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ABSTRACT

AN ARTIFICIAL LIFE MODEL OF
ENGINEERING ATTRITION CONTEMPLATION:
WHY DO FEDERALLY EMPLOYED CIVILIAN ENGINEERS
THINK OF QUITTING?

John Wilitam Herweg
Old Dominion University, 1996
Director: Dr. Laurence D. Richards

The research objective is, using engineer turnover, to develop an Artificial Life
(A-Life) mode! and simulation methodology useful for studying behavioral variables of
individuals in an organization.

One consequence of work stress is burnout, and its extreme expression is
quitting or turnover. Various models have been used to explain ard predict this
behavior. Behavior models are useful tools to explore the ability of organizational
policies to reduce stress levels and turnover. Advancing the usefulness of models is a
goal which assists all research on human behavior. A-Life offers a new and different
methodology for this purpose. It provides an ability to model large numbers of indi-
viduals where the individuals are modeled truly as individuals rather than as statistical
condensations. A-Life models also allow modeling large numbers of individuals simu-
lating an organization. This modeling, in preserving the individual, allows the obser-
vation of holistic dynamics of the system. It also provides an ability to model multi-
generational effects so that extremely long-term simulations can be performed.

Modeling human behavior represents a challenge to the degree of adaptation

that can be made in A-Life models. This study uses engineer turnover and thinking of

i
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quitting as a test case for developing , exploring, and expanding A-Life techniques.
Data appropriate for A-Life models was coilected to use for the simulation.

The utility of this research is twofold: first, it can produce a standard method-
ology and off-the-shelf tools to model and simulate individuals' behavior in an organi-
zational setting and second, it offers the prospect of a tool by which future policy
decisions can be formulated and simulated before implementation to lower turnover

and consequently its cost.

iit
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CHAPTER 1

INTRODUCTION

Basic Problem

The ability to study an aspect of human behavior such as turnover is
important. In studying human behavior, models are formulated to represent mental
constructions of a phenomenon. Tﬁese models are often used to perform experiments
which would not be possible in the real world. Advancing the usefulness of models is
a goal which assists all research on human behavior. Artificial-Life offers a new and
different methodology for this purpose. It provides an ability to model large numbers
of individuals where the individuals are modeled truly as individuals rather than as
statistical condensations. It also provides an ability to model multi-generational effects
so that extremely long-term simulations can be performed. My purpose in doing this
research was to investigate the utility of Artificial-Life in studying human issues.

My example question was turnover, because turnover is expensive for the
individual, employer, and society. As quitting represents a non-trivial state of affairs,
this structural inefficiency has an effect on all members of society. It represents the
goods, services, and quality of life that are not built, used, or achieved by all. Turn-
over has implications for the individual, the organization, and for society in general.
By immersing myself in the question of turnover, I ensured that the Artificial-Life

simulation engine was appropriate for this arena. However, the use of turnover, per

The style manual followed for this work is Kate L. Turabian's "A Manual for Writers of
Term Papers, Theses, and Dissertations."
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se, as the research question was incidental (other appropriate questions could have
been used to ground the research). The key point was to build and explore the Artifi-
cial-Life simulation engine that would handle human issues.

To test this new technique, data gathered through a survey soliciting responses
to questions addressing the propensity of engineers to think of quitting was used. The

themes of this research are further explored in the following sections.

Implications for the Individual

Quitting is an emotionally stressful time for an employee. The act of leaving
the familiar and going into the unknown is a stressor. Even simple reasons, such as
leaving for a higher paying job, involve stress as one ponders why the old employer
would not pay as much as the new employer is willing to pay or why one did not get
a promotion. Senger (1980, 181-3) discusses a "Social Readjustment Rating Scale”
developed by Holmes and Rahe. This scale uses a maximum value of 100 to indicate
the stress level resulting from the death of a spouse and decreasingly lower values for
lesser stressors. Some selected work related values, together with two other events

which serve as high and low end reference points, are given in table 1.

TABLE 1

SELECTED SOCIAL READJUSTMENT RATING SCALE VALUES

Event Value
Death of a spouse 100
Being fired from work 47
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Event Value
Retirement from work 45
Major business readjustment 39
Changing to a different line of work 36
Major change in responsibilities at work 29
Troubles with the boss 23
Major change in working hours or conditions 20
Minor violations of the law 11

An aspect of these stressors is that they tend to act in a cumulative manner. A
slightly metaphoric rewording is that they have a gestation period. During the period
prior to quitting, the individual is thinking about quitting. Research into the thinking
of quitting has significance for both the employee and employer, as actions could be
taken by either one or both parties to avoid the actual quitting and thus help to reduce

the overall stress in the work environment.

Implications for the Organization
Any individual acting in an employed capacity represents an investment by the
organization. Many jobs have long learning curves associated with them, particularly
in the federal work place. Often years in a specific job are needed to learn all the
rules and regulations one needs to know in order to function at an acceptable level of
performance. Often this knowledge is arcane in nature and is not the general knowl-
edge possessed by an applicant from the outside. During the time this knowledge is

being acquired by the employee, the reduced efficiency represents an indirect cost.
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This is the situation for those positions where the learning takes place as on-the-job-
training. For those positions which have a formal training period or classroom train-
ing, the cost is more direct. Worthy of mention also is another type of knowledge
which, while not specifically required for the position, is necessary to accomplish the
tasks of the position. This type of knowledge involves learning how to really fill out a
form, who to call to obtain something, how to navigate through all the rules which say
you can't do that, etc.. If, for example, the proper buzz words are not present in a
proposal, then the proposal is likely to linger for eternity in the limbo of in-baskets.
This knowledge is essentially process oriented. Both types are lost when an employee
quits.

Another cost is the recruitment cost of a replacement. As the position becomes
more difficult to fill, ranging from a replacement within the same group, division,
department, or facility to someone off the street, the cost increases due to the increase
in effort necessary to fill the position. If a replacement can't be found and assigned to
the position with an appropriate turnover period being provided, a disruption cost
occurs due to the position not being filled. In an extremely controlled job environ-
ment, such as the officer corps of the military, a replacement is detailed to the position
and the incumbent has a few weeks to turn over the job to the incoming individual
thus reducing disruption to a minimum. A ship at sea where the new navigator re-

ceived a turnover which did not include the fact that a certain navigational instrument
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has some quirks, might run aground. Here cost can be construed as not being able to
fulfill the mission.

Many organizations seem to be ambiguous in their attempts to reduce the
turnover rate. Some view a continual turnover as a weeding mechanism which rids the
organization of the troublemakers. Hirschman discusses a balance between exit and
voice (1970, 76-105). If a dissatisfied employee remains in the company (no exit), the
only recourse to vent the dissatisfaction is to vocalize the discontent (voice). Some
organizations, in an attempt to reduce the exit option and at the same time not to have
to deal with a griping employee, will attempt to buy loyalty. This can be undertaken
in a number of ways. Some dissatisfied employees are promoted beyond their compe-
tence levels, locking them into a health benefit, pension, or retirement plan, given
extra privileges, and other perks. Regardless of this self-deception, if the dissatisfac-
tion remains for long enough or reaches high enough, exit can still occur.

If a reduction in the turnover rate and attendant costs can be achieved, this

would be of significant value for the organization.

Implications for Society in General
As management attempts to reduce turnover, a dichotomy occurs; if there is a
genuine attempt to address the causes of the discontent, they could be successful and
reduce the turnover. On the other hand, if management either erects barriers to exit or

does nothing, the underlying problems will not go away. Eventually they will
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resurface and often be more severe than before. All during this time, turnover costs
are occurring and often increasing. At some point management will (though not for
this factor only) realize that perhaps it might be more cost effective to accept and
perhaps foster the turnover. Companies operating in this mode will view an employee
as a consumable machine to be used and discarded. Companies practicing this burn
out technique will often hire contract or temporary workers without paying fringe
benefits or else foster quitting before an employee is vested in a retirement system.
Companies which practice this policy soon become known to potential employees
through the grapevine. This represents a negative goodwill for the company. Accep-
tance of employment in one of these companies is predicated on the implicit scheme to
"Take them for what I can get before they burn me out"!

The unfortunate implication is that there seems to be a movement toward this
mode of operation by more and more companies. As more companies put this into
practice, there are fewer jobs which have good benefits. Competition is created within
the labor pool of available workers to land a permanent job which has decent benefits.
This often translates into newly hired employees accepting fewer benefits for a perma-
nent job. This seems to be an apt description of the job market of today, particularly
regarding health or retirement benefits subsidized by the employer. An inherent
characteristic of shifts, such as this, is that they often span decades. As such, they

represent a paradigm shift and thus present a different environment for business and
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employee alike. The implications thus become applicable to society as well as to a

collection of individuals and separate firms.

Implications for Modeling
The usefulness of exploring an Artificial-Life approach as performed in this
research must be addressed. An efficient way to face this issue is using a question
and answer dialogue concerning Artificial-Life.

1. Why is this an interesting approach? While this approach is interesting for
many reasons, one single factor stands out above all others. This approach
allows the building of a model which can be used for experimenting with
human behavior in which the individual is modeled as an individual. The three
second conversation, the split-second decision to buy a Coke rather than a
Pepsi, and deciding which TV channel to watch using the process of channel
surfing (clicking through the channels for second or two on each one) are
examples of individuals doing individual things. Yet the totality of all individ-
uals can have large consequences. Hertz is "Number One" while Avis "Tries
Harder" (a Madison Avenue euphemism for being number two, second best, or
an also-ran) is the result of individuals making choices. Thus the ability to
model and simulate the individual is more than interesting.

2. What questions can this technique answer? and How would you tell if you had

answered the question? This technique can or has the potential to answer any
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8

question which can be represented as a model of individual human behavior. If
a question can be transformed into a model, this technique can be used. As
with any simulation technique, the ability to tell if you have answered a ques-
tion is often difficult. This technique does have a self-checking ability or a
reality check inherent in its formulation. While simulation data for a single
individua! is not predictive and really cannot be mapped to an individual, the
collective output should be indicative of the population being simulated. If the
collective output varies too far from real life, then one must examine and
redesign the model.

3. What is the payoff? The payoff can be construed to encompass the ability to
build models of human behavior within the context of an organization or soci-
ety and perform experiments. The ability to change a policy, foster or stifle
actions or preferences, or alter environmental factors and then run a simulation
to observe the effects of these changes is the payoff.

4, How do you tell that this constitutes significant work in Artificial-Life? As in
any scientific inquiry, the significance of any work cannot be determined a
priori. Significance is determined often long after the work has been per-
formed. In a new field, such as Artificial-Life, many directions are being
explored at the same time. This is a direct result of the multi-disciplinary
aspect of this field. A blessing of this approach is that, for the time being, all

work is considered significant.
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5. What questions can you ask? and What answers would you get? With this
Artificial-Life type model and simulation, one has the ability to ask questions
concerning the formulation of models for investigating individual human behav-
ior occurring within a large group. Questions concerning causality, determin-
ism, variable relations, feedback loops, learning and memory within the indi-
vidual, and group behavior are representative of what can be asked. For an-
swers, one can observe and analyze the dynamic behavior of the simulation to
gain insight for improving a specific model formulation.

6. How do you draw a distinction between being a user or a creator of a simula-
tion engine? Using a spreadsheet program as an analogy, the emphasis of the
creator is that the program works properly. If you put numbers into cells and
have the program add them and write the result to a certain cell, the program
must perform these processes without error. The specific internal construction
which allows these operations to be performed is the domain of the creator.
Hardware and software problems have existed in the past and will exist in the
future. This points out the fact that the creator and designer must be concerned
with testing to ensure reliability of an engine. The user expects that the pro-
gram will flawlessly perform the operations specified on the data entered. The
actual specific algorithms to accomplish these tasks by-and-large are not the
concern of the user. To perform trigonometric calculations, computers perform

iterative calculations for series expansions which converge rapidly. Details
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about how to have a computer accomplish this via hardware and software is a
black box question for the creator. A trust that it is performed accurately is the

concern of the user.

Thus it can be seen that exploring and extending Artificial-Life techniques offer vast

potential for aiding research on human behavior.

Conclusion
For the reasons enumerated in the preceding sections, this study will investigate
the use of Artificial-Life techniques to study an aspect of human behavior. The
investigation uses turnover and thinking of quitting as a test case to ground the simula-
tion using data gathered through a survey. The model simulates turnover within an
organizational grouping of individuals using an Artificial-Life computer program

developed by the researcher specifically to support this research.
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CHAPTER 2

LITERATURE REVIEW

Background and Key Literature Review
This literature review surveys the literatures on turnover and artificial life. As
this review is rather diverse and wide-ranging as to the topics covered, it is divided
into the following sections: motivation, financial motivation, work force stress, turn-
over, modeling, cellular automata, genetic algorithms, and artificial life techniques.

Each of these sections is covered in detail.

Motivation

"Motivation at work, defined as effort at work, will be obtained when work is
the process by which incentives can be obtained. The more work is seen as the means
toward need satisfaction, the higher motivation will be" (Joint Engineering Manage-
ment Conference 1967, 85). Table 2 presents a survey performed for the Department
of Labor which gives the ranking in order of importance for some aspects of work
(Health, Education, and Welfare 1981, 13). It is interesting that good pay and job
security (hygiene factors) are ranked fifth and seventh respectively in the list. More-
over, three aspects are directly controlled by management which, if provided, allow or

facilitate the performance of work.

11
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TABLE 2

RANK ORDER OF SOME ASPECTS OF WORK

Rank Order Aspect of Work

First Interesting work

Second Enough help and equipment to get the job done
Third Enough information to get the job done

Forth Enough authority to get the job done

Fifth Good pay

Sixth Opportunity to develop special abilities
Seventh Job security

Eight Seeing the results of one's work

Likewise Thompson (1961, 31) makes the point that satisfaction will be greater
when jobs have the following characteristics:

1. The job requires a high level of skill.

2. The job requires the use of a number of different programs rather than one or a
few.

3 The work role is compatible with employee's self-image and non-work role.

4, The job is considered to be a career.

5. There is considerable autonomy in decistons.

6. Work relations are predictable.

7. The organization has less control over the job (that is to say, the job is less

organizationally defined).
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These seem to demonstrate that workers have a desire to manage their own
jobs, be responsible for their actions, and obtain a sense of importance and recognition
from work.

In his research, Herzberg (1959) noted that professional employees and engi-
neers in particular tend to correlate time periods of high performance and positive
attitude with work itself. Sense of achievement, recognition, responsibility, advance-
ment, and satisfaction with work itself are a class of factors referred to as motivators.
Motivation is the process of creating the link between effort (work) and the achieve-
ment of goals. "If the accomplishment of work becomes the only way to satisfy a
need and reach a goal, the motivational consequences are obvious" (Joint Engineering
Management Council 1967, 85). This fact has been obvious to management in the
past and still is as management has attempted to control the goal definition process. It
becomes self serving for management to have the worker's goals be the accomplish-
ment of work. The result has been the rise of the organization or company man.
Many professional jobs have had their contents mechanized through the introduction of
labor saving automated systems and with the rise of the large modern corporation,
individual goals as set jointly by the professional and his or her personally known
manager become supplanted by distant corporate goals which could very well have
been promulgated on another continent. The result is that the goals are alien in nature
and appearance. This seems to lead to a decoupling of motivation from goals at the
individual levei. This has lead to more "power management" as workers are coerced,

prodded, forced, impelled, and extolled to do more to achieve the corporate goals.
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In many surveys of employee satisfaction, workers report that they are satisfied
in the job environment, but it can be postulated that these responses really mean that
the workers are not dissatisfied in terms of Herzberg's framework. Their work, while

providing pay and security, is often not considered intrinsically rewarding.

Financial Motivation

Unfortunately, many organizations have defined motivation in terms of finan-
cial incentive only. In its ultimate conception, piece rate wages are the result. Many
blue collar workers are paid via this scheme, but it has not found extensive utilization
in the enginecring profession. A limited example would be engineering consultants
paid by the project. The obvious assumption by the management is that money is a
motivator for the employee. The link between a reward system (money) and perfor-
mance is designed as a motivator; hence to increase the performance, the organization
increases the reward. However in many circumstances for professionals, the perfor-
mance of the group, division, department, or the entire organization is often used as a
substitute for the performance of the individual. Thus the determination of individual
performance has become unlinked from the reward system and often loses its intended
effectiveness as a motivator and can even create stress by its perceived unfair applica-
tion.

Another type of unlinking is the application of different reward criteria for
individuals high in the organization. As an ultimate example of irony, witness the

many CEOs who receive large bonuses while massive downsizing the company or for

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



15

reorganizing them to leverage the liabilities onto others. The perception of this being
unfair is not lost on the work force. In addition, when financial reward is viewed as
the dominant or only motivator by the organization, sight is often lost of the appropri-
ate nature of other motivational forces. Moreover, as management hones in on the use
of a single motivator, less emphasis is given to the maintenance of lower level

motivators (often referred to as hygiene factors).

Work Force Stress

Herzberg (1966) has also found that there exists another class of factors which
he terms "dissatisfiers” or "hygiene factors" that are associated with periods of dissatis-
faction. Some of these factors are supervision, company policy and administration,
salary, and working conditions. The employees' perception or fear that low level
needs might not be met negates the effect that any high level motivator used by
management is designed to have. The uncertainty of satisfying low level needs causes
stress. When these dissatisfiers are present, their effect is often evident in the
employees' actions.

These actions have both internal and external effects upon organization.
Internal effects can be described by employee actions such as reduced work output,
reduced attention to job details, antagonism and hostility toward supervision, absentee-
ism, and many others. External effects can be described by employee actions such as
whistle blowing to regulatory agencies, bad mouthing the organization to outsiders,

and quitting the organization. "The large number of engineers who seek out an
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advanced degree in business each year is evidence of the conflict," (Joint Engineering
Management Conference 1967, 86). Switching or being promoted to management is a
metaphor for not wanting to be an engineer anymore. Again the question must be
asked, why?

An underlying thread in the literature concerning work place stress is the notion
that there is consistency among individuals. The individual is conceived as a simple
mass-produced windup toy or machine without purpose or memory. Von Foerster
(1984) relates the attributes of a trivial or simple machine using concepts of cybernet-
ics (a particular input state is coupled deterministically with a specific outpﬁt state).
His description of a simple machine is not too dissimilar from these implicit descrip-
tions of the individual. An aspect of the turnover problem is that "engineering man-
agements are frequently more concerned with new methods, systems or designs and
they lose sight of their real job--people" (Joint Engineering Management Conference
1976, 127). Employees are just another machine to be replaced when broken or worn
out. Machines are viewed as being predictable in their operation. For the machine,
overload it by fifty percent and you will shorten its life. For the employee, make a
change in the level of stress (hygiene factors) and the individual will respond in a
similarly predictable fashion. The same logic holds true also for changes in the
motivation factors. This implies a simple deterministic view of the employee and
ignores any humanistic consideration. This lack of humanistic consideration ensures

that high level motivators won't come into play.
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In many companies, a common symptom of problems is turnover, but the
problem is management. Warnecke (1993, 66) states "Hiring and firing does no-one
any good, least of all the company." This can further be illustrated by the relevant
shortcomings of management which are listed below (Joint Engineering Management

Conference 1967, 124-7):

1. Lack of an opportunity for self-expression

2. Assignment to the wrong position

3. Ineffective organizational manpower planning

4, Insecurities of the industry or organizational climate
5. Management aloofness

The solution is simple to narrate but it requires an adjustment in thinking by manage-
ment. A common phrase used by managers of today when dealing with employees is
"You need to be recalibrated." However, the situation is just the opposite.

If engineering management spent more time working with and through
their people than they do in the more technical and tangible parts of their jobs,
they might become lesser engineers and better managers. As better managers
they may get more and better engineering work accomplished and therefore
might become more effective contributors to the engineering function within
the organization. Rather than being a vicious circle; it's a constructive circle.

It optimizes turnover from everyone's vantage point and produces constructive
results (Joint Engineering Management Conference 1967, 127).

Thus stress in the work place, generated within the working environment, can be seen

as having a large impact on turnover.
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Turnover

Turnover is the degree or measure of individual movement across the member-

ship boundary of a social system (Price 1977, 1-10). This definition can be used for

membership within any organization. Restricting this definition to the working envi-

ronment, Price discusses seven types of turnover:

1.

7.

Interfirm movement: from one firm to another or a change of employer
Occupational movement: from one occupation to another

Industrial movement: from one industry to another

Geographic movement: from one local area to another

Employment movement: from an unemployed to an employed state
Unemployment movement: from an employed to an unemployed state

Working movement: into and out of the labor force

While this breakdown does provide a division that is useful for statistical

purposes, any of these categories could apply to a person who quits his or her job.

From the viewpoint of the company, a consequence of quitting is the loss of an em-

ployee; there is no need to differentiate as to the subsequent state of the ex-employee.

Where the ex-employee is or what he is doing does not impact the organization any

more. Moreover, as the cause and effect relation is taken to be that quitting is the

cause of the effects that can be seen in the ex-employee afterward, there is a rationale

to study the act of quitting rather than the effects of quitting.

Another aspect of turnover is the stipulation of its being voluntary or not.

Quitting implies turnover initiated by the individual while firing implies turnover
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initiated by the company. For quitting, the reasons will be thought out and decided by
the individual who quits. No one else can think of quitting, make the decision to quit,
or quit for you. At the other end of the spectrum, the decisions involved in involun-
tary turnovers (firings) can be made for many reasons and at varied levels in the
organization. Today many firings are made with no reflection upon the work quality
of the individual. A causal link between the performance of the individual and being
let go is often missing. Working hard in a plant which is being shut down, still means
that you will be out in the street without a job. Downsizing is often a lottery in which
a few win and most lose.

To discuss turnover, one must be able to measure it. Many measures of turn-
over are expressed as ratios, but it is important to remember that the quantum level is
a single individual who leaves the organization. As the phenomenon of turnover is
dynamic, most measures of turnover focus on the rate rather than the event.

Price (1977) examined three codifications containing jointly thirty-four mea-

sures of turnover. A subset of these measures is listed as follows:

Average Length of Service

sum of length of service for each member
number of new members

_ sum of length of service for members who leave
Leavers =
number of members who leave

Stayers
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Crude Turnover Rates

number of new members added during the period
average number of members during the period

number of new members lgavinF durinE the period
average number of members during the period

Accession Rate

Separation Rate

Stability and Instability Rates

oy _ number of beginning members who remain during the period
Stability Rate number of members at beginning of period

number of beginning members who leave during the period
number of members at beginning of pertod

I

Instability Rate

Survival and Wastage Rates

‘ _ w : : :
Survival Rate = number of new members who remain during a period
number of new members

, _  number of new members who leave during a period
Wastage Rate number of new members

Drawing from seventeen codifications dealing with turnover, Price (1977, 24-
43) identifies nineteen turnover correlates that regularly appear in the literature of the
field. These correlates are considered to be important variables which denote relation-
al links with turnover. They can also be referred to as demographic variables. It
should be noted that these relations are not indicative of causation but rather are to be
considered to be descriptive of observed data. These factors have generally been
shown to correlate with turnover and are presented below with their degrees of correla-

tion and also the correlation:
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TURNOVER CORRELATES

Correlate Degree of Turnover

Correlation Correlation

Length of service High Low service: higher rate

Age High Young members: higher rate

Level of employment High High employment: higher rate

Level of skill (blue collar) Medium Unskilled: higher rate

Blue-collar vs. white-collar Medium Blue-collar: higher rate

Country Medium United States: higher rate

Education Low Better educated: higher rate

Manager vs. non-manager Low Non-managers: higher rate

Government vs. non-government Low Non-government: higher rate

Sex Inconsistent Females: higher rate

Time of work Weak Night work: higher rate

Place of birth Weak Urban areas: higher rate

Existence of pension plans Weak No plans: higher rate

Time of year Weak Warmer months: higher rate

Size of community Unclear Unclear

Marital status Unclear Unclear

Amount of work Unclear Unclear

Race Unclear Unclear

Existence of a union Unclear Unclear

Some of these factors are demographic (i.e., country and place of birth) and, as

such, present much difficulty when one attempts to find a causal link for their correla-

tion with turnover. Theoretical causal links can be postulated for others with more
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ease. Individuals with more service generally have more benefits and vested interest
in their position (i.e., they have more to lose), so they are more apt to remain with an
organization than quit.

Within the study of turnover, analytical variables believed to produce variations
in turnover are referred to as determinants of turnover. Price (1977, 66-91) consolidat-
ed nineteen different turnover codifications into a table of twelve turnover determi-

nants presented below with their strength of determination:

TABLE 4

TURNOVER DETERMINANTS

Determinant Strength of Turnover
Determination Correlation

Pay Strong Lower pay: higher rate
Integration Strong Lower integration: higher rate
Communication (instrumental) Strong Lower level: higher rate
Communication (formal) Strong Lower level: higher rate
Centralization Strong Higher level: higher rate
Satisfaction Unclear Unclear
Opportunity Unclear Unclear
Routinization Weak Higher level: higher rate
Professionalism Weak Higher level: higher rate
Upward mobility Weak Lower mobility: higher rate
Distributed justice Weak Lower level: higher rate
Size Mixed Smaller size: higher rate
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A number of determinants have their strength of determination listed as unclear
or weak, this refers to the degree with which studies have supported the proposed
correlation. It represents the confidence level for the correlation. It should be noted
that satisfaction and opportunity can also be viewed as linking variables. Satisfaction
represents a sociological state of the individual which has been brought about by the
action of the other determinants. It is quite difficult to measure but is important as it 1s
considered causal to turnover. Opportunity has a negative hygiene effect and together
with satisfaction can be viewed as a direct causal precursor to turnover.

Turnover, as a phenomenon within an organization, can be viewed as causing
changes in other descriptive variables. A consolidated table of ten propositions illus-
trating the impact that turnover has in an organization along with the type of impact

and the degree of supporting data is presented in table 5 (Price 1977, 92-120; 1989,

461-73):
TABLE 5
TURNOVER PROPOSITIONS
Proposition Type of Amount of
Impact Supporting Data

Administrative staff Positive Medium
Formalization Positive - nonlinear Medium
Integration Negative Medium
Satisfaction Negative Low

Innovation Positive - nonlinear Low
Centralization Negative Low
Effectiveness Mixed Varied
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Proposition Type of Amount of
Impact Supporting Data
Productivity Negative Varied
Communication (quantity) Positive Varied
Communication (accuracy) Negative Varied

To illustrate these propositions, the first example would be that an increase in
turnover would likely cause an increase in the administrative staff of an organization.
This would be due to the necessity to recruit more workers which increases the de-
mands on the administrative staff.

These propositions serve as the functional link between turnover and measur-
able items within the organization. As the rate of turnover changes, it will cause
changes in these variables which can, in turn, affect individuals within the organiza-
tion. This can lead to further changes in the turnover rate. These effects can be
viewed as feedback loops.

Sheehan (1991, 343-54) explores the effect of quitting on the coworkers who
remain with the company. Job dissatisfaction is seen to increase as the reasons for
quitting are more closely related to the stayer's job situation. This could be more
important in those organizations where closeness of contact and employee similarity,
rather than diversity, are fostered. In essence, the reasons why an individual quits are
probably held by other individuals also.

Koch and Rhodes (1981, 145-61) investigated job satisfaction and found that

both organization and personal factors together with the content of the job or task
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strongly influence turnover. The results are interesting because only one of the factors
is related to job or task content. Factors determined to be important predictors of

turnover are presented in table 6 below:

TABLE 6

PREDICTORS OF TURNOVER

Predictor Type of Influence
Length of employment Personal
Required task time Job content
Peer leadership Organizational
Communications flow Organizational
Training duration Organizational -
Family income Personal
Pay satisfaction Organizational & Personal

Spector (1985, 693-713) found strong correlation between job satisfaction and a
number of job related factors. His findings reinforce those of Koch and Rhodes in that
most of the factors are not related to job content. It is of interest that the factors with
strong correlations, are concerned with perception and commitment. These factors are

presented in table 7 below together with the strength of correlation:
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TABLE 7

JOB SATISFACTION CORRELATION FACTORS

Factor Correlation
Perception of job Strong
Perception of supervisor Strong
Intention of quitting Strong
Organizational commitment Strong
Salary Modest
Age Modest
Job level Modest
Absenteeism Modest
Turnover Modest

Lance (1991, 137-162), in modeling job satisfaction, organizational commit-
ment, and precursors to voluntary turnover, found that job satisfaction and organization
commitment act to diminish effects that perceptions of the work environment have on
variables considered to be precursors to quitting. He found that job satisfaction and
organizational commitment have an asymmetric reciprocal linkage between them.

Each of these factors affected the other but to different degrees. This would indicate a
feedback loop existing between these factors. The non-symmetry suggests that de-
pending upon the relative degree of each linkage, the overall loop could be forced to
either a positive or negative state.

Black and Gregersen (1990, 485-506) found that the strongest predictor of

intention to quit was the factor of general satisfaction. They suggest that non-work
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expectations and satisfaction derived from activities outside the work environment
need to be considered for any model of the turnover process.

Koslowsky (1987, 269-92) has used a dynamic systems approach to model
turnover. He found a strong dependence on the role of stress which causes changes in
employee attitudes over time. These attitudinal changes, acting within positive and
negative feedback loops, are part of a process involving both the individual and the
organization. His work presents a case for strong interdependence among the factors
built into a turnover model. This concept takes on more relevance when incorporated
into a many-individual model such as those using A-life techniques.

Mowday, Porter, and Stone (1978, 321-32) examined the relationships between
employee characteristics and turnover in an organization. They found that leavers
were characterized by a lower level of tenure, a higher need for autonomy, and a
lower need for harm avoidance. A main conclusion of their work was that employee
characteristics need to be considered as an important part of any comprehensive model
of the turnover process.

An interesting study was performed by Maume (1991, 495-508) which explored
the relation between child-care expenditures and women's turnover. Weekly child-care
payments were found to be a significant predictor of employment turnover. The effect
was also stronger for mothers of pre-schoolage children, did not vary with the wage
level, and was not correlated with transitions between full-time and part-time work
status. Again, this is a study which points out strongly the effect on turnover of non-

work related factors.
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Weisberg and Kirschenbaum (1991, 359-75) compared data from a model of
turnover intent drawn from a subpopulation of a representative national sample to data
at the national level. Their comparison was performed using multi-variate analysis.
The findings were that older age, longer period of service, and lower occupational
level were the best predictors of turnover intent. The factors of age and period of
service seem to be at odds with the generally accepted result that older age and longer
period of service are correlated with lower turnover rates. Their study was performed
in Isracl, so it might not be directly comparable to studies performed in the United
States due to cultural effects. They also found that increasing levels of job satisfaction
were correlated with decreased intention to quit. Their overall results were that turn-

" over intent at the organizational level was, on the whole, similar to that at the national
level. This finding has relevance in building organizational models to study turnover.

Weisberg and Kirschenbaum (1993, 987-1006) also examined the impact of sex
on turnover and intent to quit. They found that gender was significantly correlated
with turnover but not with intent to quit. Their findings are of interest when gender is
included in a turnover model which incorporates both thinking of quitting and also the
act of quitting.

Mee-Lim and Bain (1990, 401-14) studied the effects of quality of work-life
(QWL) programs within a number of unionized firms. While their work was not
directed toward turnover, they did report a mixed impact of QWL programs on turn-
over. QWL programs could be viewed as a component of the weak determinate of

distributed justice or the intervening variable of satisfaction identified by Price (1977).
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Igbaria and Siegel (1992, 101-26) surveyed a sample of engineers to develop
and test an integrated model of quitting intention. Their model included role stressors,
task characteristics, job involvement, job satisfaction, and organizational commitment
as factors. Their result was that a direct and negative effect on turnover intention was
found for organizational commitment. Indirect effects were found for the other factors.
Job satisfaction was found to be a major factor influencing the variable of organiza-
tional commitment. Igbaria, together with Greenhaus (1992, 34-49) found the same
results when studying the turnover intentions of management information systems
employees. An interesting result from both studies is that it was found that task
characteristics play an important role for predicting job involvement, career satisfac-
tion, and intention to leave. This factor would seem to be related to the professional-
ism of the job.

To summarize, it appears that studies and models of turnover or intention to
quit which have been done during the last ten years or so, have generally found that
two main collections of factors have high correlations with turnover or intention to
quit. Job satisfaction and organizational factors outweigh job content factors as
predictors of turnover. This will be taken into account during the design of my model.
Studies have also found many strong correlations of non-work related factors to turn-
over. Many of these factors can be explored using A-life models where many individ-

uals are modeled.
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Modeling

The purpose of a model should determine the type of model selected. Much
modeling is performed and the descriptors of the models serve to identify or classify
their uses. At the national level, employment forecasting is performed extensively in
the aggregate by the Department of Labor using National Census data and Department
of Labor statistics. These forecasts are generally for very broad employment catego-
ries and are often used as part of national econometric models. Individual state agen-
cies also produce models of employment for their respective states. Finer divisions in
specific fields or industries are also common with continual updates being ;;ublished
(National Research Council, Nuclear Engineering, 1990; Joint Engineering Manage-
ment Council 1967).

Modeling of manpower needs is often performed using very different tech-
niques and basic assumptions related to the nature of the variables involved. Algebra-
ic models have been used to predict gross needs at the national level (National Re-
search Council, Nuclear Engineering, 1990). More detailed models can be fabricated
using the techniques of System Dynamics (Forrester 1961; 1969). In discussing the
usefulness of System Dynamics within the context of modeling, Forrester (1975, 212-
3) states:

People would never attempt to send a space ship to the moon without
first testing the equipment by constructing prototype models and by computer
simulation of the anticipated space trajectories. No company would put a new
kind of household appliance or electronic computer into production without
first making laboratory tests. Such models and laboratory tests do not

guarantee against failure, but they do identify many weaknesses that can be
corrected before they cause full-scale disasters.
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Our social systems are far more complex and harder to understand than
our technological systems. Why, then, do we not use the same approach of
making models of social systems and conducting laboratory experiments on
those models before we try new laws and government programs in real life?
The stated answer is often that our knowledge of social systems is insufficient
for constructing useful models. But what justification can there be for the
apparent assumption that we do not know enough to construct models but
believe we do know enough to design new social systems directly by passing
laws and starting new social programs? 1 am suggesting that we do know
enough to make useful models of social systems. Conversely, we do not know
enough to design the most effective social systems directly without first going
through a model-building experimental phase. But I am confident, and substan-
tial supporting evidence is beginning to accumulate, that the proper use of
models of social systems can lead to far better systems, laws, and programs.

It is now possible to construct realistic models of social systems in the
laboratory. Such models are simplifications of the actual social system but can
be far more comprehensive than the mental models that we otherwise use as
the basis for debating governmental action.

The use and growth of models of social systems were closely tied to the avail-
ability of sufficient mathematical number crunching ability which we, today, equate
with computer power. However, closely tied to the ability to obtain numeric answers,
was the realization that as models became more complex and long term in scope, an
answer was no longer the goal but rather an understanding of the dynamics of a
complex system. Forrester (1975, 66) states:

Simulation takes the emphasis off mathematics for the sake of analytical
solutions. Instead, mathematics becomes important as a precise and orderly
language for logical manipulation. Analytical solutions are no longer as impor-
tant for the answers they give as for providing an additional perspective and
insight into the nature of the elementary processes that underlie systems.

While these models have been very useful, it is important to remember the
general shortcomings of these models, which are:

1. They are large scale models which often use statistical data for groups and treat

cohorts rather than individuals.
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2. They are human behavior models which use variability in individuals to gener-
ate a distribution of values for variables with the result that an individual is not
modeled but rather a normalized individual is modeled.

Recently A-Life (Artificial Life) modeling techniques based upon individuals is
becoming a useful tool. For example, VANT (Firtual ANT) models use a simple com-
puter ant which is endowed with a genetic structure in which genes correspond to
behavioral traits (Langton 1986; Levy 1992, 93-120). The behavioral traits when acted
upon by the environmental factors result in the vants interacting with the environment
in a specific fashion. The alleles (forms) of a gene are mapped to the values of a
particular trait. For example, the trait of quitting a job when stress levels exceed a
threshold value will have different values for different individuals. Coding these
values to a vant gene would allow an entire organization of individuals to be modeled
at a time. The model would resemble an organization comprised of individuals (treat-
ed as individuals) rather than being a model of a collective organization or a single
individual. "The phenomenon of complex, perhaps unexpected, behavior developing
from a simple set of rules occurs over and over in A-Life experiments and is termed
emergent behavior" (Prata 1993, 20). The basic units of a situation are modeled
together with their interactions, then the system is set in motion and left to evolve its
own behavior.

Furthermore, in examining types of model formulation, Taylor and Jefferson
(1994, 4-5) are of the opinion that:

Models of population behavior for the study of ecosystem organization,
population genetics, macroevolution, geographic dispersal, etc. have
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traditionally been expressed formally as systems of algebraic or differential
equations. Unfortunately, equational models are subject to many limitations.
For example, in many models it is common to refer to the derivative of a
variable with respect to population size N. This in turn implies the assumption
of very large populations in order for such a derivative to make sense, which
has the effect of washing out small population effects, such as genetic drift, or
extinction. Another difficulty is that it would take tens to hundreds of lines of
equations to express even a simple model of an organism's behavior as a func-
tion of the many genetic, memory, and environmental variables that affect its
behavior, and there are simply no mathematical tools for dealing with equation-
al systems of that complexity. Furthermore, equational models are generally
poor at dealing with highly nonlinear effects such as thresholding or if-then-
else conditionals, which arise very frequently in the description of animal
behavior.

One of the most fundamental and successful insights of the field of
Artificial Life has been the development of an alternative population modeling
paradigm that dispenses with equations entirely, and represents a population
procedurally, that is, as a set of coexecuting computer programs, one for each
cell or one for each organism. We consider this feature, the representation of
organisms by programs, to be the defining feature of "artificial life" models of
population behavior, the property that distinguishes them from other mathemati-
cal or computational models of populations.

Artificial Life models offer the advantage of coding an organism's be-
havior explicitly as a program, rather than implicitly as the solution to equa-
tions that must be integrated. This directness of encoding typically makes Arti-
ficial Life systems much easier to use and modify, as new information is ob-
tained or new hypotheses are entertained, than is possible with equational
models. Today most Artificial Life models represent each organism as a Lisp
program, a finite automaton, or a neural net. The genes of the organism are
represented variously as bit strings, character strings, or list structures, either
contained within the organism or stored as a separate data object that serves to
encode the structure or behavior of the organism. Software organisms can
reproduce either asexually, with point mutations altering the genetic data passed
from parent to child, or sexually, with the child's genome derived by combining
information from two parent genomes.

An interesting experiment was conducted by Reynolds (Levy 1992, 76-80) in
which the flocking behavior of birds was modeled using this technique. According to
Reynolds' theory, a hypothesis based on observation and evaluation of the literature

will be strengthened by being successfully implemented in a model. For his work, this
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did not mean that a real bird would actually use the rules of the model, but it showed,
at least, that using those rules would produce a behavior that certainly appeared to be
flocking.

The preceding has the implication that concepts of control whereby individuals
within a system are either directed by the system or direct the system need to be
reexamined. Resnick (1994, 4) believes that:

This assumption of centralized control, a phenomenon I call the central-
ized mindset, is not just a misconception of the scientifically naive. It seems to
affect the thinking of nearly everyone. Until recently, even scientists assumed
that bird flocks must have leaders. It is only in recent years that scientists have
revised their theories, asserting that bird flocks are leaderless and self-orga-
nized. A similar bias toward centralized theories can be seen throughout the
history of science.

Viewing a system which has the rule structure of decision making by the
individuals represents a new and different approach to system analysis. Ray (1994,
180) states:

The new bottom-up approach creates a population of data structures,
with each instance of the data structure corresponding to a single entity. These
structures contain variables defining the state of an individual. Rules are
defined as to how the individuals interact with one another and with the envi-
ronment. As the simulation runs, populations of these data structures interact
according to local rules, and the global behavior of the system emerges from
these interactions. Several very good examples of bottom-up ecological models
have appeared in the AL literature. However, ecologists have also developed
this same approach independently of the AL movement and have called the
approach "individual-based" models.

This serves to shift the emphasis to an approach of observation followed by
synthesis. In this approach modeling is an integral and important part of seeking

knowledge about a system. Resnick (1994, 231) states:
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One of the basic tenets of Artificial Life is that the best way to learn
about living systems is to try to construct living systems (or, at least, models
and simulations of living systems).

It also follows that a particular aspect of synthesis is that it is comprised of two
main assumptions, one being deduction and prediction, the other being explanation.
Bonabeau and Theraulaz (1994, 305-6) state:

Being able to deduce the properties of a phenomenon, from a set of
causes is not equivalent to explaining this phenomenon, because only a few
among the many possible causes may be relevant. . . . Explaining the phenome-
non amounts to determining what the relevant causes are. Note that the num-
ber of such causes might be very high in the case of complex living systems,
making explanation intractable.

Representing a phenomenon using a simulation model has become a standard
tool for a systems oriented approach. As an example within the field of ecology, Foin
(1972, 481) states:

The methods of systems ecology center upon the construction of a
simulation model. Our approach is to construct a very general conceptual
model, then to break it up into progressively smaller and more detailed mod-
ules. When the flowcharts are sufficiently detailed, data can be sought to
quantify the static and dynamic variables, functions selected, and algorithms
written for the functions. Particular care is exercised to include all the feed-
back loops possible within any developed submodel, and constant checks are
made to insure all possible integration between modules.

The central tool of model building is a sufficient computer to handle the
simulation model. Any model that accurately simulates the natural complexity
of human activity tends to become very large rapidly; even with fairly large
machines . . . submodels can easily use all available internal storage and re-
quire programming tricks and high efficiency to run. The computer is also an
appropriate tool for the systems analysis that goes into selection of mathemati-
cal functions.

A specific problem has come up when modeling complex systems and the
severity of the problem seems to be proportional to the complexity of the system. The

problem is what exactly is being modeled and, as such, exists as a problem of
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formulation rather than a theoretical restraint inherent with the modeling process. One
becomes so lost in the multitude of trees that they cannot see the forest. Patten (1972,
xii) offers the following discussion:

First, a clear distinction between modeling behavior (dynamics) and
modeling the mechanisms that produce behavior has not been arrived at.
Mechanisms are nonlinear, but behavior, particularly the nominal or small
perturbation behavior of adapted systems, tends to be linear. Models based on
nonlinear representations of mechanisms have not been too successful in simu-
lating behavior. The mathematical properties of nonlinear systems are just not
consistent with the dynamics of real systems. The problems are compounded
when complex patterns of interactions are involved.

Thus modeling has been seen to be an essential and intrinsic part of the study
of dynamic complex systems. Modeling has been linked closely with computer devel-
opment and is likely to continue to evolve. A-Life modeling is a recent development
stemming from prior endeavors.

In the chronology from the first computer models to present day A-Life ver-
sions, the progenitors for A-Life models are the fields of cellular automata and genet-
ic algorithms. Both fields have but a short history and the existence of each is largely
dependent upon the recent advancement of computational power made available by
developments in both computer hardware and software. Both also draw on the advent

of computer graphics as a new tool to present and interpret large amounts of dynamic

data. Both fields can also be traced back to seminal individuals.

Cellular Automata

The field of cellular automata was conceived in the works of John von Neuma-

nn, Stanislaw Ulam, and John Horton Conway. John von Neumann and Stanislaw
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Ulam were both aware of the bottleneck in computation using serial processing (each
cell is processed one at a time in a serial fashion) so they developed cellular automata
as a tool to study and model complex systems. During 1948, von Neumann delivered
a series of lectures called "Theory and Organization of Complicated Automata," at the
University of Illinois. An intriguing question of concern was whether or not it was
possible for a machine or automaton to reproduce itself. This concern or preoccupa-
tion with life and reproduction has remained in the field of cellular automata to this
day. In 1952, von Neumann completed a description of a self-reproducing cellular
automaton which used 29 states. During 1970, the game of "Life" by John Horton
Conway was introduced to the public. During this time computer power was ever
increasing which allowed more complex cellular automata to be studied. The advent
of massively paraliel computers such as the connection machine (256,000 processors)
(Hillis 1987) was the hardware which gave promise to the field of cellular automata.
Referring to an earlier version of the connection machine, Channell (1991, 124) states:
Much of the eaiily work was limited by a lack of hardware and only
recently has W. Daniel Hillis, founder of Thinking Machine Corporation, built
and marketed a parallel processing computer called the Connection Machine,
with over sixty-five thousand processors.
In addition, special purpose computers (Systolic Processors) were built in limited
quantities to attack the speed problem. Many new researchers were drawn to the field
which eventually resulted in the first A-Life conference being organized by Langton in
1987.

A cellular automaton is a two-dimensional mathematical grid-like entity (some-

times three-dimensional) typically displayed on a computer screen divided into cells
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which are repeatedly updated using a universal rule structure applied in a parallel
manner to all cells. Color, size, and position or some combination of these are typi-
cally used to convey the state or value of an individual cell. These cellular automata
programs have three main properties (Rucker 1989, 2):

1. Parallelism: An individual cell is updated independent of all other cells.

The action of updating all cells is referred to as a generation.

2. Locality: When a cell is updated, its new value depends upon its old

value and the old value of its nearest neighbors.

3. Homogeneity: Each cell is updated according to the same rules.

Cellular automata can be used as good models for physical, biological, and
sociological phenomena. Each cell (person, region of space, etc.) updates itself inde-
pendent of other cells. It bases its new state on the value of its immediate
surroundings or neighbors using some generally shared law of change or behavior.
Wolfram (1984) holds the view that

Cellular automata are examples of mathematical systems constructed
from many identical components, each simple, but together capable of complex
behavior. From their analysis, one may, on the one hand, develop specific
models for particular systems, and, on the other hand, hope to abstract general
principles applicable to a wide variety of complex systems.

As increasingly more complex systems were modeled and the ecology field
took an early interest in this technique, a somewhat murky path for future cellular
automata development slowly emerged. Channell (1991, 134) states:

By explicitly using ideas and concepts drawn from biology as rules for
cellular automata, researchers are beginning to explore the possibility of artifi-

cial life. Biologist Richard Dawkins has used Darwinian principles to create a
computer program in which small stick figures evolve based on a simplified
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genetic code, random mutations, and a few rules governing natural selection.
Christopher G. Langton at the University of Michigan used Edward O. Wilson's
work on insect societies to create a colony of virtual ants, or "vants," which
were programmed to cooperate in the task of building and following trails
across the computer's screen.

Although such forms of artificial life are clearly distinct from actual
organic life, recent developments are moving the two forms closer to one
another.

As a sidelight in the development of Artificial Intelligence, early work was per-
formed using neural network techniques which share a methodological kinship with
cellular automata in that it was also hardware limited. The specific aspect of the
limitation was the very small degree of connectionism which could be achieved with
the hardware of the time. This led to sufficient criticism to hinder work on neural
networks for a decade. In discussing the objections raised by Minsky and Papert over
the concepts of connectionism in computers, especially perceptrons; Channell (1991,
124-5) notes that:

Although the artificial intelligence community still remains divided over
connectionism, there have been some recent attempts to exploit a combination
of rule-driven Al and emergent AI. Minsky has recently argued that the "ad-
vantages of distributed systems are not alternatives to the advantages of insulat-
ed systems; the two are complementary.” In an expanded edition of their
critical book on perceptrons, Minsky and Papert raise the possibility that artifi-
cial intelligence may arise from a combination or linkage of parallel processing
and serial processing. They explain that they "have come to try to develop
'society of mind' theories that will recognize and exploit the idea that brains are
based on many different kinds of interacting mechanisms.” If a group of
different types of neural nets were organized into a larger system so that some
parts of the system were strongly connected to one another while other parts
were relatively insulated, the advantages of both serial and parallel processing
could be exploited. The idea of such a dualistic system seems to reflect a
bionic world view in which intelligent behavior, traditionally seen as the exclu-
sive province of the organic, emerges from a machine, transforming it into a
vital machine.
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Genetic Algorithms

The field of genetic algorithms, to a large degree, is a result of the work of
John Holland. The research goals of Holland were to explain the adaptive processes
of natural systems and to design software systems that retain the important mecha-
nisms of natural systems. Adapting natural selection to the problem of machine
learning resulted in genetic algorithms. Genetic based algorithms were conceived and
developed as a technique for solving optimization problems. They have certain advan-
tages over the three conventional search methods which consist of calculus-based,
enumerative, and random methods. They differ from the conventional search tech-
niques in four main ways (Goldberg 1989, 7):

1. Genetic algorithms work with a coding of the parameter set, not the
parameters themselves.

2. Genetic algorithms search from a population of points, not a single
point.
3. Genetic algorithms use payoff (objective function) information, not

derivatives or other auxiliary knowledge.

4, Genetic algorithms use probabilistic transition rules, not deterministic
rules.

In discussing the formulation of genetic algorithms, Mitchell and Forrest (1994, 281)
state:

The vast majority of current GA (genetic algorithm) implementations
use a simple binary alphabet linearly ordered along a single haploid string. It
should be noted that researchers interested in engineering applications have
long advocated the use of simple "higher-cardinality alphabets,” including, for
example, real numbers as alleles. Given the fact that GA performance is heavi-
ly dependent on the representation chosen, this lack of diversity is surprising.
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Genetic algorithms which represent a bottom up approach to machine intelli-
gence were not widely publicized or studied as the top-down approach of the field of
artificial intelligence became the dogma of the day. Only recently, due to the lack of
real results from the field of artificial intelligence has there been a resurgence of
interest in genetic algorithms. Collectively, concepts and techniques drawn from the
fields of genetic algorithms and cellular automata are generally referred to as Artifi-
cial-Life which is emerging as a field in its own right.

A specific distinguishing characteristic of genetic algorithms is that they inher-
ently deal with life including concepts such as birth, behavior, and death. Another
characteristic is population which is a collection or group of individuals or agents.
Dyer (1994, 112) states:

One attractive feature of the AL approach is that the fundamental unit
of manipulation is the population. Genetic operators are applied to populations
and produce populations. This approach is in direct contrast to Al approaches.
For example, in distributed artificial intelligence (DAI), researchers take the
individual to be the fundamental unit and then attempt to engineer individual
agents who will interact correctly to solve group-oriented tasks.

As stated earlier, modeling of behavior is an important aspect of Genetic algorithms.
Mitchell and Forrest (1994, 279) state:

Understanding and modeling social systems, be they insect colonies or
human societies, has been a focus of many artificial-life researchers. GAs
have played a role in some of these models, particularly those modeling the
evolution of cooperation. Here we describe how the GA was used to evolve
strategies for interaction in the context of the Prisoner's Dilemma.

Also Dyer (1994, 113) goes on to say:
A very long-term goal of AL is to gain insight ultimately into the

evolution and nature of human intelligence, through modeling the evolution of
communication and cooperative behavior in lower life forms
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While genetic algorithms have proved useful in modeling many phenomenon, they do
have a drawback. The genetic congruence in their structure represents a severe envi-
ronment for model formulation and programming. A gene sequence is difficult to
relate to an observable characteristic. Mitchell and Forrest (1994, 281) touch upon this
i1ssue as follows:

It is difficult to distinguish between "yet another cute simulation” and
systems that teach us something important and general, either about how to
construct artificial life or about the natural phenomena that they model. We
suggest that artificial-life research should address at least one of these two
criteria and that it is important to be explicit about what any specific system
teaches us that was not known before. This is a much more difficult task than
may be readily appreciated, so difficult in fact that we consider an open prob-
lem to develop adequate criteria and methods for evaluating artificial-life
systems.

On the modeling side it can be very difficult to relate the behavior of a
simulation quantitatively to the behavior of the system it is intended to model.

This is because the level at which Artificial-Life models are constructed is
often so abstract that they are unlikely to make numeric predictions.

Artificial-Life Techniques

Artificial-Life, as a technique, draws upon the strengths of both genetic algo-
rithms and cellular automata. It uses evolution as a powerful way to perform optimi-
zation using a computer and also provides a unique way of studying the evolution of
natural phenomena. It allows the modeling of many individuals where the individual
is truly individual. From the above, it can be seen that A-Life modeling techniques
offer a new tool which can be adapted for use when modeling organizations comprised
of many individuals. Channell (1991, 135) states:

Some computer scientists are using artificial life to create new computer
programs that emerge through a kind of Darwinian evolution rather than by
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being designed by a person. For example, Daniel Hillis at Thinking Machines
has created a program to sort lists of numbers.

In this example, Hillis allowed a program which sorts lists to evolve toward a more
efficient version in which the goal was to use fewer steps to achieve the sort. This
optimization is performed via evolution.

Since Artificial-Life, as a technique, is inexorably linked to computing power
and progress, some mention needs to be made concerning the future. Channell (1991,
135) further states:

As vital machines become more and more sophisticated, the distinction
between artificial life and actual life may become moot. In the opinion of J.
Doyne Farmer, a leading specialist in artificial life at the Los Alamos National
Laboratory, "Although computer viruses are not fully alive, they embody many
of the characteristics of life, and it is not hard to imagine computer viruses of
the future that will be just as alive as biological viruses."

As life becomes artificial and computerized, there is also a flip-side. In dis-
cussing Norbert Wiener and learning within high-order programs, Channell (1991,
142) states that "New developments in artificial life also raise questions about comput-
ers being predetermined." As simulation and modeling of complex systems is becom-
ing the norm, artificial life, as a technique, is finding many new users drawn by its
usefulness. Resnick (1994, 14) states:

The new field of artificial life is a striking example of the growing
interest in self-organization and decentralized scientific models. Artificial life
researchers aim to gain a better understanding of living systems by creating
computational versions of them - for example, creating artificial versions of ant

colonies or bird flocks. In their efforts, artificial life researchers are guided by
an abiding faith in decentralized approaches.
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This decentralized strategy is predicated upon a number of guiding principles. To
expand and discuss these "guiding heuristics” for thinking about decentralized worlds,
Resnick (1994, 134) states:

-Positive Feedback Isn't Always Negative. Positive feedback often plays an
important role in creating and extending patterns and structures.

-Randomness Can Help Create Order. Most people view randomness as de-
structive, but in some cases it actually helps make systems more orderly.

-A Flock Isn't a Big Bird. It is important not to confuse levels. Often, people
confuse the behaviors of individuals and the behaviors of groups.

-A Traffic Jam Isn't Just a Collection of Cars. It is important to realize that
some objects ("emergent objects") have an ever-changing composition.

-The Hills Are Alive. People often focus on the behaviors of individual objects,
overlooking the environment that surrounds the objects.

As A-Life is a new field, many concepts are not rigidly codified but exist
rather as a collection of folk principles. These principles are often germane to the
specific field for which a model is constructed. While working on models of politics
which include alliances between competing members, control of territory, and warfare;
Axelrod (1995, 33-4) discusses some discovered principles which give some insight
into the dynamics of the system:

The results of the model's performance can now be summarized in terms
of six characteristics:

1. Things usually don't settle down. Instead, the history of the model
shows considerable complexity. For example, as late as year 900. one
of the populations suffered a series of fights that destroyed over three-
quarters of the global wealth.

2. Histories show considerable variability. The combinations of wealthy

actors, frequency of fights, and trends in population wealth differ con-
siderably from one population to another. Even though each actor is
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using the same decision rules, the results differ greatly because of ran-
dom differences in initial wealth and in the order in which the actors
become active.

3. “Imperial overstretch” can bring down even the strongest actor. As an
actor becomes committed to others via tribute relationships and fighting
together, it becomes exposed to the risks of whatever fights the others
get into. Since actors decide on demands and responses based upon
their own calculations, even a weak actor can choose to make or resist a
demand for its own reasons, and thereby drag into the struggle a strong
actor who is committed to it.

4, Civil wars can occur among the smallest members of a cluster. While
the strongest members of a cluster typically can prevent a fight among
members of the same cluster by taking sides, it would not do so if it
had equal commitment to the two sides. Therefore, smaller members of
a cluster may fight each other while the strongest member stands aside.

5. A cluster can have more than one powerful member. Clusters are often
like empires, with one powerful actor and many weaker ones who pay
tribute to it. But as we have seen in the case of [...], it is also possible
for a second actor to grow strong in the shadow of the first.

6. Initial endowment does not guarantee or even predict success. Before
clusters of commitments are established, wealth can be as much a hand-
icap as an asset. The reason is that wealth makes an actor a lucrative
target for other strong actors, and can make one over-confident in mak-
ing demands.

Furthermore, in examining the processes of collaboration and competition within the
framework of modeling alliances within the political arena, Findler and Malyankar
(1995, 214-5) have found that:

1. Alliances may differ from one another in all possible characteristics and
have no a priori motivation to collaborate.

2. If two or more alliances decide to collaborate, it is based on their mo-
mentarily shared goals, and on the accuracy and timings of their "net-
work perception" (their perceptions of other alliances).

3. The goals of an alliance may be self-generated or induced by the envi-
ronment.
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4. The members of a single alliance or different alliances may assume a
temporary, hierarchical or flat organizational structure if it serves their
purpose and their internal power conditions.

5. The membership and the norms of an alliance may change dynamically
in response to the changing environment and the individual agent's
mentality.

6. The actions of an alliance may affect the others adversely if their goals

are partially or totally exclusive.

7. The costs and benefits of an alliance depend on the actions of the other
alliances as well. It may, however, be a non-zero-sum environment.

8. Conflicts arising between alliances may (but need not) be resolved
through negotiation.

9. The malfeasance of an alliance (deliberate or accidental transgression of
the norms) is to be discovered and reported by others.

10. When the goals and/or action of an alliance are found to violate the
current norms, their expected value to the social entities in question is
calculated. If this is greater than a certain threshold value, a suggested
change to the norms (allowing the goal or action in question) is checked
vis-a-vis the meta-norms, and, if found to be feasible, put to a vote. A
negative vote by the majority (or plurality) can be followed by negotia-
tions leading to an acceptable consensus.

It is acknowledged that while the preceding listed principles differ greatly in generali-
ty, they do represent insight concerning how system processes and structure dually
influence and are also influenced by individual behavior and can guide one in the
design of more accurate or precise models.

While the preceding examples illustrate guiding principles, the operative word
for emphasis is "guiding" rather than "principles." These are not formula to build a

system but aid in the understanding of complex behavior resulting often from quite

simple rules. To elucidate this point, Resnick (1994, 134-5) states:
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These guiding heuristics are not very "strong." They are neither pre-
scriptive nor predictive, nor are they unique to decentralized systems. They
don't tell you precisely how to think about decentralized systems, nor do they
tell you how to make accurate predictions about such systems. Rather, they are
ideas to keep in mind as you try to make sense of an unfamiliar system, or to
design a new one. They highlight some pitfalls to avoid, and some possibilities
not to overlook. These heuristics will not (and should not) replace the central-
ized mindset. Rather, they can supplement the centralized mindset, leading to a
richer set of mental models for making sense of systems in the world.

Of essential importance in the formulation of A-Life models is the role of the
individual or agent. A system is more than just a collection of individuals. From a
special or particular viewpoint, it is many individuals which form a system rather than
a system consisting of many individuals. The emphasis of distinction is on the indi-
vidual. The agent, congruent to a person or other life form, is a rule driven entity or
system, in its own right, operating and interacting with other agents within an environ-
ment. Some general characteristics of an agent are that it is goal seeking, autonomous
or independent, and adaptive. Maes (1994, 136) discusses these points as follows:

An agent is a system that tries to fulfill a set of goals in a complex,
dynamic environment. An agent is situated in the environment: It can sense
the environment through its sensors and act upon the environment using its
actuators. An agent's goals can take many different forms: they can be "end
goals" or particular states the agent tries to achieve, they can be a selective
reinforcement or reward that the agent attempts to maximize, they can be
internal needs or motivations that the agent has to keep within certain viability
zones, and so on. An agent is called autonomous if it operates completely
autonomously, that is, if it decides itself how to relate its sensor data to motor
commands in such a way that its goals are attended to successfully. An agent
is said to be adaptive if it is able to improve over time, that is, if the agent
becomes better at achieving its goals with experience. Notice that there is a
continuum of ways in which an agent can be adaptive, from being able to adapt
flexibly to short-term, smaller changes in the environment, to dealing with
more significant and long-term (lasting) changes in the environment, that is,
being able to change and improve behavior over time.
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As an agent makes goal directed choices continually within a model. some
discussion of this behavior is necessary to make a distinction which serves to set A-
Life models apart from other models. Agent choices generally are not optimized in a
classical sense. They attempt to meet or achieve the goal, but there is no incentive or
premium for over achievement. To.illustrate this point, an agent who finds more food
than it can eat or store or transport is no better that an agent who finds sufficient food
to satisfy hunger. Maes (1994, 147) provides a further discussion of this point:

Given that it is theoretically impossible to prove what the optimal
action selection policy for an agent is, how does the field evaluate a particular
proposed solution? Researchers in adaptive autonomous agents are not inter-
ested in provable optimality of action selection, that is, in whether the agent
takes the optimal path toward the goals, as they are in whether the action
selection is robust adaptive, and whether the agent achieves its goals within the
requirements and constraints imposed by the particular environment and task at
hand. Among other issues, this means that the action selection mechanism

should:

-favor actions contributing to the goals; in particular, it should favor
those actions that result in the most progress toward the goals.

-be able to deal flexibly with opportunities and contingencies.

-be real time (fast enough for the particular environment at hand and its
pace of changes).

-Minimize unnecessary switching back and forth between actions con-
tributing to distinct goals.

-improve on the basis of experience.

-demonstrate graceful degradation when components break down or
unexpected changes happen.

-never get completely stuck in a loop or deadlock situation or make the
agent mindlessly pursue an unachievable goal.
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-and, most importantly, be "good enough” for the environment and task

at hand: As long as the agent manages to achieve its goals within the

constraints (time, quality, etc.) required by the problem situation, the

solution is considered an acceptable one. For example, as long as the

robot manages to find the recharging station before its battery dies, as

well as make progress toward its more task-specific goal of surveying

the offices, it is considered an acceptable solution, even if it does not

always follow optimal paths.

With the preceding as a foundation, it thus is apparent that the individual or
agent is an independent system of its own, following rules, more often than not, of its
own which, nevertheless, are structurally similar to the rules of other individuals. The
richness of this structure allows and fosters a complexity which is similar to what we
see exhibited in human behavior. Simulating this behavior via A-Life models allows
experimentation, which could not otherwise be performed, aimed at understanding the
human and human society.

The thrust of this research is to explore A-Life models and simulations to pro-
vide an improved methodology for their use along with a desire to bring together
many aspects of Artificial-Life into a pseudo codification of principles which will

allow a researcher to use A-Life techniques as an effective tool in the study of human

phenomenon.

Theoretical Framework or Perspective for the Research
The theoretical framework for an understanding of the A-Life modeling of
turnover lies not within the field of turnover but rather within the field of A-Life.
Within the A-Life community, there is a growing movement toward a rejection of

what is termed folk psychology. Smithers (1992, 31-40) refers to folk psychology as
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"the common sense psychological terms such as 'believe’, 'desire’, 'fear’, 'feel’,
'imagine’, 'prefer’, 'think', etc. whose everyday use is governed by a loose knit network
of largely tacit principles, platitudes, and paradigms, and not by some system of well
founded, coherent, and consistent natural laws, as is required of any scientific theory."
This movement is called "eliminative materialism" and has been championed by
Churchland (1988, 507-8).

Within this framework, I am viewing turnover as a psychological phenomenon
which can be described and modeled by a collection of correlating variables. The
purpose of the A-Life model is to achieve a dynamic complex simulation of the phe-
nomenon being studied. As psychological phenomena are not well defined as to the
relevant variables or equations linking variables, a degree of complexity can be
achieved by using as many variables as possible. At the same time, though, the
computer model must not be too complex so as to become intractable in use. Within
the confines of the computer platform available, a few thousand individuals (different
combinations of variables) can be modeled in a single simulation. The model pro-
gresses time-step by time-step where future values are determined both by the network
and any learning that the network has achieved. The model provides a history of the
values of the variables so that the observed characteristic (i.e., thinking of quitting) can
be examined for each individual of the model as the values of each variable wax and
wane over time. This will provide an understanding of how the variables of the model

interact to affect changes in the studied behavior.
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Price (1989) postulates that increased turnover will likely produce less produc-
tivity. He states "When turnover disrupts performance, productivity decreases; on the
other hand, when turnover is accompanied by the displacement of poor performers and
a decrease in withdrawal behaviors, productivity increases." He goes on to discuss the
question of net impacts and whether or not turnover decreases productivity more than
it increases it. This is a crucial point, for it is the summation of the performance of
individuals which determine the calculated productivity of the organization. Some
individuals will increase their performance and other will decrease their performance.
Simulating the behavior of the individual allows one to understand the statiétics ap-
plied to the organization as a whole. System statistics of correlations, by their nature,
cannot be applied to the individual. Simulating the individual allows the cause and
effect nature of the interaction to become known. To understand why organizational
productivity should decrease when turnover increases, one must study each individual
of the organization for each individual interacts with others. Only when one under-
stands the behavior of the individual, can one then understand the statistical descrip-
tion of the organization.

An important element of the theoretical framework for simulating behavior in
the field of A-Life is that there is no single or unique collection of variables which
will produce or determine a specific behavior pattern. An individual who is thinking
of quitting can have different observed values for the variables used to construct the
model than another individual might have. To illustrate this point (using the variables

of the sample model described in appendix 7), table 8 shows the variable values for
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three hypothetical individuals who have the same level of the characteristic "thinking

of quitting”:

TABLE 8

EXAMPLES OF VALUES FROM SAMPLE MODEL

Variable Person A Person B Person C
Pay Medium Low High
Centralization Low Medium Medium
Length of service High High Low
Age Low Medium Low
Education Medium High High
Management perception Medium Medium Low
Thinking of quitting Medium Medium Medium

This matches observed behavior in as much as individuals are treated as individuals

and not just as clones having all the same variable values. A shortcoming in using

statistical reductionist models is that there is a tendency to neglect or discard observa-

tions which do not fit the model. It becomes hard to explain the individual who is

thinking of quitting, by all measures should not be. A-Life models allow a greater

latitude in examining the interaction of all variables in producing the observed charac-

teristic.

As an observed phenomenon, turnover has been studied in depth and many

important variables have been identified which are correlated with or thought to be

important in causing turnover. An A-Life framework accepts that all variables can be
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considered causal to turnover. Each individual can respond in a different manner to
the same set of values of the variables due to the probabilistic nature of the connection
construction causing the output. Thus, the individual and the model can be considered
non-deterministic. The researcher, in accepting this principle, will no longer be shack-
led in attempting to search for a single magic management policy which will reduce
turnover. An understanding of the behavior of a multitude of individuals can be useful
to devise a set of policies for an organization to treat an individual as the individual
and not as a statistical quantity. In this regard, organizational policies might be able

to decrease the rate of turnover.

Significance of the Research
The significance of the research can be addressed by comparing it to other ap-
proaches within the fields of turnover and artificial life and addressing why this

approach has advantages.

Significance to the Field of Turnover
This research would add an important new tool with which the behavior of
turnover within the context of an organization can be studied. When an individual
quits, the act will be noticed by others in the organization. This represents an
information input to others which may play a part in their future behavior. This is
significant as they are still within the organization and could also quit in the future.

As every human interaction represents a perturbation to an autonomous system (an
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individual) and each individual receives a different set of perturbations over time, then
it is desirable to study a large number of individuals. Each individual must remain as
an individual within the model otherwise one soon ends up with a model of human
behavior (consisting of a single idealized individual or a collective group of individ-
uals) formed by condensing statistical data in which individual identity has been lost.
An A-Life model can be used to model many thousands of individuals simultaneously.
Within the field of turnover, the set of variables correlated to turnover or
thought by researchers to be causal to turnover is fairly consistent. Most models differ
only in the specific subset of variables chosen and the relations used to link them.
Most recent models use System Dynamics, multiple regression analysis, or analysis of
variance techniques. For System Dynamics models, a relevant set of variables is
selected and connected into a model. The model is not of individuals but of con-
densed data for a sample of individuals. The variables are given starting rates and
values and the model is run. Adjustments are made to the rates and values of the vari-
ables but the basic model and connections are the same. For regression analysis
models, variables are best-fit to observed data. However, the data is a statistical
condensation of observations of individuals. For analysis of variance models, varia-
tions are explained in terms of the best set of variables which minimizes the variances.
Employing A-Life techniques allows the use of 2 model in which. the selection of
variables and their connections can evolve over time through the use of communica-
tion between individuals and also meta-level functions controlling individual behavior.

It also permits the modeling of a multitude of individuals for which each individual
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remains as an individual throughout the simulation by being modeled truly as an
individual.
This research also provides a useful tool by which behavioral models can deal

with interactions existing between the multitude of individuals and the organization.

Significance to the Field of Artificial-Life

Thus far Artificial-Life models have dealt with simple behavior such as envi-
ronmental sensing (e.g., food and predator recognition) and simple motor control (e.g.,
food gathering and predator avoidance). Genetic algorithms for learning have been
explored to understand the behavioral aspects of these actions. However, genetic
algorithms are used when models are constructed for time scales allowing many
generations of agents to evolve and, in a de facto sense, include birth and death of
individuals within the model. The turnover model of this study is designed to use a
time span within a single generation of individuals, therefore, genetic algorithms will
not be used since there are no births or deaths occurring. Many of the computational
techniques of genetic algorithms such as using a coding of the parameter set and using
probabilistic transition rules will be used to construct the model. As all aspects of
behavior can be considered as a type of learning, extending Artificial-Life models to
higher level human actions (i.e., quitting and thinking of quitting) represent an advance
in the usefulness of these techniques.

As the use of an A-Life type model to study an organizational setting with

many individuals represents a new approach, unconventional insights are possible for
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the specific social problem addressed by this research. Of greater value perhaps,
assuming the success of this research, is the validation of this research method which
can lead to the application of this methodology to a wider range of social research

issues and problems involving human behavior.
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CHAPTER 3

SPECIFIC RESEARCH ISSUES / PROBLEMS / QUESTIONS

Articulation of Researchable Question

The research explores the use of an artificial-life type model to simulate an
aspect of human behavior, using turnover as a test case for the simulation. A multi-
stage process was followed to progress from the general area of interest to the final
selection and statement of the research question which would serve as the test case for
assessing the performance and suitability of an Artificial-Life engine to simulate a
facet of human behavior. Thus, as turnover involves quitting, the first version for the
statement of the research question is:

Why do individuals quit?

As an action which an individual makes only after considerable thought, the
interest, from a research viewpoint, is to study, model, and simulate aspects of the
thought and behavior process which precedes the action (quitting). Quitting, viewed as
an action or process, has a gestation period. If one experiences a single stressor at
work, he or she probably would not spurt out "I QUIT!" five seconds later. Moreover,
since quitting ideally entails having another job already lined up, again, the act of
quitting is not a spur of the moment action. Thinking about quitting does precede the
act of quitting. The thought process of those who have just recently quit is inclusive
of thoughts ranging in time from the initial thinking of quitting through the act of

quitting. Inquiries, directed to individuals who have quit, concerning the thinking of
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quitting could be colored by the actual act of quitting. Recollection and interpretations
of the thought process leading to the act of'quitting could be different after the indi-
vidual has quit. This phenomenon is an example of selective memory. For these
reasons, the second version for the specific research question deals with the "why" of
thinking about quitting or to reword it:

Why do individuals think of quitting?

As the research was to be performed within a federal organization using a
sample population of engineers, the choice of setting further modified the research
question so that the third and final version became:

Why do federally emploved civilian engineers think of quitting?

Potential Surprises

During the research, it was not anticipated that there would be any surprises
encountered during the field work. However, during the collation of the interview and
questionnaire, it was recognized that there might be the discovery of new factors
influencing the research question, regarded as important by the research subjects, to
merit inclusion as additional variables in the model. These factors could result from
the localized nature of the field work and would not be considered as major factors
due to not being identified as major factors by other researchers during the literature
review. The local importance could be in terms of a micro-geographic or micro-

organizational nature.
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The second order nature of the proposed model (i.e., research concerning
thinking about quitting vs. research concerning quitting) could generate new and
unexpected results as the simulation is run. The model was designed to have a suffi-
cient level of complexity to lie between the following boundaries:

1. One boundary: A highly detailed model of a single individual with many
factors that may have limited application when scaled up to cover many indi-
viduals.

2. Other boundary: A statistical model of a large number of individuals which,
while useful for aggregate projections, does not accurately portray the individu-
al as an individual.

This complexity level draws upon work by Wolfram and Langton (Langton 1992, 41-

91) categorizing complex systems by the degree of complexity. Their work has roots

in the cybernetics of Weiner, Ulam, and Von Neumann, among others. What has been

demonstrated in fifty some years of study, is that complex systems are complex. What
this means is that causality which exists at a local level is often masked by system
parameters which are not intuitively obvious when using a static viewpoint. The
richness of interaction is manifested when a dynamic viewpoint is used. Regarding
the model used to simulate the population of research subjects, this means that there

may very well be surprising behavior discovered when the simulation is run.

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



CHAPTER 4

THE RESEARCH APPROACH / METHODOLOGY

General Approach

The general approach followed for the research was to generate a list of rele-
vant behavioral characteristics and environmental factors pertinent to the research
question. This was based upon a survey of the appropriate turnover literature as a
starting point. As this led to a plethora of possible variables for the model, a pruning
was necessary to obtain a selection of about fifty potential variables. An informal
information gathering interview was conducted with a few participants to explore the
usefulness of the list and perhaps discover addition variables of interest. The initial
list of variables was combined with the results of the participant interviews to sharpen
the focus and roughly select the final variables to be used for the computer A-Life
model. It was anticipated that the model would ultimately consist of no more than
twenty variables. The choice of variables was made to underscore proposed functional
relationships between them. At this point a questionnaire was developed to obtain
pseudo-ranked values for each of the potential variables of the model. Using the
results of the survey, the statistical tabulation of values was determined for the vari-
ables of interest (high, low, and mean). At that time, the selection of the variables and
their value ranges was finalized for the initial model formulation.

The exploration consisted of setting the initial values of the behavioral char-

acteristics for the individuals and also the initial values of the environmental factors.

60

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



61

The simulation was run until a small number of individuals were detected as having
quit the organization to which they belong or until the predetermined time scope of the
model. The behavioral values for these individuals were recorded and analyzed for the
dynamic behavior just simulated. In addition, the simulation was scrutinized for any
patterns of behavior or signs of emergent behavior during the computer trials. This
was possible since, at each time step of the model, values for all the variables for each
individual were written to a file. This created a "fossil record" which could be exam-
ined after the model was run. Seasonality analysis and regression techniques were
used to search for behavior patterns. Visual observation of clustering as the simulation
was run and a backward examination of the variable values for an individual who quit
were techniques used to detect emergent behavior. This process was repeated until
sufficient data was collected to draw conclusions pertaining to the dynamic behavior of

the simulation.

Methodology
The theme of this research is that of a holistic perspective of a dynamic system
(Patton 1990, 49-53). The research question is at the heart of a complex system of
interactions among individuals. The system is also influenced by the interactions
between individuals and the environment. The process is the important consideration.
The attitudes of the research subjects about "quitting" are constantly changing as each
new interaction is lived. Memories of some events fade and others are reinforced as

each day passes. To research a single individual requires the study of the cadre of
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individuals with whom the interactions take place. It also requires knowledge of the
environmental factors which influence the individual.

The orientation is primarily that of a systems perspective (Patton 1990, 78-82).
None of the individuals who comprise the system can be studied separately from the
system. The individual is part of the system and the interactions are the processes of

the system. For an individual who quits an organization, the act is multifaceted:

1. The effect on the individual who quit

2, The effect on the organization that the individual quit
3. The effect on other individuals

4. The effect on other organizations

In addition, there is also a time dimension involved as these effects can occur over a
finite time span. Moreover, the intensity of an effect can vary with time. To effec-
tively analyze the system, you must be able to synthesize the system for manipulation
(at least in the form of a model) and scrutiny. Specifically, the study of quitting an
organization is one that just does not lend itself to actual physical experimental manip-
ulation.

There is also present a hermeneutic perspective (Patton 1990, 84-5). An impor-
tant part of the interpretation of the research is that it occurs within a tradition. To
understand the tradition places one within the situational context of the research. To
study the question of "thinking of quitting" implies that one has thought of "thinking
of quitting." This spiral process leads to the perspective to report the perspective of

the research subjects.
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Using the format and content of Patton (1990, 160-1), the qualification of the

research is presented in table 9. This table is useful as it establishes the position of

the research within the realm of research types. While general in nature, it does

distinguish the research from all other available qualifications.

TABLE 9

RESEARCH QUALIFICATION

Qualifier Description
Type Applied research
Purpose Questions deemed important by one's discipline or person-
al intellectual interest
Focus Questions deemed important to society

Desired results

Level of generalization

Key assumptions

Standards for judging

Contributions to theories that can be used to formulate
problem solving programs and interventions

Within as general a time and space as possible, but clearly
limited application context

Human and societal problems can be understood and
solved with knowledge

Rigor and theoretical insight into the problem

The strategy for sampling used a stratified approach to achieve in-depth cover-

age of the potential factors used to build the model. The sampling was homogeneous

in nature. It consisted of engineers with university engineering degrees employed by

the federal government as civilians and classified and working as engineers. This

excluded the following individuals:

1. Engineers in the military
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2. Engineers working for state or local government

3. Enginecers working for private companies

4. Non-degreed individuals classified as engineers

5. Engineers classified as managers

6. Engineers classified as other than an engineer

7. Engineers performing significant work other than in engineering

A sufficient sample was drawn to obtain acceptable data concerning the range
of variable values which would be used to initialize the simulation. This was signifi-
cant, because the numeric values assigned for the initial run of the model would be
verified or derived using the data provided by the research subjects. Insufficient
variability in the values could result in the model not exhibiting adequate dynamic
behavior. The model would thus become static in nature. The dynamic behavior of a
complex model is highly dependent upon the initial conditions for a given model
formulation. This sensitivity to initial conditions is of critical concern when construct-
ing a dynamic model. Traditionally though, it does not present a major impediment,
for the useful output of the models is contained in the output variable relations rather
than specific numeric values. Predicting increases or decreases overtime relative to
starting values is generally the end result for dynamic system models of complex
systems.

The sampling also relied upon the snowball effect to obtain research subjects
who were thought to be thinking of quitting. Participants in the study were asked if

they knew another engineer who was thinking of quitting. It was intended to contact
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the named individual and ask them to participate in the study also. Inclusion of these

individuals would have provided an information rich sample. This would have al-

lowed the extraction of additional useful data from a limited number of research

subjects. However, no names were volunteered.

A summary of the design issues considered for the study 1s presented in table

10. This table follows the format used by Patton (1990, 197).

TABLE 10

DESIGN ISSUES AND OPTIONS

Issues

Sample Options and Considerations

Primary purpose of study
Focus of study

Units of analysis
Sampling strategy

Types of data collected
Analytical approach
Validity and confidence

Time issues

Confidentiality

Applied research

Broad scope

Individuals within an organization

Homogeneous and typical case

Qualitative and quantitative

Statistical analysis and A-Life modeling
Stratification of sampling and multiple perspectives

Exploratory phase followed by short-term data collec-
tion

Informed consent signature

The interview and questionnaire instrumentation developed for the research was

selected and formalized prior to the field work. All instrumentation developed was

field tested for validity prior to being used.
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The appeal of this type of model is that it is bottom up in nature. Field obser-
vation and literature review are used to generate a short select number of variables
considered germane to the problem at hand. These are coded to individual entities
within the environmental space of the model and the model is run. Of great advan-
tage, is the fact that due to the large number of individual entities that can be simulat-
ed within the model, a genre of social interaction can be modeled. Complex behavior
often results from simple rules. This presents a useful tool for exploring human
behavior, as human behavior is social interaction and it essentially presents difficulties

when attempting to perform experiments.

Research Team
The research was performed by the submitter of this document including inter-
viewing the participants and also distributing, collecting, and collating the results of
the questionnaire. In addition, the researcher also constructed the simulation model,
designed and programmed the computer simulation, and performed all of the analysis

of the resultant data.

Research Sample
A number of engineers at a Federal government establishment (Naval Shipyard)
were contacted and asked to participate in the research project. They were informed
that the study was a privately conducted study with the results to be used for academic

purposes only. Furthermore, they were told that any and all discussions, interview
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data, questionnaire responses and recorded conversations would be kept confidential.
Those who agreed to participate were asked to orally give acknowledgment as to the
above. This process continued until a satisfactory sample population of engineers was
recruited for the study. The definition of satisfactory was based upon not gaining
significantly any more variables of interest during the interview phase. As there exists
considerable literature concerning turnover, it was not unreasonable to expect that most
potential variables already have been identified in the literature.

Another point was that the model programming was initially conceived to use
binary code to hold the values for the variables. Programming constraints would thus
limit each variable to at most three bits of data. This would allow eight values per
variable as a maximum. Twice this number or about sixteen subjects were considered
sufficient to obtain an adequate distribution of values for an eight value variable. A
level or flat distribution of sixteen observations for eight categories (values) would
result in two observations per category (value). For this reasons, the initial number of
research participants was roughly chosen to be sixteen. The recruitment proceeded in
parallel with the interview and questionnaire phase.

The main criterion applied when recruiting subjects was that of a "typical case"
sampling strategy. A "typical" working engineer, that is to say, an engineer who is
below the grade level of an engineering supervisor or manager, was the desired subject
for the study. The recruiting interview also attempted to identify any engineer who
was thought to be starting or actually in the process of quitting. This would allow the

use of a "snowball" sampling strategy whereby these individuals would most likely
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have strong or extreme views toward quitting as they are going through the process.
This would have resulted in a stratified sampling scheme for those selected for the
study of the research question, at least to some degree.

The participants in the research were given an interview and questionnaire.
The survey questionnaire was developed beforehand and used to verify the
quantification of the value range for the individual variables preselected during the
literature review. It also attempted to identify and quantify any additional potential
variables. The questionnaire was given to the individual subjects during the interview.
This questionnaire was distributed, collected and analyzed. The data from all of the
interviews was collated and potential variables of interest were extracted. Next, these
variables were tabulated with those variables preselected during the literature review.
The list of variables from the literature review and the questionnaire were pruned
down by eliminating those variables which had a low total rank ordering score on the

following properties:

1. Ability to be linked to other variables

2. Possess a time variability

3. Ability to be linked to environmental factors
4, Considered relevant by the research subject

5. Considered relevant by the literature review

The model, for which the simulation would run, was then constructed using the

results of this survey.
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CHAPTER §

DESCRIPTION OF THE RESEARCH

This research embodied a two-fold structure: (1) exploring the use of an artifi-
cial-life type model and simulation engine and (2) using this engine to simulate turn-
over and thinking of quitting as an aspect of human behavior. In recognition of this
duality, there are two sections in this chapter which describe the research. The first
describes the survey design and the second describes the Artificial-Life model and

simulation engine.

Survey Design
The survey was designed around a three-part division as to the variables about
which information was desired. The information desired was general demographic
data concerning the subjects, data concerning the attitudes, thoughts or beliefs of the
subjects pertaining to the subject of turnover and the organization, and also additional

volunteered information pertaining to the work environment.

Variable Selection & Inclusion
First, a group of eight demographic variables was selected which allows statis-
tical cross tabulations of the survey results to be performed. These variables cover
personal data (age, sex and marital status), general professional work status (graduation
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