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CHAPTER 1 

Introduction 

The Problem 

~fuat is chan0 e? How does change occur in any given system, how 

does the system a commodate change and what are the factors which 

r es i st change? These are problems continually confronting society. 

One area of geographical enquiry which tries to answer some of the 

ques tions posed above lies in the study of the spatial diffusion of 

innovation. 

Brown (1968) defines spatial diffusion according to two processes. 

In the first situ tion designated "relocation", some members of a 

population at time t, change their locations by time t + 1. (i.e. a 

frontier movement). In the second situation of "expansion", new 

members are added to the set of an existing population (adoption of 

a new practice by members of a given P.opulation). In this dissertation 

we are concerned with the latter type of diffusion. In the testing 

and e laboration of this concept, analysis and conceptualization have 

t aken place mainly at a micro sca l e where individuals are the decision 

make r s and the rate of change is small. 

The purpose of this thesis is to examine the spatial diffusion 

of innovations whi h require community decisions (by municipalities 
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in particular) th ough the central place system of Southern Ontario. 

There are several needs for such a study, each important in its own 

right. 

Firstly, the r e are certain inadequacies in the formulation of 

the concept of innovation diffusion, such as the nature of decision 

making, the character of inter-adopter influence, the role of 

propagators and t e structure of resistance to innovation. Consequently, 

the concept is fo rmulated in detail, while hypotheses related to the 

concept are tested within the frame~vork of a queuing analogue. 

Secondly, innovations which require group (e.g. community, 

municipal) decisions are an important class of innovations which have 

been relatively neglected. Furthermore hypotheses developed elsewher~ 

in di ffusion research have not been applied in this situation • . 

Therefore a review of those few studies which have been made is 

unde r taken and relevant hypotheses are : tested at this scale, in 
' 

part i cular the cit size factor and the neighborhood effect. Related 

to this need is the underlying question of scale in geographical 

enqui ry. Thus, any findings in this class of innovations will have 

a direct bearing upon the scale factor. 

Thirdly, it i s hoped that the analysis will contribute to ~ 

understanding of t he nature of decision making in urban systems. 

Urban geography has mainly concentrated on the physical structures 

of urban systems. Only recently has attention turned to dynamic 

behavioral processes. 



Finally, and not least of all, the thesis attempts to elucidate 

some aspects of t e process of change in the central place system of 

Southern Ontario.' Ho~v does change occur in this system? What are 

the directions of change; are there ~.;ell defined route\olays of change? 

\Vhat effect do neighboring systems have on implanting new ideas into 

Ontario? How does the decision making system associated with this 

class of innovations process these structural challenges? These are 

complex, intriguing and important questions which through the concept 

of i nnovation dif f usion this dissertation partially attempts to answer. 

3 



CHAPTER 2 

The Conce:~ tual Framework: A Decision Making Process 

In this chapte r the central concept of innovation diffusion is 

defined and elabora ted in terms of '"'hat constitutes decision making. 

Emphasis is placed on geographical aspects of the process and how 

thes e apply to groups arriving _at a single collective decision in 

evaluating an innovation. 

DEFINITION 

The process of innovation diffusion through social systems has 

been defined by G. Tarde (1903), J. Schumpeter (1939), H. Barnett 

(1953), E. Rogers 1962). In a review of the literature E. Katz et.al. 

(1963) synthesize hese definitions in the following statement: 

"the diff •sion of innovation is the acceptance . 
1 of an item or idea, over time by individual units, 

linked by communication networks of a social 
structure having a value system". (p. 237) 

Hagerstrand (1953) and Brown (1968) have expanded similar 

2 definitions of the process to incorporate the space dimension. At the 

1By individual units meaning persons, or groups arriving at a 
single collective decision; see Katz, E. (1963), p. 244. 

2 Although previous non geographical research refers to the spatial 
development of innovation, eg . Chapin (1928), \~issler (1923), Edmonson 
(1961) no attempt is made to derive general statements concerning the 
process other than the general idea of concentricity or "age area" 
a11alysis . 

4 
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s ame time Brown 1968) considers six elements basic to the process: 

area, time, item diff?sed, origin of item, destination of item and 

paths of movement or influence. Bro~~ also simplifies this definition 

as the study of odes (adoption units), links (communication) . arid 

messages (innovat ions). 

According t the definition described first of all, diffusion in 

social systems i regarded from a behavioral standpoint where decision 

making is the pr cess leading to the adoption of an innovation. Further-

more, it is also assumed that diffusion is an ordered (non random) 

process which ca be described in terms which have general application. 3 

A fundament 1 assumption is that diffusion is a dynamic process 

where time is taken as the major independent variable, that is, the 

development of t e process is measured as a function of certain time 

intervals in a definite direction. 4 

A general criticism which can be levelled at previous definitions 

of the process is that it has been viewed almost entirely from the 

viewpoint of the adopting systems that is, the groups which adopt 

innovations, so that the significance of the propagator's role has been 

5 diminished. Consequently, in order to understand the process fully, 

3This non r andom assumption does not necessarily preclude its 
definition as a stochastic process. 

4 For a discussion on this point see Olsson, G. Geography 1984. 
Dis. Paper #7. Dept . of Geography, Bristol University (1967), p. 10 ff. 

5 . 
For example see the review of diffusion of innovation by Katz, E. 

et . al. (1963) where there is hardly any mention of propagators, and 
their activities. 

. / 



6 

to the initial de finition must be added "the acceptance of an item or 

idea, spread by propagators •• ". 

The constru·tion of a.conceptual framework draws upon material 

from several disparate sources of enquiry - previous diffusion research, 

recent studies o· behavior and decision-making and studies of group 

behavior. The purpose of describing in detail the nature of decision 

making associated with innovation diffusion is twofold; firstly to 

provide a more specific framework for the class of innovations req·uiring 

group decisions; secondly at the same time to be sufficiently general 

6 
to enable some " s cale-free" statements of the process to be made. 

THE ADOPTING SYSTEH 

Having defined the concept we can proceed to describe a decision 

making situation where lV'e consider the adopting system, the propagators 

and contact with adopters, and how these relate to a group arriving at 

6significan~ ly only geographical research into the spatial 
development of i nnovation has considered that similar processes may 
operate at two s ales (1) at the level of an individual in a 
neighbourhood sys tem and (2) a city, in an urban system (Hagerstrand, 
1966, Craine, 19 6, Brown, 1967). Thus Hagerstrand (1966) states, 

"From w rk at the smallest scale it has been 
tempting to pass to the other extreme and see 
if the same set of concepts can be used as one 
tries o survey diffusion of innovation over a 
whole ontinent." p. 31. 

Ho-.1ever, Harvey (1968) (see especially pp. 92-93) queries whether we 
are in a position to identify scale- free theory at present. He 
further suggests that such discrimination is difficult using pattern 
analysis and tha. we "need direct information regarding the behavior 
of the populatio" (at. p. 93). 



a single decision. Decision making by adopters is the selection of, 

or choice between, alternate courses of action. In the case of 

innovation decisi ns such courses of action will range between complete 

adoption and outright rejection. In developing a schema for 

describing decisicn-making, Kates (1962) isolates four main elements 

common to all other schema, namely: (1) the underlying view of man's 

rationality; (2) he types of decision processes involyed; (3) the 

conditions of kno ledge under which choice is made; (4) the cri'teria · 

7 which are used to guide such choice. 

Since we have already stated that the innovation adoption or 

rejection is a decision-making situation, a schema similar to that of 

Kates can be employed to understand the structure of decisions made 

concerning innovations. Thus, ~Y'e shall consider: (1) basic assumptions 

or the view of rationality; (2) the learning process; (3) the types of 

decisions involve ' ; (4) the actual choice and evaluation criteria. 8 

(1) BASIC ASSID1PTIONS 

The socio-psychological origins of diffusion research have 

precluded the development of normative (or deterministic) assumptions 
!; 

where man is presumed to act "rationally" and seek "optimal goals". 

The work of Grili hes (1957) and Mansfield (1961) are exceptions 

7 Kates, R. op. cit. p. 12 ff. Although applied to resource 
management decisi ns it has equal applicability here . 

8 ' ·, 
Since decisions are the outcome of the learning pr~cess it was 

felt to be more appropriate to deal with them in this order. 

7 
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because they assume profit maximization in the spread of innovations. 

The decision-mak ng which results in an adoption or rejection of an 

innovation is regarded as the outcome of a learning process \o7here 

successive incre ents of communicated information lead to a change in 

state of the reci pient (Hagerstrand, 1952, 1966; Rogers, 1962). 

Social learning is the result of contact by a propagator and also 

through intra-group communication . Such contact and communication is 

modified by both socio-economic and spatial variation in members' 

attributes. Thus, the underlying assumption is that diffusion in 

social systems is a learning process where man constructs a model of 

reality based on the outcome of information received and acts according 

to his own definition of reality. 

In previous geographical analyses similar assumptions have been 

made in modelling the process at the scale of the individual person as 

the decision-maker. (HMgerstrand, 1952, 1966; Wolpert, 1964). The 

same assumptions can be applied to the analysis of groups as decision-

makers, "group" meaning a collection of people such as a community, 

9 arri ving at a single decision. That is, through communication of 

information by pr pagators and other group members, the group acquires 

increments of inf rmation and comes to a decision. 

10 Unlike the i ndividual, whose goals are rarely expressed let 

9 See Katz, E. et.al. (1963), p. 244 for a discussion of this point. 

10 Hill (1968 defines goal as "an end to which a planned course 
of action is directed". 
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alone defined, group goals are often specified explicitly, since they 

are usually a group bond. In the case of municipal councils whose 

decisions concerning innovations will be examined in this thesis, the 

goals are also def ined in political and legal terms . A group may have 

multiple and comp site goals, that is, sub- goals related to the sub-groups 

within organizations (Cyert and March 1964). Consequently, in the 

class of innovati ns under consideration goal orientation can be 

described as the combination of the following sub-goals: 

GENE~~ TYPE OF GOAL 

Socio-psychological 

Political 

Economic 

EXAMPLE 

Maintaining social status 
of municipal councils, e.g. 
civic pridell 

Maintaining power 

Keeping solvent or credit 
worthy 

(2) THE LEA&~ING ? ROCESS : CO~~IICATION AND ~~OWLEDGE LEVELS 

If one has a ecision-making group, the learning process which 

leads to kn~;ledge and evaluation of an innovation on its part has been 

characterized as h ving certain phases of development over time. They 

are awareness and interest, evaluation, decision and trial (Rogers, 

11The importance of civic pride as a psychological driving power 
in t he geographica: development of towns and cities has received little 
atten tion. An important contribution to understanding its significance 
in the growth of 19th century cities has been the work of A. Briggs, 
(1963) . 
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1962 ; Lionberger, 1960). 12 

Awareness and interest 

Potential ado:lters become a~-1are of an innovation from three 

sources , namely, t~e mass media, propagators who make direct oral 

contact and other embers of the group . Although the mass media may 

produce ~areness, its effect on actual adoption decisions has been 

shown to be largely passive,(Lazarsfeldt, 1948). At any one point in 

time for example, nformation concerning many innovations may be 

circulating in the mass media , making ~pecific evaluation of any one 

i~~ovation difficu t. However, it has been hypothesized that at the 

micr o-level, peers derive new ideas from the mass media and then pass 

them on to the res of the group,(Lazarsfeld, P. et.al. 1942 , Katz, 

1957 , Rogers, E. 1962). 13 

The role of the propagator in producing awareness of innovations 

is less clearly understood mainly because research has concentrated on 

t he adopting system wher~ it has been consistently shown that group 

members refer to o her members, rather than propagators, for advice 

during evaluation. At the present time, propagators use various forms 

of communicat ion, direct contact such as salesmen and the indirect methods 

of advertising to p romote awareness,(Copp, Sill, Brown, 1958). 

12The phases or s tages of develo~ment were recognized quite early 
in diffusion resear ch (Lionberger, 1960). Problems have arisen as to 
their differentiat_on ~d measurement (Wilkening, 1950). 

13This process has been hypothesized as the "two step" or 
multi-chain flow of information (Katz, op. cit. 1957). 



Ins t itutional propagators from governmental agencies may also be active. 

A detailed analysis of the diffusion of hybrid corn by Ryan and 

Gross (1943) shows that information increases in the system (described 

as a normal curve and precedes the normal curve of adoption. It 

appears that salesmen are most significant in spreading awareness during 

the early phases but the .late adopters derive their information from 

neighbours. 

In addition t o the mass media and propagators, information is 

also circulated be tween members of the group through informal (i.e. face 

to face) networks,(Rogers and Beal, 1957 ; Coleman, et.al. 1957). 

These informal networks have been recognized as the most significant 

communication channels associated with the actual adoption decision, 

(Coleman, et. al., 1957). 

Consequently, one can think of a system where group members 

become aware of innovations via several sources. Although previous 

research has been undertaken at the level of the individual it can be 

appreciated that a group such as a community can progress through the 

same learning process (Fig. 1). 

Variation in knowledge levels 

Through the communication of information, the adoption units 

learn and acquire a certain knO'o;vledge level: this kno\vledge level can 

vary according to the attributes of the adopting system. 

Hithin certai groups it is observed that certain members act as 

peers and set the general pattern of behavior for the rest of the 

11 
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o: pcci<:ili3.:!d info :..--::~;::tic.:l; processing r.:~ss r..edi a .:::1d t hen redirecting 

it to other r..e~'.Jc:::-s of t he groufl . This st:b-group ' s bel:avior is ust:.::lly 

c2scrioed as n fu:1c ~ ion of higher education, inco=e, social status and 

~;;.ss r..edia exposure , (K2tz, et.2l., 1963) . 

In city syster.;s , Hhere ce .tral places are the adopters, similar 

at:e~pts to designa e "peer cities'' on the b<J.sis of attributes such as 

city size, incone and education levels are made, Crain , 1966). 

Geo6raphical variation 

The geographical contribution describes spatial variation in 

inforcal info~2tion ( face to face contact) flew and the subsequent 

(

T I I 
lea~ing process, Hagerst r and , 1952 ; \.Jolpert , 1966) . At the nicro 

scale this is operationalized by using the Mean Inf onuation Field 

14 concept wh:i,le gener al information flo'lv at the macro s cale is described 

using gravi ty- model ~ormulations,(Carrothers, 1956 ; Olsson, 1965 ; 

Porter, 1965). 

A maj or charact ·risti c of the spatial structure of inf ornation 

circulatio:1 a t t he m"cr o s cale is that distinct hierarchies appear to 

II 
exist , (Hagers trand , 1966) (Fig. 1). It is hypothesized that an 

external flow frow o e l evel to another and then an internal flow 

"Y7i thin a leve l explain variation in knowledge l eve ls, (Wolpert, 1966). 

14A ~ea~ inforD.ntio:l field is ~~ ecpi r i col ce~sure of the 
pro~ability of co~ tact o·Jcr space , usually at t he r:d cro l evel. It is 
based on recor~s of telepho:1e calls, nigration, marriage partner 
se lection &,d trip act ivity. 

12 
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AGGREGATED AND SPECIFIC CONTACTS IN SOCIAL INTERACTION 

Figure. 1 . Leve l 'A ' demonstrates aggregated con tacts (li nks) wh il e leve l 'B' shows contacts for a specitic 
problem. Both leve ls indicate the hi erarc hi al effect due to var iation in t he attributes of systems 
(nodes) . Nodes represent centra l p laces or individuals accord ing to the sca le of analysis. 



In city systems t he hierarchy effect is exhibited when innovation 

awareness progrecses through the largest cities of different countries 

then large cities 't.Jithin countries, then regions and then finally to 

the smallest cen res. 

A modification of the city size progression of an innovation is 

II 
advanced by Hagerstrand (1966) claiming that neighbours close to a 

previous adopter are aware sooner than many of those of a larger size 

(in a city system) further a't.Jay, the so- called "neighbourhood effect" . 

Thus, in th awareness phase, information concerning an innovation 

is circulating t rough a system with several sources of communica t i on 

(Fig . 1) . Due t o variations in attributes of adopters (e . g . city 

size) or locatio (nearer a large city) there are variations i n 

knmoJledge levels. Variation in propagator's act ivi t ies in contacting 

adopters also aff ects the spread of information . 

It can be appreciated that an understanding of the onset of 

awareness and le~rning provides a measure of the decision- making 

process, assuming that the adoption date is als o kno•m . For lack of 

direct empirical evidence the adopti6p date is usual ly taken as a 

surrogate of the flow of information, however ; this could give a 

misleading analogy of the process. Furthermore , the aggregat es of 

social communicat ion may not represent accurately enough t he actual 

networks during valuation of an innovation . 15 From a cons i deration 

15The discr pancy between the potential communication channel ~d 
the actual l inks has been r ecognized for some time. At the macro scale 
the effect of a provincial boundary on interaction between Ontario and 
Quebec was demon trated by }1cKay (1958). At the micro scale similar 
variations may exist since the aggregative nature of mean information 
field s gross over them. For a discussion see A. Williams, (1968) . 

14 



of information flow we must now turn to the actual decision-making. 

(3) THE CONTACT SITUATION BETHEEN ADOPTERS A..~D PROPAGATORS 

Contact by a propagator or another member of the group suggesting 

adoption, requireo an active response on the part of the potential 

adopter, and sets off the evaluation ?rocesses . Where there is 

eh~enditure on the part of the adopter a market situation exists; a 

non-market situation would arise where a propagating group such as a 

new group (e.g. pr o-fluoridation) contacts the adopter. 

According to the assumptions underlying classical location theory, 

the propagator should locate where the difference between revenue and 

costs are at a minimum,(Losch 1939 ; Hoover, 1948) . Furthermore, 

the market areas would be discretely divided bet~o1een competing 

entrepreneurs. 

Under 11 realistic11 conditions the entrepreneur locates according 

to hi s interpretation of the potential market, biased according to his 

information . Similarly, in the development of market areas, imperfect 

kne\o1l edge and perc ~ived opportunities ·could result in an overlapping 

and i nter-locking f market areas,(Pred, 1967 ; Hamilton, 1967). It 

has also been suggested that tributary areas be delineated according 

to zones of maximum advantage and zones of competition, (Colledge 1968). 

In marketing or spreading a new product or idea the propagator 

would have to search out the potential response (although he might 

also be acting on past responses). Under ideal conditions in the 

class of innovations being considered, the greatest potential for 

15 



adoption should e:>:ist in the largest cities so that the propagator 

should locate the e and then proceed t .o market the product at other 

centres and thus C:o~vn through the urban hierarchy. In reality this 

may be different if there are several ,competing propagators and if the 

propagator's perception of potential response is modified by distance 

and cultural ore onomic barriers. 16 

Where propagators are not motivated by profit one must assume 

that they seek to "convert" as many people as possible and consequently 

concentrate activities in areas of greater population such as the 

larger centres; although this is not always necessarily so, since a 

oovement may only concentrate on say rural populations, this does 
' 

appear to be the case in reform and similar socio- political movements. 

The decision 

Decision making can be defined as the process whereby one makes 

a choice between alternate courses of action in order to solve a 

17 problem, yet some decisions are clearly more important than others. 

Consequently in recognition of this variation decisions have been 

class ified as routine (programmed) and strategic (unprogrammed) (Simon 

1965). Such a classification is somewhat arbitrary and its use ~.;ould 

16 Hamilton, op. cit., p. 376. 

17 Thus, Lundberg (1962) for example, in attempting to develop a 
scheme for analyzing decisions states that so far there has been a 
lack of uniformity in differentiating beaveen decisions in this 
context. 

16 
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depend upon the s tuation under consideration. The problem is further 

complicated by th fact that it is difficult to deduce the processes 

of decision making from the over act and thus consider whether the 

problem is routine or not. 

h~ere groups arrive at a single collective decision these problems 

are obviated sine most groups keep records of how decisions are 

arrived at, makin them amenable to categorization and further analysis. 

This advantage is particularly significant when it is realized that 

most of the features associated with decision- making by individuals are 

present in the gr up situation (Leoni 1957) . 

(4) EVALUATION ~~D CHOICE 

Assuming therefore that the decision making unit has received 

what it considers to be sufficient information concerning an 

innovation, a decision can be made (Fig . 2). In addition to either 

accepting or rejecting, the group may delegate the problem to a 

sub- group so that a looping effect may develop, with the loop being 

repeated many times before the actual committed decision is made. In 

a community situation, the decision making group may delegate the 

decision as a plebiscite, obviating any controversy that might ensue 

from their 'decision. These sub-routes represent risk reduction 

routines. Another common form of risk reduction is to adopt the inno

vation on a trial basis, with the possibility of reversing a previous 

decision (Li onberger, 1960). 

18 



\.fuere the out comes of the decision have a knmm probability 

distribution risk is involved~ where the outcomes are unknown the 

18 assignment of pro abilities is uncertain. Economic risk would relate 

to the amount of apital required, Hhile social risk would relate to 

the degree of radicalness involved in the decision with the possibility 

of subsequent group sanction. 

To reduce the risks involved the potential adopter may employ 

various strategies. One common form of risk reduction is to search 

out more information by contacting other adopting units, to supplement 

the information provided by the formal channels of communication 

(Coleman, et . al., 1957). In a market situation it has been hypothesized 

that the amount of searching is related to the marginal revenue that 

would accrue from he process, (Cyert and March 1964) . 19 

The spatial implications of intra group contact (e . g . neighbourhood 

effect) have already been mentioned. Recently, it has been suggested 

that in addition to the distance factor, the search pro~ess may be 

either random or operating within a certain set of rules such as 

18 The distinct ion bet"toreen risk and uncertainty is arbitrary. 
Hm1ever , risk "to7ould apply to t hose situations where some knowledge 
derived from exper ence would enable the decision maker to expect 
a certain probabili ty of an event occurring. Uncertainty would be 
a situation of extreme risk where any event could occur . See, Kates , R. 
(1962) op. cit. p. 19 for a discus~n of this point . 

19 In a sense, the searching process can also be regarded as a 
delay mechanism in t he face of an uncertain future - see L. Curry 
(1967) p. 222 for a further discussion of this point . 
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contact i ng the near est previous adopt er or one of similar status to the 

pot ntial adopter (Colledge and Bro~m, 1967). Generally, little 

empirical evidence has been forthcoming upon which to base any firm 

empir i cal statements as to the nature of the spatial process other than 

t he aggregations of social communication at the micro level concerning 

mean information ~ields . 

SUMNARY 

In this chap·er the process of innovation diffusion in social 

s ystems is defined as a decision making situation. The concept is 

then elaborated in terms of a four point schema comprised of assumptions 

of rationality, the learning process, the contact situation and types 

of decisions invo ved and finally the choice and evaluation criteria. 

In describing these basic characteristics of the decision making 

process as applied to innovation diffusion, particular emphasis is 

20 

placed upon firstly geographical characteristics such as, the hierarchical 

ordering of a~.; are ess and/ or adoptions, the location of propagators 

and the neighborhood effect in informal face to face contacts . 

Secondly, emphasis is also placed on the group or community as the 

adopting unit sin e this is the class of innovations being considered . 

I mpl icit in both emphases is the question of scale and ,.;hether the 

concept of innovation diffusion is scale- free. This point ,.,ill be taken 

up again in the next chapter, with the review of relevant literature. 

Thus, the ti e taken to process a decision can vary according to 

amount of information acquired, negotiations with propagators, searching 



for more information, delegation of decisions and so on. Such 

variations in pr ocess times between the initial awareness of an 

innovation and t he actual time of adoption can be tested in terms of 

city-size, locat ion and their attributes . The significance of the 

decision- making group infrastructure is not a consideration of this 

thesis although it is probably an important variable to be considered 

(e.g. the power structures and struggles which lead to the overt 

decision). 

From a consideration of the basic concept of decision making as 

applied to innovation diffusion we can examine more closely the 

related literature associated with decision making groups or 

communities arriving at a collective and single decision particularly 

in a central place system. Compared with the literature on the concept 

of innovation diffusion as a ~vhole,previous research into innovations 

requiring group 20 ecisions is small. Yet, from the conceptual 

framework and th~ relevant literature it should be possible firstly to 

develop a matrix of working hypotheses for testing aspects of the 

diffusion proces~ in this class of innovations and secondly to organize 

the analysis in a paradigm form. 

20 For examp e see the review of the literature by Katz, E • . et.al . 
op.cit . (1963). 



CHAPTER 3 

A Revie\.r of Studies of Innovations Requiring Group 
Decisions Diffusing through Central Place Systems 

It was shmrn in the conceptual framework that several research 

traditions have contributed to diffusion research, where each field of 

enquiry is attempt ing to describe and explain the process of change in 

the system. A sinilar synthesis can be made of those hypotheses 

which concern inn vations requiring community decisions as they diffuse 

through central p ace systems. 

The city as a centre of change in respect of the concept of 

innovation diffusion was originally the concern of sociologists. 

After this initial interest in urban systems they then focused attention 

1 on innovation diffusion in rural areas . H. Pemberton (1937) examines 

the diffusion of radio sets through the central place system of 

western U.S.A. In an early attempt to employ the gravity concept, he 

hypothesizes that the frequency of culture contacts are related 

2 
inversely with the time and distance from a city . He concludes that 

1see for example, the references cited by Katz, E., et.al. op.cit. 
(1963) . The sociological contribution is also represented in Rogers, E. 
(1962) 

2 Pemberton, E. H. , Culture Diffusion Gradients, American Journal 
of Sociology, (42) p. 226. 
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an understanding of the cc 'nication process is fur. .ental to 

describing innovation diffus1on and that it is affec~e by variation 

3 in the attributes of the adopting units . 

R. Bowers (1937) examines the diffusion of interest in radio by 

analyzing the ratios of amateur radio enthusiasts to the total 

population of towns and cities and states that the proportion of 

enthusiasts to the otal population is a function of city size, at any 

4 given point in time. He suggests that the larger cities influence 

the smaller ones, adopting innovations earlier because they are more 

"in touch" with eve ts and are more receptive towards innovations. 

Finally, he states ·hat certain innovations diffuse only so far through 

the system (i.e. ac~ording to a certain level of the functional 

hierarchy). 5 

'~ereas Pember·on and Bowers examine the diffusion of innovations 

through urban systems which are aggregations of decisions by individual 

persons, E. McVoy ( 940) examines those innovations requiring single 

6 community decisions such as the city manager plan. He attempts to 

4Bowers, R.V. The Direction of Intra Societal Diffusion, 
American Sociologica l Revietv (2), p. 826-836. 

5 Ibid., p. 835 . 

6 McVoy, E., Patterns of Diffusion in the United States, American 
Sociological Review (5), 2. p. 219-227 • 

. / 
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test Chapin's (19 ~ 8) concentric ring or ripple-pattern hypothesis but 

has some trouble Lpplying it to a point pattern of central places 

7 having a hierarchical ordering. The observed patterns are explained 

by r elating them to an "index of innovativeness" based on the dating 

of several acts of social legislation passed by State Legislatures. 

He also observes t at the rate of growth follows a rising S-shape 

curve (although no specifically des cribed as such). The relationship 

between date of ad ption and the size of cities is also examined and 

the conclusion is dra~m that a complex function exists between size 

and acceptance date in that innovations of this type would not be 

adopted in the very large cities or the very small cities. Some attempt 

is also made to un erstand the regional variation in the observed 

8 
patterns. 

K. Rose (1948) attempts to distinguish the "cultural hearths" of 

the United States examining the first appearance of innovations both 

by city and region. His empirical analysis shows that the "first use" 

of an innovation is not necessarily in the largest cities, although 

9 subsequent early adopters may be large centres . 

Ogburn and Dun an (1958) examine the relation between city size 

7 Chapin, F.S. Cultural Change , p. 226-229. New York, (1928). 

8 McVoy, E. op . cit ., p. 219. 

9 Rose, E., Innovations in American Culture, Social Forces, 
Vol. XXVI (225-272) . 
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and date of adopti n and state that the smaller urban centres follow 

the patterns of change in the larger centres with a lag of a few 

years10 , again, re ·~erring to innovations requiring individuals' 

decisions (Figure 3) . Furthermore, they attempt to explain the 

different growth r tes in terms of the greater capital resources of 

26 

the larger cities nd the fact that the larger cities are more receptive 

11 to innovations . 

Gamson and Ir ns (1961) examine the relationship between the 

date of decision t adopt fluorides in city water systems and demo-

graphic variables such as population size, education, income and growth 

rates. They conclude that this type of analysis is not very useful in 

predicting the date or type of decision since no consistent 

relationships are observed . 
12 ., 

An attempt to understand the spatial variation in the community 

decision- making process is made by R. Crain (1966) \.;rho examines the 

effect of inter- city influence on community decisions concerning 

fluoridation . He s~ows that community de cisions appear to be influenced 

by decisions made i neighbouring communities, using the three nearest 

10 Ogburn, W.F. & Duncan, O.D. City Size as a Sociological 
Variable 1a Burgess , E. W. & Bogue, D.J. Contributions to Urban 
Sociology (Chicago University Press, 1964) p. 129- 147. 

11Ibid. p. 144 . 

12 Gamson, W.A. and Irons, P.H., Community Characteristics and 
Fluoridation Outcome . Journal of Social Issues (1961) p . 66- 74 . 



neig' bours as the definition of "neighbouring". 13 His second hypothesis 

is that cities were less likely to have a favorable decision if their 

"14 
neig bour had voted against the issue. - · From the small sample 

available he concludes that the hypothesis is true , although no test 

of significance is made. The third hypothesis is that in any pair of 

adopters the larger city would adopt first (cities were grouped on the 

basis of population size by 10- 20, 20-50, 50-100, > 100, thousands). 

This hypothesis is substantiated in the case of very large cities in 

relation to smaller neighbours, but not in relation to small cities 

15 across the nation. Since it . is realized that there is an uneven 

distribution of cities among states, some attempt was made to measure 

the cluster effect of adoptions. It is found that where early adopters 

were found in thes ~ cluste r s , there is a decrease in adoptions after 

the f irst tV"ave and then an increase, at a later point in time. 16 Crain 

interprets this as a " sheltering effect" in the early adopting areas . 

Other recent esearch into social change and community decisions 

' 17 
h~s concentrated on examining the pmver structure of communities. 

13crain, R., Jluoridation the Diffusion of An Innovation Among 
Cities , Social For es (44), 4, 1966, p. 

14Ibid . p. 4 

15Ibid. p. 5 

16Ibid . p. 8 

17 See for example: Paul, B.D . et. al. Community Decision Haking: 
Fluoridation , Journal of Social Issues, 1961. 
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While their overt purpose appears to be the examination of the 

decision- making pr ocess, many are case studies and a re at a preliminary 

stage in the deve~opment of general statements. 

In general, although city size has been employed as the 

independent variable to explain adoption dates and some attention 

has been paid to ~nter-city influence, little attention has been 

focused upon the ·nherent spatial r amif ications of the problem in 

studies of social change . Gamson and Irons appear to be unaware of the 

hypotheses developed by the earlier researchers such as McVoy; they 

employ product monent correlations to data that ~wuld seem to need 

non-parametric processing and dismiss areal variation as a minor aspect 
I 

of the problem. :he fact that this innovation (fluoridation) is 

atypical of the general class of innovations should arouse some further 

. inquiry in itself . Crain's analysis, which is an examination of spatial 

aspects of the problem is hampered by the lack of a general spatial 

framework, as has been developed in the geographical literature, with 

which he could develop his ideas . Ho~Jever, these criticisms should 

not det ract from he contribution of these studies in examining the 

process of change in city systems and realizing that certain aspects 

of the process can be describ ed in general terms. 

The second s urce of hypotheses concerning the diffusion of 

innovations through central place systems has been the study of 

urbanization (meaning the gro~Jth of urban systems). Numerous historical 

studies consider nnovation to be an important aspect of the dynamics 



of urbanization . A. Pred (1966) for example identifies the spread of 

18 innovations as a major theme in the grm~th process . Advancing some 

general qu3litative relationships between innovation and city size, 

growth rate, information circulation and migration, Pred expresses 

concern in the lack of interest "evinced by geographers" towards the 

spatial attributes of industrial innovations. 19 

The \vork of \v. Thompson (1965) represents the recent interest of 

economists in the urbanization process •-rhere city size as a major 

independent variable is used to · explain economic growth and viability20 ; 

an attempt is also made to consider behavioral factors such as 

i 1 i 
. 21 entrepreneur a act v~ty • The hypothesis, that decision-making takes 

longer with increased size of cities , is also stated more clearly (c.£. 

22 McVoy' s earl ier statement) • Generally, studies of the urbanization 

process have not ested the hypotheses, or extended the concepts 

advanced since Sc. umpeter's statement on entrepreneurial activity and 

business cycles. 

J.A. Schumpe ·er (1939) regards innovation as any change in the 

18 Pred, A. , The Spatial Dynamics of United States Urban-Industrial 
Growth 1800- 1914 . (Cambridge, Mass ., M.I.T. Press) 1966. 

19Ibid . 

20Thompson, \ . , A Preface to Urb~n Economics. (John Hopkins: 
Baltimore) 1965. 

21
Ibid. p . 44 ff . 

22
Ibid. p. 25 . 
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reduction functivn (therefore distinct from invention) related to 

the credit mechanism, the maximization of profit and the availability 

- 23 
of entrepreneurs . Apart from the city size hypothesis economis ts 

hav not considered the spatial characters of the innovation in 

relation to the urbanization process. 

R. Meier (1962) e>..'"Plai~s urban grm.;rth as a comr.mnication process 

where the city/town performs an information processing function24 ; its 

centrality is a r sponse to information exchange and storage. Meier 

introduces concepts developed in communications research applying them 

to urban systems stating that communications systems are analogous at 

different scales. 25 It can be seen that information processing would 

be an aspect of the community learning process and hence having great 

significance in the spread of information about innovations. 

In the geogra?hical literature are developed several theoretical 

models and conside able empirical understanding of the structure of 

urban systems, (Berry and Pred 1962) and interaction \.;rithin the system, 

(Carrothers, 19 57 Olsson, 1966); these refer to either the static 

23schumpeter, J .A., Business Cycles (Ne,.;r York: McGra,.;r- Hill, 1939) 
p . 87 ff. Ho,.;rever , Mansfield (1963) does examine the size factor in 
relation to the firm and concludes that the larger organizations are 
able to. innovate earlier with less risk involved. 

24Heier, R.L . , A Communications Theory of Urban Growth. 
(Cambridge, Mass ., M.I.T., 1962). 

25 Ibid . p. 42. 
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structure or dynarr.ic equilibrium of the system. Little empirical 

evidence has accn:.ed concerning dynamic change in urban systems, 

Pr d, (1966) apart from studies of urban grm1th 26 and the urban 

systems grmvth si .ulation models of R. Harrill (1965). Consequently, 

a brief revie'tv of the contribution of theoretical statements concerning 

innovation diffusion at the micro scale of analysis will be made, 

particularly as t hese statements assume a scale free process, followed 

by a revie,., of geographical studies of diffusion in central place 

systems. 

· Geographical Cont ibution 

The geograph~cal contribution to describing and analyzing the 

diffusion of innovations through central place systems stems from both 

theoretical statements concerning the process in general and empirical 

observations of d ' ffusion in central place systems. 

In the tradi·'"ion of the landscape descriptions of Carl Sauer 

(1925), R. Murphy (1940) examin~the city as a centre of change, while 

D. Stanislawski (1946) describes the origin and spread of the grid 

pattern town. 

H~gerstrand's work (1952, 1966) marks the emergence of a 

locational approach to the problem. Although Hiigerstrand studies 

26 For some recent examples of dynamic urban grmvth models and 
model construction in general , see - Harris, B. (Ed.) Urban 
Development Models : e'v Tools for Planning , Journal of the American 
Institute of Planners, Vol. XXXI (2) 1965. 
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diffusion mainly a ·: the micro- l evel it is pertinent to review his 

ideas since they inpute a scale-free generality or process and the 

transformation of the concept from one scale to another can be traced . 

Using data gathered from migration, mate selection, trip behavior and 

telephone calls, the probabilities of contact (and communication of 

an idea) over distance could be calculated27 designated as the mean 

information field . Using this construct and a Monte Carlo generating 

technique, spatial patterns of information flow are gene r ated which are 

visually very similar to actual diffusion patterns of adoptions . The 

model' s assumptions are : 

HODEL I 1. Innovation adopted by a receiver 

2. Innovation adopted as soon as a'-1are of it 

3. Spread through private tellings 

4. Takes place at constant time intervals 

5. Random destination directed by Mean Information Field 

contact probabilities.
28 

Into the generating process is incorporated a "resistance threshold" 

that simulates the lag betlV"een the communication/awareness phase and 

h 1 d . 29 t e actua a opt1on. 

From the studies by H~gerstrand certain general observations are 

nade . 

27 II Hagerstrand , T. op. cit ., (1965), 263 ff . 

28Ibid., p. 266 

29 Ibid . , p. 270 
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(1) In any area the communication network is fairly stable over 
space and ti1r.e. 

(2) Certain innovation centres predominate . 

(3) The "neighbourhood effect" is the main spatial form of 
development. 

(4) A hierarchy of innovation centres exist . 

II 
Recently, Hagerstrand has applied these ideas to a study of the 

30 
spread of Rotary Clubs through the major cities of ~.Jestern Europe. 

Two main hypotheses are considered: firstly, the relationship between 

adoption date and size of centre and s.econdly the effect of inter 

city influence in modifying the first hypothesis (the neighborhood 

effect). Consequently, ~.;re can trace the progression of the use of 

the concept from one scale to another and hence impute its scale- free 

nature. 

Hagerstrand's work has since propagated a second generation of 

diffusion models . Karlsson (1958) modi.fies the Hllgerstrand model with 

the introduction of "social distance" measures although the modified 

31 model is not subsequently tested ; its concepts are introduced 

into \volpert 's study of the communication of information about improved 

30r dem., Aspects of the Spatial Structure of Social Communication 
and the Diffusion of Information , Papers of the Regional Science 
Association , 16, p. 27-42 (1966). 

3~arlsson, A., Social Nechanisms . (Free Press of Glencoe, Ill., 
1958) 156 pp . 
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farm practices in Sweden. 

In 'volpert's (1966) study, individuals are regarded as consumers 

of information '-1hile bias in the "knowledge" situations is introduced 

by eveloping an information potential (based upon agricultural 

society membership) for certain areas. 32 In this way, an attempt is 

mad to estimate the spatial direction of knowledge situations and 

information flmo], the two main governing rules being: -

1. A hierarchy of information situations based upon farm sizes, 
and society membership, the'External relationship . 

2. A matrix of compatability information transactions, the 
Internal relationship.33 

In a related piece of research Halpert attempts to show that the 

difference between actual farm output and potential farm output is a 

function of behavioral factors such as lags in information flow . 34 

Brmm (1966, 196 7, 1968a, 1968b) has made t'o]O important contributions 

to the geographical study of diffusions . Firstly , by extensive reviews 

he has brought together several spatial models not previously employed 

in a geographical context and in doing so also develops a general 

35 " conceptual scheme. Secondly, he has extended the Hagerstrand model 

32 Halpert; J., A Regional Simulation Model of Information Diffusion, 
Public Opinion Quarterly, (1966-7, p. : 597-608). 

34 Idem. The Decision Process in· a Spatial Context, Annals 
AssociatiOn of fu~erican Geographers, 1964, p. 537- 558. 

35 Brown, L., Diffusion Processes and Location: A Conceptual 
Framework and Bibliography. Regional Science Research Institute . 
Bibliography Series #4 (1968). 
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If \,'e re u:-n to t he co:1siC.en:tion of the literature speci fically 

co::cerned with diffusio:i in centYal place systems the most recent 

state;::ents can be considered . Bell (1966 ) stuLies the di ffusion of 

radio and T.V. statio .s through the central pl.::1ce systeo of the U.S .A . 

&id reaffir-::;s the earlier hypothesis that initial or "first - use" 

occurrences cc:.n be quite ra..ido~ ui thin any systen, and thereaf t er 

diffuse through the system fro::1 loH to high ranks. A gr avity Eodel i s 

developed to predict the directio:1 of simi lar diffusion , but i s not 

38 
tested . 

36 
Ic~~ . Diffusion Dynanics . Ph.D . t hesis (unpublished), 

~~ort:-.·..;e stern Gniversity, Illinois, 1966 . 

37 ~..l 
..Lt-en. 

33:, 11 .;.;e_ , 
i:-, tne u.s. 
1965) . 

0') . cit . (1968) p . S7 ff . 

W.il . , The Diffusicn of Radio & T.V. Br oadcasting Stations 
!I . A. thesis , Pe~nsylvania State Unive r si ty (Unpub l ished , 



Boon (1967) uses a physical analogue of energy dissipation 

proportional to ··the masses of central- places to describe the progr ess 

39 of information through the rank of central places , which de t ermi nes 

that the innovation can only proceed down through the system. 

Eidem (1968) examines the diffusion of innovations r equi r i ng 

community decisions (e.g . fluoridation, s~vimming pools ) and attempts 

to use adoption dates as a surrogate of informat i on fl mv . 40 The 

analysis is based upon the measurement of adoption patterns using the 

41 nearest neighbour method . It i s concluded from the variation in 

'R' val ues that community innovations can be classif ied into market 

shar ing or market dividing types . 

Recently , Hudson (1969) has developed a model of diffusion (of 

information) in a central place system. Us i ng the dominance 

hierarchical structure postulated by Christall e r (1966 trans! . ) and the 

model of demographic force developed by \~arntz (19 64 ) , he posits that 

the probability that a message will first r each a town at time "t" is 

a binomially distributed random variable . A compar i son lvith some of 

39Boon, F. A Simple Hodel for the Diffusion of an Innovation 
in an Urban System. Center for Urban Studies : Background Paper #1, 
Chicago, Ill . , Univ. of Chicago, (1967) . 

40Eidem, R. J . Innovation Diffusion Through the Urban St ructure 
of North Dakota , M. A. Thesis, University of N. Dakot a, (1968) 
(Unpublished). 

4~he nearest neighbour statistic "R" gives an index of t he 
spacing of points in a pattern where R = observed mean distance 
beDveen points/( . 50 (area/number of points) - ~). 
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42 t e data collected by Eidem (19 68) suggests a measure of similarity . 

Contribution of Previous Research 

The contribution of previous research to the study of 

innovation diffusion through urban systems has been to develop useful 

working hypotheses, yet none of these hypotheses have been tested 

rigorously except in the recent geographical literature . Statements 

concerning the diffusion process as a whole have been made by 

E. Rogers (1962) based on empirical observation r ather t han the 

development and testing of hypotheses. 

Theoretical statements of diffusion in social groups, (Col eman , 

1966) and communication in various types of networ ks, ( Rapaport, 1953 •• ) 

have not been tested in an empirical situat ion . 

Non- geographical studies of diffusion in central place systems 

have not been aware of the observations and theoretica l s t atement of 

centrality and interaction developed in geography, yet on the other 

h~d , the majority of geographers have not shown i nte r es t i n t he dynamic 

processes of central- place systems such as innovation diffusion until 

very recently . 

The most significant contributions of geographica l studi es of 

ir~ovation diffusion have been specifically to advance certain 

42 
Hudson , J . , Diffusion in a Central Place System. Geographical 

Pnalysis , Vol . 1 (1) 1969 . 
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hypo heses developed in analyses at the micro level, but having greater 

generality as being seal~ free, the neighbourhood effect as a spatial 

process, and also using qualitative methods to describe and analyse 

observations and generally to illustrate the significance of- behavi oral 

factors in geographical situations. However, certain unresolved 

problems emerge: 

( i) data concerning information flo't-7 is meagre hence the use 
of adoption dates as surrogates of information flow; this 
is further reflected in assumptions such as Hagerstrand's 
that adoption occurs immediately after telling; 
consequently, it is difficult to estimate resistance 
thresholds. 

( i i) surrogates for communication used at the micro level ( t he 
mean information field) and at the ~aero level (gravity 
models) are aggregations of many indivi dual contacts 
~·7hereas the communication of information concerning an 
innovation is an individual act which may be made only 
once. This results in a discrepancy bet~veen channel 
capacity and actual amount of contact (\-lilliams, 1968) ; 
and overlooks socio/psychological aspects of choi ce . 

(iii) The role of the propagator has generally been unders tated 
~vhich is surprising, considering that in a majori t y of 
situations the innovation is only available if a 
pr opagator can provide it. 

( i v) little 'research has been conducted into t hose innovations 
requiring community decisions . 

The conceptual frame"to7ork defines the structure of t he problem 

area, that is, decision making and innovation diffusion while the 

partial review of pertinent literature illustrates previ ous exp l or ations 

of it or problems closely related. Drawing on each s ection a matrix 

of working hypotheses can be developed. 
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Hatrix of HyPotheses 

1. 

2. 

Concerned 3• 
with 
informa- 4· 
tion flm..r 
to be 
tested in 

5 Chapter 5 • 

6 . 

7. 
Concerned 
lvith 8 . 
adoption 
Tested in 9 . 
Chapter 6 

C dlO . oncerne 
with 
decision 11 making • 
Tested in 
Chapter 7 

Systems are analogous: diffusion as a process is scale 
free. 

Date of Innovation a'vareness is closely associated with 
the population size of a central place. 

A hierarchy of Information Flow exists. 

A neighborhood effect modifies hypothesis #2 so that 
small centres near large centres are al..rare of innovations 
earlier than those further away . 

Propagators are the main source of initial al..rareness , in 
this class of innovations. 

Propagators have spatial behavior patterns which can be 
described in general terms. 

Innovation adoption is related to city size . 

Hypothesis 117 modified by the neighbourhood effect . 

Hypothesis #7 modified by resistance thresholds of each 
central place which varies according to the specific 
innovation and size of centre. 

In evaluation of an innovation, decision- making groups 
contact other centres . 

Hypothesis #10 (a) described by distance decay , 
(b) perceived opportunities , 
(c) level of hierarchy . 

The concepts described earlier and the hypotheses outlined above 

can be examined within the frame,..rork of a paradigm of the decision 

naking process as applied to co~~unity innovations, particular l y 

those requiring mun cipal decisions. 

A.'\ HYPOTHESIZED PARADIGM OF THE D ,CISION MAKING PROCESS IN THE 

PROCESSI?JG OF INNOVATIONS BY C011MUNITIES 

The paradigm is a form of large scale model which des cribes the 
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lS·S 7) . 

?2.-.:"ticul.:l:- asp.:!ct o!: the cif:::usio:1 of in~oratio:1s so that .:1:1 overall 

co~e sic:1 is required
43 

in e ~escript~o:1 of in:1o~atio:1 decisio:1 

process i~g . 

;\ systen of ceatr~l pl.:1ces each sufficiently large to have a 

le~2lly c.cknouled~ed decisioa-:::.~king body is co:t.posed of inter-co:1nected 

socio-e co~c~c subsys t e~s (?ig . Z). The structure of the s ystem ~ay 

be ~ode lled in several for:t.s . 

As a normal function of system integration, infornation from 

both c ass =edia and infernal contacts is flowing through t he system 

in hierarchical fash ion , t-1hile the total a~ount of information 

processed by cen tr-:11 places is related to size of cent re. This process 

n:ay be modelled by gravity f ormula tio!"ls Hith the appropriate 

reodifications according to socio- ecoaomic attributes . 

The pro?agators 

Individuals or eroups interested in the propagation of ~~ 

innovation , f or profit or other motives, s earch out potential 

43Thus , Chorley & r!.:1gge tt (196 7) define paradig:::s as 11 in 
a large- scale r;;odel •• and .::.re r are l y specif i cally f on::ulated 
r efer t o patterns of searching the real world ," p. 26. 

a sense 
••• a:ld 

..:o 
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,- ,- ,.. . .., 
.-- u~ ... the aco?ter 's evaluation 

p:-o:: es s d:ich, in for::-.al g:ro;.:.p::>, usually entails a defined procedure 

fc:- cc~~icering str2tegic de~isicns . This proc~ss has several 

ro:..1tines or procedures fo:- \.;hich specific nodels cay be constructed, 

(Fig • . 2). 

7he overall structure of the process of evaluation and decision 

naki::.g nay be modelled as a queuing analogue 44 (Ruiz-Pa!a et. al. 1966). 

Proble:::-.s "arrive" Z..'1d are designated ''routine11 or "strategic11 (Fig. 2). 

;n exa~ple of a routine problen is the annual collection of taxes in 

nu~icipalities, ~vhile an exanple of a strategic decision would be 

evaluation of such innovations as the adoption of fluorides or 

45 
constr~ction of a civic nall. 

The first procedure is to esti~ate the averaP.e capacity of the 

systen or the nu::1ber of prcbler.:s \·lhic:h can be effectively dealt Hith. 

This is a function of the nur.ber or frequen cy of "arrivals" or 

44 Queuing r.:o dels have been us ed s o f3 r to des cribe cars r.:oving 
th~ cug:. tolls, c:-itical pa:h <malyses of asser.:blies .:.nd si:.:il3r 
i:1c t.: strL~l r..unagenent pro~le:-::s - see f or ex3r.::;>le A. Lee (1966 ). 

45~att crs r cquirinz routine dec!~ions occ3sionally develbp into 
a pro~le~ r equiring a stratceic decision. 



problems 'vhich require decisions and the organization of the system. 

The probability distribution of arrival frequencies may be 

estimated from empirical observ~tion where the time interval between 

successive arrivals is an independent random variable . The average 

i 1 ill b i 1 f n~· 46 arr va rate '" e a rec proca o mea.!t._J.me 

A= 1/T 
a 

In this instance the 'time of contact' by a propagator can be t aken 

as the "arrival" and the innovation as the problem r equir ing a str a t egic 

decision. 

Service time 

The time interval bet,veen arrival and final s trategic de ci sion 
!; 

can be regarded as the "service" or process time . Process t i mes again 

are independent random variables - where the average process time i s
47 

P = 1/T 
s 

In formal groups, a form of queue discipline usually oper ates s o that 

priorities are assigned to certain classes of problems. The s ervice 

time is composed of three main sub- routines, (1) the actual deci sion-

making when in the case of municipal councils members discuss t he 

46 
Ruiz- Pala, E. , et. al . , op. cit . , p . 

47Ibid . p . 
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issue and come to a conclusion; (2) evaluation and searching, when 

contact is made tvith other councils or agencies for more information 

and finally, (3) the negotiations with the propagator. 

Sub-routines 

The two main sub-routines or decisions of geographical significance 

which together comprise the total service time are firstly the 

negotiations between adopter and propagator (\•lhich could be modelled 

with a game-theoretical approach) \vhich is not considered in this 

thesis and secondly the routine of searching for more information . 

H~gerstrand models the latter sub-routine at the micro scale using 

contact probabilities based on mean information fields and Monte- Carlo 

simulation methods.
48 However, there are criticisms of this 

methodology since hotv this process of informal contact for information 

operates at the macro scale has yet to be identified and described . 

The purpose of framing decision-processing as a queuing situation 

is to provide some general statements concerning the long- run behavior 

of the system, which can be used as a basis for both comparison and 

extrapolation and to examine in general terms those sub- routines of 

the decision making process which have geographical significa~ce . 

Overvietv 

At this point it will be useful to revietv our progress so far 
' ~· 

prior to the actual empirical analysis. The purpose of this thesis 

48 .. 1 6 Hagerstrand, T., op. cit., 9 3. 
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is to examine the process of change in a central place system using 

the concept of innovation diffusion and concentrating on those 

innovations requiring cocrmunity decisions. This is undertaken in 

order to develop present understanding of this concept and also to 

exa~ne its application in a system and at a scale hitherto neglected. 

Innovation diffusion is defined in the conceptual framework as a 

decision making situation, a learning process having distinct sub 

components such as, awareness of the innovation, contact between 

propagator and adopter, contact between potential adopters and final 

decisions. Furthermore, the concept is also conceived as a spatial 

process where both the new idea and/or object spreads from location 

to location, having origins and destinations, paths of movement and 

influence between origins and destinations. 

In the elaboration of the concept, numerous hypotheses have been 

advanced and tested in various situations. Consequently, a basic 

prerequisite to the formulation and development of these hypotheses 

is to specify in greater detail the characteristics of the concept, 

particularly, those aspects of geographical significance. Having 

achieved this the next step reviews the literature which is concerned 

with the diffusion of innovations requiring community decisions through 

a central place system. This is derived from sociological literature, 

studies of urbanization and geographical analyses of innovation 

diffusion . Haierstrand's fundamental .contribution is injected at this 

point to demonstrate how the transition of the concept from one scale 

to another is achieved. 
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From the conceptual framew·ork and the review and assessment of 

previous literature a matrix of working hypotheses is developed. It 
I 

specifies not only those hypotheses previously developed but indicates 

\·7here the conceptual framework is t.reak and empirical knowledge is 

deficient. ~.ro main areas of hypothesis formulation emerge which 

have fundamental geographical implications. Firstly, the relationship 

between pop~lation size of central place and the phases of the process 

and secondly the nature of inter-adopter influence. Thus, the analysis 

~.rill attempt to develop and apply formulations of these hypotheses 

to data collected for the central place system of Southern Ontario . 

The overall frame~.rork within ~vhich the hypotheses described 

above are organized, developed and applied is in the form of a queuing 

analogue. Thus, the decision making activity at a given location for 

a given innovation requiring a group decision is considered in terms 

of three main components, the arrival (awareness of the innovation), 

process time (the decision m king activity), and the terminal 

(adoption decision). Thus, the queuing analogue seeks to organize 

understanding of the operative decision making process of innovation 

diffusion at a given location. In addition to developing the 

conceptual framework and hence describing it in general terms, it is 

hoped that an understanding of aspects of the process of change in the 

central place system of Southern Ontario is achieved. 
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CHAPTER 4 

The Context of Analysis 

Having defined the problem, elaborated the conceptual area, 

explored the relevant l iter ature and organized the analytical 

approach as a queuing analogue, we can now proceed to analyze the 

diffusion of innovations requiring community decisions through the 
' 

central place systeo of Sout hern Ontario. A necessary preliminary 

to t his, however, is to describe the nature of the systeo, t he 

diffusing i nnovations , and the hypotheses mtd methods to be us ed. 

The Spatial Svstem. 

The system of urban centres to be analyzed, (the potential 

adopting system) is comprised of the cities and t~~s of Southern 

Ontario which have populations greater than 1000 persons in 1881. 

This size i s taken as the lower unit since many smaller centres 

experienced considerable population fluctuations during this period. 

Thus, 152 centres are considered. Historically , the urban frontier 

spread quickly through this area progressing from south to north so 

that large to-vms and cities are concentrated along the suuthern edge 

of the prov ince (Figure 4). Centres concentrate in the South and west 

with an outlier cluster in the far eastern portion , avoiding the 

shield a reas . 

4 7 



w 
N 

~ ,000,000 

en 1oo,ooo 
> 
t-
(.) 

10,000 

0 

Fi gu re. 4b. 

SOUTHER 0 AR lO RA SIZE DIS IBU 10 
OF CE TRAL PLAC 

5 10 50 100 150 

RANK 

48 



large American cities, such as Detroit, and Buffalo which might 

influence the neighboring Canadian centres but which are not 
. / 

considered in this analysis. 

The size distribution of centres is of the primate city type 

with Toronto being considerably larger than the second ranked 

city (Figure 4B). 

The Diffusing Innovations 

The innovations which diffuse through this system are: 

mechanics institutes, waterworks systems, electric power systems, 

filter systems, municipally controlled power systems, telephone 

systems, community centres/arenas, fluoridation, clubs, and credit 

unions. The first eight innovations required municipal decisions; 

whil e the remaining two innovations are associated with non-municipal 

sub-groups within the urban centres and are included for comparison. 

Thus, information concerning the ten innovations is available, 

however this information is not comple1te for all centres for all 
l 

stages of the decision making process. This can be clarified. by 

considering the three main stages of decision making . 

The Decision Making Process 

(1) The Awareness Phase: Arrival 

From an examination ~f municipal records, the date of awareness 

of three of the innovations mentioned namely, 

power systems (187. ) 
municipally operated .power systems (32%) 
fluoridation (147.) 
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can be ascertained for a sample of the central places in the system. 

Sample s ize is parenthesized. \Vhile this sample is representative 

of all s izes of centre, a spatial bias is present. By virtue of 

the accessi bili ty of municipal records, centres in the western half 

of the province are represented more than those in the eastern section. 

From several sources information concerning the behavior of 

pr opagator s in spreading awareness is .available for a sample of 

centres , f or the same innovations and in addition credit unions • 
. / 

The Adopt ion Decision: The Terminal 

From several sources the adoption date can be ascertained. For 

all i nnovations the sample is over 807. and in some cases 1007.. The 

terminal decision is discussed prior to the analysis of decision 

making i n order to make comparison of the two phases easier. The 

samples of adoption dates are much larger since definite decisions to 

adopt i nnovations are usually recorded in several sources. This 

contr as ts therefore with the awareness phase where the flow of ideas 

in a system is only recorded in obscure places. However, records for 

awarenes s do exist in group situations as opposed to the micro level 

studies where recourse has to be made to "recall" methods. 

The Deci s ion Making Activity: The Process Time 

From the examination of municipal records described above a 

sample of approximately 257. of the centres provides information 

concerning (1) 
(2) 
(3) 

inter centre contacts 
inter centre contacts (innovations) 
frequency of arrivals. 
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Again, different sized centres are represented in the sample, but 

the spatial bias mentioned above is present. 

Hypotheses 

It can be seen that data is available for the three main 

components of the queuing paradigm, tpe arrival, the processing and 

the terminal. The samples are limited and biased in certain ways. 

It is for this reason that the hypotheses tested are elementary in 

conception. However they are tested repeatedly for the different 

phases of the process. Yet at the same time, their validation is 

fundamental to understanding the process. 

The first main hypothesis which is tested attempts to describe 

the relationship between the population size of centre and the ordering 

in time of phases of the process. In. other words a simple demographic 

relationship. 

The second main hypothesis attempts to describe the nature of 

the spread of phases of the process in terms of the behavior of 

propagators, and secondly inter adopter influence and whether these 

modify the first hypothesis. From this it should be possible to derive 

some statement of the scale-free nature of the process. 

Methods 

The approach adopted is to describe in graph and map form the 

spread of phases of the process through the system. Simple 

s tatistical methods (linear and areal) are used to test the developed 

hypotheses, while a measure of spatial ordering is also formulated. 
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These ar e di scussed in more detail as they are applied, at 

various s tages of the analysis. 

! 
' ·~ 
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CHAPTER 5 

Analysis of the Awareness of Innovation: the Arrival 

Introduction 

It is shown in the conceptualization of the problem that awareness 

and t he associated flow of information is the first phase of the 

decisi on making process. However, it is also shown that our 

unders tanding of this phase and subsequent decision making is 

r elati vely underdeveloped. This is borne out by the common assumption 

i n model formulation that adoption occurs as soon as knowing occurs. 

Consequently, in this chapter we attempt to describe aspects 

of t he flow of information, in terms of the city size factor and the 

spatial development of awareness. Furthermore to understand the 

associated processes involved in the testing of these hypotheses a 

preliminary examination of the source of awareness, the propagator, 

is also undertaken. 

People become aware of innovations through information received 

t hrough the mass media and also through informal personal contacts. 1 

Tar de (1905) is the first to differentiate between the circulation of 

new ideas and the actual object itself. However, it is not until 

Ryan and Gross (1943) demonstrate the existence of a normal 

distribution of innovation awareness (of new knowers) followed at a 



later period in time by a normal distribution of adoptions, that 

Tarde's hypothesis is confirmed. The learning/adoption process has 

since been refined whereby sub-phases of awareness, interest, 

eva l uation, trial and adoption are distinguished,(Rogers 1962). 

However, there has been little corresponding empirical research to 

determine the variation which occurs d~ring these phases. However, 

differentiation between information ci;culation and adoption decisions 

in terms of resistance thresholds described by geographical attributes 

is a fundamental feature of Hagerstrand's models. (1952, 1966). 2 

The Sources of Information and the Growth of Awareness 

Communities become aware of innovations -through the mass media 

and through the specific contacts made when a propagator interested 

3 in spreading the innovation contacts a municipal council. While it 

has been shown conclusively that personal contacts are more important 

54 

in influencing strategic decisions than the mass media 4 during evaluation , 

an examination of the latter information system might give a 

preliminary indication of information processing by communities. 

An examination is made of newspaper references to the innovation 

of electric power systems in Southern Ontario during the period 

1880-1890. Figure 5 shows the frequency of lines of information 

2 Other recent studies have concentrated on adoption decisions. 
o~ly. See especially the studies of fluoridation decisions. 

3 This type of information flow as modelled by Hudson, J. 
op. cit. (1969), is different from the flow of information during 
evaluation. 

4 Lazarsfield, P. op. cit. (1948) 
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about electric power in certain newspapers representative of various 

sized centres in Southern Ontario. Ideally, it would be better to 

have such information on several innovations but the problems of 

collection are considerable. 

However, certain observations can be made concerning the 

distributions of different amounts of information about this 

innovation. 

1. The total amount of information processed by the system 

gradually increases through time; the system is gradually learning. 

2. The total amount of information processed by the different 

communities appears to have a positive relationship with the size of 

centre concerned. 

3. Larger centres appear to have been aware of the innovation 

before the smaller centres. 

4. Information transmitted through the system appears to have 

a characteristic wave form with irregular surges of information 

5 occurring. 

Despite the fact that this preliminary examination of mass media 

information refers to one innovation only and that it is for one 

f orm of mass media, certain time trends and city size associations 

are indicated. For a more precise indication of the occurrence of 

5 For an interesting analysis of wavelet composition of time 
series see Robinson, E.A., in Wold, H.A. Econometric Model Building 
p . 37-105 (North-Holland, Amsterdam, 1964). 
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awareness we must turn to an examination of the specif ic contacts by 

propagators r eceived by municipalities concerning power systems, 

municipally controlled power systems, and fluoridation. 

The Growth of Awareness 

The dates at which municipal councils become aware of innovations 

can be ascertained from the minutes and records of city council 

meetings. Thus, although information may be circulating in the mass 

media prior to the first mention in the city records (as indicated 

in the observations above) this information does not impinge upon the 

role of t he decision makers which is to process current problems. The 

awareness is the result of contact by various propagators interested, 
. / 

financially or otherwise, in the spread of the innovation. (Figure 6). 

In the case of power systems, awareness spreads during the 1880's; 

company agents are the most significant source of initial awareness. 

This i s understandable in that they are directly concerned with 

spr eading a technological innovation. However, public petition is 

also significant representing perhaps the effects of the mass media 

in spreading information. Where municipally controlled power systems 

are concerned, awareness spreads during the late 1880's and 18.90' s; 

this repr es ents a change in municipal responsibilities, therefore the 

councils t hemselves would be particularly aware of this innovation. 

Finally , i n the case of fluoridation of water systems where awareness 

spreads during t ne 1950's and 1960's, although their motives are not 

financial, t he dental and medical associations are similar to the 

sa 
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agents of the power companies, in that they are professional 

interest groups, concerned with the spread of the innovation. 

Awareness and Size of Centre 

The first hypothesis which can be tested, is that the date of 

innovation awareness is related to the population size of central 

place in that large centres are aware e~rlier than smaller centres, 
., 

since there were strong indications from the variation in mass media 

information (described above) that such an association is present. 

The relationship between date of awareness of electric power systems 

and size of central place is shown in Figure 7. It can be seen from 

Figure 7 that if the date of awareness is taken as the dependent 

variable, and the size of central place is taken as the independent 

variable , a negative relationship appears to exist. The null hypothesis 

can be framed as follows: 

"There is no relationship between awareness date and population 

size of centre." 

A suitable measure of correlation between the two variables may 

be obtained using Spearman's Rank correlation coefficient r. 6 · A 

significant correlation between the awareness date of electric power 

systems (operated by private companies) and population size of centre 

appears to exist where, r • .68; with 18 degrees of freedom this 

6 Gregory, S. Statistical Methods and the Geographer (1964). 
p. 181. Spearman's coefficient "r" has a power of about91% of a 
comparable parametric test. 
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coefficient is significant at the li. level; i.e. the probability of 

this type of arrangement being due to chance is .01 - based on the 

student's t distribution. 7 Therefore the null hypothesis may be 

rejected. 

Turning to the awareness of municipally owned power systems, 

Figure 8 shows the relationship between the corresponding awareness 

dates and population size of centres, suggesting that a similar 

correlation should exist. Using the Spearman Rank correlation method, 

a correlation coefficient of r • .54 is obtained. 

With 50 degrees of freedom this value is significant at the li. 

level, based on the student's t distribution. Finally, an 

examination of the awareness dates of the fluoridation of municipal 

water systems suggests that a similar correlation between the two 

variables exists. The same method of correlation is applied. However, 

the correlation coefficient of r • .49 is not significant even at the 

5% level, consequently one would have to accept the nul~ hypothesis 

that no relationship exists. 

However, an important consideration here might be the number of 

sample points involved, since the coefficient value is clearly in the 

right direction and the distribution of points is similar to the 

distributions shown in Figures 7 and 8. However, there might be a 

r eal difference in the spread of information through city systems 

. f 

7 Idem. p. 181 . 
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between the three innovations considered. Clearly, a more detailed 

examination of this process is required. Tentatively it can be 

concluded that a correlation between dates of awareness of 

i nnovations and size of central place occurs. 

Var iance 

If Figure 8 is examined closely it can be seen that variance in 

awareness dates increases considerably as the size of centre decreases. 
. 8 

This in itself is not totally unexpected. However, the fact that 

some members of the class of smallest centres are aware early is 

contrary to the concept of information flow in an hierarchical system; 

consequently, it was decided to check the historical circumstances 

associated with the diffusion of this innovation. 

At St. Catharines, the feasibility of a municipal power system 

was raised in 1887 and a committee visited other places to gain 

9 f urther information. However, no acti,on was taken. The issue was 

raised again in 1895 which is in keeping with the flow of information 

concept, shown in Figure 8 when the main phase of awareness occurs. 

At Windsor, the local power company began operations in 1884, but, 

by 1885 the town was dissatisfied with the service. The company 

continued to experienc~ trouble so that by 1887, they were offer~ng to 

8 Thompson, W. (1965) op. cit. p • .27. 

9 Minutes of Council Meetings, St. Catharines. Provincial 
Archives of Ontario, Toronto •. (unpublished). 
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sell out to the town. 10 Consequently, it can be seen that in the 

case of some centres, local conditions lead to them being aware of 

the i nnovation long before the majority of centres and even centres 

that are larger than themselves. The main period of information flow 

spreads during the 1890's associated with the attempts to reform city 

government. 

However, even in the main period of awareness during the 1890's 

it is apparent that certain small centres are aware earlier than 

others for no readily discernible historical reasons. Consequently, 

to account for these variations in the development of awareness dates 

we turn to an examination of the spatial patterns of awareness, since 

spatial variation in the flow of information would modify the city 

size hypothesis. 

Patterns of Awareness 

I t is shown that an association appears to exist between date of 

innovation awareness and the population size of central place. It is 

also apparent that a considerable variation exists in the awareness 

dates of the smaller central places. 

The neighbourhood hypothesis 

It is hypothesised that in the spatial development of information 

potential knowers close to a previous knower have a higher probability 

of becoming new knowers than those further away. The concept has 

10 Minutes of Council Meetings, Chatham. Provi~cial Archives 
of Ontario, Toronto. (unpublished). 
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II 
mainly been applied to individuals although recently Hagerstrand (1966) 

also applied the concept to a central place system. Thus, in the 

latter case if the hypothesis is true, one would expect small centres 

close to large centres which were knowers, to become aware earlier 

than those further away even if the latter were larger, thus disturbing 

the awareness date city-size association. However, the analyses have 

been applied to adoption dates rather than awareness dates, with the 

11 assumption that adoption occurs as soon as awareness. Recent 

applicationsof statistical tests to adoption dates t hrow doubt upon 

the validity of the "neighbourhood effect" (Cliff, 1968) at the micro 

scale suggesting that the spatial development is not significantly 

different from random. Consequently, the next step is to analyse the 

spatial development of awareness for evidence of a "neighbourhood 

effect". 

The spatial development of awareness of electrical power sys~ems 

in South West Ontario is shown in Figure 10. It is apparent first 

of all that the' .. larger centres are aware before all the smaller 

centres. There is some indication that the small centres close to 

the larger centres become aware earlier than those further away, 
I 

i 
however there ' are insufficient points :to test the hypothesis effectively. 

Figure 11 shows the spatial development of awareness of municipally 

controlle~ power systems during the 1890's. It once again appears 

that there is a suggestion of a neighbourhood effect in that certain 

1~agerstrand, T • ..;:;.OP~· ...;;c~i.;;.t• (1965), p. 267. 
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small centres close to the larger centres are aware before those 

small centres further away. The effect seems to be more apparent in 

the case of the latter innovation than the former. 

Clearly a more rigorous test of the neighbourhood effect is 

requi red. Several methods have been developed to describe the 

relat ive location of points in pattern !arrangements. The methods can '. 
be classed into two main groups, quadrant counting and order neighbor 

distance measures. From these measurements an index of the degree of 

clust ering can be ascertained; if successive patterns are examined 

for a certain area over time one can estimate whether the process was 

ordered or random. In view of the .problems associated with these 

methods (they will be discussed in greater detail in the analysis of 

the spatial development of adoption dates) coupled with the restrictions 

of t his set of data (the small number of sample points) a comparatively 

simple test was developed to determine whether the neighbourhood 

effect was present. 

The method employed is as follows: -

1. Categorize the central places into large and small. In this 

case the division was set at 7,000 (population) since a distinct 

break in the distribution of central places occurs at this level. 

(1881 census). 

2. Categorize small centres into either early or late taking 

the median date of awareness as the division. 



3. ~Ieasure the distances of all the small centres from the 

nearest large centre which was a prior knower. The small centres can 

then be dichotomized into .~ and far with the division made at the 

median distance of all centres from a larger centre. 

The hypothesis can then be set up as follows:-

The average distance of small centres which were aware early, from a 

larger centre which was aware earlier, is not significantly different 

from the average distance between small centres and large centres. 

The alternate hypothesis is that a significant difference does exist. 

Since the frequencies of distances are normally distributed the ratio 

of observed mean - total mean: deviation can be used. 

X - X 
a -

52 - 64 
32 - .37 

An examination of the normal distribution function shows that the null 

hypothesis must be accepted at the .05 level. Thus, the probability 

of this type of arrangement occurring by chance is 1 in 3.5. Therefore, 

there does not seem to be any firm evidence of a neighbourhood effect 

in the flow of information, as opposed to a random development. 

Discussion 

A preliminary examination of the newspaper references to the 

development of electric power systems shows that central places 

accumulate information through time, similar to the learning curves 

of individuals. The amount of information accumulation appears to 
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have a close association with the population size of central place 

concerned. It also appears that the accumulation of information 

came as a result of surges. of information frequency. 

An examination of the specific contacts made by propagators 

in the spread of power systems, municipally controlled systems, and 

fluoridation show that large centres tended to be aware of innovations 

before small centres even though a variety of sources of propagation 

existed . These observations are in accord with the notions of 

12 interaction in urban systems as formulated in grav~ty models. It 

is also apparent that a c~rtain number of small centres are aware of 

power systems prior to larger centres. Although it is apparent that 

due to historical circumstances two centres were earlier than the 

size factor would have predicted it is also apparent that some other 

small centres were aware before larger centres. It was .decided 

therefore to test whether a "neighbourhood effect" occurs since this 

13 would disturb the centre/size-awareness/date relationship. However, 

the analysis of the spatial development of information concerning 

municipally controlled systems (since there were the greatest number 

of sample points for this innovation as opposed to power systems and 

fluoridation) shows that small centres which are early knowers are 

not significantly nearer to the larger earlier knowers than small 

12 For a detailed review see: Olsson, G. op. cit. (1966). 

13Hagerstrand, T. (1966) p. 40. 
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centres as a whole. The analysis is not entirely conclusive. In the 

first case the number of sample points is rather small which may have 

distorted the result. Secondly and on the other hand, although the 

level of significance moved to reject the hypothesis of a neighbourhood 

14 effect, the results were in the right direction. 

Clearly, a more thorough investigation of this hypothesis is 

required; however, it has been shown t~at a potential source of 

information for testing this hypothesis lies in the records of 

municipal meetings, where the awareness of innovations requiring 

community decisions is recorded. The contacts received by the municipal 

bodies represent the outcome of the activities of propagators. To 

see whether the behavior ~f propagators can throw any l ight on the 

spatial development of awareness such as the lack of a distinct 

neighborhood effect we must examine more closely their aetivities in 

space. 

The Activities of Propagators 

It has been shown that dates of innovation awareness have a close 

association with the population size of central place. While there 

is no firm evidence of a neighbourhood effect and since awareness is 

mainly the outcome of contacts by propagators, an examination of 

propagators' activities would clarify our understanding of how 

14In addition, the data may have been exceptional, but, 
population inhomogeneities were accounted for. See Cliff, A.D. 
(1968) p. 82 for further discussion of these points. 
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TABLE 1 

INNOVATION PROPAGATORS LOCATI ON TERRITORY 

El ectri c Power Agents for Large Cities Southern 

Supply Competing e.g . Toronto Ontario 

Companies (1 exception) 

. 

Municipally A f ew ·Towns of Central Towns of South 
' Control led individuals ·south West West Ontario 

Power Sys tems Ontario 

-
Fluoridation Local M.O.H. . ' Toronto Larger Centres 

I 

and Dental Assoc 

Field Agents 
, . . 

' 

Cr edit Unions Field Agent QuebE7c City French 

(Phase A) N. Amer i ca 

(Phase B) Field Agents 
. . I 

Initially u.s.A., I ndustrial Centres 

.later Toronto 

Table to show the type of propagators and their location in the central place 
system and field of movement. ' 



awar eness develops in this class of innovations since propagators 

appear to have a city size preference. 

Recently, Brown (1966, 1968) has incorporated the propagator in 

the conceptual framework of innovation diffusion, as applied to those 

i nnovations which require the individual to journey to a central 

pl ace in order to contact the propagator (i.e. a retai l situation). 

In t he class of innovations consi~ered here, the propagator, although 

having a fixed location, journeys t~ the .potential adopter-_and thereby 

has a f ield of movement. (cf. travelling salesmen). · Consequently, it 

will be useful to understand the role and spatial behaviour of the 

propagator in this class of innovations. 
• I 

Data is available concerning the behaviour of propagators 

interested in spreading electric power plants, municipally run power 
- .. 

plants, f luoridation and credit unions. The mai~ characteristics of 

pr opagat i on in each case are categorized in table form shown opposite. 

While credit unions . did not require municipal decisions, they are 

never theless community innovations and as such are included in this 
. / 

class of innovations for purposes of comparison. 

Power Companies 

The location of electrical manufacturing companies from which 

agents contacted municipalities in the late nineteenth century are 

shown i n Figure 12. In addition to those located in Ontario, 

companies in the United States and Montreal were also active in 

Ont ar i o. 



The market condition in North America for electrical manufac-

turers was according to H. Passer (1953) one of easy entry for new 

companies. This also appears to have been the situation in Ontario 

where the number of new companies increased rapidly during the decade 

1880-1890, so that there were soon several competing manufacturers of 

15 electric power systems. 

It is apparent from Figure 12 that manufacturers chose to locate 

in the large urban centres of Southern Ontario, TorontJl~ Ottawa 

' (2) (3) (4) 
(not shown), Hamilton , London , PeterborougH , with the exception 

located at WaterforJS~ The usual procedure adopted in company 

negotiation with municipalities was that the company would contact the 
. / 

munici pality and offer a complete street-lighting and power system to 
' 

be run by a locally organized subsidiary. The initial contact would 

be in the form of a circular and after the initial response of th~ 

municipality, companies~o~~d send agents to obtain a more definite 

response. The municipality wou~d usually examine more than one tender 

before coming to a decision. (The decision processing by municip'alities 

will be examined in greater detail later). 

From records of the Ontario Hydro_Archives it can be established 

at what date specific adopters (municipalities) began operating power 

plants and also from which company these electric light/power systems 

15The incorPoration dates of electrical manufacturing companies 
can be found in Ontario Sessional Papers, Vol. 24 (1892) and in 
succeeding years. By 1890 six were in operation. 

74 



PATTERNS OF PROPAGATION 
ELECTRIC POWER PLANTS 

ONTARIO, LATE 19th. CENTURY ~ !@ 

~ ~ «;-~ 
~~~® 

~~~ 

3 

* ' ~ ~e 
-0~ 

C:>o 

,om 
~ 

~«..~ 
0 

~ 

MONTREAL 

~ 

~ 

'~ 
~ 

~ 
f:Th 
ldl 

~@ 

:

5 
. 

. 

u.s.A. + PROPAGATING COMPANY 

Figure. 12. 

() CENTRE CONTACTED BY COMPANY 

CD CENTER CONTACTED BY MORE 
THAN ONE COMPANY 

10 0 ~---·~K) 
llot1Ll~ 

~\) -. ~ 40 ,1-=---=-- __::._r.:---:--~. J 

~ 



were ob tai ned. From this information in addition to the information 

concerning a,.,areness contacts analyzed above, the patterns of 

propagation can be mapped for individual manufacturers and hence 

provide a description of the market areas and propagators behavior 

in space . A problem does arise in the fact that "free market" 

con~itions only existed during the 1880's-1890's; towards the end of 

the 19t h century mergers and take-overs virtually eliminated the 

small e r companies and ensured the dominance of American manufacturers. 

However, t he pattern of spatial competition between different 

companies for the first two decades can be ascertained. 

Thus, Figure 12 shows the location of manufacturers and an 

accumulation .of their associated contact and sales areas. It can be 

seen t hat each manufacturer propagating the innovation appears to have 

a core of contacts close to it so that the probability of selling to a 

potent ial adopter decreases with increased distance from the base 

l ocation. Figure 16 illustrates the "di stance decay effect"16 in 

cross section form for two companies. It is also apparent that 

propagators do not obey the "rules" of discrete market areas since 

cons iderable over-lapping and inter-locking occurs (Figure 1~). 

Alt hough the distance decay effect describes ~ehavior in space it is 

clearly not a surrogate for spatial behavior since outcome patterns 

16 By "distance decay effect" meaning that, with increased 
distance (linear or time) from a given location a corresponding 
decrease in frequency of related phenomena occurs. 
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belie processes. Thus, the preference of companies for location in a 

large centre and the market limitation to six companies ensures that 

opportunities would be most frequent close to the propagator, hence 

the distance decay effect. 

However, from other evidence available it does appear that 

propagators considered the greater part of Southern Ontario as one 

potential sales area; for example, at Chatham (1885) 

"Mr. Lawson, manager of Edison E.L. Co. (U.S.A.) is in town"17 

"Mr. Ross, general manager of Royal Electric Light paid a visit 
on Monday (from Montreal)~" 18 

While at Sarnia, 

"Hr. Slaught of the Reliance Electric Co. (Haterford) is in 
town with a view to introducing the electric light." 19 

Thus, if an opportunity presents itself propagators are prepared 

t o trave l considerable distances to effect an adoption, indicated by 

the statements above and the occurrence of contacts by American 

companies. Figure 12 shows that company 3 perceived potential 

adopters at A and B and made contacts even though a company at 1 was 

closer to these potential adopters. Furthermore, in 1889 there were 

77 

several potential adopters closer to the company's location at 3 (Fig. 12). 

17 Chatham Weekly Planet, March 5th, 1885. (Microfilm, Mills 
Memorial Library, Hamilton). 

18Ibid. 

19 Sarnia Observer, February 1st, 1889. {Microfilm, Mills 
Memorial Library, Hamilton.) 



Despite the paucity of information concerning propagators' 

activities, (the company at A, for example may well have contacted 

places nearer but no records were kept since the contacts may have 

been unsuccessful) the inadequacy of the distance decay concept in 

explaining spatial behaviour is demonstrated since each propagator 
. / 

appears to have treated Southern Ontario as one field of movement. , 

Yet the aggregate market areas describing behavior in space suggest 

a distance decay effect, as shown in Figure 16a, with distinct areas 

of dominance by a particula~ company (Figure 12). 

Municipally Controlled Power Systems 

It was shown in Figure 8 that the main movement for municipal 

control. of electric power systems spreads through Southern Ontario 

during the 1890's and early 1900's. This was related to the reform 

20 movement in municipal politics, although in certain centres, localized 

conditions had led to a few early occurrences of awareness in the 

1880's. The reform movement had protagonists in most American cities 

with particular!~ active proponents in .the cities of Detroit, -Chicago 

and ~oledo. 21 

20 Glabb, C.N. and Brown, T.A. A History of Urban American 
(New York, 1967), p. 211 ff. 

2~he spread of municipal ownership in the United States can be 
t r aced in several reports. Proceedings of the Conference for Good 
City Government (Philadelphia, 1893). Fourteenth Annual Report of 
the Commission of Labour 1899 (Washington, 1900). The first 
l egislation in the u.s. in favour of public control of electrical 
util i t ies was in Massachusetts, 1891. It seems likely that the 
i nnovation had spread from Europe where considerable municipal 
control of utilities had already been in progress. 
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Initially it may appear that the spread of awareness of this 

innovation represents direct media influence since there was 

cons i derable general discussion of the movement and yet there were 

no f i nancial incentives to promote it. An examination of historical 

evidence shot-1s however, that there were several propagators active in 

spreading and advocating this new form of utilities control and 
I 

operation in Southern Ontario. What is particularly significant is 

that these propagators were located in the towns of central South 

Western Ontario. E. Snyder who lived at St. Jacobs, near Waterloo, 

designed a scheme for municipal cooperation in the development of 

publically owned electric power, and actively supported municipal 

~-1nership during his years as a member of the Ontario legislature 

(1881-1894). 22 J. Deitweiler who lived at Kitchener (formerly called 

Berlin), was another active propagator of the municipally controlled 

system, he, 

' "Cycled over the dusty streets of the Grand 
(River) Valley preaching to all who would 
listen, of a day when Galt and other towns 
would have electricity to light their streets 
and homes ••• " 23 

In London, Adam Beck was an active proponent of municipal reform and 

actively supported the idea of municipal control of utilities, 

.. 
2~ennison, M. The People's Power (Toronto, 1960) p. 31. 

23 Kitchener-Waterloo Record, June 27, 1967. 
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i nit i al ly as an alderman but later as Mayor (1902-1904) and as a member 

of t he Ontario Legislature (1902-1925). 24 

E. Snyder ~s the chairman of the Waterloo Board of Trade and 

J . Deitweiler as the chairman of the Kitchener Board of Trade organized 

j ointly, a meeting of the municipalities of south western Ontario at 

Kitchener in June 1902. The purpose of the meeting was to pressure 

the Provincial Government into legislating in favour of municipal and 

25 public control of power systems. The municipalities which attended 

t he meeting had a close relationship with the towns having an early 

m~areness, but also reflect the propagating activities of Snyder and 

Deitweiler. They were, Kitchener, Waterloo, Galt, Guelph, Hespeler, 

26 Brantf ord, Preston, Toronto, St. Jacobs, Bridgeport. (Figure 13). 

The or ganizing committee formed from this meeting then contacted other 

centres for support and further information on the question of estimates 

of requirements (Figure 13). 27 Succeeding meetings held by the 

organi zation demonstrate the development of the movement propagated by 

Snyder and Deitweiler and now joined by Adam Beck, Mayor of London • 
. / 

Thus, by 1903, 19 municipalities attended the next -meeting organized 

24 Grahame, P.W. Sir Adam Beck (London, 1925) unpaginated. 

25 Dennison, M. op. cit. p. 31. 

26 P1ewman, W.R. Adam Beck and the Ontario Hydro (Ryerson, 1947), 
p . 35. 

27Ibid., P• 36. 



' J;. 

at Berlin (Kitchener) with representatives from 90 other communities 

28 being present. (Fig~.re 12). By April 1906 ·when a change of 

government had resulted in the formation of the publically-owned 

Ontario Hydro, 1500 delegates attended a meeting in Toronto to discuss 

Hydro's development, 

29 "from Kingston in the East to Sarnia in the lolest" 

After the passing of the Ontario Hydro Act Adam Beck and other 

members of the Hydro Commission were, 

"continuously on the move from one Ontario 
community to another, preaching the Hydro 
gospel", 30 

in preparation for the January municipal elections. Thus, the 

municipalities which voted to join the Hydro system reflect the 

activities of the propagators such as Adam Beck and J. Deitweiler. 

Subsequently, as the system developed Beck and his associates made 

trips' to specific communities to encourage them to join the Hydro Power 

system just as had Deitweiler earlier. For example, tr~ps were· made 

to Lindsay 1911, Brockville 1911, Beachville 1911, Peterborough 1912, 

31 Elora and Fergus 1913. (Figure 13) 

Therefore, although the aggregation of awareness and contacts 

28
Ibid., P• 37. 

29 Ibid. , P• 45. 

30Ibid., p. 71 ff. 

31 Idem. 

. I 
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describe a distance decay effect (Figure 16), the activities of the 

propagators must be considered in terms of the opportunities available 

to t hem in that they considered the whole of the system as being 

suitable for the spread of the innovation and thus would travel to those 

centres where adoption was possible irrespective of the distances 

involved. The tyranny of the frictional effect of distance must 

32 consequently be modified in terms of the propagators' space preferences. 

Fluoridation of Water Systems 

The idea of adding fluorides to municipal water systems to improve 

the dental health of the general public developed in the late 1930's 

and early 1940's. Controlled experiments in Michigan, New York State 

and Ontario demonstrated the benefits of the practice. The success 

of these tests led to the practice receiving official approval and 

endorsement by medical and dental associations. 33 

' The- city of Brantford began controlled tests in 1944 receiving 

financial support from the Federal Government in 1948 and later from 

the Provincial Government. While the Provincial Government gave 
. / 

financial aid the idea was neither endorsed nor actively propagated 

34 since it was argued that the tests were still at a trial stage. 

32 For a discussion of the concepts of behavior in space, 
spatial behavior and revealed space preference, see, Rushton, G. 
(1969) 

33 Maier, F.J. Manual of Water Fluoridation Practice (New York, 
1963) p. 26. 

34 Ontario Legislature, Proceedings (1954) 5th Assembly of 
24th Session, Government reply, March 24th, 1954. 



Thus, propagation was the outcome of activity by medical and dental 

associations until an independent investigating committee appointed 

35 by the Provincial Government favoured fluoridation adoption. (1961) 

The activities of the professional associations took place at two 

levels; firstly, municipalities were contacted by the local medical 

or dental association, usually through the local medical officer of 

health, or secondly, they were contacted by a representative from the 

association's headquarters in Toronto. Thus, at Hamilton, the Medical 
. / 

Officer of Health visited Brantford in 1954 and subsequently raised 
. 36 

the matter at the next council meeting. At Oakville, the local 

dental association drew the council's attention to the innovation in 

1961. 37 At Kitchener, the council were invited to attend a public 

meeting on fluoridation given by the regional secretary of the Royal 

38 College of Dental Surgeons. 

The Ontario Dental Association had field agents whose activities 

included the propagation of fluoridation by visiting larger 

municipalities in particular, organizing local dental associations 

39 into developing favorable community opinions towards fluoridation. · 

35 . 
Report of· the Ontario Fluoridation Investigation Committee, · 

January, 1961. 

36 Hinutes of Council Meetings, City of Hamilton (1954, 
Hamilton Public Library). 

37Minutes of Council Meetings, Oakville (unpublished). 

38Minutes of Council Meetings, Kitchener (unpublished). 

39Personal communication, Glen T. Mitten, field-secretary, 
Ontario Dental Association. 



40 Unfortunately no records were kept of these trips. However, it is 

certain that members of such organizations at the local and provincial 

level· moved outside their usual locati~n in order to promote the 

'. spread of this innovation, particularly prior to a fluoridation 

plebiscite. 41 

· It can be seen therefore that once again, propagators were very 

active in spreading awareness of the innovation. What is significant 

is that Southern Ontar+o does appear to have been considered as one 

terri tory so that where an opportunity arose to promote the innovation, 

agents would travel to organize favorable opinion, in a manner similar 

to the propagators of Ontario Hydro. 

Credi t Unions 

Unlike the three innovations described above, whi ch required 

municipal decisions, credit unions were associated with sub-groups 

withi n communities such as workers in a factory of municipal employees. 

Despi te the difference in the decision paking group involved (i.e.· 

non-municipal) they still required a form of collective community 

decision, while the credit union movement had field agents propagating 

the movement in a manner very similar to the innovations described 

above. Therefore it will be useful to include them in the present 

analysis of the propagators' behaviour. 
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In North America credit unions first developed in Quebec where 

Alphonse Desjardins had modified the European idea to fit the American 

42 
environment. Desjardins was very active in propagating the idea 

by writing in the press and also through travelling extensively in 

Quebec to form new caisse populaires (credit unions). Although most 

of hi s activities were concentrated in Quebec, he travelled to French 

Canadian communities outside Quebec, in the United States and Ontario 

43 to f orm these credit societies. The majority of caisse populaires 

were based upon the parish as the territorial unit relying on the local 

church organization for support. Their spatial development is shown 

in Figure 14. With increased distance from Levis there is a decrease 

in the fre·quency of caisse populaires (Figure 16). What is perhaps 

more significant is that there are outliers in the United States and 

also Ontario (Figure 14). While they were physically separate from 

the French Canadian cultural area, Desjardins considered them as part 

of the French Canadian cultural area. 44 This illustrates well the 

effect of culture ties overcoming the purely physical effect of distance 

decay . Furthermore, there is evidence of a "travelling salesman" 

effect in that on the more distant trips, several caisse populaires 

were f ounded on the same trip. Although a caisse popul aire was 

founded in Ottawa, the innovation did not spread through the central 

42 Bergeron, R.F. CUNA Emerges (Boston, 1935), p. 16. 

43
Ibid. 

44 Lamarche, J.A. Le Mouvement Desjardins (Quebec, 1962). 
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place hierarchy of Ontario, reflecting once again the cultural 

barriers between the French and English communities. 

Alphonse Desjardins' trip to New England helped to crystallize 

45 t he efforts of those interested in forming credit unions in Boston. 

Under the direction of A. Filene and R. Bergeron, the Boston movement 

was propagated through the United States during the 1920's and 1930's. 

Unlike the caisse populaires, the credit unions were credit societies 

46 rather than savings banks. 

The spread of the movement at the continental scale can be seen 

in Fi gure 15, where the east to west development is particularly 

apparent. While there was some legislation as early as 1921 to permit 

47 the formation of cooperative credit societies, the main movement in 

Ontario came after 1928 when the act was extended to cover activities 

of credit unions. 

The significance of the east-west development of credit union 

legislation in the U.S.A. is that most states had necessary 

legislation by 1930. Thus, after the propagation in the United States 

was more or less complete, the American movement then turned its 

attention to Canada. In 1931, American propagators formed the first 

45 Bergeron, R.F. op. cit. p. 16. 

46 Mercure, G. Credit Unions and Caisse Populaires, ~~orking 

paper pr epared for the Royal Commission on Banking and Finance 
(~ov. 1962, Ottawa). p. 1 ff. 

. / 

47 Revised Statutes of Ontario, Chapter 258, para. 51, 1930. 



48 credi t union at Welland. Subsequent activity led to formations at 

Hamilton in 1936 and Toronto 1937. However, the development of 

further credit unions was restricted by the inadequacies of the 

existing legislation. 49 Amendments to the Credit Union Act in 

Ontario in 1938 coupled with the formation of an international 

organization of Credit Unions (C.U.N.A.) in 1939 led to American field 

agents moving into Ontario in 1940 and organizing and propagating the 

50 innovation. 
. / 

Consequently, just as a cultural barrier prevented the spread 

of the movement from Quebec to Ontario so too, the international 

boundary restricted the movement spreading from the United States 

i nto Ontario until the late .l930's. In addition, resistance to the 

spread of innovation was related to legislative obstacles, shm~ in 

the case of municipal power, fluoridation and credit unions. In 

the latter case, although Ontario was nearer to the propagating 

centre than western states, the opportunity for propagation was not 

as attractive to the American movement as the legal and financial 

system was unfamiliar. 

Summary and Discussion 

In the class. of innovations considered. here contact by 

48 Bergeron, R.F. 

49 Ibid., p. 252. 

op. cit. p. 251. 
I 
I 

50 
Mercure, G. op. cit. P• 29. 
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propagators is the main source of awareness which results in a response 

on the part of the decision makers. It is shown that date of 

awareness has a close association with the population size of central 

place concerned. An examination of the spatial development of 

awareness does not show any significant indication of a "neighborhood 

effect". From this we can conclude that in the flow of information 

size of centre is probably the most important variable in the spatial 

development process. 

In view of the propagator's importance in spreading awareness 

of innovations, yet at the same time th~relative neglect in previous 

research, an attempt is made to describe their behaviour in space and 

also some aspects of their spatial behaviour. It was shown that 

propagators' behaviour in space could be described by the distance 
! 

decay effect (Figure 16). This is not 'unexpected as opportunities for 

contact were more frequent closer to the propagator, particularly if 

there were several competing propagators. However, examination of 

spatial behaviour and the order or preference of contacts suggests 

that it would be described more accurately in terms of opportunities 

for potential adoption. Evidence suggests that the propagators have 

certain territories or fields of movement. In the case of the 

electrical power companies this means the whole of the southern section 

of t he Province (Figure 12). In the case of the propagators of 

_municipally controlled power systems this means initially the 

manufacturing towns of central south western Ontario but later the 

whole of the Province of Ontario. (Fig. 13). Where fluoridation is 



' ~-

concerned, the professional organizations located in Toronto send 

field agents to those centres where an opportunity arose, which 

means in effect the whole of the southern section of the Province is 

the field of movement. Credit unions follow a similar development but 

bring to notice the modifying effect of cultural and international 

boundaries (Figure 14). Thus, during the first phase of the movement 

the propagator ma~trips to the outliers of the French cultural 

territory, which transcend provincial and international boundaries; 

yet, the movement does not spread through the Ontario system. During 

the second phase of development American propagators are more concerned 

with spreading the movement through the United States. Only when this 

is accomplished do they turn their attention to the towns and cities 

of Ontario. 

It appears therefore that the distance decay effect describes in 

aggregate form the frequency of opportunities and thus the behaviour 

in space of propagators. However, from the additional information 

concerning spatial behaviour it appears that the propagators consider 

potential a~opters in terms of · opportunities within a · certain area 

of movement (an area not necessarily continuous) and a preferred 

order ing of contact. Consequently, the nearest potential adopters 

may not always be contacted first, while potential adopters at a 

considerable distance may often be contacted relatively early. From 

this one can deduce that the frictional effect of distance is less 

significant than suggested by Figure l6. Furthermore this would 



partially explain the earlier finding that the hierarchical flow in 

initial information in this class of innovations is dominant with no 

real suggestion of a neighbourhood effect. Although the inadequacy 

of t he distance decay is shown, the alternate information is only 

sufficient to suggest that opportunities are perceived within a certain 

area or field of movement. Clearly more research into perception, 

attitudes and information flow is required before more precise 

statements can be formed. 

Contact by the propagators setsoff the decision making processes 

of the potential adopters leading ultimately to a strategic decision 

to adopt. The next step therefore is to examine innovation adoption 

' 
dates with respect to the hypotheses tested above concerning dates 

of awareness. If there is a close relationship between awareness dates 

and adoption dates there is every justification for using the latter 
. / 

as a surrogate for the flow of information; if this is not the case, a 

more critical evaluation of the decision making process is required. 



CHAPTER 6 

The Adoption of Innovations: The Terminal 

From a consideration of the flow of information and awareness of 

i nnovations (the arrivals) our attention can focus now upon the dates 

a t which the various innovations are adopted by communities from the 

terminals. If there is a close _similarity between the characteristics 

of awareness and those of adoption, then clearly there is little need 

to examine the decision-making processes involved in terms of 

developing existing models: if on the other hand, there is a 

discrepancy between the two phases, a need to examine the decision-

making process obviously arises since it would invalidate a common 

assump tion of diffusion models. It should be recalled that most 

previ ous research uses adoption dates as a surrogate for . the flow of 

i nformation in systems. 

Adoption can be defined as the dat~ at which an innovation is 

1 actual ly used at a place. Consequently, a differentiation between a 

decision which may have considered adoption but which did not result 

in adoption, and the actual date at which the innovation is first 

us ed must be made. 

' • 
I 

1 See Katz, E. et.al., op.cit. p. 241 for a discussion of this point. 
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Distribut ion of Adoption Dates 

The dates at whi ch the i nnovations being considered, both 

municipal and non-munid.palJ ~vere first used in central places ~-Jith a 

2 population greater than 1~000 can be determine d from several sources. 

The f i rst hypothesis that can be tested as in the case of a~vareness 

is that the date of adoption of an innovation r equiring a community 

decis i on is related to the population size of the cen tre. Previous 

tests of this hypothesis have relied mainly on visua l examination of 

the data, concluding that a marked relationship did exi st, (Bmver , 1937 ; 

HeVey, 1940 ; Rose, 1948 ; Hagerstrand, 1966 ; Ogb urn and Duncan, 

1958). However, Gamson and Irons (1961), found tha t t his hypothesis 

could not be accepted ;-rhere the adoption of fluoridation of ~vater 

systems is concerned. The relationships between adoption date £nd 

size of cen tre are shmm in Figure 17, where it appears t hat a 

r elationship does exist for innovations 1-7 but not 8-10. For a more 

rigor ous examination of the relationship a statistical test must be 

used. 

The choice of statistical test presents a problem in that 

variance of cates of adoption is not normally distributed, since the 

greatest variance is associat ed ~dth the class of s1:1allest central 

places. However, since the adoption dates can be ranked from first 

to last and the population size of centres can be ranked as well from 

2 See Bibliog:raphy (App endix 1). 
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high to low, a non parametric test, Spearman's Rank correlation can 

be used to test the correlation between the two variables of date and 

3 size of centre. 

TABLE 2 

Correlation Between the date of Innovation Adoption 

and Population Size of Centre 

Innovation Spearman's R. T test D of 

Waterworks -.54* 7.29 132 

Power Companies -.70* 10.25 110 

Credit Unions -.47* 5.81 119 

Filter Systems -.46* 4.87 86 

Hechanics' Institutes -.70* 9.64 96 

Clubs -.67* -10.27 123 

Telephone systems -.70* 10.10 111 

Xunicipal Power .os .43 57 Systems 

Fluoridation .10 1.21 53 . 
Arenas • 03 • 38 125 

* Significant at the li. level. 

Correlation between the date of innovation adoption and the 
population size of centre, using Spearman's Rank Correlation 
coefficient. Calculated using I.B.M. Scientific Subroutine 
SRANK. 

F 

Thus, the hypothesis can be set up as follows:- A significant 

r 98 

correlation exists between the ranking of centres by date of · adoption, 

3 Gregory, s. op. cit. p. 181 ff. 



and the ranking of centres by size of population. The level of 

significance can be set at a • .OS. 

The results of correlating the two variables for the ten innovations 

are shown in Table 2. It is apparent that a significant correlation 

exists between population size of centre and the adoption dates of 

waterworks systems, electric power companies, credit unions, filter 

systems, civic clubs, and telephone systems, since coefficients are 

significant even at the .01 level. In contrast to this, three 

innovations, municipally co~trolled power systems, arenas/community 

centres and fluoridation do not have a significant correlation between 

adoption date and population size of centre. Thus, the correlation 

coefficients would appear to confirm the hypothesis in many cases, but 

not always particularly where municipal decisions are required. In 

the latter case, some innovations do not follow the usual relationship. 

Consequently, this would appear to confirm Gamson & Irons (1961) 

hypot hesis concerning fluoridation. 

The emergence of a sub-class of innovations which do not follow 

the adoption date - city size relationship is significant in three 

ways . Firstly, it indicates the danger of using adoption dates as a 

surrogate for information flow since adoption does not take place as 

soon as awareness. Secondly, it suggests that there is a generality 

of process which results in the emergence of a sub-class of community 

innovations of this kind. ' . Finally, it also indicates the presence 

of a common resistance factor which is aspatial in nature. 

- ' 
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hates of Ad op tion 

The increase of adoptions over tir.1e• as a changing proportion 

of the total population. can be described in the forn of cur.1ulative 

frequency curves. Several studies have shovm that the accumulation 

of adoptions can be described by a logistic function with a 

charact eristic "S" shaped curve. (Dodd, 1955 ; Griliches, 1957 ; 

Mansfield, 1961 ; Brovn, 1966 ; Casetti, 1969). This function 

describes a situationwhere adoptions increase slowly at first, then 

4 rapidly and finally taper off. 

Fi gure 18, shm-1s the accumulation of innovation adoptions by 

the central place system of Southern Ontario. It is apparent that a 

sili'J. l ar "S" shape is characteristic of the form of the curves and that 

a logistic function would describe the relationship. The exception 

to the general pattern is the adoption of fluoridation, '"hich has 

already been sho\m to be exceptional to the general relationship 

bet,.,een adoption date and size of centre . 

If there appears to be a similarity bet,oleen innovations in the 

grmvth of adoptions through time as represented by the shape of the 

curves , given an adopting system '"hich has reached dynamic equilibrium, 

and a class of innovations which appear to be similar in type of 

propagation and decision making group involved, one might expect that 

4casetti, E. (19 69) has recently shovm that Hith the assumptions 
that adoption is an outcome of i ntra-g roup cont acts, varying 
resistance thresholds exist , and resistance is overcome by learning, 
a logistic function results. 
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TABLE 3 

DIFFERENCES BETWEEN MEDIAN DATES OF ADOPTION 

FOR DIFFERENT CLASSES OF CENTRAL PLACES 

BY POPULATION SIZE . 

INNOVATION DIFFERENCES BETWEEN MEDIAN 

ADOPTION DATES BY CLASS OF 

CENTRE 
1 and 2 2 and 3 3 and 4 

l-1echanics Inst. 

Waterworks Systems 14 10 11 

Filter Plants 6 2 3 

Power Plants 1 4 7 

Telephone Systems 2 2 3 

Credit Unions 9.4 1.2 .6 

Clubs 7 4.5 2 

Municipal Power * * * 
Arena Subsidies * * * 
Fluoridation * * * 

* Less than 1. 

Differences between median dates of innovation 

by different classes of central place and 
I 

different innovation class. 

1. > 40,000 

2. 10 - 40,000 

3. 5 - 10,000 

4. ' 1 5,000 

1 and 4 

29 

35 

11 

12 

7 

10.6 

13.5 

12 

12 

12 



the time taken for these innovations to diffuse through the adopting 

sys t em would be approximately the same apart from some random variation. 

If the categorization of adopters by size of centre and date of 

adoption is used, the average time for each innovation to diffuse 

through the four classes of central place size can be calculated. 

The· differences between the averages of each class can be estimated and 

then compared for different innovations (Table 3). 

Table 3 shows that the average time taken for an innovation to 

diffuse through the system is approximately twelve years (i.e. the 

difference between the average adoption dates of the class of large 

centres and the class of small centres (i.e. between class 1 and 4). 

The two exceptions to this ·general relationship are the diffusion of 

Mechanics' Institutes and Waterworks systems. These exceptions may 

be explained by the fact that the latter innovations diffused while the 
. / 

system itself was still developing. The remaining eight innovations 

with similar diffusion times, develop and spread after the system was 

established. Aside from these two exceptions, the remaining innovation 

adoption dates suggest a close similarity in the time taken to diffuse 

irrespective of the relationship between adoption and size of central 

place. 

An examination of the differences between the time taken for 

innovations to be adopted by different size-classes (Table 3) brings 

out certain dissimilarities between innovations. Thus, there are no 

significant differences of median date of adoption between the class 



groupings of those innovations having no relationship between adoption 

date and size of central place. Further examination of Table 3 shows 

that Filter Plants, Credit Union and Clubs diffused more slowly from 

the group of largest centres to the next largest group than through 

the other two groups. Power Plants, however, spread more quickly 

through the larger centres, slowing down as they spread down through 

the central-place system. Telephone sy!stems shm-t a consistently even 

rate of diffusion, reflecting perhaps the monopoly position of the 

propagating company. 

I t can be seen therefore that given a stable system of potential 

adopters, the average time for innovations requiring community 

decis i ons to diffuse from .the largest to the smallest member of the 

system are not significantly different, irrespective of the relation-

ship between adoption date and size of central place. However, ~ 

differences in the rate of adoption appear to have existed between 

innovation adoption dates and different size classes of centres. 

Although some tentative explanations are advanced the reasons for this 

are not clear, and must therefore await further research. 

Modification of the Adoption Date - Centre Size Relationship: Spatial 

Patterns of Adoption. 

The variation in association between adoption date and population 

s i ze of central place, the emergence of a distinct class of community 

innovat ions with no relationship between adoption date and size of 

centre , and the variations ·in diffusion rates between different 

103 
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classes, suggest that other factors are modifying the hierarchical 

diffusion of these innovations. 

The most frequently advanced hypothesis (in geographical analyses) 

is t hat, since diffusion is presumed to be a contagious process, a 

"neighbourhood effect" ensues in the development of innovation 

adoptions over space. In a system of central places, this would 

mean that some small centres near large centres which had already 

adopted would be more likely to adopt earlier than centres further away. 

After stating that adoption initially follows the urban hierarchy, 

Hagerstrand (1966) states, 

"soon this rank order is broken up and 
replaced by one where the nEdghbourhood 
effect dominates over pure size succession."5 

Consequently, not only does Hagerstrand suggest a "neighbourhood effect" 

occurs, but that it dominates over the rank succession. It has already 

been shown that the rank size/adoption date rule does not always hold, 

but this is not the modification of the rank-size succession as 

conceived by Hagerstrand. An examination of Figure 17 does indicate 

however that a "neighborhood effect" might be present since in each 

innovation several small centres adopt before larger centres, even 

though there was a significant relationship between adoption date and 

size of centre (Table 2). Furthermore, the evidence of this effect is 

5Hagerstrand, T. (1966) p. 40. 

. / 
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more apparent than in the flow of information-m~areness described in 

the previous chapter. If there were a close relationship between 

adoption dates and size of centre, there would be no overlapping of 

classes in this way. Therefore if a neighborhood effect is present, 

it has to be shown to be more than a random dislocation. 

This still leaves unresolved the sub-class of innovations which 

have no significant relationship between adoption date and size of 
! 

centre as shown in Table 2. This is particularly significant in terms 

of t he neighborhood effect where the designation of "leaders" and 

"followers" is on a size basis in a central-place system, that is, 

large centres adopt first and then smaller centres nearby follow, and 

clearly, this would not b~ possible for these three innovations. It 

is possible that these three innovations diffuse as a non-hierarchical 

wave or that the dichotomy into "leaders" and "followers" need not 

necessarily be on a size basis at all but still nevertheless present. 

Consequently, in order to determine whether the ne~ghborhood 

effect is present we now turn our attention to analyzing the spatial 

development of adoption. Furthermore, such an analysis might thro\v 

light on the sub class of innovations described above. Finally, it 
.,. 
I' 

must be recalled that previous analyses of adoption patterns have ' 

been made on the basis that it is a surrogate of the process of 

inter -adopter influence. 

Patterns of Adoption 

Patterns of adoption are outcomes of the decision making process; 

lOS 
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if t he spatial development of adoption does in fact show a 

"neighborhood effect 11 a clustering of 1adopters through time, would 

occur . (Hagerstrand, 1952, 1966). Therefore, in a situation where 

central places are the adopters, innovation leaders (the larger central 

places) should influence the spread of adoptions so that small centres 

close to prior adopters would have a higher probability of adopting 

than those small centres further away. 

To see whether this clustering effect does occur and additionally 

to s ee whether any spatial ordering exists in that sub-group of 

innovations whose adoption dates are unrelated to size of central 

place, the spread of each innovation must be described, methods of 

analysis discussed and then applied. In this chapter we shall examine 

the pattern of adoptions for evidence of this effect. In the next 

chapte r we shall "examine direct evidence of inter-adopter contacts 

and influence. 

Waterworks Systems (Figure 19) 

Systems of water supply were already part of the urban fabric 

in t he early 19th century in. both Britain and the United States, 

6 Philadelphia having a municipally owned system as early as 1801. 

6 Private companies also supplied water prior to the municipal 
systems during the first half of the nineteenth century. By 1861 
however, eighty private companies ·and sixty-eight private ones were 
in operation in the United States (Glaab, C. & Brown, A.T. op. cit. 
p. 97). In 1857 Upper Canada had less than six private companies 
and two municipal systems (Lovell's Directory, Hontreal (1857)). 
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Waterworks systems were part of the "s~nitary reforms" of t he 19th 

century and also were necessary for fire control. They represented 

the first real development ~f municipal authority since they required 

capital expenditure and resort to the loan and bond market. The 

spread of waterworks systems in Southern Ontario is seen in Figure 19. 

By 1880 most cities and large towns have a municipally owned system. 

Subsequent adoptions by 1890 show a concentration in Western-Southern 

Ontario and a movement northwards as well; Eastern Ontario has a few 

adoptions. At the turn of the century the progress northwards continues 

although there are empty areas towards the Bruce Peninsula and central 

Eastern Ontario. Eastern Ontario has now acquired some adoptions. 

The process continues up until the late 1930's with infilling of 

exis ting areas rather than further expansion at the edge. There is some 

indication of clustering in 1890 and in succeed~ng years. 

1-Iechanics' Institutes (Figure 20) 

Mechanics' Institutes were a product of the Industrial Revolution 

in early 19th century Britain and provided a means for the diffusion 

7 of knowledge among the skilled artisan class. They varied in form 

from a collection of technical books and newspapers in the small towns 

to l arger collections with formal lectures and courses in the large 

t owns and cities. The spread of Mechanics' Institutes in Southern 

7Mechanics ' Institutes were founded i n Glasgow in 1780 and i n 
Manches t e r i n 1325. The earliest record in Upper Canada is 16th 
Ap r il 1835 when they were founded at Toronto and Kingston (Special 
Report of Minister of Education on Mechanics' Institutes, Ontario 
Sessional Papers. Vol. 46. 1881, Toronto.) 

109 



Figure. 21. 

.. . 
.. . . ..... 

. . . . 

~~ ~'/ ~' .. J 

... ~ ~--
::·····-

. . . . , .. .. . . ·. 
. . 

__ .----r~- ------

·. 

110 

... 

1888 

1883 

1878 



Ontario is shown in Figure 20. The core area of central \~estern Ontario 

is evident from the onset and from this concentration subsequent 

adoptions are added northwards. Once again Eastern Ontario is 

relatively devoid of adoptions. By the end of the period an infilling 

occurs although the extreme west and east peninsulas of the area are 

still empty. 

Waterworks systems and Mechanics' Institutes are two innovations 

which are already part of the urban milieu which colonized Southern 

Ontario and therefore in a sense they do not really represent 

innovations. In addition it is only towards the last few decades of 

the century that dynamic stability in the central place system was 

reached. so that there would be a pre-determined diffusion from south 

to north with the diffusion of the urban frontier. 

Telephone Systems (Figure 21) 

The early development of telephone systems in Ontario was an 

outcome of its invention and testing at Brantford. The ~irst 

telephone exchange in the Commonwealth was built at Hamilton in 1878. 

Subsequent development was mainly the outcome of activity by the Bell 

8 Telephone Company; althqugh the Bell Company was not entirely in a 

monopoly position they are representative of an innovation spread by 

9 one maj or propagator. 

8 For a history of the growth of the telephone system in Ontario 
see Pat ten, W. Pioneering the Telephone in Canada. Montreal, 1926. 

• r 
I 

9 Bell ~med the long distance lines and leased out local areas thus 
requiring exchanges only in larger centres. Patten, w. op. cit., p. 106. 
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The spread of the innovation can be ·seen in Figure 21, showing 

the i nitial adoptions in western central Ontario. After five years, 

expansion through the towns of the Toronto to Windsor "corridor" is 

evident while growth eastwards along the shore of Lake Ontario and 

the St. Lawrence is a result of a link between Toronto and Montreal. 

(Adoptions near Windsor are partly due to the activities of another 
I ' 

company propagating in that area). By 1888 much of Western Southern 

Ontario have telephone exchanges especially those centres towards 

Lake Huron. Expansion into the interior of the Eastern counties is 

also apparent. By the mid 1890's all towns with a population over 

1,000 have exchanges so that the final map reflects the uneven regional 

distri bution of central places in the Southern section of the province. 

Power Companies (Figure 22) 

P o~.rer companies were formed by local businessmen (often with 

help by electrical companies who made the systems) interested in 

bringing electric light to their community. In the first decade of 

development, 1885-1895, this usually meant arc light systems run by 

t hermal generating plants. After 1894 hydro-electric po~-1er became a 

f easible proposition and incandescent lighting for street lighting 

10 really began to be developed. Initial adoptions were in Toronto, 

London , Hamilton, Ottawa and Windsor. By 1886 most other large towns 

10 The early phase of electric power development in Ontario (and 
Canada as a whole) has not been ana lysed in any great detail. For 
a penetrating analysis of entrepreneur~al activity and the development 
of the United States power system see, Passer, H. The Electrical 
Hanufacturers, 1875-1890, (Harvard U.P., 1953, 412 pp.) 
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have also adopted (Figure 22). By 1890 there is a significant 

increase in adoptions spreading northwards. into the smaller tmms, 

and i nto the smaller industrial towns of south west and central 

On t ario. There is some indication that diffusion into the North 

Wes tern section of the peninsula is less retarded than with the 

innovations described previously. At the turn of the century most 

centres had electric power of some form although small centres in the 

Southern section are still in the pre-electric age . 

Fi l ter Plants (Figure 23) 

Filtration and purification plants became increasingly necessary 

at the turn of the century due to increasing pollution of natural 

s upplies of water. . Furthermore, the setting up of a Branch of Sanitary 

Engineering within the Department of Health of the Province of Ontario 

11 aided the propagation of more hygienic public services . The spread 

of fi l tration/purification plants is sho~m in Figure 23. The 

progr ession of adoptions from south to north through the larger towns 

i s apparent, particularly lakefront centres of the Niagra peninsula 

and t hose drawing water from the Detroit River (Figure 23). By 1920 

11 . 
Chlorination of public \-later systems was first tried in 

Maidstone (Eng.) 1897, and in North America at Jersey City, 1909. Its 
success i n purifying water and preventing typhus led to its quick 
adoption. I t was tested in Toronto in 1910, and included in t he 
sys t em at the same time that filter plants \·7e re also i ntroduced to 
r emove colouring f rom water. The amended Public Health Act of 1913 
gave the Ontario Board of Health po,.,e r to force municipalities to 
improve their waterworks systems. See, The Annual Reports of the 
Provincial Board of Health., Ontario Sessional Papers. 1911 onwards. 
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adoptions increase in the south emphasizing the lack of adoptions in 

the north. Further increases are evident by 1935, although some large 
. / 

towns and cities do not adopt until the late 1920's, (London, 

Hami lton). In many centres there was some opposition to the idea of 

chlorinating and filtering the water, characteristic of the opposition 

to f luoridation which was to come three decades later. 

Credit Unions (Figure 24) 

Credit Unions and Clubs (see below) were not innovations requiring 

muni cipally organised community decisions since they were ass0ciated 

with social and economic sub-groups within towns and cities.. However, 

it is useful to include them to see if they differ in spatial 

evolution from the other class of community innovations. Credit Unions 

are credit societies for working and lower level professional groups • 
. 

Although they were founded (in North America) in Quebec, the main 

impetus for growth in Ontario came from the United States Credit Union 

12 movement which itself had evolved in p~rt from the Quebec movement. 

The spread of credit unions is shown in Figure 24, each point 

representing the first occurrence of a credit union in a town. The 

initial concentration in the Niagara area is particularly apparent. 

By 1945 expansion into the small industrial towns of central South West 

Ontario is noticeable with few adoptions in Eastern Ontario. Adoptions 

in the Georgian Bay area and Ottawa River Valley were rurally orientated 

and associated with Caisse Populaires and Farmers' Co-ops. 

12 Bergeron, R.F. op. cit. 1935. 
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Figure. 25. 
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Succeeding adoptions increase the density of existing areas with 

only a few adoptions in Eastern Ontario even by the mid 1960's. 

Civic Clubs (Figure 25) 

Clubs organised for the benefit of the community as a whole 

rather than for specific socio-economic sub-groups became popular 

'13 after lvorld War I. They gradually spread through the larger centres 

and then diffused particularly early in the Toronto, Hamilton, 

St. Catharines area perhaps reflecting their routes of introduction 
. / 

from the United States. 

Having described the spatial development of those innovations 

having an association be~veen date of adoption and size of centre we 

can now turn to those where' a relationship between adoption date and 

centre size do not exist. 

Municipal Power Plants (Figure 26) 

The idea of municipally owned utilities was a major issue to 

14 evolve in municipal government in the · late part of the 19th century. 

An examination of the growth of adoptions suggests three main core 

13The Clubs involved are the Kiwanis and Lions Clubs. The 
Kiwanis Clubs w~re founded in Jan. 1915 at Detroit. The Lions Clubs, 
Chicago, 1917. The former were to promote vocational guidance and 
social welfare, the latter (ex-service) were for business and 
professional people. 

14 An examination of the Bibliography compiled by the 1903 Ontario 
Govt. Report on Municipal Trading (Ownership of Utilities) shm.,. that 
most references date from 1890 onwards and cover a whole range of 
municipally-owned "services" from Housing to Orchestras. (Appendix to 
Legislative Assembly Journals 1904). 
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Figure. 27 . 
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areas firstly in the Windsor/Chatham area, secondly in the central 

South \•!estern area and finally towns strung out along the route from 
I 

Toronto (T) to Huntsville (H). By the end of the period under 

cons i deration centres around Ottawa appear to be another core. Areas 

without adoptions which stand out particularly are central Eastern 

Ontario and the area North West from Toronto to Georgian Bay. There 

is some evidence therefore of clusters of adopters. 

Arena Subsidies (Figure 27) 

Subsidies were given by the Provincial Government to develop 

community centres and arenas initially in rural areas (Act passed 

in 1919). Immediately prior to \~orld War II some larger centres 

applied for grants. With the return to normal conditions after 

\~orld War II other towns and cities began to apply for subsidies. 15 
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The location of the initial adopters are shown in Figure 27. Subsequent 

adoptions (1950) suggest a clustering towards the Lake Huron shore 

and the southern section near the initial adopters. Adoptions in 
,.. ! 

the south wes~ and also east of Kingston are few. Further adoptions 

fill i n the early clusters so that by 1966 they coalesce. 

Fluori dation (Figure 28) 

Fluoridation of water systems (i.e. the addition of artificial 

15Thus in 1919 a bill was introduced by Mr. Keriny, "An Act 
Respecting the establishment of community halls in Rural Districts." 
9 Geo. v. ch. 55 p. 336, Statutes of Ontario (1920). The Govt. would 
provide 257. cost. In 1950, the act was amended to "any municipality". 
(i.e. not necessarily rural). 



Figure. 28. 
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fluorides) as a means to reduce dental cavities began in the 1940's 

in a series of controlled experiments in Michigan, New York and 

Brantford (Ontario). The success of these experiments led to approval 

and endorsement of the practice by National Medical and Dental 

16 Associations. Consequently, other municipalities with low natural 

fluor ide content in their water supplies also began fluoridation. 

However, certain groups opposed to fluoridation . on political and 

medical grounds resulted in the innovation becoming a controversial 

17 issue. The spread of fluoridation decisions is shown in Figure 27. 

Initially, decisions are close to Brantford during the early 

1950's. Subsequent decisions appear to be strung out but generally 

in southern sections of the province. Up until 1967 most decisions 

are made in centres with a population greater than 2,500. 

Discussion 

The complexity of the spatial development of adoptions as shown 

in Figures 19-28 illustrates the problem of deriving general statements 

from visual examination. of point patterns • . However, certain tentative 

observations can be made. 

~ ' . 
For a comprehensive account see: -Maier, F.J. Manual of 

Water Fluoridation Practice. (McGraw-Hill, 1963). 

17 The co~troversy over fluoridation can be followed in the 
Debates of the Ontario Legislation from 1954 onwards. The Ontario 
Govt. carried out a report into the matter (1960), and the Federal 
Govt. also carried ou~ an Inquiry (1962), both of which favoured 
fluoridation. 
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A comparison between the pattern of centres as illustrated in 

Figure 4A (page 46) and the diffusion of adoptions as shown in 

Figures 19-28, demonstrates the influence of the clustering of centres 

in the south central section, which tends to be an area of early 

concentration of adoptions and the absence of centres in the eastern 

part, which has few adoptions. 

A south to north progression of adoptions is evident probably 

relat ed to the concentration of larger towns and cities along the 

southern edge of the area. 

The effect of transportation and communication links is manifest 

~vith early adoptions strung out from ~-1est to east (e. g . Figures 21-23) 

in a "corridor" effect along the southern edge. In addition, the 

effect of other routeways is also evident with adoptions spreading 

along the roads to Goderich, Owen Sound and Huntsville, in a finger 

like manner. This is shown not only i~ the spread of the early 

innovations, such as Hechanics' Institutes (Figure 20) b.ut also in 
I 

the r ecent innovations such as credit unions (Figure 24). Thus, there 

may \V'ell be_ a parallel with Hagerstrand' s observation in Europe, that 

routeways of ideas have roots in the past which have maintained a 

certain continuity up to the present. The importance of the southern 

"corridor" is reinforced by its close proximity to the United States. 

It is f rom the latter source that most of the innovations were 

derived even though the innovation originated in Europe or even Quebec. 

Turning from a visual examination of the spread of adoptions ~-1e 
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nmv a ttempt to understand hmv the process of diffusing adoptions 

occur s. Did the larger centres influence the spread of adoptions, 

as t he clustering effect suggests? The patterns of spatial diffusion 

of i nnovations in Southern Ontario suggest from a visual examination, 

that a clustering of follov1ers near initial leaders may have occurred 

both in those cases where innovation adoption dates are related to 

population size of centre and where no relationship between the two 

exists. 

However, it is obviously difficult to estimate whether this 

apparent clustering is significantly different from a random pattern 

unl ess a more precise measurement of the relationship is made. 

Furthermore, the clustering may be due to a clustered population which 

would pre-determine a contagious process. Consequently, some more 

precis e methods of description and analysis must be discussed and 

then applied to the patterns of diffusion. 
' !: 

Uethods of Analysis 

Various methods have been developed to describe and categorize 

point patterns and their deviation from randomness. Clark and Evans 

(1954) define a random point pattern where 

18 

"any point has had the same chance ·of occurring 
on any given sub area as any other point, that 
any sub area of specified size has had the 
same chance of r eceiving a point as any sub 
area of that size ; and that the placement of 
each point has not been influenced by that of 
any other point."l8 

Clark, P.J. and Evans, F.C. (1954). Distance to nearest 
e i ghbor as a Measure of Spatial Relations 

35 , 445-53. 
in Populations. Ecolosy , 
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The methods employed to test the deviation of an observed pattern 

from a random pattern can be classed into two groups: quadrat 

analysis and order neighbour distances. 

The use of the quadrat counting method has been discussed by 

P. Greig-Smith (1967) and I<. A. Kersha\v (1964). The application of 

this methodology to geographical problems has been mainly by 

A. Getis (1964), M. F. Dacey (1966, 1968), D. \-1. Harvey (1966, -1968), 

and G. Olsson (1966) • .. The method consists of counting the frequency 

of occurrence of a population in either a sample of randomly located 

quadrats or in all the quadrats of a grid and then comparing the 

observed distribution with an expected distribution generated from an 

hypothesized process. 

Harvey (1966) has shown that the negative binomial distribution 

gives a consistent description of diffu·sion patterns as originally 

mapped by Hagerstrand (1952). Despite the generality of the model 

certain problems exist in using the quadrat counting met_hod. The 

chief problem concerns the size of quadrat used since by variation 

in quadrat size one also varies the density of points and consequently 

the rates of diffusion and the basic assumption of independence 

(Harvey 1968). 

The problem therefore is, given the 11successful fits in a \vide 

19 range of circumstances11 there are opposed theoretical interpretations. 

19 Harvey, D. op. cit. (1968) p. 92. 
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Consequently Harvey (1968) suggests three lines of approach. 

(1) further statistical analysis of the point patterns noting the 

behaviour of. the parameters. (2) evaluation of the scale factor and 

(3) more empirical data to see whether contagion is "true or apparent". 

Order Ne i ghbor Distance Measures 

The nearest neighbour method has been reviewed by Clark and 

Evans (1954), P. Haggett (1965) and L. King (1969). In geographical 

studies the method has been used by Dacey (1963, 1964-·A, 1966-A), 

King (1961) and Getis (1964). There are two tests for randomness of 

the distribution of distances between neighbours. The first test is 

based on the assumption that given a random point pattern, the nearest 

neighbour distances are normally distrfbut~d • 

A second test makes use of a 
2 

X 

. , 

statistic (Dacey 1963, 1964a) 

where the distance from a randomly selected point to its jth nearest 

neighbour is described by a gamma probability law. 

Reflexive Pairs 

Clark and Evans (1955) show however, that a random pattern 

contains a high proportion of reflexive pairs, that is, where two 

points have each other as a nearest neighbour (in a random distribution 

the proportion of points having Nth order reflexive pairs is (2/3)N). 

To overcome this problem analysis has been extended to include first, 

th second, ••• , N order distances and comparing the averages of each 

order to the expected value of a random pattern. Dacey and Tung (1962) 

have also extended the statistic by dividing the area around points 
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into sectors and then finding the nearest neighbour in each sector. 

But this latter method has the disadvantage that assumptions 

underlying the derivation of r 
e 

do not allow for empty sectors, 

while a nearest neighbour in a sector may actually be further away. 

Dacey has recently shown that the method of calculating values 

f h h i 1 . f fl i . i 20 or ·t e t eoret ca proport~ons o re ex ve pa~rs s wrong. 

Other Problems 

In an empirical analysis other problems arise with the use of 

nearest neighbour methods. Firstly, points outside t he area may be 

nearer neighbours to points specified within the area. A similar 

problem associated with boundary definition is that by varying the 

area one automatically varies the density of points. The effect of 

this can be seen in Table 4 in which ~11e have a nearest neighbor 

analysis on the 112 sample points of central places for different 

definitions of Southern Ontario. Land area A represents Southern 

Ontario with a northern boundary drawn at French River/Mattawa River, 

giving a total land area of 45,656 square miles (excluding Algonquin 

Park). Land a~ea B represents Southern Ontario south of a line 

drawn approximately between Bracebridge and Pembroke, giving a total 

land area of 38,249 square miles. 

The result of calculating the nearest neighbor statistic show 
values 

"R11Jfor area A that they are significantly different from random at 

20 th Dacey, M.F. Proportion of Reflexive n order Neighbours 
in Spatial Distributions (unpubl.) (n;d.). 
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some points in time but not others (diffusion of power companies). 21 

On the other hand, "R" values for area B are never significantly 

different from a random pattern. 

The boundary problem also arises since some central places in 

the United States are nearest neighbours to certain Canadian places·. 

(Detroit/Windsor, Buffalo/Fort Erie). 

Finally, the statistic is not particularly useful if the final 

pattern is more clustered than random, rather than towards evenly 

spaced, ·since this would not necessarily mean ·a contagious process 

per se but the predetermined outcome of a clustered group of adopters. 

TABLE 4 

Table of values of Nearest Neighbour Statistic "R" 

for two definitions of Southern Ontario 

Area A N Area 

.69 13 .74 

.83 33 • 89 

.93 51 1.00 

• 92 . 73 .98 

.88 93 .95 

.88 107 .94 

.88 112 .94 

Significant at • 95 level. :. 

Area A • Boundary drawn at French/Mattawa Rivers, with 
Algonquin Park omitted. 

Area B • Boundary dra'm as a line between (approx.) 
Gravenhurst and Pembroke. 

B 

21R • Dobs/{0.50(A/N)~}, see Haggett, P. op.cit. p. 232 for a 
n 

discussion of this st~tistic. 
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Cliff (1968) uses the contiguity ratio to examine Hagerstrand's 

da ta for statistical evidence of a "neighbourhood effect'', and 

concludes that the pattern of adoptions is not significantly different 

22 
from random. Apart from the possibility that the data is 

exceptional and the usual scale problem associated with quadrat 

methods, Cliff also suggests that the effect (neighbourhood) may be 

distorted by population inhomogeneities. 

Eidem (1968) employs the nearest neighbour statistic (R) to 

examine patterns of adopting of innovations requiring community 

decisi ons (e.g. fluoridation, swimming pools) in North Dakota. He 

shows that 'R' values vary over time and between different innovations 

and then gradually approach the present urban pattern which is more 

regular than random. 

Developing a Measure 

In view of the problems which have arisen in the implementation 

of the methods described above and in view of the type of data being 

processed it was decided to employ the simple measure developed in 

Chapter five (p.69ff.) The procedure is outlined as follows:-

(1) Dichotomize central places as potential adopters, into 

LEADERS and FOLLOWERS: such a division will necessarily vary from 

22 
' 
' !: 

For a review of contiguity methods see:- Dacey, M.F. A Review 
Measur es of Contiguity for Two and K Color Maps. Tech. Rep. 2. 
Spatial Diffusion Study, Department of Geography North Western 
University (1965). 
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system to system and according to the innovation concerned; however, 

consi derable empirical .. research justifies this dichotomy but so f ar 

has only designated "peers" at the micro scale. It is feasible t hat 

a .trial and error method could be employed to achieve the dichotomy 

i f necessary. For example, in the analysis of Power Companies the 

divis i on was set at places with a population > 5,000 designated as 

Leaders, < 5,000 designated as followers. (Population size of central 

places). 

(2) The FOLLOWERS can then be dichotomized into EARLY and LATE 

with t he division being set at the median year of adoption. Clearly 

the di vision need not necessarily be a dichotomy but could be extended 

according to a ' further subdivision of the adoption curve for that 

class . (c.f. early, early majority, late majority, laggards). 

(3) Neasure distances of FOLLO\.JERS from LEADERS, where distance 

is defined as a straight line between o~o points. Check whether the 

distances approximate a normally distributed random variable. 

(4) Calculate the average distances of FOLLOWERS from nearest 

LEADER. 

(5) Test whether the average distance of EARLY followers is 

significantly different from average distance of followers from a 

l eader using "t" test for differences between means. 

Results 

The measure was applied first to three innovations where an 

as sociation be~een adoption date and size of centre exists. The 

hypothesis can be framed as follows: 

. / 
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TABLE 5 

INTER-ADOPTER INFLUENCE AS SHOWN BY THE ORDERING OF POINTS IN SPACE 

Innovation 

(1) 
Credit Unions 

(2) 
Power Companies 

(3) 
Waterworks 

(4) 
Arena Subsidies 
(no significant 
relationship be
tween adoption 
date and size 
of centre) 

1. 

3. 

Mean Distance of 
Early Followers 
From a Larger 
Earlier Adopter 

33.6 

37.0 

50.8 

36.5 

Total Average 
Distance of All 
Followers From 
Earlier Adopters 

37.7 

45.0 

70.8 

46.4 

DISTRIBUTION OF DISTANCES 

2. 

4. 

"t" Test 

signif. 
at .001 

level 

signif. 
at .05 
level 

signif. 
at .001 

level 

signif. 
at .001 

level 



"small central places which ·are early adopters 
tend to be nearer to larger centres which are 
previous adopters than those small centres 
which are late adopters." 

The level of significance can be set at a = .05. A check of the 

distr ibution of qistances between centres shows that they are -

norml:llly distributed (Table 5). Applying the "t" test to the 

distances of early adopters it is observed that they do have a 
! 

significantly shorter average distance from a leader than the later 

adopters (Table 5). It can also be seen that results significant are 

at the .05 level. Therefore the hypothesis is accepted. 

If the same hypothesis is applied to that sub-class of 

innovations requiring community decisions which do not have a 

significant association between adoption date and size of centre, 

the designation of "leaders" and "followers" has to be defined in a 

slightly different manner. Since the adoption date/centre size 

relationship does not hold, leaders can be designated as the first 

23 10% of adopters. Again, a trial and error scheme could be devised 

to accommodate varying definitions of the total percentage of 

adopters who are leaders. (The lower inflection point of the adoption 

curve might be a suitable division). 

Having defined "leaders" as the first 10% to adopt, the same 

procedure of measuring distances of followers from leaders can then 

23see Rogers, E. (1962) for further discussion of this point; 
see especially Chapter 7. 
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be employed to analyse the patterns of communities adopting community 

centres/arenas, an innovation. where a significant relationship 

between adoption date and size of central place does not exist. The 

results are shown in Table 5 where it can be seen that the distances 

of early adopters are again significantly shorter. 

Discussion 

Chapter 5 shows that awareness of innovations (the arrival) is 

closely associated with the population size of central place. 

However, it has also been demonstrated in this chapter, that adoption 

dates (terminals) do not necessarily have this relationship with the 

independent variable, but that two distinct sub-classes of 

innovations requiring community decisions exist; those having a 

signif icant correlation and those without. 

I t has also been found that the rate of adoption varies according 

to the innovation concerned. Some innovations diffuse quickly from 

large to small centres while others are adopted in large~ centres 

for several years and then spread very quickly through the remainder 

of the system. The reasons for these variations are as yet unclear 

and await further investigation. Despite this variation, the number 

of yea~s taken for adoptions to diffuse through the system from large 

to small centres are not significantly different for each innovation 

except for waterworks and mechanics' institutes which develop with 

the urban frontier in the mid 19th century and would hence have taken 
. / 

longer to diffuse. 
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The spread of adoptions reflects also the uneven pattern of 

centr es l-lith the concentration of large cities and towns along the 

southern edge . Since most innovations , discussed here have a close 
., 

association betlveen adoption date and size of centre, a south to 

north development is observed. The influence of routeways is also 

appar ent, not only in channelling growth but also in creating a 

"corr idor effect" along the southern edge of the province. ?:"his 

reflects not only the pattern of larger urban channels but also the 

proxi mity to the United States, the immediate source of most of the 

innovations. 

An analysis of the adoption patterns attempts to describe how 

the diffusion process takes place. It does appear that evidence of 

a nei ghborhood effect is present, where small centres near larger 

earli er adopters adopt earlier than those further alvay. 

In view of the existence of two sub groups of adoption dates and 

in v i ew of the uneven distribution of central places in Southern 

Ontar io (centres are clustered in central and South West Ontario) 

the f act that a 11neighbourhood effect" is observed in both sub groups 

by a method which is not a pattern measurement demonstrates the 

gener ality of the neighbourhood hypothesis . However, the foregoing 

analysis of adoption dates still represents a surrogat e method for 

establishing inter-adopter influence where early adopters tend to be 

closer to previous adopters than those which adopt later. 

Consequently, in order to understand how some adoption dates of 



1~ 

innovations requiring community decisions are related to centre size 

and others are not, and also to establish that decision makers in 

this class of innovations do make contacts for further information 

about innovations, an examination of the decision making process 

which occurred between awareness and adoption must be made. In 

doing so, it is hoped that some indication of the nature of variation 

in the length of the adoption process will emerge. 

i 
., 



CHAPTER 17 

An Analysis of Decision Making: the Processing of Innovation Decisions 

Introduction 

From a consideration of "arrivals" and terminals we can now 

examine direct evidence of the intervening decision making activity, 

the "process time". It was shown in Chapters 5 and 6 that innovation 

awareness dates have a significant association with the population 

size of central place; however, the analysis of adoption dates shows 

that while a similar association exists with size of centre for some 

innovations, a distinct sub-group exists in which there is no 

apparent association between adoption date and population size of 

central place. 

Analyses of the spatial developme~t of adoption show that a 

neighborhood effect appears to have been present although this had 

not been the case in the spr~ad of initial awareness. However, this 

type of analysis of inter-adopter influence still represents a 

surrogate method based upon the relative position of points in 

space and is not a direct measure of behavior. 

Consequently, there is every need to examine the decision making 

processes which result in an adoption both in terms of understanding 

why a deviant sub-class should occur and secondly to clarify our 
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understanding of the spread of adoptions by direct analysis of 

inter-adopter influence through the actual contacts made between 

adopters. 

The importance of understanding and describing decision making 

systems and measuring their learning capacity in terms of innovation 
I 

1 adoption is stressed by Deutsch. However, an operational problem 

lies in the lack of an analytical framework within which to analyse 

the processes of decision making. 2 Several qualitative models have 

been advanced, ranging from Weber's "ideal types" 3 to t he structure-

4 f unction concepts of Talcott Parsons , and more recently, Simon's 

models of rationality and adaptive behaviour. 5 The problem lies in 

applying the general conceptual models to a specific set of systems. 

Several analyses of the processes of depision making in urban systems 

6 have been made but these are not described in general terms. 

~eutsch, K.W. The Nerves of Government: Models of Political 
Communication and Control, (Free Press of Glencoe, 1966) ·p. 161 ff. 

2 Numerous studies have been made of municipal government and 
also of urban politics and the processes of decision making 
involved. However, the greater part are case studies and provide 
no general approach to describing and measuring decision processing. 

3 Weber, M. The Theory of Social and Economic Organization, 
(Free Press Glencoe, 1947). 

4 Parsons, T. & Shils, E. Towards a General Theory of Action, 
(C.U. P. 1951) 

5s imon, H. Administrative Behaviour: A Study of Decision Making 
Pr ocesses in Administrative Organization, (New York, 1957). 

6 See for example, Dye, T. & Hawkins, B. Politics in the 
Metropolis (Merrill, Columbus 1967). 
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Furthermore surrogate methods are used to differentiate between 

optimum and actual outcomes. (i.e. to identify the behavioural 

factors involved). 7 Yet despite these conceptual advances little 

8 empirical work has been produced, other than case studies of 

individual cities. 

· The conceptual outline describes an approach to the description 

of the processing of decisions using a queuing analogue. This type 

of analogue has been applied so far to physical systems rather than 

9 to socio-economic systems. However, in using an analogue of this 

kind it should be possible to organize and measure the processes 

and structures whereby an innovation is processed by a decision making 

system. There are certain limitations to the following analysis in 

that certain variables such as the attitudes, education levels, social, 

political and ethnic backgrounds of the members of the decision making 

10 group are not considered! However, despite these limitations if 

some simple statements concerning the processing of innovation 

decis i ons are possible, the outstanding problems in diffusion research 

could possibly be tackled more effectively. 

7 Wolpert, J., op. cit. (1964). 

8 White, G. Social and Economic Aspects of Natural Resources, 
in Burton, I. & Kates, R. op. cit. p . 504 ff. 

9 See for example, Thomas, A.H. Queuing Theory and Reservoir 
Design, Proc. of a Symposium on Computer Applications, Harvard, 1962. 

10 For a recent appraisal of such factors see: Schiff, A.L. 
Innovation and Administrative Decision Making: the Conservation of 
Land Resources . Administrative Science Quarterly 1967, p. 1-30. 
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The Structure of Decision Making 

The processing of problems by municipal councils11 can be 

described as a waiting line or queuing analogue. Just as cars arrive 

at tolls, passengers at counters and components at an assembly point, 

so too, problems requiring evaluation, discussion and decisions, 

arrive and confront decision makers and thus can be described in the 

same manner. In this case, this means that problems recorded in the 

minutes and records of council meetings (in queuing terminology 

designated as "arrivals") can be described as they pass through or 

are processed by the system. Naturally, the same approach could be 

applied to other decision making systems as well as municipalities. 

The actual "arrivals" take on several forms, being either a 

letter, petition, personal representation or actually an issue raised 

by a member of the council. The processing of the problems depends 

upon the frequency of their arrival and the structure of the processing 

system. The frequency of arrivals can be measured for certain centres 

at different times. Typical frequency distributions for arrivals for 

12 different sized centres are shown opposite. (Figure 29) Not 

unexpectedly a relationship appears to exist between the frequency of 

arrivals and the size of centre concerned. If one wanted to evaluate 

11 For a history of the development of the system see Plunkett, J.T. 
Urban Canada and Its Government (Toronto 1968). 

12 .. 
From a preliminary survey of municipal records for recent 

years; it seems as if no great increase of arrivals has occurred, 
except in the largest cities. 
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TABLE 6 

ARRIVALS REQUIRING STRATEGIC DECISIONS 

INNOVATIONS REQUIRING MUNICIPAL DECISIONS SOUTHERN ONTARIO 1850-1968 

tvaterworks 

Library(free) 

Town Hall 

Street Cars 

Civic Hospital 

Bridges 

Branch Railway Lines 

Chlorination of Water 

Filter Systems 

Prohi bition 

Local Option(Liquor By-Law) 

Parking - By-Laws 

Electrical Power 

Fire Brigades 

Transit Systems 

Telephone Systems 

Theatre Opcning(Sundays) 

Fair Grounds 

Sewage Systems 

Pasteurization City Manager Plan 

Community Halts/Swim Pools Civic Arenas 

Parking Meters Skating Rinks 

Fluoridation Civic Airports 

Civic Malls Freeways 

Public Housing Urban Planning 

Redevelopment Senior Citizens Houses 

Social/Welfare Centres 
. / 

Mid and 

Late Cl9th 

Early C20th 

Mid C20th 



the cap~city of the system for effectively processing all tvn es of 

arrivals, the frequency of the arrivals ~~auld be an i~porta~t 

consideration. Hm.,ever , we are concerned ~vith the processing of 

in~ovation decisions, a particular category of arrival requiring a 

stra t egic decision. 

Hauy of the arrivals are problems which are routine in nature 

such as street repairs , traffic controls, annual tax collection and 

aldermanic elections. Usually, such routine matters are sumDarily 

' 13 
dealt with. Ho~.,ever, certain other arrivals repres ent a 

departure from existing norms, requiring evaluation and strategic 

decisions on the part of the municipality. Innovations are typical 

of these non-routine or unprogrammed arrivals. Table 6 lists so-:ne 

of the more important innovations which have been and in some cases 

arc s t ill being considered in the central places of Southern Ontario 

and many other urban systems of the world. 

The general structure of the processing of these problems or 

"arrivals" can be sh~m in flo~.; diagram form describing the 

interaction of various sub-rout:i.nes. (Figs. 30-32). These sub-routines 

(e.g. contact, consideration, searching) are the sub-decisions ~vhich 

co~rise the total processing time (that is the 

ela?sed time between the initial awareness of the innovation and the 

13For a simulation of routine decis ion processing see:
Crecine , G .P. A Co::1puter Sinulatio:. !'fodel of !-!unicipal Budgeting, 
:Jan<:H!e::.e~t Science Vol. 13 (2) 786-815 (1967). 
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final decision). Sufficient data are available for a description and 

analysis and decision processing concerning power systems, municipally 
. / 

contr olled power systems and fluoridation. 

Des cription and Analysis of Decisions 

ELECTRIC PO\lliR SYSTEMS 

The structure of decisions made by municipalities concerning 

electric power systems during the late 19th century ~ shown in 

Figure 30. The innovation was brought to the attention of the 

councils most frequently by propagators' agents and to a lesser extent 

by public petition and initiative on the part of a particular council 

member. It can be seen that the time taken to process the innovation 

is r elatively short in most cases since most decisions to adopt the 

innovation were made within one year of the initial awareness. 

_(Figure 30). Irrespective of the population size of the centres 

14 concerned, a negative decision appears to have been made first 

(i.e . not necessarily one of rejection, but one of no further action). 
! 

This response may represent a form of insurance reflecting uncertainty 

until more information is forthcoming. 

The centres then appear to have been contacted a second time 

by the propagators; this appears to result in a more concerted 

attempt to evaluate the innovation either by'searching for more 

14Here a positive decision is defined as one which leads to a 
change in the system by some action on the part of the decision 
makers . A negative decision - as one which leaves the system unchanged. 
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information by contacting other municipalities or inviting tenders 

from electrical compan~es. The outcome of this search for information 

in most cases leads to a decision to adopt the innovation; hmvever, 

this is not always the immediate result since some centres go 

through the contact-evaluation-search process several times before 

a decision to adopt is actually reached. This "looping" effect is 

evident in the decisions made by Galt, Fergus and Thorold; in the 

latte r case the looping goes on several times before a decision is 

eventually reached, even though the councils are aware of the 

innovation as early as 1886. 

The process times for the larger centres are short in that a 

decis ion' is arrived at quickly. (e.g. Hamilton, Chatham). The city 

council of Hamilton first became aware of the innovati on late in 1884. 

After consideration, the propagator's offer is turned do~vn, but the 

matter i~ then put to open tenders with the lowest tender being 

15 accepted within a few months . 

Further examination of the flow diagrams reveal that although 

it i s quite common for municipalities to search for more information 

(more than 50% of the councils did undertake a search), From an 

exami nation of the municipal records there is evidence that a search · 

is undertaken by some of the other centres but no information 

conce rning the other centres actually contacted was recorded (thus 

50% can be regarded as a very conservative figure). 

15 Minutes of council meetings, City of Hamilton, Hamilton Public 
Library (unpublished). 

. / 
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The decisions made concerning power systems can be taken as 

representative of the majority of innovations which are non-contro

vers i al in that no resistance is present and a close association 

between size of centre and date of adoption exists. From a 

consideration and description of this type we nm~ turn to a 

description of two "controversial" innovations, namely municipally 

controlled power systems and fluoridation. 

MUNICIPALLY CONTROLLED POWER SYSTE't-1S 

The flow diagr~of the decisions made concerning municipally 

controlled power systems are shown in Figure 31. Awareness is 

invariably the result of interested council members raising the 

question . Unlike the previous innovation which, although a 

technological innovation is propagated in a traditional and 

acceptable form (companies), municipally controlled systems represent 

a radical and innovative departure in municipal government itself. 

An examination of Figure 31 shows that overall proc~ss times are 

much longer for this innovation than in the case of po~~er companies. 

This longer process time probably reflects the greater frequency of 

sub- decisions and repetition or looping of decision sequences 

(Figure 31). It is also apparent that the longer process times can 

be associated with larger centres which are aware of the innovation 

early but take a long time to arrive at an adopting decision. 

Figure 31 shows that process times are typified by negative decisions 

which produce the looping effect.: Examinat ion of municipal records 
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show that sub-groups within and beyond the council opposed t o the 

innovation are active in preventing adoption particularly in t he 

larger centres, resulting in the negative decisions. 16 

In the case of Windsor one of the :larger centres which adopts 

relatively early (1890), the idea of municipa l control is raised late 

in 1886 by the sub-committee. on lighting. The council was already 

dissatisfied at the service given by the power company 'tvho was 

experiencing difficulties operating the system. However, t he i dea 

is rejected by the Financial Committee of the Council. Disagr eement 

between the two committees continues and the poo;·Ter company continues 

intermittently until 1890 when a by-la'tv to develop a municipal system 

17 is put to a plebiscite vote and then passed. Similar decision 

structures 'tvith repetition and looping effects are a feature of other 

large centres but in these cases pO"tVer companies were extremely 

profitable and were naturally unwilling to relinquish control to the 

municipalities. (e.g. Toronto, Ottawa, Hamilton). 

Therefore, the complex decision flow diagrams reflect t he ef fec t 

of opposition groups to the innovation both at the municipal level 

and at the legislative level. From their structure one can discern 

not only the search component but also the process which results in 

t his particular innovation requiring community deci~ions differing 

16 e.g. Toronto, Ottawa. 

17 Minutes of Council Meetings: Chatham, op. cit. 
t..l,' t1 • ... 
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from the usual relationship between adoption date and size of centre. 

Another significant feature of the decision process is the 

invariable occurrence of plebiscite votes on the issue, again 

reflecting the controversial nature of the innovation. 

FLUORIDATION OF WATER SYSTEMS 

The flow diagrams of decisions made concerning fluoridation of 

municipal water supplies are shown in Figure 32. It can be seen that 

in a manner similar to the preceding innovation the sub-decisions are . 

complex- and show repetition of _certain sub-routines. Thus, large 

centres proceed through the contact, consideration, search and "no 

action" routine several times (e.g. Toronto, Hamilton). Small centres 

on the other hand, although they become aware of the innovation at a 

later date, process the innovation and came to a strategic decision 

to adopt quickly. 

In Hamilton (Fig. 32) the innovation is first mentioned in 1953 

by the Medical Officer of Health; no action resulted. The issue is 

raised again in 1956 and a motion to have a plebiscite is tab~ed. 

This ~s initially carried but later rescinded and the matter dropped. 

In 1957 the matter is revived and an attempt is made to have a private 

Bill introduced into the Provincial Legislature, but this is defeated 

in the council discussion. In 1961 the Municipal Board of Health 

backs the idea and a plebiscite in 1967 leads to its adoption.
18 

Similar complex repetitive processes occur in other large centres 

18Minutes of Council Meetings: City of Hamilton. Hamilton Public 
Library. 
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(Toronto, London, 1~indsor). 

In small centres, . however, the innovation is adopted soon after 

initial awareness. In Burlington, for example (Fig. 32) the idea 

of fluoridating water supplies is discussed in April 1961 prompted 

by a letter from the local association of dentists. A decision to 

adopt is made and the plant is installed later in the year. 19 A 

similar short process time occurs at Oakville although a plebiscite 

vote is taken. 20 

The similarity between the processing of fluoridation decisions 

and municipal power system decisions is very striking especially 

taking into consideration the small capital outlay required for 

fluoridation plants (generally less than $1,000. installation) and 

yet contrasting with the large capital outlay required for municipal 

power plants ($15,000. for a town). The various negative decisions 

(e.g. in the case of Hamilton) reflect the controversial nature of 

the innovation rather than the capital costs involved. 

Unlike the two previous innovations there is little evidence to 

suggest that municipalities conducted extensive contact and searching 

for more information. 

Relationship Between Awareness Date and Adoption Date 

The relationship between awareness date and adoption date (the 

19Minutes of Council Meetings: Burlington ; Burlington Public 
Library (unpublished). 

20 Minutes of Council Meetings: Oakville : Town Hall, Oakville 
(unpublished). 

. / 
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elapsed time period being the process time ) can be s een i n Fi gure 33 

which illustrates the longer process time required for t he 

cont r oversial innovations. 

An examination of the process times according to size of cent r e 

can be made by correlating the date of innovation awareness and t he 

date of adoption. Under conditions wh~re no opposition to innovat ion 

occurs adoption should correlate highly with awareness. Furthermore, 

on the basis of knowledge of the information flow, the sample of 

points should show a progression from large cities close to the 

origin to smaller centres further away. (Figure 33A). 

The relationship between date of awareness and date of adoption 

by municipalities of power systems (private companies) is shown in 

Figure 33B. It is apparent that the distribution of points is very 

similar to that hypothesised in Figure 33A where large centres are 

aware early and adopted early. Figure 33C (relationship between 

awareness and adoption of municipally controlled power system) shows 

a contrasting situation where the innovation is controversial. 

Although the larger centres are aware of the innovation early, process 

times are longer so that the actual adoption dates are not related 

to size of centre. Thus the contrast between controversial and 

non-controversial innovations which require community decisions is 

reflected in the average process times by different sized centres, so 

that the process times provide an index of the degree of controver sy 

involved and the degree of resistance to be overcome. 



The Nature of Resistance in Decision Haking 

The descriptions of decision processing shmv that resistance to 

innovations is present in each of the three innovations described in 

detai l. Resistance to innovation takes two forms; first there is 

the resistance resulting from the doubt and uncertainty on the part 

of the potential adopter. This is present in each innovation 

considered and is present always in the early stages of a learning 

21 situation. Secondly, there is the resistance associated with groups 

specifically opposed to the innovation. 

In the first case, doubt and uncertainty are overcome in most 

cases by the potential adopters contacting other municipalities for 

further information, a process which has important geographical 

ramifications. In respect of opposition groups a repetitive looping 

effect of certain basic sub-routines pccurs until eventually a 

favorable decision is reached. 

Consequently, if any description or formulations of the resistance 

threshold are to be made for this class of innovations these two 

components should be examined in more detail. The first component 

is examined in detail; the second component concerning opposition 

groups, entailsconsiderations beyond the scope of this thesis. 

However certain general observations derived from the available data 

2~ence the rising "S" shaped learning curve . For a complete 
discussion see, Atkinson, R.C., Bow·er, H. & Crothers, E.J. An 
Introduction to Hathematical Learning Theory . (New York, 1965) 
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will be presented. It must be recalled also that uncertainty occurs 

in evaluation by the decision makers in all innovations ,.;rhereas 

active opposition groups occurred in three of the ten innovations 

consi dered. Therefore of the two components of resistance the former 

is more general and therefore of more significance. 

Uncertainty, Information Deficit and Searching 

l~en people or groups are confronted with strategic decisions 

they often seek advice from those in the group who have previously 

reached a decision. Cyert and March (1963) claim that there are 

three main rules that provide an initial basis for searching. 

(1) search in the neighborhood of the problem 
(2) search in the neighborhood of the current alternative 
(3) if not satisfactory a more distant search. 

In the geographical literature it is argued that a neighborhood effect 

occurs in the spatial development of this inter-adopter influence. 

H 
(Hagerstrand, 1952, 1966). However, the greater part of previous 

., 

research relies upon surrogate methods to describe the process, such 

as analysis of point patterns of adoption dates. (a method \ve discussed 

and employed in section 5). Turning to the analysis of decisions made 

by municipal councils at the macro scale, we must establish first that 

information contacts do occur and then attempt to describe their 

characteristics. 

From the minutes and records of council meetings it is apparent 

that contacts between municipalities frequently occur on a variety 

of matters such as taxation and by-laws. Contacts are also made in 
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order to raise support for briefs and petitions to be presented to 

the Federal or Provincial Government~. As an example of these contacts 

Figure 34 shows the contacts received by Hamilton during the periods 

1890-1895 and 1945-1955 from other municipalities wanting information 

22 about certain matters. Examination of other municipalities show a 

similar type of activity; furthermore, there is evidence that it occurs 

during the whole of the time period under consideration. 23 Some of 

the contacts concern matters which are innovations according to the 

defin~tion offered earlier. These contacts take the form of either a 

~7 

written communication or an actual visit from the inquiring municipality. 

Therefore the point has been made that these contacts are not unique 

forms of behaviour but occur frequently and especially during the . 

evaluation of innovations. 

The flow diagrams of municipal decisions show that strategic 

decisions are never reached immediately. Problems requiring further 

evaluation result in the matter being either referred to a sub-committee 

for further investigation, or are filed indefinitely for future 

consideration . Such responses reflect the uncertainty associated with 

each innovation. However, where the interest of the municipality is 

sufficiently aroused contacts for further information are made with 

other municipalities to reduce this uncertainty and find out more about 

the innovation, a searching process. 

2~inutes and Records of Council Meetings, Hamilton op.cit. 

23 Figure 34 also suggests that the contacts over space have 
lengthened during the interval of 60 years. 
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Ideally, it \vould be best to have !information of contacts for 

several innovations by a large sample of municipalities. This would 

entail hO\vever, an extensive examination of municipal records . 

Ho,vever, a sufficient sample of information is available to describe 

some characteristics of the spatial development of these contacts and 

their relationship to the _size of central place. 

The pattern of contacts for further infonriation for pmver systems 

and waterworks for a sample of centres in South Hest Ontario is shown 

in Figure 35; the centre which sends the contact and the recipients 

of the contact are distinguished. 

The first observation that can be made is that the number of 

other centres contacted is larger for the ·larger centres (large 

centres such as Toronto and Hamilton make more than twenty contacts 

f or f urther information about this innovation (Figur e 36) . 

(Figure 36 also includes contacts made for waterworks systems a~d 

parking by-.laws). Medium sized centres such as Chatham, . Brantford 

and Kitchener make between five and ten contacts. Finally, small 

centres such as Thorold, Acton and Fergus make either one or t\vO 

contacts. 

~fuile the frequency of contacts can be interpreted in terms of 

the size of the centre requiring more information, it is also a 

function of the earliness of the contact. The larger centres are 

at an earlier point of the adoption cycle than the smaller centres 

and thus would require more supporting information. The small centres 

159 



>20-
z 
0 
i= 
<{ 

> 
0 
z 
z 
oe:: 15 -0 
u... 
u.J 

0 
<{ 

:E 
V'l 
I-u 
<{ 
I-

z 
10-0 -u 

u... 
0 
oe:: 
u.J 
co 
:E 
::) 

z 

5 -

0 

Figure .36 . 

THE RELAT!O S IP BE 
SIZE 0 CE TER A D 
FREQUE C I 0 CO CT 
FOR I FO TIO 

0 

I I I I I I I I I I I I I I 

10.0 

POPULATI O N SIZE IN THOUSANDS 
(Log Scale) 

160 

100.0 
EL o 
ww ..::: 
OT HER * 



are aware later and adop t ed l a t er , but by that time there are more 

adopt ers to support a decision in t hat direction , hence they might 

. require very few contacts. 

The second observation t hat can be made is that centres appear 

to obtain information from other centres of similar size rather than 

the nearest previous adopter. Thus , i n Figure 35, Thorold contacts 

Dunville for advice even though St. Catharines , ~.Jelland and Niagara 

Falls had already adopted and are nearer. Similarly, Strathroy, 

contacts Aylmer and Hount Forest, even though London and St . Thomas 

are previous adopters and are also near er. Chatham contacts several 

other centres of similar size f urther away than \-lindsor and Detroit 

which were nearer but larger (Figure 35 ~ . Further evidence is found 

of t his identity preference in the muni cipal r ecords of Ingersoll 

where the council directs the sub-commi t tee s earchi ng for more 

information about municipal fire br igades to, 

"visit towns of similar size and i mp or t ance 
as Ingersoll" (24) 

In the case of Toronto and Hamilton t he two l argest centr es under 

cons i deration, potential contacts of similar size withi n Canada are 

f ew, so that most contacts are made wi th cities located in the 

United States. 

The third observation that can be made i s that while there is 

a definite preference among the cent res f or information from other 

. / 

24 Minutes of Council Mee t i ngs , I ngersoll , .Province of Ontario 
Archives; Toronto (unpublished). 
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centres of a similar size so that the nearest previous adopter is 

not necessarily contacted, there is an apparent limit to the distance 

that a particular centre would search for more information. The 

vari ation in the distances searched is shown in Figure 37, 'vhere the 

relationship with size of centre is particularly apparent. Thus, 

the· limit to the distance searched for small centres is approximately 

100 miles, for medium sized centres the limit to t he distance searched 

is approximately 300 miles, while for the largest centre the distance 

searched is approximately 1000 miles (i.e. Eastern North America) . 

This distance/size relationship is not unexpected since small centres 

are more frequent and closer .together while the ·larger centres are 

spaced further apart so that the respective distance searched would 

have been further·. In addition the larger centre would have been 

searching for information at an earlier point in time and ,.;auld 

therefore have had to search further for information, since the previous 

adopters would be fewer and higher up the central-place hierarchy. 

Consequently, a more accurate indication of influence of United· 

States ~entres is apparent. The influence i s most marked in the 

earl y stages of adoption when larger centres sought information and 

coul d only derive it from large centres in the United States . 

Eval uation of Cost and Opposition Groups : The Nature of Resist ance 

The purpose of searching is to derive information concerning the 

cost of innovating relative to maintaining conventional technology or 
---- I 

organization. In the case of electric pm..rer this means a straightfon.;rard 



TABLE 7 

COSTS OF STREET LIGHTING LATE Cl9th S. ONTARIO 

Year Town/City Gas Electricity 
(monthly)$ (monthly)$ 

1885 Chatham 154 

1885 Fergus * 64 

1885 Guelph * 333 

1884 Hamilton 102 390 

1885 London 171 310 

1886 Mt. Forest * 48 

1886 Paris 65 133 

1884 St. Catherines 350 730 

1887 Strathroy * 45 

1885 Windsor 100 130(?) 

1885 Brantford 100 183 

1884 Toronto 425 975 

Based on Municipal Records (Unpubl.) 

* Data unavailable. 

. / 



comparison between existing methods of illumination, usually gas and 

the new form of lighting by electricity . Some cost evaluations made 

by municipalities of different sizes are shown in Table 7. All of 

this information is obtained either by search or by tender invitation. 

From Table 7 it can be seen that although returned information 

shows that monthly running costs were higher than gas lighting, in 

the early years almost double, the majority of councils go ahead and 

adopt the innovation. Two councils consider the cost as being too 

high, but even so, adopt the innovation within a short time (Galt and 

Kitchener). It appears that the advantages of electric lighting 

outweigh the extra cost involved, while electricity also had fashionable 

appeal as well. 

Opposition to the new form of lighting comes from the gas 

companies who had previously supplied lighting. Thus, in St. Catharines, 

25 the gas company attempted to charge the council for displaced lamps • . , 

One centre where opposition was particularly strong is Sarnia . Gas 

lighting diffuses through the larger central places during the 1850's 

and reached Sarnia in 1884. H~vever, rather than adop t electric 

light which had only been installed in a few places by 1884, the 

26 council adopts gas lighting. In 1889, the median year of adoption 

of electricity for towns of this size, an attempt is made to introduce 

25 
St. Catharines, Minutes of Council Meetings , on. cit . 

(Nov. 1886). 

26 Sarnia Observer 1884, August 18. 
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electric light but this is rejected by a majority of the council who 

27 supported those ~11ho had bought stock in the gas company. Consequently , 

electricity is not adopted until 1900. 

Some gas companies attempt to circumvent the economic challenge 

of the new technology by generating electricity themselves and 

offering to suppiy electric pm11er as ~11ell as the traditional form of 

gas lighting. This happens both in Guelph and Toronto, as well as 

other places. vlhereas in Guelph this ~11as accepted with little 

28 
opposition , in Toronto some councillors were averse to the gas 

company's interest in one of the power companies since it was, 

"emerging from one monopoly to fall in hands 
of another" 29 

As a compromise, many councils adopt electric light for the main street 

and continued with gas light on the side streets. 

It can be seen that searching was important for providing 

information for cost evaluation of the innovation in relation to 

the existing form of lighting by gas. \~ile the cost was higher, 

this was disregarded in the view of improved lighting obtained and 

increased community prestige. That it was an improvement is invariably 

stated in the information provided by other previous adopters. 

27 Ibid. 

28 Guelph, Minutes and Records of : Council Meetings. 

29 Toronto Mail, April 16, 1884 . 
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Municipally Opera ted Power Systems 

Just as searching provides inf ormation on costs of electricity 

as supplied by companies, so too, searching provides data f or the 

evaluation of municipally operated power plants. Evaluation i s based 

on the cost of electricity supplied by the local company and the cost 

of power when supplied by a municipally owned power system. 

In 1894, Hamilton's contacts with several American cities show 

conclusively that the costs of operating a municipal sys t em are much 

30 less than the rates charged by the local power company. In the 

same year Ottm~a contacts other American cities operating power 

systems (e.g. Chicago and Fort Wayne) and concludes that t he costs of 

31 municipally operated power are less. A similar enquiry by a 

sub-committee of Toronto City Council also show that costs of electric 

32 power would be less with a municipally-run system. Consequently, 

the decisions to proceed with a municipal system by these cities are 

based on the information provided by the searching process and an 

evaluation of the costs involved. 

Opposition to the adoption decisions comes from the power 

companies working through the provincial legislature who prevent 

munici palities from competing with private systems. Thus, although 

30 Special Report of Electric Light Co~~ittee . Hamilton_ City 
Council . Hamilton, 1894 (Hamilton Public Lib rar y). 

3~ecords of Ontario Hydro Corporation filed under Ottawa 
(Records Division) (unpublished). 

32rbid. filed under Toronto. 

1M 
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municipalities had explored and evaluated the costs involved, the 

·provincial government prevents them from going ahead with their plans 

to adopt the innovation. The struggle between municipalities and 

the power corporations is described by Bolton, R.P. (1913), 

Biggar, E. (1920), Ashworth, E.M. (1955), and Dennison, M. (1960). 

The resistance of powerful economic groups is also manifest in 

the political opposition to the innovation, so that it is only after 

tremendous pressure that the Provincial government inquires into the 

problem (1903). The innovation is challenging control of the political 

system in advocating public O\vnership of utilities, 33 since the 

existing provincial government favored private corporation develop.m~ 

and in attempting to prevent the development of this innovation 

inserted the Conmee Clause into the existing utility legislation. 34 

Ultimately, the formation of the Ontario Hydro Power Commission 

in 1906 after a prolonged gpvernment inquiry on municipal ownership, 

enables towns and cities to provide their own power, and compete with 

private utility companies. The rates charged to consumers as a 

resul t are frequently halved. 

Part of the difficulty in the way of municipal O\vnership lay in 

33 The Return of Municipal Undertakings (1903) Appendix to 
Legislative Assembly Journals - has a detailed discussion of the 
economic, political and social ramifications of municipal O\vnership. 

34The Conmee Clause was passed in 1899 to prevent competition 
between existing power companies and any new publicly owned company. 
Dennison, M. (1960) op. cit. p. 28 ff. 



TABLE 8 

INDEBTEDNESS OF MUNICIPALITIES 1904 

Town 

Toronto 

Ottawa 

St. Catharines 

London 

Hamilton 

Windsor 

Woodstock 

Amount of Capital Borrow·ed 
(thousands of dollars) 

3895 

1524 

331 

799 

1134 

316 

146 

Capital borrowed to operate waterworks, electric power 
systems, gas systems. 

Based upon the Report of the Select Committee on 
Public Utilities, Toronto, 1903. 



the hi gh initial cost in building a power system, particularly when 

it is realised that many centres were already borrowing heavily to 

finance other municipal undertakings such as watenvorks , and the 

subsequent increase in local taxes involved. The larger the centre 

involved the greater the amount of capital that had to be raised. 

Table 8 shows some of the indebtedness of municipalities at this tine, 

indicative of the economic deterrent to adoption . 

Consequently, it can be seen that searching provides data for 

evaluation and can lead to favorable decisions to adopt since despite 

high initial outlay on capital, operating costs would be much less for 

a municipally operated system. However, despite the favorability of 

information received, the groups in control of the system at the 

Provincial government level effectively delayed the actual i mplementation 

of the adoption decision particularly in the large centres, such as 

Toronto , Hamilton, Ottawa and St. Catharines for two or even three 

decades. 

Fluoridation of Water Systems 

The diffusion of fluoridation displays similar decision making 

structures to the previous innovation described above , whereby large 

t owns and cities although aware early adopt later due t o the presence 

of opposition groups, particularly active in larger towns and cities. 

However, unlike the previous innovations described, cost is not a 

main feature of the controversy, nor a maj or concern of the opposition 

groups . 



Evaluation depended upon the evidence furnished in medical and 

dental reports. Early adopters follo'" the advice of local medical/ 

dental associations and interpreted existing legislation favorably, 

adopting the innovation as an internal decision or as a plebiscite 

decision. 

However, opposition to the innovation gradually develops for 

various reasons such as, fluoridation represents enforced medication, 

35 is unsafe, or has not been tested long enough . Opposition groups 

use as a main ,.,eapon the fact t hat under the existing Municipal 

lJaterworks Act, municipalities could not add fluorides to water 

systems. In addition a greater part of the opposition to the 
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innovation comes from the Government s ide of the Provincial Legislature. 36 

· The ensuing conflict and controversy prevents any adoptions during the 

period 1957-1961; but, under pressure from those favouring fluoridation 

a commission of inquiry is held in 1961 which ultimately leads to 

Government approval of the practice. Thus , the Municipal Haterworks 

Act is amended to allow fluoridation as an out come of plebiscite 

voting . 

35 In Toronto, there was a lso the opposition from the suburban 
municipalities who sa'" the decision of the metro city council(,vho 
sold water to them)as further evidence of centralization to '"hich 
they were opposed. See, Kap lan, H. (1967) p . 115 ff . 

36 Debates of the Provincial Legislature of Ontario. See from 
1954 onwards - intermittent debates but mainly in debates over 
Department of Health estimates. 
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Therefore, it can be seen that a considerable similarity exists 

between t he resistance to muni cipal electric pmver and the resistance 

to f luoridation. Even though municipalities acquire sufficient 

supporting informat ion and r each adoption decisions, actual 

imp l ementa tion is blocked by t he provincial level of government. 

Consequently, the existence of a sub-class of innovations (requiring 

community decisions) which do not follow the usual relationship 

be tween size of centre and date of adoption can be explained in 

t erms of social and economic variabl es such as opposition groups and 

costs involved. 

Although the discussion has been concerned with innovations 

r equiring municipal decisions, it can be s een that similar resistance 

is encountered in the spread of credit unions i n both Canada and the 

United States, particularly in t he case of the latter country . Until 

legislation is passed either at the provincial or state level the 

i nnovation can not diffuse through the system of central places 

withi n them. lienee t~is would explain the hold-out of some states 

and provinces in Figure 14, (e. g . Pennsylvania). 

OvervieH 

This chapter examines t he pr ocessing of innovations requiring 

munici pal decisions us i ng a queuing analogue . Particular attention 

f ocuses on those sub components of the decision making process having 

geogr aphical significance, such as i nter- adopter influence. It is 

f ound that the frequency of arri vals r equiring processing are related 
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to size of centre. Furthermore examples of innovations as arrivals 

during the period 1850-1970 are cited, repre~enting arrivals requiring 

strategic as opposed to routine decisions. An index of the degree of 

controversy and hence length of processing t ime involved is provided 

by a correlation between date of awareness and date of adoption. 

While total process times are composed of several sub-components 

attention focuses on inter-adopter influence during evaluation, 

because of its significance as a comp onent of the learning process and 

its inherent geographical ramifications. Contacts between decision 

making groups appear as common forms of behavior varying according to 

size of centre, the linear distance between sender and receiver and 

according to some form of identity preference. The results of the 

pattern analyses of the previous section are confirmed, in addition 

significant characteristics not discernable by pattern analysis have 

also been observed such as the identity preference. 

It can be seen that the influence of the United States on the 

s pread of adoptions is most marked during the early stages of 

adoption, when large centres can only refer to other large centres in 

t he U.S. \Vhile the cost factor app ears to be a maj or motivation 

behind the searching process, it must also be viewed as a process of 

seeking group support as well for something more beneficial yet ~ore 

costly. This is borne out by the fact that electricity is twice as 

expensive as gas yet centres go ahead and adopt; that the adopt·on of 

municipal power systems entails cons iderable controversy and high 

. / 
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init ial capital costs and that fluorida t ion whi le costing very little 

also provokes considerable argumen t and cr i t icism. 

The flow diagrams make possible an identification of the 

sub-components of the decision making process, shm~ing how resistance 

in the learning process is composed of elements both i n t ernal and 

external to the decision-making group, that the process time i s 

composed of certain basic sequences repeating themselves and t hat t he 

decision making involved can be described in general t erms . 

l{hat emerges from this is that while it may be diffi cult to 

predict how long resistance will continue in the evaluation and 

adoption of any specific innovation it is possible to describe how 

the resistance process takes place and the geographical pattern of 

development likely to emerge. From this, stra tegies to modify this 

resistance, where socially desirable, might be formulated. 

' r; 
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CHAPTER 8 

Summary and Conclusions 

This study attempts to analyze geographical aspects of the process 

of change in the central p lace sys t em of Southern Ontario using the 

concept of innovation diffusion and concen trating on innovations which 

r equi re community decisions. An underlying assumption is that general 

sta tements concerning location and t he decision making processes 

involved, based on precise description using quantit ative met hods and 

ana lysis, are a necessary part of th~ study . 
' 

Consequently, the approach adop ted has been t o t est certain concepts 

of innovation diffusion previous ly developed in micr o-s cale analyses 

where the decision makers are individuals , by applying these concepts-

to a macro scale where the adopting system consists of communities or 

their representatives who arrive at a single collective decision . 

The conceptual framework des cribes certain ge ographical and 

non- geographical statements of the proces s f ormulating the nature of 

decision-making involved. A r eview of t he literature relevant to 

t his class of innovations and cognate fields of decision making and 

urbanization provides a matrix of working hypotheses specifying where 

t he conceptual framework is weak and empirical data is lacking. In 

order to organize the testing and further development of these 
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hypotheses a paradigm of the process based upon a queuing analogue has 

been developed. The nature of the system involved and characteristics 

of the data are specified. The analysis is carried out by examining 

two main hypotheses, the city size factor and the neighborhood effect, 

in relation to the phases of the process. Ten innovations are 

examined, eight of which required municipal decisions (electrical p~1er 

systems, waterworks, filter systems, municipal power systems, telephone 

systems , mechanics' institutes, arenas and community centres, and 

fluoridation) and two which were non-municipal (credit unions and 

clubs). 

The analysis is undertaken in the form of firstly cartographic 

and general description of the three main elements of the paradigm 

' and then secondly measurement and testing of certain characteristics 

of geographical significance using simple quantitative methods , within 

the overall framework of the queuing analogue. 

Awareness (The Arrival) 

The description and analysis of awareness attempts to describe 

aspects of the flow of inf ormation concerning three of the innovations, 

power companies, municipal power systems, and fluoridation . A 

pre l iminary examination of a sample of newspapers of Southern Ontario 

duri ng t he decade 1880-1890 suggests that mass media information 

concerning an innovation is related to the size of centre. An 

examination of the specific contacts made by propagators, that is, the 

s ources of direct information about the innovations showsa similar 

relationship. 



Although significant correlations between date of a~·1areness and 

size of centre eme rge, a visual examination of the developing patterns 

and arrangement o£ points suggeststhat a"neighb orhood effect"might 

modify t he size/date relationship . llO\·lever, a more precise measurement 

of t he"neighborhood effect
11
derived by examining the r elative location 

of new knowers does not demonstrate any conclusive evidence of a 

uneighb orhood effect"in the spatial flow of inf ormation but rather a 

random pattern. 

The spread of initial awareness is the outcome of propagators' 

activities. Consequently, an attempt is made to describe characteristics 

of their spatial behavior. Despite the fact that a cumulative pattern 

of contacts suggests a distance decay effect, the close relationship 

between awareness date and size of centre describes a space preference 

as well since the propagators appear to consider the ~·lhole of the 

province as one territory or area of movement. This r esults in a 

by-passing of intervening (yet smaller) centres early in the spread of 

information, in '~ontacting the large r centres as potential adopters . 

Furthermore, this preference is modified according to national, 

provincial, and cultural boundaries. 

Adopti on: The Terminal 

In order to determine whether a further examination of the 

de cision-making processes between awar eness and adoption is itself 

necessary, attention is focused upon the adoption of the innovations 

(the "terminal" decision). 
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An examination of the growth of adoptions ove r time shows that 

the accumulation of adoptions displays a characteristic cumulative 

"S" shaped form. 'Hmvever, the relationship between adoption date and 

size of centre reveals the existence of two sub- groups of innovation 

adoptions. Some innovations have a significant correlation bebveen 
I 

adoption date and size of centre (,.;atenTOrks, power systems, mechanics' 

institutes, filter plants, telephone systems, credit unions, clubs) 

while others clearly do not (municipal po"1er systems , community 

centres/arenas and fluoridation). As in the development of awareness, 

indications are that other factors modify the adoption date/size of 

centre relationship apart from the discrepancy noted above; 

consequently, the spatial development of adoptions is analyzed. 

The spread of innovation adoptions is described in map form. In 

view of the analytical problems involved in the use of established 

pattern description techniques, the distance/date measure developed 

in chapter 5 is employed again. In contrast to the patterns of 

awareness, where spatial development appears to be random, in the 

spatial development of adoptions a significant "neighborhood effect" 

is present according to the spreading of ne,.; adoptions through time . 

This "neighborhood effect" is present in both sub-groups of innovations. 

I n the first case the designation of leaders is based on earliness 

and size, in the latter case ' on earliness alone (that is innovations 
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without a size-date relationship, municipa l power, arenas, fluoridation) . 

The emergence of a group of innovations whose adoption date is 
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not related to size of centre and the fact that the analysis of 

point patterns is still a surrogate method of establishing inter- adopter 

influence , prompts an examination of the decision making process and 

direc t evidence of inter-adopter influence . 

Decision Making: The Process Time 

The decision making processes and the associated time taken to 

process ,a problem (an arrival) are examined in greater detail for 

innovations requiring municipal decisions. An examination of a sample 

of centres show that the frequency of arrivals increases with the 

size of centre concerned. Furthermore, numerous examples are cited 

of some of the innovations requiring strategic as opposed to routine 

' decision making which diffuse through the system during the time period 

under consideration. A measure of the resistance threshold and an 

index of the degree of controversy involved is provided by correlating 

the awareness date with the adoption date. 

Process times for municipal power systems and fluoridation a re 

·much longer than for electrical power companies , suggesting a stronger 

form of · resistance than that normally present during the learning 

process . While total process times are composed of several sub 

components, attention concentrates on those having geographical 

importance. It is shmvn that inter-adopter influence is present and 

that such contacts have certain general characteristics in relation 

to distance, frequency and preference. 



From the description of the sub-components of the decision making 

process it is possible to identify the repetition of certain basic 

processes and the significance of opposition groups in recycling the 

whole process so as to give pronounced resistance thresholds for 

certain innovations. In an information deficit situation where the 

r esponse is to search for_ more information, the presence of opposition 

groups modifies the size/adoption date relationship beyond the usual 

resistance present. 
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CONCLUSIONS 

What conc lusions can be dra'm from applying the concept ·of 

innovat i on di ffusion t o unde rs tanding change ·in the central place 

system of Southern Ontario? 

The Diffus i on of Innovation 

Just as individuals progress through a sequence of learning 

phases so too, r epresentatives of a community arr iving at a collective 

decis ion have a similar development . The occurrence of phases of the 

process can be mapped in point pattern f orm . 

In describing both the spatial struc tur e and t he dynamics of the 

process, studies at the larger scale have di stinct advantages . Thus, 

most i f not all decision making groups keep r ecords of their ac tions, 

" ij consequently resort does not have to be made to recall methods. 

Since the group has permanence , patterns and processes over a period 

of t ime can be compared and described \vith greater predic tabili ty than 

in t he case of the individual (i. e . at the micro s cale ). 

From this it can be concluded t hat the process of innovation 

di ffus ion is scal e free since t he concept and i ts refinements 

developed for individuals a t t he micro s cale and described in the 

conceptual framework.can also be used t o describe the process of 

change in an urban system, where communities arri ve at a single 

col l ective decision. 
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Just as l imitations in repres enta tion and- analysis of the process 

in point pattern form are acknowl edged at t he micro s cale , so too the 

limi t ations of this surr ogate are demons t r ated at thi s s cale . ot 

only are there limitations t o visual examinat i on and statistical 

description but t he patt erns themse lves beli e t he processes involved .· 

Thus, ~-1hile adop t i on da t es can r epres ent t he outcome of the process 

they may not des cribe t he char ac teristics of the s eve r a l phas es of 

the proces s . Theref ore it may ~-1ell be erroneous to proj ect b ack~vards 

from the outcome pattern a statement of the genetic process . This i s 

i l l us trated in t he following diagram: 

A 
* * 

B 

* 
** * * 

* * 
* 

Her e it might be supposed f rom a model of the pattern tha t innovat ion 

x diffused f rom point A to point B. HoHever, it has been shmvn that 

several innovations such as municipal pouer arenas and fluorida i on 

diffuse from H to A. The p r esence of opposition groups prevent its 

adoption at B so that A adopts earlier and t hus appears to inf luence 

B! 
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What eme r ges from t his is that a basic prerequisite t o unde r s t anding 

the process is a descri ption and analysis of t he ac tual patt erns and 
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processes of behavior involved. The significance of t h is wi l l be 

brought out in the follmving conclusions. 

Diffusion and the Class of Innova tions Conside r ed 

In the flmv of information and a'·lareness i n t his c las s of 

innovations, an hierarchical progression is more signifi cant than a 

spatial ordering in the form of a neighborhood e ffect. In understanding 

thi s process, it is fundamental to understand the behavi or of the 

propagators , th~ senders of the information. The prefe r ence of 

propagators is to seek out potential adoptions in the large r cen t res 

in the system. As a result, the province as a whole is treated as 

one field of movement , despite the fact that an accumulation of t hese 

" ., contacts appears to describe a distance decay effect from t he 

propagators' base locations. Furthermore, this preference is modi f i ed 

by national, provincial and cultural boundaries. Thus, t he fri ctional 

effect of increased distance is less significant than might be 

supposed. The description of the a'vareness and flow of information is 

fundamental to understanding the process as a whole. 

The propagators, through their activity, s e t of f the decision 

making activity of the adopters. \Jhat conclusions can be drmvn about 

the receiving system and the groups ,.,hich are confronted with and 

have to process the arriving problem? 

The analysis shmvs that while da te of adoption may be associ ated 

with population size of centre, this is not a h vays t he relationship 

(e.g . municipal pmver, arenas and fluoridation). Thus , size alone 
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is not an i nfal l ible predictor of earliness of adopt i on . The existence 

of a sub group of innovat i ons suggests that an underlyi ng r egul arity 

is present in t hose situations ~11here pronounced r esistance occurs . 

Consequent ly , i t might be conceived that given t he app r opriate f orm 

of resistance ,analysis of patterns of innovation adoptions may shoH 

diffus i on f rom small centres t o lar ge centres up t h r ough the hierarchy . 

From t he analysis of adopt i on dates one can also conclude tha t 

given a specific class of innovations (such as thos e r equiring communi t y 

decisions) and given a r e latively s t able central place system , t he time 

t aken f or diffus ion is very similar f or innovations of t hat class. 

However. within t he specified t ime period variations can occur . For 

exampl e , one innovation may diffuse quickl y through the large cen t res 

and t hen slowly through the s mall centres while another may diffus e 

s lowly t hrough the large centres and t hen quickly through t he s malle r 

centres but the total time for t he t wo innova tions t o diffuse is 

approxi mately t he same. Whether t his factor has dis cernible cause 

r equires further analysis. 

u 
Although t here is no firm indicati on of a neighborhood e f f ect in 

the f low of information, it appear s t hat a"neighborhood eff ect"is 

pr es ent during adoption and hence modifies the adoption dat e size of 

cent r e r e lationship. Clearly, s ince there is a difference be t,11een 

the spr ead of awareness and the adoption and since a sub- class of 

"deviant" innova~ion adop t ions no t related to size of centre occurs , 

a more thorough examination of the decision- making proces s es is r equired . 



In terms of the paradigm introduced at the onset of the analysis 

the decision- making represents the processing of the innovation bett·Jeen 

awareness and adoption. The frequency of arrivals increases with the 

size of centre involved; \V"hile t he time taken by the centre to process 

the problem could be related to t his , further examination of this 

point is required. 

Analysis of the arrivals showsconclusively that contacts bettV"een 

centres occurs; comparable to the informal "face to face" contacts of 

individuals; moreover, they appear to have increased i~requency 

th rough time. During the processing of innovations a frequent s b 

routine is that of searching for more inf ormation by contacting other 

adopters; thus the indications of the pattern analysis of the earlier 

chapter are validated. Examination qf the s earching routine shm-1s that 

. u u 
in addition to a distance decay effect and a frequency to size 

relationship, an identity preference is also present. From this it 

can be seen hm-1 the neighborhood effect itself is modified and hence 

is less discernible than it might othen-1ise have been without this 

preference. 

If centres do not necessarily contact the nearest other previous 

adopter (due to the preferences already described) but do contac 
I 

neare.9~revious adopters the definition of a"neighborhood effectui"s 

clearly one of degree. However, the evidence clearly supports 

Hagers t rand's basic contention of a 11neighborhood effectn in this class 

of innovations. Furthermore, it points up some modifications such as 
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identity preference which should be considered at the micro scale where 

,, .. 
they would modify the neighborhood effect in terms of social and 

cultural preferences. 

The pursuit of more information to aid evaluation appears to be a 

function not only of cost but also of social support. "If they have 

it, so can ,.,e . " However, no matter how favorable the subsequent 

decision, the ultimate adoption in this class of innovations depends 

upon the legislative authority above that of the municipality . The 

legal approbation of an innovation oft~n lags behind the early 

occur rences of adoption. Consequently, groups opp osed to the 

innovation seek support from strict interpretation of existing legis-

lation and thus prevent additional adoptions. Hmveve r, ultimately and 

usual ly with a change in government, legislation is passed and the 

innovation then proce~ds. 

\~ether this is a serious obstacle depends upon one's attitude 

to society as a whole. A conservative person or group may resist 

innovation because it may appear to disturb the stability of the 

existing system and may lead to social upheaval and/or economic 

redundancy for displaced technology . In contrast to t his attitude 

the history of man has been one of evolution and an eve r increasing 

rate of change. Resisting change may t he ref ore lead to even more 

serious tensions than might have occurred if some degree of change 

is allowed. Through attempts to understand innovation and plan for it 

the maximum benefit and minimum soci al tension might be possible . 



Decision .faking in Urban Systems 

By considering innovation diffusion as a decision making process 

and examining it in an urban system the analysis has brought to light 

significant characteristics of decision making in urban systems some of 

~vhich have already been mentioned above . The floH diagrams of 

de cision making shm.;r that certain components such as evaluation, search 

and plebiscite delegation are general to all urban centres irrespective 

of size . This finding is of considerable importance in developing 

general statements and behavioral models of urban systems . 

Secondly, the analysis shmvs quite clearly that the decision 

makers have distinct perceptions of those other centres of the urban 

system which relate to them. Therefore in developing further 

understanding of this problem area research might investigate how 

these differences in the system are perceived. 

In measuring and describing the critical paths in the processing 

of a decision or an innovation, the simplicity yet utility of t he 

queuing analogue and its description in nebvork form is demonstrated. 

Thus , the re-cycling of certain basic routines is particularly evide .t . 

If a more complete analysis of the process is desired , other paths, 

such as the role of propagator- adopter negotiations can be incorporated 

into the scheme, in addition, the analysis may be extended to derive 

probability values of process times for these innovations . 

However, the analysis has its limitations in not taking into 

account social variables such as the racial, ethnic and social 
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composition of the decision making group; the importance of these 

factors relates closely to the degree of sophistication and under-

standing required. 

Change in the Central Place System of Southern Ontario 

It can be seen that the uneven distribution of centres in Southern 

Ontario has a marked effect on the diffusion of innovations. The 

concentration of centres in the western central section contrasting 

with the relative absence in the east means that this core area is the 
I 

nucleus for new ideas arriving and spreading through the system . For 

example, the proximity of this core to large, adjacent American cities 

means that it is readily accessible to ne\v ideas infiltrating across 

the border. This contrasts markedly with the lm.;r density of urban 

centres in eastern Ontario and western Quebec and therefore accentuates 
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the cultural barrier bet~veen the t~.;ro provinces. This is shmvn particularly 

with credit unions ~vhich diffuse effectively from Quebec to Ontario 

via the United States. 

The concentration of larger centres in the southern section of the 

province tends to result in a south to north trend in diffusion patterns. 

At the same time it also reflects a route-way effect along t he :ingston, 

Toronto , Windsor ··corridor, spreading from the core. However, the trends 

are not always evident; for example, community centres originat e in the 

western areas and spread east and south, reversing the normal condition 

of diffusion from large to small centres. Such deviant innovation 

patterns, where large centres adopt last, illustrate the influence of 



social and political variables . 

From this we can conclude that the direction of change in Southern 

Ont ario is fairly predictable both in terms of direction and time . 

Thi s finding supports Ilagerstrand' s contention that the route~·Jays of 

ne~v ideas and change have a certain permanence through time . l.Jhat 

sti ll needs to be understood is the variation in rate of diffusion 

bet~veen different innovations. 

Finally , while the analysis thro~7S some light on the spatial 

structure and processes of municipal decision- making in Southern Ontario 

little is as yet known about the pm·1er structures of these communities 

and the effect this can have on change and development. Hhat is 

emphasized is the import~~t source of inforreation ·deposited in 

ounicipal records for analyzing and describing t he behavioral dynamics 

of the urban system and also how such analyses might be organized to 

develop general statements of the process. 

General Conclusions 

The first general conclusion to emerge is that spatial diffusion 

of innovation is a scale free process. Concepts developed at the 

micro scale are tenable at the macro scale. 

A second conclusion to emerge is that spatial patterns cannot be 

unde rstood and effectively described ~vithout an examination of the 

generative processes,meaning the decision making,involved . Thus spatinl 

patterns can only be described and understood ~vithin a dynamic 

framework. 
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Thirdly, through the analysis of decision- making, it appears that 

certain spatial behaviors such as the movement of propagators and 

inter-adopter contact do not have aspatial counterparts . Thus, they 

are fundamentally geographical and in their conceptualization are 

not derivative from any other conceptual area. 

Finally, in understanding the spatial structure of systems whether 

urban, rural or industrial, geographical thought has concentrated on 

analysing concrete structures. This geographical perception of human 

systems must now become familiar with the human decision-making 

involved particularly those elements of geographical significance in 

order to fully comprehend man as a part of these dynamic systems • 

. / 
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