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ABSTRACT 

DECISION MAKING MODELS OF SOCIAL ~C~IC~s 

THE CASE C~ POLICE-CITIZEN ENCOgh~ 

By 

Edward Everett Brent, Jr. 

Chairs~! Theodore R. Anderson 

Interactions among police and citizens are examlmed fl~om the 

perspective of a decision making framework utilizing =a~atical 

nodels. The data consist of ratings in several 4dinansions of 

interactions as they occur in police-citizen encoun*~ers obtained 

flws~ systematic observations of randomly selected pollce patrols 

in St. Paul, Minnesota. . ~ .  

A theoretical framework for social interaction as a decision 

s ~  process is proposed° This framework views socis/ inter- 

action as a process which unfolds over time am two c~ more 

l~-tlolpants, in the context of some task, choose and carry out 

actions whlch have consequences for both pal-ticIpants. The 

f ~  of the study is on the response of each participant in the 

emmuanter to the actions of the other particlpamt. ~ku~L~meatal 

elements of this .social interaction include the c~.ingemcy of 

present events on past events, the character of the task, the 

underlylng decision processeS, the nature of the participants, 
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and the  i n t e r a c t i o n  sequence which r e s u l t s .  The f r ~ e w o r k  draws 

h e a v i l y  from ~ theory ,  s o c i a l e x c h a ~ e  theory ,  l e a r n i n g  theory ,  

and a number o f  economic t h e o r i e s .  

A s e r i e s  o f  Markov models are examined e m p i r i c a l l y  wi th  t h e  

use o f  l c ~  l i n e a r  models. A second-order Markov model wi th  

b e t e r o ~ n e o u s  r o l e s  i s  found to  provide the bes t  f i t  t o  the  da ta ,  

lx~th wi th  regard  t o  the  assumptions of  s t a b i l i t y ,  homogeneity, and 

order! and with regard to predictions of equilihriun distri1~tlons, 

multl-step transition probabilities, and distributions of runs. 

The dynamic character of that model is explored 

nathemAtlcally by examinin~ its elgenvalues and ei6envectors. 

The results are then interpreted substantively. The results 

support the view of this p~nomenon as a process of interaction 

taking place over time among participants enacting complementary 

roles where citizens are compliant and submissive and officers 

are ~tive and controlling. The two roles differ 

in the different situations which the two encounter and 

sec~larily in their different contingencies on past responses. 

The inpllcations of these findings for the enforc~ent process 

are explored. It is suggested that future research explore 

soc~l interaction in a variety of settln~s and further exaaine 

posaihle decision rules which may account for the observed 

bshavlors. 
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Cha~z I 

The o b j e c t i v e  o f  t h i s  r e s ~ - c h  i s  t o  p r o v i d e  an  " i n t e g r a t e d  

framework o f  s o c i a l  i n t e r a c t i o n  a s  d e c i s i o n  making and t o  examine 

t h a t  f ramework e m p i z ~ c a l l y  f o r  ~ s p e c i f i c  c a se  o f  p o l i c e -  

c i t i z e n  i n t e r a c t i o n s .  I n  t h i s  ~ _ r s t  c h a p t e r  t h e  a p p r o a c h  t o  t h i s  

topic and the a~amptions to he used will be described. In 

addition, the scope of this f~ework will be specified. A brief 

review of l~st work in this area will set the context for the 

focus of this research and the methods which will be employed. 

Finally, the organization of %be remainder of the report will 

be outlined. 

The Phenomenon 

An area of concern for sociologists has long b e e n  that of 

microsoclology. Perhaps the best example of this concern is found 

in the work of Simmel. He viewed society as a patterned web of 

social interactions. His focus was on the fundamental patterns of 

social interaction among indi~dualS which form the basis for 

macrosoclological patterns. It ~s these p~tterns of interaction 

which are also the concern here. Specifically, the phenomena of 

interest here are observable sequences of social interaction in 

which two or more .uarti_cipants, in the context of some task~ 

alternately choose stud carry ~ ~ctlons hav.ing consequences for 

. 1  



both ~rtlclpants. The objective is to examine those interaction 

sequences in a way which will shed some light on the process Of 

social interaction which generates them. 

Social interaction encompasses a wide variety of phenomena, 

including doctor-patient interactions, teacher-student inter- 

actions, the interaction between two people on a date, police- 

citizen encounters, and so on. The primary concern in this study 

is with a specific case Of social interactions pollce-cltlzen 

e~counters. The data to be analyzed here are from an extensive 

study in which interactions in about ~,000 police-citizen 

e n c o u n t e r s  w e r e  ol~sex'ved and coded** . 

The nature of social interaction can be classified by con- 

slderlng some of the scope conditions for this phenomenon. 

Scope Conditions 

Sequence of related eyents. There must be so~e h~sis for 

considering these decisions as a sequence. For example, an inter- 

action in which one Person first talked with a passerby, then was 

interrupted by the telephone and talked with someone on the tele- 

iDhone for a minute, and finally returned to his discussion with his 

companion would not be considered to be a sequence of related 

events unless some identifiable criterion which was common to all 

of them could be found (e.g., the guy is a bookie placing bets on 

horses for people)° An example of ap~e~omenon which would clearly 

be included in this class of phenonena ~ould be a police-citlzen 

*"Comparatlve Quantitative Analysis of Police Encounters," Center 
for Studies of Crime and Delinquency, NIMH,U. S. Public Health 
Service. Richard E. Sykes, Principal Investigator! John P. 
Clark,. Co-Prlncil~l Investigator. 
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J~teractlon which occurs w~en s po l i ceman  stops a ~ersan for 

speedlng, discusses the issue with the person fc~ a period of time, 

writes a ~icket, and sends the person on his way. For all aeries 

o f  events c o n s i d e r e d  i n  t h i s  t h e o r y  t h e r e  ~ t  be  some basis for 

c o n s i d e r i n g  them t o t e  r e l a t e d  t o  one a n o t h e r .  

C~e or more social a c t o r s  must be able to affect the outcomes. 

These phenomen~ include only those aeries of events in which at 

least one person or some social organization (e.g., a group, a 

f a m i l y ,  a f o rma l  o r g a n i z a t i e n ,  and so on) i s  a b l e  t o  at least in 

a f f e c t  what e v e n t s  o c c u r .  The s o c i a l  a c t o r  nay  n o t  be t ~  

s o l e  d e t e r m i n a n t  o f  what  o c c u r s .  Nor i s  i t  n ~ c ~  t h e  o t h e r  

participants (who say also affect the c~tcc~es) also be social 

a~s. 

Value relevant interactlons. The consequences of the events 

which occur must have some value to the social actors involved. 

E.g., the social actor must prefe~ same even~e over others. There 

be some important distinguis 4h!ng fa~t~ among these possible 

events which might serve to encourage the social actor to prefer 

that some events occur rather than others. 

Examples of phenomena which would notbe included in this 

class of phenomena are as follows: situatio n~ in which the social 

actor had no control at all over the possible events which would 

occur; situations in which the social actor c o u l d  not distinguish., 

which event occurred or did not cax~ which event occurred; events 

which occur simulta~eoualy in time; and situations in which events 

are ~lated to one another so that the o~tcumes of past events 

would have no relevance to future events. 



E x a n p l e s  o f  phenomena w h i c h  would be  i n c l u d e d  i n  t h i s  c l a s s  o f  

p h e n ~ e n a  aze  t h e  f o l l o w t ~ a  a s i n g l e  e v e n t  f o r  w h i c h  t h e  i n -  

d i v i d u a l  h a s  some d e g r e e  o f  c o n t r o l  o v e r  t h e  ~ s  and f o r  

w h i c h  b e  p r e f e r s  some o f  t h e  outcomes o v e r  o t h e r s !  e v e n t s  f o r  which  

o n l y  one s o c i a l  a c t o r  had any c o n t r o l  o v e r  t h e  ~ t c c Q e  ( e . g . ,  a 

p e r s o n  p l ~ i n ~  a gaae  o f  s o l i t a i r e ) !  e v e n t s  f o r  w h i c h  t h e  o u t c c ~ e s  

n o t  o n l y  have  v a l u e  r e l e v a n c e  b u t  a l s o  i n f o z ~ a t i o n a l  c o n t e n t  ( f o r  

exaaple, in the situation where a policeman is inters~ti~ with a 

citizen and trying t o  find out information about a ITurglary w~ich 

occurred, the statements made by the citizen have informational 

consequences for the policem~n as well as value consequences). 

Aasu~ptlens 

There :  a r e  a hUm'Oar O f  a s s u m p t i o n s  a b o u t  t h e s e  s p e c i f i c  s l t - ~  . . . . . . . .  : 

uations and about this type of situation in gener~l which are i~- 

pllcit ~u these examples. These assumptions are inportant because 

they detexnine the approach uhich will be taken, the varl~hles 

which will be considered, and the w~ys in which ~e ~,heno~enon will 

be ~ed. Because of the important role these a~ptlons play 

in this theory development and testin~ it is critical that they be 

made explicit so  that they may be evaluated and chan~ed if de~non- 

strated to be wrong. Statin~ assumptions somet -Lr~es h~s the unin- 

tended effeot of nak~ them seem mere unchangeable than they should 

be. These aesumptlcns are not irrevocably etched in stone. They 

are empirically testable propositions with soue hasls in 

empirical work and inlogic. They serve now as inportant ~ildlng 

blocks for a theory but they re~ul hypotheses beyond the scope of 

this work subject to further empirical verification. 
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T~ese assumptions are as follows, 

I) A Eey a~pect of these phenomena is that they are ~rocesses 

which occur c@er time. Because of  this, what happens early in 

~ u a n c e  o f  e v e n t s  may a f f e c t  what happens  l a t e r  i n  t h e  

s e q u e n c e .  The c h o i c e  o f  & c o l l e g e  e a r l y  in  a c a r e e r  can  

dum.T~&cally affect the alternatives available later in that 

career. The use of a racial slur by a policeman early in an 

~z~iOn:wlth~sC.cltlz6n of a different race can z~dlcally 

change the character of all subsequent interactions. An 

~=~roach which does not recognize the tremendous impact the 

~ h ~  development of events can have on the outcome is 

simply not doing Justice to the phenoaenon. 

2) ,~ same underlying processes in different environments or 

d~erent historical circumstances can p r?duc e ~uite different 

resmlts--a policeman in one condition in which he is verbally 

insulted and physically abused by a citizen can be violent, 

while the same policeman interacting with a calmer, less hostile 

citizen may not be at all violent. Similarly, the same two 

paa~.!clpants, a policeman and & citizen may interact in very 

different ways depending on whether or not the incident takes 

plm-~e in a very emotionally charged atmosphere of racial strife. 

3) ~a~ of these actions wit.bin the context of the interaction 

appaar to represent 6oal directed behavior. A policeman asks 

the citizen questions designed to determine how he should re- 

spmnd to the cltlzen"s violation of the law. The participant 

am_awers questions in ways designed to encourage the policeman 

to be lenient. The son chooses a college with the intention 
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Of achieving a certain career goal. 

4) There is some de~-ree of consistenc~ in behavior. What alr~ 

to ~ inconsistency at one level may be consistency at 

an~r level. For example, & policeman might utilize a 

decision rule by which he gives traffic tickets to all of 

those citizens who do not respond submissively to him when he 

• stops them for a violation. Suppose an observer notes that he 

f a i l s  t o  g i v e  a t i c k e t  t o  someone who does  . a c t  s u b m i s s i v e ,  

w h i l e  he  g i v e s  a t i c k e t  t o  someone who commits  t h e  sa~e  o f f e n s e  

b u t  f a i l s  t o  r e s p o n d  s u h n i s s i v e l y  t o  h i s  i n t e r v e n t i o n .  

A l t h o ~ h  t h e s e  a ~ t i o n ~  a p p e a r  i n c o n s i s t e n t  i n  t e r m s  o f  t h e  

o f f e n s e ,  t h e y  a r e  c l e a r l y  c o n s i s t e n t  i n  t e r m s  o f  t h e  d e c i s i o n  

rule which the officer applies. 

The approach taken here is b~sed primarily on two considerations, 

First there is sc~e desire to contribute to knowledge which meets 

the goals Of theory (i.e., which =a~es possible predictions, 

explanation, a sense of understanding, and so on). Secondly, thex~ 

is also a desire to adopt methods, techniques, and approaches 

~b_Ich are compatible with the phenomenon being studied. The desire 

is to be sensitive to the nature of the phenomenon itself and to 

avoid as zm~ch as possible imposing albitx~ czltezia upon the phe- 

~n~on ~elng studied. With regard to the goals of this theory of 

the gene.~L! phenomena occurring in a variety of settings rather 

than of th~ specific instances of those phenomena. These g~s 

have led to the adoption of a descriptive approach, a generalizing 

approach, a~ the use of mathematical models. With regard to the 
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na ture  o f  the. phenomenon, the  assumptions discussed e a r l i e r  have 

led to the adoption of an approach which is based on a systems 

perspective, is aimed at the  mlcro-level, is f i r s t  analytic and 

then synthetic, takes a purposive approach, and views the phenomenon 

as a process of decision making. 

The objective of this research is to accurately reflect real 

behavior to allow its prediction and explanation rather tha~to 

prescribe what behavior should take place. This research is design- 

ed to explicate the general characteristica which all social inter- 

action situations ~ and is not concerned with the situation- 

specific characteristics of particular examples of ~oelal inter- 

action (a generalizing approach as defined by Berger, et al., 1972). 

Two important ways theories or models may be developed are 

through analysis or synthesis (Coleman, 1960). An analytic 

theory or model is one which takes a "number of known facts about 

the real world--that is, empirical generalizations or laws-- and 

develops some explanatory scheme from which these generalizations 

may be deduced" (Coleman, 1964136). A synthetic theory or model, 

on the other hand, is one which takes "a number of empirical 

generalizations or logical relations and instead of working 'inward' 

to explain them, work(s~ 'outward' by using them as postulates of 

a theory and studying their Joint implications" (Coleman, 1964:36- 

37). The a~proach chosen here will begin by first analyzing the 

phenomenon %o develop a conceptually tight model of the process of 

decision malclng which takes place in these phenomena, and then work- 

Lug synthetic~ly to generate from that model • variety of pre- 

dlctlons about beh~vlor in various situations. 
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T h i s  t h e o r y  i s  d e v e l o p e d  on a m ! c r o - l e v e Z .  T h a t  i s ,  i t  a t -  

t e m p t s  t o  d e v e l o p  a t h e o r y  o f  s ~ i ~  i n t e r a c t i o n  which  c o n s i d e r s  t h e  

a c t i o n s  o f  i n d i v i d u a l s .  From t h i s  m i c r o - l e v e l  where i t  i 8  p o s s i b l e  

t o  c o n s i d e r  r e l a t i v e l y  p r e c i s e l y  t h e  p r o c e s s e s  which  go on,  t h e  

t h e o r y  w i l l  b e  s y n t h e t i c a l l y  d e v e l o p e d  toward  a m a c r o - l e v e l  where  

t h e  a g g r e g a t e  e f f e c t s  o f  s u c h  p r o c e s s e s  may Be e x p l o r e d .  

Coleman (1~3~I-5) distinguishes two fundamentally different 

conceptions of man which are the basis for schools of thoughts The 

f i r s t  c o n s i d e r s  b e h a v i o r  a s  a r e s p o n s e  t o  t h e  e n v i r o n m e n t ,  t h e  

second cons£ders it to be pursuit of a goal. The first is 

associa%ed with a purposive approach, which is the basis of some 

theoretical work in sociology, is typified by the work of Weber and 

Parsons, and characterizes the entire field of economics. This work 

Is most closely associated with the assumptions of the purposive 

approach an~ the mathematics and empirical techniques used will be 

derived Primarily from that tradition. However, there is a deliber- 

ate attempt in this work to recognize and examine the impact of 

environmental fantor~ on the processes as they occur. It has been 

shown elsewhere (Brent, 1975) that these approaches, while having 

fundamental differences, are not necessarily incompatible. 

Closely related to this emphasis on the parposive element in 

social interaction, is the adoption of a decision ~in~ pers/>ectlve 

of ~hese processes. Theories of declsion-maklng in their many forms 

a~d scattered about as they may be throughout the literature, 

offer mathema%ical models, empirical techniques, and theoretical 

c o n c e p t s  and ~ which are critical for the understanding of 

the process of social interaction. This work draws heavily frmm 



•9 

& v a r i e t y  o f  t h e o r i e s  which i n  a loose  sonse may a l l  be def ined 

as  dec i s ion  t h e o r i e s .  These inc lude  t h e o r i e s  of  s o c i a l  exchange, 

microeconcmic theory, u t i l i t y  t h e o r i e s ,  s t a t i s t i c a l  dec i s ion  

%heoryp game theory ,  t h e o r i e s  of  c o a l i t i o n  formation,  equ i ty  

theory ,  l i n e a r  p r o ~ ,  and the  experimental  game l i t e r a t u r e .  

Pe rhaps  the  most c r i t i c a l  c h a r a c t e r i s t i c  of  the approach taken 

i n  t h i s  work i s  t h a t  i t  seeks t o  cons ider  the ~rocessual  cha rac t e r  

o f  these  phenomena. • The process  &pproach taken here invo lves  

viewing t he se  phenomena as examples o f  dynamic dec is ions- -eequennes  

o f  dec i e lons  each o f  which are c o n t i n e n t  upon past  behavio~ 

(Rap&port & Walls ten,  1972s166). The importance of  the processual  

cha rac t e r  o f  even ts  should not be underest imated.  One word, fo r  

example, sa /d  e a r l y  i n  t he  course o f  an i n t e r a c t i o n  sequence ( e . g . ,  

& r a c i a l  alttc i n  a ve ry  t ense  atmosphere) can chan~e the cha rac t e r  

o f  the a n t i r ~  sequence o f  events  which fo l lows.  Even though 

S o c i o l o g i s t s  q u i t e  f r e q u e n t l y  emphasize the procesaual  cha rac te r  

Of social phenomena (e,g., Olsen, 19(>8), they have only rs~-ely 

been SuccessflLI in addressing that processual character in 

empirical research. 

Part of the reason for this avoidance of process On the part 

of sociologists might be that it is a very difficult phenomenon to 

deal with effectively. Rap&port & Wallsten (i972) have pointed out 

that such an approach frequently involves the need for dynamic 

models, and most social science techniques known by sociologists in 

6ener8/ sl~ply don't appl~. In addition, sociologists are not that 

familiar with the use of mathematical models and either choose not 

to address the issue or, if they do address it, they frequently £ail 
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t o  a d e q u a t e l y  d e v e l o p  and t e s t  t h e  m o d e l s .  ~ a l i t a t i v e  t e c h n i q u e s ,  

a s  Rosenbe rg  (1968)  p o i n t s  o u t ,  a r e  n o t  a d e q u a t e  f o r  such  

phenomena.  Q u a l i t a t i v e  a n a l y s i s  s i a p l y  c a n n o t  a d e q u a t e l y  h a n d l e  . 

the complexity of many repetitive eventsp the many possible actions 

which may occur, and so on. There are a number of problems 

associated with empirical examlnatio~s of decision processes. 

Slight errors in predicted behavior, over time c a n  result in ~reat 

differences in predictions. 

MAthematical models are used far a rar~ber of reasons. The 

character of such phenomena as processes h~s meant that most of the 

currentlyln:vogue techniques for soclo!o~y are not .really a app- 

ropriate and u s e f u l .  So f o r  t h a t  r e a s o n  t h e r e  i s  a need t o  t u r n  t o  

mathem~tlcal models as the most prcmisin~ technique for handling 

process. One of the greatest strer~thaofmathe~atlcal models is 

their ability to allow the consequences of assumptions and pro- 

positions to be f e r r e t e d  o u t .  

A systems approach is a l s o  t a k e n  i n  this work. .There have 

been many t~atments of systems descrihi~ the perspectlve (e.g., 

of the articles in Buckley, 1968 ~lu~ the one by Hall 

• a n d  Fagen, i968), or advocatin~ the api~roa~h (e.g., see Buckley, 

1967). The characteristics of this a ~ h  are too numerous to 

mention here. A n~aber of the major ~rlstics which will be 

most critical for this work include: the ~tlon of boundaA~ies for 

systems, inputs and outputs, the notions of feedback and purpose- 

ful systems, and the notions of structure a~d process associated 

with state-dete~ziz~d systems. 

Existln 6 Conceptualizations of Social inks!motion 
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Thex~ have been ~ number o f  major t h e o r e t i c a l  e f f o r t s  which 

are  o f  re levance  to  s o c i a l  i n t e r a c t i o n .  These inc lude  soc i a l  

exchange theory,  game theory (and the r e l a t e d  experimental  games 

l i t e r a t u r e ) ,  equ i ty  theory,  t h e o r i e s  o f  c o a l i t i o n  formation,  

praxio logy,  psychologica l  l ea rn ing  theory,  and a number o f  t heo r i e s  

c l o s e l y  r e l a t e d  t o  var ious  areas  of  enconomics, inc lud ing  s t a t i s t i -  

ca l  d~c is ion  theory ,  u t i l i t y  theory,  and economic exchange theory.  

These t h e o r i e s  d i f f e r  markedly in  t h e i r  scope ~ud s p e c i f i c  sub- 

s t a n t i v e  e~pha~Is. They also take very different perspectives and 

approaches, make radically different assumptions, and in some cases 

have fundamentally different objectives. They are spread through- 

out & wide range of literature including sociology, psychology, and 

economics. As a result they have developed largely independently 

of one another and have different weaknesses and different 

strengths. There is no overarching conceptual framework Which com- 

bines all of these or even which clearly states how they are alike~ 

and how they are different. ~ut they all have one thing in common. 

They all ~y be viewed as special ca~es of the same phenomenon-- 

decision mak.ing. 

These points may be illustrated by a detailed consideration 

of three of these theories which offer the most promise for de- 

veloplng improved conceptualization of the process of social inter- 

action. The three which will be considered here are social ex- 

change theory, psychological learning theory, and game theory. 

The others have been discussed in detail elsewhere (Brent, I~5). 

Came Theory and Experimental Cames Research 

C~Lme theory sssumes the participants act with a high degree 



12 

o f  i n f o r m a t i o n  s e a r c h  and p r o c e s s i n g  a b i l i t y ,  p o s i t L u g  a t y p e  o f  

r a t i o n a l i t y  p r o ~ b l y  more r e s t r i c t i v e  t h a n  t h a t  assmaed f o r  any 

o t h e r  s e ~ e n t  o f  t h e  l i t e r ~ t u r e °  I t  assumes t h a t  each  p a r t i c i p a n t  

in the game has full knowledge of the utilities for e~ch uutcome 

Which may r e s u l t ,  i s  aware t h a t  t h e  o t h e r  p a r t i c i p a n t  i s  a 

s t r a t e ~ i o  s o c i a l  a c t o r ,  and w i l l  a c t  t o  ~ . ~ l n i z e  h i s  own f ~ t u r e  

outcomes .by i n f l u e n c i n g  t h e  e x t e r n a l  e n v i r o n n e n t  i n  a way which 

assumes t h a t  t h e  o t h e r  p a r t i c i p a n t  i s  a l s o  t r y i r ~  t o  maximize h i s  

own b e n e f i t s .  Game t h e o r y  i s  b e s t  a p p l i e d  t o  t h e  s p e c i a l  c a s e  o f  

d e c i s i o n  making i n  t h e  p r e s e n c e  o f  a s t r a t e g i c  o t h e r  where t h e r e  

a r e  o n l y  two s o c i a l  a c t o r s  who a r e  t h e  p a r t i c i p a n t s ,  t h e  outcomes 

o f  v a l u e  f o r  t h e  p a r t i c i p a n t s  a r e  c o n t i n e n t  upon t h e  a c t i o n s  o f  

b o t h  p a r t i c i p a n t s ,  c o ~ u n i c a t i o n  i s  no t  p o s s i b l e ,  and t h e y  have 

c o m p l e t e l y  c o n f l i c t i n g  i n t e r e s t s ,  

This is an especially important area of rese~ch because, of 

all social science theories, it i8 probably the most formalized 

theory which does not rely heavily on formally oriented mathematical 

techniques. The initial work on game theory by Von Neumann and 

Morgenstern (1947) is widely heralded as a classic and a major in- 

novation. Many works, have followed which describe the theory and 

are perhaps more readable, including Rapaport's FIC~/~, ~ AND 

DEBATES(1960), and Luce and Raiffa's ~ A~D D~'~-qSiO~NS (1957). 

The mathematical element of this theory derives frmm the ~bstant- 

Ively oriented theory developed by Von Neuman and Morg~nstern and 

does mot emphasize formally oriented mathematical techniques. The 

theory is developed at the level of the symbolic or postulatlonal 

style. The logical rigor of mathematics is used to deduce 



relationshlps. The emphasis is divided between the substantive 

meaning of  the proposition- and their logical proof. 

The theoretical fraaewonk o f  game theory is limited 

I ~ Y  by its scope. It is designed most clearly for situations 

in which there are only two actors present and they have ~pet- 

itlve interests. Although there have been efforts to extend it to 

other phenomena those efforts have been criticized both on theor- 

etical and empirical grounds. Theoretically, the concept of rat- 

ionallty becomes ambiguous for other situations (e.g. , see 

Rapaport and Chammah, 1965! Coleman, 1973). Empirically, there 

seems to Be little support for game theory beyond two-person zero- 

sum games (e.g., see Becker and McClintock, 1967). Gaae theory is 

important however, for its early development in a field where ex- 

plicit theories and scientific investigation had not been consider- 

ed before. It has made an important contribution by encc~-~glng 

the scientific investigation of major aspects of social inter- 

action which were once not considered amenable to sclentLfic 

investigation. 

The empirical research on game theory has been m0zumental. 

There have been literally hundreds of studies examining different 

ga~e situations. There h~ve been a number of reviews of this 

llteratu~e in the past which serve as a starting point for this 

review. These include reviews by vinacke (1969), Becker and 

McCllntock (1967), Gallo and McClintock (i965), and Rapaport and 

or .~t  (1962). 

There are two major dimensions along which past  empirical 

researchmay be classified: First, there have been a number of 



d i / ~ e r e n t  e x p e r l n e n t a l  games which  have b e e n  s t u d i e d .  S e c o n d l y ,  

t h e r e  a ~  a number  o f  c l a s s e s  o f  i n d e p e n d e n t  v a r i a b l e s  which  have  

been e ~ .  Together these two dimensions distinguish the 

major contributlons which have been made in the empirical re- 

search on experimental games. 

A l l  o f  t h e s e  games which  have  been  examined have  b e e n  t a s k s  

for which there are two or more participants wh0 make decisions 

affecting the valued outcomes for both themselves and the other 

p a r t t c l I ~ n t s .  T he  t h r e e  m a j o r  c l a s s e s  o f  such  games a r e  t w o -  

person ganes without com~unicatlonp two-person b a r g a i n i n g  &~aaes, 

and coalition formation games. These are distinguished by i) the 

n~uaher of participants and 2) whether or not explicit cc~=n-xic~tlon 

is posslhle. 

Pas~ reviews of this literature have identified a nunber of 

categories of independent variables which have been examined in 

experiments/ settings (Becket and McC!intock, 19671 Callo and 

NcClintock, 196~I and Vinacke, 1969). Here categories ~.ii be 

distinguished ba~ed on the conceptual framework presented earlier. 

Those categories overlap considerably with those of the earlier 

reviews. These categories of variables are as followsz 

i) Characteristics of the partlci~ants--these correspond to the 

personality variables used in previous reviews but they are not 

limited to individual participants; they may also characterize 

SociAl ox~ations which act as participants or participants 

other than social actors. These characteristics are inferred 

c ~ s t i c s  of the subjects and include general differences 

between participants, fazLily background, peychopatholc~y, 



attltudea and traits, motlves, and the systemi~ properties of 

t he  a c t o r s  Ce.g., their tendency to respond to external chaz~e). 

2) Characteristics of the interaction--these v a r i a b l e s  include 

p o s s i b i l i t i e s  f o r  c o ~ m n i c a t i o n  and feedback and g e ~  a re  

measures of the possible modes of interaction for the inter- 

active situation. 

3) Ta.~ ~teristics~these variables include manilxLlatlons of 

the  p a y o ~  m a t r i c e s ,  the mode of  p resen ta t ion ,  the  l eng th  o f  

,the inte-~actlon, power relationships, and so on. These are 

p r o p e r t i e s  o f  the task itself which m~y be specified independ-  

e n t l y  of the participant, the developing pattern of interaction, 

and the posslble modes of interaction. 

~) Sit~tlonal varlables~These are characteristics of the process 

of  in+~mctlon as It develops over  time. These include the 

s%x~e~ of the other participant, past outcome for the part- 

icipant, and so on. 

Genexm!!y, the major tYPes of gaaeshave served an exper i -  

mental ] ~ d i ~ s  within which a number of different issues have 

been explc~-~d. As V i n a ~ e  (1969) h~s pointed out ,  s t ud i e s  r a r e l y  

examine l n ~ z ~ c t i o n s  i n  more than one type of  6ane. The dominant 

character of these empirical studies has, in fact, been one of 

examining the e.~fects of one of many posslbleindependent vari- 

ables upon interaction ~ithin one of these contexts. As ~ecker 

and McClln~-k (1967) have observed, the utility of 6¢me theory 

"has not seen its success in predicting human choice be.havi0r, 

~t a~ ~ ~e~oz-k a~cinst ~Ich to examine how people act in 

these !nterpe.--sonal situations" (256-?). The myriad o f  ~epe~ient 



" ~ a x i & b l e s  w h i c h  c h ~ - a c t e x l ~  t h i s  r e s e a r c h  b e a r  t e s t a m e n t  t o  t h i s  

v i ew .  Many o f  t h e s e  l x ~ e p e ~ e n t  v a x i a b l e s  have n o t  been  c e n t r a l  t o  

g Q e  theox~- .  I n  f a c t ,  e v ~  w i t h  a l l  o f  t h e s e  e m p i r i c a l  s t u d i e s ,  i t  

remains a~ t r u e  today a s  I t  ~ s  I n  1967 t h a t  the g rea t  ma jo r i t y  o f  

s t u d i e s  o f  ga~e  t h e o r y  ~ n o t  r i g o r o ~ a l y  examined t h e  f o x ~ l  

,~ex" ( ~  a=d N~Lt~t~a, 1967). 

V ~ a c k e  (1969) has ~ e  a n ~ b e r  of  s u e ~ s t t o n s  f o r  the 

f a r t h e r  d e v e l o p m e n t  o f  x w s e a ~ h  i n  t h i s  a r e a ,  He s u g g e s t s  t h a t  

since so many different i~depandemt variables appear to affect the 

Interactlan it is importan ~- that theories ~e developed which in- 

clude many of those variables and that experimental studies be 

conducted which exa~u~ n~re than one of them at a time to assess 

imteractiQn effects and to hegln to develop a ccmprehenslve 

structure of h~H these variables c~bine t o  affect social inter- 

actlom. 

-' AmoS.her m~gestlom of %'lam~e (1969) is to examine more than 

one ex~ental game situation in each experiment, It s h o u l d  be 

recogmized that game aitu~tioma are act~Ll/y values of a number of 

independent va~ahles (~uy of the task variables) and varying them 

in the con~=ert of an experinent can lead to new insight into their 

effects. It is important too that the studies for these different 

game sltaz~tions be recognized as part of a comprehensive set of 

data amd~ Be seen as sepm~-~hle sections of the literature 

Irrelev~mt to each other, It is important too that the general- 

izabillty of findings frum one experimental game setting to 

another Be f~rther explar~d. 

Vinac/~ (1969) also ~sts that games involving mere 
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p a r t i c i p a n t s  be . i n v e s t i g a t e d .  The g rea t  major i ty  o f  s tud ies  i n -  

volv6 two~ p a r t i c i p a n t s ,  only  a few a d d i t i o n a l  ones involve  t h r e e ,  

and V i r t u a l l y  none invo lve  fou r  o r  more. The fundamental d i s -  

c o n t i n u i t y  between d y e s  and l a r g e r  groups has been pointed out 

$1mnel (1971). This  a r i s e s  from the  p o s s i b i l i t y  of  c o a l i t i o n s  

fo~Lu~  in  groups o f  t h r e e  o r  note while  dyads cannot have c o a l -  

i t i o n s  without  the  d i s s o l u t i o n  o f  the  group. I n  add i t ion ,  Vinacke 

(1969) suggests  t h £ t  p e r s o n a l i t y  v a r i a b l e s  and the  importance o f  

social interaction itself may vary with the number of people who 

participate. 

Becker and MoClintock (1967) identify a mamber of  problems 

with the development of the empirical literature for experimental 

games. First, the great ~jc~ity of these studies which examine 

experimental situations for which t he r e  are  repetitive choices may 

not be appro~te for testing the theory. They suggest that a 

strict interpretation of  the theory would ~ulx~ that a series of 

plays ~e regarded as one ga~e r~ther than a series of separate 

games. But no one has done this and hence "the conclusions dra~n 

from experimental results should not be interpreted as necessarily 

valid conclusions,  about the formal model" (254-5). 

ThereLare a number of problems with the assumptions game 

theory makes about the utilities for the participants (Becker and 

McCllntock, 1967). The assumptions of transitivity and continuity 

made by utility theories have not beem supported empirically. Two 

additional assumptions of ga~e theory appear to be contrs~ictory: 

the assumptions that the participant will at the saae time max- 

imlze his own utility and ~ the maximum harm that could 
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b e f a l l  h i s ,  E f f o r t s  t o  r e so lve  these  d i l eaaas  have led to  y e t  

another  a s suap t io  n t h a t  "each dec i s ion  maker in  a game s i t u a t i o n  

p r o j e c t s  h imse l f  i n t o  the  p o s i t i o n  o f  h i s  opponent(s) ,  and views 

the game f x ~  h i s  ( t h e i r )  s tandpoint"  (~ecker a ~  McC!intock , l ~ T s .  

256). Secondly, under so~e cond i t ions  when the opponent i s  

assumed tO take a minimax s t r a t e g y  then a l l  the choices  f o r  the 

p a r t i c i p a n t  have the sa~e expec ted  value  and the game theory would 

have no sln~le prediction for his behavior. Finally, such an 

a.smmFtion 1~resumes that the participant can effectively compare 

his utilities with those of the other participants. Such inter~ 

personal comparison of utilities has never been demonstrated to be 

possible, 

For Si%~ations other than zero-sum two-person games the 

notion of rationality does not have a unique for~ (Becker and 

McClintoek, 1967s Rapaport and ChemiC, 1965S and Coleman, 1973). 

For such situations there are a number of possible strategies 

based on different motives which would be consistent with rational 

behavior. For instance, McCllntock and McNeal (1966) su6gest that 

at lea~t three values or motives may underlie a person's choice in 

the prisoner's dilemma ga~e. Those include "(&) attemptin~ to 

maximize the joint outcomes across own and other's payoffs, (b) 

attempting to maximize own outcome regardless of the outcome to the 

other player, and (c) attempting to maximize the difference between 

own and other's outcome" (Becket and McClintock, 1967,269). Other 

possible decision rules a~e su6gested earlier in their paper in the 

conceptual  l~amewoz~ chap te r .  

There has been only l im i t ed  empi r ica l  support fo r  game theo ry  

i 
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by this research. Backer and McClintock (1967) have pointed out, 

for example, that emplrical studies of games without saddle points 

have found that subjects' choices "do not approximate the asymptotAc 

proportions predicted by the minimax rule" (259). Yet, eight years 

later, it is still as true as it was then that these studies have 

not rigc~ examined the formal aedel. 

A number of apparently stable empirical relations have been 

found 1~xt they have not been systematically followed up in sub- 

sequent research. For example, Becket and McCllntock noted that in 

most studies the strategies of participants seem to vary as a 

function of the other player's choices. Yet this has not been 

systematically explored in many studies. Similarly, they noted 

that the participants' choice preportions change through time. 

That too has been generally ignored in subsequent research. (A 

major exception to this criticism is the work of Rapaport and 

Chammah, i965, which will be reviewed in a later section). 

This literature has emphasized the st~tlc equilibrium 

behavior rather than focusing on the process which occurs over time. 

Such an emphasis overlooks a ms, or component of this phenomenonl 

process. A lack of concern for the processual character of this 

phenomenon may result in misinterpr~tatlons of those aspects which 

are examined. For example, very few if any of these studies even 

test the assumpti~ that the "equilibrium proportions" they are 

examining are indeed at some equilibrium. This cauld have aerious 

consequences for the conclusions of such studies. 

There has been a consistent failure to rigorously test game 

theory. The studies have generally failed to consider hypotheses of 
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game theory  and have concentrated ins tead  on the impact o f  independ- 

ent  v a r i a b l e s  not even considered i n  game theory .  Even were the  

p r e d i c t i o n s  o f  game theory  to  have been unequivoca l ly  supported by 

these  s t u d i e s ,  which they  were not,  i t  would s t i l l  not be poss ib l e  

to  i n f e r  t h a t  the  theory  was c o r r e c t  without a l so  t e s t i n g  the  

assumptions o f  the theory  ( e , g . ,  the  p a r t i c i p a n t s  could be asked to  

d i s c u s s  t h e i r  motives and the v a r i a b l e s  they cons ider  in aakin~ 

t h e i r  cho ices  and those  could be compared with those  h y p o t h e s i z e d  

t o  be cons ide red  by ga~e theory) .  To my knowledge the re  have been 

few such t e s t s  o f  these  assumptions. 

To briefly slmmarlze, the major problems with this literature 

axe the fad.lure to~ consider process, the limited scope of game 

theory theoretically, its lack of empirical support (and its ap- 

parent lack of empirical validity due to its emphasis on normative 

as opposed to descriptive theory), the empirical literature which 

has emphasized the use of the experimental paradigm for the study 

of almost everything but ga~e theory, the application to situations 

for which the theory was not intended, and the ~aJor failure to 

test basic aspects of the theory and to meet the minimal require- 

monte of testi~ models. Strengths have been the development of a 

formal framework for dealing with a phenomenon (which was not al- 

ways considered to be subject to effective treatment by scientific 

means), the extensive exploration of an experimental paradigm, and 

the identification of a number of key independent variables which 

appear to affect social interaction in these settings. 

Social Exchange_ Theory 

The scope conditions of social exch~nse most cleaely resemble 
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t h e  scope  c o n d i t i o n s  o f  t h e g e n e r a l  t h e o r y  o f  d e c i s i o n  ~ p r o -  

posed  h e r e .  S o c i a l  exchange  i s  c o n c e r n e d  w i t h  t h e  exchange  o f  

s o c i a l  commod i t i e s  among two o r  more p a r t i c i p a n t s .  T h e r e  i s  g e n -  

e r a l l y  a t  l e a s t  some p a r t i a l  c o n c t d e n c e  o f  i n t e r e s t s  ~ n i c h  a l l o w s  

f o r  t h e i r  m u t u a l l y  ~ e n e f i c i a l  exchange .  Each p a r t i c i p a n t  i s  a~a~e  

that the other participant is a social actor and my he a~are of 

certain of the characteristics of that participant, bat generally 

does not ~ow the utilities for that other pax~icipant. The de- 

creasing marginal utility of the com~odlties e x c ~  ~ay sc~e- 

ti~es be an issue which affects the exchange. ~ o n s  are the 

dominant mode of interaction, although c~cations r=~y be 

possible; and certainly the valued outcc~e for e~ch pe.rticipant is 

contingent upon b o t h  his own and  the others' actions. 

The participants are viewed as purposeful social a c t o r s  w i t h  

a primary external orientation preferri~ to effect ch~s in their 

envlron~ent as ways of copin~ with changes in that envi.~onment. 

The behavior maY be of symbolic significance and the ~--ticip~ts 

are assumed to have a relatively high level of inf~tlon search 

and processing capability much ~eater than that a s ~  by learn- 

ing theory, but less restrictive than that assuned ~y ga~e theory. 

The ~spect of social exchan~ which most limits its s c o p e  a ~  

which ~akes it a special case of the 6eneral theory is the 

a~sumption that so~e sort of social commodity is exchanged. 

Social exchange is best considered as an example of decision 

i~ the ~resence of a strategic other with the ~ddltlonal constraint 

that some soclal commodity is involved. This concept of so~e ex- 

changeable commodity should not be overemphasized, however. By 
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c o n s i d e z ~  abstract  exchange propert ies and the great va-~ety o f  

such c o n o d t t i e s  which may occur, i t  Can be shown ~ t  t ~  concel~ 

may be extended to  cover =1most any type of  choice ~ f o r  which 

the participants may make decisions having valued consequences. (e. 

g., see Foa, lY71; Bla~, 1964; and Turner, et al. 1~1) .  ~ this 

perspective, the general theory proposed here may, with only slight 

over-slmpllfication, be viewed as a generalized, foxmallzed theory 

of  soc ia l  exchange. 

Apart from its substantive focus the major chaxm~te~stlcs of 

the social exchange literature are 1) a very low level of formal- 

ization, 2) sophisticated theoretical development, and 3) very few 

empirical studies of the phenomenon. The low level of fo~.llzatiau 

of exchange theory is a dominant aspect of its classic works (e.g., 

see Blau, 1964; H0mams, 1961; Thlbaut and Kelley, 1959); andmajor 

reviews and critiques which have followed (e.g., Ekeh, 1974; 

Nulkay, 1971: Shaw and Costanze, 1970). These presentations are 

unt. for~. Iy verbal theories written in an academic style (in te~ 

of Kaplam's levels of formalization). 

One notable attempt to formalize social exchange has been that 

of E~merson (1972). But this work has a z~mber of problems. 

~erson makes the mistake which Coleman (1960) noted of t 4a~ 

qualitative propositions and trying to generate a precise mathe- 

matical theory from them (~ach propositlcas are not generally 

precise enough and they would require extensive analysis and clar- 

ification and only then would they provide an effective basis for 

a mathematical system). Even at that point he does not clearly 

connect the theory to a powerful mathematical system b~t instead 
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makes a z~tively unsuccessful attempt to develop an axicQatio 

theory. There are a~ditlonal problems of inadequately fozmallzed 

concepts which do ~ allow precise formal deductions from the 

theory. 

This low level of formalization is a particularly important 

d e f i c i t  f o r  t ~  o f  p r o c e s s  a s  t h e s e  t h e o r i e s  a r e .  A~ 

Rosenbex~ (1968) ha~ ~o~nted out, verbal theories suffer from beln~ 

too clm~sy and too IxLlky for handling process over a period of tiae. 

~ t  i s  g e n e r a l ~  _ ~ q u i z ~  f o r  h ~ i l i n ~  t h e  n o t i o n s  o~ change and 

process Is to take the 6yste= of events at one point in time and 

follo~ the= t h ~  several addltional~perlods of time. This 

.co~es very axklra_--~ ver~L~ly, but is easily done w i t h  m~thsmAtical 

equations. 

BecaAme of this weakness these theories h£ve generally been 

~ e  %o ~J£e  ~ - - ~ c i s e  t e s t a b l e  1 ~ l i c t i o n s  based on p r o c e s s e s  

which  o c c u r  o v e r  t i m e  and have been  f o r c e d ,  i n s t e a d  t o  c o n c e n t ~ t e  

on the 3L~pe.~--ties ~ those processes at specific l~Ints in time. 

That concentration ha~ been the basis for the major contributions 

~z~e by the soc!~ e x ~  theory llterature. ~jor insights have 

• e e n  offered in the literature on social e ~ c h a ~ e  r e ~ a z ~ i n g  navy of 

the i~ports~ de~.i~i~n p~-ocesses which take place in social intex~- 

action and so=e c~. ".he analytic ~ropertles of social interaction 

settln~s. For ex~u!e, the analytic properties of exchange co=- 

~odltles h~ve be~n nicely ex~lored by ~lau (196~) and Foa andhls 

colleagues (Foa, I~'/I: Turner, et al.t 1971). A wide variety of 

poaslhle exc~ rules and their analytic properties have been 

discussed by M ~  (1971). Coaparisons whlchare possible and 
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Nhich a re  made have been examined by Ekeh ( 1 ~ 4 ) ,  Thiba~t and 

Ke l l ey ,  (1959),  and Blau (196@). The no t ions  o f  d i s t r i b u t i v e  

J u s t i c e  (one p o s s i b l e  c a t e g o r y  o f  exchange r u l e s )  have been ex-  

t e n s i v e l y  examined by Ekeh (1974), and are ~ major emphasis of 

equity theory research (Walster, Berscheid, and Walster, 1973). 

These contrib~tlons have been of major importance in the formul- 

ation of the conceptual framework presented earlier in this paper. 

There have been few empirical tests of this theory. Those 

which have been made have generally been peripheral to exchange 

theory and have not tested central propositions. The empirical 

literature can be divided into two major sectlonsz First there are 

a number of relatively rigorous studies utilizin~ the experimental 

paradigm o f  the minimal social situation. Such articles are dis- 

cussed in Gergen (1969) and have provided some information of rel- 

evance to exchange theory but have not in general rigorously tested 

the theory. In addition, a number of thestudies from the experi- 

mental games llter~ture may be of relevance in this category of the 

e~pirical ~iterature. The second major group of empirical studies 

have been experlmen~l studies in which exchange theory h a s  been 

applied in social settings including social conflict (Nord, 1969), 

organizations (Levine and White, 1961, 1963), work groups (Romans, 

1953), interactional relations (Dillon, 1968), family choice be- 

havior (Bahr, 1972; Edwards, 1969)' interpersonal relations (Blau, 

1963). These studies generally utilize exchange theory in its 

entirety. Both of these sets of ezpirlcal studies, as ~Ith the re- 

search on experimental gases cited earlier, are not of central ira-" 

portance for this paper because they ignore process. For that 
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r e a s o n  t h e y  w i l l  n o t  be  d i s c u s s e d  ~m d e p t h  h e r e .  

L e a r a i n g  t h e o r y  a l s o  may be  c o n s i d e r e d  t o  be  a s p e c i a l  c a s e  o f  

the genere~ decision model proposed here. As with most of these 

special cases perhaps they are distinguished from other special 

cases most ~y their scope conditions. Learning theories generally 

place thelr emphasis on the process of interaction between the 

participant a~ his enviroument. They generally posit a relatively 

Ic~ level of intellectual functioning on the part of the partici- 

pant (often such theories are based on experiments with lower 

a n i m a l s )  i n  marked  c ~ u t r a s t  t o  mos t  o t h e r  t h e o r i e s  d i s c u s s e d  h e r e ,  

Because  o f  t h i s  t h e y  do n o t  p o s i t  a g r e a t  many o f  t h e  p o s s i b l e  d e -  

c i s i o n  processes which the participants might go through but r~ther 

view i% as a r~ther simple reactive process (qua operant learnimg) 

where the participant changes his internal dispos~ons as a direct 

• result of the impact of past interactions with the environment. 

These theories tend to view the process as backward past~tbat is, 

decisions a~e made on the basis of outcomes from past events rather 

than on expectatiom~ for futuz~ eve~s (this distinction is made 

cle~ly by Coleman. 1973). In the tezmlnology of E~eh, they tend 

to view behavior as operant  or conditioned as opposed to symbolic. 

Cenerally such theories tend to be applied primarily to situations 

involving only one social actor and his environment, however, they 

have been applied t o  situ~tlons where two or more s o c i a l  actors are 

interacting with each other, it is these latter applications which 

axe of most  i n t e r e s t  h e r e .  

As with many  of these special ~s, the scope conditions of 



26 

l e a A ~ l n g  t h e o r y  do n o t  c l e a r l y  pu t  i t  i n  a c e n t r a l  p o s i t i o n  f o r  

t h i s  g e n e r a l  t h e o r y  which  i s  p roposed  h e r e .  N e v e r t h e l e s s ,  t h e r e  a r e  

aany  r e a s o n s  why i t  i s  r e a s o n a b l e  t o  t h i n k  o f  t h i s  s e t  o f  t h e o r i e s  

and s t u d i e s  a s  s p e c i a l  c a s e s  o f  t h e  more g e n e r a l  t h e o r y  o f  s o c i a l  

interaction which is being proposed. Rosenberg (1968), for example, 

argues that learning theory shares both a formal and a substantive 

similarity with social interaction. 

Learning models would appear to be appropriate for 
the analysis of s o c i a l  interaction for two reasons, The 
first is that there is a formal similarity between 
learning as a probabilistic phenomenon a@d social inter- 
action. Contemporary mathematical leaA~ing theories are 
particularly well suited to ha~iling the variability in- 
herent in social stimuli, that is, stimuli that are pro- 
duced by another individual! the models are stochastic 
and deal •explicitly with stimulus and response variabil- 
ity. The second is that there is a substantive similar- 
ity. In principle a t  least, learning theory is intended 
to deal with certain systematic changes in individual 
behavior and with the development of certain kinds of be- 
havioral stability. These aspects of individual behavior 
are also of chief concern in the analysis of social in- 
teractlon (1968,209). 

The issue of the substantive similarity between learning 

theory and some of the decision theories has also been addressed 

~y Coombs, Dawes, and Tversky (1970). They point out that one of 

the differences between the data with which mathematical learning 

theory is concerned and the data of concern for decision processes 

t heo r ies  i s  t h a t  

The f o r m e r  d a t a  a r e  g e n e r a t e d  by  an  e s s e n t i a l l y  ' m i n d l e s s '  
guessing process that is pre~ed to be shaped by 
reinforcement, as in the theories of probability 
learning and concept formation! the data of decision 
processes are presumed to involve high-level cognition 
with a minimum of randomness (303). 

But they point out that efforts to distinguish between these areas 

of the literature sometimes tend to caricature the different fields. 
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They appeax to see the differences as differences in emphasis with- 

in a ~general concern for the same general phenomenon, and they see 

a number o f  areas i n  which t h e  two a r e a s  a r e  becoming c o n n e c t e d .  

Decision processes theory is largely concerned with 
preferential choice under steady-state or equilibrium 
conditions. In other words the theories deal largely 
with a static p r o c e s s .  The conceptualization behind 
mathematical learning theory is that of a dynaalc pro- 
mess. The former is concerned with the effect of the 
current state on choice behavior and the latter with 
the effect of choice on the ~ent state. In still other 
terms the former may be regarded as the study of moti- 
vation and the cognitive nature of choice; the latter is 
the study of learning and the a~ptive nature of choice. 
The recognition that behavior is both cognitive and a~- 
aptive is evident in recent developments in both fields. 
There are, for example, the current application of 
Bayesian statistical theory to decision ms, Lug (see Sec. 
5.2 and Edwards, Limdman, and Phillips, 1965), which in- 
corporates the effect of new information on the decision 
variables, and the recent development by Bower (1966) of 
a multi-component theory of memory trace that recognizes 
the deeper cognitive n~ture of the learning process. 
These examples are evidence of diffusion into common 
Im~ohlems and possibly even common data. (Coombs, Da~es, 
and Trotsky, 19701303) 

If the scope conditions usually applied t o  these theories are 

not such as to make them central to this theory of decision making 

then it i s  n e v e r t h e l e s s  true that their methodological and formal 

emphases ame such as to make them very critical for the development 

of this general theory. Unlike game theory, learning theory hem al- 

w~ys had ~ very strong empirical emphasis providing clearly testable 

mathematical models of behavior. Learning theories have also Been 

in the forefront in providing mathematically sophisticated models 

of social interaction and they have provided the closest approxl- 

mations yet to adequate tests of such models. The degree cf formal- 

Ization of this area far exceeds that of cc~l~a,ra'~le theories such 

as  emchaage t h e o r y .  Those models have been  most concerned  wi th  t h e  
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processua l  cb~rc t e r  o f  the phenomena, which i s  the  c e n t r a l  focus  o f  

the  dec i s ion  theory  proposed here .  The cont r l~mt iona  h~ve been 

central to the development of this theory and provide the methodo- 

logical base from whlch %his work has begun, As Rosen~er~ (1968,227) 

points o~t,  

Learning theorists have made-important methodological 
con, fiXAtions t o  the analysis of social interaction, As 
alreadyn~ted, the application of verbally stated princiPles " 

tO %he analysis of a social interaction sequence is a 
foxnidable  ta~k.  Learning t h e o r i s t s  ~ have demonstrated the  " ~ ~. 

feasibility o f  using a quantitative language to trac~ the /~ ~/~ 
changes in individual behavior that take place during inter- 
action. They have also called attention to detailed as- 
pects o £  behavior that must be included in a psychological 
account of social interaction. Moreover, although ~ulti- 
pexson ~nteraction models have appeared in the literature 
from time to time, it is p ~ y  the learning theorists 
who have attempted to provide precise tests of their models 
using situations in which genuine interdependencies exist. 
Thus, their efforts have pointed up ways to construct a 
model that is at once psychologically detailed, mathemat- 
ically tractable for dy~asic social interaction, and 
em~irlcally testable. 

A great many different mathematical techniques are utilized in 

these learning models and a great variety are available, including 

Markov models, linear models, one-element models, n-element models, 

models including different amounts of re arax~, models considex~Ing 

only differences in probabilities, models for conti~Ac~AS response 

outcomes, m~lela for finite respshses, and finlte-state nodels. 

Sons of the better books available which deal with such learning 

theory models are Coomba, Dawes, stud Tversky, 1970 and Atkinson, 

~ower, and Crothers, 1965. Rosenberg, 1968 also provides the best 

discussion to date of many mathematical learning theory models of 

social interaction. Many authors have applled these nod~Is to 

social interaction, including ~aJor works by Rapaport an~ C ~ ,  

19651 Ofshe aud Ofshe, 19701 and Suppes and Atkinson, 1960. These 
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Wcx~ and o the r s  w i l l  be discussed in  g rea t  d e t a i l  i n  the  n e x t  chap- 

f e z .  Learning theo ry  i s  the  ba s i s  f o r  the  g r e a t  m a j o r i t y  o f  work 

process  f o r  these  phenomen£ and C l e a r l y  p rov ides  ~ m~Jor 

c c n t r i ~ t t o n  t o  t h i s  theory  both i n  models proposed and the method- 

o l o 6 i c a l  techniques  e s t ab l i shed  f o r  t e s t i n g  these  models.  

To u m a r i z e ,  l e a r n i ~  theory ,  while g e n e r a l l y  developed f o r  

pben~en~ d i f f e r e n t  from those of  i n t e r e s t  here ,  i s  s u f f i c i e n t l y  

slaila~ ~oth formally and substantively to be of relevance. The 

~Jor contributions consist of the models proposed and the tech- 

Di~lues ~rovlded for testing them (although they certainly have their 

problems as I shall later try to demonstrate). The major weaknesses 

arise from the concern with partiCipants who have relatively unsoph- 

isticated levels of information processing capabili~ i and the 

consequent lack of emphasis on fundamental processes of decisions 

which are likely to take place. This area would profit from consld- 

ex~tion of some of the processes posited in soci~l exchs~ theories. 

In addition, variables affectln~ these processes could be explored 

mc~e carefully. Thus, this area could also profit from ~ merger 

with the experlmental ga~es literature in which ~uch variables 

are  s tud ied  i n  g r ea t  d e t a i l .  

I n  the  next  chap te r  an at tempt w i l l  be made t o  deve lop  a con- 

ceptual framework which draws heavily from the work in all of these 

areas. It is clear that these diverse areas of re6earch are act- 

ually theories of restricted scope dealing with special cases of 

the general phenomenon of social interaction. The cx~ation of a 

conceptual framework which makes it possible to link these  areas 

offers promise for making a major contribution in a number of ways. 
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The d e f ~ c i e n c i e s  and  s t r e n g t h s  o f  one a r e a  t o  be  a p p l i e d  t o  o t h ~  

a x l e s ,  l z p x ~ v l ~  them s l ~ n i f i c a n t l y .  I n  a d d i t i o n ,  t h e s e  a r e a s  

c c m ~  one  a n o t h e r  w i t h  r e s p e c t  t o  t h e  f a c e t s  o f  t h e  I ~ ~  

which  t h e y  examine  so  t h a t  t h e i r  s y n t h e s i s  w i l l  l e a d  t o  a n  i n t e -  

g r a t e d  t h e o r y  which  e x c l u d e s  f ewer  a s p e c t s  ~nd h e n c e  o f f e r s  & 

CCml~ehens ive  v iew o f  t h e  phenomenon. 

~ pix~Ic a~l Research 

The  g r e a t  ~ j o r i t y  o f  r e s e a r c h  which  h a s  b e e n  c a r r i e ~  c ~ t  i n  

t h e s e  v a r i o u s  a r e a s  h a s  n o t  examined t h e  p r o c e s s u a l  c h a r a c t e r  c ~  

s o c i a l  i n t e r a c t i o n .  The p o s i t i o n  t a k e n  h e r e  i s  t h a t  t o  - ignore  t h e  

pzoces~l character of such & phenomenon is a se~c~s ~ s~ 

subjects such research to g~eat risks of misinterpreting fi~. 

Those studies which have dealt explicitly with social in~- 

action a~ a ]~ocess have b e e n  much fe~er in n~mber than those w~Ac~ 

have not. The treatment of process is a verY difficult topic (e°~., 

there are the combined problems of dealing with process and with 

~the~atical models, neither of which are specialities of most 

social scientists). In ~eneral, the substantive contx~butions c~ 

particular studies tend to be rather sparse and repetitive, they 

of fez little beyond what was found in other studies carried out de- 

cades ~ier, and they are subject to serious reservations due to 

the ~,%ny serious methodological flaws which pervade research in t.~ 

a~e~. It nay be said, in fact, that this research is chax-acte=ize~ 

more by the methodological problems than by the sub~utlve f i ~  

The great majority of research in this a_~ea ha~ c~e frc~ 

learning theorY (Rosenberg, 1968) and includes wc~k ~ 

different areas, linear models (e.g., ~u~ke, 1959~1~60;1~ Hall, 
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1962), f i n i t e  s t a t e  models ( e . g . ,  Suppes and Atkinson,  19601 

Binder ,  ¥ o l i n ,  Tereb imaki ,  1965al1965"ol1966~l1966bl Cohen, 1958I 

19~2.1 Sul~!~S and K r a s ~ ,  19611 SupI~s and Schlag-Rey, 1962), and 

cont inuous  response  models (Suppes, f959I SuPpes and Atkinson,1960I 

Rosenberg, I96211963a! Anderson, 1961119641 Rouanet and Rosenberg, 

1964). Of t h e s e ,  t h e  work ~y Suppes and Atkinson (1960) p robab ly  

marks t he  most e x t e n s i v e  example of  i n v e s t i g a t i o n  o f  many d i f f e r e n t  

c o n d i t i o n s  under  ~nich  s o c i a l  i n t e r a c t i o n  occurs .  Two o the r  n o t a b l e  

works in  t h i s  v e i n  which d o n ' t  r e l y  so heav i ly  on l e a r n i n g  t h e o r y  

are the work of Of she and Of she (1969) and Rapapert and Ohauah 

(1965). These last three works have been extensively reviewed else- 

where (Erent, 1975). They provide some of the better examples of 

the work in this area and are indicative of the general problem. 

There have been a number of general methodological problems 

with this research including a failure to seriously explore the 

mathematlcal properties of mathematical models or to interpret 

substantively the properties when they are found, and a tendency to 

examine the vslidity of the models to the exclusion of examining 

empirically the characteristics of the phenomenon. In short, this 

work generally suffers from a misuse of models in which the purpose 

of models (to help provide insight into the phenomenon) is over- 

looked, the model is studied for its own sake, Although these 

stndlee have suffered from methodological problems which have severely 

limited their usefulness, there have been a number of findings 

which may help to guide the current ~search. There is some 

evidence of the relatively minor role individual variables play in 

social interaction which is provided by the high correlations 
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Rapaport a ~  Chamaah (1965) found between the ac t ions  o f  the l~ar t i -  

clpants who interact-wlth each other in the RD game. Thls suggests 

that t~ social character of the interaction is so strong that in- 

dividual dlfferences axe quickly washed out in these social inter- 

a c t i o n s .  A d d i t i o n a l  evidence of  the  secondary importance o f  i n -  

d i v i d u a l  differences is provided by Rapaport and Chaamahes (1965) 

finding of male/fenuLle d i f f e r e n c e s  which appear only as & result o f  

the sequence of interaction over a period of time. They found that 

there ~re no differences in the noncont~nt propensities of males 

and females. However their conditional propensities did differ 

and over a series of  interactions those result in substantive 

differences. Thus, in this, the soundest study of individual 

differences methodologically the differences only show up as a 

Joint result of individual differences and the sequential process 

of  i n t e r a c t i o n .  

There is some evlde~ce that taak variables play an important 

role in social interaction. Here we may include among task 

variables not only the conditions in which the participants interact 

as defined in the conceptual framework, but also the possible modes 

of interaction among participants and differences which result f~ 

different roles (i.e., differences in the structural positions of 

different participants in the same task). Rapaport and Chammah 

(1965), for exmaple, found that the different reward structures in 

their PD gases did affect the behaviors of the participants. Con- 

ceptually, ~oo, one would expect tsmk variables to affect the social 

interaction in important waive. It is hard to imagine that the social 

interaction in zero sum gsaes with very high negative lXmlshmemts 

could posslhly be the saae as nonzero-sum gases where the 
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participants have complete coincidence of interests. The analysis 

of Burke (1959) is a very good example of the radically different 

types of behavior which could b e .  expected within tasks having • the 

same 6~neral structure but differing Values of the parameters. 

The substantive findir~ which has received the most support 

these past studies is %he primary importance of the processual 

character of social interaction. It appears that the most import- 

a~t characteristic of social interaction is that it is a process 

which occurs over time, The importance of this aspect empirically 

is lllustr&ted by the finding of Rapaport and Chammah (1965) of the 

high correlations between the actions by the differe~h participants 

in social interaction settings. These results appear to indicate 

that much of the behavior in social interaction is affected by the 

character of the social interaction itself, is social in nature, and 

is the result of a process. From a conceptual point of view there 

is also good reason to pursue this view of the phenomenon as process. 

A view of social interaction as a sequence of events has great face 

validity as an explanation of what occurs. The notion that decisions 

and outcomes of those decisions at one point in time are likely to 

affect similar decisions at future points in time is particularly 

appealing. The common sense notions of social interaction, which 

we all as individuals h~ve, also appear to be consistent with the 

view that people respond to the actions of others in ways which are 

affected by pa~t actions and which may later affect future 

imteractlons. 

In this research a deliberate attempt will be made to avoid 

the meth~ological problems of past research by extensively 



explor in6  the mathemat ica l  p r o p e r t i e s  o f  the  models, i n t e r p r e t i n ~  

the r e s u l t s ,  and e x a m i n i ~  the  n o d e l s  e x t e n s i v e l y  f o r  subs tan t ive  

i m p l i c a t i o n s .  In  a d d i t i o n  the  subs tan t ive  i n s i g h t s  o f  these  pas t  

s t ud i e s  s u r e s t  pr imary c o n s i d e r a t i o n  should be d i r e c t e d  a t  the 

processual  c h a r a c t e r  o f  s o c i a l  i n t e r a c t i o n  and the t ask  cond i t ions  

in which it ~mkes place. 

Or~anizatlon Of The RePort 

In  the second c h a F t e r  an i n t e 6 r a t e d  framework concep tua / i z ing  

s o c i a l  i n t e r a c t i o n  w i l l  be p resen ted .  The t h i r d  chapter  desc r ibes  

the da ta  which w i l l  be analyzed,  e s t a b l i s h e s  key l i n k s  between 

those da ta  a~d the  concep tua l  framework, and desc r ibes  t h e  a n a l y s i s  

strategy which will be pumsued. Cha~-~er four presents the results 

of the analysis. A number of F.amkov ~odels are explored by test- 

inE key assumptions until one nodel is found which appears to fit 

the data best, Predictions of that model are then examined to pro- 

vide l~Lrther validation of it. In Chapter five are presented 

extensive interpretations of the finding s and exploration of the 

logical impllcatlons of the nedel. It a~d~sses the problea so 

often left unaddressed, n~uely the isplications of the medeX for 

the phenomenon itself. Chapter six is a ~ y  and discussion 

chapter in which avenues for future exploration are discussed and 

some of the broader consequences of these findinEs are considered. 



C h a p t e r  2 

CONCEFF~AL FPAK~0RK 

O b s e r v a b l e  s e q u e n c e s  o f  s o c i a l  i n t e r a c t i o n  a r e  t h e  r e s u l t  o f  

a p r o c e s s  of  s o c i a l  i n t e r a c t i o n  which  t a k e s  p l a c e  o v e r  t i m e .  I t  i s  

these interaction sequences which are the subject of this research. 

The objective is to examine interaction sequences in a way which 

will shed some light on the process of social interac%ion which 

generates them. In this chapter a theoretical framework is proposed 

which sug6ests the processes which might account for such inter- 

action sequences. This conceptual framework is based on a view of 

social interaction as a decision-making process. Different aspects 

of this interaction process are examined and rel&ted to relevant 

past work. Finally, this general framework is interpreted for the 

case of pollce-cltizen interaction from which data for this study 

were drawn. 

Overview 

Observable sequences cf social interaction are here viewed as 

the result of a process of social interaction in w hic h  two or more 

participants, in the context of some task, alternately choose and 

carry out actions having consequences for both participants. Fun- 

damental elements of this social interaction include the nature of - 

the pal-t~cipants, the character of the task, the underlying de- 

cision processes, and the interactio n sequence which results. 

35 



F o r  example ,  c o n s i d e r  an e n c o u n t e r  be tween  & p o l i c e  o f f i c e r  and 

• c i t i z e n .  The p o l t c e s a n  has  J u s t  p u l l e d  o v e r  a young s a l e  d r i v e r  

f e r  • t r a f f i c  v i o l a t i o n .  They t a l k  f o r  a w h i l e ,  t h e  p o l / c e a a n  g i v e s  

t h e  a~n  a t i c k e t  and t h e y  b o t h  d r i v e  away. The o f f i c e r  and t h e  

c i t ~ e n  a~e l ~ - ~ i c i p a n t s i n  the i n t e r a c t i o n .  The %aak i s  d e t e r -  

mt~e4 b y  t h e  n a t u r e  o f  t h e  offense, t h e  n o r ~ t l v e  and l e g a l  r e s t r i c t -  

i o n s  on  t h e  5 e h ~ v i o r  o f  t h e  o f f i c e r  and t h e  c i t i z e n  a f t e r  t h e  o c c u r r -  

ence  o f  a ' t r a f f i c  v i o l a t i o n  w i t n e s s e d  by t h e  o f f i c e r ,  and i t  c o n -  

s ~ s t a  o f  t h e  p o s s i b l e  a c t i o n s  t h e y  each  nay t a k e  and t h e  p o t e n t i a l  

c o n s e q u e n c e s  o f  t h o s e  a c t i o n s  f o r  t h e  two p a r t i c i p a n t s ,  The i n t e r -  

a c t i o n  sequence  c o n s i s t s  o f  t h e  s e r i e s  o f  comEunica t ive  a c t s  b e -  

tween  t h e  o f f i c e r  and c i t i z e n  b e g i n n i n g  w i t h  t h e  o f f i c e r  p u l l i n ~  

t h e  n a n  o v e r  and endin~  when t h e y  ~ k e  t h e i r  l a s t  c o ~ e n t s  and d e -  

part. This Interactian sequence is illustrated in Figure 2.1 where 

• hypothetical series of interactions for such an encounter are 

presented o 

Here this interaction sequence is viewed as the result of a 

l~r~cess which unfolds over tiae where first one participant~ takes 

sere action which has consequences recognized by the other part- 

icipant; the other participant responds to that action, and so on, 

until the interaction sequence is complete and they no longer in- 

teract with each other. In Figure 2.2 is a dlaglma which illus- 

tr~tes conceptually how this process of aoclal interaction between 

two particlpa~te in the context of a specLflc decis4on task miEht 

take place. 

In this dla~A~m the two participants are represented by 

different systems (the two rectangles in the upper part of the 
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FIGURE 2.1 

~HETI~ INTERACTION SEQ~E~ 

A yc~ man in a newc~ hs~ Ju~ run t h ~  a 
light a~ is s~edi~ along a side s~-~#et. 

A l~ceman in a patrol car pulls hia over and 
stops. The officer has Just apFz~ached t~ man's 
car and speaks to him through the window. 

"Let's see your license, b~ddy." 

L~okl~ nervous, he. fumbles with his ws~.let a~ 
f~y b~tnds, his license to the officer. 

Reads the license. "Bill Smith..... What's 
your address, Bill?" 

"1412 Rosemary. What's wrong, officer?" 

"~hat's ~,rz'ong! You're in a heap of trouble, boy. You 
just ran that red light back there and I clocked you 
at 55 in a 35 zone. Just what are you tx~.ng to Prove?" 

"Nothing, officer. I guess I Just ws~an't paying attent- 
ion. My wife Just had a baby boy and I'a so nervous I 
Just can't think about anything else. I'm rmal sorry. 
I'm usually a very careful driver." 

'~eally? Have ~ ever had a ticket before s Hill?" 

"Yes, but it was Just a parking ticket, sir." 

"That's all, you're sure?" 

"Oh, yes sirl" 

Hesitating and then writing a ticket. "O.K. I'm 
g~img to have to give you a ticket for that r~d light. 
I'll let the speeding go this time, but y~n~'d better 
w~tch it in the future." 

"Oh I will, sir. You'd better believe I will. Thank you." 

*Adapted from an exa~e in Wa3_len and Sykes (1974). 
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PROCESS OF SOCIAL ]~rlI;PACTION 
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diagram ) h a v ~  p r o p e r t i e s  which w i l l  be explored  i n  more d e t a i l  

s h o r t l y .  The d e c i s i o n  t a s k  i s  r e p r e s e n t e d  ( i n  the  l o w e r  p a r t  o f  

t h a t  d i a ~ )  by a s e ~ e s  o f  p o s s i b l e  s t a t e s  which may o c c u r .  

The s p e c i f i c  p r o p e r t i e s  o f  t h i s  d e c i s i o n  t a a k  a l s o  w i l l  be e x -  

p lo red  i n  more d e t a i l  i n  s e c t i o n s  %o come. A p a r t i c u l a r  sequence  

o f  e v e n t s  which o c c u r s  ( e . g . ,  t he  i n t e r a c t i o n  sequence f r c a  F i g u r e  

2 .1 )  i s  r e p r e s e n t e d  i n  t h i s  diagram as  t h e  s e r i e s  o f  connec ted  

b lack  d o t s  i n  t h e  d e c i s i o n  t a s k  diagram. 

The i n t e r a c t i o n  sequence o c c u r r i n g  here  and t h e  u n d e r l y i n g  

processes which generate it are illustrated by this dla&-raa. The 

first action occurred in this example when participant I took some 

action initiating the encounter and placing the system in state i 

(this is represented by the dotted llne connecting the effector of 

this participant to state 1). That action has consequences for 

participant 2, and that action is perceived by that participant (as 

represented by the solid curved line connecting the first state to 

the receptor of the second participant). Participant 2 then takes 

some action causing the system to move to state 3. That action is, 

in turn perceived by the first participant! who then takes some 

action resultimg in the system moving to state 6. This process con- 

tLuues until the encounter is completed. Each participant takes 

some action which has consequences for the other participant. The 

other participant perceives that action and takes some other action 

based on his Objectives and the alternatives which are available to 

him at that point in time. As these occu~ the system moves from one 

state t o  t h e  next creating the resulting obsorvab~e sequences o f  

interactions such as those in Figure 2.1. 
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I n  t h e  s e c t i o n s  wh ich  f o l i o ,  s p e c i f i c  components  o f  t h i s  

p r o c e s s  w i l l  be  c o n s i d e r e d  i n  g r e a t e r  d e t a i l .  A f t e r  t h o s e  com- 

p o n e n t s  h a v e  b e e n  more c l e a r l y  d e f i n e d  and t h e i r  c h a r a c t e r i s t i c s  

explicated, t h i s  f ramework  w i l l  be u t i l i z e d  t o  d e v e l o p  a d e t a i l e d  

t h e o r y  o f  s o c i a l  i n t e r a c t i o n  o e e u r r i n g  i n  p o l l c e - c i t i z e n  

e 4 1 e ~ l ~ e r  s ,  

An Interaction Sequence 

An interaction sequence is here defined as & series of states 

occurring over time ~hich characterize the process of interaction 

between two or more participants. A state is an explicit descrip- 

tion of ~ possible set of circumstances which may occur. The con- 

cern here is ~ y  with empirically observable interaction 

sequences--i.e., sequences of observable states. For example, the 

series of actions by the police officer and the citizen portrayed 

in Figure 2.1 represent an interaction sequence. In this case each 

state is described by the actions and statements which each part- 

icipant hakes at each point in time. States are morphological 

categories imposed upon the phenomenon by the researchero The 

specific description of a state may vary. The usefulness of any 

particttl~r description is measured by the extent to which that part- 

icular definition of the states provides insight into the 

phenomenon whlch occurs and is a good representation of major 

facets of the interaction which takes placeo 

The states of interest here are those which appear as sequences 

of comparable, related states which occur over a perlo~ o f  time and 

for which states may influence future states, it is necessary that 

the states have so~ethin~ in common so that they may be considered 
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t o  b e l o n g  t o  s ~ e  u n i f i e d  sequence  o f  s t a t e s .  For  example,  a 

s e r i e s  o f  s t a t e Q  which  t a k e  n l a c e  d u r i n g  the  co u r s e  o f  an e n c o u n t e r  

be tween a c i t i z e n  and & p o l i c e  of  T i c e r ,  which was i n i t i a t e d  when 

some v i o l a t i o n  was o b s e r v e d  and which i s  cumpleted when t h e  o f f i c e r  

f i n i s h e s  w r i t i n g  ou t  a t i c k e t  t o  t h e  o f f e n d e r ,  may he c o n s i d e r e d  t o  

c o n s t i t u t e  a s equence  o f  e~emts  because  t h e y  a l l  a r e  p a r t  o f  some 

l a r 6 e r  p r o c e s s .  On t h e  o t h e r  hand,  a s e r i e s  o f  s t a t e s  i n  which  one 

person first briefly Intera~ts with a passerby then returns to 

talking with his ccnpanlon and finally answers the telephone to In- 

teract with still another person would not be considered a sequence 

of events unless some u n ~  theme could be found which tied them 

together and made it useful to consider them ~s a sequence. 

Particular interaction processes may be characterized in a 

number of ways. These characteristics may be either formal charac- 

teristics which derive frma the definition of social interaction as 

the occurrence of a sequence of states over time, or substantive 

characteristics which derive frc~ the particular type of states 

which occur and same of their interesting characteristics. Formal 

characteristics center a_~r~md the properties of either states or 

time. The time in ~hlch these states occur, for example, may be 

either discrete or contlnucus, there may be regular intervals or 

irregular ones, the time frame may be very long (e.g., a period of 

years) or relatively short (only minutes or seconds), events may 

or may not occur sl_~taneQttsly, and events may have varying 

durstions. The states themselves also may be discrete or continuous , 

they may or ma~not be mutually exclusive or exhaustive, and so on. 

Substantive characteristics include such considerations as the basis 



f o r  t r e a t i n g  the  s ta~es  i n  a s i m i l a r  fmahion ( e . g . ,  they are  a l l  

d e c i s i o n s  focused on s o l v i n g  a I~A- t i cu l~  problem); the c h a r a c t e r  

of the outcomes (e.g., it i s generally an approach-approach sit- 

uation--see Lewln, 1951uin which the participants must decide be- 

tween two Incompatible but desirable events)! and so on. 

From conception of the interaction sequence as a series of 

states which occur over time it is possible to llnk up the observed 

interaction sequence to the motion of a decision task.* This is 

important because there h~ve been many studies of decisions in the 

past and examining social imtezmctlon a~ a decision process makes it 

possible to utilize what is known about the general processes of de- 

cision making to explore the observable social interaction sequence. 

Social interaction is then viewed as a special came of the general 

phenomena of decision making processes. 

One of the interesting characteristics of interaction sequences 

is that they consist of a sezie~ of events w,hlch actually Occur. 

Those events are only a few of the many possible events which might 

• have occurred. For example, the Inte~ion described in Figure 2.2 

is only one of the many possible sequences of events which might 

have occurred. At any point in that interaction sequence either of 

the particlpamts might have acted differently resulting in a 

*These states also provide a link with empirical observations 
and data analysis facilitating both t~e conceptualization of this 
process in terms of some available mathematical models and its 
empirical examination. That line will be explored later. 



d i f f e r e n t  a e r i e s  o f  e v e n t s  ( e . g ~ ,  t h e  c i t i z e n  ~d~ht  have t r i e d  t o  

r u n  away s o r  r e f u s e d  t o  a n s w e r  a q u e s t i o n  o f  t h e  o f f i c e r !  t h e  

o f f i c e r  ~ h t  have p robed  t h e  c i t i z e n  more on s p e c i f i c  i s s u e s  o r  

a c t e d  w i t h  g r e a t e r  h o s t i l i t y ) .  I t  i s  p o s s i t ~ e t o  c o n c e p t u a l i z e  an 

e n t i r e  ne twork  o f  p o s s i b l e  e v e n t s  f o r  w~tch t h e  o b s e r v e d  sequence  

o n l y  one o f  ~ which  ~ o c c u r .  At  each  p o i n t  i n  t h a t  n e t -  

w o r k ,  one o f  t h e  p a r t i c i p a n t s  o r  ~ o t h e r  c h o o s e s  what h i s  n e x t  

a c t i o n  w i l l  be  and i n  e ~ c t i n ~  t h a t  s o r e s  t h e  s y s t e a  t o  i t s  n e x t  

s t a t e .  ~u t  t h i s  i s  s i m p l y  & d e c ~ o n  t a ~ k .  D e c i s i o n  ~ have 

~een  c o n s i d e r e d  e x t e n s i v e l y  l ~  a ~mmber o f  a r e a s  o f  t h e  l i t e r a t u r e .  

S o c i a l  i n t e r a c t i o n  may be  v iewed a s  a s p e c i ~ l  ca~e o f  a d e c i s i o n  

.. ~ k  f o r  which  two o r  z o r e  ~ t i c i p a n t e  ~ d e c i s i o n s  and t h e  d e -  

c i s i o n  o f  one  p a r t i c i p a n t  has  c o n s e q u e n c e s  f o r  ~ o t h  h i s  own o u t -  

comes and~those of the other ~Lr~Iclpant. 

The Decision Ta~k "~ i~ 

A d e c i s i o n  t a s k  i s  a d e s c r i p t i o n  o f  t h e  c i l - c u a z t a ~ c e s  i n  which 

decisions ta~e place. Much of the social ~cle~ce literature has 

dealt with such decisions. Decisions are of central concern in 

nuch of  the literature pert~ to ga~e theory, exchange theory, 

lea.rni.n~ %heory, equity theory, experinen*~al ~es, coalition games, 

economic decision theory, and systems theory. The ~aneral ztructu_~e 

for decision m~king which  follows re~resents an atte~ to synthe- 

size these various approaches. This discussion ie ~ar~ed primarily 

on past efforts by Luce and Rai~fa (193~), Singleton & Tyndall 

(I~4), Newell and Silo n (1~/2), Thlbant az~ K e l l e y  (1959), and 

Ackoff and ~ery (1972). 

A decision was earlier defined as the purposeful act of 
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making up  o n e ' s  mind o r  t h e  a c t  o f  c h o o s i n g  be tween two o r  more 

& v a i l a l ~ e  a l t e r n a t i v e s .  T h i s  c o n c e p t  may be c l a r i f i e d  by & f o r -  

real d e s c r i p t i o n  o f  d e c i s i o n  t a s k s  i n  temms o f  p o s s i b l e  s t a t e s  and 

t r a n s i t i o n s  among s t a t e s .  

A stat____~e i s  an e x p l i c i t  d e s c r i p t i o n  o f  a p o s s i ~  s e t  o f  c i r -  

cums tances  which may o c c u r .  A d e c i s i o n  s t a t e  i s  a s t a t e  which  i s  

d e f i n e d  i n  r e f e r e n c e  t o  p o s s i b l e  or a c t u a l  d e c i s i o n s .  I m p o r t a n t  

aspects of d~cislon states may include characteristics of & part- 

icular ]m~ticipant (potential decision maker) or characteristics of 

the environment in which that participant is found.* For example, 

one p o s s i b l e  d e c i s i o n  s t a t e  would be & pol iceman who wants  t o  

l ~ e a k  up a ba~ f i g h t .  T h i s  s t a t e  i s  d e f i n e d  i n  t e r m s  o f  v a r i a b l e s  

of relevance to possible decisions by the actor (e.g., the de- 

cislon as to what action to take). It is defined in terms of both 

characteristlcs of the decision maker (a policeman who wants to 

break up a fight) and characteristics of the environment for that 

decision maker (e.g., there is a bar fight occuring and many 

peop l e  a r e  Involved). 

A v a ~ a b l e  a l t e r n a t i v e s  a r e  t h o s e  s t a t e s :  which t h e  d e c i s i o n  

maker may choose  i n  a p a r t i c u l a r  d e c i s i o n .  

A terminal state is a state which has no further states ~ /. 

which the decision maker may choose. 

*A major  i s s u e  i n  d e v e l o p i n g  and t e s t i n g  d e c i s i o n  models  i s  t h e  
d i f f i c u l t y  i n  i d e n t i f y i n g  s t a t e s .  S t a t e s  a r e  no t  immed ia t e ly  
e v i d e n t  f o r  t h e  phenomenon bu t  a r e  m o r p h o l o g i c a l  c a t e g o r i e s  imposed 
upon t h e  phenomenon by t h e  r e s e a r c h e r .  P rocedu re s  f o r  d e t e r m i n i n g  
precisely the best way to conceptualize states are not available. 
This remains a critical step in the research process (e.g., see 
Coombs, Dawes, and Tveraky, 1970! Fararo, 1973; Cortes, et al., 
19741 Ackoff and Emery, 1972). 



A d e c i s i o n  n o d e  i s  a s t a t e  f o r  w h i c h  t h e r e  a r e  two  o r  m o r e  

~ t i ~  states  w~ch may ~ cho~n by t ~  d ~  ~ .  

C h o o s i n g  t o  p e r f o r m  a n  a c t i o n  i n  t h e  a v a i l a b l e  r e p e r t o i r e  o f  

t h e  a c t o r  a n d  c a r r y i n ~  o u t  t h a t  a c t i o n  m o v e s  t h e  a c t o r  f r o m  o n e  

s t s ~ e  t o  a n o t h e r ,  T h i s  movement  f z ~ n  one  s t a t e  t o  a n o t h e r  i s  t h e  

result of luput from some decision ~aker. A decision maker is 

system which allows the.. choice of alternative states to be 

ma~e. 

The decisions by an actor in a series of decisions m~de in 

the context of one decision task may be summarized am strategies. 

Strategies are explicit descriptions of which alternative the 

d e ~ i . s t o ~  maker will choose ateach possible decision node which 

he encountered in one pass through the decision tree for 

scle ta~k. 

In this context, the interactlon sequence would be alnply one 

po~.~ihle sequence of states through which the interacting partici- 

pants passed overtime. Interaction sequences may be contra~ted 

~Ith strategies. The strategy of one participant identifies a 

rm.ng~ of posslb~e states which the systea may go through in the 

cc~r~e of the decision task. The strategy of a ~J.ngle pl~yer, how- 

evar, cannot, by itself, specify entirely each p-~ecise state which 

will be encountered because other participants may have same in- 

dsp=~dent effect upon those states. An interaction sequemce, on 

th~ ot~her hand, specifies the precise st&tes which are encountered 

in ~ course of the decision task. An interaction seque~.e 

specifies the results of the actions of all o f  t h e  participants, 

A decision task is a fixed set of clrc~es in Which there 

ax~ a mumber of alternative courses of action, decision nodes, 
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a v s i l a h l e  a ~ e r n s t i v e s ,  and ~ s ta tes  a v a t l a ~ e  f o r  a de-  

c i s i o n  maker such t h a t  the a v a ~ e  a l t e r n a t i v e s  f o r  each d e c i s -  

i o n  node lead  u l t i m a t e l y  t o  s ~ e  t e ~  s t a t e .  Th is  =a~ be 

r e p r e s e n t e d  b y  a d e c i s i o n  s ~ c e  which s p e c i f i e s  a l l  s t a t e s  f o r  

t h a t  p a r t i c u l a r  d e c i s i o n  t a s k  and t h e  p o s s i b l e  t r a n s i t i o n s  a.mon6 

t h e = .  

D e c i s i o n  t a s k s  a r e  d e f i n e d  r e l a t i v e  t o  s p e c i f i c  a c t o r s .  A 

d e c i s i o n  t a s k  e x i s t s  when t h e r e  i s  so~e a c t o r  o f  i n t e r e s t  whose 

~ c t l o n s  a f f e c t  t h e  s t a t e s  which o c c u r .  A d e c i s i o n  t smk  c a n n o t  

e x i s t  when t h e r e  i s  no a c t o r  who can  a f f e c t  t h e s e  s t a t e s .  D e c i s i o n  

t a s k s  n ay  i n c l u d e  c ~ t a n c e s  i n  which more t h a n  one a c t o r  a f -  

f e c t s  the future states which will occur (e.g., in a police- 

citizen interaction whether or not the citizen will be arrested 

may be affected by both the citizen and the policeman). In fact, 

t a s k s  where more t h a n  one a c t o r  a f f e c t  t h e  s t a t e s  wh ich  occur are  

more c o . n o n  t h a n  t h o s e  i n  which  o n l y  one ~ c t o r  i s  s o l e  d e t e l m i n a n t  

o f  wha,t s t a t e s  occur.  

A decision situation is a subsection of a decision ta~k 

characterized not only by the fixed set of circumstances which 

characterize the task but also by particular historical sequences 

of events and values of vsLrlahles w~ch restrict the state sp~ce 

(e.g., a~tez one decision has been re&de the range of alternatives 

is limited and these lizitat~cns are a function of  the particular 

alternative chosen). 

These concepts are illustr~ted by %he dla~rs~a in Figure 2.3 

in this diagram states are represented as circles. Possi~e 

transitions between states a.~e represented by lines connectin~ the 



FIGURE z.3 

DECISIOX TASI[ REPRESENTED BY 
DLCISIOL' TREE OR STATE SPACE 

declslo~ node " ~" ~ "~[ 

~.}?:...:~ :. 7 ',~'~ ':,it , . ."  .... 

decision situation -~;'"'""'" ...... 

Time 

O States 

Possible transition 

Sample interact sequence #l 

...... .... Sample interact sequence #2 
W 

..... Strategy 

Situation 

Notice that a stratt:,°.y only zpeclfle.~ the cho/.cc:~ to made by the 
.decision ~P, er who adopts t:hat strategy, Orher dcci::ion:; which arc not 
uz~dor the control of that decislon z:,.'.;k~r cannot be specified. 



states. An arrow in the diagram represents the flow of time and 

makes it clear that it is not possible in this diagram to return 

to a state afar going to another state. The decision task itself 

is identified by the boundary surrcundln~ the set of possible 

states and the transitions a~ong them. Only those states which 

occur within that boundary are part of the decision task. Because 

the decision task is defined relative to a specific actor (who a~y 

be called the primary decision maker), in those cases where more 

than one participant may have some impact on the states which occur 

in the decision task it is sometimes helpful to distinguish de- 

cisions under the control of the primary decision maker from those 

under the control of the other l~rticipant(s). Decision nodes en- 

closed by shaded regions in this diagram re~resent decisions under 

the control of participants other than the primary decision maker. 

Those decision nodes not in such shaded regions a~e under the 

control of the primary decision maker° 

This representation of the decision task by a decision tree or 

state spa~e helps to identify a number of important characteristics 

of decision spaces in general and social interaction in particular. 

The resulting interaction sequence is a Series of events which 

occur over a period of time. An action at one point in time might 

have been viewed as appropriate and reasonable behavior, while that 

same action at some ot~er point in time might seem neither approp- 

riate nor reasonable. The actions in the past combine with the 

task itself to form the situation within which current decisions 

must be made. In somecases, the alternatives available may change 

depending on the past response of the other participant. This Il- 

lustrates one of the major ways in which current decisions may be 



d e p e n d e n t  o n  p a s t  d e c i a i c m ~ .  Some o f  t h e  d e c i s i o n s  i n  a d e c i s i o n  

8pace nay be under the cQntrol o f  one partlclpamt, the others 

under the control of the other participant. When those decisions 

have outcomes for both participants then the dependency of the out- 

comes for each participant on the actions of the other is made clear. 

This last characteristic is a fundamental characteristic of 

social interaction--t.he nature of the interdependence of the part- 

iclpants on each other. Different types of interdependence have 

~een identified by both Jones and .Gerard (1967) and Coombs, Dawes, 

and Tver~ (1970). 

Four types of~endemce between actors which are theore- 

tically posslble have been suggested by Jones and Gerard (1967). A 

pseudocontlngency inteza~ion is one in which the individual carries 

out a preestablished ulan ~u~ependent of the actions of the other 

participants or where the individual responds primarily to his own 

p~st actions ~athez than those of the other actors. The actions of 

neither actor influence the other to deviate from a fixed objective. 

The individual behaves a~ if he were the only person there or at 

most  u s e s  t h e  a c t i o n s  o f  t h e  o t h e r  a c t o r  t o  t ime h i s  a c t i o n s  o n l y  

(as in plays). Reactive contingency interaction Occurs when a play- 

mr reacts almost excluaivaly t o  t h e  immediately preceding action of 

the other ac%or. Examples of such behavior ~ould probably include 

driving and chess games by beginners. Asymmetrical contingency is 

a mixture of the first two where one person is guided almost ex- 

clusively by his own lrre~stahlis~=d plans and doesn't react to the 

actions of the other who is guided almost exclusively by the immed- 

iately preceding actions of the first actor. Examples of such • 
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B e h a v i o r  o c c u r  when one  i n d i v i d u a l  h~s  ha4  ~ b e t t e r  o p p o r t u n i t y  

t h a n  t h e  o t h e r  t o  work o u t  t h e  d e t a i l s  o f  t h e  i n t e r a c t i o n  b e f o r e -  

hand ,  such  am w i t h  s a l e s m e n .  And t h e  f i n a l  t y p e  o f  i n t e r a c t i o n  

i s  m u t u a l  c o n t i n g e n c y  whe re  eamh i m ~ v i d u L l ' S  r e s p o n s e s  ~ e  d e t e r -  

mined p a r t l y  by  t h e  r e s p o n s e s  o f  t h e  o t h e r  p a r t i c i p a n t s  and p a r t l y  

by  i n t e r n a l  f a c t o r s .  

Coombs, Dawes, and  T v a r s k y  ( 1 9 7 0 )  i d e n t i f y  t h r e e  t y p e s  o f  ex -  

p e r i m e n t a l  e v e n t s  w h i c h  a r e  a l s o  o f  x ~ ! e v a n c e  i n  d i s c u s s i n g  t h e  

i s s u e  o f  i n t e r d e p e n d e n c e .  They  i ~ e ~ f y  e x p e r i m e n t e r - c o n t r o l l e d  

e v e n t s ,  8 u b J e c t - c o n t r o ~ e d  e v e n t s ,  an~ e x p e r i ~ e n t e r - s u b J e c t - c o n .  

trolled events. In experlnent~r-co~.~lled events the response of 

t h e  s u b j e c t  on t h e  n e x t  ~ i a l  i s  d e ~ e m t  o n l y  on  t h e  e x p e r i m e n t e r ' s  

action in the previous trial and ~ on the subject's own behavior. 

In the suBject-controlled events it is only the subject's past be- 

havior which affects behavior on the next trial and not the exper- 

imenter's action. And in expezimente~-subJect-controlled events 

both the subjects' and the experimenters' responses determine the 

future action of the subJ~ct. 

The onl F types of interaction of concern here are those in 

which the actions of one system are a~fected by the actions of 

another system. It may also be true that the past actions of a 

system affect that system's own Ik~tu.~ actions. But those situa- 

tions in which a system is totally ~unaffected by the actions of the 

other system are not of concern fc~ ~-JLs research. 

When social interaction occu.-s t_here must be some form of in- 

terdependence between the different pa.~icipants. The precise form 

of that interdependence, its magnltu~e, and the ma~nltude of that 

i n t e r d e p e n d e m c e  r e l a t i v e  t o  t h e  p a ~ l ~ i ~ n t ' s  dependence  on h i s  
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own past responses or to other ~ b l e s  Is an important source of 

variation in types of Interactlcn. 

A More Parsimonious Representation of Decision Tasks 

All of this is very interestln~, but hew useful is this re- 

presentation for under~tandin~ social interaction? For example, 

is It really feasible to c r e a t e  a decision tree descrihir~ the 

interaction which might occur in a police-citizen encounter such 

as the one described in Figure 2.1. If each of the 12 inter- 

a c t i o n s  i n  t h i s  .example i s  considered t o  be a s t a t e ,  t h e n  e a c h  o f  

them i s  a l s o  a d e c i s i o n  node  a t  which  t h e r e  a r e  a number o f  

p o s s i b l e  a l t e r n a t i v e  c o u r s e s  o f  a c t i o n  which  t h e  p a r t i c i p a n t  may 

take. To completely specify the decision task for this encounter 

it would be necessary to include all possible alternatives and all 

o f  t h e  d e c i s i o n  nodes  w h i c h  would ~e i n v o l v e d  f o r  t h e  e n t i r e  t a s k .  

It is likely that if other alternatives had been chosen the inter- 

action could have proceeded in a quite different way and many add- 

Itlonal decision nodes would be made possible by the different 

alternatives. Even yei-y ~hoi~t encounters between two or more 

participants are very complicated and offer an infinite number of 

possible states. In fact, most realistic decision tasks are clear- 

ly too complex t o  be a n a l y z e d  u s i n g  this decision tree represent- _ 

ation. It is necessary to greatly simplify these processes before 

they can be anslyzed. 

One technique for. doing this is to collapse the decision tree 

into a sln~le matrix which can represent the entire interactio~ in 

a much simpler form without losing its essence. This matrix is 

called the normal form or outcome matrix representation of the 



d e c i s i o n  t a s k ~ a s  opposed t o  t h e  e x t e n s i v e  f c ~  Qr d e c i s i o n  t r e e  

r e p r e s o n t ~ t i o n  which we have ~een u s i n g  ( S l n g l e t @ a A  T y n d a l l ,  197~! 

Th ibaut  and K e l l e y ,  19591 Luce and ~ J ~ f a .  1957). 

The key t o  the  normal * f o r :  r e ~ r e s e n t a t i o n  o f  dec i s ions  i s  the  

c o n c e p t  o f  s t r a t e g y .  I f  a l l  t h e  s t r a t e ~ i e s  o f  t he  ~ d e c i s -  

i o n  ~ a r e  l i s t e d  a s  rows and a l l  t h o s e  o f  t h e  o t h e r  d e c i s i o n  

maker a r e  l i s t e d  a s  c o l u a n s  o f  a m a t r i x ,  t h e n  t h e  t e r m i n a l  s t a t e s  

associated with the combination of altezmatives frc~ the two actors 

can be listed in the cells of the n~trix. This process, in effect, 

takes m~Itiple decision tasks an~ finds an equlva/eat task which 

involves only one decision for each a~t~ (e.g., the choice of 

• strategy) which is some logically possible cc~hi.uatlon of the 

m~itiple decisions that actor could hake in the original decision 

task. 

Such an outcome matrix is presented in F ~  2.4, In this 

fi~uze there are A n strategies for the l~-laary ~ecislon maker 

(represented by the rows) and C m strategles fc~ the other decision 

maker (represented by the columns). K~ch cell of_ the ~&trix con- 

rains the outcome, Oij, associated with that t e ~  state which 

results from the primary decision ~ ' s  choi~e o f  strategy "i" 

and the other decision maker's choice of s+~ztegy "j". 

The extent to which such & matrix is a sizplifiC&tlon of the 

decision task depends  on t h e  s e t  o f  d e c i s i o n  nodes  i n  t h a t  task, 

• When there are a series of very dlff~ declsie~s with different 

alternatlvea for the actor then this n~trix bec~es very coapl~e&ted 

and offers little sinpllficatlon of the node/. The number of dis- 

tinctlve states required to describe ~, lch a decision task would 
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FIGURE 2.4 
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In some cases there may be additional outcomes for the other . 
participant. Cases in %~aich this ~ould be true will be poiuted out in 
later sections. 



p r o d u c e  a ~ ~ t r i x .  On t h e  o t h e r  hand,  when t h e  s a n e  a l t e r -  

n a t i v e s  ~ a v a J ' , a h l e  f o r  many d e c i s i o n  n o d e s ,  o r  when a l t e r n a t i v e s  

wh ich  a r e  ava~- l ab le  may+be c l a s s i f i e d  i n  s i m i l a r  ways f o r  a l l  d e -  

c i s i o n  n o d e s ,  t h e n  t h e  m a t r i x  i s  c o n s i d e ~ y  s i m p l i f i e d .  The 

matrix is sufficiently parsimonious to be useful for very simple 

events or complex events which are equivalent conceptusSly to 

simple events. The latter may occur in two ~ys: either alter- 

natives for the actor may be equivalent and their outcomes aA~ also 

equivalent, or the alternatives nay be conceptually different but 

lead to equivalent outcomes and hence obviate the need for dis- 

tinguishing among those different alternatives (Camillerl, etal., 

1972) To summarize, such a matrix is clearly useful for decision 

ta.aks vlth repetitive decision nodes, for those tasks containing 

& series of decisions having underlying similarities, for tasks 

having situations which people define as s~lar, and for tasks in 

which only a few distinct outcomes occur. 

The critical factor affecting the parsimony of this ap~h 

is the analytical classification of the possible str~tegles. 

Unfortunately, in most cases there is no routine procedure for con- 

ceptualizlng such phenomena (Camilleri etal., 1972). Although 

any decision task in extensive decision tree form m~y be reduced to 

normal matri~ form, that reduction may not always contrlhute to 

greater simplicity. 

Fortunately, in the area of social interamtion there have 

been extensive efforts in the p~st to develop schemes for categor- 

izing social interaction which may be used in observational 

research to code the interaction which occurs. Early work in this 



area  was conducted by ~ l e s  and Stredtbeck (1951), F landers  (1969), 

and many others. More recent work haa resulted in very extensive 

coding schemes such as that by Wallen and Sykes (197~). A typology 

of medes of influence presented by Tedeschi, et al. (1973) is also 

a set of categories of this type which could be used in observa- 

tions of social interaction. Once a set of categories are estab- 

lished which are mutually exclusive and exhaustive and which offer 

promise of measuring meani~ components of the interaction pro- 

cess which occurs, then it is possible to comceptuallze social 

interaction in terms of a normal form representation of the 

dec i s ion  t&sk. 

For example, in the interaction code developed by Wallen and 

Sykes (197@) (which, incidentally, was developed specifically for 

police citizen encounters) there are a number of Categories which 

may be approximately characterized as follows8 

1) x~iA~ective response, 

2) cc~pliant response, and 

3) negative response. 

For the sake of argument, let us suppose that these cate- 

gories C~uld be used to describe all of the interactions which 

occur in a particular pollce-citizen interaction such as the 

example cited earlier. Of course these categories would not cap- 

ture all aspects of that interaction, but a reasonable argument 

might be made that they capture interesting aspects uorthy of 

• study a~ amenable to study by themselves is this form. Then, 



tbls would make ~t possible to greatly simplify the conceptual- 

t~at tons of t h i s  task.* 

Types of Decisions 

The decision task plays a very important role in the processes 

underlying social interaction. It consists of the many constraints 

which act upon the behaviors there. It is likely that the character 

of the social interaction which takes place is very much affected 

by the task. As a result, in past efforts to develop theories of 

decision making or to exaalne empirically particular decisions it 

has been aecessary to distinguish between decisions and ~Later- 

action occurring in different tasks. 

There are namy characteristics of tasks which would clearly 

be Impo~ here. HoWever, it would be going t~far afield from 

the main objective o f  this research to develop an extensive ' 

typology of taskS. R~ther a number of important factors will be 

*This also makes it possible to examine ch~ in the intex~ 
actions over time. Unless the events are Comparable, at least in 
some respects, there will be no basis for determining whether the 
decisions ch~ or stay the same. Change can ~i~ be defined with 
x~spect to s~me standard or reference point which is constant. If 
there is nothing ab~t the series of decisions which is comparable 
across time then there is no basis for assessing change or lack of 
change. The consideration of the sa~e categories at each point thus 
makes it ~osslble to employ notions of change and stability in 
analyzing socis~l interaction. The impetus of this for the examin- 
ation of ]~ocess should not be discounted. The real strength of a 
decision theoretical perspective appears to lie in its application 
to processual p~encnen~. Sociologists, although they frequently 
point out thei~ concern with process (e.g., see Olsen 1968), have 
been ~otably negligent in developing adequate theories of processes 
and ,have generslly not come to grips either empirically or the- 
oretically with the processual characteristics of phenomena. It is 
hoped that this study will make some progress in that area. 
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ment ionedp t h e n  f o u r  which  have r e c e i v e d  t h e  ~ e a t e s t  a t t e n t i o n  

i n  t h e  p a s t  w i l l  be d i s c u s s e d  i n  g r e a t e r  d e t a i l .  ~ 

Some o f  t h e  c h a r a c t e r i s t i c s  o f  t a s k s  which s u r e l y  would have 

i m p o r t a n t  e f f e c t s  on t h e  n a t u r e  o f  t h e  Soc i a l  i n t e r a c t i o n  which  

occu r s  would i n c l u d e  t h e  f o l l o w i n g ,  t h e  number o f  p a r t i c i p a n t s  ( i .  

e°, this d~st~nguishes learning theory from 2-person game theory, 

coalition theory, and so on-~very ~ifferent processes are possible 

with varying numbers of people); the complexity of the task (i.e,, 

the number and variety of alternatives available~ the length of 

the task, ~nd so on); roles (i°e°, in many common social interact- 

ions the p~/%Icipants are interacting not as individuals but are 

enactln 6 pa~ticul~ roles such as teacher, student, police officer, 

Judge, and so on); the nature of the outcomes for the participants 

(e.g., Foa and his colleagues and Blau (1964) have pointed out very 

different properties of exc,~16ed commodities such as their con- 

creteness, %heir symbolic character and so on ~hlch might affect 

the n~ture ©f the interaction! and a fundamental distinction in 

Lewln's field theory is the distinction bet,een approach and avoid- 

ance situations involving desired or dreaded potential outcomes)I 

and an entire family of measures of the power the participants have 

over each other, their relative dependence, and so on (e.g., 

Tedeschl and others (1973) have pointed out many of these! the 

power llter~%~Lre is replete with different noti~ of the depend- 

ence and power among participants! Thibaut and Kelley (1959) in ex- 

change theory have distinguished fate control and behavior control! 

so on)• 

Three ~spects of tasks used most commonly in the literature 



on decision makers to distinguish funda~entally different decision 

tasks l~'ea8 followss I) the a~mt of information available, 2) 

the nature of the other participants, and 3) the degree of coin- 

cldence of interests of the participants in the decision process° 

Of critical impose is the anount of information available a- 

bout the probabillty of specific choices by the other participant, 

pj. Three possible levels Of Infor~tlon--uncertainty, risk, and 

certainty--are ccmu~only distinguished. These are illustrated in 

Figure 2.5. 

In decision makin~ under uncer~inty the decision maker h~s no 

informs%ion regal~lin~ the probabilities° In decision making under 

risk the decision maker knows the probability distribution of the 

other participant's choices. In decision ~ under certalnt ~ 

the decision maker knows with virtual certainty the exact choice of 

the other participant. This distinction is important because if 

there is no infornatlon about the probabilities of the other part- 

Icipant's decisions then those cannot be used a~ a basis for the 

declslon process. When there is knowledge of the distribution of 

choices then it can be us~ to detezmL~ne the decision str&te6y of 

the decision maker. And ,hen the other choices are known with vlr- 

tual certainty then the decision situation and the behavior of the 

decision maker becones greatly simplified. 

The degree of coincidence of interests of the participants is 

Important for clrcu~stances in which the other participant is also 

a purposeful system. This ~ay vary fro~ pure coincidence of inter- 

ests (both participants prefer the sa~e outcomes)~ to partial con- 

fllct of interest (ao~e outcomes are preferred over others by both 
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p a r t i c i p a n t s ,  but in  o ther  i n s t a n c e s  o u t c o ~ s  p re f e r r ed  by one are  

preferred by the other), t0 pure competition (the most preferred 

outcome for one participant is the least preferred for the other 

participant). Clearly, the ways in which the other participant is 

considered by the decision maker would vary considerably depending 

on the coincidence of interests. In the case of pure coincidence 

of interests, for example, we night expect the primary behavior ex- 

hlbited to be efforts to communicate and to coordinate actions. In 

laax~ conflict of interest, on the other hand, there would be efforts 

to prevent the other participant from antlci~tlng one's own be- 

h~vlor in order to prevent that partlclpamt maximizing his outcome 

at the decision maker's expense. 

The cxitlcal a~pect of the nature of the other partlclpant is 

whether the other participant is another purposeful system or not. 

The key notion here is ~hether the other participant can Change his 

behavior with some freedo~ of choice based on the actions of the 

decision maker. ~hen this is the ca~e the decision maker must take 

into account the other participants' reactions to his behavior in 

the decision process. This opens the po~lhillty for a m~mber of 

much more complicated behavioral processes including taking the 

role of the other, symbolic interaction am~ ~o on. The use of 

these three characteristics to distln~alah fundamentally different 

decision tasks for investigation involving substantially different 

processes ia very common in the literature. Moore (1954), for ex- 

ample, in work which is on the fringes of litarature relevant to 

decisions identified three folk models characterizing how people 

tend to relate to their environment! puzzles, g~mes of chance, and 
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s t z a t e g t e s .  These  c o r r e s p o n d  i n  l a x ~  p a r t  t o  c e l l s  I ,  2 ,  and  # 

r e s p e c t i v e l y ,  A u t h o r s  more c e n t r a l l y  o r i e n t e d  t o  d e c t s t c ~  ~.heor-  

l e s  s u c h  a s  Luce and  RaAffa  (1957)  a ~  C o l e a a s  ( 1 9 7 3 ) ,  a ~  E ~ r t ,  

• e t  - 1 . ,  (1974)  have  a l s o  i d e n t i f i e d  t h e s e  s a a e  f o u r  se '~s  o f  c i r c u m -  

s t a n c e s ,  The f i r s t  t h r e e  c e l l s  a r e  u n l f o x ~ y  l a b e l e d  dec l r~ ton  

u n d e r  c e r t a i n t y ,  d e c i s i o n  ~ u n d e r  r i s k ,  a ~  d e c i ~ o n  

u n d e r  u n c e r t a i n t y  r e s p e c t i v e l y °  The f o r t h  c e l l  i s  v a r i o u s l y  

l a b e l l e d  a game (Luoe and R a l f f a ,  1957) ,  c o n f l i c t  ( E W a ~  e t  a l ,  

1 ~ 4 ) ,  o r  d e c i s i o n  'm,~.ng i n  the ]:~ese~ce o f  a st, z'a'~1~.c o t h e r  

D e c i s i o n  P r o c e s s e s  

The c o n n e c t i o n  o f  t h e  i n t e r a c t i o n  sequence  t o  t h e  ~ i s i o n  

t a s k  i n  which  i t  o c c u r s  h a s  p roved  t o  l e ~  sc~e new l r . a i ~ t  i n t o  a t  

l e a s t  some o f  t h e  a s p e c t s  o f  t h a t  i n t e r a ~ i o n  by ~ s a l t a n t  

some o f  t h e  p o s s i b l e  c o n s t r a i n t s  wh ich  n~y opez-Ate and ~y  

t h e  d e c i s i o n  making c h a r a c t e r  o f  t h e  ~ o o e s ~  g e n e r a t l ~  t h a t  s o c i a l  

i n t e r a c t i o n  more c l e a r .  But  t h i s  a l o n e  i s  n o t  e n o u ~ o  I f  t h e  e x -  

a m i n a t i o n  o f  t h e  i n t e r a c t i o n  sequence  i s  t o  go beyond tL~e l e v e l  Of 

simply descrlbLug an observable phenonen~ ~hen it is ab-~olutely 

essential that the underlying processes ~hich produce ~ inter- 

action be investigated. And before they can be Inves~.~-ated they 

must first be conceptualized. 

Fortunately, there has been a great deal of work c~v=eptual- 

Izing decision processes in & wide varie~.y of social ~cience liter- 

ature (l.e., social exchange theory, ga~e theory, lea~ theory, 

equity theory, coalition formation theories, s.ud a wide v~riety 

of economlc theories). Unfortunately that t ~ e o r l z l n g  ~ been 
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c a r r i e d  o u t  i n  v e r y  many w i d e l y  s e p a r a t e d  a r e a s  o f  t h e  l i t e r a t u r e  

w i t h  l i t t l e  s h a r i n g  o f  i d e a s ,  ma jo r  d i f f e r e n c e s  i n  p e r s p e c t i v e ,  and 

t h e  a ~ e n c e  o f  any  o v e r a ~ c h i n g  t h e o r e t i c a l  f r a a e w o r k  p r o v i d i n g  

o r d e r  a ~  c o n t i n u i t y  i n  t h e  deve lopment  o f  t h i s  a z e ~ , *  

Here  a n  e f f o r t  w i l l  be made t o  p r e s e n t  i n  one i n t e g r a t e d  

f ramework  a comp~ehens ive  c o n c e p t u a l i z a t i o n  o f  p e s s i h l e  d e c i s i o n  

processes which may underlie the observed social interaction and 

the nature of the connection of those processes to the observed 

states ° 

The connection between the observable interaction sequence 

and the decision processes which underlie it is not an automatic 

one by any means and that connection needs to be very deliberately 

and directly cultivated. The key to connecting the empirically 

observed sequence of interactions to undezlylng decision processes 

lles in that elusive notion of economlsts--utility. 

Utility 

The concept of utility forms the key link between observable 

interaction sequences and underlying decision processes because 

decision processes have been conceptualized in terms of goal- 

directed behavior. Utility may be defined;a~ the pre~e~nce for 

or the value placed upon different outcomes by the participants.** 

Such a concept is critical because it is on the basis of this that 

*The closest approaches to such a framework recently completed 
by Ackoff and ~nery (19~3) or Kuhn (1974) h~ve failed to consider 
most of the ~ajor con~ibuti~us from these divergent ~ and have 
failed to tie the theoretical framework to empirical research. 

**There is the potential for circula~ logic in the definition 
of utility and the concept of rationality (a concept which will be 
developed in a later section on decision rules) When care is not 
taken to insure that they have independent definitions. This 
issue will be discussed indetail in that later section. 

• Z •  ~ ~ ~ ~ ~ ~ ~  ~ ~  ~ @ ~  ~ A ~  ~ ~  ~I 
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the  ~ - t i c i l ~ u t s  compare and select a l te rna t i ves .  ~ l t h ~  

concept o f  u t t l i t ~  i t  would not be Possible to p red ic t  f r ~  a 

t h e o r y  which a l t e r n a t i v e s  the l m ~ t t c i l ~ n t s  might choose .  Without 

so~e empirical measure of utility it would not be possible t o  tes t  

those  p r e d i c t i o n s .  

There have ~een many ex tens ive  t h e o r e t i c a l  developments o f  

the concept of utility including many axiomatic treatments of 

u t i l i t y  ( e . g . ,  see Yon Neumann and Morgem~te=n, 1947; Luce and 

Ralffa, 1957; Arrow, 195t~ riohbur~, 1973| Newmaa, 1965). These 

treatments have many differences and points of c o n t e n t i o n  Which 

remain. Elaboration of these axiomatic treatments is far beyond 

the Bcope of this paper. However, there are a ~amber of character- 

istics of the concept of utility upon which &uthors seem to agree, 

Clearly utilities are subjective. The utility of one outcome for 

one person m~y be very different from that for some other person 

(e.g., the utility of a house for one person who lives nearby may 

be quite different from the utility of that saae house for the per- 

son who was bern in it and has lived there for his entire life). 

In addition, very serious problems arise when one tries to compare 

the utilities of commodities between persons (e.g., it is not 

possible to say that person A has a greater utility for scmet,hing 

than person B). The basis for such comparisons has never been 

demonstrated and such comparisons should always be avoided. 

Unfortunately, the concept of utility at this time, although 

extensively developed theoretically in a variety of treatments (e. 

g., see 3ecker and McClintock, 1967, for discusslon of a range 

of such treatments), has not been nearly so well developed empir- 

ically. The empirical determination of utilities for 
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exper imenta l  s i t u a t i o n s ,  to  say nothing of other l e s s  r i g i d l y  con- 

s t ra lhedd  s i t u a t i o n s ,  r equ i res  extensive experimentation and i s  

generally not available. For this reason empirical analysis of 

decision tasks mast either include extensive empirical determlna- 

~ions of utilities or be designed in such a way as to minimize the 

importance of precise determinants of such utilities. 

For some types of sltuAtions it may be possible to ignore in 

l a rge  p a ~  na.ny of the characteristics of utilities and simply 

treat the o~jectively defined outcomes as crude indicators of their 

utility for the participants. For example, it can generally be 

--sumed that more of some desirable commodity is preferred over 

less of it (e.g,, more social praise is better than lessf more pos- 

itive affective comments are preferred over more negative affective 

ones). Such a procedure is difficult to avoid in many situations in 

which accurate measures of utility would require extensive experi- 

mentation and would so sensitize the subjects that effective 

analysis beyond the determination of those utilities would be pre- 

cluded. In such situations, however, it must be constantly kept in 

mind that these ar~ indeed extremely crude measures of utilities and 

should be treated with great caution. This procedure is parti- 

cularly suspect in situations in which the interaction takes place 

over a sufficiently long period of time so that the utilities for 

particular outcomes may change (e.g., a police-citizen interaction 

which is carried out to completion may be an example of a situation 

in which the marginal utility of continued interaction has decreas- 

ed to a point where the two participants no longer deslre to main- 

tain the relationship and it is broken off). In such cases the 
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zeseamchez mnst be alert for the possible effects of changing 

utilities and those effects may be treated as possible explanatory 

v a r i a b l e s .  

Fo~ a ~  h i s  c o l l e a g u e s ,  Blau, and o thers  have a~gued i n  e f f e c t  

t h a t  t h i s  concep t  needs t o  be e~ended  and genera l i zed  t o  encompass 

social phenomena in general and notbe limited to economic desislonso 

To some extent there has been a relatively successful extension of 

this concept. However, there is much work yet to be done. It is 

apparent that utility should be thought of as a very complicated . _ • "_ 

multidimensional variable reflecting the relative value of & number 

of different aspects of outcomes not on one dimension but in a 

multidimensional space where each dimension represents aaindepend- 

eat facet to be maximized. One way to help extend this concept is 

to consider the great variety of outcomes which result from 

social interaction and the ways they may combine to produce some 

overall decision. 

Assessment of Outcomes 

Recall that one of the major types of variables identified in 

the diagram of the normal form of the decisio~ process in Figure 

2,4 is the outcome of the decision task, For each participant con- 

sistlng of at least one social actor a critical aspect of the theory 

hinges on the identification of that participant's assessment of 

this outcc~e, This a~sessment is a step in the process of decision 

making which that participant goes through, There are at least two 

important aspects of this assessment procedures I) the types of 

variables which are considered and 2) how they are combined by 

the decision makers to produce some overall assessment. 
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V a r i a b l e s  Nay be c o n s i d e r e d  f o r  a t  l e a s t  two r e a s o n s |  f o r  

t h e i r  v a l u e  c o n t e n t  o r  f o r  t h e i r  i n f o r m a t i o n  c o n t e n t ,  I n  a com- 

~ m i c a t i o n ,  f o r  example ,  a s l i g h t  nod o f  one p a r t i c i p a n t f s  head 

m a y h a v e  l i t t l e  consequence  f o r  the  va lued  outcomes f o r  some second 

participant, but it may have tremendous consequences for the 

amount of information possessed about the situation by the second 

participant a~ud may drastically affect the processes which occur. 

The concern here is only with variables considered for their value 

consequences. The focus of this research is on transactions. But 

the presence of other types of interaction and the relationship of 

that to transactions should not be overlooked. 

Another issue which must be addressed here, but which is not 

central to this section is the issue of marginal utility and 

decision making. Essentially, some authors posit that reasonable 

people (or other .e~.~ _At_tots) would make decisions based solely 

on future and present outcomes, ignoring past outcomes. They argue 

that past outcomes are already beyond changing and the most logical 

process would be to consider only new outcomes. 

In this research, however, there is a need not to assume too 

much about behavior, but rather to treat issues such as this as 

issues to be resolved empirically. If this were true, then past 

outcomes would not be considered at all. This would greatly simp- 

lify the model of how these variables combine to produc e an overall 

assessment of outcomes. But surely there are several instances of 

situations in which past outcomes are considered and do affect 

decisions. Interactions between the Palestine Liberation 

Organlzation and Israel are a good example where one act of 



v i o l e n c e  i s  f o l l o w e d  by r e t r i b u t i o n s  and o t h e r  a c t s  o f  v i o l e n c e .  

Other  a c t s  o f  r e v e n g e  b a s e d  on p a s t  outcomes a re  p l e n t i f u l  i n  many 

d i f f e r e n t  s e t t i n g s .  The p a y i n g  back o f  f a v o r s  done ~ i n  t h e  pas~ axe 

a l s o  v e r y  i m ~ r t a n t  a s p e c t s  o f  ~ b e h a v i o r  and may be one o f  t h e  

s t r o n g e s t  b a s e s  f o r  ~ c h i n e  p o l i t i c s  i n  c i t i e s  such  a s  Chicago 

(where v o t e s  axe  o f t e n  c a s t  I n  r e t u r n  f o r  p a s t  f a v o r s ) ,  There  

also are norms which encourage such behavior such as the expecta- 

tions for hell~in~ friends in tines of need and so on. Whether 

these specific actions are ha&ed on consider~tlons of past outcomes 

is not entirely clear. But surely that issue may be resolved 

empirically. 

A number of types of variables nay be considered in assessing 

outcomes. Certainly both benefits and costs accruing to an actor 

for a certain choice of action w~uld be considered in assessments 

of outcomes. By reward is meant her~ same desirable outcome. 

Cost.__~s are desirable outcomes denied or undesirable outcomes. Two 

types of costs may be dlstingui~hedl opportunlt~ costs, "the 

dissatisfaction of having to avoid, give up, or do without what we 

would like to approach, ke~p, or acquire," and disutility costs, 

"the dis~tlsfactions of having to approach or accept what we want 

'to avoid'* (Kuhn, 1974,107). ' 

B e n e f i t s  and c o s t s  nay  a l s o  be c L ~ s t ~ s h e d  by ~ h e t h e r  o r  no t  

t h e y  a r e  c o n t ~ u g e n t  upon a c t i o n s  o f  t h e  d e c i s i o n  maker or  upon o t h e r  

c o n d i t i o n s  beyond t h e  c o n t r o l  o f  ~ d e c i s i o n  ~ k e r ,  I n  most  o a s e s  

t h e r e  a r e  p r o b a b l y  a number o f  co~%s and b e n e f i t s  which a re  known 

t o  occur  f o r  a s p e c i f i c  a l t e r n ~ e  c o u r s e  o f  a c t i o n  i n  a d d i t i o n  t o  

a number o f  c o s t s  and b e n e f i t s  ~ e . h  a r e  c o n t i n g e n t  upon e i t h e r  t h e  
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c o n d i t i o n s  beyond t h e  c o n t r o l  o f  t h e  d e c i s i o n  maker o r  t h e  a c t i o n s  

o f  t h e  d e c i s i o n  maker .  For  example,  a f a m i l y  migh t  know t h a t  i n  

choosing to buy a secOnd c a r  ms a way of solving their transport- 

& t i o n  l ~ " o h l e m s  there will be a number of costs az~ beaefits which 

t h e y  w i l l  have r e g a r d l e s s  o f  what t h e  c o n d i t i o n s  a r e .  But i n  add-  

i t i o n ,  t h e r e  a r e  a number o f  c o s t s  and b e n e f i t s  wh ich  a r e  

c o n t i n ~ e n t  upon t h e  c o n d i t i o n s  which p r e v a i l  ( e . g . ,  t h e  c a r  i s  a 

lemon o r  t h e  son who w i l l  be d r i v i n g  more w i t h  two c a r s  i n  t h e  

f a m i l y  i s  a r e c k l e s s  d r i v e r  and more l i k e l y  t o  have a c c i d e n t s  now t 

and so on ) ,  o r  c o n t i n g e n t  upon t h e  a c t i o n s  o f  t h e  f a m i l y  ( e . g . ,  

t h e  cho i ce  o f  a s t a t i o n  wagon has  c e r t a i n  c o s t s  and b e n e f i t s  

a s s o c i a t e d  w i t h  i t  a s  opposed t o  t h e  c h o i c e  o f  a s e d a n ) .  

Kuhn (1974si07-8,111) discusses many ways costs and benefits 

va~7 in the time relative to the decision in which they come into 

play. Some costs and benefits occurred prior to the decision, in 

which case they may be thought of as past costs and benefits or 

sunk costs and benefits. Such costs and benefits are not contingent 

upon the decision &t hand but may have been contingent upon earlier 

decisions which have already been made. They are given and inaltez~ 

able regaaxiless of which alternative is chose~ in the present 

decision. This aspect of the outcomes may not be changed, al- 

though the decision maker's evaluation of it may change (e.g., in- 

ternal changes in perceptions and evaluations may result in de- 

creased perceived costs). There may also be yresent costs and 

benefits. • These would be costs and benefits experienced at or very 

near the time of the decision (e.g., the immediate costs involved 

in purchasing a house). Present costs may be broken down into 



f i xed  and v a r i a b l e  c o s t s .  Fixed cos t s  are those which are  incur red  

t o  prevent  d e t e r i o r a t i o n  o f  or to  maintain the c o s t / b e n e f i ~  r a t i o  

( e . g , ,  t o  main ta in  the  s t a t u s  quo) a t  i t s  .present l e v e l .  ¥ar l&hle  

costs are those incurred to produce current benefits, There also 

may ~e futuxe costs and benefits, Investments are defined as 

costs c u r r e n t l y  incur red  f o r  fu tu re  b e n e f i t .  

Costs and benefits also may differ in the extent to which they 

have long-term or short-term consequences. Some costs and benefits 

nay have only temporary consequences such as the price of admlss- 

Ion tO & theatre. Others may have consequences lasting over long 

periods of t~a, such as the costs from a ha~dlcapping 

suffered in an auto wreck. 

These variables are 8um~rlze~ in TQJble 2.6. The ways in which 

the utilities for these different outcomes might c~hlne to produce 

an overall assessment of outcomes remelns to be erpllcated. But 

they clearly i~lIastrats the complex proble~ of evaluating utilities 

in order to co~e to some decision. 

'C~pa~'~sons 

Once some notion of value is general enou~ to encompass 

reasonable ways in Which outcomes might be assessed for social in- 

teractlon rather th~n requiring that all social interaction be rede- 

fined in terms of some unldlmensional criterion it then becomes 

possible to discuss intelligently some of the .aye in which partici- 

pants might reasonably make decisions about how to interact. Two of 

the n&jo r aspects of these dezlsion processes which h~ve been given 

so~e attantien in the past are I) comparisons a~d 2) decision 

rules. Making comparisons is a general process ~ich is likely 
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T ~  2.6 

C ~ _ ~ S T I C S  ~ V~T~B~ C 0 ~ D ~  IN E ~ ~  

Contingent - Known 

Longterm - Shortterm 

Benefits - Costs 

• Opportunity Costs - Disutillty Costs 

• Variable Costs - Fixed Costs 

Past - Present - Future Benefits and Costs 



7t 

%o o c c u r  i n  a l l  c i r c u m s t a n c e s  i n  which t h e r e  a r e  a l t e n n a t i v e  

c¢=zwes  o f  a c t i o n  f rom which  t o  choos e .  A s u m b e r o f  p a r t i c u l a r  

¢ y p ~  o f  ¢ ~ n s  have  b e e n  d i s c u s s e d  i n  t h e  l i t e r a t u r e .  Those  

t y p e s  o f  ¢ ~ ¢ ~ i s o n s  and t h i s  a s p e c t  o f  t h e  d e c i s i o n  p r o c e s s  w i l l  

b e  ~ h e r e .  

T in , re  a r e  two t y p e s  o f  com pa r i s ons  which  a r e  commonly n o t e d  

i n  ".he l i t e r a t u r e  on  exchange  t h e o r y  ( e . g . ,  see  T h i b a u t  & K e l l e y ,  

l ~ I  ~_JJul, 1 9 ~ ) .  These  a r e  t h e  c o m p a r i s o n  o f  ou tcomes  f o r  a 

p a - ~  activity with the general expectations f o r  such act- 

IriS. az~ cow.son of outcomes for that activity with those 

fur available alternatives. Blau refers to these comparisons as 

o f  p a r t i c u l a r  e x p e c t a t i o n s  ( e x p e c t a t i o n s  f o r  t h e  p a r t -  

i ¢ = ! ¢ r  c h o s e ~  a c t i v i t y  and t h e  c o n d i t i o n s  s u r r o u n d i n g  i t ) ,  g e n e r a l  

ex1~tio~u~ (expectations an individual has of the total benefits 

he will achieve in various aspects of his social llfe), and compar- 

ative expectations (expectations for the profits individuals expect 

in o~he~ posslhle activities). Thibaut and Kelley label the 

~o~e~_~ for these comparisons the comparison level (CL) and the 

cc=~..~ level for alternatives (CLalt) respectively. Blau 

~ fair rates of exchange and going rates of exchange 

In addition, Ekeh (1974) points out two other types of com- 

pa.~_~.s: interpersonal and intrapersonal. These are associated 

with ~ types of exchange, profitable exchange and fair exchange. 

In =rofi~e exchange the "individual is comparing his own rewards 

wi'.h his own costs." In fair exchange "he is comparing his 

re~_s, Costs, or profits--either Jointly or severally--with those 
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of  h i s  exchange pa-~tner i n  a r r i v i n g  a t  h i s  own assesament of h i s  

p o s i t i o n .  = The f o z ~ e r  invo lves  ~utzapersonal comparisons, the 

l a t t e r ,  ~ u t e r p e ~  o n e s .  

T h r e e  ~ j o ~  c ~ t e ~ e s  o f  exchange compar i sons  may t h u s  be  

i d e n t i f i e d ,  

i) Viability of alternatives--comparisons by either the p r ~  

decision maker ar the other participant which determine 

viability of_ the interaction relative to specific availah!e 

alternatives. (This corresponds to CLal t for Thib~ut & Kelley, 

to com~tlve expectations according to Blau, and it is an 

example of an intr~personsl comparison according to E~eh.) 

2) Satlsfaction---cc~parisons by either the prlnm/y decision maker 

or the other participant which determine whether the inter- 

action is satisfying relative to what the primary decision 

maker or other participant would normally expect out of such an 

interaction. (This corresponds to CL for Thlbaut and Kelley, 

it corresponds to ~eneral expectations for Blau, and it is a~ 

example of an Intrapersonal comparison according to Ekeh.) 

3) Social ~ustice---comparisons of outcomes of th e primary decisian 

maker with outcomes for the other participant which detexm~Ir~e 

whether the primary decision maker (or the other particiF~nt) is 

receiving his fair share of the benefit from the interaction. 

(This is an era~ple of an interpersonal comparison identified 

by ~ e h . )  

An importa~, issue with regard to comparisons with expect- 

ations is that those expectations must be based on something. 

Typically they are based on similar experiences of the social actor 
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i n  p a ~  s S t u a t i o n s .  The key i s s u e  he re  i s  " s i m i l a r  e x p e r i e n c e s . "  ~ 

How d o e s  t h e  a c t o r  d e t e r m i n e  which e x p e r i e n c e s  a r e  s i m i l a r  and 

which a r e  n o t ?  T h i s  i s  a v e r y  i m p o r t a n t  i s s u e  and one which ha~ 

been  a d d r e s s e d  i n  o t h e r  c o n t e x t s  ( e . g . ,  t he  ~rohlem o f  t h e  d e f i n -  

i t i o n  of the s~1~u~tion in symbolic interactionism). A similar 

issue arises with rega~ to the social justice comparisons. What 

other ps_~Ic!pants are chosen by the actor for purposes of compar- 

ison? Are they other actors with whom he/she is interacti~ (e.g., 

the nelghbor~ with whom they share a driveway), other actors in- 

teractlng with th~ same general environment (e.g., compa~ing treat- 

merit of other families by the same police force), or simply other 

__ actors who ~ similar to them in some way (e.g.,-other middle 

class white families in suburbs)? This issue also has been add- 

ressed perhaps more directly in other areas (see the literature on 

reference gx~0ups) and will not be dealt with in detail here. This 

issue is pax-ticulariy important because it reflects on the sit- 

uations for which social Justice comparisons may be made. clearly, 

they m~y ~ made even when there is only one social actor in the 

l~mediate interaction (e.g., comparison of outcomes for this family 

with that of the Smiths next door in their purchase of a new auto- 

mobile). They al~o have implications for the occurrence of 

generalized excha~e relations (as discussed by Ekeh, 1974). In a 

generalized exoha~e situation there are bases for comparison of 

outcomes with those of other participants somewhat remote in the 

excha~e network. In dyadic exchange the two participants inter- 

act in isolation with no relevant connections to others. 

Another important aspect of social Justice comparisons is 
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that they require a great deal more information than required by 

comparisons with expectations or with alternatives. For such com- 

parisons it is necessary to know the outcomes and the utilities 

for the other participantso True, limited comparisons may be 

made with less than c~plete Infox~ation, but clearly more infor- 

mation is required for these cc~parisons than for the others. 

For social justice comparisons the notion of Simple ration- 

ality or a maxlmlz~tion of outcome also becomes more suspect as 

attempts to make it desirable for the other actor to continue with 

the interaction (particularly in voluntary exchanges) become 

salient. 

. . . . . . . . . . .  Such c0~iparisons may be represented i n - t e r m s - o f  the-symbols . . . . . . .  

used here as follows, 

comparison with alternatives: Oij - Oal t 

comparison with expectations, Oij - Oex p 

social Justice comparisons, Oij - O~j 

( o ~ -  o ~ t )  - (o;j  - o ~ t  ) 

(oij °exp) - (oij Oexp) 
N o t i c e  t h a t  t h e r e  a l e  t h r e e  p o s s i b l e  s o c i a l  J u s t i c e  c o m p a r t s o n s t  

one comparing outcomes for each pa.~ticipant, a second comparing 

the divergence frc~ alternatives for each participe~t, and a third 

comparing the divergence from expectations for each participant. 

(E.g., the outcome for one participant might be far greater than 

his expectations while that for the other might be far less than 

his expectations. ) 



75 

Al%hough s e v e r a l  b a s i c a l l y  d i f f e r e n t  types o f  comparisons 

have been i d e n t i f i e d ,  no work has considered how they  might ac t  

s imul taneously  in  d e c i s i o n  making lxrocesseso Homans (1961), 

according t o  Ekeh (1974), has tended t o  confuse them. And Ekeh 

( 1 9 ~ )  has argued t h a t  s o c i a l  J u s t i c e  comparisons (he c a l l s  them 

i n t e r p e r s o n a l  comparisons) may occur i n  one context  and i n t r a -  

personal  comparisons ~n_other con tex t s  ( e . g . ,  "In two-person 

groups whose members are  engaged in  r e s t r i c t e d  exchanges i n t e r -  

personal comparisons and fair exchange prevail. In multi-person 

6roups, with an emphasis on generalized exchange, intrapersonal 

comparlson~ and profitable exchange prevail." p. 131). On the 

other hand Blau and Thibaut and Kelley have both argued th@t the 
. . . . . . .  J . . . . . . . . . . . . . . . .  

satisfaction comparison is the basis for the ~tlsfactlon of the 

actor, and the viability of alternatives comparison is the deter- 

minant of whether or not the actor will continue the action (e. g~, 

they each contribute to different aspects of the decision process). 

It is more likely that each of these types of comparisons 

may play a major role in particular decislon~ and each ~ay con- 

tribute to a number of aspects of that decision process. The ex- 

tent of that role and the way they combine with each other is a 

function of a number of factors including the particular type of 

problem, the character of the participants, and other va-~iables. 

These would be likely to interact rather than to have additIye 

effects--the impact of one comparison on the decision varies with 

the results of othe~ comparisons. The extent to which each of 

these  p~yed  a major r o l e  i n  any one dec i s ion  would de~nd  upon 

the divergence of  the r e s u l t  of  t h a t  comparison from common r e s u l t s  



(e.g., the greate~ the socia~ injustice the ~ore impact that 

o ~ i s o n  would have  on a s p e c i f i c  d e c i s i o n ) .  I n  so~e cruses 

one s a y  ~e s o r e  i m p o r t a n t  t h a n  t h e  o t h e r s .  
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D e c i s i o n  Rules  

Pe rhaps  t h e  most  i n t e r e s t i n g  a s p e c t s  o f  t h e  d e c i s i o n  p r o c e s s  

a r e  d e c i s i o n  r u l e s .  D e c i s i o n  r u l e s  a r e  s u ~ a r l z ~ t i o n s  o f  t h e  

b e h a v i o r  t a k i n g  p l a c e  i n  d e c i s i o n s  which connec t  e a c h  s e t  o f  c o n -  

d i t i o n s  and each actor to the alternative which is chosen. 

Mathematically, a decision rule ~ay be conceptualized as a funct- 

ion which maps the space defined ~y task conditions and partici- 

pant characteristics i n t o  the action space associated with that 

decision task. 

The notion of decision rule can be made clearer by compa_~ing 

decision rules to other similar notions presented earlier such as 

the decision nodes and strategies in the description of the 

decision ta~. Any particular decision rule ~y be a choice, a 

strategy, or some combinatlon of these. A decision rule is some 

combination of these which predicts correctly the decision which 

will occur for a specific decision maker in all possi~ situations 

for the task at hand. It is less restrictive than strategies in 

that it may include some combination of them. It need not involve 

some coherent, rational, or constant strategy, ~t may involve 

chains of different strategies or choices. Decision rules describe 

the behavlor throughout an entire interaction involving a series 

of decisions. A decision rule m~y be thou&ht of as a "super 

strategy," bedbug the descriptive counterpart to strategies which 

are defined on the basis of logic~l categories of behavior (e.g., 
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s t r a t e g i e s  inc lude  l o g i c a l  c a t e g o r i e s  such as the  minimax 

s t r a t egy ,  the  maximin s t r a t e g y ,  equ i ty ,  and so on, while  d e c i s i o n  

r u l e s  may inc lude  combinat ions of  t h e s e ) .  A key assumption in  t h i s  

notion of decision rules is that there is some sort of behavior 

which is stable enough over interactiml~ to accurately describe 

behavior while at the same time lending insight into the nature of 

that behavior in terms of logical categories such as strategies or 

t h e i r  com~ir~t ions .  

Decision rules may be assessed in two ways~ prescriptively 

and descriptively. Prescriptively, decision rules are usef~l when 

%hey correspond to meaningful, coherent strategies. This is use- 

ful because~those strategies tell u s  something ~bout the under-_ ...... 

lying nature of the individual participant who employs this de- 

cision x~le .  It appears to have identified ~ethlng important 

about that ~ipant. And it can be applied in other situations 

deductively to create hypotheses about the behavior of that 

individual in & wide variety of settings. 

Descriptively, decision rules are useful when they accurately 

describe the ~ctual behavior of decision me.kers. A decision rule 

which is correct I00% of the time and preclsely predicts choices 

is preferred over rules which are lessprecise (e.g., they only 

predict vague categories of choice is&ring precise predictions to 

other techniques) or less often correct (e.g., they are only 

correct 90% of the time). 

The goa~ of course is to obtain decision rules which are 

both substantially accurate and precise in predictions and at the 

same time appear to identify consistent underlying c~hs~acteristics 
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o f  t h e  d e c i s i o n  m ake r s .  

T h e s e  d e c i s i o n  r u l e s  c o n s t i t u t e  t h e  c r i t i c a l  l i n k  b e t w e e n  

t h e  c o n d i t i o n s  o f  t h e  s i t u a t i o n  and  t h e  c h a r a c t e r i s t i c s  o f  t h e  

pa---tlc£1~ts ,and t h e  b e h a v i o r  which  r e s u l t s .  T h e s e  c c ~ s t i t u t e  t h e  

necessax7 element w~ch makes it possi1~le to c~eate a very po~er- 

i~ t~heory allowing ~ prediction of behaviors on the basis of de- 

c ~  Nhlch take place in certain contexts by certain l~Lvtloi- 

I~. Without some notion of these decision rules the connection 

bet~een ~h~vior and these conditions is not ~ade and the theory 

cannot predict behavior, and it is a very disappolnlng theory in- 

deed. Consequently it is of utmost inportance that some way be 

fc~ for specifying these decision rules which is bothempirlcally ...... 

a~curate and conceptually insightful i n t o  the type of behaviors 

occur. 

Unfortunately, it is in general extremely difficult to 

~pix-lce~Lly determine what decision rules are operating in de- 

cialons (e.g., see Wilcox, 1972). One difficul~Is that nany de- 

cision rules often are compatible (i.e., see Meeker, 1971) and 

predict the same behaviors in certain situations, so it may not be 

possible to distinguish which occurs. Another difficulty is t~hat 

even if there is only a little error in our knowledge of which 

decision rules occur (e.g., it is known what decision rule occurs 

90% of the time), the results of a series of decisions are affect- 

ed drastically by the precise order of derisions which occur and the 

conditions which result from those decisions. Slig~ht inaccuracies 

in th~ decision rules over a series of decisions may lead to very 

inaccurate predictions of the dynamic behavior over time. Because 

of the~e and other problems in determining the decision rules, 
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thaze is a critical weakness in most theories of declsimms. 

There is a strong tendency for many of these t~m~-iee to add- 

ress this problem by positing some decision rules w i ~  testing 

them. This makes the theory deductively viable and allows many 

P~edictlons, But serious problems arise in testing the theory 

adequately and in understanding the actual processes which take 

place when this is done. 

The issue of rationality 

The nest common strategy for past developments of theories 

involving decisions has been  the assumption that a particular 

type of decision rule characterizes the behavior of the partici- 

pantss rationality. Precise definitions of ratior~/i~y vary. 

But a representative definition is that of Kuhn (1974,12~) in 

which rationality is defined as "the process of selecting the pre- 

fezT~d altexnative." Rational behavior is simply behavior which 

is consistent with the decision maker's preferences. K~uhm (1974: 

124-5) points out that this definition does not make clear pre- 

cisely what types of behavior would not be included. !t "comes 

perilously close to including all behavior." 

There is in this definition, in addition to the lack of 

clarity and precision, a potential for logical circul~ty in the 

definition of rationality and the definition of prefez~_~e or 

utility functions. Indeed, Edwards (1954) argues that the notion 

of subjective utility was introduced with the aim at4 the effect of 

accounting for what would otherwise have been considered irrational 

behavior based on objective utility functions. Hcmar.s (!961) has 

been repeatedly criticized for a tendency toward clr~aiarity in 
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C o n n e c t i o n  w i t h  h i s  d e v e l o p m e n t  o f  exchange t h e o r y  i n  h i s  t r e a t -  

n e n t  o f  ~ and  r a t i o n a / i t y  n o t i o n s .  Coleman ( I 9 7 3 = 3 5 - 3 7 )  a l s o  

d i s c u s s e s  t h e  p r o h l e n s  o f  t a u t o l o g y  i n  t h e  d e f i n i t i o n  o f  r a t i o n a l i t y  

and utility, arguing that either may be measured empirically and 

used to predict the other and those predictions may be tested 

enplrlcally, but it is necessa_v~ t h a t  independent empirical 

D e a s u r e s  o f  e a c h  b e  o b t a i n e d  i n  o r d e r  t o  avo id  c r e a t i n g  a %auro-  

r a l  f a ~ a ~ .  

An additional problem with rationality is that, while it may 

he possible to identify particular behavior which is rational for 

scne types of .decision situations, for other situations there are 

a number of al+~rmative types Of behavior each of which may be 

viewed as ratioma/, ]~ut t.hese are not always consistent with each 

other. Rapaport and C.h~nah (1965) argue that game theory which is 

based on a l:rescriptive notion of rationality is not useful beyond 

zero sum two person ga=es. Becker and McCllntock (19671268-9) 

a~dress the same genez-~l issue in pointing out that for two person 

nonzero sum games ~bere are a number of possible strategies which 

nay be chosem beyond ~ competition. For example, three such 

str~te~es the_y point out wc~Id be maximizing joint outcome for 

bc~h self and o~.her, maxinlzin~ own outcome regardless of the out- 

come for the other participant, and maximizing the difference be- 

tween one's o~n c~r~cones and those of the other participant. The 

pa-~ticuiar fo~ .~-atioma! behavior might take may vary drastically 

for differeut decision situations. Some of these forms for many 

situations have been d iscussed i n  Coleman (1973). 

Normative models prescribing rational behavlor have also failed 
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to adequately describe empirical results. For the development of 

a descriptive theory of decision maklng such as is the task of this 

paper, this is s serious problem. As Becket and McClintock (1967z 

269) suggest, such efforts to construct prescriptive models for non- 

zero sum ganes have generally been unsuccessful. Efforts for other 

types of ga~es also have been somewhat unsuccessful. And even for 

zero sum ga~es the results have not been entirely in favor of such 

prescriptive models. The utility of prescriptive notions such as 

rationality appears to be much more associated with normative 

theories and normative uses than with empirical theory. 

Notions of rationality imply certain information processing 

and search capabilities , and a will~ess to invest a certain 

amount of effort in the decision making process. Some effort has 

been made by many authors to develop notions of rationality which 

explicitly take into account the constraints of different decision 

ta6ks (e.g., the amount of information available, the likely 

motivation level, the degree of information processing skill re- 

quired, and so on) (Simon, 1955; Tversky, 1972). Others quite 

rightly have argued that explicating notions of rationality within 

different constraints blurs the distinction between normative and 

descriptive behavior (Becker and McClintock, 1967~241). Two such 

attempts are the notion of satis/~In6 (Simon, 1955) which posits a 

limited form of rationality based on lesser capabilities or less 

willingness to process and search for information. Essentially 

what this rule claims is that the decision maker will search only 

until he finds an alternative which is acceptable, and will not 

continue to search for some optimal alternative. Another example 
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of thls sort of decision rule which Is essentially a concept of 

rationality modified to account for limitations in Inf0Daation 

processing and search efforts and capabilities is the notion of 

"elimination by aspects = of Tversky (I~2). His thesis is that 

d i f f e r e n t  ~ s p e c t s  w i l l  be  c o n s i d e r e d  i n  t u r n  cud a l t e r n a t i v e s  

eliminated according to particular aspects until one alternative 

is chosen. A dissenting note with respect t o  this issue has been 

provided by Kuhn (15~4) who argues that the types of decisions made 

(e.8~ , decisions based on marginal utility) actually may involve 

much less effort and ability than it appears, and are very likely 

to fall within the inforn~tion px~ces~in~ capabilities of most 

p e o p l e .  

One might argue, a~ Kuhn does, that the notion of rationality 

specifically, and decision theory in general is oriented more 

around orgs~i~.ions than individuals. The a~ount of effort, the 

time, the number of calculations, the eno~mlty of the information 

Search I~A~cess, the clearly defined limited go~is, and the 

measurable outcomes in terns of money which are possible for organ- 

izations ~ all compatible with the lines of development most 

theories of decisions ~.~ve taken (e.~., linear program, de- 

cision making under u~certainty~ game theory, etc.). Most of 

these theories (and ~iculaxly the notion of r~tlcnallty) are 

based on analyses of critical decisions rather than day-to-day de- 

cisions. Such decisions are more commonly the province of firms 

with the resources to carry out extensive decision making processes. 

At this point & cles~ approach to the issue of rationality is 

not precisely indicated. However, there are certainly some 

elements which approaches should h~ve. First, it should be 
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reco~ that notions o f  rationality must be limited by the 

Infoz~_ation processing and search capabilities and the amount o f  

effort decision makers might reanonabl¥ spend on particular 

decisions (although the extent of that limitation should not be 

overestlmated). Secondly, it should be recognized that rational 

behavior may take a number of forms in many d~clsion tasks and any 

notion of rationality must take into account that variety. At the 

same time the notion of irrationality should not be used as a dump- 

Ing ground for as yet unexplained phenomena. A basic proposition 

of this work is that the great bulk of decision behavior is consis- 

tent, understandable behavior which a~ts comprehension. Some 

flexible notion of maximizalon of benefits and minimization of 

costs (which may take a.number of forms in different decision tasks) 

does appear to be useful and in order. But the precise fozn of 

that ~rocess is not yet clear. Kuhn (1974,125-8) has p~inted out 

problems with a number of such general notions. Further consider- 

ation in this area is clearly desirable. Clearly, an approach 

aimed at providing empirically accurate descriptions of actual be- 

havior must not casually assume a particular form of rationality 

but ~ust instead be concerned with developing a method for 

empli-lcally testing the actual decision rules which are used. 

Exaaples of Decision Rules 

There are two primary aources of decision rules in the liter- 

ature: those suggested in statistical decision theory and those 

suggested in the exchange theory literature. Those rules from 

statistical decision theory (e.g., see Ewart, et al, 1974) are 

characterized by their use of "viability of alternatives" or 



84 

" s a t i s f a c t i o n "  c o ~ L ~ i a o n a  f o~ t ~ e  d e c i s i o n  maker .  These  a r e  

compaz i sons  ~y t h e  d e e i s a o n  maker o f  h i s  a c t u a l  outcomes w i t h  

t h o s e  e x p e c t e d  i n  g e n e r a l  Or t h o s e  e x p e c t e d  f o r  some p a r t i c u l a r  

a l t e r n a t i v e s .  These  r u l e s  do n o t  c o n c e r n  t h e m s e l v e s  w i t h  t h e  

u t i l i t i e s  o f  t h e  o t h e r  p a r t i c i p a n t  e x c e p t  i n  so f a r  a s  t h o s e  

utilities might help predict probabilities of the incidence of 

different condlt~ons. These rules are perhaps more likely to be 

used when there are not repeated ~ntera~ions with another social 

actor because they maximize the outcomes for the primary decision 

maker without regard for the consequences for the other partici- 

pant, and make no attempt to insure that the other participant 

would receive enough net benefit from the exchange to continue 

i~tera~tlon. 

A number of decision rules commonly discussed in these two 

areas of the literature are listed in Table 2.7. Notice that the 

decision rules suggested by statistical d~cision theory are sepa- 

rated into three categories: those whic h consider utilities 0nlY, 

those considering probabilities only, and those considering both. 

These decision rules may be expressed as follows, 

I) Maxlmin criterion--This decision rule seeks the best payoff 

that a decision maker can be assured of. The decision rule is 

to determine the minimum possible payoff for each act and then 

select that act for which this minimum possible payoff is the 

maximum. The decision criterion for this rule expressed in the 

.~: terminology developed in Figure 2.7 for the normal form outcome 

matrixwould be as follows, " 

n~ [,,in i (Oij) ] 
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D~I~RUL~ 
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DECISI~ RUL~ FROM STATISTICAL DE~ISI(I~ THEORY 

I. Maxiain criterion 

2. Maximax criterion 

3. Hurewlcz cx~ot erion 

~o Minimax regret cr i t e r ion  

~. Maximum l i ~ i h o o d  c r i t e r ion  

6. Expected s ta te  of nature 

7. Expected monetary value c r i t e r ion  

8. ~ernoulli  c r i t e r ion  

DECISION RULES FROM EXCHANGE THEORY 

9. Reciprocity 

iO. Equity 

II. Distributive Justice 

12. Status consistency or rank equilibration 

13. Competition or rivalry 

I~. Altruism or social responsibility 

15. G~up g~ 
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where  rain i i s  t h e  minimum v a l u e  i n  a p a r t i c u l a r  row, " l " , ( ~ . e ,  

t h e  minimum outcome a s s o c i a t e d  w i t h  a s p e c i f i c  a c t i o n  on t h e  

o f  t h e  d e c i c i o n  makerp " i n ) ,  and O l j  i s  t h e  outcome r e s u l t -  

i n g  f rom a c t i o n  " i  n by  t h e  p r i m a r y  d e c i s i o n  maker ,  and a c t i o n  

" J "  b y  t h e  o t h e r  p a r t i c i p a n t .  

2) Maxlmax _c~iterlon--This criterion seeks the optimum payoff 

%hat ca~ possibly be Obtained by the decision maker. The de- 

cision rule heEe determines the maximum possible payoff for 

each act and then selects that act for which this maximum 

possible payoff is the greatest. The decision criterion is 

as follows I 

3) HttreWicz criterion (pesslmlsm--o~timism coefflcient~-This 

decision rule is based on a pessimism-optlmlsm coefficient 

that emphasizes a weighted combination of the optimal and mini- 

real payoff for each act. The exchange rule here selects that 

activity which has the highest score on the criterion--that is, 

the highest weighted combination of the pure maximax and the 

pure maximln criteria. This decision rule is expressed as 

follows s 

4) Minimax re~r,et cr, iterlon--Opportunity loss (regret) is the 

difference between the actual outcome and the optimal outcome 

which could have resulted given the choices by the other part- 

iclpants. The n~h~max regret decision rule selects the act 

which minimizes the maximum regret. The decision rule is 
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6) 

~) 

8? 

expm~ssed as follows, 

| ~  (Oij) - mini (Oij)] . 

M ~  likelihood cx~_terion-,This d e c i s i o n  rule idem~JLfies 

the state of nature that has the maximum likelihood of occur- 

zing, and the selects the act which has the most d ~eslrahle 

value consequences for that state of nature. This decision 

criterion is expressed as follows, 

ma~Oimax,j), where Imax is the i for which ~Pl)" 

}~oec~.ecl state of r~ture--This decision rule f i r s t  ~ t e s  

state of nature and then that act is selected ~d~ich ~All 

have the most desirable value consequence if the s~al state of 

nature is close to the mean. The criterion for this decision 

rule is expressed as followsl 

mayO . ),wheme i* is the i for which Pi* =~[ZCL.cl)-pl]. 

.~_ed moneta~ V value criterlon--This crlteriom ~cal~ates 

the exited moneta~7 value for each  act and then se!~cts that 

act with the msxlaum expected nome~ary value. (This, of c ,ourse. 

can also be done for value in general, and is mot I12.5t~ ~. to 

money.fry values.) This computation explicitly ut ~i/izes both 

values and probabillties. The criterion for this de~ts!om rule 

is s~s follows: 

This criterion maximizes the average payoff over the I~ run. 
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8) Bernoulli criterlon--This criterion assumes that all conditions 

are equally likely and chooses the alternative course of action 

for which the average outcome is greatest. The criterion for 

this decision rule is expressed as follows! 

~(oij). 
The decision rules suggested in discussions of exchange theory 

a~e generally less formalized than those of statistical decision 

theory, Precise equations for these rules are not offered, and a 

m~mber of alternative formal definitions are frequently possible. 

Here the vezbal d~finitions of these decision rules taken from the 

literature will be presented. 

9) Recipzocity--This decision rule requires that a decision maker 

help someone who has helped him. 

i0) ~ T h i s  decision rule states that a participant tries to 

get out of an exchange outomes commensurate with his inputs, 

il) Distributive Justlce--This rule is much like the equity rule and 

states that the decision maker which has higher investments 

deserves more favorable outcomes. Investments include the 

values of acts, costs to the actor, and external status 

characteristics such as age and sex. 

12) Status consistency or rank e~uiliberation--Thls rule states that 

the decision maker will try to distribute rewards on the basis 

of status on an external dimension. 

13) Com~etltion or rivalry--This decision rule states that the 

decision maker will try to achieve moze favozable outcomes than 

the other participant even at an absolute cost to the decision 
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I@) Altruis~ ~ or social responsibility--This decision rule maintains 

that the decision maker will try to ~ e  the outcomes of 

the othe~ _~m_~tlcipant even at a cost to the decision maker. 

15) Croup f-c/z~--In this decision rule the decision maker tries to 

m~xinime the total outcome for both itself and the other 

part!cipe~t. 

One str~t~ in the past has been for the decision rules to be 

analyzed in ~erns of logical criteria they should meet. In this way 

a nunber c~ cri~eria may be identified and particular decision 

rules nay ~ .~led out on the basis of them, This has been done 

frequently. ~rhaps the best example of this is the work of Luce 

and Raiffa (1937) in which t~ey summarize their analysis as well 

as those of Savage, ~'~Inor, a~d others. This is one ~ay the 

proble~ ~ be approached. On the other hand, this reseal~h is 

~--]~V em~irically oriented. Perhaps a better approach for this 

type of s ~ u ~ . : b e  to e ~ e  ~pirical d~t&:for evidence of 

different p~s.~ibie decision rules and not rule out any on the basis 

of logical c_~-iteria which may appear reasonable and logically 

consistent hut which ~y not be accurate descriptions of actual 

behavior. 

Ano~her ~cistinctlon which bears consideration is between de- 

cisions which a_~e ma~e as a response to pa~t actions versus de- 

clsion~ na~ in a.u effort to induce future actions (Colem~u, 1973). 

For ex~.~le, "~h~ decision ~ker Just mentioned in the prisoner's 

dile~ua ~-~a=e ~ay elect to ~ake cooperative choices, even thou~ 

he earlier ha~ unfavorable experiences, because of the potential 



90 

rewards he may receive in future decisions if the other participant 

is persuaded by his cooperative h~havior to also be cooperative. 

Conceptually, one might argue that decisions based on future events 

and those ]~msed on past events appear to be very different processes. 

There is undoubtedly some merit to that argument. This distinction 

even appears to parallel many very significant distinctions made 

earlier such a~ that between symbolic behavior and operant be- 

havior (Ekeh, 1974). However, Coleman (1973) argues that while 

they may appear quite different conceptually, in terms of the 

empirical analysis they are quite often equivalent. For this 

reason, ~hi2e the distinction should be maintained and the differ- 

ent expected behaviors from the two perspectives should be looked 

for, empixically the analysis will probably be much the same re- 

gardless of ~hlch process is examined.* 

The decision processes which occur have been conceptualized 

in a variety of contexts as the result of a series of processes 

including comparisons, decision rules, utility estimations, and 

assessmemts based on a combination of outcomes of relevance. In 

the past those processes have been considered primarily in an 

economic context or in a social context with largely economic 

characteristics. But these processes can be effectively applied 

in other, less economically oriented contexts. Consider, for 

example, the earlier exsmple of the interaction bet.een a police 

*This is probably, in part, a reflection of the general problem 
that many alternative decision rules may account for the same 
behavior and determination of the decision rules which actually are 
used must therefore be very difficult. 
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officer and a young man stopped for a traffic violation (see 

Figure 2.1). It is possible to illustrate in that example a 

possi1~e ~ set of decision processes which might describe the be- 

havior of either participant. 

Suppose, for example, that the citizen's actions were guided 

~y the objective of avoiding being given a traffic ticket. His 

preference might be for almost any Combination of outcomes which 

result in him not receiving a traffic ticket over any combination 

which result in him receiving a ticket (i.e., calmly taking and 

acknowledging numerous insults and threats to his self-esteem so 

long as he did not in the end receive the ticket, would be pre- 

ferred over even the most cordial and pleasant encounter when he 

received a ticket). In this case his concern is primarily with 

the future, long-te~, dlsutility costs of a traffic ticket to the 

virtual exclusion cf every o~her related outcome of the encounter. 

In terms of specific categories of action such as those three cate- 

gories (redlrective, compliant, and negative) suggested earlier, 

he would be expected to r~spond almost uniformly in the encounter 

with compliant behavior (at lea~tuntil he finds out he will cer- 

talnly receive a ticket). P~Ls decision rule then would be to re- 

spond uniformly with compliant behavior regardless of the nature 

of the actions by the officer. 

Characteristics Of Participants In The Decision Process 

An important aapect of the decision model is the character of 

the pa~iclpants in the decision process. There are many different 

types of participants and those different types have implications 

for the processes which will occur. Participants are here viewed 
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from a general systems persi~ctlve in which they are conceptual- 

Ized as information processing systems. There are a n ~ b e r  of Im- 

portant characteristics of such information processing systems. 

These include I) the types of systems, ~stlnguished by their 

structure an~ function; 2) the character of the relationship be- 

tween the system and its environment; and 3) the process by which 

specific systems transform the conditions of the decision situation 

into outcomes and value functions. These system properties con- 

stltute the major analytic properties of participants of interest 

here. In addition, there are a number of other properties of 

participants which also have implications for the character of the 

processes which occur. These include many of what have been ident- 

ified as "individual variables" in the literature (e.g., see 

Vinacke, i969). For example, participants consisting of more than 

two people may be distinguished by the type of social organization 

they represent (e.g., see Olsen, i~68). 

Decislo~ tasks are viewed from the perspective of one partici- 

pant (the primary decision maker) but may include any number of 

additional participants. A participant is defined as any system 

which can or does affect the outcomes of the decision taak for the 

primary participant. For example, if the primary participant is a 

particular individual, a victim of • robbery, and one of the other 

participants in the decision task is another individual, a police- 

man called to the scene of the crime! then the second person is a 

participant in this specific decision task as viewed from the 

perspective ef the primary decision maker (the victim) only to the 

extent that he affects the outcomes of the decision task for that 
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p r i m a r y  d e c i s i o n  maker.  The pol iceman i s  a p a r t i c i p a n t  on ly  t o  t h e  

e x t e n t  t o  which he can a f f e c t  t h e  outcome f o r  t h e  v i c t i m .  Those 

a s p e c t s  o f  t h e  po l i ceman  which do no t  a f f e c t  t h e  outcome a r e  n o t  

z e l e v e n t  t o  t h i s  s p e c i f i c  d e c i s i o n  t a s k ~ i . e , ,  t h e  f a c t  t h a t  t h e  

policeman is a good poker player is not relevant to the victim 

(except possibly in mystery novels). 

There are a variety of different types of participants which 

are possible, ranging from natural phenomena (e.g., a machine m~y 

break down) to human individuals. The participants may be defined 

as individuals, groups, organizations, and so on. In many respects 

their definition is somewhat arbitrary and varies with the purpose 

of the analysis. For one purpose a group m~y be ~eflned as a 

number of individual decision makers interacting with each other; 

for other purposes they may be considered as one decision maker 

which interacts as a unit with other decision ~akers. And the 

propositions here to be posited for acto~ ~ the aame whether 

the actor is a group, an individual, or whatever (KuhA 1974,105). 

The pa_~tlclpants in the decision processes are here viewed as 

information processing systems. The following diagraa represents 

one such view proposed by Newell and Simon (1972,20-21). Such a 

system includes ~ mechanism for receiving information from the 

• environment (a receptor), a mechsmlsm for processing such infor- 

mation (a processor), a mechanism for storing results from such 

processes and allowing past actions and outcomes to affect present 

ones (& m~nory), and a mechanis~ for affecting the environment to 

l~roduce particular responses (an effector). 

Kuhn (1974) offers a similar model of the participants in 
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which  he  d i s t i n g u i s h e s  t h r e e  componentss a d e t e c t o r ,  a s e l e c t o r ,  

and an  e f f e c t o r .  I n  Kuhn ' s  model t h e  d e t e c t o r  i s  t h e  mechanism by  

which  t h e  p a r t i c i p a n t  r e c e i v e s  and p r o c e s s e s  i n f o r m a t i o n  from t h e  

~ e n t !  t h e  s e l e c t o r  i s  t h e  machanis~ which makes d e c i s i o n s  

• o r  " s e l e c t s "  b e h a v i o r s  f o r  t h e  system! and t h e  e f f e c t o r  i s  t h e  

nechan i sm which  c a r r i e s  out  a c t i o n s  by t h e  sys tem.  

T h e r e  a r e  s e v e r a l  b a s i c  p r o c e s s e s  which c h a r a c t e r i z e  t h e s e  

syste~ where each process is associated with one of the major 

components of those systems (Kuhn, I~4! NeweLl and Simon, l~r/2). 

These processes are information search, information processing, 

decision making, and action taken to effect decisions. It is 

thrc~ these processes that systems affect one another. These 

constitute the basic processes which occur in the general context 

of ~rohlem solving which occurs for such systems. In social inter- 

action typically most of these processes are relatively straight- 

fcr~a_v~ and the interesting aspects of the process lie in the 

d~islons--e.g., participants interacting face-to-face have little 

problems determining what each other says, in most cases, hence the 

interesting processes are information processing and decision 

~akin~. Here the emphasis is on decision making. For other 

~enona it might be wiser to concentrate on one or more of the 

othsr processes. 

This general view of participants as systems is found in many 

works. But it should not be overlooked that there are many 

~erent types of systems which may occur and which have somewhat 

di~ferent processes. It is important to identify clearly which 

type of system is being considered here. 
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T h i s  i s s u e  haa been  e x p l i e i t ~ y  addressed by Ackoff  and Emery 

( lY/2s25-31) .  They i d e n t i f y  a number o f  systems d i s t ~ s h e d  by 

r a n ~  o f  p o s s i b l e  outcome f u c t i o n s  and t h e i r  range of  

p o s s i b l e  s t r u c t u r e s .  The func t ions  o f  outcomes may be u n i - u n i  

(which s i g n i f i e s  t h a t  t h e r e  i s  one func t ion  in  a l l  environments) ,  

uni-multl (where one function occurs in any one environment but 

dlfferaut functions may occur in different environments), or multi- 

mnlti (~here different functions may occur in any of the possible 

e~nts). The structure of actions may vary in a similar 

fashian, being either unl-uni (where there is one structure in all 

envircrm~ts), uni-multl (where there is only one structure in s.u-y 

s Deciflc environment but different environments may have differe_~t 

~ s ) ,  or ~ultl-multi (where different structures may occur 

in the sa~e or different environments). Together these criteria 

di~-uish a number of different systems. 

primary decision maker in the decision tasks considered 

in ~ research ~ust be multi-multl both in function of outcomes 

a~d in structure. Such systems are called purposeful s~stems. 

~"~hese s ~ s  "can produce (i) the same functional type of outc~e 

in di~erem~ structu_-~al ways in the same structural environment 

(2) can produce ~ctionally different outcomes in the same and 

di~f~_r~mt structural environments " (Ackoff and ~ery, 1972,3!). 

Such & system can c~har~e its goals in constant enviromments~t~t is, 

it cam s e l e c t  the goals as well as the means for ~ing them. 

All ~mrposeful systems considered in this research consist of 

imilvldua~Is enactLug roles. Any participant inculding at least 

~ividual is called a social actor. The concern here is oa!y 
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with phenomena in which two social actors interact with each other. 

The type of system must be considered because systems differ- 

Ing in their outcome functions or their structures may be capable 

of different processes. The conceptualima/Inn developed here is 

only for systems which may take on multiple structures and have 

multiple outcome functions. These processes do not necessarily 

apply to the operation of other types of systems. 

Another way in which systems may differ importantly is in 

their relationships with their environment. Two ways in which 

systems relate to their environments are the effects of the 

environment on the system and the effect of the system on the 

environment (Ackoff and Emery, 1972si17-8). Specific systems may 

be relatively high or low in their responsiveness to the environ- 

ment (obJectiversion or subjeetiverslon respectively) and relative- 

ly high or low in their tendency to change the environment to suit 

their needs (externallzer or Internalizer respectively) (Ackoff & 

Emery, 1972). Together these two dimensions identify four differ- 

ent types of system.s distinguished on the basis of how they relate 

to their environments: objective externallzers, objective inter- 

nalizers, subjective Internalizers, and subjective extermallzers. 

These distinctions are important to keep in mind when analy- 

zing the interactions of systems because the observed behaviors may 

not be the only processes which occur, it is also possible for the 

systems to effect internal char~es as ways of adapting to changing 

conditions in their environment. Analyses which look only at o~e~t 



behavior would nat allow such subtle changes to be detected.* 

Yet another lai~azrt characteristic of participants is the 

connection between their chs~-actezistics and the decision situation. 

This link is absolutely critical in any theory of decision making. 

Such a oonn~-tion is provided by Ackoff and Emery (1972). Accord- 

ing to ~h~, the rxzzmal forn or outcoue matrix representation of 

decisions may be summarized in terns of a number of componentss 

the primary decision ~akar, A, the other participant, B, the 

available strategies for the two partlcipant~, A i through A n and 

C I through C a respectively, and the possible outcomes from the 

decision ta~k, Oi~ far the prlmal7 decisio, maker and O~j for the 

other particlpsurt. In addition, there are three parameters which 

they identify fo~ this decision ta.ak which summarize the relation- 

ships among these ~ e s .  These include the probability of a 

specific choice (faailiaA~ty), the efficiency of a choice (know- 

ledge), and the relative value of an outcome (utility) (Ackoff and 

EmezT, 1972,34). 

Familiarity, ar the probability of a particular choice is 

defined simply a~ ~ probability t~t a participant, A, will 

choose a specific ~tegy, Ai, given the decision task character- 

istics (e.g., giv~ ~ other actor, that other actor's possible 

Strategies, the Ilk la!!hood of selecting each of those strategies, 

and the possible ~cu~es of them). The efficLencz of a choice 

*Examples of ~A=h behavior are plentiful in the attitude 
change literatu-~ ~ in theories of cognitive balance, dissonamce, 
equity theory, ccng--mlty, and so on. Socialization is another ex- 
ample of a l~nenome~ in which one of the ~aJor outcomes is the 
internalization of different values as a result of interactions 
with the envirozme~ of the individual system. 



( k n o w l e d g e ) ,  i s  d e f i n e d  a s  t h e  p r o b a b i l i t y  t h a t  a g i v e n  c h o i c e  

will result in a particular outccae in a specified decision t a s k  

given that it is chosen by the actor, A. The relative Value of 

some outcome of the decision situation is defined simply as the 

preference for each outcome relative to other outcomes for the 

actor (e.g., the most preferred outcome is that with the greatest 

relative value) (Ackoff and Emery, 1972,3A-35). These three 

parameters to6ether describe the process of decisions which can 

occur in such decision ta~ks. 

To summarize, Ackoff and Emery (I~/2s82) suggest an in- 

dividua1's model of his ch~e situation consists of what that in- 

dividual believes to be! 

I) the courses of action available to the participant, 

2) the possible outcomes of the available courses of action, 

3) the possible courses of action of the o~her participant(s) 

(possible values of the uncontrolled variables that can affect 

the" outcomes of available courses of action for this particlpant)~ 

A~) the probabillty that each of the possible states of the choice 

environment is the true one (fan~41iarity), 

5) the efficiency of each available course of ation for each 

possible outcome in each possible state of the choice env~onment, 

and 

6) the relative value of each possible outcome. 

Together the three parameters, the probability of choice, 

the efficiency of choice, and the relative value, describe in 

general mathematical terms the process whereby a P~ticular de- 

cision maker translates the characteristics of the choice situation 
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i n t o  some outcome.  Each  o f  t h e s e  p a r a n e t e r s  i s  a f u n c t i o n  o f  t h e  

c h o i c e  s i t u a t i o n  c h a r a c t e ~ s t i c s ,  and  t h e y  may be  r e p r e s e n t e d  a s  

in the following table (Table 2.9). 

These parameters describe the outcc~e ~hlch ~ill result. 

That is, the probability of a particular outcome equals the sum 

of the probability of each choice times the probability of the 

outcome given that choice. 

P(°I) = {(Pk~) 

Both the probability of choice and the efflci~ncy depend on 

the properties of the decision task (the available strategies, 

the possible outcomes, and the choices of the other participant) 

therefore the outcome is also a function of those variables, 

P(O!) =Z[(%). (01), S ] 

The particular decision maker then provides a transformation 

function which transforms the decision ~ characteristics into 

some outcome. And the particular c.haracteristics of the in- 

dividual are displayed in the nature of that transformation. 

One might expect different systems or different decision makers 

to respond differently in similar situations and to have different 

parameter values. 

The decision maker also converts these decision situation 

characteristics into the expected relative value for that declalon 

maker 

k 
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PARAmeTERS 
OF ~I!E CHOICE 
$ITUATXON 

TABLg "2.9 

COI.fPONE~|TS OF ~Z CIIOICE SITUATIOH 

AVAILABLE POSSIBLE 
~OURSES OF OUTCO.~IES 
ACTION 

~.~TRATEGIES) 

ENVIROSbIENT 

(CIIOICES OF 
OTHER 

PARTICIP~\~S) 

Probability of choice Pi = f "[(Ckt)' (0i)' Sm] 

Efficle~cy Eij= g [(Ok1), " (01) , Sm] 

Reiati~e value Vj = h |(Ckl), (01) , Sm] 

°. 
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- P[(%).(ol),s kS 

~fortunately, as Ackoff and Emery admit, these functions 

are not as operational as they are programmatic. They don't de- 

scribe the specific functions, but they do suggest ~ program for 

research ~hlch would determine such a function. There are three 

t y p e s  o f  r e s e a r c h ,  one f o r  each o f  t h e  p a r a m e t e r s .  Each examines  

what choices are made in controlled circumstances. These are 

as  f o l l c ~ e s  

" I) Measures of familiarity derive from the effect that different 

properties of courses of action have on probabilities of 

choice displayed in situations in which the course of action 

• • -.chosen has no-effect on the outcome. Hence they are measures 

of mea~s preferences. 

" 2) Measures of knowledge derive from the effect of different 

efflclencies of choice on probabilities of choice for whose 

outcomes the relative values remain constant. Hence they are 

measures of sensitivity to efficiency. 

" 3) Measures of intention derive from the effect that differ- 

ences in outcome have on probabilities of choice, where each 

avsilable course of action can produce only one possible out- 

come and each possible outcome can be obtained. Hence they 

are measures of ends preferences" (Adkoff & Emery,4i-42). 

Basic Modes Of Interaction Between.Systems 

closely related to the characteristics of participants are 

the modes of interaction which are possible among participants. 
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There is a major distinction which is sometimes made to character- 

ire fundamentally different tMpes of inters~tion, the distinction 

• etween transactions and communications. These are two fundamen- 

tally different ways systems may interact. The first is inter- 

action in which one system affects the outcomes of the other 

system In ways which may induce that other system to change its 

behavior. The second is interaction in which one system affects 

the other by an exchange of information rather than a cha~ in 

outcomes. The first type of interaction may be labelled a 

transaction! the second, communication. 

A transaction may be defined as "any interaction between 

parties analyzed with reference to its value content to the 

parties" (Kuhn, 1974,174). Roughly speaking, a transaction is a 

transfer of anything of value between the two parties. Valued 

things in transactions may include information, praise, affection, 

or pezmlssion, and are no~ limited to matter-energy quantities 

such as money, material goods, and so on. Transactions may be 

contrasted with communications. Transamtions are concerned only 

with the value consequences of some interaction, not with the In- 

formational consequences (Kuhl. 1974:1-5). 

Communication, on the other hand, is a process by which one 

system can affect another system without changing "either its 

environment or the components of its choice sltu~tlon." Ccm- 

munlcatlon, as defined by Ackoff and Emery (1972:152), occurs 

when a message produced by one system produces a change in one or 

more of the parameters identified earlier which describe the 

relation of that second system to the decision sltuation (these 
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parameters are the probability of Choice, thee~iciency of choice, 

and the utility of the outcomes). An important aspect of this 

definition is that both systems must be purposeful for communicat- 

ion t o  take place--the choice parameters of a system cannot be 

changed if only one type of action or only one type of structure 

is possible. In addition, communication may be unintentional, it 

may take place between systems widely separated in time and/or 

space, and a system may communicate with itself (Ackoff and Emery, 

As Kuhn (i974) is quick to point out, transactions and com- 

munieatlons may be related to each other. Any particular inter- 

action between systems may include elements of both value content 

and information content. The information transfer can affect the 

value transfer and vice versa. In most situations both of these 

processes occur simultaneously. 

Ackoff and Emery (~_972) identify a number of types of 

communication which are possible based upohthe parameters of the 

choice situation they identified earlier. These include information, 

instruction, and motivation. Instruction is "a communication 

that produces a change in the efficiencies of any of a receiver's 

courses of action." Information is "a communication that produces 

a change in amy of the receiver's probabilities of choice." And ~ 

motivation is "a communication that produces a change in any of the 

relative values the receiver places on posslb1~ outcomes of his 

choice" (Ackoff and Emery, 1972,144). 
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The Case of Police-Citlzen Encounters, 

Now that the components of this conceptual framework have 

been elaberated it is possible to return to a consideration of 

the entire process as it was presented in the overview section. 

The way in which these factors combine to produce social Inter~ 

action between two participants can be restated with greater 

d e t a i l .  

The  phenomenon  o f  c o n c e r n  h e r e  i s  a p o l i c e - c i t i z e n  e n c o u n t e r  

such as commonly occurs in the course of the day-to-day activities 

of police officers as they are called to the scene of a crime %o 

investigate or as they intervene in a crime in progress, and so c~u. 

In these circumstances the officers commonly find themselves inter- 

acting with some individual already on the soene--i.e., a victi~ w 

or a supposed criminal, or a witness, - 

Such phenomena are appropriate for investigation utillz~ 

this framework because they involve relatively clearly defined 

series of interactions which begin when the officers arrive at 

scene and which end when they depax~. The interaction which taxes 

place, as much or more than other interactions, tends to be 

focused around a specific issue. At least two individuals ax~ 

interacting. Both of the Indlvidualsmay have some impact on the 

course of the Interaction--i.e., they affect the outcomes. And 

the events which occur have some valued consequences for the i.u- 

divlduals (i.e., they have some preference for some outcomes over 

others! for example, the citizen typically does not want to be 

~hls conceptualization, when applied to police-citlzen 
encounters, is similar to a conceptualization of such enco,unter~ 
by Sykes and Clark (1975). 
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a r r e s t e d ) .  

F r c ~  the  previous  e ~ p i r i c a l  s tud ies  i t  would appear tha t  the 

most impor tant  c h a r a c t e r i s t i c s  of p o l i c e - c i t i z e n  i n t e r a c t i o n  would 

be first its processual character, then the task conditions in 

which it takes place, and only secondarily the characteristics of 

the individuals. These characteristics will be considered in turn. 

I>/0C0S8 

Police-Citizen Interaction may be viewed, as illustrated in 

Figure 2.1, as a series of interactions between a police officer 

and a citizen. Suppose, the police officer, first takes some 

action which is perceived by the citizen. The citizen then decides 

what action to take in response, based upon the informational and 

value consequences of that first actlonp and the objectives of the 

citizen. That decision involves a number of subprocesses in- 

cluding an assessment of the net utility of the outcomes for differ- 

ent alternative c ~ s  of action! comparisons of alternatives 

with each other, with expectations, and with the outcomes for the 

other participant! and any of a number of particular decision rules 

depending on the specific objectives of the citizen. 

The actions of these paz~Icipants tend to be purposeful. The 

citizen accused of a crime tends to present information in such a 

way as to prevent the officer arresting him. The citizen who has 

been victimized tends to present Luformation and to cooperate 

with the policemen in order to lead to the punishment of the of- 

fender or the relief of the victim's condition. The policeman 

tends to act in such a ~y as to meet ~he requirements of his Job-- 

to determine the necessary information, to mediate between 
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a n t a g o n i s t i c  c i t i z e n s ,  a ~  s o  cm. The p r e c i s e  g o a l s  o f  t h e  

p a r t i c i p a n t s  may be o f  a = = ~ e r  o f  t y p e s .  The po l iceman  may be 

p r i m a r i l y  concerned with ~ v io le=ce,  a hassle, or red t a p e  

while still fulfilling his o~!i~-aticns. ~ citizen accused of a 

crime might be attemptlng to ~vc!d further trouble with the police, 

t o  remain  ou t  o f  j a - t l ,  t o  a v ~ !  any p e n a l t i e s ,  a n d / o r  t o  end t h e  

interaction favorably a~ soc~ as possible. 

That decision involve~ a =unber of subproceseea including an 

assessment of the net utility of the outcomes for different alter- 

native courses of action; ca~a_~sons of alternatives with each 

other, with expectations, ~ ~ith the outcomes for the other part- 

iclpant; and any of a numbe~ ~ pal-ticula~ decision rules depending 

on the specific objectives c~ ~,he citizen. 

Once the citizen res-~amls this provides feedback to the 

officer. The officer then ~ hake sc~e decision as to the 

course of action to take ~em bath his o~n and the pa~t action of 

the other particlpa~t and A~be conditions of the task in which they 

char-~- of this process is very much like are interacting. The ~ 

a mutually adaptive process ~ each participant acts in p a r t  as 

a consequence Of the c~be~_ ~-~icipant. It is a cyclical! process 

of action, reaction, s~!cn, e.ud so an. 

One of the factors w~imh ~ost acc~Amts for current action in 

such a process is the past ~.~.ic~s which have o~curred. Hence, the 

situation-~consisting of th~ ~ const.~alnts plus the past actions 

of the participants--is a vmry Inp~r~urt aspect of this process. 

For example, one would expect a quite different response on the 

part of the officer if ~ citizen had Just accused him of police 



I08 

~:utality and called him so~Chlng obscene as opposed to when the 

citizen had Just responded politely and cooperatively to a 

question. 

This pzocessual character of the phenomenon is not only an 

interesting factor which may account for same of the variation 

which occurs--i.e., an encounter is described by more than Just 

aggregate measures such as the average n~,mber of cooperative re- 

sponses. Encounters are also described by the development of the 

interaction process over time. The interaction sequence is a very 

important pact of the encc~Jnter and the consideration of the 

encounter apart from that leaves out a very important facet of 

the interaction. 

Task Conditions 

The most important aspect of differences in police-cltizen 

encounters which are likely to appear are the very different roles 

which the citizen and officer enact. 

Role. Police and citizens generally have rather clearly 

defined roles which produce a very asymmetric relationship between 

the two participants. The ooliceman is obligated to perform 

certain functions in a variety of such situations, and the citizen 

is generally expected (those expectations are enforced wlth a 

combination of information and formal legal expectations for 

behavior) to behave in Certain way~. 

For both participants there axe a number of very restrictive 

legal and normative prescriptions as to their behavior, possible 

outcomes, sad alternative c~es of action which are available. 

Pollce-citlzen interaction, of all types of social interaction, 
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may ~e ~hs most rigidly prescribed behavior. Clearly there are 

very s~rong legal presctiptive co~ponents to this ~nteraction (e.g., 

the miranda ruling, standard ways of desli~ with citizens re- 

sistln8 arrest, the standardized training of policemen, and so on). 

Great care will probably be taken both by the policeman and the 

citizen not to violate these prescriptions. 

A second characteristic which appear~ Luportant is that the 

policeman typically h~s been extensively tt'Ained and has experienc- 

ed many such encounters before. For this ~ n  the policeman has 

had a long time to prepare for such encounters and has been able 

to thLnk out beforehand ma~y of the types of a~tions which he 

might carry out in such a situation. For the citizen, on the other 

hand, such sitUations maY usually be somewhat unique and new. 

There has been no previous premeditation of possible actions and 

the citizen may not be ~ of all of the- empectations for his 

role, may not have ha~ time in advance to plan behaviors~ and may 

be under shock or under stress from the tr---~Lnatic event which pre- 

cipitated this encounter. The police~n is also more familis~r with 

the possible alternatives available in such situations. 

A third characterization of nany such er~counters may be that 

one of the primary re&sons the police-~n is t~here is to ~ather 

information. Information search is a ~ c  Cam Donent of his role. 

Such information search may not be expected or allowed for the 

citizen. 

Given ~Ii of this (the policemsm's f Isml!ial-ity with the 

SituAtion, his information search activity, and his legally defined 

role, as mediator, representative of the l~x~rests of the larger 
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society, and so on) it is likely that he would be much more likely 

to take control of the situation and to tend to affect his external 

environment, and to be less affected by the environment. The 

citizen (due to his lack of familiarity with the situation and the 

role expectations, the legal and normative restrictions on his role, 

and the requirements that he provide information at the request of 

the policemen) would tend to be more passive, internal in his 

changes and more affected by the external environment. 

The Interaction tends to be asymmetric contingent in terms of 

the contingency of actions for each participant on the past actions 

of others and Of himself. That is, the policeman, due to his 

training and past experience is much more aware of the alternatlve 

courses of action avr~Llable and the decision rules Which may be 

effective. By right of his legally and normatively prescribed 

role of authority he also is much more in control of the situation 

than the citizen. One would thus expect the action of the 

policeman to be contingent primarily upon his own past actions, 

being affected relatively little by the actions of the citizen. 

The citizen, on the other handp has not had the opportunity 

(usually) to plan his behavior in advance, is not famills~r in 

some cases with all the alternative c~rses of action available, 

may well be traumatized by the events precipitating the encounter, 

and hence is forced into a more submissive role. The citizen is 

thus likely to have his behaviors contingent very heavily on 

the past ~havlor of the policeman and very little on his own 

past behavior. The policeman then, for a variety of reasons, 
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t e n d s  t o  d o m i n a t e  the interaction.* 

Xn additlmn, in most police-citiaen encounters the potential 

outcomes of the policemen differ considerably from those for the 

citi2ens. The police are simply carrying out their Job and the 

outcomes of the interaction will not normally have lasting long- 

te~m consequences for them. For the citizen on the other hand, 

the consequences may be quite dire. If the citizen is a suspected 

criminal the outcomes may be extremely long-term, extremely 

negative, and even irreversible. Certainly these differences in 

potential outcomes will lead the citizens to be somewhat careful 

in their actions and one might expect them to take fewer risks 

in the interaction than the policemen.** 

Police and citizens are also differentiated in the extent to 

which each controls both their own outcomes and outcomes for the 

other participant. In most cases the policeman has greater control 

over the ~utcomes of the situations for all participants than the 

citizen. The outcomes for the police officer, as mentioned before, 

tend to be of minor importance relative to other outcomes for 

most such interactions. And those outcomes are primarily under 

*The finer structure of such interactions as explicated by the 
taxonomy of modes of influence of Tedeschi et al (1973) could also 
be applied here, and probably with some insight. However, the data 
available for this analysis does not include many of those distinct- 
ions and instead includes others. Therefore this discussion will 
not be carried out here. The interested reader is encouraged to 
consider some of the insights which may be gained from considering 
these modes of interaction and which would be likely to occur in 
this setting. 

**Others (i.e., Sykes, Fox, and Clark, 1975) have also suggest- 
ed a number of decision criteria officers might use in making decisions. 



112 

h i s  c o n t r o l .  He a l s o  ha s  a g r e a t  d e a l  o f  c o n t r o l  o v e r  t h e  

r e l a t i v e l y  i m p o r t a n t  p o t e n t i a l  consequences  f o r  t h e  c i t i z e n  ( i . e . ,  

he may a r r e s t  t h e  c i t i z e n  and cha rge  him w i t h  a c r i m e ) .  

O t h e r  t a s k  c h a r a c t e r i s t i c s .  I n  a d d i t i o n  t o  r o l e  t h e r e  a r e  

other characteristics of tasks which may affect the interaction. 

These Include a number of characteristics which affect the char- 

actor of the role itself. The nature of the role the citizen is 

expected to play can vary considerably depending upon a number of 

factors. The citizen ~might, for example, be accused of violating 

a law or might be a victim seeking police help. The actions of 

citizens would be expected to vary considerably with the role they 

play. There is a need to differentiate among the different roles 

citizens may be called upon to play in different circumstances. 

Similarly, the police themselves, have a number of complimentary 

roles which they enact depending upon the nature of t~ circum- 

stances (e.g., a service role for a car accident versus an en- 

forcement role for violation of some law). 

One of the more complex aspects of pollce-citizen interaction 

isthe nature of the "commodities" exchanged.* In the course of 

such interactions verbal and nonverbal behaviors take place which 

have value consequences for the participants (e.g., positive 

affective statements and negative affective statements). These 

value consequences are frequently not easily compatible or com- 

parable. They do not have clear relationships to easily observ- 

able characteristics (for example, a slight nod of the head may 

*E.g., see Foa (1971), Turner, et al. (197i). 
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c o n v e y  more  n e a n l n g  t h a n  t h e  e n t i r e  v e r b a l  b e h a v i o r  w h i c h  g o e s  on  

i n  a c o n v e r s a t i o n ) .  Nor  do t h e  a c t s  have  t h e  s ~ e  o r  even  com-  

p a r a b l e  consequences for each participant (an activity which is 

considered highly re~arding and complimentary for one participant 

may have inaigniflCant consequences for others). 

It shauld not be overlooked that these interactions take 

place among people who moments before may have been perfect 

strangers. For such a regulated, standardized, interaction to 

occur requires some very clear and powerful social interaction 

processes. It isfor this reason that policemen typically wear 

distinctive uniforms, badges of authority, and so on. The beginning 

of such interactions is critical for the establishment of the 

definition of the situation. The police have only limited infor- 

mation as to the situation--information which may frequently be 

quite wrong--and they are not entirely sure how the citizens in- 

volved will in'~era~t--e.g., whether they will be hostile and nonco- 

operative, helpful, incoherent, or what. The interaction can pro- 

gress rather rapidly, hence it is important how fast the partici- 

pants can process information and cope with the events which 

develop. One might expect them to make use of stereotypes or 

socially deteznlned categories of people to help them process infor- 

mation faater. Because of the limited information one might also 

expect the fil-st few interactions in such a situation to be rather 

clear actions designed to establish control over the situation and 

to impose a definition of the situation on the other participants 

(Fox, 1975). One night expect such a situation to be very 

volatile at first in the possible types of interaction which may 



occur, ~ut to settle down very rapidly into stable interaction. 

ane of the most critical aspects of police-citizen interaction 

is that It is an interaction between tyo or more social actors. 

Among other things, this means that simple maximization of own 

Benefits is less likely| assessments of the outcomes for the other 

participants as well am for one's self is likely to occur, and 

social Justice comparisons may be made and may be t~ basis for 

much of the interaction which takes place. 

In addition, there are many other ways tasks m~y differ from 

each other. Many of these differences are very important and 

have strong effects on the nature of the interaction which occurs. 

Such tasks may differ in the number of participants present, the 

level of coincidence of interests, the roles of the actors present, 

the complexity and duration of the interaction, the available 

alternatives, the extent to which particular decisions affect 

future possibilities, and many characteristics which describe the 

matrix of possible interactions for the tasks in ways which may be 

important (e.g., measures of fate or behavior control, the concept 

of power, and so on). 

There may be more than one policeman present or more than one 

citizen. The importance of the precise numbers of people present 

is mediated by the rolea these people play. For example, two 

policemen may be fulfill ~Ing virtually the same role in an inter- 

action so that it is not necessary to distinguish them as separate 

participants but they may instead be treated as one participant (e.g., 

"the police") which includes more than one social actor. This is 

also true for %he citizens present. If they play roles which are 
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ve ry  s t r o l l e r  o r  l ~ L L s t t ~ - u t s h a ~ l e  then i t  may be use fu l  t o  cons ide r  

the=  S l a p l y  a s  " c i t i z e n s ' ,  = v i c t i m s ' ,  o r  "offende2:s" and no t  

d i s t i n g u i s h  them a~ d i f f e r e n t  p a r t i c i p a n t s .  

The d e g r e e  o f  c o i n c i d e n c e  o f  i n t e r e s t s  f o r  t h e  p a r t i c i p a n t s  

may a l s o  v a r y .  ~ ~ay be comple t e  c o n f l i c t  between t h e  c i t i z e n  

(s) and the police (e.g., the situation in which a policeman is 

trying to appreheI~ a an~spect who is resisting arrest), there may 

be partial conflict (e.g., a person being beaten up in a flght 

which he Started would share the policeman's desire to stop the 

fight but would n~ ~ the policeman's desire to punish the 

~ r ~ 0 ~ ,  r e s p o ~ l ~ e ) ,  o~ t . ~  ~ y  ~ couplets c o ~ o ~ t i o ,  ( e .g . ,  

the victim of a crime would share the goals of the policeman of 

capturing and prosocutlng the offendlng party). 

Encounters also may differ in their complexity and duration. 

A mass riot in which nany police and h~ndreds of civilians are 

involved is clearly ~h more complex than a domestic squabble 

between a husbar~ ~ wLfe with one policems.u present. The number 

of available alterr_~tives and possible courses of actions for 

participants, and the complexity of the overall interactions in 

tezms of all partici:~.uts is clearly much greater. Some encounters 

last only a very fe~ s~conds (e.g., a policeman telling a vagrant 

to move on), while o~hers may last hou~s (e.g., the questioning of 

a suspect about a ~i~e). 

Modes of Inte~tlcn. The primary mode of interaction for 

pollce-cltlzen encc~z~ters is gemez-ally verbal, symbolic com- 

munication. The -~ational contemt of such communications is 

certainly impo~ as is evidenced by its use as evidence in 
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cour t  t r i a l s .  I t  i s  through t k t s  s ~ h ~ c  communication tha t  

participants find out about the poeslhle outcomes for them from 

the interaction, possible consequences they will face as a result 

of their action, and so on. The Infcrmatlonal impact of such 

statements as "you're under arrest" is very great. 

But there is alsoa transactional component to this inter- 

action which should not be underestimated. Each action by the 

participants may have either positive, negative, or neutral affect! 

it may be compatible with the actions of the other participant (e.g., 

answering a question) or incompatible (e.g., refusing to obey a 

command) ! and it may be either a ver~al interaction or some 

physical pressure, or so on). Each of these aspects of the inter- 

action has value consequences for the participants as well as in- 

formational consequences. For exaap!e, a person might be expected 

to prefer positive affective comments to negative affective ones, 

behavior compatible with his own be.~vior to incc~patible behavior, 

and so on. 

This transactional component of thee interaction may be im- 

portant and worthy of study for a z~mber of reasons. First of all, 

that component is important in its c~m right without regard for Its 

connections with the cozmunicative ccm~oment. For example, the 

character of the police-citizen enc~ers in Chicago during the 

1968 Democratic convention in terms of their transactional compon- 

ents (e.g., the degree of coope~tlcm a.ud conflict, the degree of 

physical violence, and the negative a_~:-ect) clearly is an important 

phenomenon. The issue of police br~a!!ty and violence by both 

parties in such interactions is one ~--ich is worth addressing in 
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and of itself apart from any insight it might also lend into other 

aspects of the intez~ction, 

Secon~lyw t h i s  t r a n s a c t i o n a l  component I s  l i k e l y  t o  have a 

c l o s e  c o n n e c t i o n  w i t h  t h e  communicat ion component o f  t h e  i n t e r -  

a c t i o n  and t o  r e f l e c t  d i f f e r e n c e s  which o c c u r  on t h a t  l e v e l .  For  

example ,  t h e  i n f o r m a t i o n a l  consequences  o f  t h e  s t a t e m e n t  " ~ o u ' r e  

under arrest" are in many respects similar to the value conse- 

quences for that sa~e statement. The verbal or physical response 

of the person to which such a statement is made will probably 

x~flect both of these components and be expressed in a parallel 

fashion for both the transactional and the communicative component 

of the interaction. Much as verbal and nonverbal behavior are 

thought to reflect parallel channels of communication conveying 

similar information (Knapp, 1972; Birdwhistell, 1952, 1970; Kendon, 

1972) the transactional and communicative component of inter- 

actions also might be expected to reflect similar concerns and 

convey valued consequences and information which pars/led e~h ether 

(i.e., they represent corresponding states). 

Another reason Why it might be useful to examine the tran- 

sactional component of interactions rather than the communicative 

component is because of the tremendous legal and normative restrict- 

ions on the behaviors of police and citizen in pollce-citizen 

encounters. The severe regulation of such behavior (e.g., the 

legal prescriptions against offering b~bes, the requirement of 

reading a person his Miranda warning, and so on) may be so re- 

strlctive that the communicative component is ritualized and re- 

gulated so much that the real interesting behavior which explains 
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the character of the interaction is the transactioz~l ~ulpect. 

Another reason for emphasizing the transactional component 

might be i~s greater parsimony both in terms of the complexity of 

the different states which are conceptualized and in the way~ part- 

icipants night be expected to respond to those states. Certainly 

there a~e almost infinite variations in types of Inf~atlon which 

may be exchanged in interactions. The types of valued con~luences , 

however may be rather crudely categorized in a few 1~.sic cate- 

gories such as positive or negative affect, cooperative behavior 

and so on. 3uch general categories for information s~e not to my 

knowledge available in the literature. The symbolic i~teraction- 

Ists have repeatedly pointed out the great complexity of such 

communlcati~e interaction. The complexity of the s*~a~es which are 

posslb~e is far overshadowed by the even greater cc~lexlty of the 

possible ways people may respond to such states. The co~pllcated 

processes enjoined by the symbolic intera~tionists to explain 

interaction must surely be feared as much as they ~ a~Imired. The 

subtlety of such symbolic interaction, its nuances, the complex 

decision, and so on are clearly far beyond current fox~lization 

capeb~llties. 

Ferhaps by examining only that simple aspect of t.his type of 

interaction which may reflect this more complicated behavior is a 

good strategy. Certainly, in terms of a formal theory ~ud precise 

empirically testable predictions something must be done. Fer~.~ps 

it is the case that interaction can be conceptualized as taking 

place on a number of levels at once. There is a ~hysical level, 

a biological level, a psychological level, a social level, and so 
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on. Of the two levels which approach the greateet level of ab- 

stractions, the transactional and the communicative (symbolic), 

perhaps we are better disposed to concentrate first on the simplest 

in hopes of finding out something. This may prove inadequate and 

the issue may have to be Joined on the level of completely 

sy~bollc communicative behavior. But it is a reasonable research 

Judgement to begin with the simplest approach and hope it proves 

successful. 

Individual Characteristics. There axe a number of additional ways 

4, whlch particular participants may differ. They may differ with 

regard to a large number of personality characteristics such as 

those pointed out by Vinacke (1969) or Becket and McClintock (1967). 

These include authoritarianism, Michaevelianism, inner-dlrectedness, 

and so on. Participants may also differ in their ability to 

search for and process information (i.e. , developmental differences 

due to differences in aging, IQ differences, and so on). Partici- 

pants may differ with respect to a number of external character- 

istics such as status, a~e, sex, race, social class, and so on.* 

Many of these differences may be expected to influence the character 

of the interactlon which occurs. 

Specific hypotheses 

This discussion illustrates some of the insights this 

*Sex roles, for example may be compatible or incompatible with 
the perceived character of police-citizen interaction (i.e.D when a 
policeman feels he should be dominant and citizens submissive, if 
the policeman is a man and the citizen a woman, the the sex role 
ex.oectatio~s of dominant-submissive relations may be compatable with 
the police-citizen roles.) 
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fraaewozk can provide for understandln~ a particular case of 

social interaction. Since this particular case of social inter- 

action will be examined in some detail here, it may be helpful to 

formalize a number of these insights as specific hypotheses to be 

tested. 

There is one assumption in particular which is implicit in the 

effort to model this phenomenon with a Markov process, 

i) POllce-citizen interaction is a process which takes place 
over time and specific actions at any point in time are, at 
least in part, a function of actions which preceded them-- 
i.e., they are contingent on past actions. 

In addition, there are several assumptions pertaining to the role 

differences between officers and citizens~ 

2) Police respond more to their own past actions than to those of 
citizens (i.e., their current responses are more closely 
related to their own past actions than to the past actions 
of citizens), 

3) Citizens respond more to the past actions of police than to 
their own (i.e., their current responses are more c~sely re- 
fated to the past actions of police than to their o~m past 
actions), and 

~) Police officers will be more likely to respond with more 
nerative or redirectlve communicative acts than the response 
of the citizen which immediately precedes their action; and 
citizens will be more likely to respond with acts which are 
less negative and more cooperative than the response of the 
officer which immediately precedes them. 

Two additional hypotheses pertain to the contingency on past events 

and the possible decision rules which guide citizen and officer 

behavior. 

5) The model which provides the best fit to the data will be the 
model which assumes that current responses are contingent upon 
both the most recent response of the other participant and one's 
own most recent responsel and 

6) Both citizen and officers tend to Utilize a status-equilibrl- 
atlon decision rule to guide their responses. 
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The analysis which follows will seek to provide tests of these 

h~l~Otheses as well as to explore other interesting properties 

of police-cltizen interaction. 



Chapter 3 

N~TH ODCLOCY 

The overarchlng objective of this research is to develop a 

coherent conceptual framewox~ of social interaction which admits 

of its processual character and to examine a specific case of such 

social interaction--pollce-citizen encounters--In an effort to 

test the utility of that conceptual framework, Hopefully in the 

process s~me greater uraderstanding of interaction will result. Now 

that the conceptual /h~-~ework has been presented it is necessary to 

somehow connect that fl-a~ework to the empirical analysis. This is 

a critical step which s.bould not be taken lightly. Many past works 

have been notably deficient in relating theoretical developments to 

the empirical phenomenon ~nd have suffered as a consequence. 

The objective of this c.hapter is to provide a number of 

essential connectionsr c ~cnnections between the concepts of that 

conceptual framework and s~ecific variables measured in the obser- 

vations of police-citizen encounters to be analyzed here, and 

connections between the still rather formalized and conceptually- 

oriented Hamkov models ~ the more data-oriented log linear models 

which will be utilized to analyze the data. In the course of m ~  

these connections it is also necessary to describe briefly the 

character of the observations of pollce-citizen encounters and the 

methods of data collection employed in obtaining them. It is also 
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necessaxy to point out that there axe subtle differences between 

mathematical models and other approaches to empirical investigation, 

and to warn of some of the problems which arise as a consequence of 

these differences. And finally, the specific strategy of 

empirical analysis to be employed will be outlined. 

The extensive use of mathematical models in this research re- 

quires an understanding of the subtle differences between research 

utilizing such models and other more common types of research. 

There are many problems which arise from the use of such models 

which appear to derive in large part from their mix of logical and 

empirical bases for truth. The most effective use of such models 

must include extensive tests of both their assumptions ~nd their 

predictions, an exploration of the logical implications of the 

models, and explicit interpretation of the models in terms of the 

phenomenon of interest. The nature of these problems and the im- 

plication they have for the analysis are very complicated and will 

not be discussed in detail here. In appendix I is presented a 

r~latively brief discussion of some of these major points. In add- 

ition, the interested reader is encouraged to explore & number of 

past works dealing with some of these issues, including the follow- 

ing works in sociologyz Lave and March, 1975; Lelk and Eeeker, 

1975! Kaplan, 196~| and Willer, 1973. 

A Markov Chain Model Of Social Interaction 

Having earlier discussed some of the processes underlying 

social interaction and perspectives others have taken regarding 

various aspects of social interaction, it is now the task to develop 

a way of conceptualizing this process so that it may be examined 
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empirically. Here this will he dome ~y working with the general 

states spoken of earlier in comnectlcm with the normalized decis- 

ion form representation of the declslcn task. Those states, recall, 

are general categories which describe the system at some point in 

time. Those states chould be mea~-~l representations of some 

substantive aspect of the social InteraCtion. They should he 

mutually exclusive a~ exhaustive, and t~y should characterize all 

social interaction in question at all points in time. If one can 

characterize a particular form of social interaction in this 

fashion, it has already ~ ahown how this may be used to con- 

ceptualize the contingency hetween the two participants and their 

underlying decision behavior. Here we will use this same concept 

to form a bridge between these concer-~al discussions of the under- 

lying process and the empirical exaalnation of social interaction. 

We may define a vector of all ~asil~le states which character- 

ize social interaction: 

s .~ (s~,s2.s 3 ..... %) 

These n states are mutually exclusive a.ud exhaustive. 

P(si,sj) - 0 for all i # J (~utually exclusive) 

P(~i) = I ( e ~ s t i v e )  
i 

Any particuia~ social ~ntez~ction ~ocess observed over time could 

thus be represented and described a~ a ~quence of states si(t) 

which chars~terize the syst~ at ~ fine, t. For example, a 

particular interaction ~e~u~nce ~ look as followss 

Slt' s2%+ I, slt+ 2' s3t+ 3' s2t+ 4' s2t+5''''s2t+ n 
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Up %o this point the system has simply been described. In 

doing so assumptions of discrete space and diScrete time have 

been implicitly made. These assumptions are not without their 

consequences, ~ut they correspond to those already made earlier in 

conceptualizing the underlying processes and they are consistent 

with the method of data collection employed to obtain the data 

which will ~e analyzed here (see the section to follow). The 

states of the system at different points in time might be related 

• %o each other in any of a number of ways. If that relationship is 

one of a number of specific types given considerable attention by 

statisticians in the past then it will be possible to use some of 

the insights generated by those previous statisticians and re- 

searchers to derive a number of predictions about the character- 

istics of these interactions as they unfold over time. In parti- 

cular, o~e-of the simplest models which has been used to describe 

such processual data is a Markov model. A Markov process is one 

which has a number of important properties. A Markov process may 

be said to describe a particular type of social interaction if the 

following assumptions are validl 

AssumPtion i: The ~arkov Assumption. 

The probability of occurrence of a particular state, s j, at 

time t+l depends solely on the state, si, which occurred at the 

immediately preceding time t. In other words, a Markcv process may 

be described by a transition matrix, T. The rows of this transition 

matrix represent the possible states occurring at time t, and the 

columns represent the possible states at time t+i. In each cell of 

the matrix is the conditional probability, Plj' of state j occurring 
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at time t+l given that state i occurred at the previous time, t. 

1'11 P12 "'" 

Pal ... 

where PlJ " p(sJt+l'si t) where 1 i, J n 

PlJ s~tlsfles the constraints of probabilities. 0 

1 i, J me 

states, 

• •n 

J=l 

r P2m 

l~im • 

Pij 1 where 

Since the process must always occupy one of the 

PlJ = 1 i = 1, 2, ..., n 

and the system is described by n possible states which may occur 

at amy time and which are mutually exclusive and exhaustive. At 

amy one time the current state of the system may be characterized 

by a probability vector S consisting of the probabilities that the 

state is in any one of the n possible states 

s(t) = p(~It), p(s2t) . . . . .  K ~nt) 
From t h i s  ~ssumption, 

S ( t+ l )  = T • S ( t )  

If this assumption is not true when states are defined a parti- 

c~ular w~y, It might be true when they are defined in some other 

fashlon (e.g., when a new state is defined which is the Joint occur- 

fence of two of the states as previously defined). Exploration of 

this assumptlon with a number of possible states defined by 

successively combining old states until the assumption is true is 
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referred to as examining the order of the Markc~ model. For ex- 

ample, the assumption might be found to be true for the second order. 

A Markov model of second order is conceptually equivalent to a 

nonMankovian process where present actions are contingent on the 

past two actions. 

Assumption 2 : Stability. 

The transition probabilities in the transition matrix remain 

constant over time. That is, 

pij ~ p(sjt+l,Sit ) where 1~i,j,n and t=O,l,2,... 

Assumption 3: Homogeneity: 

The transition probabilities in the transition ~trlx are the 

same for all classes of individuals, types of interactions, and so 

on. That is, the Mazkov model which is described by the transition 

matrix is assumed to be the same for all interactions under con- 

sideration. 

PlJ "PiJk i~ k~m 

where k is the category of some third variable for which the process 

is homogeneous. This is not a very restrictive assumption, since if 

there is some reason for believing there are substantial differences 

in the Markov process parameters for different sets of interactions, 

for different people, or whatever, then different parameters may be 

estimated for each of those subsets of the interactions considered. 

• Three standard ways of representing Markov models are as tree 

diagrams, transition diagrams (graph theoretic devices), and 

transition matrices. The tree representation of a task is closely 
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related to normal form decision task representation. Only tran- 

sition diagrams will be used here. Such a representation is pre- 

sented in Figure 3.1 This has all the properties of transition 

diagrams as discussed under Assumption I above. 

The advantages of such models is that if they hold, it is 

possible to generate a number of interesting predictions about the 

phenomenon which should h01d from the mathematical properties of 

F~rkov chains. Those properties have been extensively explored by 

mathematlciaas. In addition, the interaction can be summarized 

very efficiently with only a very few parameters. It is also 

possible %o infer some of the underlying processes related to de- 

cisions of interest by interpreting the parameters and components 

of the model. On the other hand, if it doesn't hold, then by com- 

paring the model to the data some insight into the nature of the 

data may be gained and some idea of the type of model which might 

better fit the data may be gained. 

The Data 

The data analyzed in this study were collected in a recent 

study conduc~.ed by Richard Sykes and his research tea~.* During 

the second phase of the study one thousand six hundred and twenty 

two police citizen encounters were observed by trained observers 

over a period of approximately one year in St. Paul, Minnesota. 

Four observers rode in randomly selected shifts in the squad 

*"Cou~tive Quantitative Analysis of Police Encounters," Center 
for Studies of Crime and Delinquency, NIMH, U. S. Public Health 
Service. F~cha~ E. Sykes,• Principal Investigat~! John P. 
Clavle, Co-i~rincipal Investigator. 
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FIGURE 3.1 
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cars of police patrols. Each patrol nox~ally consisted of two 

~lice officers and one observer. Those observers ceded directly 

encounters as they took place. The sampling design involved the 

ceding of critical events. Each encounter which occurred was 

coded s within each encounter interactions were coded as they took 

place, This design may be contrasted with a design where time 

intervals would be coded regardless of whether an interaction took 

place or not. 

These data are the result of significant advances in measure- 

ment made by those researchers in developi~ an extensive inter- 

action code, "Police L~,"(~allen & Sykes, 1974) and in developing 

sophisticated hardware and procedures for coding observations 

which make possible real-tlme encoding of data. (Sykes, 1973) The 

hardware sysiem enabled the observers to code directly on magnetic 

tape as the interaction progressed. Those tapes were later con- 

vetted directly into conventional computer ~ta storage tapes 

• utilizing machines developed in that line of inquixy by the invest- 

igative team. These data consist of systematic observations using 

that interaction coding scheme and hardware system to code behavior 

along several dimensions and create a record of the interaction as 

it takes place over time. Process data such as these for such a 

large number of cases collected in a field study are not at all 

common in the social sciences and constitute an unusual and sign- 

ificant opportunity to systematically explore the process of 

social interaction in a natural setting. 

The quality of these data appears to be very high. The very 

sophisticated equipment is likely to have reduced much of the error 
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involved i n  c o l l e c t i n g  t h i s  d£~a ( t o  say nothing of  making t h i s  

data  c o l l e c t i o n  f e a s i b l e ) .  I n  ~dd i t ion ,  the t r s l t n ~  p ~ c e d u r e s  

fo r  the coders  were e x t e n s i v e  an~ the checking and monitor ing of  

the  d a t a  c o l l e c t i o n  process  ware v igorous ly  pursued. Extens ive  

cleaning of the data was ~ out amd a number of previous 

analyses have already been camducted which are likely to have ex- 

posed problens which might have existed in the data and have pro- 

vided an opportunity for them to be corrected. 

The Sample 

Not all of the 1,622 pollce-citizen encounters observed in 

this data set were amenable to the relatively simple conceptual 

framework and empirical analy~s procedures which are ava~le for 

this analysis. In particular, the Conceptual framework is focused 

on the social interaction bet~_u participants. It is clear that 

if there are more than two pa_~cipants the character of the inter- 

action process becomes exce~y complex. For this reason it is 

useful to limit consideration in this study to only those encounters 

for which a minimal number of ~a-~ticipants were present. Because, 

in almost all cases, there we~ two police officers present, this 

would include encounters with ma!y one citizen present. 

The conceptual framework aiso suggests that there are a number 

of other varia%les which mig~ have strong impacts upon the c~t- 

er of the social interaction ~i-~'ch occurs. Those include the char- 

acteristlcs of the individuals, the particular role expectations and 

the nature of the encounter altuation. Controlling for very many 

of these at once immediately r~uces the working number of encounters 

drastically. So it is only ~osslble to control for a very few of 
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these variables in order to malnts&n sufficiently h~h numbers of 

encounters for analysis. It is not possible to know precisely 

which of these variables would be most important, but the decision 

here is to control for the role demands upon the participants and, 

in the same process to control one aspect of the encounter situation. 

Only those encounters in which one citizen was present and that 

citizen was an alleged offender were considered. It is considered 

likely that the interaction between police and victims would be 

quite different in character from that of police and alleged 

offenders. 

This resulted in a Sample of 159 encounters which could be 

examined. That sample was further reduced by consideration only of 

those encounters in which 20 or more interactions took pla~e. It 

is reasoned tha t many very brief encounters would not make it 

possible to examine the dynamic character of the interaction process 

over time. It is quite possible, and even likely that this sel- 

ection biased the sample in favor of a specific type of encounter-- 

i.e., perhaps one in which there was a more serious crime which 

occurred, or in which there was less cooperation on the part of the 

citizen, or perhaps it would be different from the shorter encount- 

ers in other ways. However, an examination of the entire sample of 

these 159 encounters when compared with that of the subsample for 

specific types of analysis (transition probabilities for a first- 

order model) found essentially no difference. This is not the best 

test of the differences between these two samples, but it is some 

indication that they may not be very different. Nevertheless, it 

should be recognized that the generalizabillty of this study may 
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not extend beyond relatively long pollce-cltlzen encounters with 

alleged offenders. It should also be reco~ that the analysis 

is even further biased in fav~ of the long encounters because the 

unit of analysis for this studyls an imtermction which occurs 

during an encounter. The enco~-~.~rs with more interactions thus 

contribute more to the results ~ the ~ e r  encounters. That 

hlas is assessed in some rests by the later analysis of the 

stability of the encounter ~ e s  over time w~bich indicate very 

little diffe=ence between early an~ late ~ers. Again, this 

is not the best test of this ~_as, but it is an indication that the 

magnitude of the problem may n~ be great at all. 

O~er~tlonallzatlon of Conce~s 

There are two types of daSa which need to be considered in 

this study: data pertaining t o  ~ encounter a~ a whole and data 

p e r t a i n i n g  ~o the specific in+~e_~tions ~ place during the 

encounter. The unit of analysis for t.hls s~dy is the particular 

interaction, not the entire auc~-ter. Hence the primary concern 

here is with the data charact~zi~l~g the imtez~ctions (the process 

codes), although a number of imuo~amt variables characterizing the 

encounter as a whole will be ax~m!ned. 

Because the primary conc~ of this view of the Interaction is 

its processu~l character, it is necessary to have data which reflect 

the sequence of interactions as they are observed over time. Those 

data must maintain the sequence of the intez-~ctions as they occurred 

and they mus~ characterize im~o-~.a~t aspects of that interaction in 

terms of categories which apply at all points during the encounter 

in order to meet the prerequisites set down for the data in the 

~ ~ ~ ~ ~ k ~  ~ ~ t ~  2 - -  ~ ~ ~ • ~ . . . . . . .  



c o n c e p t u a l  ~ n e w o r k ,  The d a t s  examined h e r e  o f  p o l i c e - c i t i z e n  

e n c o u n t e r s  meet  a l l  o f  t h e s e  c o n s t x - ~ t n t s .  Each i n t e r a c t i o n  a~ i t  

o c c u r r e d  was coded  ~ l o r ~  a number o f  d i n e n s l o n s .  The sequence  o f  

the interactions as they occurred was preserved, and in addition, 

the elapsed time during the encounter s~s also preserved. Hence 

these data may be treated as discrete state data with either 

discrete or continuous time. 

The procedures and codes utilized in this data collection 

procedure are based on the ~olice IV Interm~-tion Code. This 

observational code is the fourth in & series of such codes developed 

by Duane Wallen and Richard E. Sykes (~allen and Sykes, 1974). 

That code is very extensive and complex amd is described in detail 

in a manual which was used for training o~sarvers in its use. Here 

only the specific parts of the code which ~re utilized erten- 

sively in this research are described. Those are the process codes. 

The two process codes of interest here are the interact code 

and the operator code. These codes were used to describe the inter- 

action which took place durlng the encc~umter. Each interaction (i. 

e., a statement, question, threat, or o~.her verbal actA~n) was 

coded using these codes. The interactions were coded in the seq- 

uence in which they occurred as they occurred by the observers util- 

izlng electronic encoding equipment. 

The interact code has the follo-~ing structure: 

(R + (R) + CD +IF + A) 

That is, it consists of a minimum of four numbers ((R) is im- 

plied Usually , more maybe added when complex codes are required). 

The first two numbers of the code on the left represent the role of 
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( | )  t h e  p a r t i c i p a n t  i n i t i a t i n g  t h e  a c t i o n ,  and  ( 2 )  t h e  l ~ r t i c l p a n t  

" t o  ~ h i c h  t h e  a c t i o n  i s  d i r e c t e d .  F o r  t h e  s a n p l e  o f  e n c o u n t e r s '  

examine4 here there was only one citizen present and hence the 

role can only take on two effective values,* 

Roles 1 - citizen 
0 - officer 

F~r example, the citizen may speak to the officer (this w~uld be 

coded 10..°), or the officer may speak to the citizen (01 .... ), or 

o f  the officers may speak to the other officer (CO). The 

number in the interact code specifies the comte~ damaln of 

ihe Interaction. Communicative acts in the les-al or encounter 

nexus content domain refer to the reason for t.~e pollce--cltizen 

~mcounter (e.g., for a traffic offense, statezents ref_~..u 6 to 

the alleged offense). The content domain may be one of these 

_mosslble categorles. 

Cogent Domain, 

3 - legal or encounter nexusz co~munlcatlve acts dealln E 
wlththe reason for the pollce-cltizen encou_~--e.E. , 
for a traffic offense, com~unlcative acts qo~_ce~ed 
with the alleged violation. 

5 - behavior managements communicative acts conce~_~_ed with 
the physical or informational mana~ezeat • of the encounter- 
-e.g., a direct order by the officer for the citizen to 
step aside. 

7 - interpersonal, communicative acts deal~-~ with the person 
to person contact, includin E interpersonal relations of 
the participants with one another or the s ~  or 
giving of assistance. .~ 

*There were generally two officers p~esent. However roles 
a_~ examined here, not individuals and hence the co~nu_uicative 
a~-ts of cltlzen-officer are treated as comin~ fro~ t~-~ saa~ role. 
In addl%ion Intra-role communicative acts (e.g., officer to 
officer acts) were not Considered. 0nly inter-role c c ~ . ~ m / c a t i v e  
acts a x e  analyzed. 
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The fourth number in the interact code is the Intenslonal far~. 

The intenslonal form may take any of four possible valuess 

Intensional Form, 

4 - statements provision of content domain relevant infor- 
mation 

6 - questions effort to elicit domain relevent inform~tlo- 
or action 

8 - mands obligatory or coercive directive (e.g., a co~m~d 
or order) 

0 - accusation, accusation relevant to the domain 

These categories refer to the function of the communicative act, 

rather tha~ its grammatical character, where those differ. 

The final number in this code would be the affect code. The 

affect code may take on any of three possibl e values8 This code 

rates the a/fectlve or emotive loading of the communicative act 

on a positive to negative scale. 

3 - positive re~rdl the act enhances socks bility and 
might include complimentary qualities of warmth, 
deference, understanding, and so on 

5 - neutral regard: this act neither enhances sociability 
nor serves as a detriment to interpersonal relations 

? - negative regard: this act is normatively considered as 
de±rimental to interpersonal relations and may include 
derogatory content such as hostility or sarcasm. 

The affect coded is the affect directed at the recipient of the 

action (e.g., a person mad at the world would not be coded as 

negative in affect unless that anger was directed at the recipient 

of the communicative act). 

There are many more qualities to this code which could be 

considered and this is a much simplified version of the code. 

There are many significant variations, exceptions, and special 

cases which ~ere critical to the encoding of the data, but w~ich 

do not bear substantially upon the interpretation of the out.at 

data because they were all processed to produce this outcome code 
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for the interaction. The interested reader is encouraged to 

explore the entire Police IV coding manual. 

For the purposes of simplifying the coding scheme to make it 

possible to code interactions as they progress, an abbreviated 

version of this code was used. This involved the use of the 

operator code. The operator code takes the following form, 

(~ + operator) 

When an Operator of the fo~m (R 2 + operator) follows an interact 

code of the form (R l + (R2) + CD + IF I + At) then the operator 

specifies a second segment of the same form of inter~ctlon with 

role ~, content domain, CD1, intenslonal form, IF1c , and affect 

A 1 where IFIc is a complement of IF l which may take one of two 

forms, which for our purposes here may be described as compliant 

ur no~compllant, iThe operator takes on one of two values which 

indicate the form of this complement of IF an below: 

Operators 4 - noncompliant, indicating a response which 
may be interpreted as noncompllant relative 
%0 the Original interact code which this code 
follows (e.g., a refusal to answer & question, 
a denial of an accusation, and so on) 

9 - compliant, indicating a response which may be 
Lnterpreted as compliant relative to the 
original interact code (e.g., an answer to a 
questlon, an~admission, and so on) 

This code can only be used when the interaction occurs in a number 

of conti~uous se6ments or strings which reflect interaction which 

is continuous in some fashion (i.e., pertaining to the same content). 

The operator is an optional form of coding. Even though it may be 

po~hle to code the event using an operator, the coder may elect 

to code it using the complete code. However, all coders exhibited 

extena!ve use of the cperator code. Interaction is commonly relatively 
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fast so that it was surely simpler and easier. It is likely that 

the code w~s routinely used when appropriate. 

These codes are quite complex and an extensive empirical 

analysis of the entire code category scheme would require huge 

masses of data exceeding even the very large data sets collected 

by Sykes and his collegues. In addition to the problems in achiev- 

ing the necessary sample size such an analysis would involve a 

tremendously complicated set of data which would ro~uire great 

skill and time to model. Hence, it is desirable to reduce these 

codes to a manageable level of complexity for the purposes of J this 

analysis. The objectives in this simplification are to maintain 

useful and interesting distinctions provided by the code to insure 

that important facets of the pollce-citizen interaction are being 

represented by the codes, to maintain codes which could have 

reasonable connections with potential underlying decision processes 

(e.g., choose codes which might reflect states which could reason- 

ably be differentially v~lued), and to insure that there will be 

sufficient variation in the distribution of codes so that they may 

be effectively analyzed without overwhelming problems Of sampling 

error affecting the estimations of parameters for the models. 

The content domain was immediately excluded because of the 

fou~ substantlve codes, it contained the categories for which some 

notion of differential preference was least reasonable to assert 

(e.g., could it reasonably be said that behavior management acts 

would be preferred more or less than those which were personal?). 

It is also possible to immediately eliminate the second role (the 

person to whom the interaction is directed) because in the sample 
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where only one citizen, an alleged offender, was present there 

could only ~e one possible direction for an Interrole communicat- 

ive act when the rol e of the person carrying out that act is known 

(e.g., the only Interrole communicative act for an officer would 

~e with the citizen as the object). 

This leaves only the three codess affect, intenslonal form, 

and operator. In Table 3.1 are presented the distribution of 

interactions among the posslble categories created by the 

simultaneous consideration of these codes occurring for the en- 

counters studied. From these data it is clear that there are 

problems in the distribution of these data. Positive and negative 

affect, for example, occur very infrequently relative to neutral 

affect, ; . In  a~dition, noncooperative responses are somewhat un- 

common relative to cooperative or non-operator responses. Mands 

and accusations also occur cor~Iderably less frequently than 

questions and statements. Thus, although there is an impressive 

number of interactions examined, the frequencies are rather unevenly 

distributed among these possible cells. 

A number of possible recombinations of these cells were 

examined in an effort to produce fewer and hence simpler cells with 

reasonable distributions of events so that they could be analyzed. 

The simplified version which was finally chosen for analysis is 

that presented in Figure 3.2. These three categories of response 

are considerably simpler than the 36 categories possible in Table 

3.1. They also have a reasonable frequency of occurrence. And it 

is possible to posit at least a rough order of preference among the 

categories where a compliant response would probably he preferred 
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1 = Redirectlve Communicative Act (N = S75) 

2 = Conp!ient Ce~mun!eatlve Act (N =3265) 

3 = Negative Conmtuulcatlve Act (N = 7~$) 
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1~  t h e  p a r t i c i p a n t  t o  whom t h e  r e s p o n s e  i s  d i r e c t e d  c ~ e r  a n e g a t i v e  

o r  r e d i r e c t i v e  r e s p o n s e ,  and a r e d i r e c t i v e  r e s p o m s e  w~n!d p r o b a b l y  

Be somewhat p r e f e r r e d  o v e r  a n e g a t i v e  r e s p o n s e .  T h e s e  c a t e g o r i e s  

a l s o  o f f e r  p r o m i s e  o f  b e i n g  r e l e v a n t  t o  a ~ m ~ e r  o f  ~ h l e  d e c i s i o n  

rules and strategies which might even~ be ~ .  

To 4 1 1 u s t r a t e  t h e s e  c o d e s ,  t h e  e x ~ a ~ ! e  f i r s t  ~ - e s e n t e d  i n  

Figure 2 . 1  is reproduced in Figure 3.3 with the ~ codes to 

lhelaft in the margln. The 0 o r  C in d I cares ~hether the actor 

i n i t i a t i n g  that response was the officer ~r the citizen, and the 

subscript (I' 2, or 3) indicates the code of the l~>mmse as 

defined in Figure 3.2. 

In addition to ~hese process codes it is also ~ecessa~ to 

employ a n~mber of variables which characterize the e~tlre encounter. 

Va~hles characterlzing the characteristics of the participants 

or the nature of the decision task, fer e~ple, cha~tex~e all 

Interaction~ within a particular encounter. There ~ a great 

many such variables measured for the ~po1!ce-citlzen interaction 

data c e n m i d e r e d  here. Only a few of these are ~ o m s d d ~ d  i n  this 

study, however. In selecting a sample of encc~luta_~ fur e~tion, 

as mentioned earlier, only those encoun~ers were selected which had 

similar decision tasks in the sense that ~hey had ~ one citizen 

present and that citizen was cast in the rule of a sms~ected 

offender. Another task characteristic is examined l~ter in testing 

the ~ption of homogeneity of the Ma_~k~v ~-oce~t the nature of 

the offense as measured by whether it wa~ a ~ - c  offense or 

some other t~pe of offense. One characteristic of the participants 

also will be examined! the apparent social cla~s of the citizen 



% 

01 

C 1 

% 

c2 

Si tua t ions  

~ c e r l  

Citizenl 

Officeri 

Citlz en, 

Officers 

Citlzeni 

O i Officer, 

C Z Citizenl 

02 Officer i 

C 2 Citizen, 

O i Officer, 

C Z Citizenl 

FIGURE 3.3 

HY~H~-TICAL INTERACTION SEQUENCE* 

A young man in a new car has Just run through a 
red light and is speeding along a side street. A 
policeman in a patrol car pulls him Over and stops. 
The officer has Just approached the man's car and 
speaks to him through the window, 

"Let's see your license, buddy." 

Looki~ nervous, he fumbles with his wallet and 
finally hands his license to the officer. 

Rea~e the license. "Bill Smith.... What's 
addross i Bill?" 

"1412 Rosemary. What's wrong, officer?" 

~Whatis wrong| you're in a heap of trouble, boy. 
You Just ran that red light back there and i cl~ck- 
ed you at 55 in a 35 zone. Just wh~t aIe you try- 
ing to prove?" 

mNothing, officer. I guess I Just wasn't paying 
attention. My wife Just had a baby boy and l'm so 
nervous I Just can't think about a~hlz~ else. l'm 
real sorry, l'm usually a very care1~ul d_river." 

"Really? Have you ever ~ a ticket before, Bill?" 

"Yes, but it was just a parki~ ticket, sir." 

"That's all, you're sure?" 

"Oh, yes sLrl" 

Hesltatlr~ and then writing a ticket. "O.K. I'm 
going to have to give you a ticket for that x~ 
light. I'Ii let the speeding go this time, but 
you'd ~tter watch it in the future." 

"Oh I will, sir. You'd better believe I will. 
Thank you." 

Ad~pted from an example in Wallen and Sykes (197~). 



( e . g o ,  Whe the r  m i d ~ l e / u p p e r  o r  l o w e r ) .  O t h e r  v a r i a b l e s  Could and  

s h o u l d  ~e  examined  i n  f u t u r e  r e s e a r c h °  These  were c h o s e n  h e r e  

h e c ~  t h e y  a p p e a r e d  t o  be  t h e  most  l i k e l y  v~A-iahles  ( a s  

i d e n t i f i e d  i n  t h e  c o n c e p t u a l  e x p l o r a t i o n  o f  t h e  c a s e  o f  p o l i c e -  

c i t i z e n  e n c c u n t e r s )  t o  have a n  i m p a c t  upon t h e  p r o c e s s e s  w h i c h  

o c c u r r e d .  

~ ~ ~ s  
The e~plrical data required for analysis o f  the  su~suaptions 

and predictions of Markov models for social interaction consist 

ixrlaa1-1/y of contingency tables. For example, to es~te the 

transition l~-ohaSLlities for a system of interacti~ individuals 

f ~ n  a s t a t e  a t  t i m e  t t o  a n o t h e r  s t a t e  a t  t i m e  t + l  one c o u l d  

s i m p l y  e x a a i n e  t h e  c o n t i n g e n c y  t a b l e  c o n s i s t i n ~  o f  rows r e p r e s e n t -  

i n g  t h e  p o s s i b l e  s t a t e s  a t  t i m e  t and columns r e p r e s e n t i ~  t h e  . 

possible states at time t+l. An observation would be recorded for 

each cell xij.~hen the system was in state i at time t and was i n  

~ t e  j ,  ~ t  t ime t + l .  

Typical contln~ency tables which must be analyzed would 

involve a number of dimensions reflecting the choices at different 

r e l a t e d  t i m e s  d u r i n g  t h e  c o u r s e  o f  t h e  e n c o u n t e r  and one o r  more 

other variables of interest which mi~It affect choices. For 

exaaple, consider the four-dimenslonal contingency table wlth 

~ o n s  

I) choice of partlcipar~A at time t ,  

2) choice of participant B at time t-l, 

3) choLcs of participant A at time t-2, and 

@) role of participant A. 

This would be a 3 x 3 x 3 x 2 matrix because there were three 



p o s s i b l e  c h o i c e s  a t  e a ~  p o i n t  i n  t ime  f o r  each  p a r t i c i p a n t  (re- 

directive, cooperative, and he.tire) and two possible roles 

(citizen ~r officer). 

These contingency '~e.hles may be analyzed by comparing the 

fit to the data of a number of log-linear models with varying 

effects present, For every contln~ency table=there is a general 

1o 6 linear model w analogous to an N-factor ANOVA model which 

imposes no restrictions upon the data and which provides perfect 

maximum likelihood estimates of the expected values for each cell. 

For example, in the 3 x 3 x 3 x 2 matrix under consideration each 

cell (ii,12,13,i4) would have some observed frequency, xili2i~4, 

and some expected value, mili2i3i4. For such a data matrix the 

general lo 6 linear model would appear as follo~ss 

log mlllzi3i4 = u + n1(il ) + uz(i2 ) + u3(i3 ) + u4(i4 ) 

÷ u12 , + + + • ( 4 i z )  ui3(ili 3) ~z3(Izl 3) ~zN~z~)  

+ Ul4(ili4) + u34(13i4) + u123(i112i3 ) 

÷ u234(12i3i4) + u124(ili214 ) ÷ u134(11i3i4) 

+ u1234(ilizi314) 

Where the first subscripts of the u-terms refer to a set of dimensions 

and the second ones (in parentheses) refer to categories for 

those dlmensione.* 

The u-~erms are analogous to the main and Interaclon effects 

*In the remainder of this paper only the first subscript will 
be included in order to slmpli~y the presentation. 



rel~esented in A~OVA ( = u l t ~ c t o r  a=a~vsis of variance). A f i r s t -  

order u - ~  (one ~ v ~  ~ one 8ul~cz~_~) CozTespo4S tO the 

e ~ e c t s  .o~" a d imens ion J~depe~en t  o f  ~he e f f e c t s o f  o t h e r  dime~e- 

ions .  X s e c o ~ - o r d e r  u - t e z n  c o r r e s p o ~ e  t o  the dependence o f  the  

two dimensions represented By the two subscripts (this is analogous 

to some contingent relationship among these variables or some 

associ~ion between them). A third-order u-term correspcads to 

an interaction effect where the relationship between two of the 

three dimensions represented is conlingent upon the value of the 

third dimension. Additional rth-order u-terms are analogous to 

their correslxmding (r-l)th-order interaction terms in the ANOVA 

aodelo 

When attention is restricted to hierarchial log linear models 

(models where higher order u-terms only appear when all lower- 

order u-terms possible with those sa~e dimensions also appear) a 

standard Iter~tive pzopoz~tlomal fitting procedure (Demlng and 

Stephan, 19~0) may be applied for computing the maximua likelihood 

estimates of %he expected cell values for the models. 

The fit of each model to the data may be assessed by one of 

a number of statistics distributed as chi square with degrees of 

freedom equal to the number of cells in the table minus the number 

of parameters which are estimated. The recommended statistic 

(Bishop, Fianberg, and H ~o!land, 1975) is the likelihood ratio 

statistic, G 2 defined as followss 

ml 
--2 sum xilog- 

i xi 

2% 
with degrees of freedom appropriate for the estimate of mi, 



where ~£ i s  £helaa,x.ten~ l i k e l i h o o d  est imate  of  the  frequency i n  

c e l l  i and x i i s  the  observed frequency in  c e l l  i .  

Th i s  s t a t i s t i c  i s  recommended 5ec-,,se i t  i s  the  q u a n t i t y  

minimized by the  maximum l i k e l i h o o d  es t imates  of  mi, and hence i s  

an app rop r i a t e  summary measure o f  goodness o f  f i t  o f  the  model. 

In addition, it may he partitioned in a way which makes it possible 

to conveniently test for the presence of specific effects in the 

data. It can he shown that "if ~ (2) (the fit of model 2) and 

(1) ( t he  f i t  o f  model 1) areasymptoticaJ.ly d i s t r i b u t e d  as  chi 

square wi th  v z and v I degrees  o f  freedom, r e s p e c t i v e l y ,  then 

(211) is ~sy~p~otically distributed as chl square with v2-v I 

degrees of freedom" (Bishop, Fienberg, and Holland, 1975,127). 

Nhen two direct models differ only by a single u-term, the differ- 

once in goodness of fit statistics G 2 of the tuo models applied 

to the entire data matrix is equivalent to an examination of the 

marginals for the u-term of interest. 

Log linear models thus constitute a general procedure for 

testing a nunher of hypotheses about the presence c~ absence of 

epecific effects in complex multi@lmensional contingency tables. 

These procedures may be utilized to explore multidimensional 

contingency tables for a wide variety of purposes. One specific 

task which can be performed utilizing these general techniques is 

the exploration of a number of assumptions of Markov models (e.g., 

see Bishop, Fienberg, and Holland, 1975, chapter 7). 

The exploration of Marker models is greatly facilitated by the 

application of log linear models. This is the case because the 

general program for these models, CRAB, now available in SPSS is 



& f l e x i b l e  Irtograa capab le  o f  making the var ied  t e s t s  o f  re levance  

to  Markov models ( i n  a d d i t i o n  to  many o the r s ) .  Other general  

programs for those tests were not previously available. As a 

consequence, these tests previously required great efforts in de- 

velopln~ specific computer programs or calculating by hand goodness 

of fit statistics for extensive matrices. In addition, the general 

log linear approach provides additional insights which might not 

have been made so salient by Markov techniques alone. 

The pursuit of Markov structures in multidimensional con- 

tingency tables also nicely supplements the general log linear 

modeling procedures. One of the characteristics of such a general 

procedure as log linear models, like ANOVA which preceded it, is 

that there are so many possible effects to investigate, and so 

many possible combinations of models that these is some need for 

direction in the search through the possible models. The specific 

hypotheses of Markov models offer one set of specific hypotheses 

which may be explored with a finite aaount of time and which offer 

the promise of a great many interesting deductions and interesting 

properties if they prove tO hold. If they don't hold, they also 

offer the very useful baseline of a simple Markov process against 

which t o  contrast the processes which actually occur. 

The specific polnts at which Markov assumptions may be trans- 

lated into log linear models have been sketched out by Bishop, 

Fienberg, and Holland (1975). Here those connections will be 

elaborated, hopefully clarified, and generalized. 

The~connections m~y be illustrated with the 3 x 3 x 3 x 2 

contingency table discussed earlier. The first three dimensions 



of that table represent choices of participants at different points 

in time rel&tlve to each other (e.g., choice at times t, t+l, and 

t+2). The assumption that & flrst-order Markov model fits the data 

would implF that the choice of a pa~tlcipa~t at any time would 

depend solely on the choice which immediately preceded it, (i.e., 

the choice &t time t+l would depend solely on the choice at time t, 

and the choice at time %+2 would depend solely on the choice at 

time t+i). Stability over time implies that whenever one rib-order 

u-term representlng choices at different pOLuts in time appears, 

~hen all possible rth-order u-terns representing choices at com- 

parable points in time must also appear. That is, if the choice 

at time 5+I depend s solely on the choice at ~Ime t t and if that 

dependence is stable over time then the choice at time t+2 must 

depend solely on the choice at fine t+i, and the effects muet be 

the sane. Thus, in general, for sc~e n-dinenslonal contingency 

table contalnir~ k" dimensions each r~presentix~ choices (actions) 

at tel&ted periods of time (e.~., action at times t, t+l, t+2,°.. 

t+(k-l)), then a log linear model correspondln~ to a stable Markov 

process of rth order would include all u-terns of rth order or 

less representing only dimensions of choice.* For Instance, in our 

Note, only hierarchical models are considered .here so all u-~erms 
of order less than r must also be included. Conceptually, this is 
not bothersome , since it is quite reasonable for mai n effects and 
lower order effects to also exist. E~pirically, we can examine 
models in such a way as to identify the relative Contributions to 
fit of each of these terms and provide so~e insight in that 
fashion as to the relative impo_--tance of the hi6her and lower 
order effects. 
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exsmple ma.~rlx, ~ second o r d e r ,  s t a b l e  Narkov p r o c e s s  would be 

represented by the modetl 

l~g mili2i3i4 = u+ u 1 + u 2 + u 3 + u 4 + u12 "~ u13 + u23 + u123 

A first order, stable Marker process would be represented by the 

model t 

i o ~  mi l t2131~  + u + u I + u 2 + u 3 + u~ + u ~  + u23 

A zero orde~ stable (Nonmarkovian) process would be represented by 

the model 8 

106mili2i3i@=u+u l+u 2+u 3+u 4 

One might also examine a self-c0ntingent model as described earlier 

in the conceptual discussion of s~clal interaction. In this model 

the response of a particular particlpant is contingent only upon 

his own previous actions. In the data under ex~mlnati0n here since 

the d&t~ have been constrained so that the participants always 

respond to each other sequentially and one person never responds 

twice in a row, the person's most recent own past response would 

be the response which occurred two steps back (e.g., if the current 

response is t, it would be the response occuring at time t-2). 

Such a flrst-order self-contingent stable Markc~ process would be 

represented as f011owsl 

log 
mili2i3i 4 ,- u + u I + u 2 + u 3 + u 4 + u13 

From time to time it is also of interest to assess the re- 

lative contributlon of other variables in estimating the expected 
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v a l u e s ,  The strate~ here  w i l l  be %0 p r o g r e s s i v e l y  ex~.ol~e va..--ious 

a s ~ m y t t o n s  o f  t he  Markov p rocess ,  i d e n t i f y i n g  impor t an t  v a r i a b l e s  

which need t o  be cons ide red  i n  p rov id ing  accu ra t e  e s t i m a t e a  o f  t h e  

expected values and Iden%ifylm~ others which may he safely ignored. 

As important variables are found further t e s t s  o f  additional 

Tarlahles will he made on the expanded model incorporatin~ all 

x~levan% variables found %o be important in past tests. So, .for 

exaaple, if a first-order Markov model is foumd t o  fit %he data 

relatively well them other:~ai~lahles will he exaalmed ~s they impact 

upun that n~% order model. Let us assume for the mcaen% that 

I% will be found %hat a sec'ond order Mazkov model is req~ %9 

adequately fit d&%a in a fG~Lr-dimemsional m~trix con%~ 

choices at times t, t+l, t+2, and %+3. Then to investigate the 

impact of role on that process we would require a four-dlmensional 

matrix cor~taln~ choices at time t, ~+1, t+2, and role. In such 

a matrix we might consider the following modelsl 

I) log mlI12131~ -. + u i + "Z + u3 + u~ + u12 + u23 + u13 

+ u123 + u14 ~ 2 4  + u3~ 

2) log m11i2i314 w U+Ul~3+u4+u12+~3+u13~ui23 

3) l o g  mili21314 . U+ul+u24.~3+u44.u12+u23+u13+,u123 - 

For model (I) role impacts only UpOn the flr~t-order u-te~s for 

choices. Thls is conceptually equlvalent to the only difference 

between choices for different roles being some different ~h~- 

ti~n of choices (e.g., officers might Be less cooperative ~h~u 



t h a n  c i t i z e n s  i n  o v e r a l l  r e s p o n s e s ) ,  These  t e r m s  r e p r e s e n t  

s ~ t u a t i o n a l  d i f f e r e n c e s  i n  t h e  t e c h n i c a l  s e n s e  o f  s i t u a t i o n s  a s  

t h e  c o a h i n e d  p r o d u c t  o f  t h e  t a s k  c h a r a c t e r i s t i c s  and p a ~  e v e n t s  

I~L%ch affect the interactions for the individuals involved, In 

nodel (2) role impacts upon both the first order u-terms ~or 

c h o i c e s  a ~  upon  t h e i r  second  o r d e r  t e r m s .  I n  t h i s  model t h e  im-  

p a c t  o f  r o l e  i s  b o t h  i n  t e r m s  o f  d i f f e r e n c e s  i n  t h e  d i s t r i b u t i o n  

o f  c h o i c e s  a~d i n  t h e  d i f f e r e n t  f i r s t - o r d e r  c o n t i n g e n c i e s  ( i . e . ,  

o f f i c e r s  ~ay  d i f f e r  f rom c i t i z e n s  n o t  o n l y  i n  h a v i n g  f ewer  a g g r e -  

g a t e  c o o p e r a t i v e  r e s p o n s e s ,  b u t  t h e y  may a l s o  t e n d  t o  r e spond  t o  

the last response of the citizen in different ways than the citizen 

responds to the officers last response). Here role affects not 

only distrlhutlons of diclsions but possible flrst-order decision 

rules and the contingent character of the interaction such as would 

be expected for a first-order Markov process. And in the final 

node1, model (3), the effects of role extend even further to also 

include effects upon seaond-order contingency and the possible 

second-order decision rules which the different participants may be 

u~hlizin~ ina second-order Markov process. 

~y exa~Inin~ all of these models and the differences in the 

measure of goodness of fit between them one may assess the 

extent %o which a particular effect is present in the data. It 

~ight ~e, for e~mmple, that officers and citizens have no notice- 

able difference in decision rules, but they do differ conalderahly 

in the ]~roportlon of choices they make of each type. This would 

be quite different from the case where they show marked differ- 

e ~ - e s  i n  d e c i s i o n  r u l e s .  
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The general strategy of analysis which ~ be employed here 

will be to examine a series of .mltidlmens~onal contingency tables 

slmllar to the one Just discussed. Each of these will be conceptually 

equivalent to this exaaple matrix collapsed along certain dimensions 

p e r h a p s ,  and e x p a ~ e d  alor~ o t h e r s  t o  make i t  p o s s i b l e  t o  t e s t  a 

variety of hypotheses with the greatest amount of clarity and slapll- 

city. Families of hierarchical log linea~ models will be exa~ for 

each matrix in order to test specific assumptions of the Ma~ models 

for these interaction data. When all of the important effects ~hlch 

contri~te to providing a fit for the data appear to have been found 

the pernlsslble collapsed version of the data will be presented which 

illustrate the vaziahles which must be considered in adeq~uLte 

models of this process and their relevant effects. After an a~equ~te 

model has been fozzed the substantive interpretation of these effects 

and the logical implications of the model will be explored with re- 

gard to ho~ they relate to the hypotheses posed initially and to the 

insights into the phenomenon generated by this analysis. 

Cme problem which should not be overlooked Is the fact that inde- 

pendence in & nodel implies independence in the collapsed versleas'~of 

that same table, ~t not vice versa. This is the old problem which has 

always existed in c&tegorical analysis of interaction. It is never 

possible to conclude a varlable has no effect without investi4~tin~ 

that variable. Nor is it possible to conclude that there is ~o inter- 

action with other variables. For this reason, there is always the 

possibility of confoundin~ results by not considering key v~_s/xles. 

For example, a ccmpa~son of a third and a second-order nede! ~y make 

it possible to c~hoose a second-order model over a third-order nodel. 

But this does not necessarily imply that a fourth-order model ~d~nt not 

be still better, or a fifth order model, and so on. 



C h a p t e r  4 

BESULTS, SELECTIC~ AND VALIDATION 
OF A MARKOV MODEL 

I t  i s  ~ a n e r a l l y  n e c e s s a r y  t o  t e s t  both t h e  a s s u m p t i o n s  and  t h e  

predictions of models because the fit of a model to the data is 

raz~ly perfect and slight discrepancies may lead to predictions 

which al~ incorrect even though the assumptions are substantially 

correct. In this chapter a number of models of police-cltlzen 
r 

i~eractiona will be examined empirically.* The model from among 

these which best fits the assumptions of Markov models will then 

be further examined empirically by testing several of its predict- 

ions. If the results indicate that the model is an adequate re- 

presentation of the data, then in the chapter to follow the logical 

properties of that model will be examined and empirically inter- 

pretod in order to explore the substantive implications of the 

model for the process of social interaction which occurs among 

police and citizens. 

Testing.~ssumptions an d Seiectin~ a Model 

Three assumptions of Markov models will be tested here. These 

include I) order, 2) stability over time, and 3) homogeneity. 

*Sykes (1973) earlier explored some of the assumptions of Maxkov 
models  u s i n g  d a t a  from a r e l a t e d  d a t a  s e t ,  and h i e  r e s u l t s  
s u g g e s t e d  Markov mode l s  would be a f r u i t f u l  way o f  a n a l y z i n g  
data of this sort. 



Any model w h i c h  i s  f i n a l l y  s e l e c t e d ,  i f  i t  i s  t o  .be a Markov modal 

must have c u r r e n t  e v e n t s  depend o n l y  on p a s t  e v e n t s  t must have 

transition probahLlitles which are stable over time t and must 

have t r a n s i t i o n  p r o b a b i l i t i e s  which a re  t h e  same f o r  d i f f e r e n t  s u b -  

s am p le s .  I f  any one o f  t h e s e  aas~myt ious  does  n o t  .hold f o r  a 

p a r t i c u l a r  m o d e l ,  however ,  i t  i s  o f t e n  p o s s i b l e  t o  c r e a t e  a n o t h e r  

model for the sa~e set of data for which they will hold. For ex- 

ample, if the transition Probabilities are a function of the two 

most recent ~ events instead of only the last, then events can 

simply be redefined to ~ e  both of those past events and the 

new model does meet the Markov assumption. Given these possibil- 

ities for modifying particular models until they meet the Markov 

assumptions, ~estlng these assumptions becomes simultaneously both 

a v a l i d a t i n g  ~ o c e d u r e  and a s e a r c h  p rocedure  f o r  f X n d i ~  an 

appropriate model for the data. In this section a number of 

models will be ex~mlned and the model which best fits the d a t a  will 

be selected for further analysis. 

Tests of Order 

Because it is hypothesized that the behavior of officers and 

citizens in police-cltlzen enc~u~ters is different due to the 

different roles the two are enacting, tests of the order of the 

Markov chain were ~ ~eparately for officers and citizens. The 

data for these tests consist of two separate four-dimensional 

data matrlces (one for officers and one for cltizens). Those 

matrices are ana!o~uus to those considered earlier. Their dimen- 

sions are as followss 1) the participant's own current response 

at time t !  2) the innediately preceding response of the other 
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p a r t i c i p a n t  a t  t i m e  t - l !  3) t h e  most r e c e n t  p rev ious  response  o f  

t he  f i r s t  p a r t i c i p a n t  a t  t ime  t - 2 !  and 4)  t he  second most r e c e n t  

response  o f  t h e  o t h e r  p a r t i c i p a n t  a t  t ime t - 3 .  These combine t o  

form a 3 x ~ x ~ x 3 m a t r i x  c o n t a i n i n g  81 c e l l s .  Those m a t r i c e s  

a re  t h e  t o p  h a l f  and t h e  bot tom h a l f  r e s p e c t i v e l y  o f  Table  4 . 1 .  

The f i t  o f  f i v e  d i f f e r e n t  l o g  l i n e a r  models t o  t h e  d a t a  i n  

each m a t r i x  were a s s e s s e d .  These  models inc luded  models o f  1) 

a z e i ~ - o r d e r  Earkov p r o c e s s ,  2) a f i r s t - o r d e r  o t h e r - c o n t i n g e n t  

c~tly Markov p r o c e s s ,  3) a f i r s t - o r d e r  bo th  o t h e r - a n d - s e l f - c o n t i n g e n t  

Markov p r o c e s s ,  4)  a s e c o n d - o r d e r  Markov p rocess ,  and 5) a 

t h i r d - o r d e r  Markov p r o c e s s °  By comparing the  r e l a t i v e  f i t  o f  

t he se  models  i t  i s  p o s s i b l e  t o  make a Judgement as  t o  which 

Markovian p r o c e s s  model  wou~xl p r o v i d e  t h e  b e s t  r e p r e s e n t a t i o n  o f  

these data (both in terms of statistically determined e~pirlcal 

fit and in terms of conceptual clarity and substantive meaning). 

The resets of these tests axe presented in Table 4.2. 
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Frum the results of this analysis it is clear that for beth 

officers and citizens the Markov process which provides the best 

flt of the data (in terms of beth parsimony and the statistical 

standard of goodness of fit) is a second-order Harkov process. 

The contributions of the flrst-order other-contingent effects, the 

f~-ox~er self-contingent effects, and the second-order effects 

all are highly signlficant for both citizens and officers, and the 

contributions in beth cases of the third-order effects are not 

ai~ficant. 

It is important to qualify this statement by polntln~ out 

that it is not possible to conclude categorically fro~ these re~Its 

that these decision processes are second-o~ler processes0 There 

~e hlgher-order processes which offer substantially better fits 

to the data. One can never assume that unexaained variables will 

not provide surprises. However, it is safe to conclude that a 

second-order model is to be prsfexTed over the other models con- 

sidered here. Substantively too, it may be reasoned that if the 

t h i r d  mos t  r e c e n t  e v e n t  does  n o t  have a m a j o r  i ~ p a c t  r e l a t i v e  t o  

more r e c e n t  e v e n t s  t h e n  i t  i s  n o t  l i k e l y  t h a t  f u r t h e r  removed 

events would be likely to have stronger impacts. 

The next step is to empirically test the assumption that the 

behaviors of officers ~nd citizens differ due to the different 

roles they are enacting. 

Role Heterogeneity 

In order to explore the effects of role on the second-order 

~arkov process, a five-dimensional d a t a  m a t r i x  will be investigated. 

This ~atrix is simply the matrix resulting fro~ a c~nbi~ation of 
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the  f ~ r - d i m e n s i o n a l  da ta  mat r ices  from the  p rev ious  s e c t i o n .  

The dimensions o f  t h i s  r ev i s ed  matr ix are  t h e r e f o r e  1) the  p a r t i -  

c i p a n t ' s  own cu r r en t  response a t  t ime t ,  2) the  i nmed ia t e ly  p r e -  

ceding response of the other participant at time t-l, 3) the 

most recent previous response by the first participant at time %-2, 

~) the second most recent response of the other participant at time 

t-3, and 5) the role of the first participant. T~Is ~trlx is the 

entire matrix presented in Table 4.1. 

The log linear model of a second-order Markc~ process fc~ 

this matrix is the same as the second-order Markov l~-oce~s log 

l i n e a r  model obtained i n  the  preceding s ec t i on .  S ince  the  

superiority of a second-order model over the other models has al- 

ready been documented, only  log  l i n e a r  models based on t h i s  second-  

o rde r  Markov process  are  considered here .  Addi t iona l  u - t e ~ s  which 

are in the saturated model for this matrix would be first-order u- 

terms for the effects of role, and so on up to and including the 

fifth order tenu involving role. These effects of role on the 

second order processes are progressively added, beginning with the 

first order term including role and ending with the fifth c~der 

te~ including role which results finally in the s~tur~ted model 

for this data matrix. These models and their fit to the data are 

presented in Table 4.3. 

From the results presented in_Table 4.3 it nay be seen t h a t  

there a~e significant intes~tions of role with the distribution of 

responses, with the first-order contingency of responses an past 

responses (both self-contingent and other contingent), and with 

the second-order contingency of responses on past responseSl rut 
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there is ~o significant interaction of role with the third-order 

eontln~ency of responses an past responses. These results c o n f i x n  

the finding that role heter~meity is an important factor and 

be c o n s i d e r e d  i n  a o d e l s  of ~ d~t~. The lack of significant 

i n t e r a c t i o n  o f  r o l e  w i t h  t h e  t h i r d - o r d e r  c o n t i n g e n c y  o f  

r e s p o n s e 8  o n  p a s t  responses again provides support for the view 

that a s e c o n d - o r d e r  Markov l~ocess is sufficient for model~ these 

data. There is no evidence that the thlrd-order contingency of 

present responses on past responses is necessary for such a modal. 

These re~alts suggest that there is no need to consider f u r t h e r  t h e  

responses precedin~ those na~e at t i m e  t-2. Hence further tests 

will include only responses at times t, t-i, and t-2. 

S t a b i l i t y  o v e r  T i ~ e  

The n e x t  s t e p  i s  t o  t e s t  a n o t h e r  a s s u m p t i o n  o f  Markov c h a i n s ;  

Stab~llty° Specifically, the a~sumptlon is that the contln6encles 

of current responses on ~ responses are stable over ti~e. It 

is not an a~su~ption of Ma~kov chains %hat the distribution of 

responses is stable over ti~e. The contingencies of current re- 

sponses on  p a s t  r e s p o n s e s  c o r r e s p o n d  t o  t h e  second and h i g h e r  

o r d e r  u - t e ~ m s  i n v o l v i n g  c h o i c e s  a t  d i f f e r e n t  p o i n t s  i n  t i ~ e  i n  t h e  

log llnea~ models; in Ms~-k~v models they correspond to. decision 

n l l l e s .  

In o r d e r  to assess this assumption of stability it is desir- 

able t o  compare these contlneencles of present responses on p a s t  

responses at points which differ considerably ~ith regar~ to the 

time when they occur. This is acconplished by exa~ data 

matrices related to the data matrices alre~ly considered. The 
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tWO h a l v e s  c~  t h s  a a t r i x  i n  Tab le  4.1 were ~ c o n s i d e r e d  

s e p a r a t e l y  p r o d u c i n g  two n ~ t r i c e s ,  one f o r  c i t i z e n s  and one f o r  

o f f i c e r s ,  Each  o f  t h o s e  m a t r i c e s  was t h e n  c o l l a p s e d  a c r o s s  t h e  

r r e s p o n s e s  a t  t i n s  %-3 s i n c e  i t  ha s  been  shown t h a t  t h e  d a t a  may 

be a d e q u ~ t e / y  f i t t e d  With & second o r d e r  model ,  Then t h o s e  

" m a t r i c e s  were  e ~ h  expanded a l o n g  a new d imens ion ,  t h e  t ime  

durin~ the ~ t e r  at which the response was made. The m~trlx 

o f  d ~ t a  u l ~ t e l y  c o n s i d e r e d  h e r e  r e p r e s e n t  & sample from t h a t  

m a t r i x  i n c l u d i n g  o n l y  a c t i o n s  which  took  p l a c e  ~ i r i ~  t h e  f i r s t  

o r  t h e  l a s t  ~en  i n t e r a c t i o n s  i n  each  e n c o u n t e r .  The d imens ions  

of each of %hess matrices are tb~s I) the participant's own 

current response at t~me t, 2) the immediately preceding response 

of the other participant at time t-i, 3) the most recent 

previous ~ of the flzst participant at time t-2, and 4) 

the %ine during the encounter in which the interaction took place. 

The effects of time on the ~ponses ma~ be assessed in much 

the sa~e way the effects of role were previously assessed. Five 

models are considered. These begin, as in the analysis for the 

effects of to!e, with the basic second-order Ms~nkov model and 

progressively include terms reflecting the instability over time 

of the second-order process, beginning with the flrst.order term 

involving ~Ine and concluding ~ith the fourth-order term ~hich. ..... 

includes time, resulting in a saturated model. These models, and 

their fit %o the data are summarized in Table 4. 5 for both 

citizens az~ officers ~epar~tely. 

As may he seen in the results in that table, the greatest 

inst~billty over t ime for officers is • result of different 
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d i s t r i l ~ t o n s  o f  r e s p o n s e s  t h e  o f f i c e r s  and c i t i z e n s  make o v e r  

t~me. T h i s  e ~ e c t  i s  c o n s i s t e n t  w i t h  t h e  F~zk~v model a s s u m p t i o n - -  

i.e.B it is expected that there may be different distributions 

of reslxmses in early stages of the interaction relative to those 

a~ equilihrlum. For officers the only other statistically sign- 

ificant effect Is the instability of the first-order self- 

contingent response behavior over time. This might reflect sc~e 

alight tendency for the officer to change this aspect of his 

behavior ever time. However, it is so ~ relative to the 

huge effects found es~rlier for role and the Contingency of present 

decisions on previous decisions that it is likely to be of little 

substantive ei~Ificance, Similar effects are found for citizens, 

and, in addition, the interaction term exl~ssi~ the relationship 

between ~oth own and others' past actions on present actions is 

sc~ewh~t unstable for them. However, these effects are also 

orders of magnitude less than other effects and quite likely are 

not of substantive interest given their ~mall effects relative 

to those of role and past responses. 

The conclusion which appears warrauted here is that the 

beh~vlor of officers and citizens in police-cltlzen encounters, 

whi1~ slightly unstable over time in one or two aspects for 

each role, is generally stabl~! and the instability is so small 

rel~tive to o~her effects that it may be ignored. These findings 

thus provide support for the earlier finding that ~ second-order 

Markov process with heterogeneous roles will adequately fit the 

d~ta° 



PossiBle Sources of Heterogeneity 

Tests of the heterogeneity of roles in the Ix~llce-cltizen 

interaction ~¢ocess do not exhaust the possible sources of 

heterogeneity in this process. Other possible sources of differ- 

ent response patterns are clearly identified in the conceptual 

i~ramework. These include dlffaz~snt task chazacteClstlcs and 

different individual characteristics of the participants. Here, 

an example of each of these will be considered for the possible 

impact it mlght have upon the police-citlzen iz~e~a~tlon process. 

The apparent social class of the citizen participant ( as evidenced 

form the appeax~uce and demeanor of the citizen based upon the 

Judgment  o f  t h e  o b s e r v e r )  i s  an  example o f  an  i n d i v i d u a l  c h a r a c -  

t e r i s t i c  of the participants ~hlch may affect this interaction 

• process. The general nature of the offense which precipitated 

the encounter (i.e., Whether it was a traffic offense or some 

other type of offense) is one e~l~rical indicator of the va~Aety 

of "tasks" or situations in which the officers and citizens might 

find themselves. Without question, these two do not exhaust 

these variables. But they do represent two of the variables which, 

~msed upon this analysis of the police-cltizen interaction situation 

utilizing the conceptual framework l~resen~ed earlier, offer 

promises of affecting the quality of the interaction. 

The effects of these va~hles on pollce-citlzen interaction 

are assessed separately in the s~me way t~e effects of time were 

assessed in the preceding section. In each case a variant of the 

multidimensional data matrix used earlier was again used. The 

matrices were four dimensional with the first three dimensions 
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bein~ t h e  by now standard 1) cu r ren t  a c t i o n  o f  s e l f  at  t ime t ,  

2)  a o s t  r e c e n t  p a s t  a c t i o n  o f  t h e  o t h e r  p a r t i c i p a n t  a t  t l ~  t - l ,  

and 3)  t h e  h o s t  r e c e n t  p a s t  a c t i o n  o f  s e l f  a t  t ime  t - 2 .  The 

f o u r t h  d i ~ e n s i o n  i n  e a c h  c a s e  was t h e  v a r i a b l e  i n  q u e s t i o n .  

~In one  c a s e  i t  was t h e  a p p a r e n t  s o c i a l  C l a s s  o f  t h e  c i t i z e n ,  and 

i n  t h e  o t h e r  c a s e  i t  wa~ t h e  n a t u r e  o f  t h e  o f f e n s e  (whe the=  i t  

~ a s  a t r - ~ £ c  o f f e n s e  o r  a n o n t r a f T i c  o f f e n s e ) .  F o r  e a c h  o f  

%hess c a s e s  two s e p a r a t e  m a t r i c e s  were c o n s i d e r e d z  one  f o r  

offlce_--s ~nd one for citizens. Those data natrices are presented 

in T~hles ~.6 and 4.7. 

Five models similar to those considel-ed in previous sections 

are again considered. These begin with the basic second-order 

Markov nodal and progressively include ter~s reflecting the effects 

• Of either cl~8s or offense, beginning with the first order term 

i~rvolvLu~ t h a t  v a r i a b l e  ( c l a s s  o r  o f f e n s e )  ~nd c o n c l u d i n ~  w i t h  

t h e  f c ~ % h  o r d e r  t e r ~  i n v o l v i n g  t h a t  v a r i a b l e ,  r e s u l t t n ~  i n  a 

s ~ 1 ~ a t e d  ~ o d e l .  These  models  and t h e i r  f i t  t o  t h e  d a t a  a r e  

r e p o r t ~  i n  Tables  4 .8  and 4 . 9 .  

FTc~ the results in Table 4.8 it is clear that the apparent 

social ~ of the citizens does not appear to affect the second 

order  ~ process describing the Inter~ctiono In additien, 

frca T~h!e ~.9 it is clear that the nature of the offense has 

no si~icant impact upon this second order Markov proces~ for 

citizens. There are, however, some effects which are narginally 

sle~nlficant of the n~ture of the offense on the Markov process 

descrihlng the interaction of the officers. There does appea~ to 

be sc~e slight tendency for the officers to chan~e their 
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TAB~ ~.6 

DATA FOR TE~ ~ IMPACT OF SCOIAL CLASS .OF CITIZEN IN SEC0hD-O~D~ MJ%~O~ ~HAXNI OESERVED FRE~UE~GXES 
OF ACTS A~;D TRANSITION :-ROEA~ILITIE.~; AT TIME t BY THOSE AT 

TIME t-l, t-2, A~ BY SOCIAL cLASS O? THE CITIZ~VS 

Dizenzlon 4, Dimension 3, D!m~nzlon 2) 
Social C!a~s Action by Action by 
of Citizen 

Middle/Up~r 

~orklr~ 

pa_--tlcipant I Particlp~nt2 

at Time t-2 a% Time t-I 

i 
% 2 

3 
i 

:' 2 

i 
2 

I 
2 

2 
3 

2 

Offlmers 
Dimension I: Action by Partlcipantl 

at Time t 

Freq Prob Fzeq Prob Frcq Prob 

2 .5oo Z .5oo 0 .ooo 
3 .333 5 .556 I .III 
I .250 I .250 2 .5oo 

22 .259 ~9 .576 18 .!65 
35 .199 I14 .@~8 27 .153 
14 .318 16 .364 i~ .318 
6 .857 0 .oo0 I .i~;3 
i .143 4 .571 2 .286 

~:Cit!zeas 
Dimension I~ Action by Participant 1 

at Time % 

Freq F~ob Freq Frob Fr~ Prob. 

o .ooo 9 .750 1 .~50 
3 .o~2 63 .887 5 .070 
2 .154 I0 .769 I .077 
2 .222 ? .778 0 .000 
6 .034 170 .960 i .006 
i .083 5 .~17 6 .5oo 
0 .OCO Z .667 ~ .353 
3 .057 37 .695 ~3 .2~5 

6 .273 8 .3:.64 8 .Z~ 

9 .28z 17 ..59~ 6 . le8 
5 .2~ 6 .Z53 6 .353 

88 .280 165 .525 61 .194 
109 .IC4 398 .671 86 .145 
85 .503 Z5 .2o7 ~9 .290 
n ' .4z3 5 .~2 ~o .3e5 

24 .30~ 2~ .30~ 31 .392 

l .c9z ~ .76~ 6 .5~5 
.i60 19 .760 2 .080 

22 • .079 249 .889 9 .032 
Z .o~6 28 .651 ~5 .3o2 
13 .351 22 .59~ 2 .o5~ 
17 .o29 562 .95~ 10 .017 
2 .04o 17 .3~0 ~I .620 
3 .167 1o .556 5 .278 

10 .052 137 .706 47' .R4Z 
4 .073 30 .545 21 .)am 

@ 
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TA~Lm ~.7 

DATA FOR T.ZST3 OF IMPAOP OF NATUR~ 0P OFF~SE IN ~,~:O:~-ORDA'~R MARKOV CHAINI OE~RVED PREqUI~IOI '~'~ 0P A~ 
M~ T&tNSITION PBOBABILITL~ AT TIM~ t BY THOSE AT TIME t-l, t-2, 

Ahl) BY NATUP,~ 02 OI~'LNSE 

e A r , c o t 3  
Dimen:Icn 4s Dimension 31 Dimennlon 2s 
~;atum of ~rticlpant I Action by 
Offon~e ~t Time t-2 Participant2 

at Time t-1 

Traffic 

Nontrafflc 

• I 

i 2 
3 
I 

2 2 
3 
i 
2 

3 
% 

2 

3 
I 
2 

,3 
i 
2 

3 

Dimencion I, Action by Partiolpant 1 
at TAme t 

1 2 3 
Frcq Prob Freq Prob Fre~ Prob 

ii i ~ , ii I 

Citizens 
Dimcn=ion i# Action by Partlaipan% 1 

at Time t 
1 2 3 

Freq ~cob Freq P~ob Frect P~ob 

9 .409 21 .5o0 2 .090 
8 .228 13 .371 14 .4o0 
4 .333 6 .5o0 2 .167 
68 .262 133 .514 58 .224 
84 .195 274 .636 73 .!69 
67 .308 29 .220 36 .273 
i0 .~76 5 .238 6 .286 
4 .182 7 .3t8 n .5oo 

22 .333 18 .z73 26 .39~; 
9 .529 7 ,/&i2 1 .o~9 
6 .162 26 .7o3 5 .135 
2 .091 ll .500 9 .409 

77 .3L0 135 .5 q4 36 .145 
i00 4192 352 .674 7o . l y ;  
54 .397 39 .2~7 43 .316 
i0 .500 2 .i00 8 .tOO 
8 .190 25 .595 9 .214 

15 .250 16 ,267 29 .433 

4 .210 13 .634 2 .I05 
16 .o73 195 .89o 8 .036 
3 .o33 24 .667 9 .250 

lO .357 17 .6o7 1 .o36 
13 .o30 410 .9~6 6 .014 
2 .067 13 .433 15 .500 
o .ooo 6 .75o 2 .25o 

IO .o61 In .681 42 .25S 
1 .024 24 .571 17 .405 
1 .o6z 14 .87~ I .o&z 

12 .o52 205 .~8~ 15 .065 
3 .c91 25 .753 5 .152 

15 .31z 28 .583 5 .Ic~ 
2o .07,8 491 .g+6 8 .o15 
Z .046 Z2 .279 29 .674 
4 .4~ 10 .526 $ .263 
9 .062 106 .73~ 30 .207 
9 ,200 17 ,375 19 ..422 

o 
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t:a'.r, L ~ C t  oC Cla~o 

Dlq~ri~,~tLon o~ ; t~o~lno 

C ~ e r  Ccntl~/.c.~cy on Za2t Ilo=po~eee 

Cr.d~'r Ccn*.L~,~.cncy on @~n pa~t 

uz~*u~+ul2~+u:3~+ul ~ 

.~) ~del ~ + Effect  0£ Cle.s=on Secor~- 
C~-~¢r Cc,~t!,'~cn:y on pe~t  Res~o~.~s$ 

CT .'I::~::3 

=) ( . = .  =, . ~ , , )  
~) (..,.-,..~. =bo~,,) 

~) (=~. . . .bov ,Q 

z6 ~6,0o ;o,gz 1-= 

12 6.67 8.08 ~-b 

0 0 
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Eff~Q~. or" Clanson Dta -  
trJ.t~t.tov, o f  Respoaeo 

Q t ~ r  ( :~nt tn~n¢y O~t P U t  

8J*? 8 

~ [ o c t  o~Cla~a on • T l~ot~ 

~ n  Past ;~e=~on~¢s 
2 . ~  t ,  

E f f e c t  0 t " . 1 ~ 8  on Second .  
Cz~er ¢on*.l~t~onc.y On 
Pa~t Responses 

8.8:) 8 (=~o a8 abovo) 

°. 

\ 

° 
6 

• . . t 



1) ~=on~-Cr~r  ~ar~.ov Pro~eso + 

- ' ~ + ' ~ * ~ ' ~ + , z z ~ + % 3 + , i Z  3 ~6 ~6.8~ ~ . ~ "  

~,~l+~?~3+u~+ulz+~=3+~13,u123 20 33.32 3~, ~16' 
'~ll£++u;i/Imy + 

~) po:ol  + • .%~f+~.t oC ort+noo on F~.rut., 
Crier  ContXn~','ncy on [~t ;~ooFon~ea 

u'+ ~l+u=+u3+ ~:,++u17+u2 )+'+I~'+ulZ 3+mI++ 11 II+.~2 14..O+J 

/;) .'.:~.el 3 + ~:t:~ct o t  ott ' ,nse on r~;* 
~c~ Ccn*.L%:'.ncy on Cwn ~a=t 

u "u 1 +u~ + u3*'J~+~ !2+uZ 3+ul 3+~1Z 3~tlZ~ 8 13.0~ 13*31 

~) ~:c.-~.-~. b + -~CP+'-t oC o££enso on Second. 
C:dor CcnV-r~or.cy on pa.s'~ Ros~:on:eo 

2) (s~*~o +++ ++ore) 20 2.%20 27.+7 

~) (==-.o a~ a~ovo) 8 11.10 12.1~ 

1-2 

Z-3 

~rre~t  o r  o~to.se on : l s -  
t=Itr~%1¢n o f  Resp'~'~:l 

~3.86" 6 u + l g + u z ~  ~ 

Ef[cC ~. OC oCCenlle on FLre?.~ 
Crder Contingency on P n t  o 

1 9 . ~ "  8 lie= ~°n"+es 

EtCo¢t o~" o tC~oe On e. F~rllt= 
Cr4~rder Cont~nce~c:r ¢~ 

£CCcct Of oi'fena~ on SeO(al4- 
Crier  CcntL~ency On 
P~ct Reo~on~e~ 

Zo2 9,96 6 (e.aae as = ~ e )  

- -  , f  

. /  

~ ' ~ _ ; : - a ~  ~ ; ~ \ ~ ' ~ i ~ : . ~  ~ : ~ : . ~ : ~  ~ / ~  ~ ~ ~ - ~ . ~  ~ ~ ? ~ i  ~ L ~ . ~  ~ ~ : ~  ~ : ~  ~ ~.~. ~ ~ r ~ .  ~ ~ . ~ ~ - ~ . ~ - ~ .  ~ . - ~ ; ~ . w ~ ' ; ~  
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d i s t r i b u t i o n  o f  r e s p o n s e s ,  and  even  t h e i r  s e c o n d - o r d e r  d e c i s i o n  

X~tles with the different types of offense. These effects, however, 

as with those of instabL~ity over time, are conslderably smaller 

than those observedearlier for both role and for p~st interactions, 

and for this reason they will be ignored in the further develop- 

ment and testlng of the Ma~kov model. It is likely that these 

effects are of little substantive importance relative to those 

much larger effects, and would contribute more to colpllcatlng the 

model than to  gaining greater understanding or fitting the data 

more accturately. 

The general conclusion f~xa these tests would thus appear to 

be that the effects of these two sources of heterogeneity are very 

small, when present at all, and m~y be safely ignored in the 

development of a Markov model of this process. 

Summary Results of Tests of Assumptions 

Tests of the assumptions of stability, homogeneity, and 

order of the Ma~kov processed were made. These flnd~ings indicate 

that a seccmi-o~der Markov model with heterogeneous roles provides 

an adequate fi~of these data. The superiority of a model of this 

order at fitting the data has been clearly demonstrated over 

models of both first and third order. The heterogeneity of roles 

has been clearly established. And there is convincing :e~Ldence 

that these processes are relatively stable over time and do not 

vary substantially for different classes of citizens or for 

traffic versus nontrafflc offenses. 

These results indicate that the simplest data matrix ~hich 

included all of the effects which were found would need to include 



7 

fou r  dimenaionsl  1) the  p a r t i c i p a n t ' s  own cu r r e n t  response a t  

t ime t ,  2) %he i m m e d ~ t e l y  preceding  response of  the  o the r  

p a r t i c i p a n t  a t  t ime t - l ,  3) the  most r e c e n t  p rev ious  response of  

%he fir~ participant at time t-2, 4) the role of ~he first 

participant, Such a ~trix is presented in Table @.10. This 

~trlx should have all of the information which is required for 

%he est~nation of the parameters for the model of these d&t~ 

as a second-o~der Markov process with heterogeneous roles. 
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t e ~  4.10 

Im~l~ISSI~LB CO.I,t~P3~ TABI.,~ ~ L'~P~"~-"~- ~"  ~+J',.~ ~ +',+~t~,+~,- 
ORDER HARKO¥ Y, OD3% OF SOCIAL INTL~RACTI~ 

, l .  l i l l  r , . .  ~ •'" 

Dlmenslon  ~I Dlnen~ion 3* Dlzez~lon 2s 
Role of  Action of Action of 

Parti~pantl ~artlclpant I pa.--tici~ant 
at Time t-2- at Time t-I 2 

O i ' f i c e r s  

Ci t i zens  

Di~onslc: h Actlcs ©f PartlcIpaat I 
at  T~ t 

1 z ) 

18 ,~6Z 18 A&Z ) ,077 
133 .2~I 2~5 ,536 79 ,1?3 
18 .~7~ 7 ,15~ I) ,Y+Z 
I~ ,22.6 3~ ,6---'9 9 ,I~9 

156 .193 63~ ,65? 145 ,150 
,155 33 -~ 20 ,308 

6 ,I~2 16 ,~55 II ,333 
109 .~3S 65 ,Z6'+ 75 ,301 
• 33 ,25? Z9 ,252 53 ,461 

5 .iz5 z6 .65o 9 .2~5 
23 ,3~ al , ~6 6 ,oa6 
2 ,00~7 16 ,6~6 5 ,217 

33 ,03 ~ c!l .991 I~ ,o15 
19 .c6: z!e .703 73 .235 
6 .£~c7 49 ,7!0 lb.. ,203 
4 .053 26 • ~Z ~5 ,600 
9 . lo5  41 .Z+TI 96 ."19 

. .," 
+ 

1 

2 

1 

2 
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The Second-Order Markov Model With Heterogeneous Roles 

At thls point the next task is t0 explicitly state the 

mathematical model of a semond-order Markov proeess with hetezo- 

geneous roles called for by the results of the tests of assump- 

tions. Suc~ a statement is relatively straight-forward and is 

merely a mathematical restatement of the basic properties of this 

model. Next the parameters for this model will be estimated frc~ 

~he data in Table 4.10 using standard procedures. This model will 

then provide the basis for the remainder of the analysis. In the 

section Immediately following this one a number of predictions of 

this model will be generated and tested empirically. It is only 

after all of this has been done and only if the tests of those 

predictions further support the model that the logical properties 

of the model will be explored and it will be empii-~cally inter- 

~ted.* 

A mathematical model of ~ second-order Ma~kov pzocess with 

heterogeneous roles constitutes a relatively simple extension of 

the simple flrst-order homogeneous Markov model discussed earlier 

in Chapter 3, and whose transition matrix is presented in Figure 

3.1. This second-order property of the model may be stated 

~ mathematically as follows | 

*It is genezally a good idea to test as many assumptlmas and 
predictions of a model as possible before ax~lorlng its substantive 
implications and using the modal to direct future research. In 
this c~se~ since there were afe~ mlno~ departures from the 
assumptions of stability and heterogeneity (apart f~om role 
heterogeneity which was incorporated into the model), this further 
testing of the model is particularly appropriate. 
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P[~Ct) ,cj ( t -1) ,0i (~-2) . . . . .c  (~-=),0 ( t -~- l ) ]  
-PL~(t ) ,c j ( t -1) ,o, ( t -2)L ~o= ~u i . j . k . , . ~ =  

P[%Ctl,ojCt-1),c~(-2~ . . . .  ,o(~=).c=(t-~- l~]  
-P[~(t),ojCt-1).c~Ct-2)]. rot ~u l . ~ j . , . = , =  

Because the p r ~ e s s  i s  second-order the states nay a inA!y  he 

redef ined to  inc lude two events occurr ing one a f t e r  anoA~ar Lu 

t ime C i . e . ,  i n s t e a d  o f  s t a t e s  1 ,2 ,  amd 3) t h i s  model ha~ s t ~ e s  

I1 ,  12, 13, 21, 22, 23, 31, 32, and 33). ¥1th the states so 

redefined the Markov assumption again holds that the curr~t 

a c t i o n  i s  c o n t i n g e n t  only  ~pon the  p a s t  s t a t e  and no ~ 

s t a t e s .  

The second departure from the simplest version of a 

model arises from the .observed heterogeneity of roles. The 

property of role heterogeneity may be expressed mathan~t!ca!ly 

as fo l l ows ,  

heterogsnecms distributions of responses 

P [ O l ( t ) ]  ~ P[Ci(t) ~ 

heterogeneous flrst-order othar-contlngent transition ~¢o~'=L!!ties 

P[Oj(t),Ci(t.1)S ~ P[Ck(t ~,Ci(t-2)] 
heterogeneou~ first-order self-contingent transition pro'~a.hi/i~les 

heterogeneous ~ocomd-order transition probabilities 

.' P[O~(t) , c j ( t - l l ) , o i ( t - 2 ) J  ~ P i C k ( t ) , o j ( t - l ) , c i ( t - 2 ) ]  

Any one o r  more o f  t he se  s ta tements  may be t r u e .  
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I t  i s  c l e a ~  t h a t  t h e  c o n t i n g e n c y  o f  t h e  a ~ t t o n  o f  c i t i z e n s  upon  

l~art  a c t i o n s ,  and  t h e  d i s t r i b u t i o n  o f  r e s p o n s e s  o f  c i t i z e n s  b o t h  

d i f f e r  from. t h o s e  o f  o f f i c e r s ,  Hence i t  i s  a lways  i m p o r t a n t  i n  

estimating transltlc~ probabilities for this nodel to distinguish 

officers fro~ citizens. This simply means that in expressing the 

a~them~tlcal model it is necessary to alwa~vs distinguish between 

officer's and citizen's states (i.e., instead of having 9 etatesj 

II, 12, 13, 2t, 22, 23, 31, 32, and 33, there are no~ 18 states, 

01C1, 0102, 0103, .0201, 0202, 0203, 0301, 0302, 0303, ClOt, C102, 

CI03, C201, C202, C203, 0301, C302, and C303). The remainin~ 

properties of the model (e.g., hcao6enelty and stability) are the 

sane aa for the simple first-order model discussed earlier. 

The tra~sltieu matrix for the second-order Mazkov model with 

heterogeneous roles c~n thus be represented by an 18 x 18 matrix 

w i t h  t h e  s t a t e s  d e f i n e d  by  a c t i o n s  a t  t ime  t - 1  and t r e p r e s e n t e d  

b y  co lumns  and  t h e  s t a t e s  d e f i n e d  by  a c t i o n s  a t  t i m e  t - 2  and t - i  

by rows. In each cell of that matrix would be the conditional 

Pro~ut~ of s~e s~, :~oj (o~%), ~t times t-l ~ t, ~en 

that scae other state, OhCi(ChOi). occ~ at times t-2 and %-i, 

Such a matrix is illustrated in Figure ~.11. If this matrix were 

partitioned into four sections (I. 11, 111, and iV) as in Figure 

~.11, then those quantities in the cells in section 11 ,ould re- 

~resent the transition probabilities which describe the response 

of officers to the past responses of themselves at time t-2 and 

the citizens at time t-l! those quantities in the cells in 

section 111 would represent the transition probabilities which 

describe the response of citizens to the past responses of 

• •  .~=~ ~-~-..7V~.~ ~. ~ .~r~ ~:~ ~- ~:-~ ~ .-~. ~.~.~ ~ : ~  ~ ~  ¸ 
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T~2~SITION ~TRIX FOR SECO:W~-O~')ER :;ARKOV MODEL 
WITH I~PEROG~?~Ob~S P.OL-~S 

3?AT~ DDq ~DVD 
BY ACTIONS AT 
T I M ~  t-2 and %-i 

(t-2,~-i) 

OiC I 

03C 3 

ClO I 

0303 

I wm I I I 

Statos Doflr~ol by ActionQ at. Timee %-I and % (t-l,%) 

OlC 1 ... 03C 3 

I 

P(OiCj:OhCi) - 0 
where h,i,j=l,2,3 

Ill 

P(0~cj:Ch%) - o(11 
where h,i,j=l,2,3 

CI01 ..o 0303 

II 

P(ciOj:OhC i )  = C (1) 
where h,i,~=l,2,) 

IV 

r ( c i o ~ - c h o  i )  . o 
where h,i,J=l,2,3 

" • .- 

~"<~":~ .~'~.~.~i ~ ~.~' "'~?".'~"~:-~: .~ ..' :; ....... :'~ 7' ~.'/~ '.:~- :" ..... :: --." . ~" ' ~':~ . - ~ ..L ~ " " ~ • • .... • ~ ~' ..... ~~i~i~'~'.~"~ ~' '~.'"~ 
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officers at time t-1 and to themselves at tlae t-2. The quantities 

in the cells in section ~ and IV would represent the transiticn 

pro~billties descrlbing the rosponse of citizens to themselves at 

time t-1 and officers at %-2, and those describing the response of 

officers tc bhemselves at time t-1 and citizens at time t-2. In 

this data, however, the responses were coded in such a way that the 

response cf one participant never directly follows his own prs- 

v£ous response and can ~mly follow directly the response cf the 

other part ic ipant.  

P[Oi(t),Oj(t-l)] -[P Cj(t),CI(t-I)] - O, for m i.J 

Further, the events represented by the rows and those repre- 

sented by the columns overlap in time one with the ctheT. The 

Second act of the two acts defining an event for the rows is the 

first act cf the two acts def ~Inin6 an event for the Columns (the 

act occurring at time t-l). Hence the transition probabilities 

in cells where the event at time t-1 represented by the row is 

not the same as the event at time t-i represented by the column, 

must be zero. 

P [o1(t-1).cj(t),c~(t-2). 0k(t-1) ] - ~ ik 

p[ci(t-O, oj(t) ,Oh(t-2),ck(t-1) ] - Sik 

=0 fcr all i: k 
I fcr all i - k 

- 0 for all i ~ k 
i for all i - k 

Hence there are only three possible values other than zero for 

each row.and the matrix is greatly simplified. 

It has been shown (Anderson and Goodman, 19541 Birch, 1963) 

that the maximum likelihood estimate of the transition probability, 
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Plj(the probability t h a t  event J ~ occur at time t ~iven t ha t  

event  i occlLrred a t  t ime t - l )  i s  ~.~1~l~ 

PiJ i xls xi~'1; 

~ r e  x l j  i s  s imply t h e  n ~ e r  o f  occurrences of  xkj or  the 

number o f  occur rences  o f  ewent i a t  t ime t - 1  and event  J a t  t ime 

t .  Those e s t i m a t e s  a r e  r e a ~ y  o t ~ t n e d  fro-~...the data  presented 

in  Table ~.10.  The e s t i m a t e s  o f  these  parameters f o r  the second- 

order  Markov process  ~ i t h  h e t ~ u s  r o l e s  and the r e s u l t i n g  

model a re  presented  i n  T~hle ~ .12 .  This  model provides  the 

basis for all of the analysis which follows. 

There are ~ number of properties of this model which have 

important s u b s t a n t i v e  i n t e r y r e T ~ t i o n s  and which w13.1 be he lp fu l  

t o  know f o r  purposes o f  g e n e r ~ t l r ~  and t e s t i n g  p r e d i c t i o n s  in  the  

sections to cornel So~ae of these properties will be established 

here for use in generating predlctlons. A more intensive discuss- 

ion of their substantive InterpretaAions .ill be presented in the 

later section in which the nodel is interpreted and explored. 

This model is periodic ~ith a period of 2, That is, the 

of the systeu going froa state Oi(t)Cj(t+l)to probability 

oi(+.)cj(t+l+n ) Is zero u~e~s n iz ~ ~ultlple of 2 (Fallsr, 1968). 

It has al~eady bean pointed out that the probability of & state 

where the officer's response p~cedes that of the citizen, being 

followed directly by another state in which the officer's response 

precedes that of the citizen is zero and the same is true of 

states where the citizen's response precedes that of the officer. 

In Table @,~3 is presente~ the two-step transition zatrix 
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con ta in ing  the p r o b a b i l i t y  of  a response Ci~C j (o r  CiOj) a t  t imes 

t and t + l  r e s p e c t i v e l y  g iven  the  response 06C h (o r  CgOh) a t  t imes  

t -2  and t + l  r e s p e c t i v e l y .  This  m a t r i x  i s  obtained by simply 

m l l t l p l y i n ~  the 1 - s t ep  t r a n s i t i o n  mat r ix  by i t s e l f .  I n  t h i s  

matr ix  I t  may be seen t h a t  the  p r o b i l i t i e s  o f  any one o f  %be 

s t a t e s  fo l l owing  themselves  two s teps  l a t e r  a re  g r e a t e r  than 0. 

I t  has been shown in  genera l  ( F e l l e r ,  1968) t h a t  f o r  Markov 

chalD~ such as this which are periodic with period t a~d where all 

s t a t e s  have s i m i l a r  p r o p e r t i e s  as these  do, the  s t a t e s  can be 

d~vided i n t o  t mutual ly  exc lus ive  c l a~sss  GO~...Gt_ 1 such t h a t  a 

one-s tep  t r a n s i t i o n  l eads  to  a s t a t e  i n  the  ne ighbor ing  c l a s s  o f  

s t a t e s .  Each of  these  suhmatr ices  corresponds to  an i r r e d u c i b l e  

c losed s e t .  For each of  these  suhna t r i ce s  the re  i s  an e q u i l i b r i u n  

d i s t r i b u t i o n  o f  responses  which i s  t o t a l l y  independent of  the 

i n i t i a l  d i s t r i b u t i o n  and i s  def ined s o l e l y  in  terms o f  the  

transition matrix. In this case those suhmatrices are GO=I+IV 

and GI=II+Iil where I, II, IIl, and IV are the partitioned 

sections of the matrix presented in Figure 4.11. 

It may also be shown that this second-order heterogeneous 

Marker 9recess is equivalent to two second-order homogeneous 

Marker l~rocesses which alternate. If we think of the partitioned 

submatrlces I and IV in Figure 4.11 as the one-step transition 

probabilities associated with the processes for citizens and 

officers respectively (C (1) and 0(I)), then our matrix simplifies 

to the ~olle~Ing forms 



i~ tX~l  or +~:+~rl 

(v-z, t-;.) 

%+z 

oz,c z 

o~.c+) 

o).c I 

++,+.~ 
03*C ) 

CI,O l 

• , c v o ,  

Ol,O~l 

01,03 

Ol,~l 

el,O ) 

c).~, 
c~,o: 

- . ~  ~.~) 

.0.~ ,~.7~* *019 .20? *~71" . ,0~ ,OZI" .¢(.~ .0~3 

;oZ9 ,:~4 ,0~) , ~  ,ZI~ .0~, ,018 ,20p ,0~  

,O+I~ ,19? ,0~? ,01.t ,0~6 ,1~  .,0~0 .Z~I ,1.T9 

,011 ,O)U *010 *~6 ,10| ,10~ ,0~54J ,t6~ ,1041 

,¢+0 ,0~0 ,007 * t~  ,~?6 , i ~  , 0 ~  *0~ ,04t 

.011 .0)) .0~41 +o~? .I~8 ,0~/ . I I |  ,~o~ . |I$ 

,~0  .0".4 ,03? .:~IZ ,3+1 , l ~  ,3~0 ,114 ,~77 

• "... 

\ 

l-i 



t-2, t-I 

t - l ,  t 

o(1) 

c(1) 
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The two-step tl-ansition matrix presented in Table 4.13 isslmply 

the product of the one-steP transition matrix times itself. This 

is equivalent to the product of the two separate processes occuJc- 

ing over time as follows~ 

t ,  t+ l  

%-2, t-I 

o(!)c(I) 

c(I)o(I) 

It may be shown that the nth step transition matrix is composed 

of the products of the two different processess OCOCOCO ..... or 

COCOCO... respectively. 

This may also be illustrated with the help of a hypothe- 

tical set of responses which may characterize the social inter- 

action for a particular police-citizen encounter. Suppose the 

followin~ sequence of interactions occurredl 
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olc.lolc lolc2o3c2olc lo2c2o2c2o2c2 

Because  i t  i s  a s e c o n d - o r d e r  p r o c e s s  i t  i s  known t h a t  t h e  r e -  

s p o n s e  o f  t h e  o f f i c e r  and c i t i z e n  i s  a f u n c t i o n  o f  t h e  p a s t  

two e v e n t s  wh ich  o c c u r r e d .  The p r o b a b i l i t y  o f  t h e  n e x t  r e -  

s p o n s e  given the past two is expressed in the transition mat- 

rix. This transition probability may be i~ustrated with 

respect to this data as followss 

rT n nn 

The first two responses, 01 and C i lead to the choice by the 

officer of 0£. The second pair of responses, C 1 and 0£, in 

turn, lead to a new response by the citizen of CI, and so on. 

This might also be represented as the Inltial distribution of 

responses ti~es the transition matrix for the officer, then 

that for the citizen, then that for the officer, and so on, 

until all tra~sitions have been made and the encounter has 

end ed. 

X(t+n) = OCt...O2ClX(t) 

or = CnOn.2...C2OIX(t), depemling on the sequence which 

Occurs,  
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Testln~ Predlctlons of the Model 

H~vlng tested a number of assumptions of a number of possible 

Markov models and selecting and specifying a specific Markov 

model (the second-order model with heterogeneous roles) which 

appears to be am appropriate fit to the data, the next step is to 

test some of the predictions of the model. One of the advantages 

of Harkov models is that they have been relatively well examined in 

the past and there are & number of predictions which have been 

derived for such models which may be tested. In selecting aspects 

of the model %o test it is important that they be selected not 

only for their adequacy am tests of the model but also for their 

substantive relevance. Here three specific tests of predictions 

will be made.* The observed and predicted values will be 

compared for 

I) the equilibrium distribution of responses, 

2) multl-step transition probabilities, and 

3) the distribution of rune (sequences of responses all 
of the same type) 

It is important not to lose sight of the primary goal of this 

research which is to gain a better understanding of the social in- 

teraction which takes place between police and citizens in these 

*A fourth test was also examined. This was a test of the mean 
recurrence times (e.g., the mean time it takes for the system to re- 
turn to some particular state after once having been in that state~ 
However, it appears that t,hls particular test is not an adequate 
test of this model because the mean and the variance of the re- 
currence times for these data are large relative to the length of 
encounters. AsaJ~esult, only a very severely truncated dis- 
tribution of recurrence times is observable. Hence it is not 
posslh~e to estimate these empirically. This test and the pro- 
blame with it are discussed in detsll in Appendix 2. 
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b r i e f  encounte rs .  One . ~ y  o f  doing t h i s  i s  t o  develop a model 

which has assumptions which are  compatible with the da ta  and which 

has l~ec~se,  t e s t a b l e ,  c o r r e c t  p r e d i c t i o n s .  ~ut the model i t s e l f  

remains 6econ~rX t o  the  p r i n a ~  ~ o f  ~ ~ e a t e r  un~er-  

standing. 

The F~uillhriu~ Distr~Xcn of Responses 

One of the most convenient predictions of Ma~kov mo~els is 

that for aperiodic ergodlc y~kov chains the Markov process 

approaches an equilibri~ dlstribatlon of responses which is to- 

tally Independent of the initial distribution and is defined solely 

in terms of the transition matrix (Feller, 1968). As pointed out 

in the Statement of the model, it is posalhle to partition the 

transition m&trix for the second-oz~ler model with heterogeneous 

roles into two irreducible closed aperiodic Markov chains. Be- 

cause the equillhrium distribution probahility~ of each response 

is ~_~tar than zero these su~tx~ces are also ergodic. Thus, 

these subm~txlces should exhibit equilibrium distributions defined 

solely in te~s of the transition matrlx. 

Empirically, it is possible to estate the equilibrium dis- 

trlbutlon of ~sponses for these d~ta by exa~In~ the responses 

which occur a~ter equillhriu~ has been reachedo For purposes of 

this test the distribution of responses in the last ten inter- 

a c t i o n s  i n  e~counters were Computed as estimates of the equilibrium 

distribution.* Those e~piiical estlm~tes a~e reported as the 

*It will ~e shown in a later section that the rate at which 
the systen a~oaches equili~ium is fast enough to make this a 
reasonable estimate of the equilibrium distx~.butlon. 



189 

"observed" d i s t r i b u t i o n  i n  Table 4.14. 

It is also possi1~e to predict the equilibrium distribution 

the Markov model. There are a number of ways this may be done. 

Here the predicted equillhriun distrlbution is found simply by 

ralsing the transition matrix to a very ~ power (the 24th order). 

When this is done the pro~hilities in each column approach a stable 

value which is the same for each row. The equillhrium distribution 

probahillty of each response is then simply the probability in 

the column associated with that response. 

Estimates of the predicted frequency distribution of these 

responses for the last tern interactions are then obtained by 

simply multiplying the predicted probability of each response occur- 

Ing times the total number of responses which occurred during the 

last I0 interactions obtained ~ the observed estimates. The 

predicted equilibrium frequency distribution for each of these 

s u l m a t r i c e s  a r e  also reported in Table 4.14. 

These predicted and ob~"=erved equillhrium distributions are 

quite close. Their goodness of fit u~s tested by fitting log 

linear ~odels to these two sets of data stud ex~alning their flt. 

The results of those tests are presented in Table 4.15. It is 

cleaz, ~ those results that the model provides very good 

predictions of the equilibrium distribution of responses. 

Multl-step Transltlon Probabilities 

Frca the transition matrix for a Markov chain it is possible 

to derive multl-step transition probabilities--i.e., transition 

matrices describi~ the prob~1~llty a particular respoz~ee will 

occur on the nth interaction given that ~e particular response 
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TABLE 4.14 

EXPECT~ AND OBSERVED E~UILIB.R/UN DISTRiz~-~I~ ON (~ STATES FOR 
SECOND-ORDER /,MJ~01/ MODEL WITH I~--~.~OUS ROLES 

STATE 

01C 1 

01C 2 

o~c 3 

o20 t 

2C2 

ozc 3 
o3cz 

o3c2 

o3c 3 

C101 

cio2 

ClO 3 

C201 

C202 
C203 

c3ol 
c3o 2 

c3o 3 

~un~muux Dis~mn~ 

OBSERV~ FR~UEN~Y .=~ICT~ ~E~Y 

11 

111 

5 

18 

228 

9 

? 

65 

21 

6 

20 

? 

119 

201 

9 

lO8 

9 

14 

226 

7 

63 

26 

9 

17 

5 

84 

• 12 

6 

20 

io3 

221 

72 

15 

16 

19 



T~BL~ l ~. 15 

TEsT OF GOODNESS OF FIT OF PREDICTED., AND OE~ER~ EQUILIBRIUM DI~TRI~TION$ 

KOD~L CC':FICUP~TIO'~ DP X 2 G 2 4CD~L PAIR ~G z ADF TEP.:~.S WHICH DIFFEI~ 

O£flaers Fir,~ t 

I) Eodel Excludlr4 Effects o f "  
Predicted vs. Observed "l 

Y, odel Incl~din~ All Effects 

u+ul+.24~2 0 

Citlzon~ ~ir.t 

~) ~odal g.xoluding E£foe~o o f  
Predicted vs. 0boorved 

u*u 1 

2) ~0dol Znolud~n~ A l l  Ett~ot~ 

u+~l+~2+u12 0 

~.~; 3.~v 

0 0 

0 0 

1-2 ~.57 9 ~f fects of  ~ I c t e 4  
v~. 0b~ez'ved 

u2+u12 

\ 
k 

~O 

\ 
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occuzrea on the fLwst interac+.~on. This parttc=Zax Wedlct ton 

h a s  ~ one which  h a s  g e n e r a l l y  n o t  f i t  t h e  d ~ t a  well in Markoq 

m o d e l s  o f  m o b i l i t y  (Coleman,  1973! S p t l e r a a n ,  1970S M c F a r l a ~ ,  1969S 

~ e i k  and  Meeker ,  1975). T~re has been  a recurring problem with 

s ~ c h  mode l s  u n d e r e s t i m a t i n g  t h e  ~ r o p o ~ t i o n  Of p e o p l e  who do n o t  

move 8 t  a l l ,  T h i s  h a s  b e e n  c a l l e d  t h e  d e f i c i e n t  d i a g o n a l  p rob lem 

by Coleman (1973), and has been the subject of a number of revisions 

of the ~c Markov models, including the mover-stayer model by 

~lumen, Kogan, and McCarthy (1955) and the underlying states model 

of Leik and Meeker (1975). For this reason alone it is worth~lil~ 

to e x p l o ~  t h i s  prediction for this model t o  see i f  the same problem 

exists. Perhaps this would provide some evidence of the extent to 

~ c h  t h i s  i s  ~ pi~oblem endemic t o  Ma~rkov models  o r  a ~ b l e n  o f  a 

particular set of data to which they have ~een applied. In addition, 

ex~mlm~tion of the multi-step transition probabilities is a good 

mma~ure of the extent to which the model is useful for predicting 

b e h a v i o r  o v e r  a long period of time. If the nodel is really 

&ppropriate, ~hon" it should be able to generate relatively 

accurate predictions over long time periods, 

It ~s a relatively simple matter to estimate empirically the 

=nltl-step transition probablblties. It is simply neceasary to 

create a contingency table where the rows represent the state the 

system is in at time t, and the columns represent the state it is 

in at tiros t+20, and in each cell is the frequency flJ with which 

the System Is observed to be in state Sj a t  ~ t ~ e  t+20 and in 

state Si at time t. Th, r~sulting frequencies obtained in this 

~LY axe displayed .in Table 4.16. 
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The p r e d i c t i o n  o f  m u l t i - s t e p  t r a n s i t i o n  p r o b a b i l i t i e s  i s  one 

o f  t h e  more s t r a i g h t f o r w a r d  o f  t h e  p r e d i c t i o n s  which may be made w i t h  

Markov m o d e l s ,  A f u n d a m e n t a /  p r o p e r t y  of Markov models  which  was 

pointed out earlier when they were first discussed (see Chapter 3) 

is that the distribution of responses at any time t+n is simply 

the prodttct of the distribution at some time t times the nth power 

of the transition matrix, T, 

ZCt+.) - ~ ( t )  

The nth-s%ep transition prol~bility is then simply the nth power 

of the one-step transition probability 

T(n),.T(1)n 

For this mode], then the predicted 2Orb-step transition matrix is 

simply the one-step transition matrix from Table ~,,12 raised to the 

20th power. ~/multiplying each tra~sltlon probability by the row 

totals from t~e observed frequencies, predictions of the frequencies 

for each cell which would be observed if the model fits the dat~ can 

be made. These predicted frequencies are also presented in Table 

@.16. In addition, the predicted and Observed 4-step transition fre- 

quencies are presented in Table 4.17. 

The predicted and observed transition frequencies for both the 

A-step and the 20-step transition matricies are relatively close. 

The goodness of fit of these frequencies were tested by fitting log 

linear models io these two sets of data and examining their flt. 

The results of those tests are presented in Tables 4.18 and 4.19. 

In general the model provides a relatively good fit of these transi- 

tion frequencles. There is, however, some evidence that 
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TABLE 4.18 

C~TPARISON OF CCODN~S OF FIT OF DIFFERENT MODEI~-TO ASSESS GCCDN~S (F FIT OF OBSERVED AND 
PRZDICTED 20-STEP TRANSITION FRZ~UENCIh~ FOR SECOND-ORDER MARKOV MODEL WITH 

H~TEROGE/~SOUS ROLES 

~ODEL CO::FIGU~ATICN 

OFFICERS FIRST 

I) Model excludin~ predicted 
vs. observed effects 

U+Ul+U2+Ul2 

2) Fod~l Includlrg effects of 
predicted vs. observed 

DF X 2 G 2 

U+uI@U2*U)+UI2+Ulg+U23÷UI23 

~.~-~:,o FIRST 

i) Model excludin~ predicted 
vs. observed effects 

2) 

0 0 0 

U÷Ul+U2+Ul2 

~odel including effects of 
predicted vs. observed 

81 55.70 59.9~ 

U+Ul+U2+U3+UI2+u13+u23+u123 

ZODZL PAIR G 2 DF T~qMSW~ICH DIFFER 

1-2 6~.15 81 Effects  of Predicted 
vs.  Observed 

1-2 

0 0 0 

1-2 59.96 81 E f f e c t s  of  Predioted 
vs, Observed 

ufun÷u f%   

' ~ ?~ ~'~ ~ ~;~ ~ z.~¢~ ~ ~ ~ ' ~ ? ~  ~ . ~ T ~ ; ~ I ~ ! . ~ ! ` ~ D ~ = ~ - ~ ; ~ L ~ ` ~ F ~ J " A ~ U ~ " ~ 4 ~ . f ~ ` ~ A ~ ~ % ~ % % ~ I ~ ~ ~ ~ ~ :  ~ 



TABLE 4.1~ 

Y.OD"L CO:.'PIOI~IATION DI.' X 2 0 ~ ~:ODZL PAIR £02 ,~D~ ~;RM~ W~IIC}~ DIFT'~ 

OF'/'IC~S FIRST 

1) ?O~el e~cludtn~ predic ted 81 
vo. Ob~n~'04 ~ffeots  

u+u1~u~Ul2 

2) ~o4ol ~nnludtn~ ~ O ~ t a  O~ 0 
pro~lotod vo, o b ~ l ~ d  

u*ul*u2*u3*ul~+u~3*Ul3+Ul2~ 

1) Yo,~,el exclu~in~ 'prodto~ed 81 
v. .  oboorvod c f fec ta  

U*Ul+U~÷Ul2 

2) ~odeZ includln~ effec%s Of 0 
p:ed~¢te~ re. obaarved 

U+Ul~U2÷U3~u!2+u13+u23+u123 

137.33 ~ , 1 o  

0 0 

15o.19 16o.17 

0 0 

1 - ~ 1~.10" 81  ~ feo~.  Of ~re4iote4 
VseO~Oel'vod 

1 - 2  lg0.17 ° 81 

u3+~13+u2.~+u123 

EL'foe~e of' Prediote~ 
vo. Obaervo4 

' * S t ~ l ~ c ~ t  at or beyond %~ .05 levo l .  

% 
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there is a systematic underesti=atlon of the main d i ~  and 

an accompan~ overestimation of the off-di~ element as 

is found for the four-step predictions with the deficient 

l~ro~lem. Those effects are not present  for the 20-step 

transition ]~ictions. It appear~ that those problems are 

elimlnated as the process approaches equilibrium. 

Distribution of  Runs 

A run occurs whenever One event occurs repeatedly in a 

sequence of intera~tlons with no other events occuring between 

occurrences of  the event (i.e., in the sequence, 

01ClOiCiOlC101CiOiC201ClOiCi, there are three separate runs, 

one of the event OiC I of len~h 4, followed by one run of event 

01C 2 of lene~h I, followed flnally by one of event OIC I ae~tc, 

this time ~ith len6%h 2). E~plmlcLlly, the distribution of rune 

may be estimated by takin~ a series of Intera~tlons and countln~ 

the times rune of different length occur for different possible 

states. The distribution ~0f runs is then described by the fre- 

quency with ,hlch runs of vary~ length occur for .each state. 

The observed distribution of runs may also be predicted from the 

Marker no~el. For consideration of the distribution of runs the 

two-step transition pro~bility natrix in TablQ 4.i3 from the 

eecond-o~der Markev model with heterogeneous roles will be used. 

This matrix is used because its Daln diagonal displays the prob- 

ability that & particular event (which for the second order model 

of course, consists of two ~ubevents, one actlcn by each partici- 

pant) will recur immediately followin~ its own occurrence. With 
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t h i s  informat ion  and knowledge of the number of  t imes & p a r t i c u l a r  

event occurred when it was not preceded by its own occurrence, it 

is 1)ossihle to predict the di~trilmtion of the len6th of runs 
for that event. Whenever an event occurs and is not preceded by 

i t s e l f  t h i s  c o n s t i t u t e s  a new run (apar t  from how long tha t  run  

say  even tua l ly  be) .  Thus, the number of t imes an ~vent occurs 

hut i s  not  preceded by i t s e l f  i s  simply the number of runs  ob- 

served. These numbers are ava i l ab le  from the e a p i r i c a l  es t im~t ien  

of  the d i s t r l ~ u t i o n  of  runs .  So, given the number of  runs  which 

occur, and given the two-step transition matrix in Table 4.13, it 

is posslhle to predict the frequency, with which runs of different 

length occur for each state. For any event, El, the following 

equations hold, 

P[E1(t+l)'Zt(t)] " P[ZI(t+II'EI(t)] "[P El(t)] 

Pill(t+2) '~t(t,tl 'Z1(t)] " P[~i(t+- ~)'zl(t+l)'z1(t) ] .  P[~l(t+ll'zl(t)'] 
and since the process is second order, this simplifies to 

P[EI(t÷2) IE1(t+l) ]  "P[EI(+I)EI( t ) ]  .P[!~,l(t ) ] 

and because the process is stable, this simplifies to  

,, 2 

and in general  I t  can be shown tha t  

The coeffiolent on the left of the ~bove equation can be inter- 

preted as simply the prohabillty that the run will be of length 

k+i or greater. Multlplyin~ both sides of this equation by the 

frequency of runs for all events which occurred gives the 
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COrresponding equa t ion  f o r  computing the frequency o f  rims o f  

l e n g t h  k or  g r e a t e r .  

- 

Fram %hls equation we can calcttlate the frequency with which runs 

of l e n g t h  greater than or equal to k+l will occur. Far exaaple, 

cons ide r  the  even t  C101. In  t h i s  data  39 runs o f  t h i s  event  were 

observed.  ~ the two-step transition matrix we know that the 

probability of event CiO i occurring in the next pair of inter- 

actions following its first occurrence is .066. From these data 

and the formula above we can predict the followingt 

freq (rums for C101 of length k 1) - 39 

freq (runs for CI01 of length ~ 2) - 3 

freq (runs for CIO I of lemgth k 3) =. 0 

The ~uency with which runs of differing lengths occur is found 

by finding the difference between the relevant predicted frequencies. 

freq (runs of length=l) - freq (run of length ->i)-freq(run of lengthk2) 
- 3%3 = 36 

freq (run of length~2) = freq (run->2) - freq (funk3) - 3- 0 - 3 

Using these same procedures the predicted distribution of runs has 

been calculated for all states and those predicted distributions are 

also presente~ in Table 4°20. 

It is readily apparent that the predicted and observed distrl- 

~rutlon of runs is quite close. This is confirmed when log linear 

models are fitted to those distributions to asses the goodness of 

fit between the predicted and observed frequencies. The results 

of ~ tests are presented in Table 4.21. There it is quite clear 

that the model ~rovldes ~n excellent prediction of the distribution 



TABLE 4.21 

CC~ARISON OF GOODNESS OF FIT OF DIFFERENT MODulES TO ASS~'~S COODN"-~S OF FIT OF PREDICTED AND " 
O.~SZRVkD DISTRIBUTIONS OF RU,~S FOR SECOND-ORDER ,MA.~0V MODEL WITH HETEROGENEOUS ROL~ 

~ , ,," , . _. 

MODKL CCNFICURATION DF X 2 C 2 

OFFICERS FIRST 

i) Model Excluding Effects of 
~_~dicted vs. Observed 

u+u 1 

2) Model Including All Effects 

U+Ul+U2+Ul2 

CITIZENS FIRST 

Z) (sa=e a8 above) 
2) (s~e as abave) 

48.57 .~.37 

0 0 0 

~8 46.?5 5Z.~9 
0 ~ 0 0 

ZOD~ PAIR C ~ 

. . 

DF TE~MS WHICH DIFF~ 

Predicted vs 
Observed Effects 

54.37 50 u2+u12 

~2.49 50 Predicted vs 
Observed Effects 
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Of runs° 

t e s t  c o n c l u d e s  t h e  t e s t s  o f  p r e d i c t i o n s  o f  t h e  s e c o n d -  

o r d e r  Rarkov  mode l  w i t h  h e t e r o g e n e o u s  r o l e s .  To b r i e f l y  summar ize ,  

t h e s e  t e s t a  ~ v e  f o u n d  t h a t  t h e  model p r o v i d e s  e x c e l l e n t  p r e -  

d i c t i o n s  o f  e q u l ~ ' i u m  d i s t r i b u t i o n s  and d i s t r i b u t i o n  o f  r u n s ,  

and ~d pzedlctlc~s of the multi-step transition prob~billties. 

However, thel~ is evidence that the predictions o[ transition 

probabilities for this model, as with other Markov models.. ~n 

q~Ite dlfferen% ~ppllcations, suffer from the deficient dlagona~ 

p r o h l e n .  The model  t e n d s  t o  o v e r e s t i m a t e  t h e  number o f  chaz~es  

which occur across many steps. The model thus displays so~e of 

the weaknesses c~only fou~ in Markov models. However, the 

model appears overall to provide a good fit and provides excellent 

predictions of other properties, including both properties which 

hold at ~hrlu~ (equilibrium distributions) a~d properties 

which.c~terize the process (the distribution of runs). The 

model clearly is a good fit to the data and its interpretation 

and logical development is clearly warranted. However, because 

of the saall ~nesses the model has shown in assumptions and 

predictions, s<me degree of caution in evaluating the findings 

i s  c a l l e d  for. 



C h a p t e r  5 

CONCLUSIONS s LOGICAL EXPLORATION AND 
INTERPREYATION OF THE MA/~OV 

MCDEL 

t h e  r e s u l t s  i n  t h e  p r e v i o u s  c h a p t e r  i t  i s  c l e a r  t h a t ,  

o f  t h e  mode l s  exasd~md, t h e  one which  b e s t  f i t s  t h e s e  d a t a  i s  

s e c o n d - o r d e r  Markov model  w i t h  h e t e r o g e n e o u s  r o l e s .  Tha t  model  

ha s  been  shown t o  meet  t h e  a s s u m p t i o n s  o f  Markov models  and t o  

predict rel~ively accurately a number of characteristics o f  

police-c£tizen interaotion. However, fitting a model to the 

d a t a ,  even  one w h i c h  i s  a s  s u c c e s s f u l  ~s t h i s  one, does  n o t ,  by  

i t s e l f ,  make a m a j o r  c o n t r i b u t i o n  t o  u n d e r s t a n d i n 8  t h e  phenomenon 

which i s  b e i n g  mode l ed .  The t a s k  o f  t h i s  c h a p t e r  i s  t o  t a k e  t h e  

f i n d i n g s  f rom t h e  p r e v i o u s  c h a p t e r  and f~c~ them t o  d e t e r m i n e  

important characterlstlcs of the phenomenon of police-cltizen 

interaction. Specifically, inthis chapter the model will be 

explored mathematically in order to determine its implications 

for various aspects of the process, and the properties of the 

model will be Interpreted in order to understand what they imply 

about the phenomsnen itself. This effort will be guided by the 

predictions and insights available from the application of the 

theoretical framework to the case of pollce-cltlzen interaction 

in Chapter 2° 
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The D~a~c Character of the Marker Model 

Exploring specific predictions of Marker models which may be 

of intereat for the su~J~antive ar~a or which provide rigorous 

t e s t s  o f  t h e  a c c u r a c y  o f  t h e  model  i s  co~non ly  done and does  c o n t r i -  

b u t e  t o  v a l i d a t i n g  t h e  mode l .  HOWever, o f t e n  i t  i s  d e s i r a b l e  t o  go 

~ o n d  t h i s  t o  g e t  a s o r e  c ~ p r e h e n s i v e  v iew o f  t h e  d y ~ z i c  p r o c e s s  

which i s  r e p r e s e n t e d  by  t h e  Earkov  model .  One method f o r  d o i ~  t h i s  

i s  t o  exa~dme t h e  e ~ g e n v a l u e s  and  e i g e n v e c t o r s  o f  t h e  t r a n s i t i o n  

m a t r i c e s .  E x a m i n a t i o n  o f  t h e s e  c a n  p r o v i d e  i n f o r ~ t i o n  p e r t a i n i n g  

t o  t h e  e q u i l i h r i u z  p o i n t s  f o r  t h e  s y s t ~ ,  t h e  s t a b i l i t y  o f  t h e  

system, the speed with which it a~proaches equillhrlua, and other 

similar Fropertles. F~ relatively slaple systeas it is even 

possible to construct phase d ~  which ~raphically display 

equillb~luz poLnts, the path the systea will follow over time at 

all points, a~d chaA-acterlstlc pattel-ns of chan~ near a~d between 

equilibrium states. Unfortunately, ~hen the number of states of 

the system is more than 2 or 3 those dla~raas become very difficult 

to construct and interpret, and are not practical as an analysis 

technique. FortunAtely, it happens that for this particular data 

set, the dynamic process is relatively stralghtfor~ard and the 

process can be understood rel&tivel~y well by simply exashlnin~ the 

eigenvalue~ and eigenvectors. 

AS & flxst step in this a~Llysis, consider what eigenvectors 

and eigenvalues represent. Essentially, an elgenvalue is a root of 

a pol~nc~d~l equation and a~ elganvector is one posalble solution 

t o  that equation corresponding to a particular e i g e n v a l u e .  This can 

easily be illustrated. For any transition matrix, say A, ~ is an 



206 

ei~envalue of  A and v i s  an e ~  o f  A o o r z z s p e n d ~  to ~. 

i f  oni? 

A e V"~evp 

where ~ is a single-valued parameter. But this is true if and 

only ~f 

A.v-~.v-O 

and this is true if and only if 

(A- ~I) - O ha= a n~visl solutlo~, 

which, in turn, is true if and only if 

det (A -;~ T) -- O. 

The d e t e z m i n a n t  o f  (A - ~ I )  i s  a p o l y n o s d ~  o f  d e g r e e n  n ,  

and is called the characteristic polyn~ of A. The roots of 

this ~olynomlal are the ei~envalues of A. For particula~ 

elgenvaluesp ~ , a nontrivial solutlcn to the equation (A -~I) - 0 

iS  an  e i ~ e n v e c t o r  c o r r e s p o n d i ~  t o  t h a t  eLEanva lue .  

The general solution for such a system can be expressed as 

follo.s, 

,~ , ,e  n n ]11 

Tha t  i s ,  t h e  d i s t r i b u t L o n  o f  ~ s  i n  t h i s  sys tem a f t e r  k 

i n t e r a c t i o n s  i s  t h e  sum ove= a l l  ~Lgenva lue  and  e i ~ e n v e c t o r  p a i r s  

o f  some c o n s t a n t  t i m e s  t h e  k t h  power o f  t h e  e i g e n v a l u ~ i ~ e s  i t s  

associated ei~envectOr. : The~;s_hs~ are:~n~tants which reflect 

the initial dLstrlbutlon for this ~ocess. Regardless of what the 

initial distrLbutlon of responses is, this general form zay be 

used to describe the system. 

The general solution is a very useful fo~ for expressing the 

solution for this system because ~ it a mmber of properties of 
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the syst~a can be easily derived. For probability matrices, for 

example, it can be shown (e.g., see Feller, 1968s432) that when 

the Markov chain is aperiodic one of the elgenvalues will be equal 

%o 1.0 an~ the others will be less than 1.0. 

Any quamtity which is less than ~.0, when raised to the 

k t h  power, o f  c o u r s e  becomes s m a l l e r  a s  k i n c r e a s e s  and a p p r o a c h e s  

zero as k approaches infinity. Thus, if we allow k to go to 

infinity, the general solution simplifies to the following forms 

lJ~ Akx(o) = llm ~l~lkvl  + a2a2kv2 + . . .  
k- k-?~ 

*~n~nkVn -CXllkv i -~ivi 

where R i and v i axe  respectively the e i g e n v a l u e  and e i ~ m v e c t o r  

for which the elganvalue is i.0. Th~s, as the number of 

interactions becomes very large the actions of the partlc£pamts 

approach %he stable equilibrium distrlbution corresponding to 

the elgenvector associated with the elgenvalue of 1.0. 

Another interesting property of this system is that the rate 

at whlch the system approaches thls equillhritm distribution, u, 

is detexmzLued by the value of the eigenvalue with the second 

la~gost modulus, IX].. 

u - ~ 1 ~ 1  

*The modulus is simply the absolute value of the product of 
an eigenvalue amd its complex conjugate (i.e., the modulus, [~[, 

o~ a+bi is [ Ca+hi) . ( ~ " ~ ) l  " I~*b21 ). 
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T h i s  c a n  e a s i l y  be  d e a o n s t r a t e d .  As k i s  i n c r e a s e d  by  i n c r e m e n t s  

f o r  e a c h  i n t e r a c t i o n ,  t h e  c o n t r i b u t i o n  o f  e a c h  c ~ p o n e n t  o f  t h i s  

e q u a t i o n  ~s m u l t i p l i e d  by  t h e  e i g e n v a l u e  a ~ o c i a t e d  w i t h  i t .  _ 

S i n c e  e a c h  o f  t h e s e  o t h e r  t h a n  t h e  l a r g e s t  i s  l e s s  t h a n  c~e ,  t h i s  

a e a n s  t h a t  t h e  c o n t r i b u t i o n  o f  e~ch  co~ponen t  o f  t h e  e q u a t i o n  t o  

e q u i l i b r i u m  s o l u t i o n  d e c r e a s e s  by  t h e  v a l u e  o f  t h e  a s s o c i a t e d  

e i g e n v a l u e  f o r  e a c h  t r i a l ,  W i t h o u t  r e g a r d  f o r  t h e i r  i n i t i a l  

c o n t r i b u t i o n s  d u e  t o  t h e  i n i t i a l  s t a r t L u ~  d i s t r i b u t i o n ,  t h e  

llslting rate at which the system approaches the equilihrlma 

solution is determined by the component which decreases slowest. 

This is the component a~sociated with the second largest ei6~n- 

val~s~p, and hence the rate of approach to the equi/ihrlu~ 

solution is the value of the second largest elgenvalue. 

If there are elgenvalues whose modulus is close to 1,0 then 

the ~eh~vior of the system can be described by the cc~hin~tlons of 

the large valued eL~envalues and their a~scci~ted eigenvectors. 

When there are many of these, very cca Ipllcated P.O"z~,~C beh~vlor 

can he o~erved. It Is at this point that phase diagrams are so 

useful for helping to understand the processes ~hich take place. 

For this particular set of data, there are no elgenvalues other 

than the largest which app~h 1.0 or exceed it, so this type of 

b e h a v i o r  need  n o t  be o f  c o n c e r n  h e r e .  I n  such  s i m p l e  c a ~ s  t h e  

equillhrium distribution and the rats at vhich the syate~ approaches 

equilibrium fairly well characterize the system. 

The analysis of elgenvalues and ei6envectors may take any of 

several specLflc forms for this particular data. There are a 

~ber of reasons for this. Recall, that this nodel proposed here 

is equivalent to two separate Markov processes ~hich alternate. 
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Because  o f  t h i s  a l t e r n a t i n g  c h a r a c t e r ,  t h e  a c t i o n s  l a t e r  i n  t h e  

c o u r s e  o f  t h e  e n c o u n t e r  f o r  e i t h e r  p a r t i c i p a n t ,  a r e  t h e  r e s u l t  o f  

both his own and the other participant's past actions, This 

is illustrated below, 

c i t i z e n  a c t s  f i r s t  o f f i c e r  a c t s  f i r s t  
t - o .x(o)  x ~ ~ m . x ( o )  

x 2 - CO.x(O) x 2 
x 3 - ~ o . x ( o )  x ( 3 ) -  c ~ . x ( O )  

. h e r e  x (0)  i s  t h e  i n i t i a l  d i s t r i b u t i o n  o f  r e s p o n s e s ,  

x (1) is the distribution of responses at the ith step, and 

. 0 ~ d  C a r e  t h e  t r a n s i t i a n  m a t r i c i e s  f o r  o f f i c e r s  and 
c i t i z e n ~  respectively. 

This dual Ma~kov process may be represented as two sepax~te 

cesses or It My be represented, as in Figure ~.i2p as a periodic 

Ma~kov model with two irreducible closed sets in the mAtrlx of 

t~Ition l~ro~bilitles. With each cycle the system moves f~ 

one of the i~ucible ,olosed sets to the other (i.e., first the 

officer speaks, then the citizen speaksp and so on). Because of 

this inherent ~erlodic character t~_It into this aodel, one of the 

elgenvalues found when this entire matrix .as solved f o r  the 

elgenvaiues wo~Id have to be -I.0. This -1.0 represents the 

periodic c~ter of. the process. The dls~ribution a~ each point 

would then be the sum of the distribution due to the eigenvector 

associated with thls eigenv~lue. On odd trials they would be 

subtracted from one another, and on even trials they would be 

added to each other. 

As an alternative to exploring the elgenvalues and 

e i g e n v e c t o r s  for .  t h e  e n t i r e  ~ a t r i x  a t  once t h e r e  a r e  o t h e r  
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s t : ~ l ~  ,rays o f  a:Alyztng th i s  ~ t r t x .  ~)ca~se, by the second 

t x w ~ L t ~ 3 n  t ~ e  s y s t e m  ha8  ~ t h r o u g h  t h e  = a t r l x  c o a l ~ e t e ~ y  i n  

~ e  c y c ! e ~  a t  t h a t  p o i n t  b o t h  o f  t h e  p r o c e s s e s  have  had  a n  t ~ c t  

and  t h e  e ~ l r e  p r o c e s s  wh ich  t h e  sys tem goes  t h r o u g h  i s  t h e n  

r e ~  i n  t h e  ~esul%~ug t w o - s t e p  t r a n s i t i o n  ~ t ~  i n  e a c h  o f  

t h e  t x ~ c h l e  c l o s e d  s e t s  o f  t h e  t r a n s i t i o n  ~ t r t x ,  i t  i s  p o s s i b l e  

t o  ~ these s u b s e t n  s e ~ t e l y  r a t h e r  t h a n  a n a l y z t ~  t h e  

e n t i ~  na t_~lx .  T h i s  ~s  a ~ e a t  s t m ~ c a t i o n  i n  t e r m s  o f  

c o n c e v t ~ 3 . ~  t h e  p r o c e s s .  T h i s  a p p r o a c h  i s  t a k e n  h e r e .  T .  

a d d i t i o n ~  t h e  e t ~ e n v a ~ u e s  and e i ~ e n v e c t o ~  f o r  each  o f  t h e s e  

s ~  o f  t h e  t r a n s i t i o n  ~ a t r i x  must  be  r e . t e d  t o  e a c h  o t h e r  i n  

a :vex'~ ~ e  f a s h i o n .  This r e l a t i o n s h i p  i s  a s  fo ] - l o~s ,  

A~ equili~-iu~ we know that 

OCv1~1, where v I is the equillhriu~ distribution and 0 

and C are transition matrices for the 
• officers and citizens respectively, 

I ~  the next half-cycle of the process, ~wever, the process 

to the other irreducible closed set in the ~trix where, 

t~au~e it is equilibulum~ the equilihrlum distribution is v 2. 

The t r : u~ , l t l on  is made by simply multlplyir~ v I by the %ransitlo~ 

,~tr-~..x c, ~ v ~  v:~, i.e., 

C . V I ~ V 2 

Siai!aY~y it may be shown that 

0 . v2-v ~ 

ThUs, the e1~envectors describing the equillbriua distribution of 
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t h e s e  s u l ~ l ~ s  o f  t h e  t r a n s i t i o n  m a t r i x  a r e  r e l a t e d  t o  e a c h  o t h e r ,  • 

e a c h  e ~ a n v e c t o r  i s  t h e  p r o d u c t  o f  t h e  o t h e r  e ~ e n v e c t o r  t i m e s  t h e  

a p p r o p r i a t e  9 x . 9  t r a n s i t i o n  ~ubmat r ixe  Hence, t h e  a n a l y s i s  o f  

e i t h e r  one  o f  t h e s e  m a t r i c e s  a l o n e  w i l l  Fz~vide a l l  o f  t h e  ~ n f o r -  

m a r i o n  n e e d e d .  

The t ~ - s t e p  t r a n s i t i o n  m a t r i x  which p r o v i d e s  t h e  d a t a  

which this analysis was conducted is presented in Table 4.13. 

In Table 5.1 are presented the 9 ei6env~lues for the citizen to 

citizen subsection of the two-step transition matrlx. As expected, 

the maxlmum eigenv~lue is 1.0 and the other e1~env~lues are less 

than 1.0 (i.e., in all cases the modulus of the elgenv~lue is 

less than 1.0). The rate of approach to the equilibrium solution 

as defined previously proves to be .404. This is relatively fasts 

Within very few cycles the equilibrium distribution should predom- 

inate and be closely approximated by the data. The remaining 

elgenvalues are considerably less (i.e,, the largest remaining 

ei@-enve, c t o r  h a s  a modulus which is roughly half t h a t  associated 

with the rate of approach to equilibrium). This indicates that the 

effects of the other eigenvectors are quickly diminished and the 

syste~ is characterized as being relatively stable. The presence 

of other very large eigenvalues relative to the value of 1.0 would 

indicate interesting behavior related to divergences from equilibrium. 

The presence of other eigenvalues on the order of magnitude of the 

rate of approach to equilibrium would indicate perhaps some inter- 

estlng processes in the approach, while the presence of others 

considerably ~maller, indicate that the approach is basically the 

function of that one eigenvalue and its associated eigenvector (i.e., 
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5.1 

EIG~ALUE~ F(~ CITI~-CITIZEN TRNANSITION PROBABILITIES 

1.001 

.201 + .0151 

, .201-  o0151 

.o72  + .oo' t~ 

. 0 7 2 -  ,007t 

.018 

.010 + .0011 

. 0 1 0 -  .0C1~ 
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the system approaches the equilibrium distribution in & linear 

fashion from one d i r e c t i o n  with  a r e l a t i v e l y  constant  r a t e ) .  Thus, 

these ei~envalues suggest a relatively simple sort of system, 

hi6hly ~t&1~e, and direct in its approach to equilibrium, The 

equLlihrlum distribution of this system is determined by the 

eJ~envector correspondln~ to this largest eigenvalue, The equil- 

lhrium distribution for both offlcer-citizen and citizen-offlcer 

states are presented in Table 4.14,* This system is also periodic. 

That particular ccaponent has been deliberately left out of this 

method of analysis since that is already known a~d i t  simplifies 

the analysis. So we have then, a relatively simple system which 

is highly arable, periodic, and approaches equilibrium rather 

r ap id ly  and d i r e c t l y .  

Orde___~r 

The f a c t  t h a t  & second-order  Markov model provides  the best  

FAt to these data of the interaction of police and Citizens over 

fine provides some insi6ht into the nature of the decision 

processes those police and citizens might be using in this inter- 

action. As pointed out earlier, the different components which 

contribute to fittin~ the data in the log linear models have in- 

%erpretatlons both substantively and in terms of the Markov model. 

Fo~ ~oth citizens and officers the effects which contribute most 

*In this case these were computed from the transition m~trix 
directly by raising it to a very high power (24, which is high 
enough for this system) and noting the distribution at that state 
after it had stabilized. These could Just as easily h~ve been 
computed by actually computin ~ the elgenvectors for the matrix 
frc~ the elgenvalues.) 
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to fittln6 the dat~ are those correspomding to first-order self- 

cont ingent  d e c i s i o n  r u l e s ,  next  are  those  c o z r e s p o ~  to  f i r s t -  

order  o t h e r - c o n t i n g e n t  decision rules, and finally are those 

corresponding t o  second-order  d e c i s i o n  r u l e s .  

Although the  connec t ion  o f  these  empizica~ly observed pa t -  

t e r n s  o f  ~ehavior  to  p o s s i b l e  t h e o r e t i c a ! l y - ~ d  dec i s ion  r u l e s  

remains somewhat tenuous at thls point, these findings do suggest 

directions which fUture research co~c~ ~ith understanding more 

about decision rules might take. Thes~ fi~s suggest that 

decision rules the participants might be enploying in their inter- 

action would probably involve efTects of c~n past actions, the 

other participant's past actions, and sc~e comhinatlon of the two. 

The findlng of the good fit of ~ second-order Mazkov model to 

this PrOCess of social interaction is a clear manifestation of the 

interactive character of that process. The empirically observed 

contingency of current actions on the pa~t actions of one's self, 

the other participant, and their cc~_n~tion provides support for 

the view that this is indeed social in~e_~ct!on in which the actions 

of one participant affect those of the other participant, and 

t~e interactions of the second partlclr~mt in turn affect those 

of the first. Conceptually t.his pruvldes support for the view 

of this process as two different subs~a~s, the two participants, 

connected t o  each other by the actions ~ they perform, with 

feedback loops between them. Each action has consequences for 

both participators and their actions are a c~lex response to 

both their own and the other's past behavior. This mutually 

contingent character of social Intera~tlam is one of its most 
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Role d i f f e rences  ~ 

The r e s u l t s  o f  t h e  a n a l y s i s  o f  t h e  impac t  o f  r o l e  d i f f e r e n c e s  -- 

upon t h e  i n t e r a c t i o n  be t w een  o f f i c e r s  and c i t i z e n s  ~ i d e  a number 

o f  i n s i g h t s  i n t o  t h e  c h a r a c t e r  o f  t h a t  p r o c e s s ,  The r e l a t i v e  im- 

p a c t  o f  t h e  r o l e  d i f f e r e n c e s  upon t h e  d i f f e r e n t  a ~ p e c t s ~ o f  t h a t  

i n t e r a c t i o n  ~ o c e s s  aa  i d e n t i f i e d  by  t h e  componen ts  o f  the l o g  

l i n e a r  mode ls  l e n d  i n s i g h t  i n t o  t h e  way i n  which  r o l e  d i f f e r e n c e s  

affect the interaction and suggest that the pzlmax7 differences are 

differences in the situation which the two participants face more 

t h a n  & d i f f e x ~ n c e  i n  t h e  s t r a t e g i e s  o r  d e c i s i o n  r u l e s  wh ich  g u i d e  

their response to the other participant. The ~tions of the role 

differences, in tttrn, provide an understanding of the different 

~ x l e s  which  a~e b e i n g  e n a c t e d  and s u g g e s t  t h a t  p o l i c e  and  c i t i z e n s  

take on extremely different, but complementary x~les, 

The relationship of the role o f  the participators t o  the 

interaction process varies considerably for dlffe~_nt cQmponents of 

that process. Those results were presented earlier in Table @.3. 

The largest difference in the interaction process as a function 

of role is in the different dlstrlbutlons of responses for officers 

and citizens. The contribution of the relationship of role to the 

distri~utlon of responses to fittln~ the data (a change in G 2 of 

1503.10 with 8 degrees of freedom) is fax greater than the con- 

tributlene of the relationship of role to the different cOmtlng- 

encles on past responses. The contingencies on 1~st responses, 

recall, may be interpreted as empirical indicators of the decision 

titles which the participants may be using! and the distribution 

215 



216 

o f  responses ~ r  be i n t e r p r e t e d  a s  d i f f e r e n c e s  i n  t h e  s i t u a t i o n ,  

sd~UQn is here used in the technical sense in which it iS 

def~ am the comhlned result of the task conditions and the 

actions which have occurred up to that point in time (see the 

conceptual framework). These resul~8 then indicate that the 

primary difference between officers and citizens in these en- 

counters is they face very different situations. This difference 

in the situations the two participants confront is considerably 

greatez than the differences they exhibit in decision rules which 

may ~e employlng. 

A difference in situations faced -~y,.the two l~Lrticipants, 

however, is not the entire story. While these differences clearly 

are much s t r o n g e r  than the differences between t h e  participants in 

decision mules, there remain significant differences in the decis- 

i o n  r u l e s  f o r  t h e  two r o l e s  which  mus t  be ~ k e n  i n t o  c o n s i d e r a t i o n  

%o provide a model which adequately fits the data. The differences • 

in flrs%-crder self-contlngent, first order, other-contingent, and 

se~end order effects as a function of role all contribute sign- 

!ficantly to providing an adequate fit of the data (these produce 

differences in G 2 of 123.24 with 8 degrees of freedom, 42.68 with 

12 degrees of freedom, and 126.47 ~rith 16 dens of freedom, 

respectively). Officers and citizens thus differ from each other 

primarily in the situations they face but they also differ in 

various types of decision rules which they may en~loy. 

A related question of interest is for each role what in the 

xx~latlve contribution of each of the effects| first-order self- 

contingent, first-order other-contlngent, and second order. These 

i 
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d i f f e r e n t  e f f e c t s  r e f l e c t  t h e  n a t u r e  o f  t h e  c o n t i n g e n c y  o f  p r e ~ e ~  

r e s p o n s e s  o f  each  p a r t i c i p a n t  on p a s t  r e s p o n s e s  o f  txr th  p ~ t i c i -  

p a n t s .  I n  a ~ d t t i o n ,  t h e y  have i m p l i c a t i o n s  f o r  t h e  t y p e s  o f  d e -  

clJalon r u l e s  wh ich  ma 7 be employed by t h o s e  p a z t i c i p a n t s .  A ~ b e r  

o f  h y p o t h e s e s  were  s u g g e s t e d  e a x t i e r  abou t  t h e s e  e f f e c t s .  

One hy !~%hese i s  p r e s e n t e d  e a r l i e r  i s  t h a t  p o l i c e  resp<n~ mare  

t o  t h e i r  own ~ s t  a c t i o n s  t h a n  t o  t h o s e  o f  c i t i z e n s .  One way t o  

a s s e s s  t h e  ~ n l t u d e  o f  t h e  c o n t i n g e n c y  o f  ~ r e s p o n s e ~  c= 

p a s t  r e s p o n s e s  i s  t o  l o o k  a t  t h e  r e l a t i v e  f i t  o f  mo~els  t o  t h ~  d ~ t a  

which do  and do n o t  i n c l u d e  t h e s e  components .  Such a ~  ~ _ s  

was performed when the order of the Markov proces~ was ~eLu~ ex- 

amined. From the results in Table 4.2 it may be seen that ~ c~e 

in G 2 as a function of the first-order other c o n t i n g e n t  effects for 

officers was 270.96 with 12 degrees of freedom, while the c ~  

in fit as a function of the flrst-order self-comtir~-~nt effec~.s wa~ 

3@9.~3 with 8 de~rees of freedom. The contribution of the self- 

contingent effects to fitting the data were clearly gx~ater thaa 

those of the other-contingent effects. These results su@ges% that 

the officer's own past behavior is a better indicator of his ~ t  

behavior %hau is the past behavior of the citizen, The h~r~.bem~s 

i s  conf~',~e<t. 

On t h e  o t h e r  hand,  a second h y p o t h e s i s  wa~ t h a t  c i t i z e n s  

respond more to t h e  p a s t  actions o f  p o l i c e  t h a n  t o  t h e i r  o~ 

actions. Data for the same analysis is relevant here. The c o ~ ; r l -  

b u t t o n  o f  f i r s t - o r d e r  o t h e r - c o n t i n e n t  e f f e c t s  t o  f i t t l r . g  t h e  m ~ e l  

for c i t i z e n s  ~ s  3~0o28 with 12 degrees of freed~, while ~ coa%~i- 

~tlon of their self-contlngent effects was 3@9.36 with 8 de4~re~a 

--. - , . 
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o f  f ~ d c m .  F o r  c i t i z e n s  t o o  i t  appea~s  t h a t  ~ c u r r e n t  b e h a v i o r  i s  

c l o s e l y  z ~ l a t e d  t o  t h e i r  ewn p a s t  ~ e h a v l o r  t h a n  t o  t h e  p a s t  

bebavlor o f  the other parlcipant. This effect, however, is less 

~ e d  for citizens than for officers, This hypothesis 

i s  dCsco~"Crmed, 

These results thus indicate that for both citizens and off- 

Icers the encounter is characterized by a contingency upon the past 

actions of both participants, with the primary contingency being 

Upon the individual's own past actions. The primary difference 

hetveen the two roles lies in the different situations which they 

each are confronted with ~n police-citlzen encounters. In addition, 

althoug~ both roles display contingencies or past events, the 

specific relationship of past to present events is not the same for 

the two roles--i.e, they employ different decision rules. 

H&vlng examined the relative contributions of role differences 

to d.iZfeT~nt aspects of the M~rkov process, and inferrin~ from them 

so~e of the l~roperties of the phenomenon, the next step is to ex- 

an!he the directions of those differences to determine what insights 

those di~ferences might provide into the phenomennn. Here the dir- 

ection of these differences will be only briefly examdmed.* 

eDetailed examination of these difference will not be made in 
research. The objective here is to determine a mathe~atlcal 

nodel which describes the Structure of this interaction in order 
to obtain some insights into the processes which t~ place. It 
r ~  for future studies to examAne more closely the specific 
r~tlon~hips which are present ~nd to provide parameters de- 
scrlbln~ the directions of such effects. This limited objective 
is necessary because extensive additional work would be required 
to dete~Ltue specific detailed characteristics of the model such 
a~ this. This research addressed the prior questions of whether 
such a model exists and what i~ its basic structure? 
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These dAt~ i ~ i i c a t e  t h a t  t h e  d i f f e r e n c e  i n  t h e  r o l e s  i s  t h a t  

i n  g e n e r a l  o f f i c e r s  t e n d  t o  be much l e s s  c o o p e r a t i v e  t h a n  c i t i z e n s .  

Those f i n d i n g s  a r e  c l e a r l y  s e e n  i n  t h e  e q u i l i b r i u m  d i s t r i ~ t i o n s  

a s  r e p o r t e d  i n  Tab le  4 . 1 4 .  There  i t  was seen  t h a t  e v e n t s  i n  which  

t h e  o f f i c e r  r e d s  n e g a t i v e l y  o r  by r e d i r e c t i n g  t h e  c o n v e r s a t i o n  

and the c i t i z e n  responds cooperatively (e.g., 01C2, 03C2, C201 , 

C203) occur mmch more frequently than those events where c i t i E e n s  

r e spond  neg~t iv -~ ly  o r  by r e d i r e c t i n g  t h e  c o n v e r s a t i o n  and o f f i c e r s  

respond ~oo~t!voly (e.ge., 02CI, 02C r CI02, C302). ~ l y  

officers tend to respond less cooperatively and more often redirect 

t h e  c o n v e r s a t i o n  o r  r e s p o n d  n e g a t i v e l y .  

An hypc@hesls from the theory which is appropriately considered 

here is the hy~.hesls that police officers will be more likely to 

respond more ne~tlvely than the response of the citizens which 

immediately yrecedes them, and citizens are more likely to respond 

more positively or cooperatively than the response of the officers 

which immediately precedes them. This hypothesis may be tested 

by examining t.he responses~ of both officers and citizens as a function 

of the previous response of the other participant and role. Those 

response freq~ -.aeries and response probabilities say be d~rived from 

the data pre~ed in Table ~.12. There it may be seen that citizens 
i 

are more likely to respond cooperatively than officers regardless of 

the most recent respomse of the ather participant, and officers are 

more likely th~n citizens to respond with either redirectlve cc~ments, 

or with a ne~tive communicative act, regardless of the most recent 

response of the other participant. Thus the hypothesis i~ confirmed. 

Yet the host common event of all at equilibrium is the event 

where both reapomd cooper&tively. And the eigen analysis 
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presented earlier clearly denonstrated that the system was vm~y 

stable, x~plzLly approached equi~llbriua and had an equ!llhrlum state 

in which cooperative responses played a major role. These results 

indicate that, while the roles the two participants play are quite 

different, they do appesu~ to be som~ow complementary (complementary 

in the sense that they together create a very stable system with 

relatively cooperative net hehavlor). The officer is directive and 

lr-,nishin~ when necessary to get the information he wants and to 

control the situation (as is his implicit and in some ways explicit 

performance expectations), while the citizen is l~tsslve, allows the 

officer to direct the interaction and responds rather cooperatively 

and submissively to accusations, commands, and noncooperative re- 

sponses on the part of the officer. This is a rather Interesting 

pattern which erie woould not expect to find routinely in all types 

of social interaction. The result is relatively stable interaction 

in which the officers play roles which appear to involve directive, 

controlling activities! and the citizens play roles which appear to 

be characterized primarily as submissive and compliant. 

The complementary character of these roles may be demonstrated 

by considering wh~t the result would have been if the participants 

had been interacting with other participants who responded in the 

same way in which they respond (e.g., what would have resulted if 

citizens responded to officers in the same way that officers 

respond t o  citizens?). 

The dynaai c behavior which would be predicted if both partici- 

l~nts responded as the officers do may be obtained by alegebralcally 

analyzing the sulmatrix o f  transition probabilities for officers 
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i n  t h e  o n e - s t e p  t r a n s i t i o n  n a t r i x  p r e s e n t e d  i n  T a b l e  4 . 1 2 .  T h i s  

m a t r i x  r e p r e s e n t s  o n l y  t h e  e f f e c t s  o f  d e c i s i o n s  t h e  o f f i c e r s  make 

upon t h e  i n t e r a c t i o n  and  t h i s  a n a l y s i s  assumes  t h a t  o n l y  t h a t  

p r o c e s s  o c c u r s ,  The e i g e n v a l u e s  r e s u l t i n g  from t h i s  a n a l y s i s  a r e  

p r e s e n t e d  i n  T a b l e  5 . 2 .  The e i g e n v a l u e s  f o r  t h e  i n t e r a c t i o n  a s  i t  

would o c c u r  i f  b o t h  p a r t i c i p a n t s  r e sponded  a s  t h e  C i t i z e n s  r e s p o n d  

i s  o b t a i n e d  i n  a s i a l l a r  f a s t e n  by  a n a l y z i n g  o n l y  t h a t  s u t ~ a t r i x ,  

and these results are also presented in Table 5.2. The equilibrium 

• distributions which would be predicted for these different cir- 

cumstances are obta4ned by raising those same suhmatrices to very 

high powers until all the transition probabilities in each to. are 

t h e  same and t h e n  c r e a t i n g  a v e c t o r  o f  t h o s e  row t r a n s i t i o n  p r o -  

~ a b i l i t i e s .  The p r e d i c t e d  e q u l l i ~ r i u m  d i s t r i b u t i o n s  f o r  t h e s e  

h y p o t h e t i c a /  i n t e r a c t i o n  p r o c e s s e s  a r e  p r e s e n t e d  i n  T a b l e  5 . 3 .  

From these results it may be seen that both of these by.he- 

t i c s /  i n t e r a c t i o n  p r o c e s s e s  would e E h i b i t  dynamic b e h a v i o r  q u i t e  

d i f f e r e n t  b o t h  f r ~ n  t h e  i n t e r a c t i o n  p r o c e s s  which a c t u a l l y  o c c u r s  

and from each  other. Citi~en-cltlzen interaction, for exaaple, 

would a~proach equillhrlua almost twice as fast as it is approached 

in cltlzen-offlcer inte~ctlon (with a rate of approach of .78 for 

cltizen-clti~en i~r~tion ve~us .404 for cltlzen-offlcer inter- 

action). At equillhrlum, clti~eD-citizen interaction would be 

c h ~ a c t e r i z e d  p ~ " i l ~ _ b y  n u t u ~ l l y  c o o p e r a t i v e  r e s p o n s e s  ( o v e r  80% 

of  t h e  t i m e  e0~pa~ed t o  l e s s  t h a n  50% o f  t h e  t ime  f o r  such  r e -  

sponse s  f o r  o f f i c e r - c i t i z e n  i n t e . ~ c t i o n ) o  

O f f i c e r - o f f i c e r  i n t e r a c t i o n ,  on t h e  o t h e r  hand,  would r e s u l t  

in a very different equ .~hr lu~ ,  In  this case the equilibrium 



TABLE 5.2 

EIG~VALUES FOR HYPOTHETICAL INTERACTIONS 

Ei~envalues for  Eigenvalues for  
C i t i z ens  I n t e r a c t i n g  Of f i se r s  I n t e r a c t i n g  
with Citizens with Officers 

1.000 

. ? 8 0  

-.602 

.520 
-.502 

• 115 
-.114 

.071 

.240 

1.000 

-J~59 
.452 + .0121 

. ~ 5 2  - .o lz~ 

- .301 

- .070 

.241 

.163 

• 072 
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TABLE 5-3 

EQUILIBRIUM DIST~'fIONS FOR 
HYPOTHETICAL IA~J~ACTI ONS 

Citizens interacting 
with citizens 

Officers interacting 
with officers 

01C 1 .004 

01C 2 .046 

o~ 3 .oo4 

O?C 1 .0~4 

ozc 2 .8o6 

ozc 3 .o~ 

O)C 1 .oo5 

o3c 2 .o~ 

o3c 3 .o17 

cIo ~ .097 

0102 .191 

C103 .114 

C2O 1 .16o 

C202 .1.52 

C203 .0~,2 

c3o I .o90 

c3o 2 . o ~  

c303 .092 
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r e s p o n s e s  ~ o u l d  be  a l m o s t  e v e n l y  d i s t r i b u t e d  a c r o s s  a l l  o f  t h e  9 

p o s s i b l e  r e s p o n s e s p  r e s u l t i n g  i n  & v e r y  f l u i d  e q u i l i h r i u l  i n  which  

the responses of particular individuals change with 61"e~t regular- 

Ity, This system would also approach equilibrium in = way very 

different from the cltlzen-officer or citizen-cltlzen !n~.eractlon 

s y s t e m s ,  T h e r e  a r e  t h r e e  e i g e n v a l u e s  o f  a p p r o x i m a t e l y  t h e  same 

moduluss  one r e a l  n e g a t i v e  one and tw~o complex o n e s ,  The a p p r o a c h  

o f  t h i s  sys t em t o  t h e  e q u i l i b r i u m  d i s t r i b u t i o n  would b e  q u i t e  

c o m p l i c a t e d  and would i n c l u d e  a p p r o a c h i n g  t h e  e q u l l i h r i u n  d i s t r i -  

~ u t i o n  f rom b o t h  s i d e s  a s  t h e  sys tem d i f f e r e d  f r o ~  ~ e q u i l i b r i u m  

d i s t r i b u t i o n  f i r s t  i n  one d i r e c t i o n  and t h e n  i n  s n o t t i e r ,  The r a t e  

Of approachp ~wever~ is very much llke that of the of 1"icer-cltizem 

i n t e r a c t i o n ,  

D e p a r t u r e s  FTom The M.arkov P r o c e s s  

A n u a b a n  o f  i n s i g h t s  may be g a i n e d  by i n t e r p r e t ~  t h e  d e p a r t -  

ures from ~ perfect fit of the Markov model for this data. As 

indicated earllerp one major use of mathematical nc~ais is as base- 

lines a~ainst which to examine effects which occur a~ departures 

from the simple models. This baseline analysis or r~aldual analysis 

can be quite effective in pointin~ out important a~pects of a 

phamomenon which may be either small effects which n~e~ to be tacked 

onto the ma/m model, or major differences in assun~tlons pointing 

%0 new models for consideration is the futures. As Coleman (1960) 

pointed outp it is when the model fails that something is learned. 

I n  SOme s e n s e s  t h i s  a n a l y s i s  p roved  t h e  d a t a  t o  b e  i n  s u r -  

p r i s i n g l y  c l o s e  f i t  w i t h  a M~rkov mode l ,  The d i s c r e p s . u c t e s  

o b s e r v e d  h e r e  were a l l  r e l a t i v e l y  minor  compared t o  t h e  ma jo r  



z25 

chmmm~-te r i s t i cs  o f  t h e  model ,  and do n o t  appea~ t o  be s u f f i c i e n t  

t o  lmnrp~se t h a t  a Markov model i s  c l e a r l y  wrong and s~me o t h e r  

i s  r e q u £ r e d .  These  d i s c r e p a n c i e s  do ,  however,  o f f e r  s ane  

for future study. 

The slight departures from stability over time are imterest- 

Ing, f~r ex£mple, because they ~uggest that ~ may be changes 

in the decl.rA.on rules employed by the participants in the intex~ 

~n. Such changes might indicate that the participants were 

le~mlng how to respond in ways which elicit desired responses 

the other partlclpant. Or they might constitute deliberate 

s h i f t s  i n  s t r a t e g y  ove r  t i m e .  

One n i g h t  have  e x p e c t e d  more change t o  occur  f o r  c i t i z e n s  

s i n c e  t h e y  a r e  n o t  u s u a l l y  p a r t i c i p a n t s  i n  such e n c o u n t e r s  and 

h~ve n o t  b e e n  e x t e n s i v e l y  t r a i n e d  f o r  them ( a l t h o u g h  ~ t h e  amount 

o f  s ~ t i o n  and p r e p a r a t i o n  f o r  s u c h  e n c o u n t e r s  which  a 

cltixen might normally receive in school, through his ~llles, 

and t h r o u g h  h i s  p e e r s ,  shou ld  no t  be d i s c o u n t e d ) .  There  a r e  

airily more changes for citizens--they show changes both in self- 

c c c r t ~ u ~ n t  r e s p o n s e s  and second  s e c o n d - o r d e r  r e s p o n s e s  w h i l e  

e f t . c a r s  change  o n l y  i n  s e l f - c o n t i n g e n t  r e s p o n s e s .  

A l t e r m ~ t i v e l y ,  t h e s e  d i f f e r e n ~  m i g h t  r e f l e c t  d i f f e r e n t  

pha~es  o f  d e v e l o p m e n t  o f  t h e  e n c o u n t e r  o v e r  t i m e - - e . g . ,  p e r h a p s  

an encounter goes through phases such am problem solving groups are 

to go through and different decision rules apply at different 

pha~es (e.g., see Fox, 1975). However, one would expect m o r e  

~m~c~znced effects if there was really a phasing process at work 

here, hence that explanation may be at learnt som~hat discounted. 
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I t  i s  not  c l e a r  a t  t h i s  Junc tUre  what  t h e  a p p r o p r i a t e  i n t e r p r o t a ~  

~ o n  o f  t h e s ~  d e p a r t u r e s  f rom p e r f e c t  s t a b i l i t y  would b e .  B u t  

smm~l¥ t h i s  I s  a phenomenon wor thy  o f  f u r t h e r  c o n s i d e r a t i o n .  

I n  a n o t h e r  c a s e  i t  i s  t h e  l a c k  o f  a del~Lrtuze ~ t h e  Ma~kov 

p r o c e s s  w h i c h  p r o v e d  u n e x p e c t e d ,  T h i s  i s  t r u e  f o r  t h e  l a c k  o f  

s i g n ! f L c a n t  d i f f e r e n c e s  i n  t h e  i n t e r a c t i o n  p r o c e s s  o b s e r v e d  f o r  

c i t i z e n s  o f  d i f f e r e n t  c l a s s e s .  The i n t e r a c t i o n  p r o c e s s  does  n o t  

a p I ~ r  t o  v a r y  s i g n i f i c a n t l y  f o r  t h e s e  d i f f e r e n t  c i t i z e n s  hence  

t h e r e  i s  no  need  f o r  c r e a t i n g  d i f f e r e n t  models  o f  t h e  p r o c e s s  f o r  

t h e  d i f f e r e n t  c h a r a c t e r i s t i c s  o f  t h e  c i t i z e n s .  Th£~ f i n d i n g  

c l e a z l y  d i s c o n f i r a s  t h e  h y p o t h e s i s  t h a t  t h e  i n t e r a c t i o n  be tween  

c i t i z e n s  and  o f f i c e r s  i s  governed  by  s t a t u s  e q u i l i b r a t i o n  d e c i s i o n  

rl:~es. 

The slight tendency for officers to exhibit different dis- 

trlbutlans of responses and ~Ifferent flrst-order contingencies 

for traffic and nontraffic offenses also suggests a number of 

possible e~tloms. These results suggest that officers may 

temd to respond differently depending on the mature of the offense 

which the cltlmen ~ has allegedly committed. Such & finding is an 

indicator of. the sensitivity of the model to the change in the 

task which might limit its generallzahility. It would he interest- 

ing in the future to explore a variety of situations, including 

not only different offenses, but also entirely different encounters 

(i.e., doctor-~tlent encounters, or other encounters between pro- 

fesslonals and clients). The effects of the decision task on 

these processes merits exploration. 

The third discrepancy between the model and the data for this 

study was the occurrence hero, as in so many cases before, of 
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t h e  d e f i c i e n t  d i a ~ o n ~  prol~lem. T h i s  t endency  f o r  Ma~kov mode l s  

o v ~ z ~ s t l l ~ e  t h e  a a o u n t  o f  change  which ~ t a k e  p l a c e  i n  

multl-step transitions has occurred with great regularity in 

studies differing greatly in substance (e.g., in studies o f  

occupational mobility studies of the occurrence of violence in 

cities, an~ studies of social interaction). This su66ests that 

• the prohle~ is one endemic to Markov models rather than one which 

is due to some peculiarity of a particular phenomenon or a parti- 

cular In~cess. The cause of this problem wheteher it lies in 

m ~ e n t  error, o~ whatever, would surely be worth pursuing in 

sc~e future study. 

The question here, of course, is how serious a problem this 

poses fur this study. Fortunately, as noted earlier, the dynas~c 

systen of this process is very stable and approaches equilibrium 

very rapidly. When that is the case, since the deficient dia~onal 

prohle~ disappears a~ the system approaches equilibrium, the im- 

pact of %his problem is reduced. For systems which were very 

unstable cr which only very slowly ~roached equilibrium, t~Ls 

would be ~ more serious problem. Thus, in spite of this problem, 

this ~odel pr~iuces quite good predictions both of the equilibrium 

distrih~A~i~n and of other aspects of the process which occur 

(e.g., t h e  ~As~-~ib tu ion  of runs). 

To su~m~ize, these findings indicate that the interaction 

which occurs between police and citizens in encounters of this sort 

is the result of a second-order Markov process with heterogeneous, 

and ccaplenentary roles. Current responses of the participants are 
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c l o s e l y  r e l a t e d  t o  t h e  p a r t i c i p a n t ' s  own most  r e c e n t  p a s t  a c t i o n ,  

t h e  mos t  r e c e n t ,  p a s t  a c t i o n  o f  t h e  o t h e r  p a r t i c i p a n t ,  and some 

C o m b i n a t i o n  o f  t h e  two ( i n  t h a t  o r d e r ) .  

A l t h o u ~  a s e c o n d - o r d e r  p r o c e s s  w i t h  t h e s e  c h a r a c t e r i s t i c s  

describes the interactions of both paricipants, t h e r e  a r e  extreme 

differences in their specific actions as a function of role. The 

primary difference for these two roles is in the distribution of 

responses. The citizen is generally compliant and su~isslve and 

the officer, though he frequently responds cooperatively, is more 

inclined to either respond negatively or to redirect the conver- 

sation resultin~ in behavior which is directive and controlling. 

As a result, these two participants, when they interact with one 

another, find themsel~es confronted with very different situationss 

the officer ~inds himself in a situtlon in which he rarely is 

called upon %o respond to a negative or redirectlve act; while 

the citizen is in a situation in which he frequently has to re- 

spond to negative Or redirective actions. These participants also 

differ significantly in the decision rules which they employ in 

their interaction. 

Althou~h the actions of the participants playing the roles of 

officer and citizen are quite different, they are complementary in 

the sense that the interaction which takes place among these two 

participants ~egins with actions distributed very much llke they 

are distributed at equilibrium (perhaps due to prior socialization 

and shared ex~ectatlons) and rapidly moves t~ward a very stable 

equilibrium in which the different response distributions for the 

two roles are maintained. 
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The 4 n t e r a c t i o n s  observed,  and the processes which generate  

them appear  to  be r e l a t i v e l y  s t ab l e  over t ime.  l i t t l e  a f f e c t e d  by 

d~f fe rences  ~n the  mature of  the  encounter,  and even l e s s  a f f ec t ed  

by d i f f e r e n c e s  i n  the  c h a r a c t e r i s t i c s  of  the pepulat ion o f  

c i t i z e n s  i nvo lved .  

These fi~ud~u~s provide very good support for the approach 

which was taken in this study. The processual character and the 

mutual contingency between the participants which are fundamental 

characterlst£cs of this approach are soundly supperted by the 

excellent fit of the Maxkov process model to the dat& and the 

slgnlficant contingencies of p~esent actions on the ~st actions 

of both P e ~ t i o l p a n t s .  Mamy concepts thought to be important i n  

this a p ~ a c  h for the process, such as the situ~tlen and role 

dlfferemces p~ove to be critical in expla~ the variance in the 

data. The examination of this process across a narrow zamge of 

variation in other variables of importance in the fraaework in- 

cluding task characteristics, individual differences, and different 

times during the emoounter, provide evidence in support of the 

Markov model as a model which Characterize@ the process within a 

respectaBle ramge of variation in police-citizen aucounters. 

There is also respectable support for the "theory" of police- 

citizen in%eramtion which was provided by interpreting this 

framework for viewing social interaction in the context of this 

specific type of encounter. The general rahklng in importance of 

the concepts in the framework proved to be fairly close to the 

magnitude of their effects. Contingency on past actions, role 

differences, and situational differences appear to be major 
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f a c t o ~  a f fec tLug  the interaction I r ~ e e ~ ,  .hlle relatively small 

~tlons in some of  the  other variables ( ~ l v i d u a l  character- 

Istlcs and task characteristics) provide evidence that this process 

is a fairly general one holding for a restricted class of police- 

citizen encc~nters ~methlng like the ones examlned here. The 

hypotheses o f  a second-order  Maxkov model de sc r ib ing  the data ,  

the greater negative responses of officers, aud the gre&ter 

contingency of officers present response on their own past 

responses were all confirmed. While the hypothesis of greater 

contingency of citizens on the officers' past responses and the 

use of ~ status equilibration decision rule by the participants 

Ix~th were convincingly disconfLrmed. 
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At t h i s  ~oint  i t  i s  appco~rimte to  put t he se+re su l t s  i n t o  

~tlve by considerlm~ first what implications might be 

~w~ from %he character of the interactlon whlch.takes place in 

~llce-ci%'~ e~Icounters+ for the broader issues of l~w enforce- 

meat in a democz~tic soci~, and secondly what avenues are sug- 

gested ~'oz" fu tu re  explox~tion, 

In %he last chapter it was ~hown that %he roles of police 

and citizen are very asymmetric, sad s chain4 ~ in the behavior of 

either of those participants would lead to interaction with 

different chaz-acteristlcse In p~icula~, It appears that officers 

take rather- directive, controlling roles and citizens take passive. 

suhaisslve roles in such encounters. If citizens were to take 

roles which were more aggressive--say behavior much like that 

of the officers themselves~-the interaction would be much more 

dynas~c and + would have a much greater proportion of negative and 

z~dlrectlve comments, In other words the interactions would 

probably be quite tense and involve more open conflict between the 

two pa~Icl~ant s. 

Now imagine, for ~ moment, what sorts of people would be likely 

to act more fierily in these ci~stances. It is likely that people 

who felt strong~ly that they were legitimate in ~hat they were doln~ 

Z31 
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and who felt the police were actln 6 out o£.line ~ be likely to 

act more a~sslvely and less suh~isSlvely. Such encou~rters 

would be likely to occur when there were ve~-y stron~ value differ - 

ences  i n  t he  p o p u l a t i o n ,  p a r t i c u l a r l y  i f  tbo6e  v a l u e  d i f f e r e n c e s  

l ed  t h o s e  people  t o  do scmeth in~ which pla~ed them i n  & p o s i t i o n  

where they were confronting police of fleers ca.~rLug out their 

d u t i e s .  Such e n c o u n t e r s  &ppe~r t o  have ~ r a t h e r  c c ~ o n l y  

in the ~960"a (e.g~, peace demonstrations a~d civil rights demon- 

stratlons). 

It appears that while this type of inter-a~tion on the part of 

the Police might be appropriate and effective when they are deal- 

i n g  with c i t i z e n s  who a ~  @~ilty& are g e n e r a l l y  from lo~er 

socloecon~Ic strat~ lacking in education = ~ 1 : .  ~ ~ : ' "  ~ - : - .  

hence d o n ' t  q u e s t i o n  t h e  l e g i t i = ~ c y  o f  t h e  o f f i c e r ' s  a c t i o n s !  i t  

is not effective and possibly not appropriate when inte_~ctlng 

with hi6h!y educated citizens who feel ~uite legitimate (even 

righteously indignant) in what they are dcLu~ a~ud cc~zm~d a 6rester 

respect which they feel is due them. It would appear possible 

that a ~ of behavior on the part of the police officer which 

is adjusted to the ta~k wh~eh confronts ~-n would be helpful. 

Another consideration is the impact of this behavior on the 

Citizens. If a citizen is confronte~ with such encounters very 

often what ~ort of behavlor does this encourge in hi~? How is 

this passive role consistent with notions of free speech, and 

principles such as innocent until proven guilty? Doesn't this 

p~ttern of observed interactions suggest that citizens would be 

reluctant to speak out for their rights ~u~ denand fair treatment? 
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w o u l d n ' t  t h a t  s o r t  o f  a c t i o n  by thea  be more c o n s i s t e n t  w i t h  

o~r  n o t i o n s  o f  a f r e e  soc ie t y?  

Yet a n o t h e r  i s s u e  i s  how e f f e c t i v e  an o f f i c e r  would be i f  he 

were %o change h i s  t a c t i c s ,  I t  i s  l i k e l y  t h a i  if the o f f i c e r  

chanEed h i s  b e h a v i o r  t h e  c i t i z e n ' s  would a l s o  change t o  p roduce  

soae  new r o l e  b e h a v i o r s  which were c o m p a t i b l e .  Could o f f i c e r s  

u t i l i z i n E  d i f f e r e n t  b e h a v i o r s  s t i l l  hand le  c i t i z e n s  who wel~e 

v i o l e n t ,  a~sivs, Or whatever?  Would t h e  i n t e r a c t i o n  r e q u i r e  

6 r e s t e r  t ime?  Would he be more s u s c e p t i b l e  t o  v i o l e n c e  and i n j u r y ?  

T ~ s e  a r e  i s s u e s  which canno t  be r e s o l v e d  h e r e .  But t h e y  do 

appea r  t o  be raised by t h e  v e r y  asymRet r ic  c h a r a c t e r  o f  i n t e r a c t i o n  

between ~olice and citizens. It is not clear what chan~es in 

interaction patterns would do for encounters such as the ones 

studied here. But it does appear to be at least logically rea~on- 

able that police officers who were adaptive and who had a wide 

range of behaviors which they could apply strategically to cope 

with the variety of situations they deal with would be mors effective 

officers, zi~ht avoid problems such as those encountered in the 

1960's, and might provide a form of street Justice which is ~ors 

c o m p a t i b l e  ~Ith our ideals. 

A second issue which bears addressin6 is the issue of what 

d ~ t i o n  r e s e a x E ~ r s  shou ld  be counseled t o  go i n  t he  f u t u r e ?  

What would be the logical next step in reseazch into social inter- 

action, given the findings of this study? 

Clearly future research  might profitably explore other 

examples of social interaction and co, pare the social interaction 

which occurs in the police-citlzen encounter with other instances 
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o f  i n t e r a c t i o n .  T h i s  l i n e  o f  i n q u i r y  i s  c o n s i s t e n t  w i t h  t h e  c o n -  

ce~n  J u s t  a r p r e s a e d  a b o u t  t h e  p o l i c e  i n t e r a c t i o n  s t r a t e g y  i n  

v a r i e d  s e t t i n g s .  Bu t  s u c h  e x p l o r a t i o n s  s h o u l d  n o t  J u s t  examine 

o t h e r  t Y l ~ S  o f  p o l i c e - c i t i z e n  e n c o u n t e r s .  They s h o u l d  a l s o  c o n -  

s i d e r  o t h e r  i n s t a n c e s  o f  i n t e r a c t i o n .  They s o u l d  c o n s i d e r  o t h e r  

instances of professlonal-client interaction (e.g., doctors and 

patients, s~lents and teachers, clergy and laymen). Interaction 

among peor~le who are not playing rigidly prescribed roles also 

might be ~eresting (e.g., interaction between patients in a 

waiting r~c~, students in a line, and so on). Interactions in groups 

of mc~ tham two alsO would be interesting. In short, there are 

a wide ~ety of possible circumstances in which interactions may 

occur which ~ould be interesting to explore in hopes of finding 

out more abo~t other substantive phenomena and perhaps contributing 

to a bettar understanding of the effects of task characteristics 

on social interaction. 

A second issue which ~clearly demands further attention in 

f~ture studies is the issue of decision rules. One of the weakest 

points r e ~  in this empirical examination of the interaction 

is the d!~_~iculty in precisely determining what decision rules 

describe the interactions. 

This is not b~ any stretch of the imagination an easy t~ak. 

It is quite likely that a number of different decision rules might 

be empl~ by the participants, individuals may differ in decision 

rules, am~ decision rules might differ with the situations. In 

addition, the number of possible decision rules increases geo- 

metrically with the number of categories and the number of inter- 
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a~tlons which take l~IAce. 

The approach which is suggested in this effort is to 

analyze decision rules utilizing the notion of underly~ states. 

Underlying states are simply states which are presumed to exist 

and to ~e the states which may more appropriately characterize 

the interaction, but which are not directly observable. For 

example,  t h e r e  has  been  e x t e n s i v e  use  o f  t h i s  n o t i o n  i n  l e a r n i n g  

theory where underlying knowledge states are presumed to exist 

and to be measured only indirectly by the observable response 

states. Neeker (Leik and Meeker, 1975) also has utilized the 

notion of underlying states to represent underlying value states. 

Underlying states are analyzed by specifying precisely their 

relationship to Observable states and then using the observations 

to estimate parameters describing the behavior of the interaction 

system relative to those underlylng states (e,g., see Leik and 

Meeker, 1975, or Suppes and Atkinson, 1960). Frequently those 

relationships are such ~hat underlying states in effect selectively 

incorporate information from a number of past actions to estimate 

the underlying state. Formally this procedure is equivalent to 

selectively considering information from several past states 

rather than Just the most recent ones. This is analogous to 

changing the order of the Markov model; and depending on the 

precise nsture of the assumptions made, it may be precisely the 

same as changing order in some cases.* 

*I am indebtedto Richard Sykes for pointing this out to me. 
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U n f o r t u n a t e l y  a s t . ~ g h t f o r w a x d  g e n e r a l i z a t i o n  of  the approach 

t o  underlylm6 s t a t e s  (m~Lug assumptions s i m i l a r  t o  those  by Suppes 

and Atkinson and •eeker) f a r  the  present  dat~ invo lves  a ve ry  

large nunher of paraneters and becomes very difficult (if not im- 

possible) to solveo In a ~ t i o n ,  the analysis of underlying 

states in the past has been Justified FrLmarily in an effort to 

improve the fit of the mo~el to the data. Howeverp in this study 

the Markov nodel based on observable states hcs proven a very good 

fit. Hezce, the ne@d f~ this further exploration is not as great 

with respect to this crita~ion of empirical fit as it has been 

for those other studies in the past. For these reasons, and 

because o f  tine c(:~-~.---'a.t.n~ this further analysis was not pursued 

in this study. 

There nevertheless r=~aln very good reasons for eventually 

pursuing this a~proach in s~e future study. This approach 

appears very a,ue~b.ie t o  +-he conceptual  framework developed here 

which p l a c e s  a hi6h r e l i a c ~ e  on dec i s ion  r u l e s .  I t  would provide  

a g~eat i n ~ e n ~ " ~ ,  i n  -~J~s~a~tive understanding and explanation 

if these decision rules couid be more effectively explored 

empirically. 
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Appendix I 

ISSUES ARISING FRCM T~ USE OF MATH~Y~TICAL MODELS 

There are many serious problems which arise in~the application 

of mathematical models~ These have been dealt with in detail else- 

where (~A~ent, 1974b) and hence there is no need to discuss them 

at length here. Here an effort is made to identify the source of 

the problem and to point out some of the ~ajor aspects of that 

problem. This is important because a great deal of the literature 

considered here suffers from serious flaws in the application of 

mathematical models. 

Mathematical models differ fundamentally from other forms of 

k~owledge. These differences are the primary source of many ser- 

ious methodological ~ problems occurlng in the literature. All forms 

of scientific knowledge (including models) have a similar structure 

which includes a number of different components (a logical system, 

an empirical system, and the phenomenon itself) and relationships 

among those ~omponents (~rational definitions connecting the 

empirical and logical systems, and some isomorphism between each of 

these an~ the phenomenon of interest). The character of the 

relationahips among those components for mathematical models is 

quite different from other forms of scientific knowledge more 

commonly employed in the social sciences (e.g., common social 

science theories). These differences have important implications 
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f o r  t he  i n t e r p r e t a t i o n  o f  s~ch models ,  t h e  ways such models a r e  

e m p i r i c a l l y  t e s t e d ,  t h e  p a t t e r n  o f  ~xowth o f  knowledge f o r  models 

r e l a t i v e  t o  o t h e r  foxes  o f  knowledgew and f o r  o t h e r  a s p e c t s  o f  

t h e s e  systems o f  knowledge.  Sexious  problems a r i s e  when t h e  

researcher is not aware of the need for different approaches in 

the treatment of mathematical nodels and fails to adequately cope 

with these differences. 

The Structure of Scientific Knowledge 

Although there is no s h ~  of controversy and disagreement 

smon~ philosophers of science about the precise nature of knowledge, 

theories, ~odels, meaning, and nany other topics which are central 

to this paper, there do appear to be some broad areas in which the 

general outlines are at least tentatively agreed upon. There are 

other areas in which the compelling :coz~llcts for philosophers 

of science may be less relevant t o  the purpose le as social 

scientists ~ig~t have for applying their insights, and ~ay be 

cautiously, if not danger~ualy, avoided. An effort is made here 

~o develop a view of the fraaework of scientific knowledge which, 

as auch as posslhle, avoids takin~ idiosyncratic views which have 

been clearly rejected by the host competent philosophers of 

science. The goal is to ~ that core of agreement around which 

philQsop~ers f£ght their ha Jot ~ttles, but within which there are 

only minor skirmishes which, frum a social scientist's point of 

vlew, are in~ignlficant. A franewcrk which appears to have some of 

these qua/ities is illustr~ted in Figure AI.1 .  

Perhaps the most fundamental characteristic of scientific 
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knowledge i s  the p a r t i t i o n i n g  of  i t  i n t o  two d i f f e r e n t  regions  c~ 

systems. S c i e n t i f i c  knowledge s imultaneously reco6nize6 the 

v a l i d i t F  of  two d i f f e r e n t  types o f  knowledge, the r a t i o n a l  and the  

e m p i r i c a l .  Ra t iona l  knowled~ e i s  t h a t  which de r ives  from the 

l o g i c a l  r e l a t i o n s h i p s  o f  some formal l o g i c a l  system ( e . g . ,  the 

bas i s  f o r  knowing something may be due to  i t s  l o g i c a l  connection 

with other things which are known)e Empirical knowledge is 

knowledge which is obtained by direct empirical observations (to 

the  e x t e n t  %hat t he r e  i s  such a t h ing ) .  For exanple,  something 

i s  known e m p i r i c a l l y  because i t  was empr i i ca l ly  seen to  hold.  Of 

course, there are many rigid procedures for insuring that 

empirical tests are valid, generalizable, falsifiahle, and so on. 

In the framewozk proposed here these two types of knowledge are 

represented by the logical system and-the empirical system 

respectively. These will be considered in turn. 

The Logical System. Two key components of the logical system 

are concepts and relations among concepts. A ~ may be viewed 

as an abstract construction from a family of meanings for particu- 

lar uses of a word (Kaplam, 1964). A concept is then a general- 

ized- notion of the meaning of a wo~d which holds for all uses of 

the word. Associated with each concept is a term or a name which 

refers to that concept. The assignment oF a particular name to a 

concept is called nominal definition. This, by itself, lends no 

me~u~ but it is a critical step in establishi~ the concept 

for further reference. 

Co-~el~tS may relate to each other in systematic ways. We ma~ 

distinguish between analytic and synthetic relatlonahips (Putnam, 
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1962). An a n a l y t i c  r e l a t i o n  i s  one which i s  n e c e s s a r i l y  t r ue  

glv~u %he IQgical system or language within which one is working 

(i.e., given the axioms of the system of knowledge under discuss- 

ion). A synthetic relation is a contin6ent truth--that is a 

truth which is empirically the case but which is not logically 

~ecessary. For example, if one of the axioms of the theory states 

that men will make choices so as to maximize their utility, and 

the utility of one object, A, is defined as twice that of B, than 

the fact that men do always choose A over B is l~gically necessary 

given those eaxller statements. This is am analytic relation 

between concepts. If, on the other hand, it is empirically f~amd 

that men also are f&ster in choosing between A and B than they are 

in choosing among other alternatives, then that is a synthetic 

relation between concepts. The way these terms are used here it is 

possible for a relation to be at the same time both synthetic and 

analytic (eog., it is logically necessary given the assumptions of 

the body of knowledge and it is found empirically to be the case). 

Or, a relation may be neither logically necessary nor empirically 

true. This is a key aspect of this view of knowledge! the two 

systems of knowledge are distinguished, but they are not viewed as 

imcompa~ible and may occur Jointly. 

These concepts and relations between concepts exist within the 

context of a logical deductive structure. This may be loosely 

thought of as a vertical continuum in the dlagra~ in Figure AI.I 

which represents the level of abstraction. Concepts and ralatisns 

near the top are most abstract and those near the bottom of the 

logical system are the least abstract. Concepts at the very top a r e  
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p r l ~ t i v e  conceptso  P r i m i t i v e  concepts  are  those  which a ~  n o t  

e x p l i c i t l y  d e f i n e d  i n  t e rms  o f  o t h e r  concepts  bu t  i n s t e a d  make up 

t h e  base  from which o t h e r  concepts  a re  def ined  (Reynolds,  1971) .  

The r e z u ~ e r  a ~  d e r i v e d  c o n c e d e  p concepts  which a r e  e x p l i c i t l y  

de f i ned  i n  t e rms  o f  t h e  p r i m i t i v e  concepts  and /o r  o t h e r  d e r i v e d  

concep t s .  (Reynolds ,  1971)o Al l  concepts  must be e i t h e r  p r i m i t i v e  

o r  d e r i v e d ,  As we move down the  d iagra~  t he  concep ts  a r e  p ro -  

g r e s s i v e l y  f u r t h e r  down t h e  cha in  of  d e r i v a t i o n s  and t h e y  a r e  l e s s  

abstract. All fit within the same logical structure of definitions 

which relates the concepts to each other. For exaaple, if the 

concep t s  o f  "number" and " u t i l i t y "  a re  our p r i m i t i v e  concep t s  

(where "number" is Just the amount Of some co,modify, A, possessed 

by person I, and "utility" is the satisfaction that person derives 

from the possession of A) then we m~y explicitly define a third 

concept sol~ in terms of these two concepts. The ,marginal 

utility" of A for person I is the amount person l's utility wcr~id 

change with the addltional possession of one more unit of commodity 

A. 

just as some concepts may be derived from others, some re- 

lations among concepts may also be ~erlved from other relations 

a~on~ concepts. We t~ms distinguish between axioms, relations 

which are not explicitly derived from other relations, and theorems, 

which are explicitly derived from other relations, For exanple, 

if one of the axioms of this body of knowledge is, as stated 

es~rlier, that men will make choices so an to maximize their utility, 

and a known contingent truth is that the utility of A for Person i 

is greater than the utility for B, then a deduction fru~ these two 
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r e l a t i o n s h i p s  would b e  t h a t  p e r s o n  1 would t e n d  t o  choose  A o v e r  3 

when he  h a s  t h e  o p p ~ t u n i t y .  T h i s  l a t t e r  r e l a t i o n  : would t h e n  b e  

• t h e o r e m .  

F r i a t t i v e  c o n c e p t s  a~e r e p r e s e n t e d  i n  t ~ e  d i a 6 r ~  by  c i r c l e s  

and  d e r i v e d  c o n c e p t s  by  s q u a r e s .  R e l a t i o n s  amon~ c o n c e p t s  a r e  

r e p r e s e n t ~  b y  s ' ~ v a l ~  l ine% w i t h  s o l i d  l i n e s  r e p r e s e n t i n ~  ax ioms  

and  d a s h e d  l i n e s  r e p r e s e n t i n g  t h e o r e m s .  An a r row i n d i c a t e s  t h e  

d i r e c t i o n  o f  ~ a b s t r a c t i o n .  

In this view the logical system consists of concepts and 

l o g i c a l  r e l a t i o n s  a a o r ~  c o n c e p t s .  These form an  i n t e r c o n n e c t e d  

sys t em o f  r e l a t i o n s h i p s  which  a r e  c o n s t r a i n e d  by t h e  r u l e s  o f  t h e  

logic used, ar the lo~ical calculus. That calculus may be any ~one 

Of a number of avai!ahle ones (Willer, 1967,13). It cou/~ be 

symbolic lo6ic , s<~e mathematical theory, causal theory, or even 

a c o n p u t e ~  ~ - a ~ .  

T h i s  ! c ~ i c a l  s y s t e m  may be viewed from two p e r s p e c t i v e s l  a s  a 

1 .o~ica l  s t r u c t u l - e  and  a s  a l o g i c a l  p r o c e s s .  The f u l l y  e l a b o r a t e d  

sys tem wi~h the possible relationships and the possible concepts 

identified cud related to each other may be viewed as a structure 

of knowled~-e which represents what is known about some phenomehon. 

However, it is rare t h a t  a logical system is completely specified. 

There p~obahly ~ always be new combinations of relationships 

and concepts to be created and developed and the system may be" 

extended u ~  these concgpts and relations anong concepts ope1-At- 

in& within the constraints of the logical calculus to produce new 

insights, new ~-ec~ictions, and new avenues for further exploration. 

The syste~ then is used as a logical process to deduce such new 
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predlctions add to extend knowledge. 

The Em~_~ical System (The Semantic Interl~reted Component). 

The empirical system is an alternative s o u r c e  of knowledge. It 

exists as a distinct, but not incompatible, supplement to the 

logical system for scientific knowledge. The major components 

of the empirical system are its analo6u~s to the concepts and lo~- 

ical relations of the logical system8 empirical indicators and 

empirical relationships among empirical indicators. ~pirical 

indicators are directly observable phenomena, or the closest thing 

to them we can achieve in empirical research. A number of types 

of empiZical indicators have been idantified by Hags (1972) in- 

cludin~ variables which may vary either continuously or categori- 

cally an~ a variety of nonvarlables including elements and qualities. 

Others have long distinguished between different levels of measure- 

ment for varialless the nominal, the ordinal, the interval, and 

the ratio scale of measurement (Stevens, 1970). 

Just as concepts are logically related, empirical indicators 

may have emplmieal relationships or empirical ~inka~es (Ha~, 1972) 

among them. Such empiTical relationships may take on many forms 

(e.g., linear, curvilinear, and so on), they may connect only two 

empirical indicators or many, and they may involve any of a varie~ 

of relations including interaction, additive effects, and so on (see 

Hags, 1972). They may vary in the certainty with which they are 

known to be true (e.g., the~ may be mere hypotheses, em~r~.al 

6eneralizations, or empirical laws). There are, in. short, a great 

many ways such linkages may be specified and explicated. 
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O p e r a t t o n a ~  i D ~ t l t t o n s .  Th~ e m p i r i c a l  sys tem i s  c o n n e c t e d  

tO the logical Systen by means of operational definitlons--vari- 

oualy c a l l e d  " c o r r e s p o n d e n c e  r u l e s "  (Caznap, 1956, and Margeneau, 

1950), "epts'te~.c correlations" (Northrop, 1947), or "coordinate 

dimensions" (Reicbemim~h, 1938). These operational definitions 

llnk ths concepts of the logical system to the empirical indicators 

of the empirical sy~e~. F o r  exmaple, a concept, authoritarianism, 

may be measured by a number of empirical indicators such ~s re- 

ported tendencies to f 'o l lo~  dir,ections without question, t o  place 

a g r e a t  d e a l  o f  f a i t h  i n  t h e  s t a t e m e n t  o f  s u p e r i o r s ,  and so on .  

A great d e a l  o£  thought has been g i v e n  to the importance of 

t h e s e  c o n n e c t i o n s  b e t w e e n  e m p i r i c a l  i n d i c a t o r s  and c o n c e p t s ,  and  

as a result a number of distinctions and concepts may be pointed 

out. Concepts are said to be inter-~eted when they are connected 

by opmT~tlonal definitions to empirically observable indicators, 

or UrLinteru~eted when they have no diz~ct connections with 

empirical indicators (Greer, 1969). Two types of meaning are 

d ~ k ~ t i x ~ u t s h e d  for c o ¢ ~ e p t s =  s y s t e m i c  and referential. 

meaning is dez~lved ~ the relationships of & concept with other 

concepts in the lo~al system (Kaplan, 1964:64)--e=g., suicide 

maybe defined and given meaning by rel&tlng it to other concepts 

which define it ac~ by explicating its analytic or synthetic re- 

lationships with oth~r concepts. ?:eferential mean~ is derived 

from the connections Between a co=cept and its empirical indicators. 

Such meaning "c~_slsts of points of ccnti~ity between (a term) a~ 

a linguistic symbol amd the observa/~le attributes, properties, 

and relations that it represents" (Lachenmeyer, 1971,10)--e.g., 

a 
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~ l i e n ~ t i o n  may be  measu red  by  a r e p o r t e d  s e n s e  o f  h e l p l e s s n e s s ,  

d i s p a i r ,  d e p r e s s i o n ,  and so  on .  T h e r e  may be some c o n c e p t s  i n  a 

p a r t i c u l a r  t h e o r y  which  a r e  n o t  d i r e c t l y  r e l a t e d  t o  any  e m p i r i c a l  

Indlcato~. The usefulness of such terms is an issue (e.g., see 

Bza~thwalte, 1970 and many others). Such unlnterpreted terms 

clearly cannot have referential meaning. But they may have 

s y s t e m i c  meanin~  d e r i v e d  f rom t h e i r  l o g i c a l  c o n n e c t i o n s  w i t h  

o t h e r  c o n c e p t s .  

O p e r a t i o n a l  d e f i n i t i o n s  a r e  n o t  t h e  only c o n n e c t i o n s  b e t w e e n  

the empirical and the logical syst~_as. There is also a sense in 

which the relationships found in an empirical system can be com- 

with the logical relationships of the logical system. In 

addition to the operational definitions, there must be some 

opex~tlonalization of relationships. However, that aspect of the 

similarlty between the two systems has not been dealt with so 

explicitly as the connection between concepts and empirical 

indicators, and little more can be said about that at this time. 

Isomorphism. Both of these systems of knowledge are 

abstractions in many senses z~moved from the phenomen~ %o which 

they pertain° The logical system, perhaps mOSt clearly, imposes 

upon the knowledge the categories associated with the concepts 

and their possible logical relations. It, in essence, re-creates 

the phenomenon in terms of the concepts and possible relationships 

we i~agine to be there. It is problematic tower extent this 

re-creation is more a reflection of our own predispositions than 

of the p~enomenon itself. Similar considerations suggest that 

the empirical system is also abstracted and removed from the 



phenomenon by our own categories of perception, and its relation- 

ships to that phenomenon must also be subject to scrutiny. The 

--ture of the empirical indicators and the categories which are 

created for measurement, the specific questions or items which 

measure them, the types of relations which are exazLtnedl all of 

these a@aJ~ are chaJ~els throu6h which our own predispositions 

can co~e to play in our perception of the phenomenon. It doesn't 

require & sociologist of knowledge to realize that there is some 

room for distortion here. 

Each of these systems of knowledge then, must rel&te not only 

to each other (through operational definitions and the equivalent 

operatlonalization of relationships), but also to a third com- 

ponent, the phenomenon. The relationship of each of these to the 

phenomenon.must be viewed as problematic. At a very minimum there 

must be sc~e basis for viewing the systems as relsted to the 

~henomenon, and at a maximum, the systens would be seen as border- 

ing on being identical to the phenomenon. We nay posit some sort 

of isc~orphis~ between each of these systems of knowledge and 

the phenomenon being studied. That is, there ~ust be something 

which tbe~e systems and the phenomenon have in co.=on. Each of 

these systems is true in some respects. It is with regard to 

those aspects which they have in c~mmon with ~he phenomenon that 

they may serve to increase our knowledge about the phenomenon. 

The Model Building Perspective 

Different specific frameworks of knowledge could be dlstln6uis- 

bed on the basis of these components a~d the relationships a~ong 
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them. That i s ,  they  could be d i s t i n g u i s h e d  on the  b a s i s  of  the  

l o l l  o . i n g ,  

1) c h a r a c t e r i s t i c s  o f  the  l o g i c a l  system, 

2) c h a r a c t e r i s t i c s  of  the  emp i r i ca l  system, 

3 )  c h a r a c t e r i s t i c s  of  the  phenomenon, 

4) the  o p e r a t i o n a l  connec t ions  between the  l o g i c a l  and empi r ica l  

systems,  and 

5) the  isomorphism between the  l o g i c a l  and empi r i ca l  systems and 

the phenomenon. 

The specific relationships, among these components of frame- 

works of knowledge are governed by & number of constraints. One 

of the most si6nifica~t of these constraints is the incompatibility 

between the simplicity required for the develop~uih of both the 

l~cal and empirlcal systems and the complexity which appears to 

characterize most sociological phenomena. To create a body of 

knowledge there must be some simplification. Without it the 

logical and empirical systems simply would not be makeable. It 

is not p o s s i b l e  to include everything which goes on even in a 

simple experimental setting. Furthermore, it is not useful to do 

so. All knowledge must abstract and simplify from the complex 

reality with which it deals in order to be manageable. Yet, if 

knowled~ is too abstract and too far removed from the reality 

then we may have missed the most critical aspects and our work will 

be of little consequence. Clearly there is a need both to maxi- 

mize the realis~ of our knowledge (i.e., the quality for the 

Isemorphi~n it ha~ with the phenomenon) and the simplicity of the 

knowledge so that it can be tested empirically and systematlzed 
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l o 6 i c s l l y .  P r e c i s e l y  where t o  ba lance  t hee?  two c o n f l i c t i n g  goa ls  

i s  a b s o l u t e l y  c r i t i c a l  and has profound i m p l i c a t i o n s  f o r  our 

~ r t h o d o l o ~ .  

I t  i s  t h i s  i s s u e  which appears  to  be t h e  i ~ s i  e f o r  many o f  

t h e  d i f f e r e n c e s  between t h e  use of  mathemat ica l  models and o t h e r  

fozms of knowledge. A model building aplcoach is a special case 

of general approaches to the development of scientific knowledge. 

T~ framework of knowledge cre~ted through such an approach has 

a l l  o f  t h e  e l emen t s  i d e n t i f i e d  e a r l i e r  f o r  frameworks o f  s c i e n t i f i c  

knowledges a logical system, an empirical system, operationa~ 

connections between these two,and an isomorphism of both of 

these systems ~ith the phenomenon being studied. It is distinct 

ot~er frameworks of knowledge not in its components but in 

the 1~j~uce maintained among those components. In a model build- 

ing approach the balance between slmplici~y and realism is 

c~en to f&vo~ simplicity at the expense of realis~. That is, 

in model building the simplicity of the e~pirical and logical 

systems is maximized at the expense of the quality of the 

isonorphlsm between those systems and the phenomenon beLng modeled. 

The maximization of the simplicity of the system at the ex- 

pense of the isomorphism with the phenomenon being modeled has a 

~unber of very importan~ implications for the development of know- 

le<Lge. It drastically affects the role the logical system plays 

in that fza~ewozM of knowledge. It raises a number of key issues 

ahlch must be addressed in empirically validating such a framework 

of knowledge (issues which, incidentally, are rarely successfully 

addressed in the literature reviewed here). And, in general, it 
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r a s c a l l y  r e s t r u c t u r e s  t h e  ba l ance  among t h e  components  c~. t h e s e  

f rameworks  o f  knowledge c a u s i n g  t h e a  t o  have s t r e n g t h s  and p o t e n t -  

p i t f a ~ s  which a r e  much d i f f e r e n t  from o t h e r  s o c i a l  s c~ .u ~e  

knowledge frameworks. These are so different, in fact, that the 

modal building approach is best viewed as a major alternative 

methodological approach significantly different from other social 

science approaches to the development of scientific knowledge. 

The major advantage of the model building approach is %hat it 

makes the logical system a much stronger component of the framework 

of knowledge than it is for most other approaches Co~mo~ly u~ed in 

the social sciences. In the more common social science ~py~-oaches 

the logical systems are mere shadows of what they might be. They 

generally perform only a minor checking role for assesaLug the log- 

Ical consistency of propositions in the knowledge base. They rarely 

provlde a systematizing framework or typologies and t~ey alnost 

never provide the capacity to deduce new hypotheses and propoait- 

ions beyond common sense for the effective exploration and extension 

of the knowledge base. However, when the model building approach 

is utilized it is much more likely that a rigorous logical system 

may be developed Which not only provides clear typologies ~ a 

logical framework within which to classify various aspect~ of the 

phanomenon, hut also provides a powerful deductive system .~or c.beck- 

the logical consistency of propositions and allows for the de- 

duction of precise, empirically testable hypotheses. The logical 

system, if sophisticated enough may quickly be emtended b~y~ the 

c~m-on sense predictions and allow the exploration of inter~stLug 

new elements of that system of knowledge. 



But t h e s e  a d v a n t a g e s  do no t  occur  w i thou t  t h e i r  p r i c e ,  The 

major  ~-e& where t l ~  p rob lems  o f  t h i s  approach  occu r  i s  i n  t h e  

empirical  t e s ~ . ~  of  t h e s e  sys tems  o f  knowledge,  The model  

~L~Iding approach raises a number of issues there which have 

created serious problems that have yet to be effectively resolved 

in the literature. For the traditional social science approaches, 

the only vlahle source of truth is the empirical testing of the 

model. ~t when the logical system is rigorous and precise (as is 

possible when parsimony is maximized) the loglc~ system becomes 

a ~iahle alternative source of truth. Then it is necessary to 

address the issue of how the two systems of knowledge may be recon- 

ciled (i.e., k~at is to be done when logically true statements 

are found %o be empirically false). Here a number of interesting 

issues are raised. These issures are the source of much of the 

difference between this approach and other approaches to knowledge 

building. For such a system of knowledge, for example, it is an 

issue whether empirical verification is even required! how such a 

model mig,ht be ~apirically tested while recognizin G the validity 

of both empirical and logical knowledge; and how such models may be 

tested when the.~e is only a weak isomorphism between the models 

and the phenomenon t~ey model. 

There are twu a~tithetlcal vie,s of the need for verification 

of models ~hlc~ are commonly discussed in the philosophy of science 

literature~ ra%ionaliam and empiricism. Ration~liam is the vie~ 

that a model or theory is a system of logical deductions from a 

series of synthetic premises of unquestionable truth.not subject to 

empirical verification. Such premises which do not require or 
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admi t  o f  e m p i r i c a l  v e r i f i c a t i o n  a re  what Kant c a l l e d  the  8ymth~JLc 

a p r i o r i .  ~ v i e w  h o l d s  t h a t  such s tatements a re  obv ious  and d o  

not require empirical verification. However, as Naylor suggests 

(1971,155), attempts to ~pell out in detail such assumptions soon 

leads to & point where they are no longer at all obvious. Some 

(e.g., Reichenbach) even deny that there exist any statements which 

are synthetic a priori. 

Empiricism, on the other hand, is in complete opposition to 

rationalism. Empiricists suggest that empirical science instes~ 

of mathematics is the ideal form of knowle~e. Any statements 

which are not subject to empirical verification should not be con- 

sidereal and have no value. 

The view of models taken here suggests that both empirical 

and r~tloma! ~u~ewled~ ~ valid. They ax~ mutually compatible 

and ccapllnentary, and models should have both simultaneously. 

From this perspective it is necessary that models, apart from 

their lo~ical validity, be tested empirically to assess their 

empirical validity. ¥~_rtu~y e v e r y o n e  who addresses this issue 

also a~rees that models nu~t b~ tested empirically (e.g., Ashby, 

1970: passim: Black, 1962:223; Naylor, 1-971,1534 Maalov, 1962~15, 

Barto8, 1967:321! Cohen & Cyert, 1961! Inbar & Stoll, 1972:28!; 

Willer, 1967:629; and Grunberg, 19571passim). As Coleaan (1964a:53) 

says, mathematics is "a tool of social science rather than.., an 

end in Itse/~." It is not enough that a~ elegant logical framewor~ 

has been constructed which i s  appealing and logically sound. As 

Ashby says, =ultin~tely the raw facts are final" (1970,95), su~ 

the operational test is the last court of appeal" (1970,104). 
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There  a r e  many c o n s e q u e n c e s  wh ich  a r i s e  from t h i s .  F i r s t ,  i t  

r e q u i r e s  t l ~ t  m o d e l s  be  ~ d e  e m p i r i c a l l y  t e s t a b l e .  At l e a s t  some 

o f  t h e  t e ~ s  o f  t h e  m o d e l s  ~ s t  have c o r r e s p o n d i n  6 e m p i r i c a l  i n -  

d i c a t o r s  w h i c h  B y  be  ~ e d  e m p i r i c a l l y .  I t  a l s o  makes r e l e -  

v a n t  a l l  o f  t h e  c c ~ s t r a i n t s  t y p i c a l l y  a s s o c i a t e d  w i t h  e m p i r i c a l  

t e s t s  o f  k n o w l e d g e .  T h e s e  i n c l u d e  t h e  g e n e r a l  p rob lems  o f  c o n f i r -  

~ t i o n i s ~ ,  h ~ t h e s i s  t e s t i n g ,  t h e  g e n e r a l  r e q u i r e m e n t s  o f  r e -  

s s a x c h ,  t h e  n e c e s s a r y  p r o c e d u r e s  f o r  s t a t i s t i c a l  t e s t s ,  and so  on .  

The x e c o g n i t i a n  o f  Lu e n ~ . r i c a l  b a s i s  f o r  j u d g i n g  t h e  v a l i d i t y  o f  

mode ls  a l s o  i m p l i e s  t h a t  e x t e n s i v e  knowledge o f  t h e  phenomenon i s  

r e q u i r e d  f o r  t h e  d e v e l o p ~ e ~ t  o f  mode l s .  

Another v e r y  serious source of constraints upon model verifi- 

cation arises fx~c~ the ~taneous recognition of the validity of 

both empirical and ratlo~l knowledge. This view is a common one, 

as evinced by the co~On recognition of the need for empirical 

verification and the frequent reference to desirable chazacteristlcs 

Hhich are peculi~ to ra~O~ knowledge, such as logical validity, 

l o g i c a l  r i g o r ,  and s o  on .  

C~e c o n s e q u e n c e  o f  r e c o g n i z i n g  t h e  v a l i d i t y  o f  b o t h  r a t i o n a l  

and e m p i r i c a l  knowledge  i s  t h a t  t h e  e m p i r i c a l  v e r i f i c a t i o n  o f  any  

p a r t i c u l a r  p r o p o s i t i o ~  ~ more o f  an  i m p l i c a t i o n  f o r  t h e  g rowth  

o f  k n o w l e d ~  i f  many l o g i c a l  c o n s e q u e n c e s  o f  t h a t  p r o p o s i t i o n  a r e  

o f  i m p o r t a n c e  f o r  t h e  t h e o r y .  Fo r  t h i s  r e a s o n  t e s t i n g  a s s u m p t i o n s  

which are the ~sis f~ ~ later propositions in the theory may 

provide more knowledge than testing partlcular deductions of the 

t h e o r y  which serve a~ the logical b~sls for very few other proposit- 

ions. The earlier a statenent occurs in the deductive chain the 
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more impac t  i t  h a s ,  and t h e  ~ knowledge i s  g a i n e d  by t e s t i n g  i t  

e ~ p i r i c a l l y .  Of c o u r s e ,  ~ c u n t l - i b u t i a n  i s  made no m a t t e r  where 

the proposition is located in the model .  

Another issue arises .hen there are c-ancepts in the model 

which have no empirical referemts (see Ro=~nberg, 196~,183). These 

are called uninterpreted co~c.eFts. The mature of such concepts 

and p r o p o s i t i o n s  contai~thea can only be approached from the 

view o f  ra£ t .on~ l  knowledge. That is, the propositions can be 

tested indirectly by testing logically related propositions. Xf, 

as is often the case, propo~iti~ are deduced from propositions 

containing unlnte~ed ccmce~-~s the empirical verification of 

those deduced propostions does not necessarily imply the validity 

of the pl'oposltlons ~ ~hich they are deduced. But if, as is 

less often %he case, the ~-oz~a!tions of interest are deduced from 

empirically teetable propos~tiom~, then th~ empirical verification 

of those propositions would also imply the emp~Ical validity of 

these nonte~table propositions. 

Yet another consequ~e of the ~tameous recognition of the 

validity of both rational ~ em ~pirical ~-m~!ed~ is that it is not 

necessarily helpful to att~mwt to test ~ire models (both 

assumptions and deduction.s) ~;i_~!cal!y. Coleman (1960) and 

Dieslng (1971) both make this argument. Such a problem arises 

when a theorist "proposed to test his nodel by setting up ~he con- 

• dltions specified in the ~tes, as near as practlc~b~e, and 

then seeing whether the ~--edlctioas of the model, its derlvatione, 

agree with the experlmsn~al data" (Dieting, 1971,85). The problem 

arises in the supposition that ~here is a merely "hypothetical 
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o r  c o n t i n g e n t "  c o n n e c t i o n  between t h e  p o s t u l a t e s  o f  t h e  model and 

its predictions, Thls is not ~rue for logically rigorous models 

in which the predictions follow necesss~lly from the assumptions, 

If the conditions corresponding to the postulates are set up, then 

t h e  r e s u l t s  o f  t h e  d e d u c t i o n s  must n e c e s s a r i l y  occur .  I f  t h e y  a r e  

found,  t h e n  n o t h i n g  has  been  c o n t r i b u t e d  t o  our  knowledge.  And i f  

t h e y  a r e  n o t ,  t h e n  we know o n l y  t h a t  t he  c o n d i t i o n s  were no t  

p r o p e r l y  e s t a b l i s h e d  a s  we had t h o u g h t .  Th i s  problem a r i s e s  when 

there is another source of truth in the model, the logical truth, 

Such a truth can compliment that of empirical truth and there is no 

need to reaffirm it empirically. This problem of course, does not 

arise in less rigorous models for which the logically necessary 

concltt~ions of assumptions cannot be established. 

This l~ohlem is particularly acute in experiman~i research in 

which the conditions corresponding to the assumptions of the model 

are cre~ted artificially. As Coleman (1960,1h.b,--145) points out, 

the connection between reality and the model becomes confused. 

...the "reality" which it ~ttempts to mirror is itself a com- 
pletely constructed and artificial situation. Thus a model 
is not being constructed to correspond to certain phenomena in 
the real world, but conversely, phenomena are const~ncted to 
correspond to the model. In such a situation it is difficult 
%o know where the ingenuity lies--in construction of the 
model, or in manipulation of people so that they will behave 
In accordance wlth it. It is hard to see Just what the goal 
Is in such ~ model. 

This problem Is generally not present for approaches to know- 

ledge ~ulldlng other than models because the additional constraints 

of trying to mirror reality exactly genera/ly make it Impoeslble to 

develop theories which have logically necessary implications. 
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A n o r m a t i v e  model may be  a s p e c i a l  c a s e  o f  t h e  t y p e  o f  model 

i n  w h i c h  t h e  l o g i c a l  n e c e s s i t y  d e r i v e s  n o t  f r c ~  t h e  a s s u m p t i o n s  b u t  

from some a r b i t r a r i l y  imposed c r i t e r i o n  f o r  sc~e outcome which  i s  

u sed  t o  l o @ i c a l l y  d e r i v e  t h e  n e c e s s a r y  c o n d i t i o n s  f o r  a c h i e v i n g  

t h e  o p t i m a l  v a l u e  o f  some outcome.  F o r  a n o z n a t i v e  model ,  t h e  

same p r o b l e m s  o f  v e r i f y i n g  b o t h  t h e  a s s u m p t i o n s  and t h e  p r e d i c t i o n s  

would be foun~ in attemts to empi~ichlly test the~. For such 

models verlf~cation would be very difficult indeed. As it happens, 

however, for these models empirical verification is not the ob- 

Jectlve and is largely irrelevant to the models. The goal is not 

t o  d e s c r i b e  e m p i r i c a l l y  o c c u r r i n g  phenomena,  a f t e r  a l l ,  b u t  t o  

prescribe how certain objectives may be met. 

This general problem of verifying models which at the ~we 

time 'may have beth a rational and an e~rical knowledge b~se has 

generated a controversy among researchers as to which parts of the 

models should be tested. Should assumptlons be tested? Should 

predictions be tested? Or should both be tested? Ba~tos (1967) 

argues that o~y the assumptlonsof a model need to be tested (321). 

Testing the i~pllcations does not contribute much to the knowledge 

by itself. ~y "showing that some Inplications of the model are 

empirically true (one) has not proved that the model itself is 

necessarily true" (316). However, testing the implications of a 

model m~y be useful as an indirect test of the assumptions. Part- 

icula~ly, in those frequent cases where it is not possible to con- 

clusively prove the assumptions correct, the model may be tested 

by testing both its assumptions a~d its Implications (322). 

Another view is held by Kendall (1967,11). In this view 



257 

(which is also held by Milton Friedman) it is suEgested that "the 

valldi%y of a model depends not only on the validity of the 

" assumpbions on which the model rests (as Hui~hinson would hkve one 

~elieve) hut, also on the ability of the model to predict the be- 

havior of the dependent variables that are treated by the model." 

This arEument is that empirical tests need only be applied to the 

predictions of the model and not to its assumptions. He "seems to 

be sayinE that it makes no difference whatever to what extent the 

assumptions falsify reality" (N&yler, 19?Is156). 

Coleman (1960s141-2) suggests that a critical difference in 

assessing the fruitfulness of models is at what point they make a 

connection with empirical phenomena. Many models have unlnterpret- 

ed terms and make connections with empirical indlcatores only in 

a few places. Two types of models which are very different are 

those for which the empirical connections occur only at the level 

of assumptions or postulates and those for which the empirical 

• connections occur only at the level of theorems or proposilions 

which have been derived from the assumptions. This distinction 

parallels the distinction between explanatory and synthetic models. 

In genera/, though it Is true that tests of logically necessary 

predictions offer little in the way of increased knowledge, it is 

rarely true that the l~gical necessity is irrefutably established, 

and unless it is there should properly be empirical tests of both 

the assumptions and the deductions of models. Reasons why logical 

necessity may not be established vary. There may be some critical 

assumptions which are not verifiable. Perhaps there are other 

variables or processes entering into the system which are not 
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r e c o 6 n ~ e d .  Or i t  may be t h a t  a l ack  o f  p e r f e c t  isomorphism be-  

tween the  model and %he phenomenon may obvia te  the  l o g i c a l  neces s -  

I t y .  In addition, the phenomenon may be stochastic in nature 

s e v e r a l  empirical tests, and there may be measurement 

errors and other problems which occur. If the ded~tc~ions are 

confirned there is stLll a need to verify the postulates for 

similar reasons. If the deductions are confirmed there is still 

a great part of the theory which has not yet been confirmed 

(including other deductions not yet tested and the postulates 

which lead to them). Also. it is important that the postulates 

be established because there are ma~47 possible alternative exp!an- 

atlons for any particular set of deductions. 

Yet another issue is the isomorphism between the model and the 

phenomenon being modeled (Brodbeck, 1958,380, Meyer, 19~I,118). 

Because the isomorphism is not complete between the model and the 

phenomenon, a~y discrepar~y between the empirical phenomenon and 

the predictions of the model might well be due to the lack of fit 

between the model and the phenomenon. Care must be exercised in 

~enera!Izln~ from the model to the phenomenon itself. Empirical 

re~ulta predicted by the model and confLrmed empirically might 

arise f.~om characteristics of the model which ~re not isomorphic 

to the phenomenon and should not be interpreted unequivocally 

as in sup~rt of that model of the phenomeno n or as indications 

of properties possessed by that phenomenon. 



Appendix 2 

A TEST FOR MEAN RECURRENCE TIME 

One prediction of Markov models which is commonly t e s t e d  

empirically as part of efforts to validate such models is a ccm- 

pazison of the predicted and observed recurrence times. The 

recurrence time for a particular state is simply the time it takes 

for the system of interacting individuals to return to that state 

. aLfter once having been in it. For example, in the sequence of 

interaction s, 

o~cio~c2o2c2oic3oIc I 

only one of the second-order states (states including actions by 

beth partlcipemts--i.e., 01C I is one second-order state), OIC 1 

• occurs more than once. That state occurs first in the chain and 

last~ in the chain. The recurrence time for this state is then the 

time between its first appearance and its next appearance. 

One of the reasons that this test has been so popular is t h a t  

Feller (1968) has shown that for irreducible, aperiodic Ha~ov 

chains with states having nonzero probabilities of occurrence at 

equilibrium, the mean recurrence time for each state is the re- 

ciprocal of the probability of that state occurring at equilibriums 

where r k is the mean recurrence time of event ~. 
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U n f o r t u n a t e l y ,  i n  some c a s e s ,  t h e  e m p i r i c a l  e s t i m a t i o n  o f  

r e c u r r e n c e  t i z e s  i s  n o t  a s  s t r a i g h t f o r w a r d  a s  t h e  t h e o r e t i c a l  

p r e d i c t i o n .  To  e m p i r i c a l l y  e s t i m a t e  t h e  mean r e c u r r e n c e  t i m e  o f  

e a c h  s t a t e  ~ e  c o u l d  s i m p l y  d e t e r m i n e  t h e  t ime  i t  t a k e s  f o r  e a c h  

e v e n t  t o  r e c u r  w h e r e v e r  i t  d o e s  r e c u r  and t h e n  f i n d  t h a t  mean.  Un-  

f o r t u n a t e l y ,  ~ t h e r e  a r e  n a n y  c a t e g o r i e s  t h e  mean r e c u I T e n c e  

time for a par'~Lcular event may be quite long relative to the 

length of the er~ounters examined (e.g., one predicted mean re- 

currence time ~s 90.91 while many of the encounters examined had 

co~Ider~7 fe~-r interactions than that). When this occurs there 

may be a large nu~1~r of events which occur and never recur. 

the encoun~ surds it is not possible to determine when such an 

e v e n t  would h a v e  n e x t  r e c u r r e d .  

When t h e  l ~ - 6 ~ h  o f  e n c o u n t e r s  examined i s  s h o r t  r e l a t i v e  %o 

the length of the mean recurrence time for a particular state it is 

not possible to ~t an adequate estimate of recurrence times 

because the observed re~ncee are pa~ of a highly truncated 

dlst~butlon--~y the earliest recurrences occurin time to get 

measured--resulting in a gross underestlmatlon of the mean recurr- 

ence times. For exanple, event 01C 1 has a predicted recurrence 

time of 52.63. Of the 40 times when thla event occurred only il of 

those ~ere ~ances of the event within the same encounter. The 

resulting estimate of recurrence times is only 7.45 (see Tables A2.1 

and A2.2) 

Because of this problem of estimation, the test of predicted 

mean recu--Temce times is not included in this study e~ a test of 

the Markov m o d e l .  

~'C~ ~ ¸ ~  ~ k ~ ~ ' ~ ~ . . ~  
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TAELE A2.1 

OBSERVED DISTRIHUTIO~ OF ~--V~--'~ Ah-D RECURRENCES OF EVE~rFS FOR 
SECOND-ORDER MODEL 

Event 

01Cl 

0102 

0103 

0~01 

(~03 

0301 

03CZ 

030~ 

ClOl 

ClO2 

ClO3 

C2Ol 

c2c~ 

C203 

0301 

020~ 

C303 

Number of Times Number of Times Proportion of Times 

Event Occurred Event Occurred Event Recurred 

40 

5z9 

~3 

983 

165 

295 

128 

78 

~Sz 

973 

318 

69 

75 

89 

11 .275 

~3~ .8zO 

18 .419 

37 .597 

895 .91o 

33 .200 

8 .235 
178 .603 

64 .500 

1~. ,368 

'615 
4 .148 

.805 

885 .910 

198 .623 

3O .435 

~.2 .560 

~0 .~9 
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TABLE A2.2 

PREDICTED AND OBSERVED MEAN RECURRenCE 
TI~ FOR S~OND-0RDER ~ENTS 

Event 

OZOI 

OIC2 

o103 

o201 

02C2 

0203 

o301 

o3o2 

0303 

C101 

ClC~ 

01o3 

C201 
C202 

C203 

C301 

C~:m 

C303 

Mean Recurrence Times 

Predicted Observed 

52.63 7.45 

4,42 3.82 

52.63 6.39 

2.10 1.81 

33.33 3.67 

66.67 9.88 

7.~ 5.aO 

18.18 5,92 

~ .82  7.1~ 
28.57 7.OZ~ 

9o.91 6.75 
b,.67 3.7? 

2.16 1.83 

6.62 5.03 

33.33 8.43 

30.30 3.67 

25.6~ ~.80 
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