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ABSTRACT
The need for personal financial planning has increased in
the past few years because of deregulation of the financial
industries.

Expert system development has begun to emerge as

a

many industries to

tool

for

increase their

manipulation of information and data.

access

and

This research looks at

the domains of personal financial planning and expert systems
technology by combining them with the systems development
methodology.

The

qualitative

and

quantitative

sides

of

financial planning have not been previously combined in an
expert system for financial planning.
Experts from the five main areas of financial planning
and one hundred and ninety-one financial planning companies
were included in the evaluation study.

The expert system

developed was evaluated in a 2 by 2 factorial design with the
presence of the expert system on one axis and the presence of
the expert planner during the process on the other axis.
Eighty-five of the companies had the system installed at their
site

for

two

months

of

everyday

use

on

the

measurements were taken during the last two weeks.

job

and

Fifteen

hundred and sixty-seven plans were developed and analyzed.
Data was collected from the files and the plans generated by
the expert system or by the existing system.

It was also

collected from questionnaires filled out by both the planners

16

and the clients before and after their use of one of the
systems.

The data were analyzed with respect to twenty-one

hypotheses using statistical analysis, primarily ANOVA.
The

results

indicate

that

the

expert

system

can

significantly increase the information processing capacity of
financial planning companies.

The process used for financial

planning by the expert system was more comprehensive than
existing systems which tend to focus on only one area of
financial planning.
as

a

result

of

The organizational structure was changed

introducing

the

expert

system

into

the

financial planning process as witnessed by the increase of
expertise for both the expert planners and the non-expert
clerks.
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CHAPTER 1
1.0

INTRODUCTION

Interest

in

the

financial

planning

significantly

in

the

eighties.

From

field

1980

to

has

grown

1986

the

membership of the Institute of certifisd Financial Planners,
a trade organization, grew from 1,108 to 17,637.

A study

conducted by SRI International, a research based firm in Menlo
Park, California, estimated that by 1990 12 million people in
the united states would be wealthy enough to warrant financial
planning.

Further,

SRI

estimated

that

over

25,000

professional financial planners would be needed to service
that market [Sviokla, 1986].
Financial Planners come from several different areas of
the business sector:
Insurance Salesman
Stockbrokers
Accountants
Lawyers
Bank/Savings and Loan Representatives.
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To

provide

a

system that will work

for

the majority

of

financial planners, efforts must be made to satisfy the needs
of the planners from these five major backgrounds.

These

needs are driven by the processes that each of these planners
include in the planning task.
There are a few commercial financial planning systems,
but they tend to be large,

cumbersome,

[Humbert and Holley, 1988].

Bob Knudsen has been practicing

financial planning for the past 25 years.
wi~h

and very expensive

He has consulted

hundreds of other financial planners across california.

He believes that most planners are disappointed with the size,
cost, and ability of the software available to help accomplish
the fundamental processes of
1987].

financial

planning

[Knudsen,

Therefore, an affordable flexible system that meets

the requirements of this diverse group in one common product
is needed to fill the void in this sector of the software
market.

It is the purpose of this research to explore this

void through the development, implementation, and testing of
an intelligent financial planning package for the masses of
financial planners.

1.1

Conventional Planning Process
The conventional method for Financial Planning has been

to utilize the financial statements of the individual,

or

business, as input and create vast amounts of financial ratios

19
for analysis from them.

Recent research has added an expert

system to this process in order to add some expert guidance in
generating, and to a small extent in analyzing, the ratios and
figures.

However,

an

expert

financial

planner, will

use

multiple qualitative type decision making mechanisms when
analyzing a financial plan.

In some instances the planner may

even disregard some ratios or entire financial statements in
deriving a financial plan.
systems have been buil t

The existing financial planning
to the requirements

of

only one

financial planning company and are not flexible enough to
manipulate and change the process.

Each expert will most

likely use a different set of rules or heuristics in the
process.

In order to provide a system that can be used by

more than one financial planning company the system must be
flexible and maintainable.
systems

have

fallen

Thus, existing financial planning

short

of

the

requirements

for

mass

usability.

1.2

Inspiration and Motivation: PlanPower Case study

A case study of PlanPower, one of the more successful
financial planning software applications, was performed in
1986 by Sviokla

[1986].

It was done with only one small

financial planning consortium that worked with a small elite
clientele.
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One of his limitations was that he used one company, and
it

was

not

representative

companies that existed.

of

the

majority

of

planning

Not only was PlanPower an expensive

product that few could afford but it also was inflexible.

The

founders of PlanPower, APEX Corporation, believed they knew
how financial planning should be done and their customers had
to agree to this methodology.

It should also be noted that

APEX filed for bankruptcy and underwent re-organization.

The

research question addressed in this research is:
Can a system be developed that will be used by a wide range of
financial planning companies, that they can customize, that
will use expert system technology, and will the measurement of
the effects of the expert system versus previous systems be
significant for the planners and clients?
1.3

Research contribution

The contribution of this research is a framework for
applying

qualitative

and

quantitative

processes

in

the

development of an expert system for the financial planning
domain.

The expert system developed is flexible enough for

all the various backgrounds from which the financial planners
come.

The application of fault tree analysis, historically

used for hardware or other equipment failure diagnosis, is
introduced as an aid to this process in the inference engine
component.

The system development methodology as presented by

Nunamaker and Chen [1990] is used for the development of the
application software.

A model for the knowledge acquisition,
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the

knowledge

maintenance,

as

well

as

the

knowledge

representation schema is developed in order to add qualitative
knowledge

and

inferencing

expertise

to

the

quantitative

knowledge and expertise inherent in current financial planning
paradigms.

A field test with financial planners from varied

backgrounds using the system will help support and validate
the findings.

The financial planning industry is similar to

many other service industries in the marketplace today.

The

application of expert systems to problem solving in other
industries will be inevitable when measurable success can be
demonstrated for financial planning expert systems.

1.4

Dissertation overview and organization
The

overall

demonstrate

how

objective
the

of

research

this

dissertation

methodology

of

is

to

management

information systems, software development, can be applied to
the domain of expert systems.

The area of financial planning

was chosen because of the prominent problems
existing

systems.

Chapter

2 will

document

inherent
the

in

previous

research done in the areas of expert systems, knowledge-based
systems, decision-making, and other literature that pertains
to the study of financial applications and systems.

Chapter

3 will explain the research design, specifically describing
the software development methodology and how it can be applied
to the domain of expert systems.

The design of the field test
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will also be presented here.

The results of the development

process and field tests will be presented in Chapter 4.

A

discussion of the findings and applications from this analysis
is presented in Chapter 5.

Finally, Chapter 6 will explore

areas of future research, such as the inclusion of on-line
stock information and trading systems into the expert system,
and

possible

Decision

inclusion

support

of

System

the

expert

similar

to

environment at the University of Arizona.

system
the

in

a

Group

GroupSystems

The applicability

of this research to other industries concludes the chapter.
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CHAPTER 2
2.0

LITERATURE REVIEW

There has been a large amount of research in the areas of
financial planning, expert systems, and some recent research
in expert financial planning systems.

This chapter will

review the pertinent research performed in the domain of
finance and the chosen domain of financial planning.

This

will be followed by a discussion of relevant research in the
area of artificial intelligence and expert systems.

These two

reviews will provide the background for the discussion of the
PlanPower system that is representative of the existing expert
financial planning systems that have inspired this research.
2.1

Why Finance: Financial Technology Assessment

There

are

several

areas

or

industries

that

have

historically experimented with expert system technology:
Medicine and Medical Diagnosis [Shortliffe, 1976]
Chemistry [Buchanan, et al., 1969]
Manufacturing [Fox 1983]
Finance [Humbert and Holley, 1988].
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The financial industry has received a tremendous amount of
exposure

to

expert

systems

in recent

Holley, 1988;Rauch-Hindin, 1985A].

years

[Humbert

and

Many corporate giants are

investing considerably large sums of money into research into
artificial intelligence in the form of expert systems and
knowledge-bases
Some

analysts

[Humbert and Holley,
feel

that

the

area

1988;
of

Bartee,

financial

1988].

business

management will become the largest area of expert systems'
applications in the near future [Miller, 1988; Holsapple, Tam,
and Whinston, 1987].

2.1.1 Four Main Financial Domains for Artificial Intelligence
According to the literature, there are four main areas of
finance that have been used as domains for financial expert
systems [Humbert and Holley, 1988]:
1. Investment and tax advice
PLANPOWER has been one of the most successful
systems built in this domain. This type of system
is intended to be used as an assistant for personal
(and corporate) financial planning by financial
services companies or consultants for individuals
who need advice on investment, insurance, assets,
tax, etc [Hewett, Timms and d'Aumale, 1987; Heuer,
Koch, and Cryer, 1988].
2. Financial planning
FAME has been one of the most successful systems
buil t in this domain.
This type of system is
intended to be used as an aid for executives to
generate an attractive financial plan for customers
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or divisions interested in making large scale
investments in products and services and to back it
up with convincing arguments that take into
consideration the conflicting interests in business
and finance [Kastner, 1986].
3. Risk assessment
RISK EVALUATION has been one of the more successful
systems built in this domain. This type of system
is intended to be used to incorporate into one
knowledge-base the assessment criteria used by
different human experts when they make decisions
about financial risks with respect to client
reliability in various standard situations; such as
loan and credit decisions [Cuena and GarciaSerrano, 1987].
4. Banking practice
TELEX READER is an example of a system built in
this domain.
This type of system is intended to
involve specialists, from operational people who
handle day-to-day operations, to highly skilled
individuals making sophisticated decisions and
place them in a similar working environment with
the same tools for accomplishing the banking jOb;
thus, providing more experts on the job [Wanet,
1987].
There are an increasing number of companies in the financial
planning sector [Sviokla, 1986].

Expert systems are being

used by an increasing number of companies [Holsapple, Tam and
Whinston,

1988].

Deregulation of the

financial

services

industry has created a highly competitive environment in which
expert

systems

are

being

productivity [Miller, 1988].

used

by

firms

to

increase
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2.1.2

Definitions for Financial Terms

The terms in the financial industry have historically had
fuzzy meanings.
financial

What financial planning is to one company is

advising

or

financial

marketing

to

another.

However, no matter what name it is given it is still a
financial job that must be performed.

For the sake of clarity

I will provide some definitions for the terms I will be using.
The term financial marketing denotes financial decision
processes used in marketing products and services of such a
scale as to significantly impact a company's financial status
[Mays, et. aI, 1987].

The term financial planning denotes all

finance-related activities ranging from the investment advice
given to individual customers right up to the evaluation of
whole sectors of

industry,

from day-to-day running of

a

financial institution to the broader management and business
issues involved in strategic planning [Humbert and Holley,

1988].

Investment and tax advise is a subset of financial

planning.

Financial marketing is also a subset of financial

planning.

In financial planning it is not sUfficient to

merely determine a plan; rather, an explanaticn persuading
decision makers that the proposal is reasonable and that
convinces the decision makers that the solution is the proper
one is required [Mays, et. aI, 1987].
Financial marketing is a complex domain for which the
exclusive use of rules has been demonstrated to be inadequate
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[Kastner,

Thus,

1986].

an

object-centered

knowledge

representation for describing financial marketing concepts,
like the FAME system, may be the right answer [Mays, eta aI,
1987].

The FAME system provides automatic reclassification of

variables,

value

caching,

multiple

interfaces to conventional databases.

knowledge-bases,

and

This system represents

one of the more complex financial knowledge-bases to date.
For a financial planning system that attempts to encompass
more knowledge than just financial marketing, a more extensive
knowledge-base is required than that contained in FAME or
other existing systems [Mays, eta aI, 1987].

2.1.3 Main Financial Planning Expert Systems Developed-to-Date
In the

literature and research done

in the area

of

financ.lal planning, there have been some systems worth noting
(Table 2.1).

These are the systems that authors repeatedly

list as those falling in the domain of financial planning.
A significant name missing in this table is PlanPower.
it is recognized as the best financial

pl~nning

While

system on the

market, it is still in the category of investment advice when
viewed

theoretically.

Operations Advisor,

These

systems,

Preface-Expert,

FAME,

FINEX,

Management/

and SAFIR,

are

considered to be the class of systems and prototypes available
in the financial planning domain.

These systems all rely

heavily on the quantitative nature of financial planning.
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Some are no more than glorified number crunchers.

PFI,

Personal Financial Insights, is a new entrant into this domain
with

an

emphasis

planning.

on

the

qualitative

side

of

financial

The PFI system gathers qualitative information,

such as risk aversion, future goals, and past problems, and
uses these to develop a financial course of action [Humbert
and Holley, 1988; Personal Financial Insights, 1988].

Name

Notes

Technical Notes

FAME

Large Scale Investments
in Products

770 Rules

Management/
operations
Advisor

Complex Network of
Production Lines

LISP

PrefaceExpert

Spreadsheet analysis of
financial position

LOTUS, 75 Inputs,
1700 figures, 250
rules

FINEX

Ratio Analysis of
Financial Forms

Prolog, Basic,
LOTUS

SAFIR

Ratio Analysis

Prolog, SHIRKA

PFI

Inferencing engine for
financial planning and
Meta-Planning

CLIPPER, PC-based,
qualitative data

Table 2.1 - Existing Financial Planning systems [Humbert and
Holley, 1988; Hewett, Timms, and d'Aumale, 1987; Personal
Financial Insights, 1988].
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2.1.4

Financial statements

Financial planners have long relied upon the financial
statements

as

the

main

source

of

information

about

an

individual's financial position [Rauch-Hindin, 1985Bi Blocher,
1990].

The financial statements, usually published annually

by most major companies, contain information about a company's
revenues, expenses, income, both current and long-term assets
and liabilities, accounts receivable and payable, investments,
and more.

The financial

perspective of a

statements provide a

company's

potential [Benninga, 1989].
done

for

companies

individuals.
statements

is

financial

historical

position and

future

The financial planning process

similar

to

the

process

done

for

The individual investor must create financial
on

a

regular

basis

in

order

to

financial planner successfully [Knudsen, 1987].
statements will be read,

work

a

The financial

analyzed and manipulated

process of producing the financial plan for

with

in the

the client's

future.
The ability to read financial statements is not easily
acquired.

The presentation of information in the financial

statements has become an imprecise art, not an exact science
[Rauch-Hindin,

1985B].

The

criteria

used

to

present

information changes from one financial statement to another.
Financial officers become creative when they need to represent
a certain view of a corporation to the world.

The creative
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process

even bas

a

very respectable

financial statement design.

name;

it

is

called

The creators of most existing

financial planning expert systems have embedded their own
financial

statement design into the knowledge-base,

thus,

restricting the creativity of the planners who use the system
and

the

individual

investors

who

supply

the

information

these

creatively

[Humbert and Holley, 1988].
The

ability

designed

financial

knowledge

of

[Knudsen,

1987].

expert

to

read

statements

financial,

knowledge

and

interpret
requires

general,

and

a

large

heuristic

body

of

processes

The financial planner must utilize his
of

financial

statement

preparation,

his

general knowledge of the industry and economy that the company
is operating in,

and his own views and rules in order to

clearly understand the company's financial position.

Thus, a

very large knowledge-base is required that contains more than
just financial rules and ratios.

The design process and

interpretation process are qualitative knowledge that must be
incorporated into the

financial

planner's

knowledge-base.

Experience is also a key factor in financial planning.

A weak

point of existing systems is that they require financial
planners to examine an individual's financial statements and
yet the planners have little control over how the expert
system will evaluate and present them [Humbert and Holley,
1988].

The planning process is encoded into the system and
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the planners have little control over the maintenance of this
knowledge.

2.1.4.1

Financial Plan Development Process

Figure 2.1 depicts the process for developing a financial
plan and can be used as the guideline for

building the

processes necessary in the software.

PROBLEM
DESCRIPTION

> Planne r Input,
Client S ituation,
Investment Vehicle,
Description ~ Macro
Economic Va riables

t
DIAGNOSE CURRENT
SITUATION AND GOALS

:,..

.

l

.1

Fl.nancl.a 1 Models:
Calcu late
Project, Evaluate

i

CONSTRUCT PLAN TO
ACHIEVE GOALS

1
CONSTRUCT PLAN
DOCUMENT

> Documen t,
Exhibit s

Figure 2.1 - Process for Developinq a Financial Plan

[stansfield and Greenfeld, 1987]
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The process utilized by a

financial planner to develop a

financial plan for a client varies from planner to planner.
The reason the client usually desires a financial plan is
related to some problem that the individual is trying to
resolve, such as accumulating enough money and assets by a
certain age for retirement or for the children's education.
This

reason

(or

reasons)

is

part

of

the

qualitative

information that must be utilized by the planner or system
[Stansfield and Greenfeld, 1987].

The planner will take the

information that he can gather from the client, combine this
with his knowledge of the environmental factors that affect
the

client,

and

apply

this

situation

to

any

number

of

investment vehicles or other courses of action that appear
appropriate.
Once the problem and its environment have been clearly
defined, the planner must attempt to diagnose the cause of the
problem.

A variety of techniques can be used at this point to

analyze the financial statements.

For example, the debt that

the client is carrying may be too high relative to the equity
figure.

Therefore, the debt-to-equity or leverage ratio is

usually one of the first figures to be computed.
gives a strong indication of financial health.

This ratio
The ratios,

once calculated, can be used to project what they might be in
the future.

The financial planner usually will want financial

statements for the last three to five years and will project
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these into the future as far as the clients' need5 require.
This will give a good historical and future outlook for the
financial position.

However, financial ratio analysis is not

enough [Knudsen, 1987].
Several models will be developed to simulate what the
eventual goal for the financial position should be [Stansfield
and Greenfeld, 1987].
planner

can

previous
action.

apply

step to

the

From these models and simulations the
many

projections

developed

attempt to diagnose the

in

best course of

This diagnosis is usually an iterative process.

diagnosis

is

one

significant part.

point

where

the

the

computer

can

This

play

a

By manipulating the various ratios and

figures, the planner can quickly try several remedies for the
current problem in order to find the best path [Stansfield and
Greenfeld, 1987].
Once the simulations have been run and the best path has
been determined, the financial plan must be presented to the
user.
is

The document should include the course of action that

determined

to

be

the

best,

reasons

to

support

this

decision, and reasons why other seemingly better alternatives
were

not

chosen

[Stansfield and

document is what the client needs.

Greenfeld,

1987].

This

Therefore, it must show

the entire process that has led to this decision.

If the

presentation of the output is not top quality, no matter how
good the process, the system will not be successful [Kr.udsen,

34

1987].

Success is measured in this industry by numbers of

clients and a large percentage of this is reliant on clients
who return on a regular basis.

Clients put money and time

into the process of developing a personal financial plan, and
they expect a quality output.

Clients will go elsewhere if

the presentation of the plan is of low quality [Stansfield and
Greenfeld, 1987].

2.1.4.2

Evaluation of Alternatives Process

The third step of the process of developing the financial
plan is the simulation process for construction of the plan to
meet the goals.

Within this step there is usually a process

of evaluating investment opportunities (Figure 2.2 [Stansfield
and Greenfeld, 1987]).

Based on the desired goal identified,

such as accumulating a certain amount of money by retirement
age,

in the second step of the financial plan development

process, the construction of the plan will likely involve the
choosing of some investment vehicles.

From the problem

identified, such as current income flows are not large enough,
a finite number of investment vehicles can be determined and
listed in step One of the decision process [Stansfield and
Greenfeld, 1987].
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create possibilities List

"

Prioritize possibilities
Evaluate

<

1

Choose

"I~

1

Determine Details and
Timing of Next Action

Re-Evaluate <

\I

simulate the Effects
of the Action

Figure 2.2 - Investment opportunities Decision Process
[Stansfield and Greenfeld, 1987]

Based upon some ratios,

figures,

and experience,

the

planner can then prioritize these alternatives in Step Two.
Then the simulation
the

environmental

~ust

be set up to take into effect both

variables

and

evaluate the simulation results.
and the outcome noted.

the

timing

to

properly

The simulation is then run

These third and fourth steps are

repeated until the best alternative has been found from the
list.
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The evaluation of al ternati ves process

is where the

strength of the PlanPower system resides [Thierauf, 1990].
mentioned previously,
definitions

for

you will not find PlanPower

financial

planning systems,

As

in the

though

it

is

considered to be a financial planning system by its users.
This is because it only covers this particular step in the
financial planning process as described above.

Its strength

lies in its ability to determine the proper investments to be
made given a certain situation.
However,

PlanPower's

ability

measures to determine the

~roblem

to

apply

qualitative

prior to determining a

course of action is limited [Stansfield and Greenfeld, 1987].
For the system to be comprehensive and effective, the system
will

need

criteria

to

be able

stored

quantitative,

data

in

to
the

stores

simulate

the

qualitative,
in

the

outcomes
as

system's

well

based on
as

the

knowledge-base

[Knudsen, 1987].

2.1.4.3

Financial Decision Making 4 step Process Model

According to Bouwman [1985], financial decision making
consists of the following 4 steps:
1. Scanning the environment and background values
to identify key items such as "sales" or "net
income."
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2. Evoking financial templates for companies or
industries from long-term memory (for example,
"high-tech
company"
or
"late
recessionary
industry").
3. Searching for instantiations of these templates
with
specific information (that is, a more
directed reading of initial data).
4. Evaluating, or deciding overall [Bouwman, 1985;
Mui and McCarthy, 1987].
First

expert

knowledge

is

acquired

which

represents

the

financial information necessary for determining the financial
plan (step 1).

The planner's experience in the industry will

then yield a template showing what the financial statements
should

look

environment

like

for

(step 2).

a

company

or

individual

in

this

Next the data for this particular

instance must be extracted (Step 3) and evaluated or simulated
to determine the financial position before deciding which
financial plan is best for the future.

Generally, it is not

sufficient to merely develop a plan; rather, an explanation
persuading

decision

makers

that

reasonable and proper is mandatory.
plan will undoubtably contain some

the

proposal

is

both

Part of the financial
percenta~e

of financial

risk to the client [stansfield and Greenfeld, 1987].

2.1.4.4

Life Cycle of Investments

competitive

investment

opportunities

characteristics of liquidity,
safety, and tax liability.

differ

income stream,

in

the

appreciation,

Typically an investor's concern
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about each of these characteristics varies systematically over
his or her lifetime [Curley and Bear, 1979].
Long-run

portfolio

maintenance

and

revision

will

necessarily reflect adjustments for changing priorities and
needs of the investor.

It will also reflect adjustments for

changing market conditions. The typical trend in emphasis of
investment

characteristics

as

one

progresses

from

youth

through middle age to retirement and beyond is suggested in
Table 2.2.
Concern For:
Liquid.

stage
Youth
Middle Age
Retirement
Bequest

Income

Apprec.

Safety

Tax Liab.

Low
Med
Hi
Low

Hi
Med
Low
Low

Low
Med
Hi
Hi

Low
LOvl
Med
Hi

Hi
Med
Low
Hi

Table 2.2 - Investment Priorities LifeCycle [Curley and
Bear, 1979].

In

the

early

appreciation

and

career

years,

preference

Middle

liquidity.

age

is

given

priorities

to
are

difficult to characterize because of differing financial needs
and

resources

available

at

that

time.

As

retirement

approaches, greater concern is placed on income and safety of
principle
information

[Curly
is

and

Bear,

important

evaluation process.

in

1979] •
the

plan

This

qualitative

development

and

Each individual will have his/her own
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definition for what constitutes middle age, or retirement age
and the planning process must take this into account.

Having

a hard encoded rule that thirty years of age is when middle
age occurs, or sixty-five is retirement age, is unrealistic
for most clients.

2.1.4.5

Lifecycle of Decisions' Modeling Techniques

Asch and Kaye [1989] discuss the life cycle of investors
in the same context as the life cycle of decisions.

Somehow

the real world must be modeled and represented wi thin the
planning system.

The life cycle of decisions can be modeled

many different ways by different planners.

A comprehensive

planning system should utilize several of these:
Iconic
Analog
Symbolic
Mathematical
Descriptive
Deterministic
Probablistic
static
Dynamic
Algorithmic
Heuristic
The

planning process must

Looks Like
Behaves Like
Representative of
Math. Representative of
Descriptive of Behavior,
relationship,
characteristics, ...
Behaves in known patterns
Behavior only predicts
probabilities
static representation
Changing representation
optimized and structured
Trial and error [Asch and
Kaye[1989].
incorporate

different modelling techniques into one.

as

many

of

these

The existing systems

contain descriptive, mathematical, probablistic, and static
models; however, most planners want a system that contains
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dynamic,

algorithmic,

and

heuristic

models

that

can

be

manipulated by the planner [Knudsen, 1987]. Unfortunately, no
system on the market has all of these capabilities.

2.1.4.6

Individual Investor portfolio composition

Portfolio

characte~istics

of individual investors have

been studied by Cohn, Lewellen, Lease, and Schlarbaum [Curly
and Bear,

1979].

A summary reflecting average individual

portfolio holdings is provided in Table 2.3.

Asset
Common stock
Preferred stock
Mutual Funds
Government Bonds
Corporate Bonds
stock options
Commodity Futures
Savings Accounts
Checking Accounts
Home Residence
Other Real Estate
Equity in own firm
Personal Property
Other
Total

Percent
28.7
1.4
2.4

8.7
3.7
.3
.3
6.3
1.2
11.7

15.8
13.5
4.2
1.8
100.0

Table 2.3 - Individual Investor Portfolio Composition [Curly
and Bear, 1979].
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Common

stock

is

the

largest

component

of

the

typical

investor's assets, followed by investment in real estate.
told,

All

stocks and other marketable financial claims average

nearly half of an investor's wealth.
and property account for the rest.
that the average

inves~or

Non-market securities
This presents the fact

has a diversified portfolio.

It

also reveals that a financial plan cannot be developed without
the planner having a diversified background.
(or

planning

system's)

background

If the planner's

comes

from

only

one

investment area, the plan developed will not fit the client
base.

2.1.5

Financial Risk Assessment

Financial

risk

assessment

business decision problems
problems

exist

in

is

[Duda,

financial

a

major

et.

risk

aI,

part

1987].

assessment,

specialties have developed to address each of them.

of

many

Diverse
and

sub-

Even risk

assessors specializing in only one area require considerable
experience before encountering all the situations that can
arise.

Despite

this

diversity,

the

following

features

characterize most financial risk assessment problems [Duda,
et. aI, 1987]:
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1. A mixture of qualitative and quantitative
reasoning.
Few risk assessments are so obvious
that a quick qualitative analysis will suffice.
Even the most experienced professional will want to
"look at the numbers" before making a decision.
However, knowing what numbers to choose - and how
to interpret them - requires qualitative analysis.
2. A natural fit to functional or data flow
languages.
One reason that financial people use
spreadsheet
languages
much
more
often
than
procedural languages is spreadsheet languages
directly
capture
meaningful
functional
relationships
between
qualitative
financial
variables. Similarly, it has been found that data
flow languages have the same advantages in
expressing qualitative relationships [Reboh and
Risch, 1984].
3. A combination of limited time and unlimited
data.
To an experienced professional, each piece
of information about a case triggers new que~tions.
Some important questions cannot be answered; others
can be answered with further investigation, but
each answer's value must be balanced against the
cost of acquiring that answer.
Thus, assessment
systems must cope with incomplete and someti:nes
inaccurate information.
4.
Judgmental inputs.
While rational risk
assessment seeks to make objective decisions by
basing risk assessments on factual data, attempting
to simulate objectivity in truly subjective
situations is foolish.
For example, suppose that
part
of
an
assessment
requires
evaluating
management's ability to cope with personnel
problems.
While experts might be able to define
measurable
factors
correlated with
such
an
evaluation, relying on users to make such judgement
is often simpler and more satisfactory. Of course,
users are often uncomfortable when called upon to
make vague, subj ecti ve assessments.
Therefore,
assessment systems should provide guidance when
possible.
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5. Multi-attribute assessments. Most risk
assessment
problems
involve
multiple,
interdependent considerations - financial terms,
previous financial performance, the management
experience of key people
involved,
possible
internal and external changes, possibilities for
future business relations, and so forth. Reducing
assessments to simple formulas that will withstand
ever-changing business conditions and priorities is
difficult.
Assessment systems must help organize
decisions
without
oversimplifying
complex
situations.
6. Tabulated reference information. Professional
governmental,
and
service
organizations
have
compiled and organized data for many years - data
useful for financial risk assessment.
Some data,
such as hazard ratings for different occupations,
are relatively stable; others such as financial
reports for specific companies, continually ch.ange.
Such reference data are available in numerous
databases in either case, and systems must be able
to easily access whatever information is needed
[Duda, et. aI, 1987].
'fhe measurement of a client's risk level is inherent to all
the

processes

Therefore,

and

sub-processes

of

financial

planning.

all of these features must be represented and

handled in the expert financial planning systems [Duda, et.
aI, 1987].

The existing systems attempt to provide the total

features necessary to fit the description defined above.

At

the present time, there are only a few large financial and
banking expert systems, but there are a number of smaller
realizations

with

less

[Humbert and Holley,

than

1988].

fifty

rules

for

use

on

PCs

These smaller systems usually

only address one of the factors listed above for financial
risk assessment, and in isolation from the other factors, it
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will not provide much insight.

Most systems will simply ask

the user to provide a risk level as indicated by a number on
a

seven point Likert scale, with a

person,

and

7

being

a

1 being a risk averse

risk-taking

individual.

without

verifying this response, the entire planning process will have
limited success.

Recent research has expanded this risk

assessment process and needs to be applied in this industry
[Lebaron, et. al, 1989].

2.1.5.1

Financial Risk Assessment Questionnaires

New quantitative techniques and advances in portfolio
construction have led to new ways of dealing with risk "in the
abstract."

'let to make maximum use of these advances in risk

recognition and 'management, we need a comparable advance in
the qualitative

techniques

[Lebaron,

et

al,

1989].

The

decision about how much risk to bear is governed by emotions,
not intellect.

In order to facilitate a dialogue between the

client and the planner, some planners are resorting to the use
of

ques'tionnaires

[Lebaron,

et

al,

1989] .

These

questionnaires are designed in such a way that a respondent's
indication of interest in various topics also indicates the
respondent's

risk-taking

propensities.

This

information

allows the planners to tailor their services to the particular
needs of individual clients.
as

important

to

This abstract emotional data is

incorporate

into

an

expert

system

for
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financial planning as the quantitative data [Lebaron, et. aI,
1989].

2.1.6

Qualitative Reasoninq in Finance
Analysis

of

financial

information

in a

more global

simulation is more relevant than in an isolated simulation
[Hart, Barzilay, and Duda, 1986J.

Each indivIdual's financial

position will eventually interact with other information from
the global economy and other individuals' financial positions.
Therefore, it must not be viewed in isolation.
robustness

of

the

firm

(or

individual)

Estimating the
is

a

far

more

challenging task then examining the simple financial position
in corporate (or individual) financial assessment. Robustness
simply is one's ability to withstand economic shocks and to
manage

growth

[Hart,

Barzilay,

and

Duda,

1986].

The

robustness of the individual is a measure that encompasses all
the aspects of an individual's financial situation.
calculation

or

measurement

that

assembles

It is a

most

other

calculations performed on the data into one calculation.

To

assess an entire financial position is much more difficult
than

to

measure

or

financial situation.

identify

faults

or

weaknesses

in

a

Robustness requires an integrated view

of the models, processes, and assessments discussed thus far
and more.
disaster

The distinction between identifying signs of a
and

assessing

robustness

is

subtle,

but

it

is
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believed to be crucial to extending the power of future
generations of expert systems

[Hart,

Barzilay,

and Duda,

1986].
Robustness is a qualitative. measure of financial health
in terms of degree, not in terms of good or bad.

Financial

health (robustness) can be compared with physical health.

To

find out if a person is healthy, several tests are performed
in order to determine if they have any of the known diseases.
If the tests all come up false, the person is considered to be
healthy.

However, the first AIDS patient would have been

considered to be healthy until the AIDS virus was identified
and people began being tested to verify that they were not
carrying it also.

Of course, the AIDS virus appeared like

other symptoms of poor health; however, other diseases of the
future may not.

Just because the patient does not show any

symptoms of disease does not mean that they are perfectly
heal thy.

One day they may not have any symptoms for any

disease or illness and the next day they may have symptoms for
a hundred illnesses, maybe the day after their yearly checkup.

An accurate physical check-up should include a degree of

health, not just a series of yes/no measures of health.

Yet,

if most existing financial planning systems were developed for
physical health diagnosis they would not include a degree of
health indicator [Knudsen, 1987].
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Just as physical health cannot be measured in definite
yes or no terms, financial health cannot either.

If several

financial indicators show that a company or individual is on
the verge of acquiring several financial "diseases," their
measure for robustness will be lower.

Calculating several

measures of financial health in isolation without combining
all the information into one comprehensive measure would be a
grave mistake by any financial planner.
be offset by another.

One indicator could

For example, a lack of life insurance

might lead a planner to advise the purchase of some when the
client has an extensive estate plan that was designed to
offset a lack of insurance.

The ability to see the overall

picture, in any technical job, is what separates the average
worker

from

the

expert.

This

ability

is

also

separated expert systems from the human experts.

what

has

The human

experts can see the big picture [Knudsen, 1987].

2.1.6.1 Complicating Factors for the Measurement of Robustness
Several

factors

that exist

complicate assessing robustness

in the
[Hart,

environment today

Barzilay,

and Duda,

1986]:
1 - It is rare for an analyst to have complete data
about any corporation or industry, because for all
but the smallest firms the amount of relevant
numerical
and
symbolic
data
is
effectively
unlimited.
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2 - There is always the likelihood that data about
a company will be presented in the most favorable
light by those presenting it; in rare or extreme
cases, this tendency can become deliberate fraud.
3 - Most corporations are not homogenous but can be
subdivided into distinctive components.
In the
extreme case of a conglomerate, these components
represent qualitatively
different businesses.
Even in the most typical situations, one cannot
view a corporation as a monolithic, stereotypical
entity [Hart, Barzilay, and Duda, 1986].
These three factors make building an expert system with the
characteristics to measure robustness even more difficult.
However, each factor must be considered and included if such
a system is going to ever be built successfully.

Individual

financial planning does not have the problem to the same
degree as corporate financial planning.

Data on individuals

is much more limited, and most individual financial positions
do not resemble a conglomerate or corporation (except the
extremely rich).

However, individuals are just as likely to

present their data

in the most favorable manner and the

planner must dig past the surface to find the problems.

2.1.7

Adapting Expert Systems to Finance
Making a living in financial planning is now harder for

many than in the past [Bevington and Clark, 1989].

There is

an increasing number ('If clients, with increasing levels of
expectations,

in an

~verchanging

economy and marketplace.

With all of these problems facing financial planners, the need
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for expert system assistance is greater than ever.
planners have found their clients'
focus of their practices.

Many

needs have changed the

In addition, the planners want a

system that can generate quality financial plans in less time.
The renewed interest in quality financial plans has encouraged
many expert systems companies to start developing packages for
this purpose [Bevington and Clark, 1989].
Also, a new generation of smaller, powerful computers is
sparking

a

new

interest

in

artificial

intelligence

applications for the financial sectors [Holsapple, Tam, and
Whinston,

1987].

This is occurring

d~spite

the fact that

traditional expert systems have had mixed success in these
firms in the last few years.

Morgan Stanley has had failures

with their expert trading systems, but has had success with
fixed-income expert systems [Francis, 1989].

Indications are

that almost every financial services brokerage house, big and
small,

is using or

adapting some type

of

expert systems

framework [Francis, 1989].

2.2

Expert system's Framework
In this section the background of expert systems that is

relevant
presented.

to

the

financial

planning

expert

systems

Many researchers have done research

is

into the

framework of an expert system [Barstow, et. al., 1983; Harmon
and King, 1985; Debenham, 1989; Liebowitz and DeSalvo, 1989;
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Holsapple and Whinston

and Osborne and Zickefoose, 1990].

[1987] provide an overview of an expert system's framework in
Figure 2.3.

An expert system has three primary aspects: a

user interface,

an inference engine,

(usually in the form of a

and stored expertise

rule-base or rule set).

When

consulting an expert system, a user states a problem and then
interacts with the

system via

its user

interface.

This

interaction can occur both during the reasoning process and
after

the

reasoning

inference engine

An

concluded.

expert

Poses
Problem

system's

is the problem processor software that

,...

User
I~

is

User
Interface

~~

Inference
Engine

~

..>

Rule
Set

.'"

I
Response

Figure 2.3

- structure of a conventional expert system
[Holsapple and whinston, 1987].

actually carries out the reasoning needed to solve a problem.
In doing so, it draws on the stored reasoning expertise about
the problem area which may be stored in a rule set or any
other form of knowledge representation.

In addition, it may

interact with the user to find out further details about the
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nature of the problem being solved.

When the problem is

solveu, the inference engine reports the solution to the user
and explains its line of reasoning in reaching the solution
[Holsapple and Whinston, 1987].

2.2.1

Business Expert Systems

The

conventional

depicted in Figure 2.3.

structure

of

an

expert

system

is

A business expert system is slightly

different in structure than the conventional expert system, as
depicted in Figure 2.4.

User
Ii'

In this structure the rule set has

,

Poses
Problem

User
Interface

~~

Inference
Engine

~

i-?

Rule sets
DataBases
Spreadsheets
Pro. Modules
Forms
Texts
Graphics

. ..

I

Response
Figure 2.4 - structure of a business expert system
[Holsapple and Whinston, 19a7].

been replaced by a knowledge system that can be made up of
many different forms of knowledge representation and is not
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limited to one type of representation as in most conventional
expert systems [Davis,

1984; Holsapple and Whinston,

1987;

Dhar and Croker, 1988; Harmon, Maus and Morrissey, 1988].

The

existing expert systems for financial planning have been built
on the conventional framework for expert systems (see Figure
2.5).
all

To build a system that is flexible enough to include
the

aspects

discussed,

a

of

business

financial
expert

planning,

as

previously

system framework

seems more

applicable.

EXPERT

~

KNOWLEDGE
ACQUISITION

J
I

WORKSHEET
DATA,
TEMPLATES
QUANTITATIVE
KNOWLEDGE
REPRESENTATION

!
INFERENCE
ENGINE

i..-

i'

EXPERT

Figure 2.5 - Expert system Usage in Existing Systems
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2.2.2

Expert System Shells Come of Age

The early expert systems were developed by highly skilled
researchers at considerable costs.

Generalization of this

research work led to the development and introduction into the
marketplace of several so called expert system shells [Keen
and Williams, 1984].
develop

their

own

These were designed to allow novices to
expert

systems

wi thout

the

need

of

a

specialist.
The expert system shells, while drawing a considerable
number of users, did not meet their full potential [Keen and
Williams,

1984].

Drawbacks

such

as

limited

knowledge

representation abilities and inadequate user interfaces kept
early

expert

system

shells

from

being

truly

successful.

However, the new state-of-the-art expert system shells have
taken the latest advances in knowledge representation and
other recent research results and have produced products that
met

the

original

williams, 1984].

claims

1989]

interface

and

the

early

shells

[Keen

and

Since the early eighties the shells have

evolved even further.
Software,

of

now

Products like VP-Expert
incorporate Hypertext

include

representation for the user.

several

forms

[Paperback

as an optional
of

knowledge
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2.2.3

Knowledge Representation

There

are

several

different

methods

for

knowledge

representation:
Production Rules
semantic Networks
Fra.mes
Object-Attribute-Value sets [Walker and Miller, 1990]
Production rules is the most common technique used, but not
all systems are rule-based.

A rule-base contains all the

knowledge elicited from the expert for this domain, problem or
process.

Each piece of knowledge is translated into a rule,

which might take the form of an IF-THEN-ELSE statement in the
rule-base.

For example, this piece of financial planning

expertise:
When a person's expenses are above fifty percent of their
income they must raise their income level or reduce their
expense level;
might be encoded in a rule-base as:
IF personal expenses> .5 * personal income
THEN advise-"Raise personal income" 'Or
advise "Reduce personal expenses"
ELSE advise "Expenses and income levels OK".
Most decisions on which knowledge representation schema to use
are based on the environment that the system will be placed
in.

If the users are not sophisticated in computers, as most

financial planners are not, the environment chosen is usually
an expert system that they will not maintain.

Once the system

has been encoded with the expert's knowledge, the expert will
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not maintain or change the system's knowledge.

Since they

will not maintain the system, they do not interact with the
representa~ion

directly.

However, when they have problems

with the system they often do not understand why the system
cannot do what they need it to do [Knudsen, 1987].

This will

cause constant revisions by a systems specialist and the
expert will distrust the system.
In order for the knowledge representation schema to be
maintainable and effective for the novice computer user, it
must build off of what the user already knows [Tuhrim, Reggia,
and Floor, 1988].

Most financial planning systems build off

of the user's limited knowledge of spreadsheets.

Financial

data are easily adapted to spreadsheets, because most business
users are familiar with them.

As a result, there are many

expert system shells that have interaction abilities with
spreadsheets.

The internal knowledge representation schema

most financial planning expert systems use is production rules
[Humbert and Holley,

1988].

Somehow the spreadsheets for

external usage, and rule-base for internal usage, must be tied
together for the novice user to maintain the rule-base.

2.2.3.1

Are Decision Trees Expert Systems

One classic view of intelligent knowledge-based problem
solving is that knowledge, particularly heuristic knowledge,
is applied to facilitate search of very large problem spaces
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[Hayward, 1984].

This gives the paradigm of an intelligent

system as one capable of solving problems that cannot be
solved by brute computational force.

However,

MYCIN is a

widely acclaimed expert system that only deals with a limited
search problem.

The knowledge in these systems can be easily

represented by a decision tree and might be more precisely
referred to as an "information-base," not a knowledge-base.
A distinction should be dra"m between those systems that
work in a small problem space as opposed to those that work in
a large problem space.

This is how the term intelligent

system has taken hold.

An intelligent system uses a large

knowledge-base to search and solve problems in a large domain
[Hayward, 1984].

The expert systems in the financial planning

area have only dealt with part of the domain and have shown
Ii ttle or

no

intelligent charact.dristics.

The

existing

systems have been little more than a decision tree that helps
the financial planner create a financial plan but shows little
or no intelligence in doing so.

2.2.3.2

Fault Trees

Fault tree analysis was developed in 1962 by H. A. watson
of Bell Telephone Laboratories [Recht, 1966].

Although it has

been used extensively in the design of spacecraft by NASA
[Noland, Cannizo, and Johnston, 1972], its application has
been primarily toward hardware failure diagnosis/analysis
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systems

[Pau,

1986;

Poucet,

et.

al.,

1987].

Fault tree

analysis relies upon the user to pinpoint the critical path
through a system where a fault has or may occur.

Once the

fault or critical path has been identified it can be corrected
before the actual event has occurred or the path can be
altered so that the fault will not re-occur in the future
[Brown, 1976].
A simple example of fault tree usage for representing
knowledge is the process you go through when your car won't
start.

The automobile experts tell us that if the car won't

start we must first check the electrical connections and the
gasoline level to determine which is at fault.
level is adequate, then it must be electrical.

If the gas

The electrical

connections are made up of the starter, alternator,
plugs, and battery.

spark

These must be checked to determine which

is causing the electrical problem that is causing the car to
not start.

This process is continued until the actual cause

is found, and a course of action (solution) is prescribed, as
depicted in a simplified model in Figure 2.6.

By using a

fault tree, a novice automobile user can diagnosis his problem
without consulting an expert.

The fault tree provides the

expert knowledge and process to follow.

The user knows what

to check, and what to check next, as he works his way through
the tree until he reaches the solution.

It is easy to follow
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for the novice, and easy to develop and encode for the expert
[Brown, 1976; Knudsen, 1987].

Problem

Check

Check

Gas Level

Solution
Get Gas

Won't Start
Electrical

~

Starter
Alternator
Spark Plugs
Battery

Replace
Replace
R~place

Replace

Figure 2.6 - Fault tree example for automobile diagnosis

2.2.3.2.1

Fault-Tree Analysis Example

In order to understand how fault-tree analysis techniques
might be applied to the financial domain, I will make use of
Figure 2.7.

The financial position of a company or individual

can be simply portrayed by the balance sheet.
figures can be separated into four quadrants:
A) current Assets
B) Current Liabilities
C) Long-Term Assets
D) Long-Term Liabilities.

The various
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Liabilities

Assets
A)
Current

B)

+ Debt

- Cash
C)

LongTerm

D)

+ Fixed Assets

+ Debt

E) Fine

Figure 2.7 - Balance Sheet Format for Fault-Tree Analysis

Each of these quadrants can have a financial problem or set of
problems that will affect the entire financial position.

In

simple terms, in the first quadrant (A) one may find the cash
figure is too low, or in quadrant B or D, there may be too
much debt for financial stability, etc.
analyze

the

financial

position,

one

Thus, in order to
could

look

at

the

financial statements and use a fault tree analysis technique
to determine which quadrant the primary fault lies in and then
what exactly the fault may be.

For example, by analyzing the

financial statements, the planner realizes the client has too
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many current debts in quadrant B.

The fault tree would then

be traversed to determine what to look for in the detail of
current liabilities.

An example solution for this problem

might be to take out a second mortgage to pay current debts
off and increase the long term debt.
can

be

advised

and

a

financial

The corrective measure

plan,

built

around

this

solution, can be determined and supplied to the user.

2.2.3.2.2

Fal..,lt Tree Application to Finance

The Personal Financial Insights (PFI) System is one of
the first applications to apply fault tree analysis techniques
to the financial

planning domain

[1988].

Similar to the

example above, the PFI system asks a series of questions for
its user to answer about the quality of his/her financial
position.

From the answers to fifty questions,

the system

uses fault tree techniques to determine the areas to begin
investigating in order to gain a better financial position.
The system is designed for personal financial analysis, hence
the name, but other fault trees have been developed that would
apply to businesses and corporations both small and large.
This system represents a total qualitative type system, since
no numbers are entered; only ratings on various financial
factors are required (see Figure 2.8).
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EXPERT

~

KNOWLEDGE
ACQUISITION

..

~

,
DATABASE,
FAULT TREES,
INSTANCE DATA
QUALITATIVE
KNOWLEDGE
REPRESENTATION
~~

,
INFERENCE
ENGINE

EXPERT

Figure 2.8 - Expert system Usage in the PFI system

[Personal Financial Insights, 1988].
This system could represent a breakthrough in knowledge
representation

for

financial

applications.

The

expert

guidance an individual requires is stored in the fault tree
itself.

If the fault tree were stored in a knowledge-base as

part of an expert system, rather than in the current database
storage facility, the user could be guided through his/her
financial analysis by the expert via the fault tree path.
What this system lacks is the quantitative support offered by
the other financial planning systems.
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If the financial statements were tied into a question and
answer session to support the ratings supplied by the user for
the various financial information, the system would represent
both quantitative and qualitative expertise embedded in one
system.

Currently the user enters confidence factors that

denote the reliability of the data.

Confidence factors allow

the planner to determine what data and responses the client
has

given

are

correct

and which

ones

are

exaggerations.

Clients tend to believe that a drastic problem will cause the
planner

to give them

problems receive
1987].

lots

of

advice

little attention

and help

in comparison

and

small

[Knudsen,

If the system were tied to a spreadsheet with the

actual ratios calculated therein, the system could generate
these confidence factors automatically.

If the client states

he has lots of current debt when compared to current assets
and the spreadsheets also calculate this fact, the confidence
level is high.

If the client states this and the spreadsheet

does not calculate this as fact, the confidence ratings are
lowered and the plan does not rely on this information as
heavily.

This

references

financial

information

has

back
to

spreadsheets [Duda, et. ai, 1987].

to
data

the

natural

flow

fi t

the

languages

and

The confidence factors are

an important element in the quality of the fault tree analysis
and make it a good candidate for knowledge representation in
this domain.
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The Personal Financial Insights system utilizes fault
trees as its primary schema for knowledge representation
[Personal Financial Insights,

1988].

It offers financial

planners an interface that is easy to learn and modify and can
adequately represent the qualitative data necessary to produce
financial plans [Knudsen, 1987].

The system allows financial

planners to encode their knowledge into a fault tree.

The

clients then interact with the fault tree in diagnosing their
financial problems and solutions.

The translation of the

fault tree into the knowledge representation of production
rules

is

not

complete.

There

is much

potential

to

be

researched concerning the inclusion of fault trees into the
knowledge-base for financial domains.

The fault tree process

is simple to understand and visualize once you start working
with it, and this ease of use is enticing to the planners
[Knudsen, 1987, Personal Financial Insights, 1988].

2.2.3.3

Databases and Expert systems

The combined use of database management systems (DBMS)
and

artificial

intelligence-based

expert

systems

is

potentially very valuable for modern business applications
[Jarke and Vassiliou, 1984].

The large amounts of facts that

a business stores and maintains is normally stored in the
confines of a DBMS.

Most expert systems use a rule-based, or

frame-based, storage mechanism for the data facts that are
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needed.

The data in the DBMS will be extracted as snapshots

of data before the user begins each session with the expert
system.

An example of this

is when a

company has

its

financial data or budget for the upcoming year in a relational
database (RDBMS).

Each piece of data would be loaded from the

RDBMS as variables to be used by the expert system to analyze
and create the financial plan.

The user would have no

interaction with the data 'and if the expert system advised
changes to the budget, these changes would have to be made to
the data through the RDBMS after the

expert system has

finished [Davis, 1979].
In order for a business to use all the data facts that
are in the DBMS, the expert system needs to be set up so that
it can access the database directly, tous alleviating the need
to transfer the data from the DBMS to the rule-base [Jarke and
Vassiliou, 1984].

In an example of this type of system, the

expert system accesses the data in the DBMS when it needs data
a,nd can change the data in the DBMS while the expert system is
advising.

No variables are translated from the DBMS to the

expert system and no updates to the DBMS are necessary after
the expert system has finished.

This type of coupling of an

expert system and DBMS exists in some expert system shells on
the market [Paperback Software, 1989].
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2.2.4

Knowledge Acquisition
According to Miller [1985] and McGraw and Harbison-Briggs

[1989] one of the biggest research areas in expert systems
still remaining to be emphasized is knowledge acquisition.
The acquisition of knowledge from experts is often referred to
as

the

most

complex

and

time-consuming

component

knowledge engineering effort [Nunamaker, et al,
1986; Mittal and Dym, 1985].

of

a

1988; Hart,

In order for an expert system to

be effective, the knowledge from an expert (or from multiple
experts) must be extracted from the experts and engineered
into the expert system.
roles

of the

Much of research has examined the

experts,

knowledge

engineers,

and knowledge

acquisition tools [McGraw and Harbison-Briggs,
conclusions have remained the same.

1989].

The

The experts need an easy

tool that they can use to input their knowledge into the
knowledge-base.
The process of the

sys~em

acquiring this knowledge is

usually a cumbersome and time consuming process.
of

the

knowledge

representation

schema

must

The choice
include

the

process by which knowledge will be acquired as a factor in
choosing the best knowledge
Briggs,

1989].

format

[McGraw and Harbison-

In most existing financial planning expert

systems the knowledge

acquisition

process

is

slow,

time-

consuming, and cannot be done without the support of a systems
specialist.

Knowledge

acquisition

continues

to

be

a
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bottleneck that must be overcome somehow if the expert system
is gc)ing to be maintained by many different experts.

2.~.4.1

consultinq experts

According to Wheeler and Janis [1980], people can make
three basic types of errors when consulting experts:
1) They can err by not getting help from an expert;
2) They can get the wrong expert;
3) They can misuse the expert so that they do not
get the advice they need.
These same mistakes can be made with an expert system and
considerations must be made in the development of the system
to ensure these problems or errors do not take place.

For the

first type of error the system must have an interface that the
users and potential users like.
likely

to

use

consultation.

the

system

when

These users will be more
they

need

the

expert

The second type of error can be avoided in the

development of the knowledge base if the designers contact the
correct expert(s) for input into the system.

Identifying the

correct expert(s) is a task that should be done early in the
development process.

The third type of error can be avoided

when the system is designed so the user does not have too much
flexibility in how he uses the system and thus will not easily
get lost and arrive at a wrong solution.
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2.2.4.2

Multiple Experts

McGraw and Harbison-Briggs [1989] believe that a single
expert is usually not appropriate for the development of
expert systems.

They list two types of situations where

single experts might be appropriate:
1)
The system is required to problem solve
restricted domains;
2) A single easily identified expert embodies most
of the expertise the system is required to emulate.

in

Most systems, while being limited in some respects, are not so
limited in their domains that one expert can supply all the
knowledge necessary for the system to operate.

Experts by

definition are "very knowledgeable about only a small subset
of the tasks in the domain" [Mittal and Dym, 1985].

Given the

multiple domains that the knowledge must come from,
doubtful that

it is

one expert can supply the majority of

knowledge for anyone expert system.

the

Using multiple experts

to build an expert system can also avoid the biases that may
result from using a single expert.
tasks

is

enlarged,

it

becomes

Thus, as the scope of the

necessary

to

use multiple

experts in the development of expert systems [Nunamaker, et
aI, 1988].

2.2.4.3

Appropriate Experts

All expert systems are reliant on the suitability and
cooperation

of

the

experts

used

for

development.

The
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importance of selecting the appropriate experts cannot be
overlooked.

There are certain characteristics to search for

in potential experts:
True Expertise
Willingness to part with, or share their expertise
An ability to share knowler":qe
Patience and Tenacity
The ability to support their views
Confidence
Credibility
Enthusiasm [Beerel, 1987; Barret and Beerel, 1988].
Naturally, few people will have all these qualities and this
lends itself to the theory of multiple experts.

If only one

expert is used, and this person is lacking in many of the
qualities desired in an expert, more problems will occur than
if more than one expert were used.

If you use more than one

expert, the chances are that your combined experts will have
all

the

qualities

desired

for

the

process

to

work

successfully.
Characteristics that need to be found

in all of the

experts being used are a less virtuous list then the list of
characteristics you must find from all of them:
True Expertise
Willingness to part with, or share their expertise
Patience and Tenacity
Credibility [Barret and Beerel, 1988].
In each expert these four characteristics are desirable.

If

the expert is not a true or credible expert they need not be
included in the system.

If the expert is not willing to part

with their expertise or have patience to build the system,
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acquiring their knowledge will be a difficult task.

If the

experts each have all of theBe characteristics the probability
for success of the expert system should increase [Barret and
Beerel, 1988].

2.2.4.4

Being an Expert

The expert used in the knowledge acquisition process may
not always stand out in "the organization.
experts

are the people who are often

Many times the tiue
"behind the

scene"

[Barret and Beerel, 1988].

The expert must recognize his/her

importance to the system.

She/he must also have enough time

that she/he can spend with the developers in order to acquire
all the knowledge she/he possesses.
the

part

of

the

organizations

Thus, a willingness on
to

cooperate

development of the expert system is essential.

with

the

The financial

planners represent a group of experts that are very receptive
to

the

idea

of

developing

expert

systems

[Hertz,

1988].

Therefore, an ample amount of willing experts exist for the
development in this domain that has yet to be fully drawn
upon.

2.2.4.5

Decision Making and Knowledge

At the heart of most expert systems is the ability to
make

the

expert

decisions

about

designed to face [Baird, 1987].

the

problems

they

were

The "father" of modern expert
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systems, Ed Feigenbaum, was the scientist who clarified the
nature of human decision know-how and a method of composing
programs from its rules.

It is from these early definitions

of decision know-how that brought about the
production rules,

decision trees,

and fault trees to the

process of knowledge representation.
how

this

decision

know-how

is

inclusion of

Further research into

processed

by

the

brain

(Cognitive Psychology) might be beneficial to the research
into

how

to

represent

knowledge

in

an

expert

system

[D'Agapeyeff, 1987; Feigenbaum, 1984].

2.2.4.6

cognitive psychology and the study of Expertise

Cognitive

Psychology

is

today

subject employing scientific methods,
coherent body

of

accepted theory

a

vigorously

pursued

but not yet with a

[Slatter,

1987].

Many

different hypotheses are currently being explored, and some
general principles underlying human thinking and performance
are becoming clear.
Expert thinking is studied under this field as well.

The

study of expertise has emerged as an identifiable area of
psychological

investigation

in

the

1970s

[Simon,

1979].

Studies of changes in cognition from domain novice to domain
expert now comprise a well-defined field within cognitive
research [Anderson, 1985].

Once expert systems can be placed

into the mainstream business environment, many j oint research
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projects

can

be

conducted

with

the

field

of

cognitive

psychology.

2.2.5

Knowledge Maintenance
Since very

few

expert

systems

have

gotten past

the

prototype stage, there is little sUbstantive research into the
area of knowledge maintenance.

Once an expert system has been

in use for a period of time, the knowledge that is contained
in it must be maintained

[Chandrasekaran,

1984].

In the

existing systems the specialists are still involved with the
projects and maintain the knowledge.

However, if the systems

are to be used for a wide range of companies, the knowledge
maintenance capabilities must be accessible to the domain
experts [Tuhrim, et aI, 1988].

This is where the theories of

direct manipulation interfaces can playa part [Baroff, et aI,
1988].

2.2.5.1 Direct Manipulation User Interface for Expert system
The developers of experts systelns have the know-how to
maintain the knowledge in the system.
developers.

Most users are not the

Most experts are not the developers.

Therefore,

a maintenance technique would be desirable that would allow
the users and experts to manipulate the knowledge without
having to rely on the developer to maintain the system.
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A Direct Manipulation User Interface would allow the
domain

experts

to

manipulate

the

knowledge

through

an

interface that they are used to using [Baroff, et aI, 1988].
For most

financial

interface.

planners

this

would

be

a

spreadsheet

The Direct Manipulation User Interface for these

users would allow them to manipulate a spreadsheet, that would
be linked and translated into the production rules that is
used by the expert system.
limited

knowledge

of

This would allow someone who has

the

representation

schema

modifications to it through a familiar interface.
improve maintenance and

hope~ully

to

make

This would

expand the useful life of

the expert system.

2.2.6

Expert system Development
At

the

International

Intelligence -

Joint

Conference

on

Artificial

81, Randy Davis indicated the expert system

development stages as:
1)
2)
3)
4)
5)
6)
7)
As

of

system Design
system Development (to the Conference Paper Level)
Formal Evaluation of Performance
Formal Evaluation of Acceptance
Extended Use in Prototype Environment
Development of Maintenance Plans
systems Release [Miller, 1985].
1985,

Miller

[1985]

completed all the stages.

reported

that

no

system

had

Now, five years later no system has

yet to successfully complete all the stages [Liebowitz, 1990].
Recent development guidelines used for development of expert
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systems have left out some of the evaluation stages, in the
middle of Davis's life cycle, and therefore have not been
completed.

2.2.6.1

Managing Development of Expert Systems

Harmon

and

Sawyer

[1990]

state

the

life

cycle

for

managing the expert system development as:
1)
2)
3)
4)
5)
6)

Front-end Analysis
Analysis and Design
Prototype Development
Systems Development
Testing and Implementation
Maintenance

Parsaye and Chignell [1989] state the life cycle for managing
the development of expert systems as:
1)
2)
3)
4)
5)
6)

Feasibility Analysis
Conceptual Design
Knowledge Acquisition
Knowledge Representation
Validation
Technology Transfer and Maintenance

There are many more expert system lifecycles in the literature
[Liebowitz,
examples.

1990;

Bielawski,

1988]

similar

to

these

two

When comparing these two lists to the list supplied

by Davis nine years previously, the evaluation and planning
stages have been left out in favor of front-end analysis. In
order to include all the phases from each of these life cycles
the software development methodology as presented by Nunamaker
and Chen [1990] should be used and the steps of the expert
system development life cycle would be:
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1)
2)
3)
4)
5)

Construct a conceptual Framework
Develop a System Architecture
Analyze and Design the System
Build the (Prototype) System
Observe and Evaluate the System [Nunamaker and Chen,
1990].

This could be an iterative life cycle that could be used as
the model for expert system development.

It would include all

of the desirable steps for a conceptual front-end analysis,
the typical software engineering steps, and a set of extensive
evaluation, testing, and validation procedures.

2.2.6.2

Movement of Expert systems to Production Environment

Wormel [1987] believes that migration of expert systems
from prototype testing into production is an area that had
been overlooked in the development of expert systems.

The

systematic methods of migration of expert systems between
development

environments

technically within reach.
dev~lop

and

execution

environments

are

These steps should help to further

the expert system technology in several ways:

1) Knowledge bases could be maintained in a
specialized environment, and customized versions
would be produced for production.
2) The execution of application might be sped up
and integration to other software will become more
convenient. This will help increase the end-user
acceptance.
3) Specialized routines for initial development of
knowledge bases might be used that differ
significantly from the execution environment.
Knowledge.might be more conveniently re-used for
other purposes [Wormel, 1987].
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By instituting systematic migration steps for expert systems,
from prototype to production operation, the users should have
a higher acceptance level for expert systems.

2.2.6.3

Testing and Evaluating Expert systems

Field
Expert

testing

systems

of

must

expert

be

systems

tested

in

is

the

very

user

important.

environment,

comparing its operation against some established benchmarks
[Parsaye and Chignell, 1988].
in

retested

many

different

Testing must

problems.

problem areas.

An expert system is tested and
ways

address

and
the

for
user

many

different

interfaces

and

The reasoning techniques and data structures

must be finely tuned so knowledge is best represented [Parsaye
and chignell, 1988].

The existing expert financial planning

systems have not been thoroughly tested outside of their
development environments.

2.2.7

Decision support systems

Alter

[1980],

Ginzberg

[1978],

and Huber

[1981]

are

examples of the extensive research into the area of Decision
support

systems

performed

(OSS).

extensive

Heymann

research

into

and

Bloom

[1988]

the

areas

of

Decision

support Systems and Finance and Accounting applications.
the discussion of how a

DSS would enhance the

have

In

financial

systems in place in most organizations they introduce the
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systems Approach [Bertalanffy, 1969; Churchman, 1979A, 1979B].
The systems approach teaches that any system being developed
should be treated as if nothing is known about the system and
a thorough review of what is known is necessary for building
the system.
The idea of the systems approach when applied to DSS
theory should lead to the expert system approach.

The systems

approach treats systems under analysis as a black box, where
the underlying processes are of no concern to the analysis,
only the inputs and outputs are of concern [Churchman, 1979A].
This is how a user would approach an expert system or a DSS as
a novice.

The DSS has no explanation facilities and would

remain a black box.

The output decisions would be of high

quality, what-if questions could be asked and answered, but
the average user would never understand the process.

The

expert system with a good explanation facility could explain
the underlying processes used to reach a conclusion.

Through

the use of the explanation facility the black box metaphor
would no

longer

apply to expert systems and the

systems

approach would work.
The expert systems in financial planning have taken the
spreadsheet tool, which has been used as a simple decision
support tool,

and placed

it in an environment where the

formulas and rules are no longer seen or manipulated [Knudsen,
1987].

For

most

financial

planners

this

is

not

an
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improvement.

Most financial planners want the expert system

to be more than a black box decision support system.

Planners

want the system to become another expert advisor in the
company [Knudsen, 1987].

2.2.7.1

Artificial Intelligence, simulation, and Expert
systems/Decision support systems

Moser

[1986]

and

Luconi,

et

al

[1985]

have

done

sUbstantial amounts of research into the idea of combining the
areas of Artificial intelligence, Simulation, Expert Systems,
and Decision Support Systems (DSS) as shown in Figure 2.9.
The expert system environment could be expanded and enhanced
by

combining

Simulation.

it

with

the

domains

common

to

(DSS)

and

When a problem is structured a conventional data

processing system can handle the processing.
is made up of two parts,

When the problem

a well-structured and an ill-

structured, a DSS can process the structured part and a human
must process the ill-structured part.

When the DSS is

expanded to the point of processing both parts of the problem
an expert system is created [Luconi, et. al., 1985].

When all

of the components of a DSS, expert system and simulation are
combined together into one system a Knowledge-Based DSS is
created [Malone, 1986].

This system would be more powerful

than the sum of its parts, but until each part has been
thoroughly researched and understood this synergism cannot
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occur.

The domain of expert systems still needs more research

[Malone, 1986].
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User
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J
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Figure 2.9 - Example of a Knowledqe-based Decision Support
system [Moser, 1986].
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2.3

PlanPower

The first major expert system in the area of financial
planning was developed by Applied Expert Systems, Inc. (APEX)
in 1985

[Miller,

second major

1988].

system

Palladian Software soon had the

and

by

the

end

of

1985,

dozens

of

financial planning companies were using the two company's
software packages.
Thierauf [1990] explains the PlanPower architecture as
displayed

in

Figure

2.10.

This

represents

a

common

architecture for the financial planning process; however, most
automated systems to-date are not this comprehensive.

The

PlanPower

detailed

and

Tax
capital Mgt.
Cash Mgt.
Risk Mgt.
Estate

Plan
Plan
Plan
Plan
Plan

system

was

an

attempt

at

being

comprehensive in an expert financial system.

Expert Sys.
Goals
Assets
Market Data
Economi C Data
Experie nce
Financi al Know-how

...

._'Ie

~

.....
,

_

Inference
Engine
Knowledge
Base

r

Figure 2.10 - PlanPower Architecture [Thierauf, 1990].

The PlanPower system was used primarily for investment
and tax advice purposes [Thierauf, 1990].

The inputs in the

development of the system were the experience and financial
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know-how of the financial planning programmers employed by
APEX.

The economic and market data were input by the planners

on a periodic basis.

The goals and assets of the client were

input on an individual basis.

The PlanPower system used a

rule-base as its knowledge representation schema.

The various

outputs of the system would be produced and then modified on
an individual basis outside of the system lSviokla, 1986].

2.3.1 Results of the PlanPower study
Sviokla [1986,

1989] was able to show proof for the

PlanPower expert system having a significant positive effect
as follows:
-

The level of data usage was doubled
The detail of the process was increased
The complexity of the problems increased
The complexity of the plans increased
Plans were created faster
The number of verification checks were up
The expert system acted as another expert in the
process
- It enriched or shifted some employees jobs
sviokla

[1986]

concerning

the

organization.

uses

the

information
Information

di versi ty of the outputs,
resources,
1973].

theories

of

Galbraith

processing

capacity

processing

capacity

[1973]
of
is

the number of different

and the level of task performance"

an
"the

input

[Galbraith,

The management of this capacity was theorized as an

important component of organizational profitability.

The

expert system attempts to make explicit the programs of a
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gi ven expert or set of experts and make them available to
individuals throughout the organization.

The automation of

the program or procedure should lead to increased information
processing capacity by virtue of the expert system's ability
to augment and disseminate the procedure [Sviokla, 1986].

The

level and detail of data in the expert systems increased in
the case study of PlanPower [Sviokla, 1986] and this supported
the theories of Galbraith [1973, 1977].
Due to the increased level of information processing
capacity

Sviokla

[1986]

theorized

and

found

that

the

complexity level of the output will increase, the complexity
level of the problems attempted to be solved by the expert
system will increase, the process will be sped up, and the
number of verifications and double checks will

increase.

These theories were built off of the earlier theories of
computerization by Barnard [1938], Anthony [1965], Atwell and
Rule [1984], and Leavitt and Whisler [1958].

These theories

are built off of the notion that management control will
become increased through advances in computerization, quality
of work life will increase as a result, and middle management
will disappear as top management will have more direct control
over what the lower levels are doing.

Sviokla [1986] applied

these theories to expert systems and supported his theories
with the results of the PlanPower system.

Management could

allow the lower level employees to perform the tasks and the
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levels of verification and quality did not decrease due to the
computerization of the expert process [Sviokla, 1986].
Sviokla [1986] concluded that the expert system enriched
the

job of the employees who worked with

it.

This was

concluded from the fact that the expert system can act in a
similar fashion to the actual experts and allow the nonexperts to perform expert analysis in the plan development
process.
[1983,

This theory was built off the theories of Zuboff
1985]

which

state

that

information

systems

can

sometimes empower and sometimes enfeeble the employees who use
them.

Zuboff [1985] concludes that two alternative courses of

act;ion can be taken through automation:
Informate: This occurs when an organization embraces the
technology, adapts roles and responsibilities, and
engages workers to use the information to aid the
business's goals.
Automate: This results when an old system is replaced
with little adaptation, old jobs are deskilled with no
effort to improve them, and management emphasizes more
efficient execution of the previous approach to the work.
Sviokla
planning

[1986]

theorized that the computerization of

process

should

cause

conclusions support his theory.

informatization

and

the
his

Ginzberg [1978] found that

users who adopted a DSS often felt that their jobs had been
fundamentally

altered

by

the

system

and

Sviokla

[1986]

concludes that this should be the same for expert systems.

83
2~3.1

PlanPower Limitations
The PlanPower system, when compared to the research that

has been done in the two domains,
expert systems,

financial planning and

has many limitations that might cause its

success to be less than optimal.
It only included a few qualitative data sources, such as
the

individual's

quantified.

risk

level,

but

these

were

all

simply

All of the data in the system was stored and

manipulated as quantitative data, when research has pointed to
the need for qualitative data as well [Duda, et.al,

1987].

Individual refinement of the plans was done outside of
the system.

The system only performed part of the task when

it has been recommended that the system be comprehensive
[Knudsen, 1987].
when

the

The rest of the task was performed by hand

system was

designed

to

eliminate mundane

tasks

[Sviokla, 1986].
The task was very static with no change to the knowledgebase while the system was running when dynamic interfaces have
been

shown

to

be

more

effective

[Hendler,

1988].

The

knowledge representation was difficult to maintain and took
several man-years to input when recent advances in the expert
system research use prototyping tools that can create the
expert systems quickly [Harmon and Sawyer, 1990].
It contained none of the robust features as described in
section 2.16.

It was not inexpensive or flexible.

It ran on
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a

dedicated

XEROX Lisp machine

that

cost

fifty

thousand

dollars or more to buy that could be used only for this one
purpose [Sviokla, 1986].
Only one company has been extensively researched using
the system.

This was case study research of the consulting

company that was formed by some of the creators of PlanPower
system as reported by Sviokla [1986, 1989].

Due to the lack

of expert system's research and technologies, PlanPower was
not built using experts from many different companies.

It has

been theorized that expert systems will be more effective when
multiple experts are used [McGraw and Harbison-Briggs, 1989].
The domain of financial planning is so diverse that planners
from many different

companies

need

to

be

knowledge acquisition phase [Knudsen, 1987].

a

part

of

the

The appropriate

experts were not used and as a result the PlanPower system
cannot be implemented in many financial planning companies and
be successful [Thierauf, 1990].
During the PlanPower case study performed by Sviokla
[1986], the majority of the theory surrounding the development
and use of an expert system was built off of the theories of
Decision Support Systems.
expert

system

(Section 2.2)

research

Since that time an abundance of
and

theories

have

been

published

and these theories should be applied to the

development of an expert financial planning system.
would also validate much of the research theories.

This
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Sviokla

[1986]

found

that

the

employee's

jobs

were

enriched through the process, but he cannot conclude if this
is a result of working with automation, or working with expert
guidelines.

The planners used to build the system and the

knowledge that they have may have caused the differences made
in the Sviokla study no matter what type of system was put in
the company.

Had the financial planning company implemented

a Decision Support System or an Executive Support System they
might

have

still

had

positive

results

if

the

planners

knowledge was significantly different from other experts in
the

industry.

In

order

to

measure

the

expert

planner

differences versus the expert system differences both must be
manipulated in the study.

Now there is a need to address

these

that

issues

validated

to

in
add

PlanPower system.

a

system
to

what

was

can

be

learned

fully
from

tested

and

studying

the
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CHAPTER 3
3.0 METHODOLOGY

This Chapter will present the research methodology and
design.

The first part of the chapter details the systems

development

methodology

and

how

it

was

applied

to

the

development of an expert system for financial planning.

The

second part is an in-depth explanation of the field test
performed to observe and evaluate the research.

3.1

Methodology: Framework for Research in Information
systems
There

continues

to

be

a

lot

of

confusion

about

Information Systems (IS) as an academic discipline [Nunamaker
and Chen,

19~O].

"What constitutes valid IS research in terms

of its research domain and research methodology?" is the most
confusing and debatable question [Benbasat, 1984; Galliers and
Land,

1987] •

According

to

Ives

[1978],

research

is

a

"systematic, intensive study directed toward fuller scientific
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knowledge of the subject studied. II
research

is

no

different

[Nunamaker and Chen,

from

1990].

By this definition,

other

types

of

IS

research

One of the emerging research

methodologies of IS research is systems development.

3.2

System Development as a Methodology
Nunamaker and Chen [1990] define the system development

methodology for performing research as the following

five

steps:
1) Construct a conceptual framework, defining the
research question, determining system requirements,
and studying relevant disciplines for new ideas and
approaches.
2) Develop a System Architecture, define the system
functions and components, and design the high level
architecture of the proposed system.
3) Analyze and Design the System, perform detailed
design of the data structures, algorithms, and
interfaces. Explore alternative solutions.
4) Build the System, perform the actual coding,
testing, and integration of system components.
5)
Observe and Evaluate the System,
perform
laboratory, field, and case studies of the system
to determine its effectiveness and to determine how
the system should evolve.
The process described is an iterative one, where after
any step the researcher can proceed on to the next, or
repeat any of the previous steps as required.
will

apply

the

systems

development

This research

methodology

to

development of an expert system for financial planning.

the
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Construct a Conceptual
Framework

1
~

~

Develop a System
Architecture

J

Analyze and Design
the System

1
~

~

Build the (Prototype)
System

1
Observe and Evaluate
the system

Figure 3.1 - System Development Research Process [Nunamaker
and Chen, 1990]
3.2.1

Constructing the conceptual Framework

The first step of the system development process is the
construction of a conceptual framework.

In order to test the

effects of an expert system on the financial planning process,
a software application needs to be developed in order to fill
the needs of the majority of financial planners in the field.
Five financial planners with more than one hundred years of
combined experience and from five separate backgrounds were
chosen as the experts to use in order to model what an expert
system would need to do to satisfy the majority of financial
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planners.

These five planners come from the five areas

described above in section 1.0:
Insurance Salesman
Stockbrokers
Accountants
Lawyers
Bank/Savings and Loan Representatives.
These planners were interviewed and surveyed to ascertain
their needs and desires in an automated software environment
for financial planning.
There was a consensus between the five planners on seven
main issues concerning automated financial planning packages.
These seven issues are:
1. A mixture of qualitative and quantitative
reasoning.
2. A natural fit to functional or data flow
languages.
3. A combination of limited time and unlimited
data.
4. Judgmental inputs.
5. Multi-attribute assessments.
6. Tabulated reference information.
7. A general lack of sophisticated tools in the
current nlarlcet for financial planning software.
A conceptual framework was necessary that would allow for all
of these issues to be addressed by the expert system.

3.2.1.1

The

Quantitative Knowledge is not Enough

quantitative

methods

found

in

the

majority

of

existing financial planning expert systems have been used
extensively but only as another tool such as a calculator or
spreadsheet (see Figure 2.5).

The expert system technology
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has been researched and developed to be much more than just a
t

tool that the expert can use to speed up his job.

It should

allow for a more detailed job to be done by the expert, or the
same simple process

'\:0

be performed by a novice.

The central problem to overcome in this endeavor to
expand the existing expert systems is to find a representation
that integrates the various perspectives taken by corporate
analysts [Hart, Barzilay, and Duda, 1986].

For the expert

system to have a strong impact in the financial planning
domain,

it must integrat-a qualitative knowledge into the

quantitative processes that are currently in existing systems.
Fault tree analysis is one technique that can be used to
express qualitative processes.

In developing the framework

that the expert system could be developed successfully in, the
issue of fault trees was identified by the experts as a method
to solve the current inadequacies in the current systems.

3.2.1.2

Fault-Tree Analysis

The planners surveyed pointed out that the data flm'l
techniques inherent in spreadsheets allowed them to follow the
quantitative data through the various financial paths and see
the outcome, but something more was necessar'y to follow the
qualitative paths through to see the outcomes or problem
areas.

The planners expressed frustration with the learning

curves of current computer systems.
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The conceptual framework developed is depicted in Figure
3.2.

The

system

should

contain

an

interface

for

the

manipulation of the expert knowledge in the form of faul t
trees.

The

individual

client data

should be

spreadsheets and records (tuples) of a database.

input

into

This data

should then be processed by the inference engine via the fault
trees and a financial plan presented for viewing, querying,
and modification online and dynamically.

This way the dynamic

interaction can occur between the client, the expert system
and the planner if necessary.
EXPERT
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Figure 3.2 - conceptual Framework for system

USER
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After constructing the necessary conceptual framework
that the software must contain, according to the panel of
experts, a survey of the existing systems was performed.

All

of the issues brought up by the planners (section 3.11) are
addressed by one or more of the existing systems, but all of
the issues are not addressed in anyone of these systems (See
Table 2.1).

3.2.2

Develop a system Architecture
The second step of the system development methodology is

the development of a system architecture for the conceptual
(logical) framework.

VP-Expert [Paperback Software, 1989] was

chosen as the expert system shell for development purposes.
It was chosen because of its low price, wide availability, and
ability to run on any IBM (or clone) personal computer, making
it widely accessible.

VP-Expert also contains the type of

interfaces that professionals in the financial fields are used
to working with, which is primarily the spreadsheet interface.
This

expert

system

shell

allows

the

development

of

the

software to address most, if not all, of the issues brought up
by the experts in section 3.11.
quantitative

reasoning

is

A mixture of qualitative and

provided

since

it

will

allow

qualitative knowledge in the form of fault trees, quantitative
knowledge in the form of spreadsheets,

and multiple other

inputs to all be stored in the knowledge-base.

The inclusion
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of the spreadsheet into the knowledge-base provides for the
natural fit to functional or data flow languages inherent to
financial data.

The inclusion of fault trees provides for an

increased level of maintenance and sophistication. Judgmental
inputs can be handled on a per case basis since the knowledge
representation can be manipulated dynamically.

The flexible

environment where a planner can utilize and work with only the
subset of data and knowledge as desired offsets the problem of
limited time and unlimited data.

Each set of experts can

maintain and change the system to fit their needs' which
haven't been met in existing systems.

See Figure 3.3 for a

view of the knowledge-base architecture of VP-Expert.

ACTIONS
BLOCK

DATABASE
FILES

RULES

RULE
BASE

STATEMENTS

INFO
BASE

SPREADSHEET
FILES

TEXT
FILES

Figure 3.3 - VP-Expert Architecture [Paperback Software,
1989]
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3.2.3

Analysis and Design of the system
The third step in the systems development methodology is

the analysis and design of the system.
chosen as the shell to work with,

Once VP-Expert was

the prototyping of the

knowledge-base was an easy process to perform.
that

VP-Expert

has

available

extremely modular and flexible.

makes

the

The linking

knowledge-base

It can grow or shrink as the

user desires and multiple experts can maintain the files.

3.2.3.1

The Planning Data/Knowledge Representation
Architecture

Figure 2.1 depicts the process for developing a financial
From this process one can see the components

plan.

and

interrelationships necessary in the software to automate this
process.
1)
2)
3)
4)
5)
6)
7)
8)

There are many base data pools to be collected:
Client financial numbers
Client financial situation data
Investment vehicle alternatives
Client financial goal descriptions
Macro economic variables
Various financial analysis models
Various financial ~valuation models
The actual financial plan that is generated

The software must contain a structure for all of these.

VP-

Expert provides a shell that can be modified in order to store
all this data.

The spreadsheet,

database,

and rule base

components of the shell can be linked together to store all of
this

data

effectively.

The

data

pools

dynamically during the planning process.

can

be

modified

The user can call up
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a database maintenance program, or a spreadsheet program to
update

and change data whenever

necessary

or desirable.

separate spreadsheet files and relational tables were designed
to contain the data pools.

These data pools are logically

related together through the fault tree processes that will
access the data when necessary.

The fault trees can be stored

in the database tables and induced as rules into the system
whenever a sub-process of the planning process is executed.

3.2.3.2

The Planning Algorithm/Knowledge Maintenance
Archit~cture

Through the use of fault trees, the knowledge engineer
can work with the financial planners to show them how the
expert knowledge can be represented in the system.

The

financial planners can then be left with the system and can
modify the fault trees to match their own model of the
planning process.
quickly taught.

The fault tree concepts can be easily and
VP-Expert can then be set up to read in the

fault trees from the database component and interpret their
knowledge into production rules to be utilized by the rest of
the system.

3.2.3.3

The Planning Interface Architecture

The interface the planners will use will be mu1tifaceted.

When

setting up

the algorithms

for

financial
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planning,

the planner will use a

interface built off
database.

When

of

fault tree manipulation

an easily maintainable relational

setting

up

the

quantitative

rules,

the

spreadsheet interface of the planner's current spreadshelat
system will be utilized.

When interacting with the system to

develop plans for the clients, the user will use an easy to
follow

menu

system.

When

interacting

on-line

with

the

financial plan developed by the system, the planner will use
a simple hypertext interface.

This interface will allow for

explanations for each of the major parts of the plan.

3.2.4

prototype system Environment

The fourth step in the system development methodology is
the actual building of the prototype system.
Fox

[1982],

[1986]

Alavi

provide

[1984],

support

and Basili,

for

the

Gibson [1975],

selby and Hutchens

theories

that

state

that

prototyping improves the process of system development.

The

expert system shell VP-Expert provides a mechanism to test the
prototype (Figure 3.4).

VP-Expert allows the expert system to

access both databases and worksheets and utilize them as part
of its internal knowledge representation schema.

An expert

can then input the rules that will support the knowledge
acquisition process as well
process.

as the knowledge maintenance

The rules and other knowledge in the system can be

induced from the spreadsheet or database components that the
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financial

planner

is

already

familiar

with.

Therefore,

minimal training is required to develop the production version
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X
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PROCESS,
INSTANCES
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TEMPLATES
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QUANTITATIVE
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'"

EXPERT

USER INTERFACE
(FINANCIAL PLAN)
I

,
USER

Figure 3.4 - VP-Expert Shell prototype Architecture

of the planning software.
about

rule-ba~es

The planners do not have to learn

in order to create one.

All of this will in turn be presented to the user in
terms of the output of the system, which will be the
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financial plan.

Several experts can use the same knowledge-

base and provide several user views based on different
analysis techniques.

Throughout all of this knowledge, the

processes can be both qualitative or quantitative, depending
on which part of the knowledge-base you access in anyone
process.

3.2.5

Observing and Evaluating the system
The case study performed by Sviokla [1986, 1989] provides

us with a good set of hypotheses supported in his study at one
company, but now a more

rob\.:,;~t

test can be performed using

this new system at many companies versus previous research
done at one company.
The five experts used to develop
each

identif ied

background. area.

five

more

experts

~he

conceptual framework

from

their

respective

These twenty-five experts took the initial

prototype knowledge from the first five experts and reached a
consensus for how the system should look, feel, and operate.
These experts will represent the expert
experiment.

judges for

this

The system was demonstrated at a conference for

small business executives that was held in the San Francisco
Bay region of northern California.
and

ninety

financial

planning

More than three hundred

companies

from

throughout

California expressed interest in using a demonstration or beta
version of the system.

Two hundred and fifty-two companies

--------
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were chosen for inclusion in the study due to logistic and
time considerations.

Each company used in the study needed to

be contacted, interviewed, and half the companies needed the
expert system to be installed and employees trained in its
usage.

This also leaves some companies unaffected for future

research purposes.
In order to constructively test the effectiveness of the
expert system, two treatments were administered.

The planners

at each of these two hundred and fifty-two companies conducted
the planning session one of two different ways.

Half of the

planning companies had planners present during the entire
financial plan development process to work with the client as
they created the financial plan.

The other half started the

client off with the financial planning guidelines and only
returned when the client had created the plan.

This tested if

the presence of the planner had a significant effect in the
process or if the planning process can stand on its own.

This

was a missing element in the Sviokla study [1986] and should
make the results clear to understand and differentiate the
expert system results from the expert process results.

In

other words, is it the change in process or the change in the
type of system used that creates better results.
The second treatment was the use of the expert system or
not.

Half of the planning companies used the expert system to

create the financial

plans and half

used their existing

100

process or system.

crossing these two treatments provides a

2 by 2 matrix for testing and control purposes (Figure 3.5).

,

Expert
System

40-64

40-64

Planners

Planners

Existing
System

40-64

40-64

Planners

Planners

No Planner
Present
Figure 3.5 -

Planner
Present

Field Experiment Evaluation Matrix

On one axis the planners will be utilizing the new expert
system, versus not using an expert system.

The second axis

will be having a planner present versus not having the planner
present.

The expectations would be that the planner would

make a significant difference in the process and the expert
system would
process.

also

make

a

significant difference

in the

This design can compare the results of these two

types of experts to see if any combination is the best.

The

use of the expert system and the planner being present would
represent having multiple experts

pre~ent

while having no

expert system and no planner would represent having one (the
guidelines) or even less than one expert present during the
planning development process.
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3.2.5.1

subjects

Two hundred and fifty-two planning companies were chosen
for inclusion in the study out of the pool of three hundred
and ninety previously described.

These financial planning

companies had shown an interest in using an expert system
instead of their current method for financial planning.

Thus

a field experiment can be performed on a fairly large sample.
The planners come from throughout the state of California.
Their companies have a wide range of clienteles from exclusive
elites only to clienteles that walk in off the street.

The

backgrounds of the planners come from all five of the main
areas of financial planning.

The planning companies were

randomly assigned to one of the four quadrants of the matrix
(Figure 3.5).

Due to other commitments and problems, some

planning companies declined to participate in the experiment
and only one hundred and ninety-one planning companies were
included.

Ninety companies used the system while one hundred

and one companies did not.

Eighty-f i ve companies did not have

a planner present during the process while one hundred and six
companies did.

This uneven split was caused as a result of

more companies backing out of the study as planner not present
companies.

Due to timing constraints they could not be

replaced for this study from the original list of three
hundred and ninety.
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Measurements

3.2.5.2

Questionnaires were filled out by all planners before
they used the system, as they were modifying and fitting the
system to their specific needs, and after they had used the
system extensively.

The systems were left at the companies

for a period of two months and the plans developed during the
seventh

and

testing.

eighth

weeks

were

used

for

measurement

and

Backups of the system were taken after the system

had been used at specific intervals to measure the number and
magnitude

of

changes

and

usage.

contained in many separate files.

The

entire

system

is

Each file is either a

spreadsheet, database, text, or rule base.

Each file has one

particular set of information to which it pertains.

The

deletion, expansion and/or modification of each aspect of the
system can be viewed by taking inventory of the files.
Each

user

can

be

classified

by

type

of

planning

background, years of experience in financial planning, years
of experience with computers, years of experience with expert
systems,

knowledge

knowledge

of

demographics

of

general
of

comprehensive
financial

clientele.

financial

theory,

Variables

in

planning,

and

size

and

the

plans

and

variables in the system can be measured and totaled by system
and by plan.

A complexity measure for the plans was developed

that included the number, dollar amounts and types of assets
and liabili ties,

number and type problems or goals to be
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solved.

This measure was calculated and adjusted by the

twenty-five experts on each of the financial plans developed
during the two week test period.
seven

plans

were

reviewed

complexity and number

~f

by

Fifteen hundred and sixtythe

experts

variables used.

and

rated

for

All plans were

stored in a text file and viewed on one monitor by two experts
and differences in ratings were averaged.

~he

experts could

not verify which plans were developed by which quadrant of
companies.

3.2.5.3

Hypotheses to be Tested and Expected Results

The hypotheses to be tested can be broken down into three
categories:
- Hypotheses to test for randomized treatments
- Hypotheses to test differences in treatments
- Hypotheses to test differences before and after
treatment.
The first set of hypotheses are that the companies in the test
are randomly placed in the matrix (Figure 3.5).
H1 : Before introduction of the treatments
are not significantly different in size of
of financial planning background, years
use of global economic variables, number
and number of years using computers.
Each

company will

information
randomization

and
and

assignment process.

fill
ANOVAs

out

a

will

any biases

the companies
company, area
in business,
of computers,

questionnaire
be

listing

performed

that might

occur

to

this

verify

from

this
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The second set of hypotheses will compare the differences
of both treatments during the test period:
H2 : Organizations using the expert system will have a
higher information processing capacity than those
organizations that do not use the expert system.
,

H2.1 : organizations with the planner present will have
a higher information processing capacity than those
organizations that do not have a planner present.
More information will be taken from the client and more
information will be analyzed from other sources by the planner
in making up the financial plan when using the expert system.
Increases in variables and types of variables, as seen and
measured in the systems, and seen by the clients in replies to
questionnaire issues of how many items are reviewed in the
typical plan will provide measurements for these hypotheses.
The same comparison will be made for those planning companies
who have a planner present with the client and those companies
that allow the client to create the plan on their own.

The

planners presence should formalize the process and provide
structure

to

the

problem.

This

should

increase

the

information processing capacity of the companies.
H3 : The level of attempted task performance (goal
difficulty) will be higher with expert system use than
with existing system use.
H3.1 : The level of attempted task performance (goal
difficulty) will be higher with the planner present
than with the planner not present.
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The planners will address more difficult "financial problems,
and better results will be anticipated from planners and
clients alike when using the expert system or when having the
planner present.

The length and complexity of the financial

plans in terms of amount of dollars, goals/problems addressed
in the plan, will be computed into a complexity rating by the
expert judges.
H4 : The number of specific metrics that are used to
measure the performance of an individual plan will be
higher for the expert system than for the existing
systems.
H4.1 : The number of specific metrics that are used to
measure the performance of an individual plan will be
higher for the planner-present companies than for
the planner-nat-present companies.
specific alternative ways to view the client's situation will
arise due to the new formality of analysis introduced through
the expert system or by having the planner present.

There

will be more measurements of the financial situation in the
system than there would be without the system or done by the
planner that are not done when the planner is not present.
H5 : The task process will differ, from a subset of
financial planning in the existing systems, to a
comprehensive financial plan developed by the expert
system.
H5.1 : The task process will differ, from a subset of
financial planning when the planner is not present, to
a comprehensive financial plan developed when the
planner is present.
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The financial planner will use more than just his one area of
expertise in the planning process; thus, the other areas will
play an increased part in the financial planning process when
the expert system is
present.

introduced or when the planner

is

This can be measured by the usage of rules and

components of the system that are not in the primary business
of emphasis for each particular planner and the inclusion of
these areas in the financial plans developed.
H6 : The scope of the database used in the task will be
higher for the expert system, tending from local tasks
performed in the existing systems to global tasks for
the expert system.
H6.1 : The scope of the database used in the task will be
higher when the planner is present and more localized
when the planner is not present.
Client data will not be isolated as was the case in existing
systems, and global variables will be used across scenarios
and across clients more often.

The global economic variables

will be easily introduced into the what-if processing, and
will be used consistently across all clients.
H7 : The formality of the data will be higher for
expert systems than for existing systems.
H7.1 : The formality of the data will be higher when
the planner is present than when the planner is absent.
More plans will follow a general format and fewer things will
be overlooked in the expert system or when the planner is
pr~sent.

More aspects of financial planning will be brought

into the plan.

The current systems will tend to be ad-hoc and
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missing elements can be identified, while the expert system
will only leave out areas as requested or modified by the
planner.
HS : The expert system will speed up the process and
more plans will be produced
HS.l : The planners presence will speed up the process
and more plans will be produced
The financial plan will be generated faster with the expert
system or when the planner is present.

The number of plans

that the company can produce and give the clients during a
period of time will provide the measurement.
H9 : The expert system will increase user satisfaction
for the planners with the planning process.
H9.1

The planners presence will increase user
satisfaction for the planners with the planning
process.

The planners will be more satisfied with the software and
process if they use the expert system, or are directly
involved with the planning process.

This will be measured in

self-reporting questionnaires.
H10 : The expert system will increase user satisfaction
for the customers with the planning process.
H10.1

The planners presence will increase user
satisfaction for the customers with the planning
process.

The customers will be more satisfied with the software and
process if they use the expert system, or are directly
involved with the planning process.
self-reporting questionnaires.

This will be measured in

108

The third set of hypotheses will compare the differences
of expert system treatment from before the test period to
after the test period.
Hll
:
The
roles
of
the
individuals
in
these
organizations will shift, with more task responsibility
flowing to those active in expert system use and
support for plan development.
More of the support group's time will

b~

spent working with

the expert system and inputting the global variables and
expertise than was spent in the past doing other more
mundane tasks such as writing up the plans.

Time spent by

non-experts in the company will be measured before and after
the treatments.

H12 : New
maintenance
integrity,
integrity.

roles will arise around the use and
of
knowledge.
In
particular,
data
inference
integrity,
and
knowledge

Data validating, inferencing procedures, and knowledge/
information acquisition and storage, will become more
specialized and formal than in the past and explicit
procedures will be defined and developed.

If the company has

added new roles for the non-experts in the company, that
include working with expertise, an increase in the number of
expert users after the treatments will be the measurement
here.
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3.2.5.4

Testing and Validation

A common technique used for establishing validity in
expert systems is the judgement of experts.

The judges are

given the output of the system and are asked to judge the
adequacy of the results [Harrison, 1989].

This is actually

the worst method since it introduces many biases into the
judgement process.

The early evaluations of MYCIN had this

problem [Shortliffe, 1976].

The expert physicians who were

evaluating the system knew they were examining the output of
the computer program.

Many of their comments and criticisms

reflected their own biases regarding the role of computers in
the medical domain, i.e., lithe computer can't get a sense of
how sick a patient is" [Gasching, et aI, 1983].
It is better to use blind evaluation techniques.

In

these evaluations the same problem is processed by the system
and by the old method and are presented in similar formats.
The judges should not be able to differentiate between the two
approaches and therefore no biases should enter
evaluation.

into the

The use and evaluation of expert judgements has

been studied extensively and the use of judges has changed
only slightly in last thirty years [Harrison, 1989; Torgerson,
1958; Guilford, 1954].

The experts who will be evaluating the

plans developed in this research will evaluate all the plans
in the same format.

Each expert wi,ll have their own personal

computer and monitor and the plans will all be stored in a
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text file that will have the same appearance no matter how
they were created.

The planners will not know which quadrant

the plan was generated from.
There are several methods for evaluating an expert system
[Liebowitz,

1986;

Green

and

Keyes,

1987;

Oliver,

1987].

Evaluating the conclusions is only one method of evaluation
that will be used.
conclusions
mechanism

can
is

be

The process used to arrive at these
measured

represented

by

as

well.

rules

and

The

inferencing

macros

in

the

spreadsheets and in the fault trees developed by each planner.
The judges all have extensive background in each of these
areas and can evaluate what has been done in each respective
system compared to their collective evaluation of what is
needed in a financial planning system.

3.2.5.5

Research Success Measures

Expert

systems

program accuracy.

are

evaluated

primarily

to

test

for

However, evaluations by users can help to

determine the utility of the system:
Whether it produces useful results
The extent of its capabilities
The ease of interaction
credibility of its results [Gasching, et al, 1983].
Pars aye and chignell [1988] take the evaluation processes even
further.

They claim that the success of expert systems can be

measured by:
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Face Validity: Does the expert system look and feel
good in terms of its knowledge-base, inference
structure, and output?
Naturalness: How well does the system do in g1v1ng
the user the feeling of dealing with an expert
rather than with a machine?
Coverage: How well does the expert system cover the
range of important problems in its knowledge
domain?
Robustness: How sensitive is the expert system to
minor changes in the way that the problem is
described?
Precision: How precise are the predictions made by
the system?
Reliability: What proportion of the advice or
predictions of the system can be classified as
being errors? [Parsaye and Chignell, 1988].
Expert systems will evolve over time.

Initial designs and

knowledge-bases are rarely the last version.

Feedback and

learning from mistakes are a natural process of development.
This development will stretch into the maintenance stage and
will continue over the lifetime of the system.

This will lead

to further research anG follow-up validations that will truly
test the success of the system [Parsaye and Chignell, 1988].
This

research

project's

validation

will

focus

on

coverage, reliability, and robustness in the calculations of
plan complexity as rated by the expert judges.

The areas of

face validity and naturalness will be encompassed by the
clients and planners rating of satisfaction with the system.
The precision of the system can only be measured several years
later when analysis of the plans and what occurred to the
clients financial situation can be measured and tested.

:-:"
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CHAPTER 4
4.0 RESULTS

This chapter is divided into two parts, which are further
divided into many sections.

The first part represents the

analysis done prior to the application of the treatments to
determine that the financial planning companies were selected
randomly and without bias for participation in each of the
four groups (see Figure 3.5).
analysis done

aft~r

on the subjects.
the

findings

The second part represents the

the treatments to determine their effects

Each section is devoted to the discussion of

with

respect

to

a

single

hypothesis

or

corresponding pair of hypotheses, with the exception of the
first

section

(4.1),

which

is

broken

down

into

several

dependent variables for testing the randomness of the sample.
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4.1 Selection/Assignment Threat
All subjects were randomly assigned to one of the four
treatment conditions; the groups represented a 2 X 2 factorial
design comprised of two types of systems and two types of
planner assistance formats.

It was assumed that the groups

thus formed would be equal in their abilities and backgrounds
to perform the financial
possible to

t~st

plan development task.

this assumption.

It

is

All groups were asked to

respond to identical questionnaires about their history and
characteristics

prior

to

their

separate

responses were recorded for each subject,
backgrounds of the planning companies.

treatments;

the

reflecting the

If the groups were

indeed composed of companies of approximately equal ability
and background with respect to the planning process task, then
there should be no significant differences between groups and
their responses.

The Hypothesis tested is:

H1 : Before introduction of the treatments, the companies
are not significantly different in size of company, area
of financial planning background, years in business,
use of global economic variables, number of computers,
and number of years using computers.

4.1.1

Years in Financial Planning
Tables 4.1 and 4.2 show the means and standard deviations

of the years the companies have been performing financial
planning.

Table 4.3 shows the results of an ANOVA.

The

results in Tables 4.1, 4.2, and 4.3 demonstrate no bias in the
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random assignment of treatments with respect to the number of
years the financial planning companies had been in business.
The companies came from a background of being in business for
a minimum of less than 1 year to a maximum of 20 years.

MEANS AND STANDARD DEVIATIONS
DEPENDENT VARIABLE: YEARS IN FINANCIAL PLANNING
N = 191

EXPERT SYSTEM
PRESENT
NOT PRESENT

PLANNER
NOT PRESENT

MEAN
S.D.

10.50
5.710

9.36
5.410

PRESENT

MEAN
S.D.

10.00
5.670

10.18
5.410

Table 4.1. Heans and STDs -- Years in Financial Planninq

AVERAGE MEANS AND STANDARD DEVIATIONS
DEPENDENT VARIABLE: YEARS IN FINANCIAL PLANNING
N

=

191

I
EXPERT SYSTEM
N
85

=
PLANNER
N = 106

PRESENT

.

NOT PRESENT

MEAN
S.D.

10.25
5.690

9.77
5.410

MEAN
S.D.

10.11
5.520

9.91
5.590

I

Table 4.2. Ave. Heans and STDs -- Years in Financial
Planninq
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ANALYSIS OF VARIANCE
DEPENDENT VARIABLE: YEARS IN FINANCIAL PLANNING
INDEPENDENT
VARIABLES
PLANNER PRESENT
EXPERT .~YScrEH
PLANNER*EXPERT
ERROR

df

MS

F-RATIO

1
1.
1

0.026
0.231
0.101

188

0.434

0.061
0.533
0.233

P

.985
.868
.942

Table 4.3. ANOVA -- Years in Financial Planninq

4.1.2 Area of Financial Background

The results in Tables 4.4, 4.5, and 4.6 point out that
there is no bias in the random assignment of treatments with
respect to the area of financial background from which the
companies had been in business.

The companies came from a

background of being in one of five areas of financial planning
companies:
Accountants
Stockbrokers
Insurance Salesman
Lawyers
Financial Planners

22
43
49
43
34

out
out
out
out
out

of
of
of
of
of

191
191
191
191
191.

The background area was coded as a 1 for accountants, a 2 for
Stockbrokers, a 3 for Insurance Salesman, a 4 for lawyers, and
a 5 for Financial Planners.
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MEANS AND STANDARD DEVIATIONS
DEPENDENT VARIABLE: AREA OF FINANCIAL BACKGROUND
N

I

=

191

EXPERT Sl1STEM
I
PRESENT
NOT PRESENT,

PLANNER

NOT PRESENT

MEAN
S.D.

2.73
1.2S0

2.77
1.240

PRESENT

MEAN
S.D.

2.74
1.190

3.03
1.350

,

Table 4.4. Means and STDs -- Area of Financial Background
AVERAGE MEANS AND STANDARD DEVIATIONS
DEPENDENT VARIABLE: AREA OF FINANCIAL BACKGROUND
N

=

191

I

PRESENT

EXPERT SYSTEM
N
S5

=
PLANNER
N =106

NOT PRESENT

2.74
1.230

MEAN
S.D.

2.90
1.300

2.91
1.300

MEAN
S.D.

I

2.75
1.260

Table 4.5. Ave. Means and STDs -- Area of Financial
Background

ANALYSIS OF VARIANCE
DEPENDENT VARIABLE: AREA OF FINANCIAL BACKGROUND
INDEPENDENT
VARIABLES
PLANNER PRESENT
EXPERT SYSTEM
PLANNER*EXPERT
ERROR

df

MS

1
1
1

0.019
0.027
0.020

lilS

0.016

F-RATIO
1.216
1.702
1.250

Table 4.6. ANOVA -- Area of Financial Background

P
.699
.579
.691
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4.1.3 size of Company

The results in Tables 4.7, 4.8, and 4.9 point out that
there was no bias in the random assignment of treatments with
respect to the size of the financial planning companies, as
measured by the number of employees.

The companies came from

a background of having a minimum of less than 1 employee (the
planner worked part time) to a maximum of 11 employees.

MEANS AND STANDARD DEVIATIONS
DEPENDENT VARIABLE: SIZF OF COMPANY
N = 191

I

EXPERT SYSTEM
I
PRESENT
NOT PRESENT,

PLANNER

NOT PRESENT

MEAN
S.D.

6.40
2.850

6.18
2.620

PRESENT

MEAN
S.D.

5.81
3.070

5.99
3.010

Table 4.7. Means and STDs -- Size of company

AVERAGE MEANS AND STANDARD DEVIATIONS
DEPENDENT VARIABLE: SIZE OF COMPANY
N = 191

I
EXPERT SYSTEM
N
85

=
PLANNER
N = 106

PRESENT

NOT PRESENT

MEAN
S.D.

6.11
2.960

6.08
2.810

MEAN
S.D.

5.92
3.040

6.29
2.730

Table 4.8. Ave. Means and STDs -- Size of company

I
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ANALYSIS OF VARIANCE
DEPENDENT VARIABLE: SIZE OF COMPANY
INDEPENDENT
VARIABLES

MS

df

1
1
1

0.150
0.001
0.101

188

0.040

PLANNER PRESENT
EXPERT SYSTEM
PLANNER*EXPERT
ERROR

F-RATIO

P

3.726
0.013
2.525

.078
.997
.375

Table 4.9. ANOVA -- Size of Company

4.1.4 satisfaction with Planning Software
The companies were asked to rate their response to the
statement: The planning software I have seen in the past has
been acceptable to use.
utilized.

A seven point Likert

scale was

The scale was anchored on one end (7) with strongly

agree and on the other end (1) with strongly disagree.
The results in Tables 4.10, 4.11, and 4.12 point out that
there was no bias in the random assignment of treatments with
respect

to

the

satisfaction

of

the

financial

planning

companies with the software they had seen before the current
system development.

All of the companies on the average were

less than happy with the software they had seen in the past
(an overall average of 2.65, with 4.0 being neutral) but this
was equal across all treatments and represented no significant
difference in groups.

119

MEANS AND STANDARD DEVIATIONS
DEPENDENT VARIABLE: SATISFACTION WITH PLANNING SOFTWARE
N

I

=

191

I

EXPERT SYSTEM
PRESENT
NOT PRESENT.

PLANNER

NOT PRESENT

MEAN
S.D.

2.86
1.440

2.66
1.640

PRESENT

MEAN
S.D.

2.70
1.850

2.85
1.690

Table 4.10. Means and STDs -- Satisfaction With Planning
Software

AVERAGE MEANS AND STANDARD DEVIATIONS
DEPENDENT VARIABLE: SATISFACTION WITH PLANNING SOFTWARE
N

=

191

I
EXPERT SYSTEM
N
85

=
PLANNER
N =106

PRESENT

NOT PRESENT

MEAN
S.D.

2.78
1.640

2.75
1.670

MEAN
S.D.

2.79
1.760

2.75
1.550

I

Table 4.11. Ave. Means and STDs -- Satisfaction with
Planning
Software

ANALYSIS OF VARIANCE
DEPENDENT VARIABLE: SATISFACTION WITH PLANNING SOFTWARE
INDEPENDENT
VARIABLES
PLANNER PRESENT
EXPERT SYSTEM
PLANNER*EXPERT
ERROR

df

MS

1
1
1

0.000
0.001
0.009

188

0.030

F-RATIO
0.010
0.025
0.300

pl

.998
.994
.925

Table 4.12. ANOVA -- satisfaction With Planning Software
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4.1.5

Number of computers in company
At each company the number of microcomputers were
None of the companies use a mini-computer or a

counted.

mainframe computer in the financial planning process.

The

results in Tables 4.13, 4.14, and 4.15 point out that there
was

no

bias

in the

random assignment

of

treatments wi th

respect to the number of computers owned by the financial
planning companies.

MEANS AND STANDARD DEVIATIONS
DEPENDENT VARIABLE: NUMBER OF COMPUTERS IN COMPANY
N = 191

I

J

EXPERT SYSTEM
PRESENT
NOT PRESENT

PLANNER

NOT PRESENT

MEAN
S.D.

3.07
1.550

2.81
1.490

PRESENT

MEAN
S.D.

3.26
1.510

2.15
1.190

Table 4.13. Means and STDs -- Number of computers in company

AVERAGE MEANS AND STANDARD DEVIATIONS
DEPENDENT VARIABLE: NUMBER OF COMPUTERS IN COMPANY
N = 191

I
EXPERT SYSTEM
N
85

=
PLANNER
N = 106

PRESENT

NOT PRESENT

MEAN
S.D.

3.17
1.530

2.48
1.340

MEAN
S.D.

2.61
1.440

2.93
1.520

I

Table 4.14. Ave. Means and STDs -- Number of computers in
Company
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ANALYSIS OF VARIANCE
DEPENUENT VARIABLE: NUMBER OF COMPUTERS IN COMPANY
INDEPENDENT
VARIABLES
PLANNER PRESENT
EXPERT SYSTEM
PLANNER*EXPERT
ERROR

df

MS

1
1
1

0.053
0.476
0.151

188

0.183

F-RATIO
0.293
2.596
0.825

P
.927
.358
.795

Table 4.15. ANOVA -- Number of Computers in corupany

The companies came from a background of owning a minimum
of zero computers to a maximum of 11 computers.

The companies

that were to use the expert system had slightly more computers
on the average than the companies who were to not use the
expert system, but this was also not a significant difference.

4.1.6 Years of Computer Usage

The results in Tables 4.16, 4.17, and 4.18 point out that
there was no bias in the random assignment of treatments with
respect to the years of computers usage by the financial
planning companies.
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MEANS AND STANDARD DEVIATIONS
DEPENDENT VARIABLE: YEARS OF COMPUTER USAGE
N = 191

I

I

EXPERT SYSTEM
PRESENT
NOT PRESENT.

PLANNER

NOT PRESENT

MEAN
S.D.

6.14
3.100

5.61
2.970

PRESENT

MEAN
S.D.

6.53
3.020

4.29
2.390

Table 4.16. Means and STDs -- Years of computer Usage
AVERAGE MEANS AND STANDARD DEVIATIONS
DEPE~DENT VARIABLE: YEARS OF COMPUTER USAGE
N = 191

I
EXPERT SYSTEM
N
85

=
PLANNER
N = 106

PRESENT

NOT PRESENT

MEAN
S.D.

6.33
3.060

4.95
2.680

MEAN
S.D.

5.22
2.890

5.87
3.050

I

Table 4.17. Ave. Means and STDs -- Years of computer usage
ANALYSIS OF VARIANCE
DEPENDENT VARIABLE: YEARS OF COMPUTER USAGE
INDEPENDENT
VARIABLES
PLANNER PRESENT
EXPERT SYSTEM
PLANNER*EXPERT
ERROR

df

HS

1
1
1

0.215
1.904
0.342

188

0.733

F-RATIO

Table 4.18. ANOV.A -- Years of computer Usage

0.293
2.596
0.467

P

.927
.358
.884
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The companies came from a background of owning and using
computers for a minimum of zero years to a maximum of 13
years. ,The companies that were to use the expert system had
slightly more years of computer usage on the average than the
companies who were not but this was also not a significant
difference.

4.1.7 Number of Variables Used by the Planning companies
The results in Tables 4.19, 4.20, and 4.21 point out that
there was a bias in the random assignment of treatments with
respect to the number of variables used by the financial
planning companies.

MEANS AND STANDARD DEVIATIONS
DEPENDENT VARIABLE: VARIABLES USED IN PLAN BEFORE SYSTEM
N = 191
EXPERT SYSTEM
PRESENT
NOT PRESENT

PLANNER
NOT PRESENT

MEAN
S.D.

42.56
4.220

42.40
4.170

PRESENT

MEAN
S.D.

55.14
8.670

53.58
7.990

Table 4.19. Means and STDs -- Variables Used in Plan Before
System
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AVERAGE MEANS AND STANDARD DEVIATIONS
DEPENDENT VARIABLE: VARIABLES USED IN PLAN BEFORE SYSTEM
N

= 191

I
EXPERT SYSTEM
N
85

=
PLANNER
N = 106

PRESENT

NOT PRESENT

MEAN
S.D.

48.85
6.450

47.99
6.080

MEAN
S.D.

54.23
8.320

42.48
4.200

I

Tabla 4.20. Ave. Means and STDs -- Variables Used in Plan
Before System

ANALYSIS OF VARIANCE
DEPENDENT VARIABLE: VARIABLES USED IN PLAN BEFORE SYSTEM
INDEPENDENT
VARIABLES
PLANNER PRESENT
EXPERT SYSTEM
PLANNER*EXPERT
ERROR

df

MS

1
1
1

1,016.344
0.738
0.725

188

0.492

F-RATIO
2,066.368
1.500
1.474

P
.000
.629
.635

Table 4.21. ANOVA -- Variables Used in Plan Before System

The companies came from a background of using a varying
number of variables when forming a financial plan,

from a

minimum of 17 variables to a maximum of 69 variables.

There

was a significant difference between the companies that were
to have a planner present during the process or absent.

The

companies that were to have a planner present during the
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process had an average of 54 variables used to develop the
plan, while the companies that were to allow the client to
develop the plan with their guidelines only used an average of
42

variables.

This

represents

a

significant difference

between the groups previous to treatment.

This bias was

anticipated and comes from the fact that those companies that
would allow the clients to create their own financial plans
usually use a simpler process and only those companies would
most likely participate in the test as planner not present
companies.

Some companies refused to participate as planner

not present companies and thus were not included in the study.
There was no significant difference between the companies that
were to use the expert system and those that were not going to
be using it in terms of variables used.

4.1.8 Areas Covered in the Plan
MEANS AND STANDARD DEVIATIONS
DEPENDENT VARIABLE: AREAS COVERED IN THE PLAN
N

=

191

EXPERT SYSTEM
PRESENT
NOT PRESENT

PLANNER
NOT PRESENT

MEAN
S.D.

1.55
0.490

1.45
0.360

PRESENT

MEAN
S.D.

1.58
0.520

1.53
00460

Table 4.22. Means and STDs -- Areas Covered in the Plan
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AVERAGE MEANS AND STANDARD DEVIATIONS
DEPENDENT VARIABLE: AREAS COVERED IN THE PLAN
N

= 191

I

PRESENT

NOT PRESENT
1.49
0.410
1.50
0.430

EXPERT SYSTEM
N = 85

MEAN

S.D.

1.56
0.510

PLANNER
N = 106

MEAN
S.D.

1.55
0.490

I

Table 4.23. Ave. Means and STDs -- Areas Covered in the Plan

ANALYSIS OF VARIANCE
DEPENDENT VARIABLE: AREAS COVERED IN THE PLAN
INDEPENDENT
VARIABLES
PLANNER PRESENT
EXPERT SYSTEM
PLANNER*EXPERT
ERROR

df

MS

1
1
1

0.003
0.005
0.001

188

0.001

F-RATIO
6.152
9.297
1.667

P
.000
.000
.587

Table 4.24. ANOVA -- Areas Covered in the Plan

The results in Tables 4.22, 4.23, and 4.24 point out that
there was a bias in the random assignment of treatments with
respect to the number of areas used by the financial planning
companies.
The companies come from a background of using a varying
number of areas represented in the average plan formation from
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a minimum of one area to a maximum of three areas.

There was

a significant difference between the companies that were to
have a planner present during the process or absent.

The

companies that were to have a planner present during the
process

ha~

an average of significantly more areas used in the

development of the plan (on the average 1.55 areas represented
in the plan), while the companies that were to allow the
client to develop the plan with their guidelines used an
average of only 1.5 areas for the plan.
significant
treatment.
above.

difference

between

the

This represents a

groups

previous

to

The source of this bias has already been noted

There

was

a

significant

difference

between

the

companies that were to use the expert system and those that
were not going to be using it.

The companies that were to use

the expert system on the average used more areas than the
companies that were not going to be using it.

Both of these

differences were small, but significant.

4.1.9 Complexity of the Plan
The results in Tables 4.25, 4.26 and 4.27 point out that
there was a bias in the random assignment of treatments with
respect to the average complexity of the plans developed by
the financial planning companies.
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MEANS AND STANDARD DEVIATIONS
DEPENDENT VARIABLE: COMPLEXITY OF PLAN
N = 191

I

I

EXPERT SYSTEM
PRESENT
NOT PRESENT,

PLANNER

NOT PRESENT

MEAN
S.D.

2.10
1.030

2.45
1.090

PRESENT

MEAN
S.D.

3.29
1.400

3.12
1.360

Table 4.25. Means and STDs -- Complexity of the Plan

AVERAGE MEANS AND STANDARD DEVIATIONS
DEPENDENT VARIABLE: COMPLEXITY OF PLAN
N = 191

I
EXPERT SYSTEM
N
85

=
PLANNER
N =106

PRESENT

NOT PRESENT

MEAN
S.D.

2.69
1.210

2.78
1.230

MEAN
S .. D.

3.19
1.380

2.28
1.070

I

Table 4.26. Ave. Means and STDs -- complexity of the Plan

ANALYSIS OF VARIANCE
DEPENDENT VARIABLE: COMPLEXITY OF THE PLAN
INDEPENDENT
VARIABLES
PLANNER PRESENT
EXPERT SYSTEM
PLANNER*EXPERT
ERROR

df

MS

1
1
1

0.868
0.008
0.101

188

0.068

Table 4.27. ANOVA -- complexity of the Plan

F-RATIO
12.710
.122
1.485

P
.000
.970
.632
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The companies were rated by a

panel of

experts who

reviewed past plans and rated the complexity of the plans.
The

experts

were

asked

to

rate

their

response

to

the

statement: The financial plan you have reviewed is an example
The same seven point Likert

of a complex financial plan.
scale

as

previously defined was

utilized.

There

was

a

significant difference between the companies that were to have
a plannsZ':'@resent

dl~t".i.ng

the process or absen.t.

The companies

that were to have a planner present during the process had an
average rating of approximately three

(slightly less' than

average on the complexity scale) , which was significantly more
complex than those plans developed by the companies that were
to develop plans without a planner present, who had an average
complexity rating of 2.3.

This represents a significant

difference between the groups previous to treatment.
source of this bias has already been noted above.

The

There was

no significant difference between the companies that were to
use the expert system and those that were not going to be
using it.

4.1.10 Global Variables Used
The results in Tables 4.28, 4.29, and 4.30 point out that
there was a bias in the random assignment of treatments with
respect

to

the

use

of

global

financial planning companies.

economic

variables

by

the
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MEANS AND STANDARD DEVIATIONS
DEPENDENT VARIABLE: GLOBAL VARIABLES USED
N = 191

I

EXPERT SYSTEM
I
PRESENT
NOT PRESENT.

PLANNER

NOT PRESENT

MEAN
S.D.

1.28
0.460

1.37
0.460

PRESENT

MEAN
S.D.

1.24
0.470

1.37
0.440

I

Table 4.28. Means and STDs -- Global Variables Used

AVERAGE MEANS AND STANDARD DEVIATIONS
DEPENDENT VARIABLE: GLOBAL VARIABLES USED
N

=

191

I
EXPERT SYSTEM
N
85

=
PLANNER
N = 106

PRESENT

NOT PRESENT

MEAN
S.D.

1.26
0.470

1.37
0.450

MEAN
S.D.

1.32
0.460

1.33
0.460

I

Table 4.29. Ave. Means and STDs -- Global Variables Used

ANALYSIS OF VARIANCE
DEPENDENT VARIABLE: GLOBAL VARIABLES USED BEFORE SYSTEM
J:NDEPENDENT
VARIABLES
PLANNER PRESENT
EXPERT SYSTEM
PLANNER *EXPERT
ERROR

df

MS

1
1
1

0.000
0.012
0.001

188

0.000

F-RATIO

P

1.297
37.233
.233

.679
.000
.942

Table 4.30. ANOVA -- Global Variables Used Before system
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Approximately two-thirds of the companies came from a
background of not using global economic variables in the
average plan that they developed.

There was no significant

difference between the companies that had a planner present
during the process

or absent.

There was a

significant

difference between the companies that were to use the expert
system and those that were not going to be using it.
companies that \tTere to use

t~'I:le

The

expert system were less likely

to use global economic variables than those companies that
were not selected to use the expert system, on the average.
This difference was unexpected and small, but significant.

4.1.11 Number of Employees with Expertise

The results in Tables 4.31, 4.32, and 4.33 point out that
there was no bias in the random assignment of treatments with
respect to the number of employees with expertise in the
financial planning companies.

MEANS AND STANDARD DEVIATIONS
DEPENDENT VARIABLE: NUMBER OF EMPLOYEES WITH EXPERTISE
N = 191
,.

EXPERT SYSTEM
PRESENT
NOT PRESENT

PLANNER
NOT PRESENT

MEAN
S.D.

3.15
1.340

3.11
1.280

PRESENT

MEAN
S.D.

2.93
1.370

3.11
1.470

Table 4.31. Means and STDs -- Number of Employees with
Expertise
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AVERAGE MEANS AND STANDARD DEVIATIONS
DEPENDENT VARIABLE: NUMBER OF EMPLOYEES WITH EXPERTISE
N

=

191

I
EXPERT SYSTEM
N
85

=
PLANNER
N =106

MEAN
S.D.

PRESENT

NOT PRESENT

3.03
'-.357

3.11
1.381

3.02
1.419

3.13
1.305

II

MEAN
S.D.

Table 4.32. Ave. Means and STDs

I

Number of Employees With
Expertise

ANALYSIS OF VARIANCE
DEPENDENT VARIABLE: NUMBER OF EMPLOYEES WITH EXPERTISE BEFORE
SYSTEM
INDEPENDENT
VARIABLES
PLANNER PRESENT
EXPERT SYSTEM
PLANNER *EXPERT
ERROR

df

MS

1
1
1

0.011
0.006
0.004

188

0.011

F-RATIO
1.014
0.482
0.239

P
.749
.881
.940

Table 4.33. ANOVA -- Number of Employees with Expertise Before
System

The companies came from a background of having a minimum
of one expert to a maximum of 7 experts.
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4.1.12 Number of Plans Produced

The results in Tables 4.34, 4.35, and 4.36 point out that
there was a bias in the random assignment of treatments with
respect to the number of plans developed on average by the
financial planning companies.

MEANS AND STANDARD DEVIATIONS
DEPENDENT VARIABLE: NUMBER OF PLANS PRODUCED
N

= 191

EXPERT SYSTEM
PRESENT
NOT PRESENT

PLANNER
NOT PRESENT

MEAN
S.D.

6.43
4.020

6.66
4.900

PRESENT

MEAN
S.D.

6.20
4.880

6.25
4.240

Table 4.34. Means and STDs -- Number of Plans Produced

AVERAGE MEANS AND STANDARD DEVIATIONS
DEPENDENT VARIABLE: NUMBER OF PLANS PRODUCED
N = 191

I

PRESENT

NOT PRESENT

EXPERT SYSTEM
N = 85

MEAN
S.D.

6.31
4.450

6.46
4.570

PLANNER
N = 106

MEAN
S.D.

6.23
4.520

6.55
4.500

I

Table 4.35. Ave. Means and STDs -- Number of Plans Produced
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ANALYSIS OF VARIANCE
DEPENDENT VARIABLE: NUMBER OF PLANS PRODUCED
INDEPENDENT
VARIABLES
PLANNER PRESENT
EXPERT SYSTEM
PL1..NNER *EXPERT
ERROR

df

MS

1
1
1

0.104
0.020
0.022

188

0.008

F-RATIO

P

13.571
2.652
2.783

.000
.344
.311

Table 4.36. ANOVA -- Number of Plans Produced

There was a significant difference between the companies
that were to have a planner present during the process or
absent.

The companies that were to have a planner present

during the process had an average of fewer plans developed
than the companies that were to allow the client to develop
the plan with their guidelines.

This represents a significant

difference between the groups previous to treatment.
source of this bias has already been noted above.

-The

There was

no significant difference between the companies that used the
expert system and those that were not going to be using it.

4.1.13 Selection/Assignment Threat Conclusions

All subjects were randomly assigned to one of the four
treatment conditions; however, some bias did result from this
random assignment.

Some companies would not participate in
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the study as planner not present companies.

As a result, the

planner not present half of the population had significantly
lower complexity ratings, number of variables used, and number
of areas covered, but produced more plans on the average than
the planner present population.
There

were

also

some

unanticipated

significant

differences between the group that was to use the expert
system and the group that was not going to use it.

The group

that was to use the expert system tended to use more areas in
their

plans

than

the

other

unintentional but noted.

half.

This

difference

was

The group that was to use the expert

system also tended to use global variables less often in their
plans than the other half.

This difference was unintentional

but noted.

4.2 Information Processing capacity
The second set of hypotheses will compare the differences
of both treatments during the test period:
H2 : Organizations using the expert system will have a
higher information processing capacity than those
organizations that do not use the expert system.
H2.1 : organizations with the planner present will have
a higher information processing capacity than those
organizations that do not have a planner present.
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MEANS AND STANDARD DEVIATIONS
DEPENDENT VARIABLE: VARIABLES USED IN PLAN
N

I

= 191

EXPERT SYSTEM
I
PRESENT
NOT PRESENT,

PLANNER

NOT PRESENT

MEAN
S.D.

65.65
3.780

22.69
4.260

PRESENT

MEAN
S.D.

81.77
7.490

55.37
9.340

Table 4.37. Means and STDs -- variables Used in Plan

AVERAGE MEANS AND STANDARD DEVIATIONS
DEPENDENT VARIABLE: VARIABLES USED IN PLAN
N

=

191

I
EXPERT SYSTEM
N
85

=
PLANNER
N = 106

PRESENT

NOT PRESENT

MEAN
S.D.

73.71
5.630

39.03
6.800

MEAN
S.D.

66.33
15.610

43.41
21.840

I

Table 4.38. Ave. Means and STDs -- Variables Used in Plan

ANALYSIS OF VARIANCE
DEPENDENT VARIABLE: VARIABLES USED IN PLAN
INDEPENDENT
VARIABLES
PLANNER PRESENT
EXPERT SYSTEM
PLANNER*EXPERT
ERROR

df

MS

1
1
1

595.528
1,202.890
784.101

188

68.539

Table 4.39. ANOVA -- Variables Used in Plan

F-RATIO
8.689
17.550
11.440

P
.000
.000
.000
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The results in Tables 4.37, 4.38, and 4.39 point out that
there was a significant difference in the results of the
treatments with respect to the number of variables used by the
financial planning companies.
The companies came from a background of using a varying
number of variables when forming a financial plan, from a
minimum of 17 variables to a maximum of 69 variables.

After

85 of the 191 companies used the expert system to develop the
plans the results were significantly different.
There was a significant difference between the companies
that had a planner present during the process or absent.

The

companies that had a planner present during the process had an
average of 64 variables used to develop the plan, while the
companies that allowed the client to develop the plan with
their guidelines only used an average of 43 variables.

The

source of this bias has already been noted above.
There was a significant difference between the companies
that used the expert system and those that were not using it.
The companies that used the expert system during the process
had an average of 73 variables used to develop the plan, while
the companies that did not use the system to develop the plan
only used an average of 38 variables.

This represents a

significant difference between the groups after the treatment.
Having

the

planner

present

meant

a

utilization

of

approximately twice as many variables and a higher information
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processing capacity for those companies.
system used in

th~

Having an expert

process meant having three times as many

variables used in the process and the combination of a planner
and the expert system averaged four times as many variables as
when neither was used.

This represents a highly significant

difference in the interaction between the treatments.

4.2.1 Attempted Task Performance
H3 : The level of attempted task performance (goal
difficulty) will be higher with expert system uSe than
with existing system use.
H3.1 : The level of attempted task performance (goal
difficulty) will be higher with the planner present
than with the planner not present.

The results in Tables 4.40, 4.41, and 4.42 point out that
there was a significant difference in the average complexity
rating of the plans developed after the treatments were
applied.
MEANS AND STANDARD DEVIATIONS
DEPENDENT VARIABLE: COMPLEXITY OF PLAN AFTER SYSTEM
N = 191

I

I

EXPERT SYSTEM
PRESENT
NOT PRESENT,

PLANNER

NOT PRESENT

MEAN
S.D.

3.41
1.090

2.31
1.000

PRESENT

MEAN
S.D.

3.75
1.220

2.87
1.160

Table 4.40. Means and STDs -- Complexity of Plan After system
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AVERAGE MEANS AND STANDARD DEVIATIONS
DEPENDENT VARIABLE: COMPLEXITY OF PLAN AFTER SYSTEM
N

=

191

I
EXPERT SYSTEM
N
85

=
PLANNER
N =106

PRESENT

NOT PRESENT

MEAN
S.D.

3.58
1.150

2.59
1.080

MEAN
S.D.

3.24
1.260

2.84
1.180

I

Table 4.41. Ave. Means and STDs -- complexity of Plan After
system
ANALYSIS OF VARIANCE
DEPENDENT VARIABLE: COMPLEXITY OF PLAN AFTER SYSTEM
df

INDEPENDENT
VARIABLES

1
1
1

0.202
0.967
0.101

188

0.013

PLANNER PRESENT
EXPERT SYSTEM
PLANNER*EXPERT
ERROR

MS

F-RATIO

P

16.068
76.656
8.033

.000
.000
.000

Table 4.42. ANOVA -- complexity of Plan After System
The companies were rated by the same panel of experts who
reviewed past plans previous to the treatments and rated the
complexity of the plans developed during the treatment period.
The

experts

were

asked

to

rate

their

response

to

the

statement: The financial plan you have reviewed is an example
of a complex financial plan

on the same seven point Likert

scale.
There was a significant difference between the companies
that had a planner present during the process or absent.

The
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companies that had a planner present during the process had an
average rating of

approximately

3.3

(slightly

less

than

average on the complexity scale), which was significantly more
comple~

than those plans developed without a planner present,

with an average complexity rating of 2.9.

This represents a

significant difference between the groups after the treatment.
The companies with a planner present during the process will
attempt to solve more problems or attain more

go~ls

client by creating more complex financial plans.

for the

This bias

comes from the fact that those companies that will allow the
clients to create their own financial plans usually use a
simpler process and only those companies would most likely
participate in the test as planner not present companies.
There was a significant difference between the companies
that used the expert system and those that were not using it.
The companies that were using the expert system had an average
rating of approximately 3.6 (slightly less than average on the
complexity scale), which was significantly more complex than
those plans developed without using the expert system, which
had an average complexity rating of 2.6.

This represents a

significant difference between the groups after the treatment.
There

was

also

a

significant

interaction of treatments.

difference

between

the

The combination of having the

planner present while using the expert system created the most
complex plans

(3.75), while the combination of having the
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planner absent and not using the expert system created the
The expert system allows the

least complex plans (2.31).

client to attempt to sol ve more problems or attain more
complicated goals by allowing the client to create a more
complex financial plan.

4.2.2 Alternatives Presented for Plan
H4 : The number of specific metrics that are used to
measure the performance of an individual plan will be
higher for the expert system than for the existing
systems.
H4.1 : The number of specific metrics that are used to
measure the performance of an individual plan will be
higher for the planner present companies than for
the planner not present companies.
The results in Tables 4.43, 4.44, and 4.45 point out that
there

was

a

significant

difference

in

the

number

of

alternatives presented to the client during the creation of
the plans after the treatments were applied.

MEANS AND STANDARD DEVIATIONS
DEPENDENT VARIABLE: ALTERNATIVES PRESENTED FOR PLAN
N = 191
EXPERT SYSTEM
PRESENT
NOT PRESENT

:

PLANNER
NOT PRESENT

MEAN
S.D.

6.43
4.120

6.18
4.900

PRESENT

MEAN
S.D.

6.76
4.230

6.25
4.640

Table 4.43. Means and STDs -- Alternatives Presented for Plan
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AVERAGE MEANS AND STANDARD DEVIATIONS
DEPENDENT VARIABLE: ALTERNATIVES PRESENTED FOR PLAN
N
191

=

I
EXPERT SYSTEM
N
85

=
PLANNER
N =106

PRESENT

NOT PRESENT

MEAN
S.D.

6.58
4.180

6.22
4.754

MEAN
S.D.

6.51
4.433

6.30
4.509

Table 4.44. Ave. Means
for

an~

I

STDs -- Alternatives Presented
Plan

ANALYSIS OF VARIANCE
DEPENDENT VARIABLE: ALTERNATIVES PRESENTED FOR PLAN
INDEPENDENT
VARIABLES
PLANNER PRESENT
EXPERT SYSTEM
PLANNER*EXPERT
ERROR

df

MS

F-RATIO

P

.1
1
1

0.076
0.104
0.054

188

0.008

9.652
13.679
7.068

.000
.000
.000

Table 4.45. ANOVA -- Alternatives Presented for Plan

During the process of creating the financial plan, the
clients were asked to make a note of each time they were
presented with an alternative that they had to choose from
during

the

treatment

period.

There

was

a

significant

difference between the companies that had a planner present
dur ing the process or absent.

The companies that had a
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planner present during the process gave the client an average
of approximately 6.5 choices from alternatives during the plan
development, which was significantly more alternatives than
those plans developed without a
average

number

of

companies with a

al ternati ves

planner present,
presented

of

with an

6. 3 .

The

planner present during the process will

present the user with more alternatives than when the planner
is not present during the process.

The·source of this bias

has already been noted above.
There was a significant difference between the companies
that used the expert system and those that were not using it.
The companies that were using the expert system gave the
client

an

average

alternatives

during

of

approximatelY

the

plan

6.6

choices

development,

which

from
was

signif icantly more al ternati ves than those plans developed
without

the

expert

system,

with

alternatives presented of 6.2.
treatments was also significant.
expert

system

present

an

average

number

of

The interaction of the two
Having the planner and the

caused

the

highest

alternatives to be presented to the customer.
will use his expert knowledge to

number

of

The planner

increase the number of

alternatives presented and the expert system provides an easy
mechanism to do this process.

As a result, the combination of

the two treatments provides for a significant difference in
the process.
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4.2.3 Expansion of Areas covered in Plan

H5 : The task process will differ, from a subset of
financial planning in the existing systems, to a
comprehensive financial plan developed by the expert
system.
H5.1 : The task process will differ, from a subset of
financial planning when the planner is not present, to
a comprehensive financial plan developed when the
planner is present.
The results in Tables 4.46, 4.47 and 4.48 point out that
there was a difference with respect to the number of areas
used by the financial planning companies.
MEANS AND STANDARD DEVIATIONS
DEPENDENT VARIABLE: AREAS COVERED IN PLAN AFTER SYSTEM

N = 191
EXPERT SYSTEM
NOT PRESENT
PRESENT

PLANNER
NOT PRESENT

MEAN
S.D.

2.99
0.590

1941
0.280

PRESENT

MEAN
S.D.

3.04
0.590

1.42
0.270

Table 4.46. Means and STDs -- Areas Covered in Plan After
system
AVERAGE MEANS AND STAND~~D DEVIATIONS
DEPENDENT VARIABLE: AREAS COVERED IN PLAN AFTER SYSTEM
N

= 191

I
EXPERT SYSTEM
N
85

=
PLANNER
N = 106

PRESENT

NOT PRESENT

MEAN
S.D.

3.02
0.590

1.42
0.270

MEAN
S.D.

2.10
0.910

2.07
0.910

I

Table 4.47. Ave. Means and STDs -- Areas Covered in Plan
After system
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ANALYSIS OF VARIANCE
DEPENDENT VARIABLE: AREAS COVERED IN PLAN AFTER SYSTEM
INDEPENDENT
VARIABLES

df

PLANNER PRESENT
EXPERT SYSTEM
PLANNER*EXPERT
ERROR

MS

1
1
1

0.001
2.563
0.001

188

0.000

F-RATIO

P

2.830
7,567.627
2.342

.300
.000
.286

Table 4.48. ANOVA -- Areas Covered in Plan After system

The companies came

f~0m

a background of using a varying

).

number of areas represented in the average plan formation,
from a minimum of one area to a maximum of three areas.

There

was a significant difference between the companies that had a
planner present during the process or absent prior to the
test; however, after applying both treatments this difference
remained but was no longer significant.

The companies that

had a planner present during the process had an average of
more areas used in the development of the plan (on the average
2 areas represented in the plan), while the companies that
-, . .,...
allowed the client to develop the plan with their guidelines
also used an average of 2 areas for the plan.

The planner no

longer causes a significant difference in the number of areas
represented

in

the

plans

developed

when

using

his/her

guidelines.

Since half the planners were using the expert

system, the introduction of an expert system into the process
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can be seen as a replacement for needing a planner present in
order to increase the number of areas included in the plan.
There was a significant difference between the companies
that used the expert system and those that were not using it.
The companies that were using the expert system on the average
used more areas (3) than the companies that were not using it
(lor 2).

Previous to the introduction of the expert system

the maximum number of areas used was three; after the use of
the expert system the maximum average number used by a company
was four.

4.2.4 Globalization of the Plan

H6 : The scope of the database used in the task will be
higher for the expert system, tending from local tasks
performed in the existing systems to global tasks for
the expert system.
H6.1 : The scope of the database used in the task will be
higher when the planner is present and more localized
when the planner is not present.
MEANS AND STANDARD DEVIATIONS
DEPENDENT VARIABLE: GLOBAL VARIABLES USED AFTER SYSTEM
N = 191

I

I

EXPERT SYSTEM
PRESENT
NOT PRESENT,

PLANNER

NOT PRESENT

MEAN
S.D.

2.00
0.000

1.39
0.470

PRESENT

MEAN
S.D.

2.00
0.000

1.36
0.460

Table 4.49. Means and STDs -- Global Variables Used After
System
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AVERAGE MEANS AND STANDARD DEVIATIONS
DEPENDENT VARIABLE: GLOBAL VARIABLES USED AFTER SYSTEM
N = 191

I
EXPERT SYSTEM
N
85

=
PLANNER
N = 106

PRESENT

NOT PRESENT

2 .. 00

MEAN
S.D.

O. CiIOO

1.37
0.460

MEAN
S.D.

1.62
0.470

1.68
0.460

-

.

I

~

Table 4.50. Ave. Means and SlrDs -- Global variables Used
After system

ANALYSIS OF VARIANCE
DEPENDENT VARIABLE: GLOBAL VARIABLES USED AFTER SYSTEM
INDEPENDENT
VARIABLES
PLANNER PRESENT
EXPERT SYSTEM
PLANNER*EXPERT
ERROR

df

MS

1
1
1

0.000
0.393
0.000

188

0.000

F-RATIO
1.000
1,812.915
1.000

P
.753
.000
.753

Table 4.51. ANOVA -- Global Variables Used After system

The results in Tables 4.49, 4.50, and 4.51 point out that
there was a significant difference with respect to the use of
global economic variables by the financial planning companies.
Approximately two-thirds (131 out of 191 answered '1' or
no to this question) of the companies came from a background
of not using global economic variables in the average plan
that they developed; however, after half (85 out of 191) of
the companies used the expert system, only one-third (65 out
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of 191, or a 1.66 on the '1' or '2' scale used) were not using
global economic variables.
There was no significant difference between the companies
that had a planner present during the process or absent.
There was a significant difference between the companies that
were using the expert system and those that were not using it.
Previous to the use of the expert system, the companies that
were using the expert system during the study were less likely
to use global economic variables than those companies that
were not selected to use the expert system, but after using
the expert system, their clients responded almost unanimously
that global variables were now being used to develop their
plan.

The files in the system also sUbstantiated the fact

that all of the companies using the expert system used global
variables.

This difference was large, and significant.

4.2.5 Formality of the Process

H7 : The formality of the data will be higher for
expert systems than for existing systems.
H7.1 : The formality of the data will be higher when
the planner is present than when the planner is absent.
The results in Tables 4.52, 4.53, and 4.54 point out that
there was no significant difference between the treatments
with respect to the formality of the process for the financial
planning companies.
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MEANS AND STANDARD DEVIATIONS
DEPENDENT VARIABLE: FORMALITY OF THE PROCESS
N

I

=

191

EXPERT SYSTEH
I
PRESENT
NOT PRESENT.

PLANNER

NOT PRESENT

MEAN
S.D.

3.15
1.340

3.11
1.280

PRESENT

MEAN
S.D.

3.11
1.270

3.16
1.370

Table 4.52. Means and STDs -- Formality of the Process

AVERAGE MEANS AND STANDARD DEVIATIONS
DEPENDENT VARIABLE: FORMALITY OF THE PROCESS
N = 191

I

PRESENT

NOT PRESENT

EXPERT SYSTEM
N = 85

MEAN
S.D.

3.13
1.303

3.14
1.322

PLANNER
N = 106

MEAN
S.D.

3.14
1.321

3.13
1.308

..

I

Table 4.53. Ave. Means and STDs -- Formality of the Process

ANALYSIS OF VARIANCE
DEPENDENT VARIABLE: FORMALITY OF THE PROCESS
INDEPENDENT
VARIABLES
PLANNER PRESENT
EXPERT SYSTEM
PLANNER *EXPERT
ERROR

df

MS

1
1
1

0.011
0.009
0.001

18,8

0.011

F-RATIO

Table 4.54. ANOVA -- Formality of the Process

1.014
0.841
0.009

P
.749
.781
.997
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The companies were rated by the same panel of experts who
reviewed past plans previous to the treatments and rated the
formality of the plans developed during the treatment period.
The

experts

were

asked

to

rate

their

response

to

the

statement: The financial plans you have reviewed for this
company follow the same process and format.
point Likert scale was utilized.
of

the

planning

companies

The same seven

The experts agreed that all

tended

to

have

individual

differences for clients regardless of the type of process used
to develop the plan.

Each company tended to have a less than

average rating for the formality of their plans,

which means

that experts would have a less than average probability of
determining that two plans were created by the same company.

4.2.6 speed of the Process
HS : The expert system will speed up the process and
more plans will be produced.
HS.l : The plannftrs presence will speed up the process
and more plans will be produced.
The results in Tables 4.55, 4.56, and 4.57 point out that
there was a significant difference in the treatments with
respect to the number of plans developed on average by the
financial planning companies.
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MEANS AND STANDARD DEVIATIONS
DEPENDENT VARIABLE: NUMBER OF PLANS PRODUCED AFTER SYSTEM
N

I

=

191

I

EXPERT SYSTEM
PRESENT
NOT PRESENT,

PLANNER

NOT PRESENT

MEAN
S.D.

9.42
6.090

7.19
4.910

PRESENT

MEAN
S.D.

9.34
8.140

6.83
4.220

Table 4.55. Means and STDs -- Number of Plans Produced After
System

AVERAGE MEANS AND STANDARD DEVIATIONS
DEPENDENT VARIABLE: NUMBER OF PLANS PRODUCED AFTER SYSTEM

= 191

N

I

PRESENT

NOT PRESENT

EXPERT SYSTEM
N = 85

MEAN
S.D.

9.38
7.120

7.01
4.570

PLANNER
N = 106

MEAN
S.D.

7.87
6.280

9.26
5.630

I

Table 4.56. Ave. Means and STDs -- Number of Plans Produced
After System

ANALYSIS OF VARIANCE
DEPENDENT VARIABLE: NUMBER OF PLANS PRODUCED AFTER SYSTEM
INDEPENDENT
VARIABLES
PLANNER PRESENT
EXPERT SYSTEM
PLANNER*EXPERT
ERROR

df

MS

1

0.047
5.623
0.136

188

0.021

1

1

F-RATIO

P

2.259
272.292
6.476

.441
.000
.000

Table 4.57. ANOVA -- Number of Plans Produced After system

.....
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There was no significant difference between the companies
that had a planner present during the process or absent.

The

companies that had a planner present during the process had an
average of fewer plans developed than the companies that
allowed the client to develop the plan with their guidelines,
previous to the introduction of the experts system into some
of the companies;

however,

after the

introduction of the

expert system, there was no significant difference between
these two groups.

The introduction of the expert system

caused a significant interaction that caused there to be no
difference in the planner

manip~lation.

while the planners'

presence will decrease the speed of the process, the expert
system

increases

the

speed of

the

process

and

therefore

negates the planners' effect.
There was a

large significant difference between the

companies that used the expert system and those that did not.
The companies that used the expert system reported developing
approximately forty percent more plans than previous to the
system and as compared to the group who did not use the expert
system

(approximately

10

plans

versus

7

plans).

This

represents a significant difference between the two groups
caused by the introduction of the expert system.
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4.2.7 Planner satisfaction with the Software
H9 : The expert system will increase user satisfaction
for the planners with the planning process.
H9.1 :
The planners presence will increase user
satisfaction for the planners with the planning process.
The results in Tables 4.58, 4.59, and 4.60 point out that
there was a

significant difference in the treatments with

respect

the

to

companies

with

satisfaction
the

software

of
they

the

financial

have

seen

planning
after

the

introduction-of the expert system.

MEANS AND STANDARD DEVIATIONS
DEPENDENT VARIABLE: SATISFACTION WITH PLANNING SOFTWARE AFTER
SYSTEM
N

=

191
EXPERT SYSTEM
PRESENT
NOT PRESENT

PLANNER
NOT PRESENT

MEAN
S.D.

4.64
1.110

2.66
1.640

PRESENT

MEAN
S.D.

4.38
1.470

2.85
1.690

Table 4.58. Means and STDs -- satisfaction With Planning
Software After System
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AVERAGE MEANS AND STANDARD DEVIATIONS
DEPENDENT VARIABLE: SATISFACTION WITH PLANNING SOFTWARE
AFTER SYSTEM
N = 191

I

PRESENT

NOT PRESENT

EXPERT SYSTEM
N = 85

MEAN
S.D.

4.51
1.290

2.75
1.670

PLANNER
N = 106

MEAN
S.D.

3.48
1.770

3.61
1.730

I

Table 4.59. Ave. Means and STDs -- Satisfaction with
Planning Software After system
''-l-

ANALYSIS OF VARIANCE
DEPENDENT VARIABLE: SATISFACTION WITH PLANNING SOFTWARE AFTER
SYSTEM
INDEPENDENT
VARIABLES
PLANN'ER PRESENT
EXPERT SYSTEM
PLANNER*EXPERT
ERROR

df

MS

1
1
1

0.001
3.092
0.010

188

0.050

F-RATIO

P

0.021
62.270
0.211

.000
.947

.99~

Table 4.60. ANOVA -- Satisfaction with Planning Software After
system

The companies were ask to rate their response to the
statement: The planning software I have seen in
been acceptable to use.

th~

past has

This is the same question they were

asked to respond to before the treatment, which yielded no
significant difference between the four groups as reported in
Tables 4.10, 4.11, and 4.12.

The same seven point Likert
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scale was utilized.

There was still no significant difference

between the companies that had a planner

pr~sent

during the

process or absent.
However, there was now a significant difference between
the companies that used the expert system and those that did
not.

The companies who used the expert system on the average

were happy with the software they had seen in the past (an
average of 4.45, with 4.0 being neutral).
effect previous to the treatments.

This was not an

This can

b~

directly

a"t.tributed to the expert system used since it was the only new
software

the

planners

Planners

without

the

had

seen

expert

in

system

the
to

interim
use

were

period.
still

unsatisfied with the software available (an average of 2.7).

4.2.8 Client satisfaction with the Process
H10 : The expert system will increase user satisfaction
for the customers with the planning process.
H10.1 : The planners presence will increase user
satisfaction for the customeT.s with the planning process.
The results in Tables 4.61, 4.62, and 4.63 point out
that there was a significant difference in the treatments with
respect

to

the

satisfaction

of

the

customers

of

these

financial planning companies with the software they have seen
after the introduction of the expert system.
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MEANS AND STANDARD DEVIATIONS
DEPENDENT VARIABLE: CUSTOMER SATISFACTION WITH PROCESS AFTER
SYSTEM
N = 365

I

SYS~EH

EXPERT
PRESENT

PLANNER

I

NOT PRESENT,

NOT PRESENT

MEAN
S.D.

3.44
1.830

3.12
1.870

PRESENT

MEAN

4.07
1.970

3.52
1.860

S~D.

Table 4.61. Means and STDs -- customer satisfaction with
Process After System
AVERAGE MEANS AND STANDARD DEVIATIONS
DEPENDENT VARIABLE: CUSTOMER SATISFACTION WITH PROCESS AFTER
SYSTEM
N = 579

I

PRESENT

NOT PRESENT

EXPERT SYSTEM
N = 255

MEAN
S.D.

3.75
1.900

3.32
1.870

PLANNER
N = 324

MEAN
S.D.

3.75
1.930

3.28
1.860

I

Table 4.62. Ave. Means and STDs -- customer satisfacti9n
with Process After system
ANALYSIS OF VARIANCE
DEPENDENT VARIABLE: CUSTOMER SATISFACTION WITH PROCESS AFTER
SYSTEM
INDEPENDENT
VARIABLES
PLANNER PRESENT
EXPERT SYSTEM
PLANNER*EXPERT
ERROR

df

MS

1
1
1

0.263
0.184
0.092

576

0.013

F-RATIO
19.641
13.763
7.077

P
.000
.000
.000

Table 4.63. ANOVA -- customer Satisfaction with Process After
system
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The customers were asked to rate their response to the
statement: The planninq software or process I have seen has
been acceptable to use.

This was a question similar to the

one asked of the financial planners.

The customers could not

be asked to respond to this question before the treatments.
Thus,

no temporal comparison can be made.

The same seven

point Likert scale was utilized.
There was a significant difference between the companies
that had a

planner present during the process or absent.

There was also a significant difference between the companies
that used the expert system and those that did not.

For both

of these treatments the customers who used the system or had
the planner present were slightly more satisfied with the
process than those customers who did not use the system or
have a planner present.

The combination of having both the

planner and the expert system present caused the highest
average satisfaction,

while having both absent caused the

lowest client satisfaction.

This results from the significant

interaction of the two treatments.

However, the customers had

an overall neutral satisfaction with the process (none of the
customers had an average rating above 4, which is the neutral
point on the Likert scale used).
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4.3 Role Shifts
The third set of hypotheses will compare the differences
of the expert system treatment from before the test period to
after the test period:
H11
:
The roles of the
individuals
in these
organizations will shift, with more task responsibility
flowing to those active in expert system use and
support for plan development.
The results in Tables 4.64 and 4.65 point out that there
was a significant . difference with respect to the number of
employees with expertise in the financial planning companies.
AVERAGE MEANS AND STANDARD DEVIATIONS
DEPENDENT VARIABLE: ENLARGEMENT OF CLERK JOBS AFTER SYSTEM
N = 365

I
EXPERT SYSTEM
N
90

=
NO EXPERT
N = 101

SYS.

BEFORE

AFTER

T SCOREI

MEAN
S.D.

15.64
11.642

25.32
18.140

32.64

MEAN
S.D.

14.32
6.535

15.73
5.982

.078

Table 4.64. Ave. Means and STDs -- Enlargement of Clerk Jobs
After system
T-TEST
DEPENDENT VARIABLE: ENLARGEMENT OF CLERK JOBS AFTER SYSTEM
INDEPENDENT
VARIABLES
EXPERT SYSTEM
NO EXPERT SYSTEM
Table 4.65. T-Test

df

T SCORE

CRITICAL
T

P

89
100

32.64
0.078

1.980
1.980

.000
.673

Enlar~ement

of Clerk Jobs After system

The companies came from a background of having a minimum
of one expert to a maximum of 7 experts.

There was no
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significant difference between the companies that did not use
the expert system during the process.

There was a

large

significant difference between the companies that used the
expert system.

The companies that used the expert system had

slightly less than a forty percent increase in the number of
employees with expertise in the company.

The percentage of

time spent working with expert knowledge increased from an
average

of

fifteen

percent to

an

average

of

twenty-five

percent as a result of introducing the expert system into the
company.

The companie;;

W!10

did not use the expert system did

not experience this change.
companies

that

used

the

Fifty out of the eighty-five
expert

system

experienced

job

enlargement characteristics for the non-expert clerks they
employ.

This represents a

significant difference.

This

result is complimented by the next issue involving expertise
in the company.

4.3.1 New Expertise in Company
H12
New
maintenance
integrity,
integrity.

roles will arise around the use and
of
knowledge.
In
particular,
data
inference
integrity,
and
knowledge

The results in Tables 4.66 and 4.67 point out that there
was a significant difference with respect to the number of
employees with expertise in the financial planning companies.
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MEANS AND STANDARD DEVIATIONS
DEPENDENT VARIABLE: NUMBER OF EMPLOYEES WITH EXPERTISE AFTER
SYSTEM
N

= 191

I
EXPERT SYSTEM
N
90

=
NO EXPERT SYS.
N =101

BEFORE

AFTER

T SCORE

MEAN
S.D.

3.03
1.357

4.47
2.113

18 .. 55

MEAN
S.D.

3.11
1.381

3.07 ,
1.362

Table 4.66. Means and STDs

I

.021

Number of Employees with
Expertise After System

T-TEST
DEPENDENT VARIABLE: NUMBER OF EMPLOYEES WITH EXPERTISE AFTER
SYSTEM
INDEPENDENT
VARIABLES
EXPERT SYSTEM
NO EXPERT SYSTEM
Table 4.67. T-Test

df

T SCORE

89
100

18.55
0.021

CRITICAL
T
1.980
1.980

P

.000
.914

Number of Employees With Expertise
After System

The companies came from a background of having a minimum
of one expert to a maximum of 7 experts.

There was a

significant difference between the companies that used the
expert system and those did not use it.

The companies that

used the expert system had slightly less than fifty percent
more experts in the company on the average than the companies
who did not use the expert system (4.5 employees versus 3.0 on
average).

This represents a significant difference.

result is complimented by the previous issue.

This
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CHAPTER 5

5.0 DISCUSSION

This chapter is divided into four sections.
separate

sections

information

for

the

discussion

processing

for

each

of

group

of

There are

the

level

systems,

of
the

differences in the planning process for each group of systems,
and changes in the organizations associated with the created
by

the

process

and

introduction

of

the

expert

system.

Finally, there is a section dedicated to a general discussion.
But first, we review the hypotheses and the extent to which
they were supported (see Table 5.1).
Of the hypotheses, only Hypotheses 7 and 7.1 were not
generally supported.

Hypotheses 7 and 7.1 predicted that the

formality of the data would be increased through the use of an
expert system or by having the planner present in the process.
However, this was not positively shown as an effect of these
treatments.
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EXPERT SYSTEM RESULTS
CATEGORY

VARIABLE

-INFORMATION
PROCESSING

-# OF VARIABLES

CAPACITY

-GLOBAL VARIABLES
-TYPES OF VAR'S

DIRECTION
-MORE WHEN PRESENT
-INTRODUCED WHEN
PRESENT
-MORE WHEN PRESENT

-PROCESS CHANGES

-COMPLEXITY LEVEL
-ALTERNATIVES
-AREAS INCLUDED
-TIME TO COMPLETE
-SATISFACTION

-MORE WHEN PRESENT
-MORE WHEN PRESENT
-MORE WHEN PRESENT
-LESS WHEN PRESENT
-HIGHER FOR CLIENT
& PLANNER WHEN
PRESENT

-ORGANIZATIONAL
CHANGES

-JOB ENRICHMENT
-# OF EXPERTS

-INCREASES
-INCREASES

PLANNERS' PRESENCE RESULTS
VARIABLE
INFORMATION
PROCESSING
CAPACITY
PROCESS CHANGES

DIRECTION

# OF VARIABLES
GLOBAL VARIABLES
TYPES OF VAR'S

-MORE WHEN PRESENT
-NO DIFFERENCE
-NO DIFFERENCE

-COMPLEXITY LEVEL
-ALTERNATIVES
-AREAS INCLUDED
-TIME TO COMPLETE
-SATISFACTION

-MORE WHEN PRESENT
-MORE WHEN PRESENT
-NO DIFFERENCE
-MORE WHEN PRESENT
-HIGHER FOR CLIENT
ONLY WHEN PRESENT

Summary of Results
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Hypothesis 1 was partially supported, although some bias
in the random groups was noted before the measurement of
treatments effects.

companies that allow clients to generate

plans with only their guidelines and no planners present
during the process use a simpler process with fewer variables
and less complexity, and can produce more plans on average
than other companies.

Some companies would not participate in

the study as planner-not-present companies, and as a result,
some bias was introduced that weakened some of the findings
for the planner treatment.

On the other hand, the expert

system treatment was not affected by the random biases that
affected the planner treatment.

All types of companies freely

participated in the study as companies that used the expert
system or as companies that did not use the expert system.
There were mixed results for the information processing
hypotheses for the planner's presence while the expert system
usage showed a positive effect for all these hypotheses.
Hypotheses 2, 2.1, 6 and 6.1 relate to the changes in the
number and types of variables used in the planning process.
As predicted, the use of an expert system and having a planner
present increase the number and types of variables used, and
the expert system has a greater effect than the planner.
There were also mixed results for the planning process
hypotheses for the planners presence, while the expert system
usage showed a positive effect for all these hypotheses.
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Hypotheses 3, 3.1, 4, and 4.1 correctly predicted that the
process would develop more complex plans and more alternatives
for the plan would be developed when the planner is present or
when an expert system is used.
partially supported.

Hypotheses 5 and 5.1 were

Hypotheses 5 and 5.1 predicted that the

plans produced would be more comprehensive when using the
expert system or while having the plar:ner present.

The effect

of the expert system on the comprehensiveness of the plans was
positively shown, while the planner had no significant effect
on the comprehensiveness of the plans developed.
8,

8.1,

9,

Hypotheses

9.1,

10,

Hypotheses

and 10.1 were partially supported.

8 and 8.1 predicted that the plans would be

produced faster when using the expert system or while having
the planner present. Hypothesis 9, 9.1, 10, and 10.1 predicted
that the participants in this process, the planner and client,
would be more satisfied with the process when using the expert
system or while having the planner present.

The effect of

expert system use on the number of plans developed and user
satisfaction with the process was positively shown, while the
presence of the planner only had a significant effect on
client' satisfaction.
There

were

positive

results

for

the

changes hypotheses for the expert system usage.
and 12 were supported.

organizational
Hypotheses 11

Hypotheses 11 predicted that the

companies would have a role shift for the clerks toward more
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employees doing higher level work and spending less time doing
the more mundane tasks of the planning process when using the
expert system.
in

the

The effect of the expert system on role shifts

companies

was

positively

shown.

Hypotheses

12

correctly predicted that the companies would have more jobs
that required expertise about the planning process when using
the expert system.

The effect of the expert system on the

number of jobs requiring expertise was positively shown.
The fact that so many of the hypotheses were supported
sUbstantiates

the

validity

of

theory

that

the

systems

development methodology can be applied to the development of
expert systems, and, in the domain of financial planning, a
significant positive difference can be measured and concluded.
Except for Hypothesis 7,

the expert system had a positive

effect for all the hypotheses tested in this research.

The

planner's presence had a positive effect on only half of the
hypotheses tested.

5.1 The Level of Information processing
The use of an expert system had a positive effect on the
number and types of variables used in the planning process.
More

information

was

taken

from

the

client

and

more

information was analyzed from other sources in making up the
financial plan when using the expert system.

Increases in

variables was measured at two to four times as much with the
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expert system as compared to those plans developed without the
expert system.

The number of types of variables was also

increased in the expert systems in addition to the number of
variables.

It was predicted that global economic variables

would be easily introduced into the what-if processing, and
The expert

would' be used consistently across all clients.

system allowed the planner to use global economic variables in
the plan development process and all of the planners in this
research study used them.

This was contrary to before the

study when the companies that used the expert system during
the study were less likely tp use global economic variables
than other companies, on average.

This was seen and measured

in the systems (and related files) and seen by the clients who
replied

to questionnaire

issues

of

how many

items were

reviewed in the process of developing their plan.

The expert

system made the clients more aware of what was going into the
development of their financial plan.

The clients knew that

the process included more variables and more evaluations of
their financial situation than were done in the past.
Having a planner present had a positive effect on the
number of variables used in the process, however, the use of
global variables was not significantly affected by having the
planner present or absent during the process.

The planners

were less likely to include global economic variables in the
process when they were present during the process than when
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they were not present.

If the planner has these variables

included in their guidelines,
However,

if

the

variables

the clients will use them.

were

not

included

in

their

guidelines but the planners or clients were using the expert
system, they would allow the inclusion of these variables into
the process.

This result would most likely come from the ease

of use the expert system provides.

Increases in the number of

variables used in the process is seemingly effortless when
using

~~T

system.

It was predicted that more plans would follow a general
format and fewer things would be overlooked in the expert
system or when the planner is present.

The formality of the

plans and data were not affected by the presence of the
planner or the use of the expert system.

Planners will

continue to create plans on an individual basis whether they
are present during the process or not, and whether they use an
expert system or not.

The expert system developed allows the

users to create individual plans that may have no similarity
to previously developed plans.

Although more aspects were

brought into the plan, the expert system usage tended to be
just as ad hoc and missing elements were identified just as
often in the current system as they were noted in the expert
system.
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5.2 The Differences in the Planning Process
The expert system had a positive effect on changing the
process used in developing the financial plans.

The level of

complexity was increased, the number of alternatives searched
increased, and the number of areas included in the plan was
also increased through expert system usage.
attempted to

addressIi\o~e

The planners

difficult financial problems, and

better results will be anticipated from planners and clients
alike when using the expert system.
of

the

financial

plans

in terms

The length and complexity
of

amount

of

dollars,

goals/problems addressed in the plan, and complexity measures
utilized were all included into the complexity rating given to
each plan developed.

The companies using the expert system

had a large positive significant increase in this complexity
rating versus the companies that did not use the expert
system.
It was predicted that specific alternative ways to view
the clients' situation will arise due to the new formality of
analysis introduced through the expert system.

There was a

measurable difference between the number of

alternatives

presented to the clients for their financial situation by the
system than there was without the system.

The clients were

aware of the increase in alternatives and thought this made an
improvement in the plans developed.

----._-
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It was also predicted that the financial planner would
use more than just his one area of expertise in the planning
process; thus the other areas will play an increased part in
the financial
introduced.

planning process when the expert system is
This was measured by the usage of rules and

components of the system that are not in the primary business
of emphasis for each particular planner and the inclusion of
these areas in the financial plans developed.

The expert

system had a positive effect on the inclusion of more areas of
financial planning into the process and plans.

Thus the plans

produced by the expert system were more comprehensive than the
other plans developed without the expert system.
The financial planner's presence had the same positive
effect on the level of complexity and number of alternatives
presented to the client as the expert system had, but did not
increase the number of areas included in the plan.

Therefore,

it was concluded by the experts who judged the plans that the
planner

increased the complexi ty of

increased

complexity

planner comes from,

in

the

primary

the plan due
background

to the

area

the

while the expert system increased the

complexity level through the introduction of more areas of
financial planning being included in the process.

Thus the

measurement used for complexity aggregated too much into one
measurement

and

differences

sufficiently measured.

between

the

plans

were

not
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The expert system also had a positive effect on the speed
of the process and the satisfaction level of the users in this
process.

More plans were developed by the companies using the

expert system than those without it.
take time,

The mundane tasks that

like typing up the financial plan after it is

developed, are alleviated by the system.
the 'what-if

At the same time,

alte~natives

evaluation' process is greatly sped

up by the expert system.

Not only are the financial plans

more comprehensive and more detailed, they are created more
quic]cly as well.

There is no need for a trade-off between

detail and speed when the expert system is used.
Due to the improvements made in the process by including
the expert system, the clients are more satisfied with the
process, and the plan developed, than clients of companies
that did not use the expert system.
expert system,

The planners who used the

who were not satisfied with the planning

software they had seen prior to this research study, were more
satisfied with the software, and the process of developing
financial plans, than those planners who did not. use the
expert system.
The planners' presence had a positive effect on the
customers'

satisfaction level,

but had no effect on the

planners' satisfaction level with the process.

The customers

are more receptive to the plans and planning process when the
planners are present during the process, as opposed to the

171

clients who develop the plans without the planner present.
Having the planner present did not have an effect on the
planners' acceptance of the software or process.
still are not satisf ied with the process.

The planners
The planners'

presence had a negative effect on the speed of the process.
More plans can be developed when the planner is not present.
Even when half of the
which

sped

presence

up

slows

complexity
,

the
down

level

pla~ners

were using the expert system,

plan

creation

process,

the

process.

This

differences

and

the
is

information

planners'

due

to

the

processing

differences that having the planner present increases.

•

Thus

the plans are more complex and more comprehensive when the
planner is present, but this detail is a trade-off for speed.

5.3 changes in the organizations
The expert system showed a sUbstantial positive effect on
the

roles

of

the

employees

in

these

financial

planning

companies.

It was predicted that more of the support group's

time

be

would

spent

working

~Ii th

the

expert

system

and

inputting the global variables and expertise than was spent in
the past doing other more mundane tasks such as writing up the
plans.
clerks

This was supported by the measurement of the time the
spent

on

development process.

different

tasks

supporting

the

plan

The expert system allowed the clerks to

spend more time working with knowledge and less time working
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with data.

You would expect this job enrichment would make

the process better for the planners and the clients.

When you

can eliminate mundane tasks and add more expert tasks to the
process, the experts and the clients should have a better
process to work with.
It was

predicted

that

data

validating,

inferencing

procedures, and knowledge/information acquisition and storage
would become more specialized and formal than in the past and
explicit procedures would be defined and developed.

If the

company has added new roles for the non-experts in the company
that include working with expertise after the inclusion of the
expert system, the expert system would have had an effect that
changed the organization of the financial planning companies.
The expert system had a sUbstantial positive effect on the
number of employees with expertise.

Nearly all the companies

developed new roles and jobs for the non-experts that required
working with information and expertise.

Those companies that

did not have the expert system did not experience these
organizational changes.

These new roles can be attributed to

the change in the plan development process as discussed in the
last section.

with less mundane tasks to be completed, the

clerks were able to spend time supporting the planners in a
more expertise-oriented environment.

This might lead to an

increase in information processing levels, as experienced and
discussed in section 5.1.
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5.4 General Discussion
In general, the rival hypotheses of planner presence and
expert system usage were partially supported.

with respect to

customer satisfaction, the results offer general support to
the theory that having an expert present is preferable to
having an expert system.

This is not a surprising result.

One would expect that people on the average would get greater
satisfaction from dealing with a human than dealing with a
computer.

User friendly systems have not reached a level

where they can replace humans.

For the experts,

their

satisfaction was increased when the expert system could take
their place.
The expert system and the planners' presence had positive
effects on the number of variables used, complexity of the
plans, alternatives presented.

All of these were increased

and the expert system had a greater effect on each of these
measures than the planners' presence had.

The number of

variables were increased as a result of the inclusion of the
spreadsheets into the process and the use of qualitative
variables captured in the fault tree processing.

Some of the

planners, after being introduced to the idea of fault tree
processing, as used in the expert system, introduced them into
the financial planning process when creating and analyzing
plans by hand.

These results combine and support the theories

of Knudsen [1987] and Hart, Barzilay, and Duda [1986] that
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qualitative knowledge is important to the financial planning
process and fault trees can be the knowledge representation
tool to allow this to happen.

The inclusion of fault trees

into the system was a direct result of following the system
development methodology, which forces the designers to build
a conceptual framework for the system to study.
The planners'

presence had already been measured as

having a significant effect on the number of variables used
and complexity of the plans prior to the test.

Therefore,

only two out of the four findings were new to this population.
This helps validate the findings of Sviokla [1986], since he
concluded that expert systems have a significant effect, but
he wasn't able to determine if the effects were caused by the
experts or the expert system.

Both experts and expert systems

were included in the process in Sviokla' s study, however, they
were not separated as they were in this study.
The expert system had a positive effect on the number of
employees with expertise, and enlargement or enr ichment of the
non-experts jobs.

The fault tree process allowed the non-

experts in the financial planning companies to work with, and
in some instances start to manipulate and maintain, the expert
knowledge acquired from the financial planners.

These effects

were not experienced by the presence of the expert planner
during the process.

Thus, in this research'study, the expert

system was able to cause an effect that the expert was not
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able to create.

In fact, the expert has a negative effect on

the number of plans produced, which was never
those using the expert system.
financial

areas

that

were

expe~ienced

by

In addition, the number of
included

in

the

plans

was

significantly greater when the planner was present before the
introduction

of

the

expert

system,

but

this

effect

was

reversed and made no longer significant by allowing the use of
the expert system.
The architecture of the expert system was important to
the success of this system.

The planners were receptive to

working with the computer, but had seen systems fail before.
At

the

start

expectations.
worked

with

of

the

study,

many

planners

At the end of the study,
the

expert

system

were

had

mixed

the planners who

more

satisfied

with

financial planning computer software than they had ever been
in the past.
backgrounds,

The inclusion of multiple experts from diverse
as advocated by many researchers

[McGraw and

Harbison-Briggs, 1989; Nunamaker, et. aI, 1988], was essential
to

the

success

of

the

expert

system

development.

The

expertise embedded in the system caused significant results in
the architecture and resulting usage that is directly related
to the theories on expertise [Wheeler and Janis, 1980; Mittal
and

Dym,

1985;

Barret

and

Beerel,

1988]

and

knowledge

acquisition [Miller, 1985; McGraw and Harbison-Briggs, 1989].
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I can see a few implications of these results that are of
immediate interest.

First, the introduction of experts into

the process of financial planning has positive effects on the
quality

of

the

financial

plans

However,

produced.

the

introduction of the expert in the form of an expert system had
a significant effect, and the effect was measured in more
areas, at higher levels (for example, the average number of
variables was significantly improved by both experts and the
expert system, but the means were higher for the system) and
mann·-ars than the human experts' effect.

This suggests that

when the proper developme~t of an expert system can be done,
the resulting expert system can perform at higher levels than
anyone of the experts can do on his own.

On the other hand,

these results indicate that, contrary to past theories, the
development process does not have to be an expensive and time
The system that was

consuming endeavor.

used

for

this

research is still in the prototype stage, yet the planners
were able to produce plans as if they were using a final
product.

This points out the necessity of the expert system

having a flexible interface for knowledge acquisition and
maintenance.

Finally, the inclusion of qualitative data into

the architecture of the knowledge-base seems to be the basis
for many of the positive effects found from the use of the
expert

system.

The

complexity

level

measurement

was

significantly different and the largest component of change
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was the number of qualitative variables.

This finding has

particular significance for designers of computerized expert
systems.

Clearly, knowledge representation schemas should be

chosen that will allow the experts to easily enter their
knowledge, allow the maintenance of the knowledge to occur
dynamically and frequently, and will allow the user to modify
the inferencing process without learning a new language or
domain.
This research project's validation focuses on coverage,
reliability, and robustness in the calculations of the plan's
complexity, as rated by the expert judges.

The areas of face

validity and naturalness were encompassed by the clients' and
planners'

rating

of

satisfaction

with

the

system.

The

precision of the system will be measured several years from
now when analysis of the plans and what occurred to the
client's

financial

situation can

be measured

and tested.

Until that time the validity of the system will still be
suspect.
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CHAPTER 6
6.0 CONCLUSIONS

The primary conclusion to be reached from the results of
this study is that expert systems can be applied to a domain
that has not had much success with expert system development
in the past and positive results can be achieved through the
use of the system development methodology.

The domain of

financial planning has had some temporary successes in the
past, but most systems have been short lived and have only
done part of the process.

The expert system should be

flexible and comprehensive enough to
just part of the process.

be used for more than

This research has shown that the

expert system can be used to replace the expert and in some
instances the system can perform equal to or above the level
of anyone of the experts' knowledge that it contains.
The qualitative side of financial planning analysis has
been left out of past planning systems.

It has been discussed
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that financial planning and analysis is complex with both a
quantitative and qualitative side.
is not enough.

To have one or the other

An expert financial planning system needs

them both, to be truly called an expert or intelligent system.
The

introduction

of

fault

trees

into

the

expert

system

architecture allowed for the inclusion of qualitative data
into the financial planning process.
most

planning

quantitative.

companies

in

the

past

This process used by
has

been

primarily

Fault-tree processes, while new to this domain,

may prove to be invaluable in combining the two types of
knowledge processes,
system.

qualitative and quantitative,

in one

Fault analysis is inherent to financial analysis

techniques (at the base of all financial analysis theory is
the idea of finding-the cause of the current problem,
fault),

or

so it makes sense to include this type of computer

processing in an expert system's development effort for this
domain.

These results are in agreement with the expectations

for expert systems and the expectations for financial planning
systems,

but have never been proven in an environment that

included more than one company or more than one type of
company using the expert system to accomplish the same task.
The choice of a knowledge representation schema was shown
to be an important design decision for the success of the
expert system development effort.
really a surprise,

While this finding is not

it nevertheless deserves mention.

Most
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research

on

the

design

decision,

of

which

knowledge

representation schema to use, doesn't focus on the conceptual
design of the system.

If the expert system designers build a

conceptual model of the system, that more than one expert can
visualize and pass judgement on, the design effort for the
project will potentially meet with more success.
The results from this study reaffirm the findings of
Sviokla [1986, 1989] and others who have theorized that expert
systems can improve the information processing capabilities of
financial

planning companies.

However,

the validity

and

generalizability of this research is higher than previous
research.

Diverse financial planning companies with varying

sizes, experience levels, and backgrounds were used in this
research, when no more than one company had been used in any
one domain in previous research.
should hold true for most,
companies.

The results of this study

if not all,

financial planning

These results should also be generalizable to the

other service organizations in other industries that have
similar types of expert knowledge that could be acquired and
manipulated in an expert system to improve the processing of
clients'

requests

for

services.

The domain of financial

planning is one of many service industries that currently do
not support expert systems.
The results from this study also reaffirm the theories
that state that considerable gains in quality can be achieved
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through improvements in the expert system development process.
This finding
engineering

is consistent with the theories of software
and

systems

development

which

have

not

been

historically applied to the creation of an expert system.
However,

this

research tends

to

support the

notion

that

software engineering concepts can and should be applied to the
domain of expert systems.

This is especially true in light of

the number and types of expert system building and prototyping
tools available today.
Cost, complexity, and flexibility are three main issues
in

the

development

and

implementation

intelligent financial planning system.

of

an

automated

The prototype system

created is much lower in cost than existing systems.
system would sell
versus

the

average

for

approximately one thousand dollars

price

of

fifty

thousand

existing financial planning expert systems.

buying

dedicated

LISP

or

other

dollars

which usually

special

machines to run the financial planning software.
on a standard IBM PC.
operate,

is

also

The system,

flexible

enough

for

The system is not

as complex to operate as previous systems,
required

The

purpose

It will run

while being simple to
to

encompass

all

the

complexities necessary to satisfy the diverse backgrounds of
financial planners without being cumbersome.
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Finally,

it should be noted that existing systems in

financial planning have been lacking in one or more of the
main components of financial planning.

Through the system

development methodology, a new system can be developed to fit
this domain better than those previously developed.

The

conceptual framework developed for a financial planning expert
system is flexible enough that financial planners from diverse
backgrounds

can

use

the

system.

This

expert

system

architecture can not only be applied to this domain, but is
also

applicable

to

many

other

expert

system

development

projects.

6.1 Future Research
This
extensions.

type

of

research

lends

itself

to

a

myriad

of

For example, the domain of financial planning can

be used as a representative organization in the larger domain
of service industries.
results

from the

This research suggests many positive

inclusion of an expert system

process of analyzing and planning.

into the

other service industries,

such as insurance agencies or income tax preparation agencies,
who deal with qualitative and quantitative
basis could also

benefit

da~a

on a daily

from expert system development.

Research in these domains could not occur until expert systems
development could include these two types of data into the
knowledge-base

e~sily

and

successfully.

The

system
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architecture and approach used in this study could be
duplicated

in other domains

to

strengthen

the theories,

results, and conclusions of this research.
The domain of financial planning encompasses lnany areas
that have not been fully developed.

This study originated as

an investigation into the effects of expert system development
and refinement in the domain of financial planning.

The

domain of financial planning encompasses many areas that have
not been fully studied in the lab yet.

The model used in this

research was similar to the simplistic approach that most real
world

financial

planners

utilize.

The

selection

of

a

portfolio of investments has received much attention in the
financial theory lab rooms, but this research has yet to be
implemented in the domain of personal financial planning.

The

use of on-line stock and trading database systems could be
included into the expert system architecture.

The process

used in the expert system could be expanded to include more
theory from the financial

sector and the results of the

expanded system could be compared to the simplistic model used
by planners currently.
It would be informative to perform a case study of one
company used in this research to follow the detailed changes
made in the expert system and document its maintenance cycle.
Expert system maintenance has only been theorized about.

This

is due to the fact that most expert systems never make it to
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the maintenance stage in the life cycle.

Many expert system

development projects have not been successful, but this system
appears to 'have the potential for success.

The detailed study

of this system in the field versus the lab should yield vast
amounts of information about the last half of the expert
system

development

life

cycle,

the

implementation

and

maintenance stages.
Another extension of this research involves the study of
corporate financial planning.

Corporate financial planning

follows the same process of personal financial planning except
that corporate financial planning is done on a larger scale
and more variables and processes are involved.

If the effects

of the expert system can be shown to be positive on the
personal level, they should be positively received on the
corporate level.

It would be interesting to see the effects

of expert systems on corporate organizational structure where
there are large amounts of theories from the lab rooms to be
hypothesized and tested in the real world.
Financial planning for larger corporations becomes much
more of a group activity than for smaller businesses.

There

are many more people who have the data and analysis skills
that make up the financial planning process.

As a group

activity, the need for group decision support tools becomes
apparent.

A small business or person can make a decision for

his finances using a single user expert system.

This expert
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system development research was done on a single user expert
system architecture that was built off of single user decision
support theory.

However, a larger company must rely upon a

committee of several individuals to make financial decisions.
This committee may be better supported if the expert system
was made available as

one of the many tools

decision support system (GDSS).

in a

group

Thus the inclusion of the

expert system into a GDSS, as represented by such systems as
the Groupsystems environment at the University of Arizona,
would be another logical extension of this research.

The

group of individuals with the data and knowledge for creating
the

financial

plan would gather

brainstorming type of

in

the

GDSS

tools could be used

room.

to decide

The
the

possible courses of action the corporation could take in its
financial plan.

The voting tools could then be used to

prioritize the options.

Each option could then be run through

the expert financial planning tool, with input from various
experts of the group when their knowledge is requested by the
expert system.

The group could potentially reach consensus on

the financial plan in several days in the GDSS room versus the
weeks or months that it currently takes.
Of course, a qUldstion that must be resolved is, "Are the
financial plans developed by the expert system better than
those plans created previously?"

The expert system may be

performing a more comprehensive process of analysis than was
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done previously, but does this yield any noticeable difference
in the long run?

The financial plans are more comprehensive

and more complex when generated by the expert system, but does
this mean the financial plan will indeed be more effective for
the client?

The theories from the lab room are that these

plans will be more effective, but this needs to be proven in
the real world.

A measurement for the quality of plans

developed by the expert system needs to be devised and expert
judges utilized to rate the quality of the plans to determine
if the expert system
quality.

is having a

significant effect on

The final measurement on the quality of the plan can

only be done two or three years from now when enough temporal
and historical data have been captured for analysis,

but

preliminary results after three months tend to support this
theory.
The area of neural networks is also receiving tremendous
attention in the MIS research community today.

Work has been

done in this area for many years; more than twenty-five years
ago significant research was completed
Minsky and Papert, 1969].

[Rosenblatt,

1962;

However, only recently has research

in neural networks been reapplied to other existing problems
and domains in artificial intelligence [Hillman, 1990].

I can

see how neural networks might be applied to the domain of
financial expert systems, and I am not alone [Hart, Barzilay,
and Duda, 1986; Marose, 1990].
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Neural
matching.

networks

operate

on

the

feature

of

pattern

They will first make large numbers of local or

isolated decisions about a pattern from the data and then
propagate these decisions through the network to arrive at a
global decision about the data.

This process is extremely

similar to the process discussed above for adding measurements
of robustness, financial health measured in terms of a global
financial
Minsky

indicator,

and

Papert

to

the

financial

[1969]

proved

analysis

process.

mathematically

that

perceptrons (neural networks) cannot make distinctions that
rely on global geometric properties such as connectivity.
However, recent research has suggested that they might indeed
be able to do this, and if this were true, the application of
neural

networks

towards

the knowledge-base

representation

schema, or maintenance schema of financial information, might
add

the

qualitative

factors

necessary

to

improve

the

architecture of financial expert systems [Hart, Barzilay, and
Duda, 1986].

Figure 6.1 depicts how the architecture might

change

the

after

insertion

financial expert system.

of

a

neural

network

into

a

The neural network would operate as

another knowledge acquisition mechanism.

The neural network

could be run on the financial data found in the knowledge-base
to identify any patterns or changes that might be necessary in
the knowledge-base to ensure the process is operating at an
optimum.

This could only be possible if the financial plans
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were stored along with their success ratings.
the

neural

network might detect that a

For example,

certain type of

investment is not working for a certain type of client as it
runs the historical data through its nodes.

EXPERT

~

KNOWLEDGE
ACQUISITION

NEURAL
NETWORK

H

~

DATABASE
PROCESS,
INSTANCES

$

WORKSHEET
DATA,
TEMPLATES
QUANTITATIVE

QUALITATIVE
KNOWLEDGE
R.EPRESENTATION

1
INFERENCE
ENGINE

1/
....

EXPERT

_1
USER INTERFACE
(FINANCIAL PLAN)
Ii'

"
USER
Figure 6.1 - Expert system Shell with Neural Network
Architecture
This finding could be relayed to the financial planner and the
appropriate change could occur to the knowledge-base to make
sure this advice is changed for the next client and next
investment cycle for current clients.

This could reduce the
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knowledge acquisition and maintenance time

for

the human

experts.
Finally,
planning

this research was also limited to financi.:'l.1

companies

that

are

currently

searching

the

marketplace for a new system and all come from the state of
California.

Replication of this study for other financial

planning companies who may not want a new system or are in
other states less diverse than California,

would test the

validity of the conclusions by eliminating these limitations
of the study.

1~

Appendix A - System Description
The

Personal

Financial

comprised of many files.

Planning

Expert

system

is

These files contain the program

modules, written in Clipper (compiled Dbase code), the expert
system shell files, all a part of VP-Expert, several batch
~files

for putting the

w~ole

system together, and many data

files in the form of spreadsheet files, database files, rulebase files, and text files.

The system must be loaded onto

the hard disk of the computer into one sub-directory.

The two

high density diskettes, or 6 low density diskettes can be
loaded onto the system in any order, as long as they are all
placed in one directory.

The batch files must be updated to

correspond to the correct paths where LOTUS 123, or another
LOTUS

compatible

spreadsheet

package

resides

(preferably

Quattro, or Paperback Software's VP-Planner) can be found.
The system can make use of Dbase 3 Plus to maintain some
database files if the user has Dbase (or one of the many Dbase
compatible clones).

The basic maintenance of the files can be

handled through the compiled Clipper code provided with the
system.
Most of the system can be modified by the user.

For any

of the spreadsheets that already contain rules and procedures
the user can modify these as long as the rule-base is updated
by inducing the spreadsheets into a rule-base through the VP-
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Expert command INDUCE.

Once the rule-base has been changed

the fault trees that correspond to the spreadsheets should be
altered to match for the sake of clarity and understanding by
the client.
reference
deleted

No spreadsheet file should be deleted unless all
to

from

the variables
the

many

in the

rule-base

spreadsheet have

files

and

fault

been

trees.

Therefore, deletion of variables should be done on a one at a
time basis and done very carefully.

Adding new variables is

easy, as long as they are named and referenced by the rest of
the system there should be little problems.
remain

All files should

in the single ini tial sub-directory and any other

program that accesses the files

(like Lotus 123)

should be

updated to look for the data files in this directory only.
The fault trees can be maintained through the Clipper
modules FTREE and FTMAKE, these modules will allow the user to
change the fault trees, and then make the tables from these
trees that can then be induced into VP-Expert and the rule-

base as the spreadsheets are done.
"

The rule-bases can be altered by entering VP-Expert from
outside
training

of

the

system

supplied,

and exper ience this

is

although

without

should be avoided.

proper
The

variables used in the rule-base can be altered during the
financial planning process through the system provided without
permanently changing the rule-base and this should be the
method used in lieu of changing the rule-base itself in most
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instances.

If the planner becomes fluent enough in using

vP-

Expert while producing plans and explaining the plans to the
client then changing the rule-bases directly may occur.
At any "given time the planner/user can change up to
thirty or forty percent of the system as it is supplied at the
start; however, the more the planner/user changes the system
the more careful and experienced the planner/user must be to
insure that the process is complete and consistent throughout.

Each company has been introduced to at least one person

experienced in working with the system (your technical support
analyst) and should have a technical support number that they
can call with questions or problems (don't hesitate to use
it).

The entire system should be demoed and explained to the

planners in the company upon installation by this research
analyst.

The system should be backed up onto the diskettes

provided on a weekly basis,

if not daily,

and the weekly

diskettes will be picked up by the analyst.
At the end of the two month period the system will taken
off the computer and the system and data will be analyzed for
updates and possible future public release and sale.
Sample screens with explanations follows on the next few
pages, and the questionnaires that will be filled out for
analysis are presented at the end.
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Enter Financial Data

~

create Financial Plan

Maintain stocks Files

View Financial Plan

Maintain Economic Data

Perform Exit Interview

c>

This is a
options

on

sample main menu.

the

left

development process.

side

of

the

The client selects the
menu

during

For this particular menu,

the

plan

the client

will choose to enter the pertinent financial data into the
spreadsheets through the DATA option, choose to create the
plan and go through the pre-determined fault-tree process with
the PLAN option,

view the plan created and find out more

detail about the plan as necessary through the VIEW option, or
enter in his responses to the on-line exit questionnaire with
the EXIT option.

The planner or someone from the planning

company chooses from the options on the right side to maintain
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the expert knowledge in the files.

For this particular menu,

the planner will choose to enter LOTUS 123 to maintain his
financial rules and knowledge stored in spreadsheets, will
enter DBASE 3 Plus to maintain his stocks and other knowledge
that is stored in the database files, or enter the economic
data into the system via the ECON option which takes the
planner into the LOTUS 123 spreadsheet with economic data
directly, or the planner can choose to go into MicroSoft Word
and alter any plan previously developed by the system.
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PRESS <ENTER> TO BEGIN THE FINANCIAL ANALYSIS
(WE BEGIP WITH THE ASSETS SECTION)
PRESS <ENTER> AFTER EACH AMOUNT
ASSETS

=======

Cash
Investment Accounts (CD's, Money Markets, etc.)
Stocks
Bonds
Insurance Policy
Automobile (Blue-Book Value)
Home (Current Value)
Other Property and Land
Retirement/pension Funds
Other Assets
TOTAL ASSETS

$1,000
$5,000
$0
$0
$20,000
$6,000
$95,000
$0
$0
$1,000
$128,000

PRESS <ENTER> TO PROCEED TO THE LIABILITIES SECTION

This is a sample screen for entering asset information
into the spreadsheet.

This spreadsheet will then be

analyzed by the system according to the expert planners
formulas and rules as written in macros and formulas that
appear elsewhere in the spreadsheet.

The type of data

entered is controlled by the planner, and data accessed from
the expert system is controlled in the fault trees.
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LIABILITIES SECTION
PRESS <ENTER> AFTER EACH AMOUNT
LIABILITIES
============

Mortgage Requirement
Other Mortgage (Second Mortgage, Home Equity, etc.)
Auto Requirement
Personal Loan
Student Loan
Other Loan (Credit, Business, etc.)
Other Requirements (Taxes, Dues, etc.)
TOTAL LIABILITIES

$75,000
'$0
$4,000
$0
$0
$0
$500
$79,500

PRESS <ENTER> TO BEGIN WITH INCOME SECTION

This is a sample screen for entering liability
information into the spreadsheet.

This spreadsheet will

then be analyzed by the system according to the expert
planners formulas and rules as written in macros and
formulas that appear elsewhere in the spreadsheet.

The type

of data entered is controlled by the planner, and data
accessed from the expert system is controlled in the fault
trees.

More detail can be gathered if the planner wants it,

as shown in the example on the next screen.
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PRESS <ENTER> AFTER EACH RESPONSE
MORTGAGE TABLR
.
=~~============

Current Home Value
original Purchase Price
original Mortgage Amount
Interest Rate

$95,000
$110,000
$75,000
9.25%

Mortgage Term (in Years)

30

Terms (Years) Remaining

23

Monthly Payment

$650

PRESS <ENTER> FOR AUTO TABLE

This is a sample screen for entering more detailed
liability information into the spreadsheet.

This

spreadsheet will then be analyzed by the system according to
the expert planners formulas and rules as written in macros
and formulas that appear elsewhere in the spreadsheet.

The

type of data entered is controlled by the planner, and data
accessed from the expert system is controllGd in the fault
trees.
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INCOME SECTION
PRBSS <ENTER> AFTER EACH AMOUNT
INCOME GENERATED
=========~=======

Main Income
Secondary Income (Spouse, Other)
Other Income (Rentals, Business)
Investment Income (Dividends, etc.)
Other (Capital Gains, etc.)
TOTAL INCOME GENERATED

$65,000
$25,000
$0
$0
$0
$90,000

PRESS <ENTER> TO BEGIN WITH EXPENSES SECTION

This is a sample screen for entering income information
into the spreadsheet.

This spreadsheet will then be

analyzed by the system according to the expert planners
formulas and rules as written in macros and formulas that
appear elsewhere in the spreadsheet.

The type of data

entered is controlled by the planner, and data accessed from
the expert system is controlled in the fault trees.
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DEBT-RELATED EXPENSES
Mortgage Expense (amount already annualized)
Auto Expense (amount already annualized)
Personal Loan Expense
Student Loan Expense
Other Loan Expense
TOTAL DEBT-RELATED EXPENSES
Rent Expense
Other Auto Expenses (Maintenance, Insurance, etc.)
Insurance Expense
operating Expenses (utilities, Telephone, etc.)
Pr9perty Expenses (Property Tax, Maintenance, etc.)
Living Expenses (Food, Clothing, etc.)
Emergency Expenses
Income Tax Expense
Miscellaneous Expenses
TOTAL EXPENSES INCURRED
PRESS <ENTER> TO VIEW NET INCOME AMOUNT

$7,800
$2,160
$0
$0
$0
$9,960
$0
$2,000
$1,500
$850
$2,000
$3,000
$2,000
$600
$100
$22,010

This is a sample screen for entering expense
information into the spreadsheet.

This spreadsheet will

then be analyzed by the system according to the expert
planners formulas and rules as written in macros and
formulas that appear elsewhere in the spreadsheet.

The type

of data entered is controlled by the planner, and data
accessed from the expert system is controlled in the fault
trees.
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PERT.~NF~T

FINANCIAL RATIOS

========================~==

Expenses Incurred / Income Generated

24.5%

RATING OF EXPENSES/INCOME RATIO
Total Assets / Total Liabilities

1

161.0%

RATING OF ASSETS/LIABILITIES RATIO
Debt-Related Expenses / Income Generated

10
11.1%

RATING OF DEBT-RELATED EXPENSES/INCOME RATIO
Debt-Related Expenses / Expenses Incurred

2
24.7%

RATING OF DEBT-RELATED EXPENSES/EXPENSES RATIO

7

THE OVERALL RATING FOR YOUR FINANCIAL RATIOS

This is a sample screen showing some of the

4

ratio~

that

this expert planner uses in determining a financial plan for
his/her clients.

The ratios are calculated from the input

given by the user in the previous screens above.

The

ratings are established by the expert for each ratio, for
example the expenses-to-income ratio has a rating of 1,
which is the top of the scale of riskiness, while the
assets-to-liabilities ratio has a rating of 10, which is at
the bottom of the scale meaning little or no risk.

The

overall rating of the ratios is established in the weights
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that the planner gives to each ratio when he/she combines
them together and this o'Terall rating is used as a proxy for
the current financial position.

When changes are made to

the spreadsheet formulas and ratios, corresponding changes
will be made to the rules induced in to the expert system.
The

p~anner

will also need to update the fault trees to

match the qualitative data to the quantitative data.
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PRESS <ENTER> TO BEGIN THE PERSONAL SITUATION ANALYSIS
PRESS <ENTER> AFTER RESPONSE
WHAT IS YOUR AGE ?

38
AGE

ANALY~IS

RATING

WHAT IS YOUR MARITAL STATUS ?
RESPONSES:
1 = Y~RRIED, 1 OR MORE CHILDREN
2 = MARRIED, NO CHILDREN
3 = SINGLE, 1 OR MORE CHILDREN
4 a SINGLE, NO CHILDREN

7
1

MARITAL STATUS ANALYSIS RATING

2

This is a sample screen showing the user entering in
his/her age, the analyst assigning a risk factor to the
client based on his/her age, the user entering in marital
status and the analyst assigning a risk factor based on
his/her marital status.

Just like the ratio ratings, these

ratings can be altered and manipulated by the planner in his
knowledge-base as stored in formulas in a spreadsheet, or
can be altered on an individual basis during the plan
creation process for each client.

This allows for some

qualitative analysis to be performed along with the number
crunching of the quantitative analysis shown above.
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WE BEGIU WITH A POLITICAL ANALYSIS
PRESS <ENTER> AFTER EACH RESPONSE
WHICH POLITICAL PARTY HOLDS A MAJORITY
IN THE HOUSE OF REPRESENTATIVES ?
(OEMS = DEMOCRATS; REPS = REPUBLICANS)

OEMS

WHICH POLITICAL PARTY HOLDS
A MAJORITY IN THE SENATE ?
(OEMS a DEMOCRATS; REPS = REPUBLICANS)

REPS

TO WHICH POLITICAL PARTY DOES THE PRESIDENT BELONG ?
(OEMS a DEMOCRATS; REPS = REPUBLICANS) •••••••••••••

REPS

POLITICAL ANALYSIS RATING

3

PRESS <ENTER> TO PROCEED TO GNP ANALYSIS

This is a sample screen showing the rating process for
one global economic variable.

The ratings represent risk

factors as stated for earlier screens and can be manipulated
in the same manner as previous ratings.

The entries are

compared to formulas in the spreadsheet and can be
manipulated by planner or client dynamically.

This type of

variable would only require periodic updates, but can
provide valuable information for the future, and financial
plans developed for the future.
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INFLATION ANALYSIS
PRESS <ENTER> AFTER EACH RESPONSE
WHAT WAS LAST YEAR'S INFLATION RATE?

6.0

WHAT IS THE CURRENT INFLATION RATE ?

4. B

THE AVERAGE INFLATION RATE IS
INFLATION ANALYSIS RATING

5.4
3

PRESS <ENTER> TO PROCEED TO ECONOMIC RATING

This screen shows another global economic variable
being entered into the system.

This is done in the same

manner as the political analysis, and can be combined into
one economic rating if desired by the planner.

These values

are maintained by the expert planner and the client need not
be shown them, although some planners may prefer to show the
client that these variables have been built into the plan
and process.

The process used to store and manipulate this

variable is shown in the next two screens.
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EI06:

c

D

E

F

G

97 ========;)
98

99
100
101-------.
102
103
104
6.0
105
106
4.8
107
108
5.4
109
110
3
III NG RATING
112
113------1
114

1
2

o

o

o
o

@IF(AVE_INFL_RATE>=O,l,O)
@IF(AVE_INFL_RATE>=4,2,0)
@IF(AVE_INFL_RATE>=5.5,1,0)
@IF(AVE_INFL_RATE>=7,3,0)
@IF(AVE_INFL_RATE>=8.5,1,0)
@IF(AVE_INFL_RATE>=10,2,0)

115============~

116

This screen shows the spreadsheet that is used to
analyze the inflation numbers.

The two inflation numbers

are averaged together in cell C10S.

This cell is labeled

and named as a range and the name is then used in all
calculations.

The calculations can then be changed as

needed and these rules are induced into VP-Expert as rules
as shown in the next screen.

If the planner makes a change

to this process, the rules will be induced differently, and
the qualitative fault trees should be changed to match the
new form of analysis.
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VP-EXPERT RULES INDUCED FROM SPREADSHEET

IF AVE_INFL_RATE

>=

0

THEN
INFL_RATING

=

1

IF AVE_INFL_RATE

>=

4

THEN
INFL_RATING

=

3

IF AVE_INFL_RATE

>=

5.5

THEN
INFL_RATING

=

4

IF AVE_INFL_RATE

>=

7

THEN
INFL_RATING

=

7

IF AVE_INFL_RATE

>=

8.5

THEN
INFL_RATING

=

8

IF AVE_INFL_RATE

>=

10

THEN
INFL_RATING

=

10

*ex_ir_1
*ex_ir_2
*ex_ir_3
*ex_ir_4
*ex_ir_5
*ex_ir_6

These rules were induced through the VP-Expert INDUCE
command that creates rules to be used by the expert system
shell, therefore the expert does not have to manipulate a
rule-base.

They simply update the spreadsheet formulas and

these are induced as rules and used by the system.

The

values induced could even be stored as variables (as in
ex_ir_l) and these can be manipulated by the planner for
each client dynamically without updating the spreadsheet
each time.

This type of induction is performed on all

spreadsheets at time of execution by the expert system shell
each time this process is used.
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GOAL: To Improve My Financial Situation & be Free From Financial Difficulty
1>

Issue:

I WILL FAIL TO REACH MY GOAL BECAUSE:

A)

I don't have ENOUGH MONEY to meet all my needs.

B)

I don't have an adequate program to protect my dependents and me from
unexpected FINANCIAL LOSS.
I don't have an adequate INVESTMENT PROGRAM to meet my present and
future financial goals.
I have not done adequate planning to avoid un-necessary inheritance
and federal ESTATE taxation, both during my lifetime and upon my death
I don't have a financial GOAL OR PLAN.

C)
D)

E)

10

In order to reach my goal, I NEED TO DO ADEQUATE PLANNING NOW SO TIIAT
MY HEIRS WILL BE ABLE TO AVOID UN-NECESSARY INHERITANCE AND FEDERAL
ESTATE TAXES upon my death.
.

1A -

2]

<F1> EXIT

1B <F2>

25]

Change Issue

1C -

28]

1D -

48]

IE -

0)

<F3> Error Check Instrument

This screen represents the view the expert planner has
when building the fault trees that the client will use while
going through the plan development process.
branch in the fault tree.

Each issue is a

Each branch can branch out to 1,

2, 3, 4, or 5 branches below. For example option A branches
to issue 2, option B branches to issue 25, and so forth.
When a branch goes no further, it is signified by a zero, as
seen next to the option E on this branch.
the branch will have an inverse statement.

Each option on
Since each

option represents a fault in the current financial
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situation, the inverse statement represents the solution or
cure.

The inverse statement for option 0 is shown near the

bottom of the screen in this example.

These fault trees

should match the processing that occurs in the quantitative
side of the process as presented in the screens above to
provide for the most robust system possible.

The system

will error check the instrument to make sure each option
branches to an issue that has been stored or branches to the
end or

o.

The system can not check for errors in the

process, that is left up to each individual expert planner.
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GOAL: To Improve My Financial situation & be Free From Financial Difficulty
Issue: 48>
I HAVE NOT DONE ADEQUATE PLANNING TO AVOID UNNECESSARY
INHERITANCE AND FEDERAL ESTATE TAXATION BECAUSE:
A)

I haven't done proper ta:( planning.

B)

I haven't obtained the necessary counsel to properly distribute my
estate upon my death.

C)
D)
E)

48A

I will do adequate planning in order to avoid unnecessary inheritance
and federal estate taxation when I DO THE PROPER INHERITANCE AND
ESTATE TAXATION PLANNING.

[ 48A <Fl> EXIT

491

[ 48B <F2>

501

48C -

Change Issue

01

[ 480 -

01

[ 48E -

01

<F3> Error Check Instrument

This screen represents the view the expert planner has
when building the fault trees that the client will use while
going through the plan development process.
the branch from previous screen for option D.
client chosen option 0 as his/her response to

This issue is
Had the
th~

previous

issue this would be the next issue to be presented for the
client to branch from.

This branch branches out to 2

branches below, option A branches to issue 49, and option B
branches out to issue 50.
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FINAL ANALYSIS
PRESS <ENTER> TO REVEAL THE DETAIL FOR EACH ISSUE
YOUR CURRENT FINANCIAL SITUATION IS STRONG

1

YOUR CURRENT INSURANCE PROGRAM IS STRONG

2

YOUR CURRENT INVESTMENT PROGRAM IS WEAK

3

YOUR CURRENT ESTATE PLAN IS WEAK

4

PRESS <ENTER> TO PROCEED TO FUTURE OUTLOOK ANALYSIS

This screen represents the final analysis screen that
is presented to the client.

In this plan development

process four parts of the clients financial plan are
presented •. Each part has a rating, weak or strong, and each
part when chosen will present more detail on that part.

The

next screen will present the qualitative statements that the
viewer would see if the desired more detail for why their
investment program is weak.
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Investment Program Solution
I have sufficient funds to invest in a program that
will meet my present and future financial goals.
I will have a program to meet my present and future
financial goals when I adequately invested my funds.
I will have an adequate investment program to meet my
present and future financial goals when I have sufficient
money placed in productive investments.
I will have my money placed in productive investments
by carefully evaluating my investments.
I will have my money placed in productive investments
by making a periodic review of where my money is and how it
is doing.
I will have my money placed in productive investments
by initially evaluating the appropriateness of my
investments against my needs.

In order for this client to meet his/her goal they must
work from the bottom to the top.

The last three statements

will lead to productive investments.
will lead to an adequate program.

Productive investments
An adequate program is

what the user needs to solve his problem since the first
statement indicates that the user has enough money to
invest, but the current program is not adequate as indicated
in the second statel11lent.
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When each company agreed to be a participant in the
study a questionnaire was filled out (on-line) for each
planning company, for each clerk in the companies that were
going to use the expert system a another set of questions
was asked, and each company provided a sampling of financial
plans from the previous two week period for review by the
.expert judges and a set of questions were answered about the
average plans developed by each company.

During the study

period the clients were asked to respond to an exit
interview questionnaire about the process.

Aft~r

the two

month study period questionnaires were filled out, again by
the planning companies, clerks, and judges.

A facsimile of

the questions asked in each of these on-line questionnaires
is presented on the following pages.
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Questionnaire for each planning company prior to study:

How many years have you been in the financial
planning business?
What area or background do you have (check those that apply)
Insurance
stocks and Bonds
Legal
Accounting
Banking
Number of employees in your company
Number of employees with expertise in
financial planning
Number of non-expert employees
Number of computers in your company
Years of computer usage in company
Number of plans produced per planner in
2 weeks on average
Do you use global economic variables in your
plan development process
The planning software I have seen in the past
has been acceptable
1___________ 7
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Questionnaire filled out by the expert judges:
Measurements done on the plans developed prior to the study
Number of variables used per plan
Number of areas included in the plan
Complexity of the plans
1
7
The Financ-ial plan you have reviewed
----is an example of a complex financial plan

Questionnaire filled out by clerks before and after study:
Amount of average forty hour work week spent on each task
scheduling clients
Typing up plans
other filing and typing tasks
Developing plans
Maintaining data needed for plan development
Analyzing and revising plans
My expertise level in financial planning

1

------7
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Questionnaire filled out by the expert judges for plans
developed during the study:
Measurements done on the plans developed during the study
Number of variables used per plan
Number of areas included in the plan
Complexity of the plans
1__________ 7
The Financial plan you have reviewed
is an example of a complex financial plan
Formality of the plans
1
7
The Financial plan you have reviewed
---------for this company follows the same process
and format
Number of alternatives presented to the client

Questionnaire for each planning company at end of study:
Number of employees with expertise in
financial planning
Number of non-expert employees
Number of plans produced per planner in
2 weeks on average
Do you use global economic variables in your
plan development process
The planning software I have seen in the past
has been acceptable
1___________7
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Questionnaire for each client at end of the planning
process:
Were global economic variables used in your
plan development process
Number of alternatives presented to you during
the process
The planning software I have seen in the past
has been acceptable
1___________ 7
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