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ABSJRACf

Evaluating patterns of indicators is often the first step an
organization takes in scanning the environment. Not surprisingly,
the experts that evaluate these patterns are not equally adept
across all disciplines. While one expert is paticularly skilled at
recognizing the potential for political turmoil in a foreign nation,
another is best at recognizing how Japenese government deregulation is meant to complement the development of some new
product. Moreover, the experts often benefit from one another's
skills and knowledge in assessing activity in the enviroment
external to the organization.

One problem in this process occurs when the expert is
unavailable and can't share his knowledge. And, addressing the
problem of knowledge sharing, of distributing expertise, is the focus
of this dissertation. A technical approach is adapted in this effort an architecture and a prototype are described that provide the
capability of capturing, organizing, and delivering the knowledge
used by experts in classifying patterns of qualitative indicators
about the business environment.

U sing a combination of artificial intelligence and machine
learning techniques, a collection of objects termed "Apprentices" are

employed to do the work of gathering, classifying, and

distributin~ 0

the expertise of knowledge workers in environmental scanning.
Furthermore, an archival case study is provided to illustrate the
operations of an Apprentice using "real world" data.
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CHAPTER 1

AN APPROACH TO KNOWLEDGE SHARING

Introduction

Evaluating patterns of qualitative indicators is often the first
step an organization takes in scanning the environment for threats
and opportunities (Churchman 1968; Terry 1977; Nanus 1982;
Fahey et al 1981, Rowe et al 1985). From a multiplicity of sources
such as online data bases, Freedom of Information Act sources,
news clippings, etc.

experts and senior managers from a variety of

backgrounds (Cleiand and King i 975) scan and evaluate
information that, taken together, may suggest an early warning of
threats or opportunities.

Not surprisingly, the experts that make these assessments
are not equally adept across all disciplines. While one expert is
particularly skilled at recognizing the potential for political turmoil
in a foreign nation, another is best at recognizing how Japanese
government de-regulation is meant to complement the
development of some new product. Additionally, these experts
benefit from each other's knowledge. For example, a particular

expert may notice that a competitor has recently severed long-
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standing relations with foreign distributors, as well as having
acquired a sizable interest in a foreign manufacturing facility. This
competitor appears to be making aggressive moves, preparing to
enter new and perhaps sensitive markets. With the help of another
expert, one familiar with the geo-political make-up of the area in
question, the fact that the foreign government in question is
making serious efforts at economic expansion, requiring foreign
business to participate more in the country's development, better
explains the competitor's activities.

One problem in this process, as with many activities that
require expert assistance, occurs when the expert is unavailable
and can't share his knowledge. The expert or senior manager may
leave the firm - in which case the continuity of aggregate
knowledge or expertise available to the firm is broken. The expert
may be unavailable to others requiring his assistance, simply
because he is on the phone, at lunch, or in a meeting - making
communication with him impossible. These problems in continuity
and communication are problems of knowledge sharing - problems
of making knowledge and expertise available to the organization on
an as needed basis.

Addressing the problem of Knowledge Sharing in monitoring
the environment is the focus of this dissertation. Here, the

knowledge of interest is not only that which an expert or senior

13

manager uses to identify a pattern of indicators that might suggest
a threat or opportunity to the organization, but also the knowledge
of just what indicators are particularly pertinent. That is, not only is
it important to provide an assessment of information once the right
questions have been asked, but- exactly what are those questions?
Furthermore, available IS technologies are inventoried and
evaluated for the purpose of identifying usefui approaches to
alleviating some of the knowledge sharing difficulties encountered
in the monitoring process - specifically, problems in either
continuity or communication. Because existing "knowledgeoriented" technologies are insufficient for the problem in question,
a new architecture is provided, termed a "Knowledge Cache."

The Knowledge Cache is a collection of semi-autonomous
agents, machine subordinates, termed "Apprentices." These
Apprentices act on behalf of a given expert in his absence, asking
the questions he asks, and to the extent of their previous training,
characterizing the answers to those questions according to whether
they appear to suggest a threat or opportunity to the organization.
The architecture uses some well known systems from the Artificial
Intelligence community: a machine learning algorithm (Lebowitz
1982, 1983) and a hybrid blackboa!"d architecture.

The purpose of the Knowledge Cache is not only learn to
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gather, classify, and distribute some of the environmental
monitoring knowledge used by experts in their day-to-day
activities, but also to free up some of their time for addressing
some of the most challenging tasks they have to complete.
Additionally, the Knowledge Cache may be an equally useful
approach to problems that are intractable to traditional expert
systems approaches in the same way as environmental monitoring.

Background
Environmental scanning provides information about
potential

t~reats

and opportunities to the organization. The stages

of the scanning process are as follows : 1) enumeration of potential
threats and opportunities to the organization, 2) Monitoring
patterns of indicators in the external environment for threats and
opportunities, 3) Search and analysis based on the monitoring
process results,

and 4) Dissemination of conclusions to the strategic

planners (Meyer 1988).

While research has been done to aid planners in
enumerating potential threats and opportunities (Rowe et al 1985;
N anus 1982), analyzing the results of monitoring (Porter 1985) and
disseminating environmental scanning conclusions [Meyer 1988;

Glueck et al 1980), less attention seems to have been devoted to 1 5
monitoring patterns of indicators that provide direction to the next
stage - search and analysis. (EI Sawy 1984) has discussed the
activities of CEO;s doing their own environmental monitoring,
typically for small to medium sized firms. But IS approaches to
monitoring have been largely neglected beyond providing an E-mail
facility to simplify some communication tasks.

Environmental

Monitoring

In a series of informal discussions with several
environmental scanning units, it was discovered that monitoring in
large organizations typically requires the cooperative effort of
many individuals. The skills of these individuals fall into two broad
categories: 1) those who are skilled at finding and making initial
evaluation of singular pieces of information, and 2) those who are
particularly adept at looking at patterns of indicators and
recognizing whether those patterns represent threats or
opportunities to the organization. The first group of individuals can
also be divided according to whether their data-gathering talents
are in making

p~ofessional

contacts or using extensive libraries and

on-line data bases. But for the purposes of this discussion, they will
grouped together under the rubric of "intelligence analysts." The
second group, the experts in some aspect of the external

environment such as political events, regulatory measures,
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competitor financial status, etc., will be called "area specialists."

In their endeavor to meet the environmental monitoring
requirements of the organization, area specialists and intelligence
analysts combine their efforts in searching out and evaluating
information. Given the most current goals of the organization, the
area specialists decide upon monitoring a set of qualitative
indicators that might provide insight into various threats and
opportunities to the organization. Once the indicators are chosen,
the area specialists request estimates from the intelligence analysts
of the indicators' values. The intelligence analysts has the role of
locating and interpreting information that will shed light on the
disposition of the indicators in question.

In a typical information request, the area specialist
generates a list of questions, of indicators or attributes, and sends
them via electronic-mail to the intelligence analyst. (Note here that
the request will most likely be repeated over the period of time
that the organization's goals remain the same.) Once the sought
after information is made available to the area specialist, inferences
and classifications over the data's content are made and the process
begins again. The emphasis at this point is to identify patterns of
activity that could indicate an opportunity or threat to the
organization. Once such a pattern is detected, a concentrated search

is then invoked to substantiate or disprove the pattern of
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indicators, and, if the threat or opportunity is substantiated, the
intelligence process will continue through to a report to senior
policy makers.

To summarize, the task of the area specialist is to identify
those factors in the environment that require monitoring, and to
evaluate the values given for those factors. They must answer such
questions

as, "Given our goais for growth in the consumer goods

market, what events represent likely opportunities for successful
progress?" For example, an area specialist might choose to watch for
cross-parrying behavior between two other competitors, where
each competitor has entered the others geographic area. The
ongoing struggle between these competitors would, perhaps, result
in weakening their financial strength, and make the rest of their
product line more vulnerable to aggressive marketing strategies.
This process of inferring areas of interest is often a creative one,
and usually requires area specialists with significant amounts of
business expertise.

Knowledge

Sharing

18

Problems

Probably the ideal knowledge sharing environment would
entail having all experts at one's disposal at all times. The
organization would never be without the talents of its monitoring
personnel. There would be no telephone tag, no one out to lunch, no
turnover or need to retrain - no need to re-invent the wheel. But
such a scenario is highly unlikely now and in the future.

Continuity

As it happens, employees do leave the organization, and
they do become unavailable because they are on the phone, in a
meeting, and out to lunch. When an area specialist leaves the firm,
his experience goes with him. This is particularly difficult for the
environmental monitoring unit, as no records of the decisions made
by the area specialists are usually kept. The choices and
/

recommendations made are not collected or catalogued.

Even while

the area specialists are with the environmental monitoring unit,
many of their efforts are often repeated. They win often generate
areas of concern to the firm, areas that might indicate threats or
opportunities, and this task is repetitive inasmuch as areas of
concern matched to the organization's goals are sometimes

redundant - yet there is usually no record, no "audit trail," of the 1 9
choices made.

Thus, the indicators, the attributes, chosen by the area
specialists for monitoring a particular area of the business
environment are lost to the firm. In continually evaluating the
competitive position of another firm, the area specialist may have
looked for patterns over attributes such as bidding behavior, R&D
expenditures or hiring, new manufacturing methods, suppliers, etc ..
The area specialist may use his expertise to infer that a very low
bid on the competitors part may indicate several conditions: 1) the
competitor's backlog is very low, or 2) the competitor has made a
leap in manufacturing methods and can reasonably meet their bid,
or 3) the competitor has made a gross error in judgement, or 4) the
competitor has gotten a new supplier that, itself, can provide
materials at a much lower cost. The area specialist would use the
other attributes to decide which of these explanations is most
likely. If R&D hiring has recently increased, and the competitor
has invested in a new manufacturing site, it may be that
technological innovation is the best explanation for the very low
bid. Conversely, if it is known that R&D expenditures have
recently been cut and that there has been a hiring freeze, then the
area specialist will likely infer that elther the competitor's. backlog
is low or there was a gross error in judgement. The specialist's
experience in these matters enable him to make these judgements.

20

But, once the specialist leaves the business intelligence group, the
experience is irretrievably lost. A formal means of capturing the
expertise does not exist, and so the firm benefits from the area

specialist's experience only while he is currently employed by the
firm.

So, in addition to losing knowledge as to what areas require
environmental scanning as a function of the organization's goals and
objectives, the knowledge of what attributes to examine as well as
their combined meaning is lost as well. The firm itself learns
nothing - gains no knowledge from the presence and endeavors of
the specialists. Once they go, all knowledge goes with them. And
while they remain, much of what they created or surmised must be
re-constructed. No history remains of their decisions.

Communication

The business experience the area specialist usually brings to
environmental monitoring is usually in only one area such as
finance, marketing, production, etc. This generally means that the
area specialist will be monitoring areas within his area of expertise.
Thus, the area specialist with production experience will better
understand the manufacturing behavior of the firm's competitors
than his intelligence counterparts. While the area specialist with a
marketing background can often use production information in

identifying threats and opportunities in the external environmenl

l

he is less adept interpreting the meanings of production related
"",-'

-

indicators, less knowledgeable about the implications of inventory
or supply problems, than his production oriented associate.

Communication between the area specialists is often
informal. Occasionally, for example at SRI, there are weekly
meetings the specialists attend to exchange ideas and information,
suggest tips and short-cuts as well as knowledge and experience.
Here, an opportunity for a transfer of expertise presents itself.
Unfortunately, because the meetings are only held once a week,
important lags in time can occur in classifying patterns of
information. Windows of opportunity can pass while an area
specialist waits to talk to the appropriate person for insight into his
problems. And, while the specialist may be able to contact the
knowledgeable party between meetings, that person may be unable
to spare the necessary time because of his own tasks. To exacerbate
the problem, the sought for specialist might, in turn, be looking for
yet another specialist with complementary expertise.

Currently, pooling the expertise, the knowledge of the area
specialists in the group is not done. Hence, important opportunities
and threats may pass by unnoticed. The requirements of the
intelligence function aren't relaxed by the need to wait for further
interpretation and consultation, and the demands of additional

tasks may cause the specialist to abandon the pursuit of some
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evidence, and its corresponding hypothesis, in order to meet the
daily requirements of his job. For example, an area specialist with
marketing expertise may have recognized that a competitor shows
signs of reducing its distribution channels, but whether the
reduction is due to temporary fall in production or some other
reason

•
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expertise can help answer.

Redundancy
..,.

The instance of an employee being unavailable to the
organization, either temporarily or permanently, is easily identified
as a disruption to the continuity and communication of knowledge
in the organization. But more subtle disruptions exist. For example,
when the goals and objectives of the organization are first
communicated to the environmental monitoring unit, a lot of time is
spent identifying just what to look for. In other words, decisions are
made as to what the possible threats and opportunities might be,
and how best to monitor for them. This kind of work the area
specialists refer to as "creative work." As time passes, and their
tasks become better defined, an increasing amount of time is spent
doing those tasks that have been "structured," those tasks which
have become redundant, and less time is available for the

generation of new ideas and approaches to the problem of
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identifying threats and opportunities.

While the area specialist is present in the organization, the
process of selecting salient attributes and evaluating their meaning,
done on a periodic basis, calls for certain amount of recall on the
part of the specialist. If the operations are performed on a highly
reguiar basis, the recall will be, at most, momentary or slightly time
consuming. But when any significant period of time elapses
between the use of the knowledge, some effort in the form of "reinventing the wheel" is required as the area specialist refamiliarizes himself with the particular monitoring task at hand.

At the risk of somewhat abusing the term "sharing," it can
be said' that this sort of redundant work is an example of an area
specialist sharing knowledge with himself. He may store the
knowledge in a file or rely on memory to familiarize himself with
the already chosen approach. Time is spent maintaining records of
chosen approaches or recalling past choices instead of using
ingenuity to create new approaches to the monitoring process.

So, by examining the nature of the exchanges between area
specialists and intelligence analysts, the advantages to the
organization of acquiring and sharing knowledge, several
opportunities for adding value to the monitoring process present

themselves. Area specialists typically use the assistance of
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electronic mail to convey their requests for attribute-value data
and supporting explanations from an intelligence analyst's findings,
and this activity can serve as the jumping-off point for adding
value via information technology. The specific areas of opportunity
that have been identified are as follows:

redundant work and less time on creative work. How can IS
technology help reduce this redundancy?

- With the comings and goings of area specialists, the
continuity of overall organizational knowledge fluctuates and the
ability of the organization to meet its monitoring requirements
suffers. How can IS technology help to gather and distribute this
knowledge?

- The inability of several area specialists to coordinate their
efforts
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efficient execution of the monitoring process. How can IS technology
facilitate communicating this knowledge?

The proprietors of this knowledge are the area specialists;
they decide what to look for and what it means. Presently. they
share their decisions with the organization - but not their

5
knowledge. And, the evaluation of possible technologies that woufd
enable them to quickly and unobtrusively transfer their knowledge
to the organization, to delegate some of their more routine tasks to
machine subordinates, has culminated in the development of the
Knowledge Cache architecture.

The
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Expert Systems Fall Short

Recognizing that knowledge is used in solving monitoring
problems leads the designer to consider expert systems technology
as a possible approach to the problems in question. The premise of
expert systems technology is that, in the case of classification
systems, an expert's knowledge about a particular subject can be
codified and used in solving a given problem automatically. In the
case of augmenting the abilities of an intelligence analyst in
performing environmental monitoring, an expert system, in some
idyllic sense, would perform the following:

- decide what information to look for, what attribute-values
to acquire
- ask the intelligence analyst about the monitoring
information required

- evaluate the interpreted data and either make a concluslog
or opportunistically decide on what attribute-value to
search for next

- continue searching and interpreting until a classification of
the attribute-values was found

- inform the area specialist of its conclusions, providing an
explanation of the findings.

Here, the first goa! in the knowledge base would be selected
by the inference engine, the rules associated with that particular
goal would be investigated, the intelligence analyst would be
required to answer the queries generated by the expert system as
it stepped through its many goals, and the process would continue
until, depending on the control structure, one goal was satisfied or
all goals had been investigated.

At first glance it does appears that an expert system is a
suitable architecture with which to approach this problem. It does
appear that an ex.pert system would serve to alleviate many of the
problems of continuity, communication, and redundancy. For
example, if all the classification knowledge held by area specialists

------

-

-----.
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were to be codified into an expert system, so that the expert system
had "expertise" in detecting. say. potential political turmoil, then all
the system would have to do is to conduct a dialog with the
intelligence analyst, asking the right questions about such
attributes as relative deprivation, belief in violence, and etc.,
classify the answers using the expert's knowledge, and then
distribute the answers to those most interested.

An expert system could ask questions of an intelligence
analyst and, given the answers, using attribute-value pairs within
rules, form conclusions about threats and opportunities to the
organization. The problem with an expert system approach, from a
synchronic perspective, that is, the perspective of seeing

the expert

system at a fixed point in time, is that the knowledge base is
typicaiiy monolithic - r-assive, uniform, and intractable - and
would have to, without modifications, walk through all possible
threats and opportunities to an organization, regardless of their
level of priority or the frequency with which they should be
monitored. From a diachronic perspective, a perspective that takes
into account the lifetime of the expert system, problems of
knowledge acquisition and maintenance exist. The fundamental
bottleneck in building the expert system is knowledge acquisition.
And, despite the fact that important inroads haVe been made in
speeding up the knowledge acquisition process, using tools such as
MOLE (Eshelman and McDermott 1986), to build the knowledge

base required by the expert system approach would take many
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hours away from the area specialists - precisely those hours that
they '.vould be using to monitor the environment - exacerbating the
problem that we're trying to solve. Additionally, the problem of
knowledge-base maintenance occurs because, periodically, the goals
of the organization change and with them pertinent threats and
opportunities to the organization. That is, as the organization's goals
change, new threats and opportunities must be monitored. With an
expert systems approach, this means that more knowledge
acquisition would have to be done - once again taking the area
specialists away from their tasks.

For these reasons an expert system approach is unfeasible.
So, the system in question must be able to assimilate the area
specialist's knowledge, organizing it by classes or categories. And,
the necessary system must have the ability to deliver the area
specialist's knowledge to other area specialists in a usable form. The
system must unobtrusively learn the concepts that the area
specialist uses in monitoring the environment, and make those
concepts available to the organization.

Problem Specific Apprentices are the Key

The approach chosen to meet these specifications is

called

the "knowledge cache" - a collection of semi-autonomous agents or

machine subordinates. Here, the semi-autonomous agents act as
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Apprentices to an area specialist. The Apprentice's orientation is
'.c'"
Apprentlce
. ,IS concerneu
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1
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political violence problems whiie another is concerned only with
new technology threats. Instead of using E-mail message to
communicate his -questions to. an intelligence analyst, an area
specialist will use a structured message backed by a semiautonomous

ag~nt.

So, to explain the Apprentice's functional

characteristics, a somewhat anthropomorphic perspective will be
used.

With the addition of a knowledge cache, the area specialist
begins a request for information by passing a structured message to
a particular apprentice. The message will state the following: 1)
attributes for which the area specialist requires values, 2) an
explanation or elucidation of the attributes to better clarify the
nature of each attribute being requested, 3)

scaling information

specifying the values which are acceptable as answers to the
attribute request, and 4) the name of the message - which
corresponds to the threat or opportunity being monitored. This
structured message is "hand-ca..1ied" by the Apprentice to the
intelligence analyst, and the questions about the the attribute
values, together with the explanations and scaling information, are
read by the Apprentice to the intelligence analyst. To each of the
attribute questions the intelligence analyst responds with a value
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corresponding to one of the scaled values provided by the
Apprentice. Additionally, the intelligence analyst may provide a

written explanation of why he chose a particular scaled value. Once
this is done, the Apprentice carries its newfound information back
to the area specialist. Upon returning to the area specialist with its
new information, the Apprentice shows the specialist the answers
to the specified questions and asks him, "What does it mean?"

To

this, the area specialist gives the Apprentice an assessment, or
classification, of the information concerning its bearing as a threat
or opportunity to the corporation. With the answer, the apprentice
forms an initial concept, a concept that is represented as a collection
of attribute-value pairs and a classification.

The next time the area specialist requests information about
the same threat or opportunity through the Apprentice, it isn't
necessary to restate the questions, explanations, or scaling
information. All the area specialist need do is to send the
Apprentice to do its work- it already has the questions and other
requisite information in hand. From that point, the Apprentice
proceeds to the intelligence analyst, as before, and asks the same
questions and receives a new set of answers. With these new
answers the Apprentice returns to the area specialist, and, if the
apprentice has a concept that matches the answers provided by the
intelligence analyst, he reports his classification to the specialist.
Otherwise, he again asks the area specialist, "What does it Mean?"

And the specialist provides another classification which the
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apprentice uses to augment his concepts and make further
generalizations.

What is taking place here is that the Apprentice is gathering
information from the intelligence

~malyst

and knowledge from the

area specialist. The Apprentice asks questions and receives answers
from the intelligence analyst, and in doing so, gathers information.
When the Apprentice asks the area specialist what a particular set
of attribute-value pairs means, and receives a classification with
which to form a concept, the Apprentice is gathering knowledge
from the area specialist. Additionally, the Apprentice is classifying
information supplied by the intelligence analyst inasmuch as when
information supplied by the intelligence analyst matches with one
of the concepts held by the Apprentice, that information is given
the concept's classification.

Besides gathering and classifying information and
knowledge, the Apprentice distributes the information and
knowledge. The Apprentice distributes the information by
delivering it to the requestor.

r~oreover,

in the absence of the area

specialist that created a particular Apprentice, that same
Apprentice can deliver/distribute both information and
classifications to other area specialists requiring such assistance.

Apprentice
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Architectui'e

A prototype of the Apprentice has been developed on a MAC
II using Allegro Common Lisp. An Apprentice is made up of three
layers, which together perform the tasks of: 1) gathering,
classifying, and distributing the information provided by the
intelligence analyst, and 2) gathering, classifying and

distributing

the knowledge used by area specialists. The three layers are the
concept formation layer, the knowledge source layer, and the
blackboard layer.

The concept formation layer's central responsibility is to use
the groups of attribute-value pairs, together with the classifications
provided by the area

specialist~

to form generalizations based on

regularities in those groups. The function of the knowledge sources
is to act as repositories of knowledge from the concept formation
layer. That is, the tree generated by the concept formation layer is
parsed to yield a distinct set of concepts which become the
knowledge sources for the Apprentice. The blackboard architecture
acts as the inference engine for the Apprentice, using the search
information provided by the knowledge sources via the concept
formation algorithm to intelligently query the intelligence analyst
for specific values of chosen attributes (making conclusions
whenever possible). A more detailed description of the nature and

--- ------------------

-------------------------

functionality of each of an Apprentice's layers is given in the
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following paragraphs.

The Concept Formation Layer

The algorithm chosen for the concept formation layer was
Unimem. Unimem is a conceptual clustering algorithm (Lebowitz
1983) that clusters concepts as sets of attribute-value pairs (we
will call these feature-vectors).

With given a number of feature-

vector instances, Unimem incrementally creates a hierarchy of
conceptual clusters, with the clusters nearer the root being more
general than those that are leaves.

To generalize over concepts,

Unimem replaces a single value of an attribute in one of its concept
clusters by the domain of the variable - meaning that any value of
that attiibute in the generalized conceptual cluster counts as a
"match."

Thus, in this scenario, existing conceptual clusters that are

more similar to newly introduced concepts than their dissimilar and
existing counterparts are more likely to change (likely to become
generalized) - a phenomena consistent with empirical studies of
concept formation in human beings (Barsalou, 1985).

Single attribute-values serve as arc-labels to the hierarchy
as well as to the nodes (concept clusters) of the hierarchy.

Arc-

labels are termed "predictive" while a node's attribute-values are
termed "predictable."

(Note:

---.----.----------

a predictive value is always

-------------------------
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predictable, inasmuch as it resides in the concept cluster, i.e., node,
but predictable values aren't necessarily predictive.)

Predictive-

ness suggests the notion that, given some generalization, some
elements of that generalization can be used to predict the rest.

An

attribute-value is predictive of an concept cluster if the value is
shared by all the cluster's concepts and is shared by the concepts of
very few other nodes.

In other words, the presence of a predictive

value in a newly introduced object can be used to predict which
clusters might incorporate the object.

Values cease to be

predictive of any cluster if they index more than some user
specified number of clusters.

In this sense, Unimem uses a

measure of inter-cluster difference which is a function of the
predictive values over a group of clusters.

Nodes of the hierarchy, in contrast to arc-labeling predictive
values, are labeled
cluster members.

by all attribute-values common to the object
Values labeling the concept clusters are termed

predictable because their presence can be predicted by the
presence of the predictive values of the clusters.

But if there are

too few predictable values of a concept cluster, "few" being a userspecified parameter, then the generalization treated as though it is
a poor representation and is removed from the hierarchy.

Knowledge Source Layer
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The knowledge source level is the result of parsing the
hierarchy formed by Unimem. The result is a number of hypotheses
that correspond each of the hierarchies nodes, together with the
arc-labels pointing to them. Thus, a given hypothesis will contain
information about both its predictive and predictable attributevalues, as well a the classification given to it. The actual
representation would look as follows:

( «a red)(c very-fast»

«b medium-weight)(d expensive»

(Ferrari Testarossa) )

Here, from left to right, there are three groups in this
hypothesis: predictive values, predictable values, classification
label. Here, if the object in question is red and very fast, it is likely
that it is also medium-weight and expensive - and a Ferrari
Testarossa. The values "red" and "very-fast" are the predictive
values - their presence suggests the presence of the predictable
values "medium-weight" and "expensive." Using this hypothesis, if
all four attribute-value pairs are matched, then the conciusion is
that the object is a Ferrari Testarossa.

The Hybrid Blackboard Layer
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In the case of environmental scanning, physical data is not
being represented, and the problems under consideration are not
organized by multiple levels of granularity. Hence, while a
blackboard will be used for the purpose of exhibiting global data to
the various knowledge sources, neither multiple levels nor links
will be employed. The knowledge sources correspond directly to the
concepts developed by the concept formation level of the
apprentice. And, using the predictive information provided by the
concept formation level, along with the varying degrees of
specificity of the knowledge sources (the more attribute-value pairs
that describe the concept, the more specific it is), the control or
search method will be opportunistic.

Together, these three layers effect the required functionality
of the Apprentice. The concept formation layer is put to use when
the Apprentice "asks" the area specialist about the meaning of a
classification. The classification given is used, aiong with the
attribute-values provided by the intelligence analyst, to augment
the concepts via the learning algorithm. The output of Unimem is
put into the knowledge sources, which are used by the blackboard
to conduct the dialog with the intelligence analyst. Thus, different
parts of the Apprentice's architecture are used according to the
individual with which the Apprentice is interacting. The blackboard

and knowledge sources are used with the intelligence analyst, anJ 7
Unimem is used with the area specialist. Naturally, a suitable
interface must accompany these technical capabilities, and many
clear examples are given in Chapter 5.
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Architecture

In order to deliver the capabilities of the Apprentices to
those that would use them, a few additional characteristics of the
system must be present. That is, while an Apprentice is capable of
learning to gather attribute-values from an intelligence analyst, as
well as classifying that information, additional capabilities must be
provided to make it possible for the system to deliver that
classification to the area specialist requesting it. Moreover, though
an Apprentice is capable of gathering the knowledge of the area
specialist and categorizing it, more needs to be done to make that
knowledge available to the area specialist's colleagues and the
organization.

The primary components of this architecture are the files of
Apprentices and the ISO XAOO communications protocol. Each file
holds the Apprentices belonging to any given area specialist, and,
the files are open to all other specialists. This means that area
specialists have access to another's apprentices: they may send
them and receive them. But, only the owner of an Apprentice may
make classifications to that Apprentice. Thus, iIi the absence of a
particular area specialist, others may use his apprentice to identify
threats and opportunities - to the organization.

The X.400 protocol is needed to send an Apprentice back 3 9
and forth, from area specialist to intelligence analyst and back. The
components of this protocol are the User Agent (UA), the Message
Store (MS),

and the Message Transfer Agent (MTA). The

responsibility of the UA is to accept and "package" an Apprentice
for routine to other individuals. The UA delivers the Apprentice to
the MS. which has the task of acting as an intermediary between
the VA and the MTA. The MS has the responsibility of storing and
permitting retrieval of delivered messages. It allows the submission
from and alerts to the UA. The MTA takes care of the actual
transfer of messages from one message store to another - so that
the MTA takes an Apprentice from a sender's MS and delivers it to
a receiver's MS. And, that MS alerts its UA of the incoming message.
Thus, with this basic architecture, the users of the system are able
to select, create, and send Apprentices throughout the system.

- . . . . . . . __ ....... _-_ .......

-----------------------
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Archival Case Study

An archival case study makes use of historical data to
illustrate an idea or theory, to validate some particular assertions
or approaches, or to gather information about the state of an
organization or event at a given point in time. For example, (Reuder
1986) used an archival case study of the Cuban Missile Crisis to
illustrate the use that her decision support system would serve well
in Presidential decision making. (Rosner 1968) used hospital
records to evaluate the hospital's willingness to innovate. And,
some classic studies of organizational behavior have depended
heavily on records (Gouldner 1954; Selznick 1949).

As mentioned previously, environmental monitoring
requires the consideration of factors including economic, social,
competitive, geographical, political, and environmental
considerations. For example, with respect to political consideration,
as early as 1973 nearly half (Zink, 1973) of the U.S. based
multinational corporations were regularly monitoring the political
climate of foreign countries as part of their day-to-day operations.
The intention of this study is to show how a knowledge cache would
be used by a corporation interested in maintaining current
information on the possibility of political violence in the country of
Poland during the summer of 1980. Thus, while an area specialist is

monitoring the political climate of Poland in the summer of 1980,4 1
an Apprentice will be busily capturing knowledge about how to act
in the absence of that same area specialist.

The reasons why an organization might take an interest in
Poland during the summer of 1980 could be large in number. In
this instance, a hypothetical company is posited, Machine Corp., and
one of its concerns is in negotiating and winning a contract with the
Buhmar Company, Poland's largest manufacturer of tractors. The
negotiation is over a contract of several million dollars to supply
parts for Buhmar's new line of tractors. While the value of this
particular contract is significant to this hypothetical corporation,
also valuable is the possibility of future contracts with Buhmar.
Furthermore, the negotiations are expected to take at least several
weeks. Here, Machine Corp. begins serious talks with Buhmar in the
first week of July, 1980, and negotiations begin during the last
week of July.

Machine Corp.'s position in the negotiations is simple - it
believes that lengthy negotiations are to its advantage. Because its
inventory of parts required by the contract in question is very low,
lengthening negotiations will allow it to create the necessary
inventory without going to over-time for its workers or paying
premium prices to suppliers. Converseiy,· Buhmai: wishes the
negotiations to move along swiftly, as their production quotas have

been falling off. Also, they prefer working with an American
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supplier at this time because many of the necessary licenses are
easy to acquire as a result of their long-standing relationship with
International Harvester. (They began joint production with IH as
early as 1971.)

Knowing that Poland's economy has been having difficulty,
and also knowing that such difficulties sometimes result in worker
unrest, is the reason for Machine Corp. monitoring the political
climate in Poland. For, if riots should break out on a large scale- and
be met with predictably harsh suppression -

the Carter

administration would most likely levy trade sanctions against
Poland. And, these trade sanctions would very often take the initial
form of restricting licensing of exports to Poland. The gist of this is
that Machine Corp. wishes to buy as much time as possible in
negotiations, but they do not wish to be without a contract and
licenses in the event of Polish political turmoil and the resuiting
licensing restrictions. Hence, if it looks as though turmoil is about to
break out, Machine Corp. wants to close the deal as quickly as
possible.

Method of Inquiry

A well known approach to analyzing the political climate of
a country was developed by (Gurr 1971). His model takes into

account a number !)f qualitative indicators to assess the well-beini
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political violence. These attributes were used in illustrating how an
area specialist would seek and classify information about Poland.
Additionally, (Dahlgren 1978) has provided heuristics for
interpreting these qualitative indicators, and his heuristics were
used for interpreting the events in Poland during the summer of
1980.

The events that are relevant to this case study take place in
a short period of time - 2 months. The "high" points of this period of
time are chronicled below (Cynkin 1988; de Weydenthal et al
1983 ):

July 1: The Central Committee announces a large hike in
meat prices

July 2: The first strike breaks ·out in the Ursus plant near
Warsaw. The strike was for higher wages to cover the
increased meat prices.

July 9: Central Committee chairman Gierek makes public
statement that no broader wage increases win be allowed,
but workers continue striking.

July 16: Strikes Spread to nearby Lublin
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July 27: Gierek goes on holiday to Moscow, and doesn't
return until August 14.

August 15: Telephone lines to Gdansk are cut.

August 16: Representatives from 21 enterprises convene in
Gdansk to form the interfactory strike committee (MKS), a
group formed to coordinate strike action, promote solidarity,
and begin broadening demands to include political
concessions.

August 18: The MKS continues to grow, while Gierek makes
a television speech that no political concessions will be made
with the strikers.

August 19: Dissidents are arrested on a widespread basis.

August 23: Barcikowski, Deputy Prime Minister, begins talks
with the MKS on national television.

August 24: 4 top Central Committee members are relieved of
their posts.

·

.

.

August 30: The Gdansk agreement IS sIgned, guaranteemg
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the right to strike and self-governing trade unions.

It should be noted that this information was widely
available during this point in time. For example, from July to
November the New York Times had a front page story on Poland an
average of every 2.5 days.

These "high points," together with information concerning
general trends and conditions in Poland, made up the substance of
the case study. A series of data capturing steps occured, where the
area specialist asked for information on a periodic basis. Beginning
on July 7, the area specialist created an Apprentice and sent it to
the intelligence analyst - who answered its questions and returned
it. With the July 7 information, the area specialist made a

classification of the attribute-values he receives. On July 21, after 2
weeks, the area specialist again sent the Apprentice to do its job,
and classify the attribute-values upon its return. Because the July
21 attribute-values held the potential for escalating violence, the
area specialist sent the Apprentice again after 9 days instead of 2
weeks. And, he finds that his suspicions were correct, and that the
situation in Poland had become somewhat more volatile, but not
alarmingly so. Thus, he sends the Apprentice again, one week later,
and finds that the situation has not met dramatic change. Another
week passes and he sends the Apprentice again. It is now August

16 and the area specialist finds that the Central Committee has
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chosen a destabilizing course of action - cutting telephone lines into
Gdansk. Now, the possibility for violence is strong, and the specialist
alerts the CEO's office of Machine Corp. to this effect. They consider
the situation - whether to come to a quick conclusion to their
negotiations or to wait. And, because the U.S. administration's
political rhetoric on the subject remains entirely "low-keyed," they
decide to wait. The area specialist increased the frequency of his
monitoring, sending the Apprentice out again after 5 days, and
found that tensions in Poland still remain very high. The CEO's
office is alerted to this state of affairs. Three days later the area
specialist sends out the Apprentice again. Now, tensions have
somewhat subsided, but the possibility of political violence is still
present.

Here, in this scenario, the area specialist did what nearly all
workers do at some time during each working year - most often in
August. He took a scheduled vacation. So, in his absence, and until a

assessing the political situation in

Poland was the Apprentice's

responsibility. Another area specialist took over the duty of
"sending" the Apprentice, and on August 28, the Apprentice was
activated and returned with the conclusion that the possibility of
political turmoil is lower than the week before, and the information
is reported to the CEO's office.
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What is illustrated, here, is that in a short period of time,
using "real world" historical data, the Apprentice can assume some
of the responsibilities, acquire and share some of the knowledge, of
the area specialist. This case illustrates how an Apprentice can be
successfully used to capture knowledge about "real-world"
information and established methods of classifying that
information. When Machine Corp. 's area specialist was away and
unable to perform his duties, the Apprentice was able to act in his
stead.

In this case, when it was the Apprentice's "turn" to classify
the political information, the Apprentice noted that the information
fit two classifications - "PT: Somewhat Likely" and "PT: Likely." Had
the area specialist been present, undoubtedly only one classification
would have been provided. This fact supports what we would
intuitively believe of an apprentice - that is, after "existing" for
only six weeks and having seven learning experiences, it is not

Nevertheless, the Apprentice was able to provide a useful
indication of what the pattern of qualitative political data meant.

At any time during the period discusses above, Machine
Corp's other area specialists also had access to the Apprentice
monitoring political violence in Poland. For example, during the

Solidarity movemeilt the stock market fell over a period of time
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while the price of gold rose. Investment personnel may have
chosen to use the Apprentice as one of the inputs to their
investment decisions - and they could continue using it in the
originating area specialist's absence. Finally, had the area specialist
responsible for the the political violence Apprentice left the firm,
instead of taking a vacation, his replacement would have had an
immediate starting point, using the Apprentice,

from which to

continue his predecessor's work.

Implementation

Considerations

The typical information request of an area specialist is for
qualitative data, and the Apprentices have been constructed with
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specialist requests quantitative data. For example, an area specialist
may want to know the current oil production, in barrels, for a
particular geographic region. In this case, while the intelligence
could answer, say, 5,000 barrels, the Apprentice would probably
not find the answer very usefuL In other words, for the purposes of
matching and learning, 5,000 ba.."Tels would be regarded as
different from 5,001 barrels - but to the area specialist these two
numbers would, for all practical purposes, be the same.

The inability of an Apprentice to cluster numeric data is a 4

9

limitation of the system. If it became necessary at some point in
time to add this capability, (Lebowitz, 1985) has provided an
algorithm that clusters numeric data and also works with Unimem.
Of course, it would be possible for the area specialist to use his
choice of scaling data to create artificial clusters. For example, in
asking for oil production he could specify that the replies must be
as follows: 0-5,000; 5,001-25,000; 25,001-100,000; more than
100,000 barrels per day. Still, this kind of approach assumes that
the area specialist already has a clear idea of the possible values
that he win encounter. That is, if the region in question is producing
4 barrels a day, there is still a meaningful difference between that
amount and, say. 4,999 barrels a day (intuitively, at least.) Yet, this
difference would not be apparent with the given categories.

This point brings up an additional issue or limitation of an
Apprentice. An Apprentice is poorly suited to exploratory
questioning. That is, if an area specialist is "fishing," as it were, then
structuring his request according to the needs of the Apprentice
will be an awkward exercise at best. If the area specialist is trying
to get a feel for something poorly defined or understood, like recent
activities in FCC regulatory behavior, the requirements of building
an Apprentice may be unnecessarily restrictive. This point leads
into one of the assumptions made in designing the knowledge
cache.
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The assumption was that the information requests made
would be repetitive, representing well-defined monitoring
activities. For the Apprentices to learn concepts, they must be
exposed to more than a single feature-vector.
were used only once, it would be futile to try and learn any new
concepts, as it would not be called on again to do anything. Also,
creating a standard E-mail message is somewhat less time
consuming than creating an Apprentice. So, if the Apprentice were
only to be used once, using a standard E-mail message would be
preferable.

Additional assumptions about the individuals using the
knowledge cache have also been made. In the case of
environmental monitoring, it has been assumed that both an
intelligence analyst and an area specialist are participating in the
monitoring process. This is not always the case, as (El Sawy 1985)
has pointed out. Small firms do not usually have a staff devoted to
monitoring - the CEO is typically the one that handles this
responsibility. Hence, as the knowledge cache is currently
positioned, it would not be of use to such a person. The usefulness
of the knowledge cache is based on the assumption that one
individual will be asking the questions while another will be
answering the questions.

While creating an Apprentice, the area specialist would

h~~

the choice of building it in steps or all at once. He should be able to,
essentially, give the Apprentice one attribute with which to begin.
Then, when the Apprentice returned with a value for that attribute,
he should be able to add another attribute with appropriate scaling
and explanation information - and continue this process until a
classification can be made. Conversely, the area specialist would
also have the option of creating the Apprentice in one session,
specifying all the attributes, scales, and explanations before sending
it to an intelligence analyst. Moreover, the area specialist would
have the choice of adding or deleting attributes from the
Apprentice at any given point in time. If an attribute were added,
no change would have to be made to Unimem's hierarchy of
concepts. If an attribute were deleted, though, all nodes in
Unimem's hierarchy that had that attribute would have to be
removed, along with their children.

Several other characteristics of the knowledge cache, for
example the way in which messages must be structured, merit
elucidation here. For example, why must the Apprentice have a
structured message? The answer is rather simpie: there is reaiiy no
other satisfactory way of identifying the attributes used by the
area specialist. If the area specialist were to use an unstructured
message, the attributes could not be identified. Moreover, scaling
information is required of the area specialist to bound the number

. - - - - - - - - ._----_._-------------

------

2
of answers that an intelligence analyst would provide. The numbgr
of synonyms that different intelligence analysts might use to
express the same opinion is potentially very large, and the simple
matching procedure used by an Apprentice is unable to recognize
that two answers might be synonymous. Thus, the necessity of
providing a limited list of answers was found.

In choosing to approach the synonym problem this way, it
was obviously assumed that an area specialist and an intelligence
analyst would be able to adapt to this small change. Work by
(Dahlgren 1983) and (Berkowitz 1983) in having analysts scale
their estimates of political conditions indicates that this assumption
was not unwarranted. In the case that an individual using the
available scaled values was unsure whether they meaning was
properly communicated, a facility for adding an explanation was
made available. Thus, when an intelligence analyst answered a
question with one of the supplied values, he had the option of
elaborating his findings in the "remarks" section of the suggested
interface - making clear exactly what he meant to the area
specialist. This feature of making remarks has the additional role of
reducing the amount of change between using an Apprentice and
using the standard E-mail message - where the intelligence analyst
could always explain his answers.

Some decisions on particular characteristics of the
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knowledge cache will be largely dependent on the working
environment in which it is housed. For example, it is conceivable
that two area specialists will have over-lapping expertise, and that
two Apprentices could be made that perform, basically, the same
function. Under these circumstances, the question of which
Apprentice is best to use may arise. Which Apprentice will provide
the best answer? The problem is not entirely unlike the problem of
having two watches and not knowing what time it is. Still, a choice
may be necessary between the two Apprentices. In this case, the
monitoring group may make the choice based on several
parameters: 1) which one has shown the "best" performance "best" being a measure of prediction accuracy, or 2) which one is
the cheapest to use - as in which one requires the lowest cost for
gathering information, or 3) which Apprentice has been in existence
longer - where duration of existence is a measure of goodness. The
list of considerations could conceivably be quite long. and the final
choice would probably reflect the implicit and explicit policies and
preferences of the environmental monitoring unit in question.

Another consideration whose resolution would probably be
largely dependent on the environmental monitoring unit in
question is the presence of "too many Apprentices." This
hypothetical problem would occur when a co-worker wished to use
another's Apprentices, because that other person was unavailable,
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and the number of Apprentices under that person's charge was too

large to make use of them. Here, there would be either so many
Apprentices to choose from, or two or more Apprentices would
appear to be so much alike, that one would unable to make an
intelligent choice. Again, the choices made to ameliorate this
problem would reflect the preferences, policies, and probably the
budget of the environmental monitoring unit. One approach would
be to provide a hyper-text like interface to the Apprentices, such
that they could be chosen through a hierarchy of categories presumable with the help of an individual whose job it was to
maintain this extra system, and possibly with only the cooperation
of the area specialists. Another way might be to add a keyword list
to each agent, specifying the threats and opportunities for which
they have been built.

Conclusion

What does this mean to the IS professional? First, if his
organization should decide to address the problems of continuity,
communication, and redundancy in the realm of environmental
monitoring, he has a method for proceeding. Second, if he should
come across a problem that, also, is resistant to an expert systems
approach - a problem that has similar characteristics to the one in
this dissertation - he may evaluate and hopefully find that the
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not only is this research concerned with solving the immediate
problems in environmental monitoring, but it also considerate of
other possible uses, or the ability to be "generalized" to other
problems.

For example, in a relatively recent Harvard case study
(Porter 1986), a major software vendor planned to ease the
workload on its customer service representatives with the
introduction of expert system technology. The vendor received over
330,000 calls annually, and the vendor wished to create bulletin
board software that kept clients abreast of new company products
as well as an E-mail service to get help from the service
representatives. The plan included having customers interact with
an expert system instead of the service representative, and if the
expert system could not provide an answer, then the representative
would take over by entering into the E-mail dialogue.

Besides differentiating themselves from their competitors,
the firm believed that the expert system would help reduce the
service representative's work-ioad and encourage them to remain
at their jobs longer (their average length of job service was 20
months and the cost of retraining was viewed as significant). Thus,
the plan found encouragement from many individuals within the
company. Unfortunately, the endeavor ultimately failed because of
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the large knowledge acquisition effort required to bring the

proje~t

on-line, along with a resistance on the part of the service
representatives to spend additional time helping to build the
system.

If the project leader had had access to the Knowledge

Caching approach, the project may have been successfully
completed. Time for doing knowledge acquisition would not have
been required of the service representatives because the
Apprentices would learn by observing the problem solving process:
watching the customer report the nature of the problem (eg. I've
got an abend); watching the questions asked of the customer by the
service representative (eg. Was it a 1. System abend 2. A user
abend 3. Was there a console message or 4. none of the above?);
and noting the classification to the problem. The process is a
redundant one and there are ample opportunities for learning to
classify these questions and answers as attribute-value pairs.

This instance, of the firm that sought to apply expert
systems technology to the customer service problem, is one that
1
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generalizable characteristics of the

Knowledge Caching approach. The organization wishes to reduce its
service

representa~ive

turn-over as well as its training costs. It has

periodic gaps in the continuity of knowledge available to the firm
because of the turn-overs. Additionally, by allowing the
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Apprentices to look after the more routine tasks, the service
representatives would have more time to address the tougher,
more challenging problems.
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CHAPTER 2

SCANNING TIlE ENVIRONMENT

In trod uction

The task of gathering information about one's competitive
environment has a long history. In China, as early as 500 B.C., Sun
Tzu gave a critical examination of the elements necessary for a
successful intelligence effort. Not only did he examine the various
kinds of intelligence tasks in operation in his country, but he also
made suggestions on how to best conduct intelligence operations including the use of disinformation in the form of allowing a spy to
be captured and then to give false information.

Europe, by contrast, did not develop intelligence capabilities
until

Nehemkis 1984). Intelligence gathering

activities were rejected under Roman rule. And it was not until the
fifteenth century that the Italians became the first Europeans to
make use of strategic intelligence in their decision-making. Later,
Henry VII, in his flight from by Richard III, employed intelligence
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methods as a way to protect himself. And the network of
individuals that made up the foundation of his intelligence
organization was used by Elizabeth I in the first formal intelligence
service.

Soon after, securing intelligence for military purposes
became prevalent in both Europe and the United States. In World
War !, the Black Chamber, an ad hoc cryptoanalysis group, was
established to monitor messages passed by hostile forces. But the
group was dismantled after the war. During World War II, the
Office of Strategic Services (OSS) was responsible for obtaining
information relating to the strengths and weaknesses of Germany
and its allies, and, too, was dissolved after that war. Two years
later, in 1947, the Central Intelligence Agency was formed and
began its international intelligence gathering operations.

Gathering intelligence for business purposes, in any formal
fashion, was still yet to come, although informal scanning for
intelligence information was being done by businesses. An
interesting anecdote is provided by (Armand Hammer 1987) when
he was the owner of a pharmaceuticai company during the
prohibition years. According to Hammer, he noticed a sharp
increase in the sale of one of his companies products - tincture of
ginger. Curious about the change, he went to a druggist and
inquired about the sharp increase in purchases. In answer to his
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question. the druggist used the tincture to create a somewhat
palatable cocktail and explained that this was what people were
using to satisfy their wishes for alcoholic beverages. With this new
information. Hammer promptly bought up large shares of ginger
and was able to amass great profits until the Volstead Act was
revoked.

The Freedom of Information Act. passed by congress in
1966 and amended in February of 1975.

has had significant

impacts on the opportunities for businesses to access and use
information relevant to the successful pursuit of their interests and
strategic management of the organization. According to
(Montgomery et al 1978), "The primary value of the information to
be gained about competitors under the FOIA (Freedom of
Information Act) tends to be strategic in nature .. " and "There can be
a significant differential offensive advantage to companies which
make use of the FOIA and the opportunities it provides." For
instance. the FOIA within the FDA has become a common source for
the environmental surveillance systems used by pharmaceutical
industries. Montgomery notes that, for example, FOIA information
was used to acquire an FDA inspector's report about a particuiar
pharmaceutical company's plans for new products and
manufacturing prQcedures at the inspected plant.
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Environmental Scanning and Strategic Management

Estimates of public sources of published information number
in the thousands. On-line data bases offer services that include
news clipping services from hundreds of

nationwide and foreign

newspapers, a vast array of key-word search queries, abstracts of
journal articles, etc. And these sources of information are being
used by major corporations to evaluate the competitive climate, the
threats and opportunities, in their business area. For example, a
short list of corporations involved in monitoring the activities
external to their organizations include the following:

Corporations with Business Intelligence Departments

Japanese Trading Companies
Mitsubishi, Mitsui, Sumitomo, Nissho-Iwai

Grain Merchants
Cargill in the United States, Andre in Switzerland,
Louis Dreyfus in France, Bunge in Argentina

Hardware Manufacturers
IBM, Motorola, Wang Laboratories, Digital
Equipment Corporation, Texas Instruments, Sperry
Rand

------
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Utilities, Banks, Consumer Products, Etc.
Westinghouse Electric, General Electric, Emerson
Electric, Rockwell International, Celanese, Pfizer,
Ford Motor Co., Union Carbide, Gillette, Citicorp,
Chemical Bank, USV Laboratories (subsidiary of
Revlon), Del Monte, General Foods, Kraft, J.e.Penney

The recognition of the importance of external environment
to the strategic position of the organization was recognized not only
by Montgomery, but by several others (El Sawy 1984; Fahey et al.
1981; Keegan 1974; Nanus 1982; Terry 1977; Hambrick 1982). For
example, (Churchman, 1968), argued that the continual monitoring
of the external environment is a vital part of strategic management
(see the figure below).

----------------------- -

------------------------
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Here, the process of strategic management is depicted as the
interaction of several processes: the businesses' resources and
capabilities must be evaluated; the values of the business, together
with its goais must be identified; those components which form the
corporation must be enumerated; a decision structure for managing
the various facets of the organization need delineating;

and

information concerning the external environment is also a part of
this process.

Still later, (Glueck et al 1980) points out the various phases
of evolution in strategic management, and each ascending phase is
enunciated with the aid of additional information about the
competitive environment (see figure 2.)

The authors segment Strategic Management into four
distinct phases. In the first phase the focus is primarily financial
and fundamental considerations are budgetary. Performance is
measured against the annual budget and there are usually little
formal attempts at strategy, but rather occasional ad hoc
approaches.

Next, in the second phase, forecasting becomes evident

and the use of multi-year budgets accompanies the change. Trend
analyses and regression methods become important. In the third
phase, externally oriented planning, an evaluation of the business
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Evolution of Strategic Management
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environment becomes increasingly important. Strategies
show signs of exploiting organizational strengths as well as
protecting organizational weaknesses. Finally, in the fourth phase,
strategic planning and operational decision making become linked,
resulting in strategic thinking that is widespread throughout the
firm.

The impact that the external environment has on the
organization and its strategic planning process is well documented
in (Rowe et al). In a series of steps designated as the ETOPS
(Environmental Threat and Opportunity System), the authors call
the initial process of attending to salient indicators in the
competitive environment "environmental scanning," noting that:

Environmental scanning is the first step to take to find and
analyze threats and opportunities in the environment. At this
early stage in the strategic management process it is necessary to
completely enumerate those events and trends
pertinent to the company's performance in

~-~.~--~---~------------
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future.
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Additionally, they suggest that there are six fundamental
areas deserving attention in the scanning process. These include the
following:

I.Economic Factors: Those that relate to the flow of money,
goods, and services

2. Political Factors: Those related to the use or allocation of
power among people,including dealing with governments

3. Social Factors: Those that affect the way people live,
what they value

4. Technological Factors: Those that relate to the
development of machines, tools, processes, materials, etc.

5. Competitive Factors: Those determined by actions taken
by current and potential competitors. ivlarket share and

concentration are also included.

6. Geographical Factors: Those related to location, space,
topography, climate, plants, animals, and natural resources
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Once indicators corresponding to these six areas are
gathered and evaluated, the information is assigned to a simple
numeric scale to determine its significance to the organization - that
is - whether there is a perceived opportunity, threat, or a neutral
condition.

To determine the relationship of these various
environmental factors to

the authors

employ a method called "WOTS-UP" (Weaknesses, Opportunities,
Threats, and Strengths). The use of this method entails three
primary tasks in profiling of the organization: 1) identify the
distinctive competences of the organization, 2) find a niche in the
organization's environment, and 3) find the best match between the
organization's competences and available niches. Answering these
three questions is tempered by the organization's goals, objectives,
and values. So that, the process is iterative in nature and results in
plans that realize a match between the organization's general policy
and the constraints presented by the competitive environment.

The content of their proposed methodology bears some
resemblance to approaches given by (Porter 1980, i 985). Porter
asserts that strategic planning can be significantly improved
through an

analy~is

of the industry's structural characteristics, the

organization's competitors, and the evolutionary position of the
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industry. According to Rowe, this approach can be described as
concentrating on ten areas for making strategic decisions:

1. Characterize the industry's rate of growth

2. Document threats of market entry by new
competitors

3. Evaluate the intensity of rivalry between industry
competitors

4. Enumerate possible pressures from substitute products

5. Review the dependency of the product under scrutiny on
complimentary products and services

6. Evaluate the bargaining power of buyers

7. Evaluate the bargaining power of suppliers

8. Establish whether the technological sophistication
of the industry is relevant to strategic goals

9. Recognize the rate of innovation and its affect on
strategic goals
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10. Evaluate management's capability to meet the
demands of the current strategic agenda.

Having evaluated these criteria, the ability of the planners
to create and realize the corporate goals is augmented. The
attention of the strategic planning function has evaluated internal
capabilities together with the characteristics of the competitive
environment, and so the organization is better positioned to achieve
its objectives.

The evolution of strategic management has been
characterized by (Gardner 1984) as requiring ever increasing
amounts of intelligence relating to the external environment.
Gardner suggests that competitor intelligence is absolutely essential
to the successful realization of the following three pursuits of
strategic management:

1. The development and evaluation of strategic issues
and alternatives
2. The selection and implementation of key strategies
3. The recognition of the need for and the design of
mi<;l-course implementation adjustments.
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Gardner further notes that an effective organizational
intelligence function allows the strategically managed firm to make
"effective responses to unexpected opportunities and problems."
The progress of making a situation assessment, strategic issue
identification, and the development and evaluation of alternatives
is augmented through the addition of intelligence regarding the
external environment. Once strategic choices are made, their
implementation can be monitored so that the feedback of the
external environment allows the planning function to better
respond to these perturbations.

Approaches

to

Environmental

Scanning

The planning process is dynamic, based on shifts within and
without the organization. Cha.l1ges are made and objectives are reevaluated. The information pertinent to the internal make-up of the
organization, its failures and successes, is reported throughout the
various business functions. The accounting and financial
departments provide information as to the financial health of the
organization. The manufacturing and service branches are also
sending a steady stream of information to the pianning department
that enables strategic competence in the organization's decisions.

But what of the external environment? What well defined
unit is responsible for reporting on the significant changes there?
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Salespeople are a constant source of field data - some of it being
more or less reliable. But often, a well defined operation that
supplies consistent and reliable information about the shifts and
changes in the external environment is not a part of the
organization.

Several efforts have been undertaken to try to give some
form to the requirements of an intelligence gathering department.
(Labell and Krasner 1977) suggest a blend of qualitative and
quantitative sources in a variety of techniques for assessment
activity in the business environment. These include the following:

Single-variable extrapolation - linear extrapolation, lifecycle curves, exponential smoothing, power expansion, etc.
Theoretical Limit Envelopes

- worst-case analysis, high and

low limits estimation, sizing calculations

Dynamic Models - historical analogues, time lags,
stochastic modeling

I'vfapping - relevance trees and morphological anaiysis

Multivariable Interaction Analysis - use of
input-output models, probability networks, factor analysis,
regression analysis
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Unstructured Expert Opinion - "what if" interviews,
role playing, the use of consensus panels, scenario
generation

Structured Expert Opinion - delphi technique, highly
structured interviews, on-line computer interaction

Structured inexpert opinion - interviews,
questionnaires, and surveys

Unstructured inexpert speculation - person-in-thestreet interviews, scenario generation, brainstorming

With the approaches they identified, they discuss what
methods they think best for evaluating any given particular
environmental attribute .

In (Montgomery and Weinberg, 1979), what is caned a
Strategic Intelligence System (SIS) is held responsible for gathering
and interpreting information about the external environment. Here
the authors view intelligence as being either defensive, passive, or
offensive. Defense intelligence is defined as information about
activities that represent surprises to the organization. Changes in
the external environment that challenge the implicit assumptions
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upon which strategic decisions

have been made constitute this

category of intelligence. Passive intelligence can be characterized as
providing benchmark data for the intelligence function. l..1arket
share information, manufacturing capabilities, advertising budgets,
and etc. make up the content of this category. Offensive intelligence
is that which represents the identification of opportunities for the
organization that would otherwise not be discovered by the
organization.

The areas of focus the authors point out include current and
potential competitors, customers and suppliers, the technological
environment for substitute and emerging technologies, the
economic environment, the political and regulatory environment,
and the social environment. The SIS suggested is primarily
delineated to provide a broad outline of the intelligence function.
And this process can be seen in the figure below:
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Appraising the needs of the organization, according to the
authors, is done using something of a military paradigm: by the
identification of areas of influence, the immediate zone of
competitive activity, and the area of interest. Here, the information
needs of the organization is guided by where attention should be
placed. The question of priorities is filtered through two
considerations: 1) how important is the event to be looked for to
the organization, and 2) how quickly will the event affect the
organization and how quickly might the organization respond to
such an event. When prioritizing what to look for, the likelihood of
the event - coupled with probable costs of anticipation and reaction
- help to shape the choice of what to look for. Considering the
possible indicators that could signal competitor's intentions or
relevant changes in the economic and political environment, direct
evidence in answer to proposed information needs are often
lacking. Often it is necessary to have experts look for patterns of
activity that indicate a particular action or vulnerability that is
imminent. Additionally, isolated pieces of information can be
misleading, such as a competitor bidding on a contract at an
unusually low price. At first inspection, it may appear that the
competitor's backlog is very low. But it may be that the competitor
has made strong technological strides that reduce its costs .

.....
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The part of collecting intelligence can be subdivided into two
distinct tasks. First, there is the task of surveillance. This entails the
monitoring and viewing of occurrences in the environment.
Typically, multiple aspects of the environment are observed in
order to detect relevant events that can affect the organization. The
focus is diachronic: the scope of the sensors must be broad, but not
entirely unfocused. Knowing the goals and objectives of the
organization helps to narrow down the scope of monitoring in some
fashion, particularly if a prior analysis of the industry has been
completed. The second half of the intelligence collection effort is
called search, and is usually the direct result of the surveillance
function turning up an interesting piece of information. Once
surveillance has identified a pattern of events or indicators that
could have some relevance to the goals and objectives of the
organization, the search procedure begins its synchronic analysis
and highly Inarrowly focused assessment of the probable situation to assess both the complete nature of the hypothesized event and to
evaluate its impact on the organization.

Sources of information include both field and published
sources. The saies force of an organization often picks up
information in the course of carrying out their responsibilities. In
the case of Intel, for example, the sales force reported that their
customers were taking an interest in work by Motorola to build the
86000. This information was studied for accuracy and validity to
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determine that, indeed, Motorola was building such a
microprocessor, and Intel went on a crash sales program in
response to this in order to get large customers such as mM to
purchase their own microprocessors. In recent years, published
sources of information have become available through a large
number of online data bases. These data bases, together with
innumerable other published journals and magazines, are a vast
resource for the intelligence department seeking information about
its competitors.

In analyzing the data, questions of salience and reliability
must be addressed. Once it has been decided by the information
specialist that the sought after information is acceptable, it is
transmitted to the individual requesting the data. Once transmitted,
the data is stored and/or accumulated for inspection. Following this,
several approaches can be applied to evaluating the data,
depending on its type and content. Aggregation could be done if the
data consist of many points and statistical methods are useful: an
analysis using various types of functions, whether they be financial
or otherwise , could be employed, pattern recognition methods
could be used when the data is qualitative (as General Electric does
before doing a thorough analysis); a mix of the three may be
performed; or some other methods mentioned by Labell et al. Once
this is done the information must be packaged and forwarded to
the appropriate personnel for decision.
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A plan for collecting, evaluating, and disseminating
competitor intelligence is suggested by (Cleland and King, 1975).
The objectives of their approach as stated as follows:

- To assure the availability on a timely basis of
credible and comprehensive information about the
capabilities and options of key competitors

- To determine the manner in which actions of key
competitors might affect current organizational interests

- To continuously monitor and provide credible and
comprehensive information on situations and contingencies
in the competitive and environmental systems in the
marketplace which might have an impact on the interests of
the organization

- To maintain comprehensive and reliable
information on political, economic, legal, social, and
technological systems affecting the competitive posture of
the organization

- To achieve efficiency and eliminate unnecessary
duplication of effort in the collection, analysis and
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dissemination of competitive intelligence for the
organization

To support these objectives, the authors posit an intelligence
system that follows a pattern of determining intelligence
requirements; Collecting and analyzing the pertinent information;
deriving the intelligence and disseminating the intelligence to the
managers and organizational elements that need the intelligence.

Porter details industry analysis and the role of information
that is used to gauge and maintain a competitive posture based on
his particular relevance filter. His approach is largely similar to
others' approaches, with the exception that he does not provide for
a feedback of top-level management to the intelligence function.
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The common themes to these analyses is that monitoring the
competitive environment plays a definitive role in the strategic
success success of the organization. While the above approaches
have particular differences, they also hold many attributes in
common. Furthermore, these commonalities can be used to generate
a high-level outline for the process of scanning the environment.
Meyer [1988] provides a succinct description of the general
functions that must be performed by an environmentai scanning
unit:

- Selecting what needs to' be known
Sort out relevant from irrelevant information

- Collecting the information
Collect and monitor the relevant information as
quickly as possible

- Transforming this collected information into
finished products

- Process the information for the purpose of
enhancing the organization's decision-making
needs

84
- Distributing these products to policymakers

Assure that the results of the processing effort are
made available to chief policy makers when they
need it and in a form that they can quickly
absorb.

Although the broad categories presented by Meyer serve as
generalizations of much other work done on intelligence gathering
and dissemination cycles, Much of the substance of the four
categories is left undelineated. For example, the process of selecting
what needs to be known - selecting the relevant from the
irrelevant information - is a complex task requiring more
descri pH on.

Acquiring

Information

First, there must be some available constraints to aid in
deciding what needs to be known. The amount of information
available through published sources is of a staggering magnitude, so
a filter of sorts must be used to identify what areas to study.The
primary constraints that can be used are the objectives or goals,
and the values, of the organization. By knowing these constraints,
the intelligence function is able to better select what areas might be
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particularly pertinent to the information needs of the strategic
planning function. For instance, a firm may be planning to move
some of its manufacturing operations overseas, and has only to
choose from a small set of sites on which to build. With this
knowledge, the intelligence function may elect to monitor the
political environments of the areas in question, so as to make
appropriate recommendations about the efficacy of a move to any
particuiar area. Also, economic conditions play a vital role in such
decision making, and the intelligence function can aid in a thorough
assessment of an impending crisis. For example, if the organization
....;eic considering a move to Madagascar as it was several years ago,
it would have first noted that the county's economy was heavily
dependent on the export of vanilla beans. Too, it would have noted
that one the primary importers of these beans was the Coca-Cola
company, who, with the introduction of "new coke," cut back their
purchases of vanilla by very large quantities. Recognizing that this
change would bring about a depression in Madagascar's economy
would have proved useful to a company planning to move its
facilities to Madagascar.

In addition to these primary constraints, there are aiso the
considerations of time and cost. If the organiza.tion is planning a
major acquisition, it may be necessary to move with great speed so
as to make the transaction possible. In such a situation, the
intelligence function may decide to acquire as much information
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about the company as is possible, as quickly as possible, with little
initial concern as to the relative importance of the data to the
intelligence process. Then, only later and after the data has been
collected, will the most pertinent data be chosen for scrutiny.
Likewise, a certain cost can be associated with each acquisition of
data, so that the task of the intelligence function is to provide
threat monitoring from widely disparate areas, paring down the
number of acquisitions to only what is necessary and sufficient may
be advisable.

If a decision must be made quickly, the time required to

find new and pertinent information may be prohibitive, and,
consequently data that is older but more readily available may
have to provide the required answers. Considering cost constraints
in data' search, it may be known that a particular set of public online data bases contain the information required by the intelligence
function, but the expense of searching through them by, say, an
inexperienced information specialist is prohibitive. Expertise affects
both the timeliness and cost of producing intelligence: for example,
in a Time-Life study, it was found that new users of the research
data bases incurred 100% higher costs than their experienced
counterparts.

Once an interesting area has been identified, and a search
has revealed results of potential value to the organization, the
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information must be prepared to conform with the needs of the
organization. For example, it would be of limited service to Pepsi
Co's strategic planning department for the intelligence group to
rush in and announce that Coca-Cola was coming out with "New
Coke!" The intelligence should reflect the impact of the external
event on the organizations objectives. This results from a thorough
analysis of the intelligence in question. The results of the analysis,
whether the process is financial, statistical, etc., is used to support
hypotheses about opportunities or threats in the external
environment. Each analysis, to the extent possible, should give an
estimate of the reliability of the information used in its assessment,
as well as the likelihood of the predicted event.

Finally, the process of disseminating information can result
in unimagined difficulties. As (Pearce,1976) reports, differences in
management positions, particularly where the links

between

authority and responsibility are not clear, result in communication
problems. Line management is typically hierarchical, and it is often
the case that junior level intelligence personnel are perceived by
senior level personnel outside of the intelligence function as giving
advice and, consequentiy, exceeding their authority. Additionai
difficulties noted by

(Meyer, 1988) entail the mutual

understanding between the members of the intelligence staff and
the pianning staff of the supporting role of intelligence: it is not
uncommon for intelligence to expect planning to react quickly and
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decisively based on intelligence's recommending. However, this is
often not the case. And it is important for for both endeavors that
the participants understand and appreciate the demands and
requirements of each other's roles in the organization.

Conclusion

While using information about the external environment is a
relatively old practice in matters of State, the formal structuring of
groups to perform environmental scanning for businesses is a
relatively new phenomena. That environmental scanning is an
important part of strategic management is apparent, and the
effectiveness of strategic decision-making is enhanced with its use.

The factors that must be taken into consideration when
evaluating the competitive environment are many and diverse.
From economic considerations to regulatory changes, technological
innovations to competitor maneuvers, the information that can
provide insight into the threats and opportunities for the
organizations is available through a large number of resources.
Companies are responding to the large amounts of data now
available on-line in the form of public data bases. And the
sophistication and formalization used in the effort is increasing.
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Formal models of business intelligence groups emphasize
chiefly the same considerations: defining what needs to known,
finding the chosen information and monitoring the source on a
regular basis, interpreting it, providing an analysis and a report to
those who need to know, and interacting with the planning function
to better meet its needs and facilitate performance. The success of
the intelligence group depends largely on the availability of the
top-down provision of the organization's strategic plans. For
without this to use as a filter, the intelligence effort is largely
unfocused and poorly managed, leading to dissatisfaction on the
parts of both the intelligence group and the planning function.
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CHAPTER 3

CHARACIERISTICS OF THE MONITORING PROCESS

Passive vs.

Active Monitoring

Companies such as Inferential Focus of New York and
Perceptions International in Connecticut read a very large
number of publications on a regular basis. They infer trends
from the information they gather. Every week they contact
their clients and inform them as to the perceived anomalies
they have recognized, the changes they believe are coming, and
also give quarterly presentations summarizing the recent
events and what those events might portend.

passive monitoring. From a

select list of publications they scan the available qualitative
information and, from its content, note changes in the
environment. The changes they report vary from a recognition
of the increasing amounts of research and development work
being done in materials sciences to the prediction of falling
sales in the fitness industries. But they do not respond to
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requests for specific kinds of information. If a client wishes to
gain insight into the effects of impending regulatory legislation
on its operations, or whether the legislation might pass, they
have to go elsewhere.

Passive monitoring is not amenable to top down
requests for information about a specific area of concern. It
reports on changes in tti.e environment, but with the impetus of
giving policymakers idea.s to consider, to offer them alternative
ways of viewing the current business environment, rather than
being motivated by the specific concerns of the organization.

Unfortunately, organizations may regard their own inhouse environmental scanning efforts as being responsible for
highly focused intelligence reports when they don't provide
them with the information to do active monitoring. Active
monitoring is the focused effort of the environmental scanning
group in gathering information pertinent to the goals and
objectives of the organization. All too often, the environmental
scanning group performs passive monitoring because of the
absence of strategic planning information, but the planning
department and CEO's office expect active monitoring
information.
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In order for the environmental scanning group to meet
the intelligence requirements of active monitoring, the strategic
planning department must keep them abreast of the short and
long-term goals of the organization. Without this top-down
information, successful active monitoring of the environment is
not possibie. As one director of a corporation that did not
provide the requisite goals and objectives said, "We have lots of
intel1igence, lots of information, more than you need really. The
trouble is that we don't know what to do with it." The
acquisition of information, when done somewhat randomly, is
not a difficult task. But relating miscellaneous information to
the goals of the organization is.

Another director of an environmental scanning group
characterized his preferences for monitoring the environment
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oceans of data for our intelligence needs. The process has to be
top-down. Unless you know where your companies going, it·s
hard to come up with something usefuL" This emphasis on

active monitoring is the focal point for the remainder of this
chapter. As the process of area specialist and inteiligence
analyst interactions is described, the implicit assumption is that
the monitoring is active .
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Fig. 6. Passive Monitoring
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Fig. 7. Active Monitoring

Interactions Between the Intelligence
and the Area Specialist

Analyst

\Vhen an area specialist sends a data request to an
intelligence analyst, several individual datum values are
sought. That is, the area specialist asks for the values of a
number of attributes to be provided. These values, taken
together, help to form a pattern, to supply evidence, of some
event that can be potentially a threat or opportunity to the
organization. The size of the request may vary, say, from two
pieces of data to more than ten pieces of data. The larger
number of data requests may be reflective of the inability of
the intelligence analyst to supply answers to all information
requested. And so, in the case of asking for a lot of information
all at once, the area specialist "hedges" against this by asking
for more information than he necessarily needs - knowing this
will more likely provide him with what is sufficient to come to
a conclusion.

Very often the area specialist may ask for a number of
attributes, but can make an assessment of their collective
meaning without having all the information. Remembering that
identifying threats and opportunities to the organization is a
process of both abduction and deduction, it is not always
necessary to have all values given for a selected set of
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attributes to come to a conclusion, to make an inference. Also, if
the area specialist is pursuing an idea, the possibility of a
significant event, it may often be the case that one subset of
the requested attributes are necessary to make a particular
identification while another subset of the requested attributes
is necessary for still a different identification.

This phenomena is characteristic of even the most
simple of classification systems. For example, in classifying the
creatures of North America, simply knowing whether the being
in question is either warm or cold-blooded serves to decide the
question of it being either a reptile or mammal. Once it is
discovered that the creature is warm blooded, it serves little
purpose to ask if the creature has, for instance, scales. It would
not have scales - or, for that matter, gills. In seeking to find the
identity of the creature in question, the number of questions
one would ask is significantly reduced if the provision for
asking the questions sequentially is made, as opposed to asking
the questions all at once. That is, if the individual asking for
attribute values is allowed to ask if the creature is "warmblooded" and is answered, before having to ask another
question, he can make a classification with a smaller number of
questions than if he were required to ask all the necessary
questions for a classification at one time.
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The difficulty in asking questions procedurally for the
area specialist is in the temporai jag between requesting the
attribute-values and receiving the answer. If the area specialist
were to ask, say, for one attribute-value. The query would then
be sent via e-mail to the intelligence analyst. With the query,
the intelligence analyst would then look through the various
available published sources of information to find the
requested value. Once found, the intelligence analyst sends the
attribute value back to the area specialist, possibly with some
elaborating remarks, who requested the information - who
then decides, based on the incoming information, what question
should be asked next.

During this sequence of events, several circumstances
consistently present themselves to both the area specialist and
the intelligence analyst. The intelligence analyst will often be
asked to pursue other data requests by other area specialist.
Consequently, because both the initial request takes some time
to expedite and because other requests, perhaps of a higher
priority, present themselves to the intelligence analyst in the
course of expediting the original request, several hours can
elapse between the time of the initial request and the response
to that request. For the area specialist, he too has other tasks to
perform in the interim of waiting for the answer to his first
data request. Other threats and opportunities to the
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organization must be scanned for, and, consequently, other data
requests must be made. When the area specialist does receive
an answer to his initial request for data, he must re-orient
himself to the goals of the scanning. What was being searched
for must be recalled. The strategy for deciding how to proceed
must also be recalled. What the data means must be decided,
and what to ask next must also be decided. If the required
information is only part of a line of questions that have already
been asked and answered, the previous information regarding
the classification must also be recalled and integrated into the
final classification. A graphical description of the process is
given in the figure below:

Of course, the alternative to the process, one that would
alleviate the problems of discontinuity in the flow of
information, would be to have the area specialist ask all the
questions at one time. And, while this might save time in the
sense of the area specialist not having to re-acquaint himself
with the problem continually, and this could mean that not too
much time would elapse between the start of the routing
monitoring and the completion of the cycle (where taking too
long means that certain vital opportunities could be missed),
the cost in terms of data acquisition becomes much higher.
More attribute values are sought out than necessary, and the
cost of the extra search can be high.
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The characteristics of this process that need attention
include the following:

1) the potential savings available through making data
requests based on past data requests - that is, intelligent
search

Infonnation Specialist
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Fig. 8. Monitoring Interactions
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2) continual recall necessary throughout monitoring;
recalling what to look for; recalling what data values are
necessary; recalling the search strategy through the data
values; recalling the values of data already found; recaliing
what the data values mean, when taken together,

3) the time necessary for performing the above tasks,
and the diminishing value of the scanning information as a
function of the time required to find threats and opportunities
to the organization, and

4) the intelligence analyst having to recall the path or
order of searches that have composed a search for data after
having been interrupted and then returning to a search.

The way in which the two approaches, asking for all
data at once and asking for data sequentially,

affect the above

criteria are listed in the table below:

~~--

--------------

~-

-~------------------------------

Block Attribute-Value
Request

SeQuential Atttibute-Value
Request

Intelligent!
Opportunistic
Search

yes

II
I

no

Recall what threat
or opJ)OrtUntity to
look for

yes

Must Recall
Attribute-Values
to Search for

yes

no

yes

no

yes

yes

yes

no

. Recall what
attribute-values
mean as a pattern

yes

yes

Problem of
information losing
value due to
lag in request
turnaround

yes

no

Recall necessary
and sufficient
attribute-values
Information
Specialist
must recall search
approach after
interruption
Recall attributevalues already
found

Fig. 9. Sequential vs. Block Methods
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Identifying Interstices !n the Monitoring Piocess

Once the strategic goals and objectives of the firm are
made available to the business intelligence function, the task of
the area specialists is to identify those factors in the
environment that require scanning. Knowing the strengths and
weaknesses of the corporation, its internal capabilities, allows
the area specialists to better hypothesize the areas of scanning
that merit the most attention. Often, hypothetical are posited,
vulnerabilities are exposed in both the firm and its
competitors, and the overall structure of the industry is
evaluated. (Porter 1985) gives several ways for analyzing the
pertinent areas of concern for the firm, and these areas may
serve as a starting point from which to begin environmental
scanning.

The process of inferring areas of interest is creative, and
is augmented with the use of area specialists with
amounts of business expertise. They must answer questions
such as, "given our goals for growth in a particular consumer
goods market, what events represent likely opportunities for
unimpeded progress?" Perhaps they decide to watch for cross-

104
parrying behavior between competitors, often signaled by one
competitor entering the other's geographic area, that are
struggling to maintain market shares outside the product line
the firm is interested in, but will nevertheless be more poorly
equipped to deal with yet another aggressive move. The firm
may be planning to open up new foreign markets, perhaps in
countries that are politically unstable or whose political values
are antagonistic to their own government's values. Monitoring
threats to the endeavor of exporting to these countries might
include monitoring the political environment of the foreign
countries for upheavals which might, in turn, result in
economic sanctions being imposed on those foreign nations in
question. A proactive approach, first entered into via
monitoring the unstable environment, could serve to avoid
excessive losses in the efforts to export.

The process of identifying these areas as being
appropriate for monitoring may often be repeated over several
strategic planning cycles. The particular companies or countries
of interest may change over time, but the areas that represent
opportunities and threats may very likeiy remain the same, or
very similar. Over a period of several years the intelligence
analysts gain experience in generating lists of vulnerabilities,
opportunities, threats, etc., and can more readily, based on the
firms goals and objectives, identify those environmental

-------~.~---
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variables that require monitoring. While the area specialists
are generating a series of decision about what to monitor, they
are also acquiring expertise.

Unfortunately, once the area specialists leave the firm,
their experience goes with them. This is particularly difficult
for the business intelligence function has no records of the
decision made by the area specialists are usually kept. The
choices and recommendations made by the analysts are not
collected or catalogued. The areas of concern as a function of
the firms objectives and goals go unrecorded, and the
hypotheses and possible scenarios are lost. Even while the
analysts are with the business intelligence organization, many
of their efforts are often repeated. As stated above, they will
often generate areas of concern to the firm, and this task is
repetitive inasmuch as areas of concern matched to the
organizations goals are sometimes redundant - yet there is
usuaUy no record, no "audit trail," of the choices made and
when the area specialist leaves the firm this knowledge is lost
to the firm.

Additionally, the variables chosen by the area
specialists for monitoring a particular area of the business
environment are lost to the firm. In continually evaluating the
competitive position of another firm, the area specialist may
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have looked for patterns over variables such as bidding
behavior, R&D expenditures or hiring, new manufacturing
methods, suppliers, etc.. The area specialist may use his
expertise to infer that a very low bid on the competitors part
may indicate several conditions: 1) the competitor's backlog is
very low, or 2) the competitor has made a leap in
manufacturing methods and can reasonably meet their bid, or
3) the competitor has made a gross error in judgement, or 4)

the competitor has gotten a new supplier that, itself, can
provide materials at a much lower cost. The area specialist
would use the other variables to decide which of these
explanations is most likely. If R&D hiring has recently
increased, and the competitor has invested in a new
manufacturing site, it may be that technological innovation is
the best explanation for the very low bid. Conversely, if it is
known that R&D expenditures have recently been cut and that
there has been a hiring freeze, then the area specialist will
likely infer that either the competitor's backlog is low or there
was a gross error in judgement. The specialist's experience in
these matters enable him to make these judgements. But, once
the specialist leaves the busineSS intelligence group, the
experience is irretrievably lost. A formal means of capturing
the expertise does not exist, and so the firm benefits from the
analysts experience only while he is currently employed by the
firm.
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So, in addition to losing knowledge as to what areas

require environmental scanning as a function of the
organization's goals and

objectives~

the knowledge of what

variables to examine as well as there combined meaning is lost
.... .......
as well

~vpn
~.. .........

n .,.,
whilp
th..
nT"Pspnt
th...
OT"g",n;zat '.&v
... ... v
_ ..-.... sneci"'list
.t'
.&w..&........is l'.a.v
V&..... ;n
.a..a&
.... ...,
... .l,
.&

~ ... .&

...

the process of selecting salient variables and evaluating their
meaning, done on a periodic

basis~

calls for certain amount of

recall on the part of the specialist. If the operations are
performed on a highly regular basis, the recall will be, at most,
slightly time consuming. But when any significant period of
time elapses between the use of the knowledge, cognitive effort
in the form of "re-inventing the wheel" is required as the area
specialist re-familiarizes himself with the challenge at hand.

While the area specialist is

~Cmember

of the business

intelligence unit, and after he leaves, knowledge about
scanning the competitive environment, about choosing
indicators and interpreting their meaning, is generated, lost,
rediscovered, and lost again. The decision made, the
classifications of data that are hypothesized, are iost. The firm
itself learns nothing - gains no knowledge from the presence
and endeavors of the specialists. Once they go, all knowledge
goes with them. And while they remain, much of what they

-------
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created or surmised must be re-constructed. No history
remains of their decisions.

Looking to the figure below, an example of what the
absence of a given area specialist means to the overall level of
knowledge available to the firm is given. While employee A is
present, the level of knowledge remains stable. When he leaves
on, say, a vacation, a distinct drop in the level of knowledge of
the organization occurs. And, the drop-off isn't undone until the
employee returns. In essence, his absence results in the
creation of an interstice, a gap, in the organization's available
knowledge. Too, if the employee decides to look elsewhere for a
position and leave permanently, another gap in the
organization's knowledge occurs and is only filled over time as
a new employee learns to fill the past employee's
responsibilities.
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For those processes that need no reconstruction, that are
highly repetitive such as a daily monitoring of particular
environmental variables, the tasks are highly repetitive. The
expertise of the area specialist aliows him to quickly identify
the environmental variables of interest, as this is done daily,
and the evaluation of those variables is equally routine. Here,
no formal mechanisms exist for capturing the choices and
evaluations made by the specialist. Opportunities for capturing
the values required by the specialist and the classifications of
those values have not been attended to.

This is not difficult to understand. The availability of
large amounts of data from on-line data base services has
increased quickly over the past four years - since 1984. Before
that time, verbal sources and business contacts were a primary
source of environmental scanning information (EI Sawy 1985).
With the recent advent of a staggering number of public data
bases (estimates range from 2,000 to 10,000) (Meyer 1988;
Lunt 1986), exercising routing monitoring over a large number
of variables is more feasible.

Encoding the knowledge of the area specialist, the
routine monitoring information requests and their resulting
classifications, is a step that can be made toward shoring-up
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the gap in the organization's store of knowledge. Capturing the
variables being examined by the area specialist, the order in
which they are examined, and their collective meaning will
contribute to

of organizational knowledge.

Allowing the area specialist to create a subordinate, that has
the benefit of some of his expertise, would effect this particular
goal.

What is being suggested here is an enlargement to the
standard procedure of elicitfng information requirements for
an information system. Typical efforts usually restrict
themselves to identifying the information needs of a particular
decision-maker, and designing the system to deliver that
information. What has not been done, perhaps because of an
unavailability of technology, is to identify additional
requirements that address the needs of the organization as well
as those individuals that interact with the decision-maker.

The organization has a need for the area speciaiist's
expertise on a continuing basis. The absence of the area
specialist creates a gap in the continuity of the organization's
effectiveness. By identifying this gap, and identifying the
nature of the substance needed to fill this gap, the spectrum of
the requirements definition is enlarged and the possibilities for
greater organizational effectiveness are increased.

_.... - ._-._._--_._....
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The interstice, the gap, that is created when the area
specialist takes a vacation or a business trip is, perhaps, less
dramatic in its effect on the organization than when that
individual leaves the firm. When intelligence analysts or
•
£:
•
• 1·
1
1.
•
..
In.lOrmatiOn
speCialist
.leave
tile
move mto
otaher pos1tlOns
or

leave the firm, new employees must fill the vacuum left
behind. An exact match of qualifications and experience with
the new employee's predecessor is often difficult to find, and so
there is usually the need to provide training for those
individuais.

The intelligence analyst may already have a working
knowledge of online data bases, but will probably not be
familiar with the information sources typically used by the
firm. Learning the new information sources, their location and
content, takes place. The cost of learning is high.

Capturing the

knowledge of the experienced information speciaiist in a way

that could facilitate training and accelerated performance in
the new employees would not only provide continuity to the
business inteHigence unit's working environment, but wouid
also reduce the cost of training.

The new area specialist also faces a significant learning
curve. In addition to familiarizing himself with the strategic
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plans of the organization, it goals and objectives as well as
potential threats and opportunities that may be presented by
the environment, he must identify what hypotheses concerning
environmental scanning to pursue, the attribute-values that
will characterize the events of interest. The new area specialist
will, hopefully, have significant knowledge about the areas to
be monitored by the firm, but will not have the benefit of the
'knowledge of his predecessor, and will not be able to augment
his skills by the past work of his predecessor.

In both cases, the new area specialist and the new
intelligence analyst, the knowledge and experience of their
respective predecessors is unavailable to them. Their training
is not only costly and disruptive to the continuity of the
business intelligence unit, but it doesn't benefit from the
learning of former members of the group. No formal means of
collecting and representing this knowledge is present.

Creative v§ Redundant work

The instance of an employee being unavaiiabie to the
organization, either temporarily or permanently, is easily
identified as a disruption to the continuity of knowledge to the
organization. But more subtle disruptions exist. For example,
when the goals and objectives of the organization are first
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communicated to the environmental scanning group, a lot of
time is spent identifying just what to look for, where to look for
it, and how to look for it. In other words, decisions are made as

to what the possible threats and opportunities might be, and
how best to monitor for them. This kind of work the
environmental scanners refer to as "creative work." As time
passes, and their tasks become more structured, an increasing
amount of time is spent doing those tasks that have been
structured, those tasks which become redundant, and less time
is available for the generation of new ideas, new approaches, to
the problem of identifying threats and opportunities. Figure 11
below gives a pictorial description of this shift in the kind of
tasks the area specialists undertake in a given monitoring
cycle.

In this figure, the change, over time, of the nature of an
area specialist's tasks, from creative to redundant, is portrayed.
The interstices that we, as information system builders, are
interested in, are those that exist in the creative work done by
the area specialist. As time passes for the area specialist. those
gaps in the creative work process become iarger and larger while the amount of redundant work becomes smaller and
smaller. Both tasks are necessary to the proper fulfiUment of
the environmental scanning groups responsibilities. And, if the
area specialist is viewed as a something of a fixed resource,
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then little can be done - both the creative and the redundant
tasks must be performed.
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But, if the execution of the redundant tasks could be
maintained while the gaps in the creative activity were closed,
the area specialist. and consequently the environmental
scanning group, would have the opportunity to continually
augment their search for new and unexplored sources of
intelligence. As in the situation where the area specialist was
unavailable, the presence of a subordinate to perform some of
the redundant tasks would enable the specialist to close the
gap in creative work. So providing a mechanism for the
creation of such a subordinate answers both of these problems.

Group

Interactions

The experience of area specialists is often related to
some specific area of business. The specialist best equipped to
cope with the pattern recognition requirements of
environmental scanning is often a senior manager (Cleland and
King 1975). And the business experience the analyst usually
brings to environmental scanning is in only one area such as
This usuaUy means that the
area specialist will be scanning areas within his area of
expertise, that is, the specialist with production experience will
better understand the manufacturing behavior of the firm's
competitors than his intelligence counterparts. While the area
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specialist with a marketing background can often use
production information in identifying threats and opportunities
in the external environment, he is less adept interpreting the
meanings of production related indicators, less knowledgeable
about the implications of inventory or supply problems than
his production oriented associate.

Communication between the area specialists is often
informal. Occasionally, for example at SRI, there are weekly
meetings in which the specialists attend to exchange ideas and
information, suggest tips and short-cuts as well as knowledge
and experience. Here, an opportunity for a transfer of expertise
presents itself. Unfortunately, because the meetings are only
held once a week, important lags in time can occur in
classifying patterns of information, windows of opportunity can
pass while an area specialist

~2its

to talk to the appropriate

person for insight into his problems . And, while the specialist
may be able to contact the knowledgeable party between
meetings, that person may be unable to spare the necessary
time because of his own tasks. To exacerbate the problem. the
sought for specialist might, in turn, be looking for yet another
specialist with complementary expertise.

~~ ... -
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Fig. 12. When Knowledge is not Available

120

Currently, pooling the expertise, the knowledge, of the
area specialists in the group is not done. Hence, important
opportunities and threats may be overlooked. The
requirements of the intelligence function aren't restrained by
the need to wait for further interpretation and consultation,
and the demands of additional tasks may cause the specialist to
abandon the pursuit of some evidence, and its corresponding
hypothesis, in order to meet the daily requirements of his job.
For example, an area specialist with marketing expertise may
have recognized that a competitor shows signs of reducing its
distribution channels, but whether the reduction is due to
lower production is a question that the area specialist with
manufacturing expertise can answer.

The figure above illustrates a general account of the
availability and unavailability for a particular area specialist
during a working day. That only a meeting, lunch, and phone
call are listed is not meant to suggest that these are the only
reasons for the individual be unable to hear the requests of
another. The gaps, shown, here, are in the time an area
specialist can make avaiIabie his knowledge about his specialty
to the potential requestor. And these gaps, these interstices, are
those that we 100Jc to for an opportunity to address.
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Why Should an Area Specialist Contribute?

Before going from the enumeration of interstices to the
iteration of design, a further question must be posed by the
system builder. That is, will the system have anything to offer
the user, in this case the area specialist, that would make usage
preferable to non-usage? Put in terms of hiring new
individuals to shore-up the interstices identified thus far, it is
clear that the organization would benefit from the existence of
an area-specialist's subordinates learning from and carrying on
in his absence. Also, it is beneficial to the other area specialists
if a subordinate is available to answer questions. Moreover,
once the subordinates are trained, they would give the area
specialist more time to concentrate on creative work, but what
of that interim period of training those subordinates? The area
specialist might well ask himself whether the time taken to
train them was worth the effort. The system, if not willing to at
least address this condition, could open itself to the free-rider
problem: where a given area specialist would be happy to use
other area specialist's subordinates, but unwilling to train his
own. Some inroads to avoiding this scenario can only contribute
to the success of a proposed system.
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Summary

By examining the nature of the exchanges between area
specialists and intelligence analysts, the advantages to the
organization of acquiring and sharing knowledge, and the
interstices in the processes of worker performance, creative
and redundant work, and communications, several
opportunities for adding value to the monitoring process
present themselves. While the area specialist is currently, at
best, using the assistance of electronic mail to convey his
requests for attribute-value data and supporting explanations
for an intelligence analyst's findings, this activity can serve as
the jumping-off point for adding value vis a vis information
technology. The specific areas that have been identified are as
follows:

- As the monitoring cycle progresses, more time is spent
on redundant work and less time on creative work, the
interstices in the creative work process increase

- With the comings and goings of area specialists, the
continuity of overall organizational knowledge fluctuates,
interstices in the organizational knowledge level occur, and the
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ability of the organization to meet its monitoring requirements
suffers

- The inability of several area specialists to coordinate
their efforts in a reliable and timely manner, the gaps or
interstices that lie between the times when any given area
specialist is available, hampers the smooth and efficient
execution of the monitoring process

- The cost-effectiveness and parsimony of an area
specialist making sequential requests are in conflict with the
ease and efficiency of making block requests.

The content of these interstices, and here the gaps are
spoken of as having content as they have been identified by
the absence of some, is knowledge. The character of that
knowledge is manifold. It encompasses what attributes to look
for, given some monitoring goal. I encompasses what a set of
attribute-values mean with respect to some monitoring goal.
And it also encompasses the control knowledge used to guide
the search through multiple hypotheses on the way to coming
to a· final conclusion. The owners of this knowledge are the area
specialists; they

d~cide

what to look for, how to look for it, and

what it means. Presently, they share their decision with the
organization - but not their knowledge. An exploration of

._..... -.---.--------.-

-------------------------

124

possible technologies that would enable them to quickly and
unobtrusively transfer their knowledge to the organization is
the subject of the next chapter.
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CHAPTER 4
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Introduction

Recognizing that knowledge is used in solving monitoring problems,
as well as heuristic search, leads the designer to consider expert
systems technology as a possible approach to the problems in
question. The premise of expert systems technology is that, in the
case of classification systems, an expert's knowledge about a
particular subject can be codified and used in solving a given
problem automatically. In the case of augmenting the abilities of an
intelligence analyst

in performing environmental scanning, an

expert system, in some idyllic sense, would perform the following:

- decide what information to look for, what attribute-values to
acquire

- ask the intelligence analyst about the scanning information
required
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- evaluate the interpreted data and either make a conclusion or

opportunistically decide on what attribute-value to search for
next

- continue searching and interpreting until a classification of
the attribute-values was found

- inform the intelligence analyst of its conclusions, providing an
explanation of the findings

- make generalizations about the possible interpretations for
the attribute-value data

In the following pages, the suitability of an expert systems
approach to the monitoring problem will be discussed, how closely
an expert systems approach can come to realizing its ideal
requirements, and alternative approaches will also be examined.

Expert System Life Cycle

Basicaily, expert system deveiopment is an iterative process of
knowledge acquisition and programming as the system becomes
continually more prepared at accomplishing the tasks set for it. A
more detailed account of the steps involved in this process are
given below:
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- Identify Problem Characteristics

- Find concepts to represent knowledge

- Design architecture to organize knowledge

- Formulate rules to embody knowledge

- Validate rules that embody knowledge.

With the exception of designing an architecture to organize the
knowledge, all of the steps involve interaction with an expert for
the purposes of identifying problems or eliciting knowledge.

Concerning the design of an architecture, various tools have been
designed to aid in the acquisition and programming of expert
systems. Expert system shells, typically consisting of a knowledge
base, an inference engine, and a user-interface are widely avaiiable.
And this is largely because knowledge acquisition is the most timeconsuming process in buiiding expert systems.

Acquiring expertise

is a painstaking process because of the gap between the expert's
ability to solve a problem and his ability to explain how he solved
it.

------~
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Stages of Knowledge Acquisition

The steps in knowledge acquisition can be characterized as
problem identification, conceptualization, formalization, and
implementation.

Before the knowledge acquisition process can begin, the
participants must be selected and their roles identified. In the case
of environmental scanning, the participants would be the area
specialists. And, while the most common scenario involves
interaction between a single domain expert and a single knowledge
engineer, the process can also include other participants.

There

may even be multiple domain experts and multiple knowledge
engineers.

Once the participants have been chosen, the knowledge
engineer and

expert can proceed toward elucidating the problem

under consideration.

Typically, this involves an exchange of views

on various aspects of the problem, its definition, characteristics, and
subproblems.

Here, the objective is to characterize the problem and

its supporting knowledge structures so that the deveiopment of the
knowledge base may begin.

Key concepts and relations are made explicit during the
conceptualization stage. Here, repetitive interactions between the
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knowledge engineer and the domain expert often take a
considerable amount of time, while a "conceptual grid" of sorts of
placed over the experts cognitive activities.

The formalization process involves the knowledge engineer
taking a more active role, telling the domain expert about the
existing tools, representations, and problem types that seem to
match the problem at hand. Furthermore, decisions are mutually
reached on how best to proceed.

Implementation begins with taking the knowledge garnered
from the previous stage and placing it within the representation of
the tool chosen for the problem. As this knowledge is moved into
the chosen tool, it becomes a prototype.

Concerning the elicitation process, several methods have been
tried for acquiring an expert's knowledge. In one method, the
techniques for eliciting this kind of knowledge derive from
psychology.

It is called Repertory Grid analysis (Goodall 1986).

In a Repertory Grid analysis the expert is presented with
triples of objects from the domain in question and is asked to
identify those features that distinguish two of the exemplars from
the third.

With these features identified,

they can be used to

better provide a characterization of the problem domain.
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Using example problems can also be a useful approach to
eliciting knowledge from an expert. Here, the idea is to present the
expert with a difficult task and walk him through it. The premise
here is that much will be uncovered during these sessions. Also not,
that, like repertory grid analysis, using example problems to elicit
knc·.vledge is a time-consuming process. Other methods such as
protocol analysis, on-site observation, and induction also take a
great deal of time in garnering knowledge.

Because of the time consuming nature of the manual
knowledge acquisition process, several tools have been developed
to, presumably, shorten the time necessary for coming up with a
prototype. Four existing knowledge acquisition systems are briefly
described in what follows.

The Expertise Transfer System (ETS) is a tool which conducts an
interview with an expert, analyzes the information gathered, and
produces rule-oriented knowledge bases for several expert system
shells such as EMYCIN and OPS5. It also is capable of refining and
testing the resulting knowledge (Boose 1986).
ETS may be uSed for rapid prototyping.

Also, with ETS, as the

knowledge base in incrementally refined, test cases are
automatically constructed.

ETS was built to significantly shorten

the elicitation process and help improve the quality of the elicited
problem-solving knowledge.

-------~
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KAS, the knowledge acquisition system for PROSPECTOR - the
consultation program developed for diagnosing problems in mineral
exploration.

It has two ways of representing knowledge:

probabilistic inference rules and partitioned semantic networks.
One strength of KAS is its knowledge- entry environment that
allows a group of knowledge engineers to build prototypes quickly.

KREME is an experimental system for developing and changing
knowledge bases using multiple styles of representation.

It

provides tools for browsing in each kind of knowledge base,

and

macro-editing facilities to reduce the difficulty of large scale
knowledge base revision and reformulation.

MOLE (Eshelman and McDermott 1986)

is useful in domains in

which the expert can identify a number of candidate classifications
where the classifications can be evaluated on the basis of

weighted evidence. Like ETS and MORE, MOLE obtains knowledge
from the domain expert and builds a knowledge base.

The

knowledge base can then be used by an inference engine.

Other Approaches Using Expertise

A bayesian analysis of political events is being done by the CIA
[Schweitzer, 1978]. The approach entails using bayesian formulas,
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gathered from experts, and combining those subjective measures of

the likelihood of some political event to arrive at a conclusion.

U sing the Bayesian approach, intelligence analysts were given a
choice of information they wished to gather about a particular
country. Information was then transmitted to them, in answer to
their data requests. With the information, they were asked to
attach a probability of political violence in country in question.
Additionally, as more evidence was provided the analysts, the
probability that a particular event was judged to be likely was
accrued using Bayes rule. For example, the analysts were asked to
assess the probability that Israel was planning a major offensive
against Syria in the next thirty days.

In answering this request, two pieces of information that were
requested related to statements made by high government officials
in Israel about the economic condition of the country, and military
readiness of Egyptian naval forces. In t.ne first case, economic
conditions related to a wartime economy were reported, and in the
second case, heightened military readiness of the Egyptian naval
forces was reported.

Prior to receiving information, the analyst rated the probability
that Israel was planning to launch a major offensive at .10 and the
probability that Israel was not planning a major offensive at .90.

-- ----------------

--------------------------
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Additionally, he rated the probability of having received
intelligence items indicating either of the hypotheses if they
occurred. With this information, and an iterative assessment of the
probability of receiving an additional intelligence item were the
hypothesis going to occur, a recursive update of the probability of a
major offensive is calculated.

The problem with this approach is that it requires all hypotheses to
be mutually exclusive. That is, if there is some dependence between
the evidence used in accruing probabilities, the results are suspect.
So, if Egypt's naval readiness is dependent on Israel's economic
conditions - is perhaps an effect of it - then the accrued
probabilities become much less reliable.

Theoretical

models

Also considered by the CIA (Dahlgren, 1976) is a theoretical model
for profiling violence in second-y!or!d countries. Based on a causal

model of political violence developed by (Gurr, 1970), the CIA
approach in this case is to use experts to combine evaluations of
evidence
likelihood of political violence in any given country. The variables
that are used in the evaluation include the following:
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Actors - a specific political party or movement or specialinterest or functional grouping which seemed to exert some
systematic influence against or on behalf of the existing
government to achieve political objectives on a national scale

Relative Deprivation - collective anger that is directed toward
political authority and is representative of the discrepancy between
achievement and expectation

Institutional Support - the sources of non-violent psychological,
economic, and political pressures that enhance the capabilities of
actors to realize their goals

Coercive Force - armed groups or military units that can help to
realize the actors goals.

Within the model, these factors are broken down into sub-factors
for the purpose of evaluation and combination. The idea here is that
the indicators, taken together, will provide insight into the political
climate of the country in question. And, to test the model, the
author used cases involving unstable governments in South
America. The results were that the model was, indeed useful for
predicting political trends in these countries.
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Expert System Mismatch with Environmental
Monitoring Problem

Thus far the characteristics of an expert system approach have
been elucidated. The processes of problem identification,
conceptualization, formalization, implementation, and prototype
revision have been discussed. The sources of knowledge have been
named, and the various elicitation methods have been enumerated.
The difficulties of elicitation have been addressed, and tools that
have been developed to speed this process have been described.

Given these characteristics of an expert system, then, a decision
must be made as to whether it is the appropriate technology for the
problem in question, the environmental monitoring problem. And,
in answering this question, the characteristics of the expert system
will be weighed against the problem from two perspectives:
product and process.

In discussing the expert system approach as a product, the focus is
on the synchronic characteristics of the expert system, its

make-up

at a given point in time without regard to its mutability and
development. So, for the purposes of simplicity, a few assumptions
will be about the nature of such an expert system as it would exist
to support the activities of the environmental monitoring function.
The first assumption is that it uses a goal-directed inference engine.
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The second assumption is that the knowledge representation
method chosen is rules. The third assumption is that the number of
rules is very large - probably several thousand would be needed to
accommodate the large number of possible threats and
opportunities (making, perhaps, between one and two hundred
goals).

With these assumptions in

place~

the hypothetical performance of

the expert system from a synchronic perspective can be evaluated
from at least on point of view - that of identifying a threat or
opportunity to the organization. Because of the monolithic character
of an expert system's knowledge base, the process of identifying
opportunities and goals would be lengthy and inflexible. The first
goal in the knowledge base would be selected by the inference
engine, the rules associated with that particular goal would be
investigated, the intelligence analyst would be required to answer
the queries generated by the expert system as it stepped through
its ma..Y}y goals, and the process would continue until, depending on
the control structure, one goal was satisfied or an goals had been
investigated.

If the system stopped after satisfying one goal, much might be

overlooked in the way of threats and opportunities. If ail goals
were investigated, excessive costs would accrue as the system
would ask all threats to be monitored with the same frequency

--_ . . .
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(some requiring more vigilant attention than others). Further, the
time required to make a complete pass through the goais of the
knowledge base, for the intelligence analysts to find the necessary
information to all requests, could very wen be excessive.

To accommodate the needs of area specialists to evaluate the
possibilities of specific threats and opportunities, modifications to
the standard goal-directed rule-based architecture could be made.
A tool that allowed the area specialist to scroll through the
knowledge base and select particular goals for evaluation could be
developed. And, this would circumvent the brittle, lock-step, march
through all goals by the inference engine. But, the expert system
would still be unable to search through the rules associated with
the selected goals intelligently. That is, by choosing a goal, the area
specialist is, in effect, ma..1dng a block request for information, and
he will receive the requested information along with a classification
once the system has completed its processing. But the system will
have no way of making the search, the questions it gives to the
intelligence analyst, obey any sort of intelligent agenda (with the
exception of a very finely tuned knowledge base at a very high
cos!).

And so, from a synchronic perspective, the expert system approach
does not meet the requirements put forward by an examination of
the environmental monitoring process. \Vithout the aid of
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customization, the expert system approach would look for much
more than the area specialist is interested in, or much less. Even
with customization in the form of allowing the area specialists to
select particular chunks of the knowledge base for processing, the
expert system fails to accommodate the intelligent search
requirements put forth earlier in this document.

The suitability of an expert systems approach, when viewed from a
diachronic perspective, a process perspective, is equaliy as
questionable as from a synchronic approach. Evaluating the
diachronic characteristics of an expert systems approach entails
observation of the way in which the system develops over time, its
mutability and flexibility. The emphasis is on how the system
performs over time, rather than how it behaves at a given point in
time.

In examining the suitability of the expert systems approach from a
diachronic perspective, the same assumptions about the system
architecture will be made that were made for the synchronic
evaluation: rule-based, goal-directed, etc. And the two specific
issues that will be considered are knowledge-acquisition and
maintenance. Knowledge-Acquisition is considered as it is deepiy
intertwined in the initial prototype/development of the expert
system. Maintenance is discussed as it is a necessary part of
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accommodating any adjustments or changes to the expert system
after it has been built.

The approaches to acquiring knowledge from an expert, with the
object of encoding that expertise into a knowledge base, have been
thoroughly discussed in the previous sections. And, whether a
software tool or a knowledge engineer serves as the interface
between the expert and the knowledge base, the time required to
perform the process of elicitation is very lengthy. Weeks, months,
of iterations on the knowledge base are required for the elicitation
process to corne to an end. The expert's time with the knowledge
engineer or software tool is time away from the task at which he is
an expert. If there is no one with similar expertise in the
organization., his absence becomes more serious to the functioning
of the organization.

Still, arguments can be made that the long run savings afforded the
company justify the short loss of the expert's participation in
whatever his function might be. It can be further argued that,
particularly in those situations where there is no one to take the
place of the expert, t.'Ie need for aa, expert is justified - if, for no
other reason, to safeguard the knowledge that is so irreplaceable.
But, when the prQblem is to monitor the external environment for
threats and opportunities to the organization, the parameters of the
problems are often shifting. The goals generated by the strategic
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planning group change. The organization's goals change. lYlarkets
change. Competitor strategies change. The politics of foreign
governments change.

When there is a shift in the goals of the organization, there is
usually a shift in the possible threats and opportunities to the
organization. But, the lengthy knowledge acquisition effort was
aligned to a specific set of threats and opportunities. Removing the
need to monitor for even a small set of threats and opportunities,
and adding the need to monitor a small set of threats and
opportunities, requires additional knowledge acquisition efforts as
well as maintenance. To accommodate this need for new knowledge,
the experts must, once again, be taken away from their appointed
tasks to augment the store of knowledge in the expert system. And,
under the worst of circumstances, no sooner would the expert have
finished the knowledge acquisition for the first build of the expert,
then he would be back to supplying knowledge to adapt to the shift
in possible threats and opportunities to the organization - a
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communication,

continuity, and creativity, we, as system builders, are trying to
reduce.

In addition to the continual addition of knowledge, the task of
maintaining the knowledge base would also be required. New rules
would have to be added and the volume of the knowledge base
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could grow to excessive proportions. To avoid this, old knowledge

that addressed threats and opportunities that were no longer of
concern would have to be removed. Communication between the
individuals doing the knowledge base maintenance would always
be behind the new dictums provided by the knowledge engineers,
who would in tum be waiting for new knowledge from the experts.
who in tum would be attending to new threats and opportunities
given by the organizations shifting goals. As the chain of
relationships extends itself over the strategic planning group, to the
expert monitors, to the knowledge engineers, and on to the
knowledge base maintenance workers, the likelihood for producing
too little expert system help, too late is heightened. Gaps in
knowledge available to the m"ganization are widened. Available
time for creative work is decreased. Expert availability for
communication with other experts is decreased, and costs increase.

So, from a diachronic perspective, the expert systems approach
does not have the adaptive characteristics needed to ensure its
usefulness to the environmental monitoring group. The periodic
requirement for revision of the knowledge base coupled with the
requirements for continual knQwledge acquisition sessions make
the approach unfeasible. In effect, a traditional expert systems
approach could result in exacerbating the problems it was meant to
solve.
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Research in Machine Learning has several different inherent
approaches. Some of the approaches are approached from an
engineering perspective, and consider the results of the learning
process to be the most salient measure of the approaches
effectiveness. Still other approaches base their evaluations on how
well the machine learning approach matches the cognitive behavior
of human beings. A third school of researchers place less
importance on either the application domain or the similarity to
cognitive processes than they do to simply enlarging the space of
possible methods by which a machine can learn, this is the
theoretical approach.

While all of these methods use different criteria in evaluating a
machine learning system, the systems that have been generated
thus far can be separated into several classes for further
discrimination. These classes include the following (Carbonnel et al
1983):

Rote Learning - This includes learning by being programmed or
modifies by an external entity, learning by memorization of facts
and data

Learning from instruction - This entails transforming knowledge
provided by a teacher or other organized source into machine
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usable form, and integrating that knowledge into the pre-existing
structure of the system

Learning by analogy - gathering new knowledge by transforming
and increasing existing knowledge in such a way that it can be used
to solve problems in a similar but new situation

Learning by example - given a set of examples of a concept, the
learner induces a general concept description. These types of
systems can be categorized by the source of examples. For instance,
the source can be a teacher who knows the concepts and generates
the examples; the source can be the learner itself - generating
examples and having a teacher classify them; or the source can be
the external environment

where the generation process is random

Learning by discovery - gathering knowledge without the benefit of
a teacher, forming theories and classification hierarchies

Cluster/2

(Michalski and Steep 1983) developed CLUSTER/2 to perform
learning by example. The method is oriented toward constructing
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and optimal cluster of N concepts or :rules, where N is supplied by
the teacher or progra!TI..mer. An algorithm is used to group objects
of similar characteristics into the N partitions. These clusters of like
objects are, in addition, made disjoint by removing objects that are
in more than one cluster. For the algorithm to work, Cluster/2 must
be presented with a set of examples at once, rather than

incrementally - making it impractical for the task of learning in
environmental scanning.

ID3
(Quinlan 1979) produced ID3 (Interactive Dichotomizer 3) to form
decision trees from a training set. The hemistic used in forming the
decision tree is based on finding the most discriminating variable to
partition the subtree into its two branches. (Forsythe 1984)
criticizes ID3 for its lack of ability to cope with noisy data. And, like
Cluster/2, the system's requirement for an initial training set
makes it unfeasible for use in environmental scanning.

BEAGLE

(Forsythe 1981) developed BEAGLE (Biological Evolutionary
Generating Logical Expressions) to learn decision rules by induction
from a database. From an existing data base, the system generates
rules by first selecting, and then removing, rules as a function of
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how well they perform in the classification process. The selection
process is "natural," according to Forsythe, and helps to supplant
existing rules with ones that promise better performance. Once
again, though, the requirements of a training set of data make it an
unfeasible choice for the problem at hand.

Unimem

Unimem (Lebowitz, 1983) learns by example through the
incremental exposure of objects. In addition to clustering objects
and forming generalizations, UNIMEM learns what attribute-values
are predictive of a particular concept. And this allows intelligent
search for appropriate classifications. While it was initially written
to help understand and learn concepts of news stories, UNIMEM can
be adjusted to learn a hierarchy of concepts for classification
purposes.

Summary

A knowledge based approach to exploiting the interstices identified
in the monitoring process is required. The substance of those
interstices is knowledge, and the substance of the solution must,
too, be founded on knowledge. The system needed to answer these
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requirements must be able to use the encoded knowledge of area
specialist to infer threats and opportunities to the organization. It
must be adaptable to the changing goals of the scanning effort. It
must reduce the amount of time required for redundant work,
enhance the availability of area specialists to other area specialists,
and contribute to the organization's level of knowledge.

The traditional knowledge based architecture for making such
inferences is the expert system. Thus; its characteristics have ben
examined in light of the requirements of the current system.
Thorough attention has been given to the process of building an
expert system: the life-cycle, sources of knowledge, and knowledge
acquisition problems and solutions.

Given the examination and elucidation of expert system strengths
and weaknesses, the technology has been evaluated from a point of
view of how suitable it would be as an answer to the monitoring
problem, both from a synchronic and diachronic perspective. From
a synchronic perspective, the expert system approach meets the
inferential requirements specified, but because of its monolithic
design, fails on a couple of fronts. First, the expert system would
either look for too much information. It would look for threats and
opportunities with. equal frequency and priority, barring the area
specialist from selecting particular areas of interest. Second, its
search would be without any intelligence and would

be cost
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excessive. It would not know to ask if the North American creature

was warm-blooded or cold-blooded first, but would be capable of
asking if the creature had gills, if the creature shed its skin every
year, if the creature layed eggs, etc., long before discovering that
the creature in question was a mammal.

From a diachronic perspective, the traditional expert systems
approach fares poorly. The requirements of knowledge acquisition,
balanced against the shifting targets of organizational goals, are
difficult to reconcile. Knowledge acquisition efforts, whether manual
or automated, remove the area specialist from the the tasks he
needs to perform on a regular basis. They increase the amount of
time the area specialist is unavailable for interaction with other
specialists. And, the shifting nature of the organizations objectives,
with the concurrent change in the set of possible threats and
opportunities to the organization, simply extends the amount of
time the area specialist must devote to knowledge acquisition.

The monolithic structure of the knowledge base is particularly
unsuited to the changing knowledge base as new rules must be
added and old rules deleted, to account for the shift in monitoring
work. Together, the difficulties in knowledge acquisition and
maintenance that are exacerbated by the organizations dynamic
nature, and the dynamic nature of the environment, make the
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diachronic characteristics of the traditional expert systems
approach unacceptable.

To maintain a viable knowledge structure while abandoning the
inherent inflexibilities of the expert systems approach, to garner
knowledge from area specialist while maintaining the possibility for
adaptation, the area of machine learning has been examined. Note,
here, that attention has been restricted to learning methods based
on a symbolic paradigm as opposed to a connectionist paradigm.
The connectionist paradigm was not considered because: 1) it has
no facility for making explanations, and 2) knowledge
representation schemes for words, and the concepts they represent,
are not sufficiently powerful at this time. Also note that, because of
the large amounts of data needed to secure acceptable performance,
genetic -algorithms have also not been considered here.

The machine learning methods that have been considered are
among exemplary of most efforts at capturing rules, or knowledge,
of a symbolic kind. The primary kind of learning considered has
been learning by example. This approach to machine learning best
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unobtrusive, so as not to distract the area specialists from their
tasks, and 2) that the technology be developed enough to yield
reliable results in the limited domain of rule generation and
generalization.
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The CLUSTER/2 algorithm was evaluated, and was found to be
inappropriate because it required all data at once. The ID3
algorithm was also examined, but was found unacceptable as it
reacts poorly to noisy data and, too, requires an priming data set.
The BEAGLE system was described, and it also failed the
requirements of being able to learn incrementally. Finally, the
UNlMEM algorithm was discussed, and because of its ability to
incrementally and also to gather information relevant to intelligent
searching, it is the best candidate for an adaptive system to learn
patterns from an area specialist while being as unobtrusive as
possible.
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CfJ..APTER5

A KNOWLEDGE CAClllNG ARCHITECTIJRE

Several problems or opportunities with the environmental
monitoring process have been identified thus far. These problems
can be summed up as problems of continuity, communication, and
redundancy.

First, with respect to continuity, the aggregate level of

knowledge that

the organization can marshall in performing its

environmental monitoring mission is reduced whenever an area
specialist leaves the firm - whether the absence is temporary as in a
vacation, or permanent as in a job change, the result is the same.
Second," with respect to communication, when one area specialist
solicits the assistance of another area specialist, and the sought for
individual is not available at that time (he's at lunch, on the phone,
at a meeting, etc), the work on that issue comes to a halt. Third, as
time passes over a monitoring cycle, much of what occupies the time
of an area specialist becomes routine, and less use is made of the
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The question addressed here is: what can information
technology do to aid or add value to the collection, management,
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and distribution of the area specialist's expertise ... what can
information technology provide to

reduce the problems of

continuity, communication, and redundancy? The tasks that are
being addressed here, the problems identified, implicitly suggest a
focus on reapportionment of responsibilities and/or knowledge and
expertise. The assumption here is that if one had access to the area
specialist's knowledge, one would be able to perform some of the
specialist's tasks. Also implicit in this inquiry is the notion that
information technology would act in the area specialist's absence,
perform the area specialist's tasks. Thus, the functional
specifications of the "system" to be employed in this case would
include that it gather information from the intelligence analyst.
Piece by piece it would collect the needed information from the
intelligence analyst. Also, once it received the requested
information from the intelligence analyst, it, the system, would
classify that information, assign it to a category, label it according to
whether it represented a threat or opportunity. Also, it would
deliver the classification to those individuals who

needed the

information: it could be another area specialist requiring assistance,
or the area specialist who used to do that kind of work but found
th.,. tas lr to b
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Given these requirements, the first candidate technology

that comes to mind is the expert system. Typically the expert
system, storing codified knowledge in it's knowledge base, would
perform the tasks of gathering, classifying and distributing the
results of monitoring the environment for potential threats and
opportunities. As discussed in the previous chapter, however, the
synchronic and diachronic characteristics of the expert system
make it unsuitable for this problem. The knowledge base for
expediting the problems of the area specialist would be monolithic,
huge, and intractable. Assuming a backward chaining inference
engine, for example, there would be no way to choose particular
threats and opportunities to monitor for, but rather the expert
system could only be set in motion, as it were, and all possible goals
(meaning all possible threats and opportunities) would be
investigated.Additionally, the problem of acquiring all the
knowledge necessary from the area specialists to make a workable
or operational knowledge base would be a monumental task ... a task
that would take the specialists away. from their work- exacerbating
the very problem that we are trying to solve. Also, because the
goals of the organization are continually changing, the potential
threats and opportunities to the organization are changing too. And
this means that the monitoring activities of the area specialist will
periodically change - with the change in the organization's strategic
plan. From the expert system's perspective, this all comes down to
more knowledge acquisition to do, requiring the specialists to again
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be taken away from their work, again exacerbating the problem

that was meant to be fixed. Clearly, a knowledge-based
technological approach is warranted here, and just as clearly is the
unsuitability of the expert system approach. Thus, the import of
this chapter is to describe and specify the architecture of a system
to meet the requirements of continuity, communication, and
redundancy problems. The problem requires the technology to go
beyond the bounds of the expert system approach, inasmuch as it
must gather, classify, and distribute knowledge from the area
specialists as well as from the intelligence analysts. Rather than
having one monolithic knowledge base do the job,
will

t.lte approach

use a number of small, problem specific knowledge bases.

Capturing and codifying the area specialist's expertise will be done
without taking him away from the tasks that he regularly performs.
The architecture must gather, from the area specialist, the
attributes that the he requires in making any given classification
about

a potential threat or opportunity to the organization.

Moreover, it must learn to classify the values given to those
attributes , vis a vis the intelligence analyst, in something of an
apprentice mode ... not intruding on its trainer's time but improving
by observing what the teacher is doing- the teacher in this case
being the area specialist. The architecture must also be able to
deliver it's findings to either it's creating area specialist, or another
area specialist that has enlisted its services in its creator's absence.
Finally, it must also improve its ability to search for information,
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according to what hypotheses it has formed, as it grows in its
knowledge.The approach that has been engineered for this task is a
knowledge caching approach (see figure 13 below). Using this
approach, one can see that the system is interposed between the
area specialist and the intelligence analyst. The notion here is to
make as few changes

to the ordinary functioning of the worker's

environment as is possible. That is, the knowledge caching process
is a relatively non-intrusive background process that carries out
the functionality required thus far. The fundamental unit, the basis,
of the approach is the semi-autonomous agent, or Apprentice. A
semi-autonomous agent is a process that typically is responsible for
solving one particular kind of problem. It is semi-autonomous in
that it carries out some of the steps required to solve its assigned
problem without direction, yet does not act entirely on its own
volition. To describe the workings of the apprentice and how it
carries out the requirements set down thus far, an example will be
given that takes a somewhat anthropomorphic view of the
apprentice. Once its "workings" are described, the technical
architecture of the apprentice will be elucidated.

---_._---------------

--------------------------
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Fig. 13. The Knowledge Cache
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With the addition of a knowledge caching approach, the area
specialist begins a request for information by passing a structured
message to a particular apprentice. The message will state the
attributes for which the area specialist requires values; an
explanation or elucidation of the attributes to better clarify the
nature of each attribute being requested;

scaling information

specifying the values which are acceptable as answers to the
attribute request; and the name of the message - which
corresponds to the threat or opportunity being monitored. This
structured message is "hand-carried" by the apprentice to the
intelligence analyst, and the questions about the the attribute
values, together with the explanations and scaling information, are
read by the apprentice to the intelligence analyst. To each of the
attribute questions the intelligence analyst responds with a value
corresponding to one of the scaled values provided by the
apprentice. Additionally, the intelligence analyst may provide a
written explanation of why he chose a particular scaled value. Once
this is done, the apprentice carries its newfound information back
to the area specialist. When the apprentice returns to the area
specialist with its new information, it shows the specialist the
answers to the specified questions and asks him, "What does it
mean?"

To this, the area specialist gives the apprentice an

assessment, or classification, of the information concerning its
bearing as a threat or opportunity to the corporation. With the

-

-

---_._-

-

. - - - --.
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answer, the apprentice forms an initial concept, a concept that is

represented as a collection of attribute-value pairs, and a
classification.

The next time the area specialist requests information about
the same threat or opportunity through the agent, it isn't necessary
to restate the questions, explanations, or scaling information. All the
area specialist need do

is to send the apprentice to do its work- it

already has the questions and other requisite information in hand.
From that point, the apprentice proceeds to the intelligence analyst,
as before, and asks the same questions and receives a new set of
answers. With these new answers the apprentice returns to the
area specialist, and if the apprentice has a concept that matches the
answers provided by the intelligence analyst, he reports his
classification to the specialist. Otherwise, he again asks the area
specialist, "What does it Mean?" And the specialist provides another
classification which the apprentice uses to augment his concepts
and make further generalizations.

What is taking place here is that the apprentice is gathering
information from the intelligence analyst and knowledge from the
area specialist. The apprentice asks questions and receives answers
from the

inteIlige~ce

analyst, and in doing so, gathers information.

When the apprentice asks the area specialist what a particular set
of attribute-value pairs means, and receives a classification with
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which to form a concept, the apprentice is gathering knowledge
from the area specialist. Additionally, the apprentice is classifying
information supplied by the intelligence analyst inasmuch as when
information supplied by the intelligence analyst matches with one
of the concepts held by the apprentice, that information is given the
concept's classification.

Besides gathering and classifying information and
knowledge, the apprentice distributes the information and
knowledge. The apprentice: distributes the information by
deliv~dng· it

to the requestor. Moreover, in the absence of the area

specialist that created a particular apprentice, that apprentice can
deliver/distribute both information and classifications to other area
specialists requiring such assistance.

ARCHnECTURALCONSIDERATIONS
As mentioned above, the architecture necessary to carry out
the requirements of an apprentice is not covered by the expert
systems approach. Nor is there any other existing approach, to this
author's knowledge, that will perform the tasks enumerated thus
far. Hence, the need to design all apprentice architecture has
presented itself. The following section describes the requisite
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architecture for carrying out the responsibilities of the apprentice
mentioned above.

Apprentice Architecture

The architecture of the apprentice is made up of three
layers, which together perform the tasks of: 1) gathering,
classifying. and distributing the information provided by the
intelligence analyst, and 2) gathering, classifying and

distributing

the knowledge used by area specialists. A graphical description of
the architecture is shown in Figure 14. The three layers are the
concept formation layer, the knowledge source layer, and the
blackboard layer.
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The concept formation layer's central responsibility is to use
the groups of attribute-value pairs, together with the classifications
provided by the area specialist, to form generalizations based on
regularities in those groups. The function of the knowledge sources
is to act as repositories of knowledge from the concept formation
layer. That is, the tree generated by the concept formation layer is
parsed to yield a distinct set of concepts which become the
knowledge sources for the apprentice. The blackboard architecture
acts as the inference engine for the apprentice, using the search
information provided by the knowledge sources via the concept
formation algorithm to intelligently query the intelligence analyst
for specific values of chosen attributes (making conclusions
whenever possible). A more detailed description of the nature and
functionality of each of the apprentice's layers is given in the
following paragraphs.

APPRENTICE ARCHITECTURE
(semi-autonomous agent)

r
Knowledge Sources
. Rule Representations
. Predictive Values

r

Blackboard System
· Reasons Over Knowledge
· Searches Opportunistically
· Biased Towards Specificity

Fig. 14. Apprentice Architecture
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CONCEPT FORW.tATION AND UNIMEM

Unimem is a conceptual clustering program (Lebowitz, 1982,
1"'8'"
1>' ,j, 1987) that clusters objects and concepts as sets of attribute-

value pairs (we will call these feature-vectors).

When given a

number of feature-vector instances, Unimem incrementally creates
a hierarchy of conceptual categories, with the categories nearer the
root being more general than those that are leaves.

[Fischer, 1986]

notes that Unimem performs generalization by replacing a single
value of a variable by the domain' of the variable and using a
dropping condition rule:

if a variable is not explicitly given in a

concept representation, then this omission is interpreted as
meaning that the concept may possess any value of the omitted
variable.

In this scenario, concepts that encounter newly

introduced objects with greater frequency than other concepts are
more likely to change (likely to become generalized).

And this is

consistent with concept formation in human beings (Barsalou,
1985).

Single variable values label arcs of the hierarchy as well as
nodes (object clusters) of the hierarchy.

Arc labels are termed
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predictive while a node's attribute values are termed predictable.
(Note:

a predictive value is always predictable, inasmuch as it

resides on the object cluster, i.e., node, but predictable values aren't
necessarily predictive.)

Predictability suggests the notion that,

given some generalization, some elements of that generalization can
be used to predict the rest.

A variable value is predictive of an

object cluster if the value is shared by all the cluster's objects and
is shared by the objects of very few other clusters.
element of a

g~neralization,

A predictive

found in some feature-vector instance,

indicates that the generalization is relevant to that same instance.
In other words, the presence of a predictive value in· an object can
be used to predict which clusters might incorporate the object.
Values cease to be predictive of any cluster if they index more than
some user specified number of clusters.

In this sense, Unimem uses

a measure of inter-cluster difference which is a function of the
predictive values over a group of clusters.

Nodes of the hierarchy, in contrast to arc-labeling predictive
values, are labeled
members.

by all values common to the object cluster

Values labeling the object clusters are termed

predictable because their presence can be predicted by the
presence of the predictive values of the clusters.

But if there are

too few predictable values of a generalization, "few" being a userspecified parameter, then the generalization is thought to represent
an unimportant class of objects and is removed from the hierarchy.
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Every predictable value of an object has an associated
integer weight.

The weight of a predictable value of a cluster (Le.

generalization) is decremented when it is found to be a member of
the symmetric difference of the feature-vector instance and the
generalization.

The weight of a predictable value of a

generalization is incremented when it is a member of the
intersection of the feature-vector instance and the generalization.
A value is "dropped" from the generalization if its weight falls
below a user-specified limit, indicating that the value cannot be
reasonably predicted from the presence of predictive values.

Unimem's Algorithm

The learning algorithm for Unimem is as follows:
Step 1.

An object is presented to be incorporated into the

hierarchical clustering.

Unimem first considers what children of the

root of the clustering might serve to .incorporate the object.
Step 2.

A collection is made of all children of the root node which

are indexed (predicted) by at least one value of the object.
Step 3.

The object is incorporated into the clustering based on one

of the following rules:
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a. If no children of the root were collected in step 2, then
make the object a child of the root. This involves directing
arcs from the root to the object. All variable values of the
object are considered predictive of the object in this situation.
This may cause some values to be predictive of more than an
acceptable number of clusters, thus causing these values to be
removed as predictive of any cluster.
b. If some number of children of the root were collected in
step 2, then for each child perform the following:
1. Increment all of the child's predictable values that
are present in the object.
2. If the object has a different value than the child
along any variable THEN do each of the following:
1

(a) Decrement the weight of each predictable value
that is not present in the object:
(b) If the threshold of the decr~mented value falls below
a user-specified threshold, then drop this value from
the set of predictable values and remove this value as
a predictive value of the cluster if the value is, in
fact, predictive. Removing predictable values of a
cluster (and thus the arcs labeled from these
predictive values), may cause a cluster to be removed
from the hierarchy if all such predictive values are
removed ..
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(c) If dropping values results in a concept with too few
values (according to some user-specified limit), then
removed the concept from the hierarchy by removing
arcs to it from its parent.
ELSE attempts to incorporate the object into one of the
children of the cluster by treating each child as the root of a
subordinate clustering and recursively applying steps 1
through 3.
c. If the object could not be incorporated into any cluster in
steps a or b above, then make the object a child of the root by
the same process as given in step a.

Example of Unimem's Algorithm

The following is an example of UNIMEM'S algorithm, using
ten feature-vector instances (Figure 15) as input.

Furthermore,

three assumptions have been made for the processing of this data:
a.the maximum number of clusters a predictive value may
index is 2;
b.in order fer a Y:k-:able to
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value may not fall below 0 (the value is dropped when its
weight reaches -1);
c. the minimum acceptable number of values in a concept
(object cluster) is 2.
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Monitoring for POlitical Turmoil
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Fig. 15. Political Monitoring Example
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First, a PV: Not Likely feature-vector is added to the
clustering (which has been initialized to a single cluster with no
predictable values).

Because the root has no children, the PV: Not

Likely object is made a child of the root, as can be seen in figure 16.
Note the integers to the right of each predictable attribute

value.

The value is initialized to 1 and is incremented and decremented
according to the events that follow.

Next, PV: More or Less Likely is incorporated into the
PV: More or Less Likely has three values that are

hierarchy.

considered predictive of PV: Not Likely, so it is compared with the
values of that concept. PV: Not Likely and PV: More or Less Likely
differ along the variable "Institutionai Support" and so the weight
of this value in the PV: Not Likely object cluster (CS: Moderate
Support) is decremented.

Also, PV: Not Likely and PV: More or Less

Likely are similar along the other three variables, so they are
incremented.

A concept representing PV: More or Less Likely is now
added to the clustering, resullting in the hierarchy of figure 17.

PV: Very Highly Likely is now introduced to the clustering
and is compared with both clusters because it has at least one

.

------.--.-- . . . _ - - - - - - - - - - - - - - - - - - - - - - - - - -
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predictive value in common with each (CS: Strong Support and CS:
Strong Support for PV: More or Less Likely, and CS: Strong Support
for PV: Not Likely). Appropriate weights are incremented and
decremented.

Note th.at the PV: Not Likely duster's attribute-

value (CS: Moderate Support) is decremented to -1.

This causes the

predictable value, tICS: Moderate Support," to be dropped from the
object cluster, which in turn necessitates that "CS: Moderate
Support" be dropped as a predictive value of the PV: Not Likely
cluster.
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Root

RD: Moderate
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Bv: More or
Less Belief

or

CS:Strong
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Fig. 16. Learning Example after one Trial
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Root
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PV: More or Less
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Fig. 17. Learning Example after two Trials
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A concept representing PV: Very Highly Likely is now
added to the hierarchy.

This addition causes the

"es:

Strong

Support" attribute value to reference three clusters (the maximum
is 2). Consequently, "CS: Strong Support" is removed as a predictive
value of the clusters and the resulting hierarchy is pictured in
figure 18.

The object PV: Somewhat Likely is added next.

This object

has, as one of its values, "CS: Strong Support" -- which is predictive
of the PV: More or Less Likely and PV: Very Highly Likely clusters.
Appropriate values of these clusters are incremented and
decremented, and the "RD: Moderate" and "BV: More or Less Belief"
values of PV: More or Less Likely
predictive or predictable.
added to the hierarchy.

are dropped from being either

Next, the cluster PV: Somewhat Likely is
Once PV: Somewhat Likely is added, it

becomes evident that the predictive value
referencing three clusters.

"es:

Strong Support" is

Consequently, "CS: Strong Support" is

dropped as a predictive value of any of the clusters.

But this leaves

the "PV: More or Less Likely" cluster without any predictive value,
so it is dropped from the hierarchy.
figure 19.

The result can be seen in
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Root

I
RD: Moderate
or
RD: Moderate
or
BV: More or
L"SS Belief

RD: Moderate (1)
CS: Strong
Support (3)

BV: More or

Less Belief (1)

PV: Not Likely

BV:Moreor
Less Belief

or
IS: Strong
Support
RD: Moderate (0)
CS:Strong
Support (2)

BV:Moreor
Less Belief (0)
IS: Strong
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PV: More or Less
Likely

RD: Very High or
BV: Strong Belief or
IS: Strong Support

RD: Very High (1),
BV: Strong Belief (1),
CS: Strong SUpport (1),
IS: Strong Support (1)

PV: Very Highly
Likely

Fig. 18. Learning Example after three Trials
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Root

RD: Moderate
or

I
RD: Very High or
BV: Strong Belief or

RD: Somewhat High or
BV: Some Belief or
CS: Some Support

BV: More or
Less Belief

RD: Moderate (1)

BV: More or
Less Belief (1)

CS:Strong
Support (3)

PV: Not Li~ely

RD: Very High (0).
BV: Strong Belief (0).
CS: Strong Support (0).
IS: Strong Support (2)

PV: Very Highly
Likely

RD: Somewhat High (1)
BV: Some Belief (1)
CS: Some Support (1)
IS: Strong Support (1)

PV: Somewhat Likely

Fig. 19. Learning Example after four Trials
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Now, PV: Highly Likely is incorporated into the hierarchy, and it has
predictive values of the cluster "PV: Somewhat Likely."

The weight

of "RD: Somewhat High" is decremented, while the other PV:
Somewhat Likely values are incremented.

Then, PV: Highly Likely

is added to the hierarchy as can be seen in figure 20.

The next feature-vector instance to be added to the
hierarchy is "PV: More or Less Likely." Both the PV: Not Likely and
PV: Highly Likely clusters are predicted by PV: More or Less Likely
and their predictable values are changed accordingly. Also, because
PV: More or Less Likely has no conflicting values with PV: Not
Likely, Unimem tries to make PV: More or Less Likely a child of PV:
Not Likely but cannot because PV: More or Less Likely has only one
additional attribute-value --

"es: Strong Support" -- and a minimum

of two predictable values are necessary to create a node.
Therefore, PV: More or Less Likely is integrated into the PV: Not
Likely cluster as shown in figure 21.

Now PV: Highly Likely is added to the clustering. The
predictable values of PV: Somewhat Likely and PV: Highly Likely
<lire chanapti
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Somewhat High" value of PV: Somewhat Likely is dropped from
being either predictive or predictable.

PV: Highly Likely is added

to the already existing PV: Highly Likely and the results are shown
in Figure 22.
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Root

//'"

RD: MOO6rata or
BV: More or Less
Belief

RD: Moderate (1)
BV: More or Less
Belief (1)
CS:5trong
Support (3)

PV: Not
Likely

BV: Strong Belief

RD: Somewhat High or
BV: &.~ Se!ief or
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RD: Very High (0)
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IS: Strong Support (2)

RD: Somewhat High (0)
BV: Some Belief (2)
CS: Some SUpport (2)
IS: Strong Support (2)
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BV: Some Belief (1)
C5: Some Support (1)
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RD: Very High
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Likely

Fig. 20. Learning Example after five Trials
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Root

//'"

RD: Moderate or
BV: More or Less
Belief

RD: Moderate (2)
BV: More or Less
Belief (2)
CS:Strong
Support (4)

PV: Not
Likely,

RD: High or
BV: Some Belief or
Some Support or
IS: Strong Support

RD: Very High
BV: Strong Belief

RD: Somewhat High or
BV: Some Belief or
CS: Strong Support

cs:

RD: Very High (0)
BV: Strong Belief (0)
CS: Strong Support (0)
IS: Strong Support (2)

RD: Somewhat High (0)
BV: Some Belief (2)
CS: Some Support (2)
IS: Strong Support (2)

RD: High (0)
BV: Some Belief (0)
CS: Some Support (0)
IS: Strong Support (2)

PV:Very
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Likely

PV: Somewhat
Likely

More or
Less Likely

Fig. 21. Learning Example after six Trials

PV: Highly
Likely
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We incorporate PV: Very Highly Likely into the hierarchy
and find that it is predictive of the PV: Very Highly Likely and PV:
Highly Likely clusters.

These are both incremented and

decremented appropriately as found in Figure 23.

PV: Very Highly Likely is added to the hierarchy still
another time.

Again, PV: Very Highly Likely and PV: Highly Likely

are predicted by values in PV: Very Highly Likely and are
incremented and decremented accordingly.

This time, though,_",.

three of PV: Highly Likely's four predictable values are dropped,
meaning that PV: Highly Likely is dropped from the hierarchy.

The

results are shown in Figure 24.

Finally, PV: Highly Likely is added to the hierarchy.
values predict the PV: Somewhat Likely cluster.
Likely has its values incremented.

Its

So PV: Somewhat

PV: Highly Likely is tested to

become a child of the PV: Somewhat Likely cluster, but has onJy
one
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Root

RD: Moderate or
BV: More or Less
Belief
RD: Moderate (2)
BV: More or Less
Belief (2)
CS:Strong
Support (4)

PV: Not
Likely,

RD: Very High
BV: Strong Belief

BV: Some Belief or
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BV: Some Belief or
CS: Some Suppo!t or
IS: Strong Support

RD: Very High (0)
BV: Strong Belief (0)
CS: Strong Support (0)
IS: Strong Support (2)

BV: Some Belief (3)
CS: Some Support (3)
IS: Strong Support (3)
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BV: Some Belief (1)
CS: Some Support (1)
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Likely

PV: Somewhat
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More or

Less Likely

Fig. 22. Learning Example after seven Trials
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RD: Moderate or
BV: More or Less
Belief
RD: Moderate (2)

BV: More or Less
Belief (2)
CS:Strong
Support (4)

PV: Not
Likely,

RD: Very High
BV: Strong Belief

BV: Some Belief or
CS: Strong Support

RD: High 0;
BY: Some Belief or
CS: Some Support or
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BV: Strong Belief (1)
CS: Strong Support (1)
IS: Strong Support (3)

BY: Some Belief (3)
CS: Some Support (3)
IS: Strong Support (3)

RD: High (0)
BY: Some Belief (0)
CS: Some Support (0)
IS: Strong Support (4)

PV:Very
Highly
Likely

PV: Somewhat
Ukely

More or
Less Likely

Fig. 23. Learning Example after eight Trials

PV: Highly
Likely
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Root

\
\

RD: Moderate or
BV: More or Less
Belief
RD: Moderate (2)
BV: More or Less
Belief (2)
CS: Strong
Support (4)

PV: Not
Likely,
More or
Less Likely

RD: Very High
BV: Strong Belief

BV: Some Belief or
CS: Strong Support
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BV: Strong Belief (2)
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IS: Strong Support (4)
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PV:Very
Highly
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PV: Somewhat
Likely

Fig. 24. Learning Example after nine Trials
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Fig. 25. Learning Example after ten Trials
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additional value (RD: High) and so is incorporated into the PV:
Somewhat Likely cluster instead.

See Figure 25.

As can be seen from the preceding example, the hierarchical
clustering developed by Unimem evolves slowly over a stream of
input.

With a larger set of attributes and features, the hierarchy

will exhibit more depth and "bushiness.!!

WHY BLACKBOARD AND WHY HYBRID

Because the cost to acquire individual data values through
the efforts of the intelligence anaiyst is non-trivial, attention must
be paid to reducing the number of queries or requests that the
apprentice makes of the intelligence anaiyst in the area specialist's
absence. The information needed to improve the search for the
correct hypothesis is made available through the predictive values
produced by the concept formation layer of the apprentice. With
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knowledge sources of aqy given agent, a suitable method of search
or inference engine may be chosen.
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Additional constraints on the choice of inference engine
include the need for flexibility, because while the knowledge
representation chosen for the knowledge sources is, at present,
homogeneous and rule-like, it may be in the best interests of some
recipients of the proposed system to employ more than one
knowledge representation method of knowledge sources (frames,
procedures, etc.). Currently, the architecture that best fits these
requirements is the blackboard architecture.

The blackboard architecture, first developed as part of the
Hearsay system (Erdman et al, 1979), is essentially made up of
three distinct but cooperating parts: the blackboard, control, and
the knowledge sources. The blackboard serves as something of a
global data area and may be structured to delineate multiple levels
of abstraction or granularity in a particular problem domain. For
instance, the Hearsay system's blackboard- was orgaIlizcd -accordjng
........

- ""

to various levels of linguistic organization: there was a phonemic
level, a syllabic level, a word level, etc. Extending between a,!ld
across these levels were pointers or links that illustrated the
hypothetical connections being considered by the system. The links
had to be explicit because the data under consideration represented
a physicaJ speech signal, and so only one segment of a signal could
be attributed to a given interpretation at any point in time. The
knowledge sources for the Hearsay system acted to contribute
information to the blackboard and were made up of more than one
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kind of representation. One knowledge source might be a procedure
for interpreting signal data while another was a collection of rules
for performing word recognition. Finally, the control module within
the Hearsay architecture was responsible for choosing what level of
the blackboard to work on and which knowledge sources to invoke,
through a means called opportunistic search. Opportunistic search
implies that a current hypothesis or line of reasoning is pursued,
but if some other line of inquiry becomes evident that is more
plausible or desirable, the old line of inquiry was abandoned in
favor of the new line.

In the case of environmental scanning, physical data is not
being represented, and the problems under consideration are not
organized by multiple levels of granularity. Hence, while a
blackboard will be used for the purpose of exhibiting global data to
the various knowledge sources, neither multiple levels nor links
will be employed. The knowledge sources correspond directly to the
concepts developed by the concept formation level of the
apprentice. And, using the predictive information provided by the
concept formation level, along with the varying degrees of
specificity of the knowledge sources, the control or search method
will be opportunistic.

To better illustrate the workings of the architecture
proposed for the apprentice, see figure 26 below:
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Here, the various parts of the Apprentice's blackboard are

illustrated, and are described by the following:

The Control Module: The control module decides which
hypothesis will be the focus of attention, which hypotheses will be
placed on the object-candidate list, and when a hypothesis is
completed.

Focus of Attention List: The focus of attention list is a stack
of those hypotheses that have been, and the hypothesis that is
currently being, investigated. Change in focus of attention occurs
only when 1) pursuing the current hypothesis is pointless, or 2) the
alternative hypothesis is at the same or better level of
detail/granularity, or 3) the current object is completed. New
hypotheses are

pusr~d

onto the stack while proven or rejected

hypotheses are popped from the stack and added to the object
completed- list or discarded, respectively. The current focus of
attention is always at the top of the stack.

Blackboard: The blackboard serves as a global data base of
attribute-value pairs that have been found by the apprentice.

------

----------------

--------------------------
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Knowledge Sources: These correspond directly to the
knowledge sources derived from the concept formation algorithm
that were placed in the knowledge source layer of the apprentice.

Object Completed list - shows a list of objects that have been
fully instantiated by the information supplied by the intelligence
analyst.

Object Candidate Block - a list of objects that have sent
messages to the controller to say that they are candidates for
investigation. They decide that they are, indeed, candidates by
noting a successfui match of one of their predictive values to the
values on the blackboard.

In figure 27, the steps describing the flow of the processing
of the blackboard are described. First, it is necessary to begin with
some piece of information before any hypothesis can be formed
about the classification of the conditions in question. Therefore, a
choice of a particular attribute to find a value for must be made. In
making this choice, the preferred result will be that it leads quickly
to a conclusion, taking the search in a direction that requires fewer
data requests of the intelligence analyst rather than more data
requests.

---------_._--------

--------------------------
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Order of Processing

Choose and Eva!uate Attribute

Select Candidate Hypothesis

Select Focus of Attention

Fig. 27. Control's Order of Processing

------

---------- ----------
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And, in achieving this end, two constraints are placed on the
selection of an attribute to investigate: 1) it must be a predictive
attribute as the presence of such an attribute value match tends to
rapidly decrease the number of alternative hypotheses that may be
considered by the controller, and 2) the attribute chosen for inquiry
must be the

mo~(

frequently occurring predictive attribute across

all hypotheses. The reason for this, too, is to prune the list of
alternatives as quickly as possible from the list of competing
hypotheses. For example, refer to the figure 28 following the flow
chart.

To decide which of the predictive attributes to investigate
first, the total number of times each attribute appears is counted.
Here, "A" occurs three times, "B" and

"c" occur two times, and "D"

occurs once. Thus, "A" is chosen to be investigated first.If, however,
"C" had also appeared three times, the conflict would have been
broken by choosing the attribute that varies most. For example, if
"C" had three distinct values across the concepts shown, then

"c"

would have been chosen instead of "A," that has only the two
distinct values of

"1" and "3." Note here the implicit assumption
matching concept for the incoming

values. That is, if it is assumed that the value being sought will
most likely match one of the values found in the
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concepts, then the tree is most quickly pruned by choosing the most
varying value. Conversely, if it assumed that the value being sought
is only as likely to occur as any other possible value for the
attribute in auestion, then the tree is most quickly pruned by
choosing the least varying value.

Once an attribute value is chosen for processing, and a value
is given that attribute by the intelligence analyst, a list of possible
candidates are selected from all the knowledge sources. They are
chosen simply by whether or not they have the attribute just
identified and whether their value for that attribute matches the
value supplied by the intelligence analyst. Next, given that more
than one hypothesis can compete for the attention of the controller,
the selection of which of these hypotheses will become the focus of
attention is made. This is done by selecting the competing
hypothesis with the most specific classification. For example, if one
of the competing hypotheses would make the classification "A OR
B," while another of the hypotheses would make the final
classification of just "A," then the hypothesis that was the more
specific of the two, the one concluding "A," would become the focus
of attention. To further complicate matters in this process of conflict
resolution, there is the problem of deciding over two competing
hypotheses when both are most specific. That is, what does the
system do when both competing hypotheses have only one
conclusion?

The answer here is indicative of a bias toward

predictiveness.
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The hypothesis with fewer unanswered predictive

values is opted for. Should these also be equal, the hypothesis with
fewer unanswered predictable values will be opted fOf. And if
these are also equal, the choice is simply arbitrary - the first
hypothesis on the list is chosen.

Following the choice of an hypothesis, the chosen hypothesis
is placed on the focus of attention list and is used to guide the next
attribute query. Of the remaining unanswered predictive attributes
in the focus of attention hypothesis, the attribute occurring in the
greatest number of the other hypotheses is then chosen for inquiry,
as already explained above. Once chosen, the intelligence analyst is
asked again to supply a value for this attribute, and the process of
placing hypotheses on the candidate list, together with the process
of choosing a focus of attention is repeated, with only one
difference. If a hypothesis from the candidate list is chosen to be
the new focus of attention, the former focus of attention is pushed
onto a stack, with the new focus of attention being at the top of the
stack. Additionally, when a mismatch is found between one of the
attribute values found and the attribute values of anyone of the
hypotheses/knowledge sources, those knowledge sources are
removed from consideration. And finally, when a hypothesis that is
the current focus of attention has all of its attribute values matched
by the replies of the intelligence analyst, that hypothesis is
considered to be finished and is placed on the object completed list.

--~---~~-~----~---~----------
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The User View

Given that the architecture of an Apprentice has been
described, the question of how it interacts with an area specialist
and an intelligence analyst remains to be answered. The following
example what the Apprentice provides and requires of both an area
specialist and an intelligence analyst during a brief session of
asking questions, providing answers, and making classifications.

To begin this example, several pieces of information must be
provided. First, the company in question has on its strategic agenda
the goal of exporting heavy machinery to Poland. One possible
threat to this objective is the implementation of economic sanctions,
by the company's country - the U.S., against Poland as the result of
human rights violations. The sort of event that often triggers such
economic sanctions is the advent of political turmoil. Thus, if
political turmoil in the form of riots .and demonstrations take place
in Poland, the success of reaching the companies objective would be
jeopardized, inasmuch as they might not receive the necessary
licenses to export to the country. Acquiring those licenses takes a
somewhat lengthy period of time, and can only be speeded up at
the cost of significant political favors or concessions. Hence, the
company in question would like to maintain a watch over the
political stability of Poland and proceed without using a great deal
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of political leverage, as the time and expense of rushing the
licensing through the necessary channels is costly. But if political
turmoil is imminent, they would move in that direction.

Given this scenario, it is the area specialists task to monitor
Poland for indicators of political violence. To illustrate how the
Apprentice's support this task, the interfaces that would be used by
the area specialist and the intelligence analyst will be shown in the
order that they' would be processed. First, to ask specific questions
of the intelligence analyst, the area specialist uses his system to
create an agent, by seiecting the "FILE" option of the pull-down
menus and selecting "NEW AGENT" as in Figure 29.

Once this seiection is made, a menli such as the one in Figure
30 appears. Here, the area specialist sees fields labeled "AGENT
NAME" and "ATTRIBUTES." In this case, the agent name entered by
the area specialist is "Political Violence," as that is the concern in
question. Next, the area specialist lists in the attributes box those
attributes for which he is seeking values. In the political violence
example, those attributes would include Relative Deprivation, Belief
in Violence, CoerciVe Support, and Institutional Support. Each of
these attributes is entered by the area specialist, and later their
individual values will be provided by the intelligence analyst.
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Fig. 30. Define Agent
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To better clarify the nature of the attributes being entered, the area
specialist will typically select the "REMARKS" panel to explain what
he wants more clearly. When the "REM..t.\.RKS" panel is chosen, an
additional screen appears as in Figure 31, where a further
explanation of the attribute in question is made. Presumably, each
attribute entered by the area specialist will have remarks attached
to it, so that the intelligence analyst will fully understand the
nature of the question being asked. For each of these remarks made
the "SAVE" panel is chosen and the area specialist is returned to the
menu shown back in Figure 30.

In addition to making remarks about the nature of the
attribute value being sought, scaling information is provided by the
area specialist. By selecting the "VALUES" panel, the area specialist
is able to enter the set of values that provide an acceptable answer
to his attribute. As shown in Figure 32, the set of acceptable values
for the attribute "Belief in Violence" are Strong Belief; Some Belief;
More or Less Belief; Little Belief; and No Beiief. Once this is done,
the "SAVE" panel is selected and the scaling values are saved.

199

CREATE AGENT (cont.)

C

File

Edit

Windows

"

Remarks

"

To what degree do mass-anti-regime
actors believe that violent action
against the system will serve to
relieve their frustrations?
~

Values)

I

'-

j-~==~------~==~~;r
( Save )

(cancel)

( Save )

(cancel)

Fig. 31. Further Define Agent

CREATE AGENT (cant.)

C

File

Edit

Windows

I

( Strong Belief
Some8elief
More or Less Belief
uttle Belief
No Belief

..
...

( Other values)

(Save )
groun

I

(

S

...

I

Remarks

)

(Save )

( Cancel )

(Cancel)

Fig. 32. Providing ScaHng Valnes

200

201
Once all attributes have been entered, together with remarks and

scaling values, the area specialist chooses the "SAVE PANEL" shown
in Figure 30 and the new agent has been created. Fundamentally,
from the area specialists point of view, the process of creating a
new agent is much the same as making a structured e-mail
message. To see that the new agent is part of the area specialist's
collection of Apprentices, the "WINDOWS" pull down menu is chosen
and the selection of user agents is made, as in Figure 33. Choosing
this option than bring up the screen shown in Figure 34, where
along with "older" Apprentices such as "Product Line" and "Cash
Position," the new agent "Political Violence" can now be seen. Figure
34 also shows the necessary action reql1ired to send the new agent
to an intelligence analyst. The area specialist pulls down the "FILE"
menu and selects "SEND AGENT."
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Once this option is chosen, the screen shown in Figure 35
would appear and a few additional pieces of information would be
provided by the intelligence analyst. The analyst to whom the agent
is to be sent is entered - in this case "JMS." The particular agent to
be sent is chosen, here it is "Political Violence." The prio;:>ityof the
request is identified according to how important it is to get a quick
response from the analyst, in this case the priority is high - that is
"1." And finally, any additional remarks are included, such as the
country currently under focus is Poland. Having finished these
steps, the area specialist then chooses the "SEND" panel and the
Apprentice is sent as an e-mail message to the listed intelligence
analyst.

The Apprentice is received by the intelligence analyst in the
form shown in Figure 36. The heading of the message shows the
Apprentice name (Political Violence), the remarks about the
Apprentice, the Apprentice's priority and the time the message was
sent. Because the learning algorithm has not yet had a chance to
asked by the
Apprentice would simply be in the order entered by the area
specialist.
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The first question or attribute seen by the analyst would be
as is shown - Belief in Violence. Additionally, the remarks and
scaling values supplied by the specialist would also be on the
screen. The task of the analyst, at this point, is to answer the
questions before him. He must provide one of the scaling values as
an answer to the attribute request, and will very likely choose the
"REMARKS" panels to explain his rationale for choosing a particular
answer.

For instance, when the area specialist answers "some belief"
to the belief in violence question, he adds an explanation which can
be seen in Figure 37. Here he adds that Poland's KOR group has
influenced the larger Solidarity with a policy of violence to achieve
its ends. Once the remarks are made they are saved and the next
attribute value is addressed by the intelligence analyst. Note that,
once the Apprentice has an opportunity to learn about the domain,
the order of the questions asked would reflect to the opportunistic
control strategy provided by the blackboard. For the processes of
asking questions of the intelligence analyst is completely dependent
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Once the questions are answered by the intelligence analyst,
the Apprentice is returned to the area specialist. Here, the specialist
chooses "RECEIVE AGENT," as shown in Figure 38. After doing this,
the screen shown in Figure 39 would appear. And, the information
provided by the intelligence analyst would then be viewed and
evaluated by the area specialist. If the area specialist chose to see
an explanation of anyone of

t.~e

analysts answers, he would simply

put an "X" in the box beside the scaling value and select the "MORE"
panel. Once done, a screen would appear as in Figure 40, and the
remarks made about the selection of the scaling value would
appear. Now, given the values for his requested attributes, the area
specialist may make a classification of the information - such as
"Turmoil is Highly Likely" shown in the figure. Note, if the
apprentice had had an opportunity of learning before being
presented with these values, and had those values matched one of
the concepts in the set of knowledge sources, the Apprentice would
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RECEIVE AND CLASSIFY AGENT
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have provided his own classification of the attribute-values.
But, because the Apprentice is new, it asks the area specialist for a
classification, and uses that information as a concept label for the
attribute-value pairs it received. Then, with the attribute-value
information and the classification of "Turmoil is Highly Likely," the
Apprentice proceeds augment its new tree of concepts. The next
time the Apprentice is sent to an intelligence analyst, the questions
need not be typed in again: nor do the remarks and scaling values.
All that must be done by the area specialist is to select the "SEND
AGENT" option under the "FILE" pull-down menu. Furthermore, as
the Apprentice learns concepts and generalizations about concepts,
together with predictive information, it will ask questions in an
order reflecting this

information and may provide classifications

instead of asking for them. And this is particularly important as
there will be times when someone other than the originating area
specialist needs answers in that specialists absence, and they would
be dependi:ug upon tile Apprentice to provide those answers. Note,
though9 that the Apprentice provides a service in simply being able
to ask the right questions and get the process of information
collection underway. For even if the Apprentice is not always able
to provide classifications, it can gather the information necessary
for such a classification so that, once the originating specialist
becomes available, he can more quickly provide the needed
classifications.
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Supporting Architecture

In order to deliver the capabilities of the apprentices to
those that would use them, a few additional characteristics of the
system must be present. That is, while an apprentice is capable of
learning to gather attribute values from an intelligence analyst, as
well as classifying that information, additional capabilities must be
provided to make it possible for the system to deliver that
classification to the area specialist requesting it. Moreover, though
the apprentice architecture is capable 0:( gathering the knowledge
of the area specialist and categorizing it, more needs to be done to
make that knowledge available to the area specialist's colleagues
and the organization. The basic support architecture for this task
illustrated in figure 41 below.

The primary components of this architecture are the files of
Apprentices and the ISO X.400 communications protocol. Each file
holds the Apprentices belonging to any given area specialist, and,
the fi1es are open to all other specialists. This means that area
specialists have access to another's apprentices: they may send
them and receive them. But, only the owner of an Apprentice may
make classifications to that Apprentice. Thus, in the absence of a
particular area specialist, others may use his apprentice to identify
threats and opportunities to the organization.

- ---------------------

-----------
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The XAOO protocol is needed to send an Apprentice back and forth,
from area specialist to intelligence analyst and back. The
components of this protocol are the User Agent (VA), the Message
Store (MS),

and the Message Transfer Agent (MTA). The

responsibility of "ihe UA, here shown residing on an intelligent
terminal,

is to accept and "package" an Apprentice for routine to

other individuals. The VA delivers the Apprentice to the MS, which
has the task of acting as an intermediary between the UA and the
MTA. The MS has the responsibility of storing and permitting
retrieval of delivered messages. It allows the submission from and
alerts to the UA. The MTA takes care of tlle actual transfer of
messages from one message store to another - so that the MTA
takes an Apprentice from a sender's MS and delivers it to a
receiver's MS. And, that MS alerts its UA of the incoming message.
Thus, with this basic architecture, the users of the system are able
to select, create, and send Apprentices throughout the system.

-Additional Considerations
The typical information

requ~st

of an area specialist

is for qualitative data, and the Apprentices have been
constructed with this in mind. However, there may be
instances where an area specialist requests quantitative
data. For example, an area specialist may want to know the
current oii production, in barrels, for a particular geographic
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region. In this case, while the intelligence could answer, say,
5.000 barrels, the Apprentice would probably not find the
answer very useful. In other words, for the purposes of
matching and learning, 5.000 barrels would be regarded as
different from 5,001 barrels - but to the area specialist
these two numbers would, for all practical purposes, be the
same.

The inability of an Apprentice to cluster numeric
data is a limitation of the system. If it became necessary at
some point in time to add this capability, [Lebowitz, 1985]
has provided an algorithm that clusters numeric data and
also works with Unimem. Of course, it would be possible for
the area specialist to use his choice of scaling data to create
artificial clusters. For example, in asking for oil production
he could specify that the replies must be as follows: 0-5,000;
5,001-25,000; 25,001-100.000; more than 100,000 barrels
per day. Still, this kind of approach assumes that the area
specialist already has a clear idea of the possible values that
he will encounter. That is, if the region in question is
producing 4 barrels a day, there is stin a meaningful
difference between that amount and, say, 4,999 barrels a
day (intuitively, at least.) Yet, this difference would not be
apparent with the given categories.
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This point brings up an additional issue or limitation
of an Apprentice. An Apprentice is poorly suited to
exploratory questioning. That is, if an area specialist is
"fishing," as it were, then structuring his request according
to the needs of the Apprentice will be an awkward exercise
at best. If the area specialist is trying to get a feel for
something poorly defined or understood, like recent
activities in FCC regulatory behavior, the requirements of
building an Apprentice may be unnecessarily restrictive.
This point leads into one of the assumptions made in
designing the knowledge cache.

The assumption was that the information requests
made would be repetitive, representing well-defined
monitoring activities. For the Apprentices to learn concepts,
they must be exposed to more than a single feature-vector.
If an Apprentice were used only once, it would be futile to
try and learn any new concepts, as it wouid not be called on
again to do anything. Also, creating a standard E-mail
message is somewhat less time consuming than creating an
Apprentice. So, if the Apprentice were only to be USed once,
using a standard E-mail message would be preferable.

Additional assumptions about the individuals using
the knowledge cache have also been made. In the case of
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environmental monitoring, it has been assumed that both an
intelligence analyst and an area specialist are participating
in the monitoring process. This is not always the case, as (EI
Sawy 1985) has pointed out. Small firms do not usually have
a staff devoted to monitoring - the CEO is typically the one
that handles this responsibility. Hence, as the knowledge
cache is currently positioned, it would not be of use to such
a person. The usefulness of the knowledge cache is based on
the assumption that one individual will be asking the
questions while another will be answering the questions.

While creating an Apprentice, the area specialist
would have the choice of building it in steps or all at once.
He should be able to, essentially, give the Apprentice

~me

attribute with which to begin. Then, when the Apprentice
returned with a value for that attribute, he should be able to
scaling and
explanation information - and continue this process until a
classification can be made. Conversely, the area specialist
would also have the option of creating the Apprentice in one
session, specifying all the attributes, scales, and explanations
before sending it to an intelligence analyst. Moreover, the
area specialist would have the choice of adding or deleting
attributes from the Apprentice at any given point in time. If
an attribute were added, no change would have to be made
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to Unimem's hierarchy of concepts. If an attribute were
deleted, though, all nodes in Unimem's hierarchy that had
that attribute would have to be removed, along with their
children.

Several other characteristics of the knowledge cache,
for example the way in which messages must be structured,
merit elucidation here. For example, why must the
Apprentice have a structured message? The answer is
rather simple: there is really no other satisfactory way of
identifying the attributes used by the area specialist. If the
area specialist were to use an unstructured message, the
attributes could not be identified. Moreover, scaling
information is required of the area specialist to bound the
number of answers that an intelligence analyst would
provide. The number of synonyms that different intelligence
analysts might use to express the same opinion is potentially

Apprentice is unable to recognize that two answers might be
synonymous. Thus, the necessity of providing a limited list
of answers 'Nas found.

In choosing to approach the synonym problem this
way, it was obviously assumed that an area specialist and an
intelligence analyst would be able to adapt to this small

---------

---

--------------
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change. Work by (Dahlgren 1983) and (Berkowitz 1983) in
having analysts scale their estimates of political conditions
indicates that this assumption was not unwarranted. In the
case that an individual using the available scaled values was
unsure whether they meaning was properly communicated,
a facility for adding an explanation was made available.
Thus, when an intelligence analyst answered a question with
one of the supplied values, he had the option of elaborating
his findings in the "remarks" section of the s!!ggested
interface - making clear exactly what he meant to the area
specialist. This feature of making remarks has the additional
role of reducing the amount of change between using an
Apprentice and using the standard E-mail message - where
the intelligence analyst could always explain his ans\vers.

Some decisions on particular characteristics of the
knowledge cache will be largely dependent on the working
environment in which it is housed. For example. it is
conceivable that two area specialists will have over-lapping
expertise, and that two Apprentices could be made that
perform, basically, the same function. Under these
circumstances, the question of which Apprentice is best to
use may arise. Which Apprentice will provide the best
answer? The problem is not entirely unlike the problem of
having two watches and not knowing what time it is. Still, a
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choice may be necessary between the two Apprentices. In
this case, the monitoring group may make the choice based
on several parameters: 1) which one has shown the "best"
performance - "best" being a measure of prediction
accuracy, or 2) which one is the cheapest to use - as in
which one requires the lowest cost for gathering
information, or 3) which Apprentice has been in existence
longer - where duration of existence is a measure of
goodness. The list of considerations could conceivably be
quite long, and the final choice would probably reflect the
implicit and explicit policies and preferences of the
environmental monitoring unit in question.

Another consideration whose resolution would
probably be largely dependent on the environmental
monitoring unit in question is the presence of "too many
Apprentices." This hypothetical problem would occur when a
co-worker wished to use another's Apprentices, because that
other person· was unavailable, and the number of
Apprentices under that person's charge was too large to
make use of them. Here, there would be either so many
Apprentices to choose from, or two or more Apprentices
would appear to be so much alike, that one would unable to
make an intelligent choice. Again, the choices made to
ameliorate this probiem would reflect the preferences,

223
policies, and probably the budget of the environmental
monitoring unit. One approach would be to provide a hypertext like interface to the Apprentices, such that they could
be chosen through a hierarchy of categories - presumable
with the help of an individual whose job it was to maintain

this extra system, and possibly with only the cooperation of
the area specialists. Another way might be to add a keyword
list to each agent, specifying the threats and opportunities
for which they have been built.

--

--

------------------ - - - - - - - - - - - - - - - - - - - - - - - - - -
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CHAPTER 6

ARCHIVAL CASE SruDY

Introduction

An archival case study makes use of historical data to illustrate an
idea or theory, to validate some particula,r assertions or
approaches, or to gather information about the state of an
organization or event at a given point in time. For example,
(Reuder1986) used an archival case study of the Cuban Missile
Crisis to illustrate the use that her decision support system would
serve in Presidential decision making. (RosnerI968) used hospital
records to evaluate the hospital's willingness to innovate. And
some classic studies of organizational behavior have depended
heavily on records (Gouldner 1954; Selznick, 1949).

As mentioned previously, environmental scanning requires the
consideration of factors including economic, social, competitive,
geographical, political, and environmental considerations. For
example, with respect to political consideration, as early as 1973
nearly half (Zink 1973) of the U.S. based multinational
corporations were regularly monitoring the political climate of
foreign countries as part of their day-to-day opera.lions. The
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intention of this study is to show how a knowledge caching
approach would be used by a corporation interested in
maintaining current information and predictions on the possibility
of political violence in the countrj of Poland. Thus, while an area
specialist is monitoring the political climate of Poland in the
summer of 1980, an Apprentice will be busily capturing
knowledge about how to act in the absence of that same area
specialist.

The reasons why an organization might take an interest in Poland
during the summer of 1980 could be large in number. In this
instance, a hypothetical company is posited, Machine Corp., and
one of its concerns is in negotiating and winning a contract with
the Buhmar Company, Poland's largest manufacturer of tractors.
The negotiation is over a contract of severa! million dollars to
supply parts for Buhmar's new line of back-hoe's. \Vhile the value
of this particular contract is significant to this hypothetical
corporation. also valuable

IS

the possibility of future contracts

with Buhmar. The negotiations are expected to take at least
several weeks. Machine Corp. begin serious talks with B uhmar

In

the first week of July, 1980, and negotiations begin during the last
week of JUly.

Machine Corp.'s position in the negotiations is simple - it believes
that longer negotiations are to its advantage. Because its inventory

-------~

------

~--
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of parts required by the contract in question is very low,
lengthening negotiations will allow it to create the necessary
inventory without going to over-time for its workers or paying
premium prices to suppliers. Conversely, Buhmar wishes the
negotiations to move along swiftly, as their production quotas
have been falling off. Also, they prefer working with an American
supplier at this time because many of the necessary licenses are
easy to acquire as a result of their long-standing relationship with
International Harvester. (They began joint production with IH as
early as 1971.)

Knowing that Poland's economy has been having difficulty, and
also knowing that such difficulties sometimes result in worker
unrest, is the reason for Machine Corp. monitoring the political
climate in Poland. For, if riots should break out on a large scaleand be met with predictably harsh suppression -

the Carter

administration would most likely levy trade sanctions against
Poland. And, these trade sanctions would very often take the
initial form of restricting licensing of exports to Poland. The gist of
this is that Machine Corp. wishes to buy as much time as possible
in negotiations, but they do not wish to be without a contract and
licenses in the event of Polish political turmoil and the resulting
licensing restrictions. Hence, if it looks as though turmoil is about
to break out, Machine Corp. wants to close the deal as quickly as
possible.
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Method of Inquiry

A well known approach to analyzing the political climate of a
country was developed by (Gurr 1971). His model takes into
r:.ccount a number of qualitative indicators to assess the wellbeing of a country's political health or the likelihood of an
outbreak of political violence. These attributes will be used in
illustrating how an area specialist would seek and classify
information about Poland. They are explained below:

Pro-Regime Relative Deprivation - a measure of the extent the
members characterized as pro-regime fell frustrated regarding
their economic condition and general welfare.

Anti-Regime Relative Deprivation - a measure of the extent the
members characterized as anti-regime feel frustrated regarding
their economic condition and general welfare.

Pro-Regime Belief in Violence - a measure of the extent the
members characterized as pro-regime believe that, given the
practical opportunities and limitations of the current political
situation, violence is just on either pragmatic grounds, or on
moral, doctrinal, and historical grounds.
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Anti-Regime Belief in Violence - a measure of the extent the
members characterized as anti-regime believe that, given the
practical opportunities and limitations of the current political
situation, violence is just on either pragmatic grounds, or on
moral, doctrinal, and historical grounds.

Coercive Support for Pro-Regime - a measure of the extent proregime members are supported, in terms of equipment, training,
size, strategic location, and loyalty of armed manpower from
within and without the country.

Coercive Support for Anti-Regime - a measure of the extent antiregime members are supported, in terms of equipment, training,
size, strategic location, and loyalty of armed manpower from
within and without the country.

Institutional Support for Pro-Regime - a measure of the extent
pro-regime members are supported, in terms of organizational
cohesion and the size and geographic location of their resources, as
well as psychological, economic, and political support short of
coercive force, in achieving their objectives.

Institutional Support for Anti-Regime - a measure of the extent
anti-regime members are supported, in terms of organizational
cohesion and the size and geographic location of their resources, as

229
well as psychological, economic, and political support short of
coercive force, in achieving their objectives.

Success of Anti-Regime Movements Outside of Country - a
measure of the extent anti-regime members outside of the
country have succeeded in achieving their own political objectives.

With these variables, the area specialist in the case study will act
to project the likelihood and type of violence that might occur in
Poland. An interpretation, or method. with which to use in judging
and classifying the incoming data for these variables, particularly
with respect to political turmoil, is given by (Dahlgren1978).

Characteristically, the likelihood of political turmoil

va..~es

directly

with the intensity and scope of mass relative deprivation.
Conversely, this tendency varies indirectly with elite relative
deprivation. Thus, if disconient is very high among the masses
while being very low among the elite, the potential for riots and
demonstrations is very strong.

Concerning the belief in violence and its reiationship to the
likelihood of political turmoil, the use of ideoiogies, siogans, and
rumors can mobilize the masses for political violence.
Additionally, if the masses expect violence, then normative
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justifications and the potential for violence vary closely with the

masses' sense of relative deprivation.

On the issue of coercive force, tunnoil is more likely to occur when
dissidents are relatively weaker than their pro-regime/elite
counterparts. Thus, turmoil is more likely when the bulk of
coercive force lies with the controlling regime. And, this
relationship is seen as somewhat independent of the measure of
relative deprivation.

The institutional support for either pro- or anti-regime actors is
directly related to their capacity for violence. The broader the
support for a particular group, the more likely they are to make
use of that support and act aggressively.

The foregoing infonnation - the

variables and the heuristics for

using them, make up ihe foundation of the case study that follows.
In this study, the area specialist working for Machine Corp. will
seek values for these attributes. And, with the answers he
receives and the heuristics mentioned above, he will make
classifications as to the likelihood of political turmoil in Poland.
Finally, the utility of the Knowledge Caching approach will be
demonstrated by acting in the area specialist's absence.
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Poland During the Summer of 1980
Poland, as of the summer of 1980, had been experiencing
economic difficulties for over Lltree years. The situation had been
growing steadily worse at for that period of time, and there was
little in the way of new reforms that offered any respite from the
downward trend.

The events that are relevant to this case study take place in a
short period of time - 2 months. The "high" points of this period of
time are chronicled below (Cynkin 1988; de Weydenthal et al
1983):

July 1: The Central Committee announces a large hike in meat
prices

July 2: The first strike breaks out in the Ursus plant near Warsaw.
The strike was for higher wages to cover the increased meat
prices.

July 9: Central Committee chairman Gierek makes pubHc

statement that no broader wage increases will be allowed, but
workers continue striking.

July 16: Strikes Spread to nearby Lublin
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July 27: Gierek goes on holiday to Moscow, and doesn't return
until August 14.

August 15: Telephone lines to Gdansk are cut.

August 16: Representative from 21 enterprises convene in Gdansk
to form the interfactory strike committee (MKS), a group formed
to coordinate strike action, promote solidarity, and begin
broadening demands to include political concessions ..

August 18: the MKS continues to grow, while Gierek makes a
television speech that no political concessions will be made with
the strikers.

August 19: Dissidents are arrested on a

widc~p;.~ead

basis.

August 23: Barcikowski, Deputy Prime Minister, begins talks with
the MKS on national television.

August 24: 4 top Central Committee members are relieved of their
posts.

August 30: The Gdansk agreement is signed, guaranteeing the
right to strike and self-governing trade unions.
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It should be noted that this information was widely available
during this point in time. For example, from July to November the
New York Times had a front page story on Poland an average of
every 2.5 days.

These !'high points," together with information concerning general
trends and conditions in Poland, will make up the substance of the
case study that follows. A series of data capturing steps will occur,
where the area specialist will ask for information on a periodic
basis. Beginning on July 7, the area specialist will "create" an
apprentice and send it to the intelligence analyst - who answers
its questions and returns it. With the July 7 information, the area
specialist will make a classification of the attribute-values he
receives. On July 21, after 2 weeks, the area specialist will again
send the Apprentice to do its job, and classify the attribute-values
upon its return. Because the July 21 attribute-values held the
potential for escalating violence, the area specialist sends the
Apprentice again after 9 days instead of 2 weeks. And he finds
that his suspicions were correct, and that the situation in Poland
had become somewhat more volatile, but not alarmingly so. Thus,
he sends the Apprentice again, one week later, and finds that the
situation has met not dramatic change. Another week passes and
he sends the apprentice again. It is now August 16 and the area
specialist finds that the Central committee has chosen a

--------

--------

---------------------
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destabilizing course of action - cutting telephone lines into Gdansk.
Now, the possibility for violence is strong, and the specialist alerts
the CEO's office of Machine Corp. to this effect. They consider the
situation - whether to come to a quick conclusion to their
negotiations or to wait. And, because the administration's political
rhetoric on the subject remains entirely "low-keyed," they decide
to wait. Now the area specialist increases the frequency ?f his
monitoring, sending the Apprentice out again after 5 days, and
finds that tensions in Poland still remain very high. The CEO's
office is alerted to this state of affairs. Three days later the area
specialist sends out the Apprentice again. Now, tensions have
somewhat subsided, but the possibility of political violence is still
present.

Here, in this scenario, the area specialist does what nearly all
workers do at some time during each working year - most often in
August. He takes a scheduled vacation. So, in his absence, and
until a suitable temporary replacement can be found, the
responsibility for assessing the political situation in

Poland is the

Apprentice's responsibility. Another area specialist takes over the
duty of "sending" the Apprentice, and on August 28, the
Apprentice is activated and returns with the conclusion that the
possibility of political turmoil is lower than the week before, and
the information is reported to the CEO's office.

-------~

- ...

~~.--.---.--~-

-------------------------
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What will be illustrated, then, is that in a short period of time,
using "real world" historical data, the Apprentice can assume some
of the responsibilities, acquire and share some of the knm,vledge.
of the area specialist. Also shown will be u;e fact that the
Apprentice, especially over such a short period of time and such
few learning sessions, does not know everything that the area
specialist knows. For, several weeks after the signing of the
Gdansk agreement on August 30, the intelligence analyst would
probably find that the relative deprivation of the masses had
diminished to a lower level - that the authorities were, indeed,
acting in good faith. And

with this new finding, the Apprentice

would not be able to classify the incoming data, but would have to
turn to a "mentor" once again.

Events Occurring Between July and August

What will be discussed in the following pages does not include
illustrations of the interactions between the area specialist and
the intelligence analyst. The nature of this kind of communication
has been shown in the previous chapter. In the following pages,
only the replies that an intelligence analyst makes to the series of
attribute requests posed by the area specialist will be shown.
Figures 42 through 50 list the attributes for which the area
specialist was seeking an answer, together with the answers
provided by the intelligence analyst (eg. low, high. strong, etc.).
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Additionally, the explanations for the answers are also provided,
and the classifications made by the area specialist are listed at the
top of the page, next to the date of the intelligence analyst's reply.

The first "report" is received by the area specialist on July 7 (see
figure 42). The area specialist's judgement is that, under the
.circumstances, political turmoil is not likely. While Mass-Anti
Regime Relative Deprivation is high, the pro-regime belief in
violence is apparently low, and anti-regime belief in violence only
moderate. Thus, while relative deprivation is balanced in such a
way as to provide the seeds of political turmoil, the low likelihood
of pro-regime politicai violence leads to a low normative
justification for violence on the part of the anti-regime actors.

On July 21, the intelligence analyst responds again to an
Apprentice request and produces the answers found in figure 43.
The answers show that there has been relatively little change
over the past two weeks: Gierek made a public statement denying
concessions to strikers and Lublin has had a few strikes. Other
than these differences, the political picture remains the same and
this is reflected by the inteHigence analyst's answers. So, once
again the area specialist classifies the situation in Poland as being
not likely for political turmoil.

Political Tu:moil - Hot Likely

Jul.y 7, 1980

Pro-Regime Relative
Deprivation

Low

The pro-regime party has enjoyed
special privileges for some time

Anti-Regime Relative
Deprivation

High

The economic conditions of the
workers have not improved, but
declined over the past decade

Pro-Regime Belief
in Violence

Low

Local Strikes on July 2, resulting
from meat price hikes of the
previous day, have been ignored

Anti-Regime Belief
In Violencp.

Moderate

swift response of strikers on
July 2 to meat price hikes on
July 1 indicate some volatility

Pro-Regime Coercive
Force Available

Strong

The Polish Army and Police are
supportive of the party and the
Central Committee

Ant~-Regime

Coercive
Force Available

Not Strong

The Polish workers are not
armed and little armed support
for them exists outside of their
country

Pro-Regime
Institional Support

Moderate

Anti-Regime
Institutional Support

Moderate
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T~e

While the Central Committee is
not free of dissention, the strikers
have not affected its balance

Currently the strikes are a
relatively local phenomena,
although as meat-price increases
are felt ir.. other places, similar
strikes may follow

Fig. 42. Intelligence Analyst's Report of July 15

-.-----------------.- - - - - - - - - - - - - - - -

Political

Jul.y 21, 1980

~:moil

- Hot Likely

Pro-Regime Relative
Deprivation

Low

Anti-Regime Relative
Deprivation

High

Pro-Regime Belief
in Violence

Low

Anti-Regime Belief
In Violence

Moderate

Pro-Regime Coercive
Force Available

Strong

The Polish Army and Police are
supportive of the party and the
Central Committee

Anti-Regime Coercive
Force Available

Not Strong

The Polish workers are not
a~d and little armed support
for them exists outside of their
country

Pro-Regime
Institional Support

~loderate

Anti-Regime
Institutional Support

Moderate
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The pro-regime party has enjoyed
special privileges for some time

·The economic condition~ of the
workers have not imo roved , but
declined over the past decade

On July 9, Central Committee Leader
Gierek delivered speech indicating no
more wage increases - indicating they
believe the situation well in hand

Workers continue to negotiate for
additional gains but are not well
organized and could become chaotic

Gierek has apparently convinced
the party and the Central Committee
that the situation is under control and
that there will be little further
trouble
T~e strikes, while spreading to Lublin,
are still a relatively local phenomena

Fig. 43. Intelligence Analyst's Report of July 21
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Because the number of strikes is, after all, growing, the area
specialist chooses to increase the regularity of his monitoring in
Poland. He receives an update from his apprentice on July 30
(figure 44), and notes that the situation has changed somewhat.
The pro-regime belief in political vi.olence has gone from Low to
Moderate in the wake of Gierek's departure to Moscow. His
absence leaves room for the policies of his somewhat more
authoritarian colleagues on the Central Committee, and this
increase in the potential for violence, coupled with the growing
ranks of strikers that are having their communications facilitated
by the KOR, causes the area specialist to classify the new situation
as "political turmoil - somewhat likely."

On August 8, the apprentice

~o~;n
....0 -.. · ...

to the area specialist

(figure 45). The political climate remains in a holding position in
Gierek's absence. Pro- and An'ii-regime institutional support
remain the same, and the belief in violence also remains the same
for both sides. The strikers continue to negotiate and the area
specialist again classifies the situation as "political turmoil somewhat likely."

A week passes and on August 16 (figure 46), the area specialist
receives an update from the Apprentice on the political situation
in Poland. Gierek's return from Moscow has been followed by
heightened efforts at disrupting striker organization. The
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Jdy 30, 15180

Pro-Regime Relative
Deprivation

Low

The pro-regime party has enjoyed
special privileges for some time

Anti-Regime Relative
Deprivation

High

The economic conditions of the
workers have not improved, but
declined over the past decade

Pro-Regime Belief
in Violence

Moderate

Anti-Regime Belief
In Violence

Moderate

Pro-Regime Coercive
Force Available

Strong

The Polish Army and Police are
supportive of the party and the
Central Committee

Anti-Regime Coercive
Force Available

Not Strong

The Polish workers are not
armed and little armed support
for them exists outside of their
country

Pro-Regime
Institional Support

low

Anti-Regime
Institutional Support

Somewhat
Strong

Gie=~k

left

fo~ Mosco~

on the 27th,

and the conservatives in the Central
Committee will probably be
propounding their ideas of
punishment of dissidents

Workers continue to negotiate for
additional gains, and the KOR has
facilitated communication (and will
be advocating peaceful solutions)

Gierek's recent trip to Moscow is
most likely an indication of their
displeasure with his handling of
the situation, and he will likely lose
some party support
Communication provided by the KOR,
along with a rapid increase in
workeriscrike participation,
indicates growing s~pport

Fig. 44. Intelligence Analyst's Report of July 30

Auguat 8, 1980

Politic:&l. T=moil - Somewhat Likel

Pro-Regime Relative
Deprivation

Low

The pro-regime party has enjoyed
special privileges for some time

Anti-Regime Relative
Deprivation

High

The economic conditions of the
workers have not improved, but
declined over the past decade

Pro-Regime Belief
in Violence

Moderate

Anti-Regime Belief
In Violence

Moderate

Pro-Regime Coercive
Force Available

Strong

Anti-Regime Coercive
Force Available

Not Strong

Pro-Regime
Institional support

Low

Anti-Regime
Institutional Support

Somewhat
Strong
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Apparent disagreement still continues
on how to approach the current situation:
with Gierex's followers disagreeing with
the Central Committee Conservatives

Negotiations continue with the KOR
maintaining its communications aid

The Polish Army and Police are
supportive of the party e;~d the
Central Committee
The Polish workers are not
armed and little armed support
for them exists outside of their
country
Party and Central committee support
for Gierek is most likely ambivalent
and awaits his return from Moscow

Support in terms of striking workers
continues to grow despite Gierek's .
trip to Moscow and his speech of no
further wage concessions

Fig. 45. Intelligence Analyst's Report of August 8

Political

Augql!lt 16, 1980

~il

- Highly Likely

Pro-Regime Relative
Deprivation

Low

Anti-Regime Relative
Deprivation

llig~

Pro-Regime Belief
in Violence

strong

Anti-Regime Belief
In Violence

somewhat
Strong

Pzo-Regime Coercive
Force Available

Strong

Anti-Regime Coercive
Force Available

Not Strong

The Polish workers are not
armed and little armed support
for them exists outside of their
country

Pro-Regime
Inst1tional support

Moderate

Party and Central Committee Support
will most likely be somewhat mended
by Gierek's decisive show of control

Anti-Regime
Institutional Support

Strong

Representatives from 21 enterprises
have convened in Gdansk to form the
interfactory Strike committee (MKS)
and seek negotiation with Central
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The pro-regime party has enjoyed
special privileges for some time

The economic conditions of the
workers have not improved, but
declined over the past decade
All telephone lines from Gdansk to
nearby Polish cities have been cut in the
wake of Gierek's August 14 return from
Moscow - indicating readiness of party to
use stricter measures to put down strikes
Cutoff in communications may bring
chaos to strikers outside of Gdansk and
strengthen belief in violence to
achieve ends

The Polish Army and Police are
supportive of the party and the
Central Committee

Commit.t.ee

Fig. 46. inteHigence Anaiyst's Report of August 14
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telephone lines from Gdansk to the outlying cities have been cut.

Knowing the chaos that could follow such an action, the
intelligence analyst assesses the pro-regime belief in violence to
be strong. Correspondingly, the potential for violence by the antiregime actors is increased to be somewhat strong. These changes
are supported by the increases in institutional support for both
pro- and anti-regime groups. With these changes, the area
speciaiist classifies the situation as "highly likely" and reports the
situation to the CEO's office. This report is considered in light of
the fact that Secretary of State Muskie had just made a speech
explaining the non-interventionist attitude the U.S. is taking
toward the Polish affair, and they decide to further prolong
negotiations with Buhmar, rather than rush the process in
anticipation of trade restrictions. Still, the CEO's office instructs the
monitoring people to increase the frequency of data collection and
assessment in Poland.So, on August 21 (figure 47) the Apprentice
returns with more information

conce~iling

Poland's political

climate. Here, the Central Committee is continuing its new,
aggressive approach to controlling the striker problem. Dissidents
are being arrested on a widespread basis, so the intelligence
analyst states that the pro-regime belief in violence is still strong.
In keeping with this situation, the anti-regime belief in violence
remains somewhat strong. The increasing number of MKS
members indicates strong

August 21, 1980

Politj,=l.

~=1l

- Bighl.y Likely

Pro-Regime Relative
Deprivation

Low

The pro-regime party has enjoyed
special privileges for some time

Anti-Regime Relative
Deprivation

High

The economic conditions of the
workers have not improved, but
declined over the past decade

Pro-Regime Belief
in Violence

Strong

Dissidents are being arrested on a
widespread basis

Anti-Regime Belief
In Violence

Somewhat
Strong

KOR has so far succeeded in
influencing workers with nonviolent strikes and the call for
negotiating for political changes

Pro-Regime Coercive
Force Available

Strong

Th~ ?olish Army and Police are
supportive of the party and the
Central Co~ttee

Anti-Regime Coercive
Force Available

Not Strong

The Polish workers are not
armed and little armed support
for them exists outside of their
country

Pro-Regime
Institional Support

Moderate

Anti-Regime
Institutional

Strong
Suppor~
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Gierek continues to hold party
and Central Committee together
and made Aug. 18 television speech
declaring there will be no political
concessions with workers
More enterprises continue to
join the MKS in its negotiations

Fig. 47. Intelligence Anaiyst's Report of August 21
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institutional support for the anti-regime actors, and Gierek's
continued aggression, together with his television appearance
denying further concessions to workers, maintains moderate
support among the pro-regime group. Thus,

t~ing

these

indicators together, the area specialist again classifies the chances
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A new reading of the situation is taken on August 24 (figure 48).

The Central Committee member Barcikowski has begun talks with
the MKS on national television - indicating a change in the
Committee's posture concerning the utility of political violence in
dealing with the strikers.
The anti-regime belief in violence changes along with this new
approach, and is n0W classified as "moderate." This change in the
Central Committee's new approach to the striker problem is
accompanied by personnel changes in the Committee, where four
of Gierek's supporters are removed from their posts and replaced
by more autocratic counterparts. This change results in low
institutional support for the pro-regime actors. And finally.
because of their successes in winning recognition, the institutional
support for the anti-regime actors is strong. This new situation,

while less volatile than the previous week, still has some elements
of violence and is classified by the area specialist as having a
likely chance of political turmoil.

Political

August 24, 1980

~il

- Likely

Pro-Regime Relative
Deprivation

Low

The pro-regime party has enjoyed
special privileges for some time

Anti-Regime Relative
Deprivation

High

The economic conditions of the
workers have not improved, but
declined over the past decade

Pro-Regime Belief
in Violence

Moderate

Anti-Regime Belief
In Violence

Moderate

Pro-R~gime

Coercive
Force Available

Strong

The Polish Army and Police are
supportive of the party and the
Central Committee

Anti-Regime Coercive
Force Available

Not Strong

The Polish workers are not
armed and little armed support
for them exists outside of their
country

Pro-Regime
Institional Support

Low

Anti-Regime
Institutional support

Strong
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CE;nt:.:al Committee Member Barcikowski
began talks with MKS on national
television on the 23rd, indicating
new cooperative approach to unrest

Success of MKS and non-violent
action will probably bolster faith
current approach

Four of Gierek's followers on the Central
Co~~ttee were relieved of their posts
today, indicating a significant lack of
cohesion and support from within and
without the party
Despite arrests and communications
difficulties, the MKS has achieved
recognition by the Central Committee
in negotiations and is supported by
a large number of enterprises

Fig. 48. Intelligence Analyst's Report of August 24
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PBV: Moderate
PIS: Low

PRO: Low (5)
ARD: High (5)
PBV: t-1odsrat.c (1)
ABV: Moderate (1)

PCS: Strong (5)
ACS: Not Strong (5)
PIS: Low (1)

PT: Somewhat
Likely

PBV:
ABV:
PIS:
AIS:

strong
Somewhat Strong
Moderate
Strong

PBV: Moderate
PIS: Low
AIS: Strong

PRO: Low (3)
High (3)
PBV: Strong (1)
ABV: Somewhat
Strong (1)
PCF: Strong (3)
ACF: Not Strong (3)
PIS: Moderate (1)
AIS: Strong (1)

PRO: Low (1)
ARD: High (1)
PBV: Moderate (1)
ABV: Moderate (1)
PCS: Strong (1)
ACS: Not Strong (1)
PIS: Low (1)
AIS: Strong (1)

PT: Highly
Likely

PT: Likely

ARD:

PT: Political Turmoil
PRD - Pro-Regime Relative Deprivation
~~D - Anti-Regime Relative Deprivation
PBV - Pro-Regime Belief in Violence
ABV - Anti-Regime Belief in Violence
PCF - coercive Force Available to Pro-Regime
ACF - coercive Force Available to Anti-Regime
PIS - Pro-Regime Institutional sUFPort
AIS - Anti-Regime Institutional Support

Fig. 49. Apprentice Knowledge Base on August 24
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At this point the Apprentice has learned the knowledge shown in
figure 49. Essentially, it is capable of recognizing variations of
scenarios that range from "PT: Somewhat Likely" to "PT: Highly
Likely." The first level of the tree in figure 49 corresponds to the
predictive values that have been learned by the Apprentice thus
far. The second level corresponds to both the predictive and
predictable values, along with their respective counters. And the
lowest level states the classification of the "rule."

As mentioned above, the area specialist's holiday begins on
August 2?, so that another individual sends the Political Turmoil
Apprentice in the specialist's absence, on August 28, the
Apprentice is responsible for trying to make a classification of the
newly found information (Figure 50). The order of inquiry that
the Apprentice makes is as follows:

1) The most common predictive value across all hypotheses is
chosen. Here, both PBV and PIS occur three times, so the most
varying of the two is chosen.

But~

because the vary an equal

number of times, the first or left-most one is chosen - PBV.

August 28, 1980

Political Tu:moil - Likely or Scme

what Likely

Pro-Regime Relative
Deprivation

Low

The pro-regime party has enjoyed
special privileges for some time

Anti-Regime Relative
Depri vation

High

The economic conditions of the
workers have not improved, but
declined over the past decade

Pro-Regime Belief
in Violence

Moderate

Anti-Regime Belief
In Violence

Moderate

Pro-Regime Coercive
Force Available

Strong

The Polish Army and Police are
supportive of the party and the
Central Committee

Anti-Regime Coercive
Force Available

Not Strong

The Polish workers are not
armed and little armed support
for them exists outside of their
country

Pro-Regime
Institional Support

Low

Anti-Regime
Institutional Support

Strong
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Gierek agreed to unions holding
secret elections on the 25th indicating continued efforts at
cooperation

Continued success of MRS in getting
secret elections will further convince
strikers of soundness of organized
approach

Gierek's concessions to the unions
will only futher polarize the
already divided party
and Central Committee

Achievement of political gains
in terms of secret elections
will further strengthen the
resolve of the strikers

Fig. 50. Intelligence Analyst's Report of August 28
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2) The intelligence analyst reports that PBV is moderate (see

figure 50), an so only the hypotheses having "PT: likely" and
"PT:Somewnat Likely" are placed on the object candidate list. The
hypothesis called "PT: Highly Likely" is eliminated, as its PBV
value is "Strong."

3) Next, a focus of attention is chosen. "PT: Somewhat Likely" is
chosen because it has fewer predictive values.

4) The task of choosing which predictive value to inquire about
next is simple, in that there is only one left - PIS. The Apprentice
then asks

tt~

intelligence analyst for this value, and the anaiyst

responds with "PIS: Low."

5) Now, the predictable values in the focus of attention are
investigated in the order in which they appear. This means that
five more values are sought by the Apprentice: PRD, ARD, ABV,

pes, and ACS .. (Note here that the attribute Anti-Regime
Institutional Support does not appear in this hypothesis - it was
dropped from the rule because is was not predictable.) The five
predictable values that were investigated matched those of the
hypothesis "PT: Somewhat Likely" and this is the first conclusion
of the Apprentice. As it happens, though, the values found thus
far have also matched those of the hypothesis "FT: Likely."

-... -. .

__ _--------_._-----------------------.....
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6) "PT: Likely" now becomes the focus of attention and "FT:
Somewhat Likeiy" is placed on the object completed list. Only one
value remains to be examined for this hypothesis - AIS. The value
returned by the intelligence analyst is "Strong" and matches the
values in the "PT: Likely" hypothesis.

7) Now this hypothesis is also complete, and is placed on the

object completed list.

8) No more hypotheses can compete for attention at this point, so

the Apprentice returns with the answer, "Political Turmoil is
either Somewhat Likely or Likely."

This new information is relayed to the CEO's office for
consideration, and their conclusion is that the situation has come
under somewhat better control than is was the week before.

Conclusion

The previous case illustrates how an Apprentice can be
successfully used to capture knowledge about "real-worid"
information and established methods of classifying that
information.

Wh~n

Machine Corp.'s area specialist was away and

unable to perform his duties, the Apprentice was able to act in his
stead.
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In this case, when it was the Apprentice's "tum" to classify the
political information, the Apprentice noted that the information fit
two classifications - "PT: Somewhat Likely" and "PT: Likely." Had
the area specialist been present, undoubtedly only one
classification would have been provided. This fact supports what
we would intuitiveiy believe of an apprentice - that is, after
"existing'" for only six weeks and having seven learning
experiences, it is not going to be as good at classifications as an
established expert. Nevertheless, the Apprentice was able to
provide a useful indication of what the pattern of qualitative
political data meant. The strategy of an Apprentice is
conservative. It identifies only what it has already observed or
some subset of what it has already observed. If it is confronted
with a pattern completely unlike anything it has come across
before, it defers judgement and asks for a classification.

At any time during the period discusses above, Machine Corp's
other area specialists also had access to the Apprentice monitoring
political violence in Poland. For example, during the Solidarity
movement the stock market fell over a period of time while the
price os gold rose. Investment personnel may have chosen to use
the Apprentice as one of the inputs to their investment decisions and they could continue using it in the originating area specialist's
absence. Finally, had the area specialist responsible for the the
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political violence Apprentice left the firm, instead of taking a
vacation, his replacement would have had an immediate starting
point, using the Appreniice,
predecessor's work.

from which to continue his
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CHAPTER 7 .

CONTRIBUTIONS AND FUTURE CONSIDERATIONS

Contributions

The introductory chapter of this

dissertat~on

described the

difference between software engineering and software
engineering research.

Where software engineering is solely

concerned with the immediate problem to be solved, software
engineering research's considerations are broader in scope. Not
only is the immediate problem a consideration, but also whether
the approach is generalizable, whether the knowledge garnered
from solving the problem is useful elsewhere, is a consideration.

To identify the the knowledge sharing problems of environmental
scanning, the problems of continuity, communication. and
redundancy, the concept of interstices was used. Looking for gaps
in the communication process, in the aggregate knowledge
available to the organization at any given point in time, in the
. amount of time an area specialist has to do "creative work,"
helped to shape the requirements for the proposed system. This
simple conceptual framework can be used by !S researchers and
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professionals interested in seeking new opportunities to exploit
information technology. For example, when executives convene in
a business meeting, they are typically separated from the
information resources that they usually have at their disposal.
Whether they are company reports and analyses of potential
markets, current worldwide financial information, or simply the
names of competitors, the executive will probably not bring all the
information he has at his disposal in his office to the meeting.
Thus, there is this period in the executive's day when an
information interstice appears. And, consequently, there is an
opportunity for information technology to address this problem.

U sing the concept of interstices, the author showed how the
absence of an employee, whether for reasons of a vacation, sick
leave, or leaving the firm, caused a gap in the aggregate level of
knowledge available to the finn. Besides the instance of an area
specialist being away and, consequently, being unable to provide
environmental monitoring for the organization,

another example

where the cost of such an absence is most easily recognized is in
the case of insurance underwriting. Often, political analysts are
employed to contribute risk information to the assessment of
insurance costs. But when the analyst is away, policies are not
underwritten.
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Interstices were used to show that communication was not always
possible between area specialists, and that such gaps caused
unnecessary delays iii. the performance of their tasks. Such gaps
or delays in communication are common in problem solving
endeavors other than environmental monitoring, such as vendorcustomer software support. Here, one individual may need the
technical assistance of another, but cannot reach him. Customers
using a particular software package

m~y

come upon a problem

requiring the help of the vendor's technical personnel, but they
are either busy or otherwise unavailable. The costs in terms of
customer frustration and non-productivity are genuine, as are the
opportunities for information technology to fill these gaps.

Interstices were used to show the widening gaps between the
amount of time an area specialist had to devote to "creative work."
Similarly, much of the time of an individual working in software
support is devoted to repetitive tasks, answering the same
questions over an over. As a given software product grows in
popularity, less

time is available for solving the more difficult

riddles of software problems, while more is spent in repetition.
Using information technology to respond to the simpler, more
mundane, problems would free up the software specialists time
for more challenging tasks.
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Solution to Business Problem

The business problem addressed in this dissertation ha;; several
characteristics. As mentioned above, problems of continuity,
communication, and redundancy were considered.

While expert

system technology appeared, at first, to have the elements
necessary for a solution to this problem, It was shown that an
expert systems approach was inadequate from both a synchronic
and diachronic perspective. The synchronic considerations that
ruled-out the expert systems approach included the monolithic
nature of an expert system's knowledge base: being large and
somewhat intractable - usually oriented about solving only one
kind of problem - it is difficult to check whether a subset of the
goals in the knowledge base meet the considerations in question.
That is, if environmental scanning knowledge were held in one,
large knowledge base, one could not monitor, say, political turmoil
in a particular country without also monitoring all other possible
threats and opportunities to the organization. This is undesirable
because one would likely want to monitor different threats and
opportunities with different frequencies. Also, while it is
conceivable that a great number of "small" expert systems could
be constructed, much as intelligent agents, that solved a given
··
· probi ems
c IaSSI· f
IcatlOo
prQvhl.. em, t he d·lac h
romc

systems approach remain.

0f

the expert

258
The diachronic considerations that ruled-out the expert systems
approach centered around knowledge acquisition and
maintenance. Over the life of the. system that is meant to solve the
problems described, two things must happen: 1) knowledge about
how to classify threats and opportunities to the organization must
be gathered, and 2) as the organization's goals change, what
constitutes a

thrt~at

or opportunity also changes, and the

knowledge base will need to be changed to reflect the new
conditions. In the first instance, that of knowledge elicitation, the
process is usually very lengthy and because of this, it tends to
exacerbate the very problem h was meant to solve - it takes the
area specialists away from their work. The latter problem, that of
a continuous need to garner fresh knowledge in the facing of
changing threats and opportunities, also exacerbates the problem
by again taking the area specialists away from their work.

Simply put, the architecture needed to solve the problems of
continuity, communication, and redundancy must have all the
functionality of a traditional expert systems approach without the
drawbacks of a monolithic knowledge base and lengthy periods of
knowledge acquisition. And, this architecture has been provided.
It is the Knowledge Caching architecture - a set of apprentices that
gather, classify, and distribute environmental scanning
knowledge. The problem of the monolithic nature of the expert
system's knowledge base has been .overcome by the use of
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Apprentices that concern themselves with only one kind of threat
or opportunity to the organization. This allows control over the
frequency with which a threat or opportunity is monitored. Also,
the problem of removing the area specialist from his duties is
overcome by the use of simple machine learning methods that
capture the specialist's knowledge as he goes about his usual
duties. Hence, as the focus of an area specialist's monitoring
activities changes, the knowledge that is gathered changes too.

To validate the Knowledge Caching approach, an archival case
study was presented to illustrate that it was, indeed, applicable to
"real world" problems. Documented events were chosen to
populate the attribute-values that an area specialist would
classify in a situation of possible political turmoil. The attributes
that an area specialist would use, as well as rules of thumb for
how to interpret the information, was also provided. What was
shown was that in a short period of time an Apprentice could act
reasonably well in the absence of the area specialist.

What does this mean to the IS professional? First, if his
organization should decide to address the problems of continuity,
communication, and redundancy in the realm of environmental
monitoring, he h.as a method for proceeding. Second, if he should
come across a problem that, also, is resistant to an expert systems
approach - a problem that has similar characteristics to the one in

--------

_.

-----
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this dissertation - he may evaluate and hopefully find that the
Knowledge Caching approach is useful in this other endeavor. For
not only is this research concerned with solving the immediate
problems in environmental monitoring, but it also considerate of
other possible uses, or the ability to be "generalized" to other
problems.

For example, in a relatively recent Harvard case study (Porter
1986), a major software vendor planned to ease the workload on
its customer service representatives with the introduction of
expert system technology. The vendor received over 330,000 calls
annually, and the vendor wished to create bulletin board software
that kept clients abreast of new company products as well as an
E-mail service to get help from the service representatives. The
plan included having customers interact with an expert system
instead of the service representative, and if the expert system
could not provide an answer, then the representative would take
over by entering into the E-mail dialogue.

Besides differentiating themselves from their competitors, the
firm beiieved that the expert system wouid heip reduce the
service representative's work-load and encourage them to remain
at their jobs longer (their average length of job service was 20
months and the cost of retraining was viewed as significant). Thus,
the plan found encouragement from many individuals within the
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company. Unfortunately, the endeavor ultimately failed because

of the large knowledge acquisition effort required to bring the
project on-line, along with a resistance on the part of the service
representatives to spend additionai time helping to build the
system.

If the project leader had had access to the Knowledge Caching

approach, the project may have been successfully completed. Time
for doing knowledge acquisition would not have been required of
the service representatives because the Apprentices would learn
by observing the problem solving process: watching the customer
report the nature of the problem (eg. I've got an abend); watching
the questions asked of the customer by the service representative
(eg. Was it a 1. System abend 2. A user abend 3. Was there a
console message or 4. none of the above?); and noting the
classification to the problem. The process is a redundant one and
there are ample opportunities for learning to classify these
questions and answers as attribute-value pairs.

This instance, of the firm that sought to apply expert systems
technology to the customer service problem, is one that couid
presumably use the generalizable characteristics of the Knowledge
C~ching approac~.

The organization wishes to reduce its service

representative turn-over as well as its training costs. It has
periodic gaps in the continuity of knowledge available to the firm

-------~
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because of the turn-overs. Additionally, by allowing the
Apprentices to look after the more routine tasks, the service
representatives would hav'e more time to address the tougher,
more challenging problems.

Future

Considerations

What follows is a list of considerations that provide direction for
where this dissertation research might "go" in the future: what
technical features might be used to extend the capabilities of the
system as well as application areas that might benefit from its
application.

A data base of conclusions would be a useful extension to the
Knowledge Caching architecture. With a continuous monitoring
effort, it is often Lite case that some of the information that is
needed in assessing a pattern of indicators is already available
from another search effort. That is, a previous query from one
Apprentice may have called for the same information as another
Apprentice. And, if the information is recent enough, it could be
used again by the next inquiring Apprentice.

For this reason a history of conciusions that reflect the answers
and rationales provided for individual attributes is useful. Not
only might a data base of attribute values found prove useful in
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terms of diminishing the number of searches an intelligence
analyst would need to answer a request, but also a history of
Apprentice conclusions would be useful as well. There could well
be instances where the output of one ApprenJce is used by yet
another Apprentice, and if the conclusions provided by the "old"
Apprentice conclusion were recent enough, this, too, would reduce
the number of searches that an intelligence analyst wouid be
required to do in order to expedite his tasks.

The capability for an intelligence analyst to request that a new
Apprentice be produced would be a useful addition to the
architecture.

In the normal course of events, an intelligence

analyst may receive a request for a particular attribute that he is
unable to expedite. There are at least two possible reasons for this
occurrence: 1) he cannot find the information, and 2) providing an
value for the attribute is beyond his knowledge/skill level.
Concerning the latter of these two scenarios, it may at times be
useful to provide the facility for an intelligence to request that an
Apprentice be created. If an attribute request can only be
answered by a examining a number of additional attribute-values
and classifying them, the assistance of an area speciaiist in
providing what attributes to look for as well as classifying those
attributes would, be needed.
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The system might provide a way to route Apprentices to the most
appropriate intelligence analyst. For some environmental
monitoring groups, a given intelligence anaiyst may be more
adept at gathering one kind of information than another. For this
reason, routing Apprentices from the area specialist to the
intelligence could benefit from an additional facility for sending
the Apprentices to analysts according to the type of Apprentice
being sent. Some version of the Information Lens could be used
for this purpose, where information placed in the intelligence
analyst personal "frames" could be matched against the content of
the Apprentice in question,

Additional layers could be added to the Apprentice. V/ith the
current Apprentice architecture, search is facilitated with the help
of predictive values - values that are reiatively specific to a given
hypothesis. In the case where to disparate hypotheses have the
same predictive values, where their predictive values are the
same but their predictable attributes are different, it is possible to
pursue the incorrect hypothesis for several attribute "look-ups."
This situation may be somewhat remedied by the addition of a
neural net layer to the Apprentice. What the neural net could
provide is a direction for search via pattern completion. Given a
couple of attribute-values, they could be presented to the neural
net to see what it associated with that pattern. The resulting
association could be used to guide further searches for the

--------
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predictable values. These patterns would be learned by the neural
net by showing it the results of all completed attribute-value sets
and having it learn them (Rumelhart and McClelland 1986).

Still another level could be added to the Apprentice to reduce the
number of queries required to produce a conclusion. And this
requires the notion of the Apprentice making assumptions.
(Winter 1985) showed that a iarge number of co-occurrences
between attribute-values could be used to identify knowledgecompression opportunities. For example, if every time attribute A
had a value of "red," attribute B had a value "swims," then it could
be assumed after some time that the occurrence of A being "red"
would allow the assumption that B "swims." Hence, this additional
layer to the Apprentice would provide the facility for making
conclusions with fewer searches.

Enhancements could be made to the learning algorithm. Currently,
Unimem achieves it capacity to generalize by dropping either
predictive or predictable values from a given hypothesis, and then
permitting any value of the dropped attribute to count as a
"match." When too many vaiues are dropped from a given
hypothesis, that hypothesis may be removed from the list of
learned

hypothe~es.

The hypotheses that are dropped do not

satisfy the constraints of the learning process, but may be useful
.....

for the Apprentice in making a guess about the classification of a
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set of attribute-value pairs. Thus, It may be useful to save initial
versions of all hypotheses in a way that permits the Blackboard to
access them in the event that no other hypotheses match the
incoming data - qualifying dIe Apprentice's conclusion as being
tentative,

a "guess."

The Blackboard could be enhanced for different kinds of agents.
There may be situations in which the area specialists make
regular use of on-line numerical information, such as Dow Jones
data, as part of their monitoring activities. Additionally, some
kinds of inferencing may have to be done over this information
before it is in a form that is meaningful to the area specialist. The
kind of processing required could well be done by a particular
program or procedure, and provide input for an Apprentice in
much the same way that an intelligence analyst provides input for
an Apprentice. Under these circumstances, the blackboard layer of
the Apprentice would need to be modified to automatically call
the procedure and obtain the requisite information. A change of
this nature is in keeping with other Blackboard systems that make
use of procedures as well as rules in coming

to conclusions (eg.

the Hearsay System).

Besides additions being made to the Knowledge Caching
architecture, other appHcation areas may benefit from using this
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approach. For example, one of the areas considered by the ESS
literature has to do with executives using data bases to learn
about events outside of the organization. The suggestion is that by
making data bases easier to use, easier to navi gate t!'-.rough, the
executives ability to assess the external environment will be
enhanced. Here, there is the opportunity for the Apprentices to
make their conclusion directly available to the executive. By
seiecting what he w.ishes to know, the Apprentices

C?n-

be created

to deliver this information to the executive. via the area specialist
who would summarize the attribute-values with a classification
and remarks of explanation.
Finally, electronically mediated meetings

that are concerned with

strategic planning may find significant use in having the results of
Apprentices available as a data source. Points of information and
concern could be amplified and clarified by the on-line access to
this environmental monitoring information. The information that
is used by the participants outside 'of the meeting room would
then, to some extent, be available to them during their meetings.
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