomplish what you wanted to
do?
3. Understanding of the knowledge domain
Did you understand the knowledge domain?
Do you feel it helped you gain an understanding of it?
A different understanding?
Better understanding?
4. General usefulness of the system
Would you use this type of system at all?
With more relevant or more knowledge?
Was it worth your time using the system?
What value did you get in using it?
Could you use this type of system in your current work?
5. Knowledge structure framework
How do you feel about the format in which the knowledge was
presented?
Was the schema, concept, node framework easy to use?
6. General impression of use of the USS.
What did you not like about using it?
What did you like about using it?
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