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Abstract

A model of human motivation is formulated on the basiéﬁaf Maslow's need

- theory. .Additionally, behavicrs are selected by degree of tension and

are reinforced by environmental reactions which facilitate or frustrate

reduction of tension according to the aggressiveness of behavior. Com-

parisons of alternative environments support the internal consistency of

the model. Recommendations are made to improve the stability of the

model and for behavioral researcnh that would be necessary for validation.

INTRCDUCTION

During the past several years, computer sim-
ulations of perscnality have been developed. The
personality theorist ls concerned with attempting
to identify ard classify simiiarities and dif-
ferences between people. But it is not merely

transitory similarities and differences among

"5§eople that intrigue the personality theorist.

The data he wishes to interprete and understand
are abstracted from characteristics showing con-
tinuity?§ver a period of time. The important
characterizstics which he focuses upon seem to

have psychological importance to the individual,

such as iéelings, needs, actions, leaving to the
biulogicél ééientist such continuous aspécts of
functioning as acetylcholine cyclies and blood
pressure.

All of these simulation efforts are laudable
a° long as there is a possibility of testing the
predictions of a personality theorist's model
against reaiity. If the mcdel is untestable,
then it is a futile exercise to simulate it and
tﬁen to attempt a proper validation. For example,
what evidence is oftered by Freud or his disci-
ples that the basic variablez--id, ego and super-

ego——postulated by them exisz? Do peopie_truly




pass through the oral, anal, phallic, and geﬁé
tial phases of develcpment? Unfortunately; most
of the empiricalvdata of psychoanalysts are a-
vszilable in the form of psychother.upy and not as
results of statisticaliy analyzed nor operation-
alized constructs. For these reasons the veri-
fication of conputei simulations of personality
are subjeci net unly tce the limitations of
statistical Qnalysis but even more to the problem
of getting gﬁta f;} validation.
Recognizing these limitations we feei that
{he process of systematic modeling, éuch és one
must peirform in computer simulation, cont:ihgtes
to the opefétionality of vaguely-defined thegg;es.
By exposing a tgptative set of intuitive mech-
anisms to open ;;iticism, perhaps we can move
closer to a fuller understanding of prrsonality
theories. It was also our intention to show the
utility of a computer simulation 28 a vehicle
for integrating theoretical concepts of moti—
vation and adjustment. Therefore our simula-
rion is liuited here to validition utilizing
merely potentially operational comstructs. The
" Zata gathered from the simulation may be eval-
uated only at the level of subjective compari-
son from obitainable reporis &nd other research.
findings.
One of the determinants of an iudividual's
personality is a need. A need, drive, motive nt¢
habit are alternative ways of conceptualizing:
subunits of personality whose interplay define

the course nf an individual's action and develop-

ment. A need then may be capuble of accounting

ascending order, are:

for a variety of behavior. In mort of ithe com-
puter gimulations of perzonalitv (Loehlin, 1968;
Dutton and Starbuck, 1971; Tompkins and Messick,
1963; Colby, 1964 and Moser, et al., 1970), mo-
tivational constructs‘&ave not bean emphasized
because these models are not strongly oriented tu-
ward action. It is the purpose of this simula-
tion to model Maslow's theory of motivation which
emphasizes the Dehavior of the individual.

The essence of:Maslow's theory of motivation
(1970) is presented bel;;i¢ According to Maslow
(1943), each iﬁdividual strives to actualize
(grow) and avoid deprivsation.

Deéprivation muti-

vatior refers t» the urge to strive for the goal

states, presently unachieved, that are necessary

in order to ease the pain and discomforc due to
their absence. The aim of deprivution motivation
is to decrease the organismiec tension buildup .

through deficit states that represent deviations

- from homeostatic balance. Actualization has to do

with the realization of capabilities or ideals.

Az the individual strives to realize these ideals,
he engages in more complex differentiated behayior
that may increase his level of tension. Maslow's
theory requires that a goal state be achieved and
that the individual will engage in behavier that
is instrumental to reaching the goal. The goal
states have been défined in terms of five tesic
needs. These needs, arranged in a hierarcny of
physiological, safety, -
love, esteem, ard self-actualization. This clasJ

sification of needs is interpreted that if an in-

dividual's physiological needs are unsatisfied,




he will take action to alleviate this ursatisfied

condition because»an unsatisfied need introduces
tension within the individual which he is trying
to avoid and/or reduce (Maslow, 1970). 1If the
need remains unsatisfied for a period of time,
the level of tension accumulates within the in-
dividuél until it reaches some threshecld which
forces the indi§idual‘to behave in .2 manner al-
leviating the tension. As indicatea in Figure 1,
behavior can be either passive orbaggressive.
Passive behavior may take the form of with&rawai
from the tension arousingléitﬁatioﬁ,ané is mani-
" fested by such»phenomenqh as absenteeisﬁ, turn-
over and the like (Vréom, 1964 Fournét,
DiStefano and Pryer, 1966, and Lawler, 1970).
(Aggression is most readily observable as 3z move
outward'which attacks the source of tension.
.Aggressive behavior, such as wild cat étrikes,
grievances and the like are industrial examples
of this type of behavior engaged in by indivi-
duals to alleviate tension (Lawler, 1970). But
behavior is not necessarily cénfinedﬂto dysfunc~
tional acts. The individual who cannot satisfy
his need may engage in constructive search-
directed behavior that will attempt to satisfy
the need. Empirical evidence suggests that
limited deprivation of need satisfaction ean
lead to improved decision-making processes,
greater motivational force, and the like
(Kclasa, 1969).
As for the emergence of a new need after

the saticfaction of the most prepotent need,

this emergence is not sudden but rathef)gradual,

occurring by slow degrees from nothingness to
some level of tension. This new need then
directs the person's behavior until it has been
reduced to a "satisfactory" tension level {Slocum,
1971). »
PRO?LEM SITUATION

The purpose of this simulation is to re-
present an individual experiencing needs, being
motivated by a need toward‘a behavior, and having
that behavior and an envircnment influence the
level of needs.r The fundamental noticn to be
examined is the variation‘in the need 1evé18 of
an individual and the change in his degree of ‘ag-
gressiveness toward a giQen environment. The

flow chart in Figure 1 shows the various compo-

~-nents and inter-relations of components included

in the mnodel.

To develop a simulation model to explain
Maslow's theory, in SIMSCRIPT II, we defined
needs &s entities with attributes of tension.
Each need ente?s a cons;ious state at some thres-
hold level. Tensions are held to grow expo-~

nentially over time. Tension release can modify

the threshoid level of the need, thus, proQ;ding
a feedback effect. Needs are selected for action
on the basis of the greatest tension. Each of
severg}xpdssible tehaviors has a perceived degree
of jJStifiable aggressiveness. The most aggres-
sive action is merited by the total motivational
force. Tensione and threshold level are modified
by environmental reactions, which ére favorable
if the action corresponds to what society sees

as justifiable aggressiveness. If an action



successfully reduces tension balaw.the threshold,
 the behavior is reinforced. Thus, an operant
conditioning feature is built into the model.
The variables studied include the time path of
tensions as well as an aggregate measure of the
perceived justifiable degree of ‘sggressiveness,
These time series are evaluated for equilibrium
and degree of varisbility. The model is pro-
gramméd in SIMSCRIPT II using entity—sét'
features with a fixed-time incrementvtime flow
mechanism (Kiviat et al., 1968).

MGDEL DETAILS

Propensity for Action

- 'Bach need has an associated tension which,

if unfuifilled, increases exponentially over

The tension of the ith

time (Maslow, 1970).
need is modeled as follows:
Tené&oni = a, exP(bit) - )

:whére a, denotes the initial level (at»time
vt=0) of Tensioniand b, denotes the rate of ten-
sion increase. The amount of change in tension
is computed as the derivative of Eq.(l) times a
fixed time increment At. The total tension is
then a summation of s11 individual temeions.
Threshold and Sensitivity to Tension

For values of 'I'ensioni less than Thresholdi,
i exists

but its magnitude is such that the irdividual

the individual may be aware that Tension
1gn6res it. Upon exceeding Thresholdi, however,
the individual experierces such discomfort that
he must recognize Tensioni and take action to

reduce it.

An increase in sensitivity to

tension is modeled by lowering the vaiue of

Thxesholdi. If an individual has been successful

in satisfying Needi then he will be less sensi-

tive to Tension, in the future. This is repre-

i

sented in the model by raising the value of

Thresholdi.

The Fundamental Cycle

The propensity tc act on Needi as a result
of Tens'ioni is given by:

Pi = 1.0 -(Thresholdi/Tensioni) 2)

Tensioni and Thresholdi are initialized at values

of 1.0. As time .increases by At, successive

values of P, are calculated for successive values

i

of Tension As ecach Tension, exceeds its par-

i’ i

ticular Thresholdi, it will be recognized"and

compared to all tensions that have exceeded their

threshold value by examining only the needs with
*

Pi s>0.

greateSt recognized tension) will motivate action.

The need with the largest Pi {the

If two or more needs have the same tension, then
the most potent need 1s determined by Maslow's JV:
need hiefaréhy. | | |

As a result of the given action, selected
Tensioni's.will be positively or negatively
changed representing the reaction of the eaviron-
ment to the action. In addition, b, the rate of
change of Tensioni may be changed. Success in.
eliminating tension will result in an increased
tendency to adopt that tehavior ian the future.

he assume that each action requires a
minimum of one Fime increment (1 hour) to perform.
At each incrément of time, the values of all Pi's

are re-evaluated to determine which need will te

responded to next. If no need demands attention,



then time continues to be incremented.

If an action requires more than one time
increment then the relevant Needi is removed from
‘the "set" of needs requiring attention until the
action is complegéa. Tension for the removed
need decreases at each time increment.

The Determination of Behavior

The individual's motivation to undertake a
particular action is related to the amount of
tension the;individual experiences because of
his most potent need (Pi) and his general state
of tension (ST). The propensity to act, Pi of
eguatlion (2) is cembined with the state of teh-
sion (8T) to‘represent the total wmotivating

force of Needi. The total meotivating forCe,‘

TMFi, is conceived as the sum of Pi and ST, i.e.,

= p! ¥ :
TﬂFi P + ST (3)
where Pi = current Pi of the selected need
and ST = EiPi
where 3; = time averaged value of past Pi's‘

For each need there is a unique set of
actions from which ome action is chosen to
satisfy the need. An action is selected using
the value of TMF1 (3). Every action has an at~
tribute xij which symbolizes the individual's
perception of the TMFi required to justify the
agpressiveness of the th action to satisfy the
iEE need. The Xij values have been assigned so
that larger numbers correspond to more aggressive
acts. '

In our example we let the X, , values bz

1]
0.1, 0.2, 0.3, 0.5, 0.7, and 0.9 for the six acts

of each need. That act will be chosen whose X1

i

is just larger than the TMF, value.

i

The Environmental Reaction

In principle, the X,.'s could be determined

ij

empiricaliy by asking subjects to rank order a
set of specific behavior descriptions. By:an-
choring weights of extremé{behavioral incidents;
"perceived justifiable aggressiveness could be

operationalized. ‘ S .

This envivonment in which the individual
is placed prcvides a matrix of approving and dis-
approving forces for every action he may take.
If society approves a béhavior, then tension is
more effectively reduced than if society dis-
approves a behavior. Each behévior can either in-
crease tension or reduce tension depending on the
environmental reacticn. A behavior has direct
impact on the need toward which it is oriented,
but it may have side effects on the tensionsyof
other needs. For instaznce, if a person is ex-
ceedingly hungry, he may steal to satisfy his
hunger, but in so doing his environment may cause
his need for safety and selfnésteem to increase.

The jEE-acticn has associated with it a set

of environwental factors, E {one perﬂneed)

1]

which modify the corresponding Tension To re-

1°
'
i_S

are multiplied by the corresponding Eij of the

present the environmental reaction, Tension

selected jEB-action. These E,, factors range in

i3

scale from 0.25 to 1.75.

The Eij

a panel of qualified judges who rank the tension-

could be measured, in principle, by

reducing or incressing effect that the environ-
ment (both physical and social) would exert in

response to a set of specified behaviors. Again,



these effects could be rank ordered and related
to a set of an..ored critical incidents to obtain

estimates of the E,,'s for a given set of ac-

ij
tions.

The environmental reaction is defined as
being critical, non-critical, or neutral. If
the environment is critical, then it will change
tension valuee by a larger amount than if it
were non-critical. Hence, there are five
possible reactions:

Critical Reduction
Non-critical Reduction
Neutral

{ritical Increase
. Non-critical Increase

.

ts Wi
-

For the purpose of this simulation, a
given action will provoke either all critical
reactions or all non-critical reactions. This
implies the environmeni will feact congistently
to any given action. Table 1 shows the values
assigned to each environmental reaction.
REINFORCEMENT OF BEHAVIOR

In each time cycle the Pi are first com-
puted. Next a "revised" Thresholdi is cal-
cuiated. For.the need selected for action,
tension may be reduced below the revised
Thresholdi. 1f this is the case, the Threshﬂﬂdi
is increased to reflect reduced sensitivity éo
this tension in the future. If Tensioni remains
above the Thresholdi, then the Thresholdi is
carried into the next time cycle unmodified.

For the needs not selected for action, the
“revised" threshold is also carried forward into

the next time cycle hence the Thresholdi's of

these needs are being lowered thus reflecting to

tension in the future.

For the nead singled out for action, the

behavior may be successful in reducing Tension

i

below Thresholdi as noted above. If this occurs

then the appropriate X, is reduced by .001, so

i)
that less total motivational force TMFi will be
necessary to select a benavior of similar ag-
gressiveness in the future.
PROBLEM STATEMENT |

.One of the important dependent variables
‘ i the value of the behavioral

index for Needi. For each need, the BIi value is

of this medel is BI

equal to the average value of Xij's of those
actions wﬁich can be selected to satisfy Needi.

For the purpose of this paper, questions
regarding'the following cause and effect relation-
ships will be posed:

1. Given initial values for the propenaities
to act, P,'s, behavior index, BI,k's,
and state of tension, ST, what i3 ths
effect of varying patterns of envii= -
mental responsiveness on the propensities
to act (P, 's)?

2. Given the same initial conditions, what
is the effect on the behavior aggressive-
ness index, BI,, for varying patterns of
environmental responsiveness?

3. Given the same initial conditiona, what
is the effect on the state of tension,
ST, for varying patterns of environ-
nental responsiveness?

For each pattern of environmental respon-
giveness a time series of values was generated for

Pi' ST, and BI A tabular comparison was made

5
showing ﬁhe differenzes in the time series as a
result of the four different environments.
EXPERIMEQTAL DESIGN AND RESULTS OF VERIFICATION
The environmental “patterns’ take on four

levels. Each level depicts two values the EW's

one for increasing tensions and a second for



decreasing tensions. Table 2 gives these values
with the starting vzlues for the propensities to
act, behavior index (dispositions for aggressive-
ness), and state of tension, ST.

The environments have been chosen to be'
either critical both in reducing and increasing
tensicn or non~critical both in reduciag and in-~
creasing tension. The initial values for the
propensity to act are determined from tension
values equal to the threshold values. “The
initial behavior index is defined as the average
of initial xij's (justifiable ssgressiveness)
equal to 0.1, 0.2, 0.3, 0.5, 0.7, 0.9 for each
need. |

Table 3 depicts the results of our ex-
Qerimental runs. For those envirbnmenpajtés;ed,
the ;alues of all Tensioni‘s became very large.
C;rresponding to this Increase. there is also an
increase in the athts of tension. As the pro-
pensity to act and the state of temsion increase,
the behavior 1nd§§ tends to decrease, indicating
that the disposition for aggfessivemess increases
directly with tensicn accumulation, as‘expected.

The results indicate that further ex~
periments will have to be run %o determine 1if
any environmental factors exist which will permit
a stabilization of temsion. It is quite possibie
that the exponential function of time is not
appropriate for this type cf éimulacion and that
such a function prevents stability aftex long
ﬁeriods of time. ‘This is suspected because for

large values of time, the growth of tension be~

comes very vapid.

CONCLUSIONS AND RECCMMENDATIONS -

The basic model provides results 1t sre
consistent with the fundamental expectations of
the simuletion. The behavior index decreases for
increasing values of tension. The point in time
at which the Tensioni's beccne unstable is pro-
longed for an environment which causes a larger
redvction in tension. Alsc the increase in the
state of temsion for all experiments depicts
lack of success in satisfying needs, not an un-
comnon situation.

Our present results indicate that the model

becomes unstable with time. It is felt that the

fuqction for tension growth”requires modification
in this eimulation. It is suggested that the ex-
ponential function of time is not appropriate or
that the leue of the exporent in Lqnation 1,
should be modified. It 18 recommended that such
an investigation be conducted to determine a
time function which does érovide stability.,

A great deal of benefit of simulation re-
sults from the modeling process itself, rathex
than solely from numeric results of the siwu-
lation. We made several assumptions inrthe course
of our modeling process to provide necessary con-
structs for integrating the concept of motivation,
learning, and socialization theory. We now re-
comnend investigation of the folloﬁing assumptions
by peychological and behavioral research to
evaluate the merit of our model's structure: the
existence of a tension threshold; the notion of a

changeable "threshold"; effects of successful

action on perceived justifiable aggressiveuess;



the surmative effect of individual tecsicns upon
motivafion; and the expemential rate of growth
of tension resulting from need deprivation.
¥hile the mndel is admittedly embryonic in its
state of development, we feel the exercise has
been worthwhile for the benefits of conceptual
integration that it has stimulaﬁed.
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Table 2 ~ Experiments for Simulation




Table 3
Effect of Environnmental Reaction
on Sinmulation Time Series

Reducing Tension
Environmental Sffect on Critical ZInvironment Non-Criticsl Environment
Increasing Tension Neutral ! Critical Neutral Non-Critical
Sizmuiated Time {Hrs.) P % ST*  BI* | P, ST  BI P, ST  BI P, ST 3%
300 o#%x 0 .48 | .001 0 .50]| o 0 .45] .005 0 .50
400 ) 0 0 .45 .003 0 .48 0 0 .40 . 006 0 b2
, 500 0 Y 47 .0065 C .42 002 0 .40 .015 .002. .35
Y] ' 600 006 9 .40 | .010 0 .40 | .100 0 .39 .090 .005 .32
700 . .018 ¢ . 3¢ .020 .00z .39 .250 .005 .37} 1.00 .050 .30
800 .060 .005 .32 .110 .005 .33 .800 .040 .33 Ty
500 .500 .020 .30 |1.00  .02C .33 | .900 ..100 .31
1900 l1.00 100 .27 L 1.00 .200 .28
1100 o 1.00 .180 .21 1.90  .250 .28
12C0 1.00 .200 .20 1.0¢C .270 .30

*The folilowing explains the seties syrbols
P, = Propensity to Act - %% A1 antries with "0" 4dndicate
values are less than .001. )

ST = State of Tension

*%% All entries left blank azre due
to termination of the simulation
(211 have the range 0 to 1) at these points.

BI = Behavior Index




