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A Firgt Approach to Mode Satisfaction at Work Under Equity Theory Using Fuzzy Set
Theory and System Dynamics

ABSTRACT

This work examines how individuds “determing’ ther job satisfaction based on changes in
gtuationd factors. A dmulation modd, usng Fuzzy Set Theory and Sysem Dynamics, is used.
Equity Theory in conjunction with the Equity Sendtivity Index is used as the base modeds to
decribe individuds behavior. A review of Equity Theory and Equity Sengtivity and ther
relationship to satisfaction a work is presented, from which an gpproximation to a forma modd
is dated. The mode presented in this paper is part of a larger ongoing research project that
intends to generate a macro-modd tha is capable of more closaly gpproximating individug
behavior in organizations. Data from the ISSP Socid Survey is used to congruct the modd and
test the relationships between individud variables.

INTRODUCTION

Job sdatisfaction has been a popular topic in research for many decades. The interest in this
varidble has spanned academic fidds having been broached by psychologists, management and
more recently economigs. Economic and indudrid globdization, and complexity in
organizations and ther environments have generaed new interet in devdoping an
understanding of how individuads are satified or motivated, and the complex reationships that
exis between satisfaction and motivation. Lawler (1994) dated three quettions that must be
answvered by any motivation [and satisfaction] theory: (1) What activates behavior? (2) What
directs behavior? and (3) What reactions do individuas have to outcomes tha result from ther
behavior? Hereby, it is important to sudy what is the reationship between satisfaction and

motivation at work.

Other questions that can be asked ae (1) What influences individuds decisons? (2) Does
satisfaction cause an improvement in peformance and produce motivation or (3) Does

motivation improve peformance which consequently generates satidfaction? Lawler (1994)



questioned the causdity between satisfaction and performance;, postulating that satisfection is a

consequence of the rewards generate by high performance.

In complex systems, it is difficult to determine causdity between variables. As Baecker (2001)
dated: “Because mog, if not al, things (Luhmann, 1990a) happen smultaneoudy anyway, there
cannot be a causa link between them (Whitehead, 1979)”. An approach to overcome this is to
modd a system as a st of feedback relationships where cause and effect are changing over time.
Sterman (2000) dated that, “ the most complex behaviors usudly arise from the interactions
[feedbacks] among the components of the system, not from the components themsalves’.

This pagper ams to expand the knowledge of the complex interactions that govern individua
behaviors within an organizational context. A modd using Equity Theory as a bass and Equity
Sengdtivity to mode individud differences is developed. Fuzzy sets are used to gpproximate
individua’ s decison-making approaches.

THE MODEL

As dated by Senge (1990) there are “systems archetypes’ or “generic structures’ that alow
learning by reveding an degant amplicity underlying the complex world. One of these generic
dructures is the bdancing feedback, which can be exemplified as follows “individuds improve
themselves for a period of time, then plateau” (Senge 1990, p. 96). The balancing feedback can

be used as a generic Structure to explain individuas behavior.

Individuas react in different ways to both perceived equity and inequity. Equity Theory (Adams,
1963) dipulates that individuas, in a cognitive manner, make “decisons’ about the dtate of their
satisfaction. According to Equity Theory, individuds compare their own inputs and outputs with
those of a reference ndividuad or group. Satisfaction results from a date of “equity”, i.e. when
ones own input-output ratio is equal to that of others. Conceptudly, dissatisfaction arises both,
when one is under or overcompensated relative to the effort expended, satifaction decreases
when the input-output ratio for oneself ishigher or lower than that of the reference group.

Equity Theory assumes that dl individuds are the same insofar as their perception of equdity is
concerned. Redidticdly, however, each individud's reactions will adso depend on individud
characteridics. Given the vast variety of variations between individuds, it is pertinent to amplify
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the differences. A basic dassficaion can be undertaken using the Equity Sendtivity Index, as
described by Huseman e a (1987). The Equity Sengtivity Index classfies individuds into three
groups, (1) Egditarians or Equity Senditive, (2) Benevolents, and (3) Entitleds.

By udng the input-output ratio, the modd tries to show how each class of individuds adjusts
their preferences. The basic feedback cycle is shown in Figure 1. Here, an adjusment is caused
by a perceved difference between an individud’s input-output ratio (My O/ Ratio) and the
reference group’s ratio (Other's O/l ratio). The perceived difference is influenced by the
preference (ES category) of the individud. In turn this adjusted perceived difference affects the
individuds satifection (My Sdtidfaction). The change in satidfaction levd then dffects the
perception of the input-output ratio. This feedback cycle tries to explain, in some way, how an
individual reects to changes in his (her) perceptions about the work environment by adjusting
hisher /0 ratio according to individud's preferences for different Outcome/lnput ratios
(Huseman et a 1987).

Other's O/l Ratio

Perceived Difference
\% K Preference

My O/l Ratio Adjustments

%\ My Satisfaction 4—@)/

Figure 1. Basc feedback cyde for individud’ sinput-output ratios.

This is a modd of a socid phenomenon, but if only sysem dynamics is used, the causd
relationships will be represented as mathematicd functions. Fuzzy logic prevents the trandation



of these hazy concepts (I am satisfy, my coworkers are more satisfied than me, etc.) into exact
equations, dlowing ther formulation in terms of the natural language used by the modder and/or
the sygem agents. In this way, the mode becomes a more reditic representation of the kind of
information that is avalable about the red sysem (Wensgp, 1976). This theory dlows
imprecise evaduation of informaion that can be defined as a “granule of information” (Zadeh
1979, 1996), and can be represented graphicdly using functions cdled “membership functions’
(Piegat 2000).

The use of fuzzy logic in sysem dynamics environments has been previoudy demondrated, for
example by Bourguet and Soto (2002). Bourguet and Soto (2002) used fuzzy logic to represent
quditative knowledge in dynamics of complex sysems. They characterize management policies
for a hotd as a fuzzy set (it is important to note that just the abstract of this work has been
published). Sanatani (1981) used fuzzy logic to assign numericd vaues to the parameters of his
diffuson mode for market penetration of new products in segmented populations.

As Pega (2000) daed “information obtained from people is usualy of less precison (large
granularity), while information ddivered by measuring devices is of higher precison (smal
granularity)”. For this mode, the information is obtained from people. It measures subjective
features of work, consequently making fuzzy set theory a highly applicable technique to evduate
the features. The edimation of the individud's input-output ratio and the effects of input-output
ratio changes on the individual’ s satisfaction are evaluated using fuzzy set theory*.

The mode was congructed following the next steps.

Select the information of the | SSP Database

Data was obtained from the 1997 International Socia Survey Program (1SSP) survey. Only
individuas currently working for pay in USA were sdected (V32 = 1 and V3 = 6). Table 1
shows the variables used to carry out the study and their classfication as input (1), output (O), or

1 A broader description of -fuzzy set theory can be found in Piegat, A., 2000. Fuzzy Modeling and Control. New
York: Physica-Verag.



as the response variable (A) . These variables were sdected in accordance to the study by Sousa
Poza and Sousa- Poza (2000).

Table 1. Variables Used.

Vaiable Type Definition
D | Education Categories
V4 I  Timeinapaidjob
V43 | Todo hard physical work
Va4 | Findthework stressful
V45 | Work in dangerous conditions
V35 O My jobissecure
V36 O Myincomeishigh
V37 O Opportunity for advancement is high
V38 O My jobisinteresting
V39 O Canwork independently
V40 O Canhelp other people
Va1l O Isuseful to society
V52 O Relations: between management/employees
V53 O Relations: between workmates/colleagues
V4 A How satisfied areyou in your job

Vaidble 44 was omitted due to excessve mising cases. Vaiable D (education categories)
ranged from 1 for no educetion to 7 for universty complete. Variable 4 (time in a paid job)
corresponds to answering the question “would you like to spend more time in a paid job?’. This
vaiable ranged from 1 (much more time) to 5 (much less time), indicaing the preference to
gpend time in a paid job. The other inputs (V43 and 45) were ranged from 1 (aways) to 5
(never). The output variables V35, V36, V37, V38, V39, V40 and V41 ranged from 1 (strongly
Agree) to 5 (strongly disagree), while V52 and V53 ranged from 1 (very good) to 5 (very bad).
Findly, the response variadble (V54) ranged from 1 (completdy sdisfied) to 7 (completely
disstified).

According to Adams (1963), “though inputs and [outputs] may in most cases be measured
continuoudy (ethnicity and sex are obvious exceptions), we have dichotomized them into ‘high’
and ‘low for the purpose of smplicity”. Inputs and outcomes can be measured in both
continuoudy or discrete scde, but in this work, fuzzy set theory is used to convert discrete data

from the survey into continuous data to construct the model.



Statistical support of some assumptionsin the model

The comparison between individua’s and other’s outcomelinput ratio determines the satisfaction
level, (Huseman et d 1987). For smplicity, one input and one outcome were chosen from

correlation indexes (shown inTable 2).

Table 2. Correlation indexes between satisfaction and inputs and outcomes.

D V4 V483 V45 VBV V37 V3B VO V40 v4l V52 VA3 VA4
D 1
V4 0.07 1
V43 018 o011 1
V45 005 007 072 1
V35 -006 006 042 043 1
V36 -015 003 040 047 07z 1
V37 -009 005 040 043 06¢ 070 1
V38 -015 004 040 045 O07c 071 073 1
V39 -005 001 046 045 06t 066 061 0.74 1
V40 -008 002 047 048 06 060 062 075 0.70 1
V4l -012 005 046 053 06t 061 060 076 066 081 1
V52 002 009 023 017 037 032 035 034 034 03z 032 1
V53 -003 008 021 021 03¢ 031 032 035 028 03 033 067 1
VA -002 009 018 013 04 040 042 052 045 04 041 057 o047 1

The above table shows the impact of inputs and outcomes to explain satisfaction a work. The
chosen output was V52 Reations between management/employees) that can explan a 57% of
change in satisfaction. All inputs have low vaues of smple corrdation (bdow 50%). V43 (To
do hard physical work) can explain an 18% of change in satisfaction and was chosen snce it had
the biggest vaue of dl outputs. To modd the equity sendtive index (ES) it is necessary to have
one or more inputs and one or more outcomes, in spite of the low corrdations of the inputs with
job satisfaction.

Fuzzy Set Theory for modeling

As dated by Piegat (2000), “fuzzy sets are generdly applied by people for quditative evauation
of physcd quantities, states of plants and systems and for comparison to each other”. Thereby
this theory can be ussful to modd how individuds a work make comparisons between each
other (Adams 1963).



The gructure of atypica fuzzy model is depicted in Figure 2.

INPUTS OUTPUTS
X Upa (X 1)
2> =5 | INFERENCE
% FUZZIFICATION Upo(X1) Rule Base 0.) DEFUZZIFICATION
) —> r y
—> Membership Inference —> | Defuzzification —_—
%a Functions Mechanism Mechanisms
— > b Membership
o X
) Functions

Figure 2. Structure of afuzzy modd.

In the fuzzy modd inputs, some crisp, numeric vaue can be introduced, (two in the modd to
cdculae the perceived ESl). The block Fuzzfication cdculates their membership grades in
particular sets. Five sets (very good, quite good, neither good nor bad, quite bad and very bad)
ae used for the evduation of output (Rdations between management/employees). This block
must be provided with precisaly defined membership functions of the inputs as sown in Figure 3.
The membership grades inform how high membership is of the numericd vaue of an output in
particular sets, i.e. how very good, quite good, nether good nor bad, quite bad or very bad

relations between management and employees are.
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Figure 3. Membership functions to afuzzy variable (relation with management).

The Inference block has as inputs the membership degrees Wery good(X1), Wood(X1), and so on and
caculates as an output a so-cdled resulting membership function Uequity(ESI) of the modd
output. This function is determined by means of inference, which has to include the following,

grictly defined dements (Piegat 2000):
Rule Base

Inference mechanism

Membership functions of the moded-output

The rule base condgs of logicd rules determining causd rddionships exiding in the system
between fuzzy sets of inputs and outputs. The inference mechanism determines the resulting
membership function. The defuzzification block cdculaes from the resulting membership

function, a crisp, numeric vauey.




As mentioned above, fuzzy st theory was used to edimate the individud’s input-output ratio
and the effects of the input-output ratio changes on the individud’'s stisfaction. As shown in
Table 2, the edimation of the individud’s raio used one input (to do hard physicad work) and
one output (relations between management/employees). The two variables are used as inputs to
the fuzzy logic modd. Five fuzzy sets with their respective membership functions are given to
each fuzzy variable. Theinput (to do hard physical work) has the following fuzzy sats

Always
Often
Sometimes
Hardly ever
Never
The output (relations between management/employees) has the following fuzzy sets
Very good
Quite good
Neither good nor bad
Quite bad
Very bad
Their membership functions are shown in Figure 3.

Plegat (2000) dated, “To cadculae membership grades in paticular fuzzy sets, ther
membership functions must be precisdy defined with respect to qudity (function type) and
quantity (function parameters). Both, the parameters and the shgpe of membership functions
grongly influence the modd accuracy (Baglio, 1994)". In this work, function parameters are
defined in accordance to the given scales from the ISSP survey, i.e. from 1 to 5 for rddions
between management/employees. Functions types are defined conggting of draight segments,
which are commonly used in practice for ther smplicity (Piegat 2000). The forms of the most
often gpplied functions are polygons like triangles and trapezes.

Rule Base and Inference mechanism are defined by rules that can be stated as follows:



Reationship with Management IS Very Good AND
Hard Physica Work IS Always

THEN
Index_Pogtion IS High (Input- Output Retio)

A complete st of rules must be defined in order to determine, from the input membership
grades, the resulting membership function of the model output by using the inference mechanism
(Piegat 2000).

Findly, through defuzzification of a fuzzy s, a crigp vadue of the modd output can be
determined. Severd defuzzification methods exid. In this work, due to its smplicity and facility
to program (Piegat 2000), the middle of maxima method was used.

Also, fuzzy st theory was used to determine how the difference between the individud’'s and
other's ratio affects the individud’s satisfaction. In the same way, one input variable and one
output variable were defined. “Difference’ was defined as input and “Dedta Sdaisfaction” was
defined as output.

Simulation Modd

By usng a Sysem Dynamics approach, a modd to smulate satisfaction changes was constructed
in order to mode the feedback process, which is present in many socid and physicd complex
gystems (Sterman 2000). Time delays and nonlinearities in systems can be dso be modded. As
shown in Figure 1, a smple feedback-badancing loop is defined. According to Sterman (2000),
“this kind of loop acts to bring the gtate of the system in line with a god or desred date’. Here,
“equity” is sought for individuas depending of their preferences (Huseman et d 1987).

Fuzzy st theory is used to determine some nonlinear reaionships found in the modding of
satisfaction. Powersm®, a computer program is used to developed the ystem dynamics modd. It
permits the usr to define graphicdly a st of differentid equations and solve them using
numeric methods. In Figure 4, agraphica representation of the mode is shown.
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Satisfaction_Change_FL

Input_Others
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Figure 4. Graphical representation of the mode!.

The egalitarian individuds are modded obtaining both ES_Found and Equity Res udng fuzzy
logic. Figure 5 shows the shape of the response of equity individuas to changes in the perceived
difference of the input-output ratio. This shape looks smilar to the shape defined for equitably
rewarded individuads (Huseman e d 1987). The difference vaue is defined as the reference
group equity ratio (Equity Ratio Others) minus the individud’s equity ratio (ES_Found). It is
used to show under-rewarded (Difference<0) and over-rewarded (Difference>0) states and their
effect on satisfaction.

11



Response of equity individuals
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Figure 5. Response of egditarian individuas.

Difference

Generdly, a sysem dynamics modd can be understood as a sysem of differentid equations, in

which one or more date variables (stocks) changes as a result of a change in their flows over the

time. Table 3 shows the system of differentiad equations corresponding to the sysem shows in

the Figure 4.
Table 3. Modd'’s Equation.
Variable Equation
Init Satisfaction = .5
Flow Satisfaction = +dt* Satisfaction_Change FL
Aux Satisfaction_Change FL = Equity_Res
Aux Difference = (Equity_Ratio_Others-ESI_Found)/100
Aux Equity_Ratio_Others = (Out_Others/Input_Others)* 100
Aux Equity_Res = GRAPH(Difference,-1,0.1,[-0.73, -0.61, -0.53, -0.34, -0.22, -0.11, 0.06, 0.22, 0.39, 0.39, 0.75, 0.56,
0.46, 0.32, 0.31, 0.08, -0.15, -0.33, -0.45, -0.646, -0.743 "Min:-1;Max:1;Zoom"])
Aux ESI_Found = IF(Index_Position>250,L OOKUP(ESI_2, Index_Position-250),L OOKUP(ESI_1, Index_Postion))
Aux Index_Position = Level_Input+Level _Output-1
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Variable Equation

Aux Input_Affected =
GRAPH(Satisfaction,0,0.1,[5,4.39,3.82,3.58,3.37,3.07,2.89,2.72,2.4,2.16,2.19"Min:1;Max:5;Zoom"])

Aux Level_Input = (INT((Input_Affected-1)/0.2))+1

AUX Level_Output = (INT((Output_Affected-1)/0.2)* 21)+1

Aux Output_Affected = GRAPH(Satisfaction,0,0.1,[4.67,4.4,4.07,3.54,3,2.6,2.39,2.26,2.23,2.12,2"Min:1;Max:5;Zoom"])

Dim ESI_1 = (1..250)

const ESI_1=VECTOR

Dim ESI_2=(1..197)

const ESI_2VECTOR

const Input_Others=5

const Out_Others=5

Discussion

As shown in Figures 6 and 7, the satisfaction levd of the egditarian individud tries to reach the
reference group satisfaction (other’s satisfaction). As Huseman e a (1987) dated: “equity
sengtives are most content when their outcome/input ratio equa those of the comparison other”.
Sdaidection levels ostillate in both cases due to the delay between when an individud feds
disress and when ther actions to reestablish the equilibrium take effect. Also, more time is
required to reestablish the equilibrium when an over rewarded date takes place, and the

recurrence cycle is shorter.
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Figure 6. Satisfaction when other’ sratio = 1 (Equity).
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Figure 7. Satisfaction when other’ sratio = 0.8 (Over-rewarded).

CONCLUSIONS

The am of this work was to congtruct a mode, usng fuzzy set theory and system dynamics, to
show how individuds react to changes in ther input-output ratio. Important things were
observed developing this work. Firdt, fuzzy set theory can be a useful tool to understand, and
modd, quditative variables related to work satisfaction.

Second, system dynamics shows its versatility as a tool to model complex dynamics in systems
including a feedback process, time delays and nonlinearities. In this case, this gpproach was
ussful to show how the balancing feedback process of work satisfaction operates in equity
theory.

Fndly, by udng combinations of tools such as fuzzy st theory and sysem dynamics
individuas and organizations can mode rea sysems. As Sterman dated (2000) modeling is
learning, and some meaningful undersanding of the red world can be acquired when modding

is carried out.
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FURTHER RESEARCH

Future aress of research, some of which is aready planned, are identified.

There are multiple theories about job satisfaction. This work presents one: equity theory.
The presented methodology could be used to integrate other existing theories to come up
with a more robust modd of the dynamics of individuads job satisfaction. The researchers
must be aware of the ontologicd and epigemological condrans of integrating multiple
theories. Also, the conceptua congruency of the resulting modd must be tested.

Analyzing the feedback process shown in the Figure 8 could be a remarkable research topic.
Here Sysem Dynamics becomes a useful tool for carying out the modding process
including feedbacks, delays, and nonlinearities.

Equity theory could be generdized not only for satisfaction but adso motivaion. Here,
retaining the idea of how individuds compare themsdves against a reference group in
organizations, a new way to measure how individuas react to changes in performance and
motivation could be devel oped.

Fuzzy st theory could be used to evauae the effects of changes in motivation and
satifaction on peformance a work. Besides, more variables can be included in order to
measure performance and motivation, including satisfaction.

Environment
- (T
. T2
s"" - -
o Motivation "~ - Tn
/v Satisfaction R/B??7?
Inputs 3 \ Performance

Outputs
Context e

Figure 8. Feedback processincluding motivation and performance.
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