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PREFACE 
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future career goals. The spatial diffusion of state lotteries proved to be a 

dynamically changing topic which required constant alterations as the number of 

lottery states increased. The most significant finding of the study came from 

the Boundary Population Index variable. The geographical diffusion of state lot­

teries is influenced greatly by large population concentrations near state 

borders. The high statistical correlations of the Boundary Population Index with 

a state's lottery adoption status has helped confirm the influence population has 

on lottery diffusion. 
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CHAPTER! 

HISTORY OF LOTTERIES IN THE UNITED STATES 

A. Introduction 

Although modern state lottery systems are a recent phenomenon created 

within the last twenty years, the use of lotteries as a means of raising needed 

money represents a method used for centuries by governments, educational insti­

tutions, and private citizens. Use of lotteries for raising needed revenue dates 

back to the Roman Empire which reportedly used a type of lottery as a form of 

entertainment for its citizens. Feudal lords, throughout Europe, also used 

various lottery games to raise funds in their respective kingdoms during the four­

teenth and fifteenth centuries. 

Historically, lotteries have been used worldwide. People foster a false 

impression in assuming that the recent development and expansion of lotteries in 

the United States represent a unique trend in the history of government reve­

nue. Due to some confusion as to the meaning, extent, and forms of lotteries 

existing within the world, a brief historical review of lotteries is offered. The 

review will distinguish between past lottery characteristics and current lotteries 

at the state government level. 

B. Colonial to Civil War Period 

The first mention of lotteries used in America (Sullivan (87)) indicates that 

1n 1612, the Jamestown settlement was granted lottery proceeds by England for 
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establishing the colony. Later the pilgrims themselves raised revenue for financ­

ing construction of churches, schools, bridges, and roads through lotteries. 

Sullivan (87) further notes the efforts of the Continental Congress which con­

ducted a national lottery to help support the Revolutionary War effort in 1776. 

Lotteries continued to grow in popularity and were used by many munici­

palities and organizations during the early mid-i800s. In 1833, the city of 

Philadelphia used more than 200 vending offices devoted to the selling of lottery 

tickets. Famous people such as Thomas Jefferson and Benjamin Frankl in were 

avid supporters of lottery activities. Even prestigious universities such as 

Harvard, Yale, and Princeton heid lotteries to raise funds for educational 

purposes. Lotteries throughout this time period received overwhelming support 

by the majority of people in America. Only the Quakers and Puritans vehe­

mently opposed lotteries, but they were not very active or successful in reducing 

gambling activities. 

As new states were coming into the Union in the early 1800s, lotteries 

were conducted to help establish states and to develop transportation systems 

throughout frontier regions. In the fifty years prior to the Civil War, over 300 

schools and universities benefited from lottery proceeds. Lottery corruption 

briefly diminished the number of lotteries in the 1840s but the Civil War 

prompted governments to once ago in relax anti-lottery laws so revenue could be 

raised for helping the war effort and for reconstruction of the South after the 

war. Relaxation of lottery regulations led to corruption and crime so extensive 

that lotteries never again were controlled by private businesses. 

C. Lou is iana Lottery 

The Louisiana Lottery Company, operating out of New Orleans, signaled 

the beginning of the end for lotteries run by monopolistic private enterprises. 
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The Louisiana lottery, responsible for the wildest betting spree in United States 

history, dominated the gambling world for almost 30 years up to 1900. Sullivan 

(87) mentions the growing strength and corruption of the Louisiana lottery best 

through a quote of a state official at the time who spoke of the lottery as: 

"Spreading its monstrous tentacles to every corner of the nation enveloping 

people in its icy grip.n The Louisiana lottery was an example of a gambling 

business allowed to operate uncontrolled which severely abused people for 

personal gains. Agents for the Louisiana lottery sold tickets across the United 

States with gross receipts of up to $3 to $5 million annually. As a result of the 

corrupt ion associated with lotteries, the federal government followed earlier 

state actions banning all lottery-type gambling activities nationwide which 

effectively destroyed the lottery for nearly 75 years. 

D. Lottery Prohibition 

It was not until 1964 that lotteries in any form re-emerged within the 

United States, and only then in a form which was strictly regulated by state 

governments. Society had adopted a deep rooted mistrust of lottery activities 

because of the wide scale corruption in Louisiana. Many states tried unsuccess­

fully to introduce lottery legislation between 1920 and 1950. Constitutional law 

of most states strictly prohibited lotteries and required significant amendments 

before any serious lottery legislation could be passed. In i 930, 45 states had 

statutes outlawing all lottery activities. lt was only through an extraordinarily 

severe financial crisis that New Hampshire finally adopted the first state lottery 

game in 1964 after several earlier fruitless attempts to establish a lottery. 
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Modern State Operated Lotteries 
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The state of New Hampshire, reacting to a budget crisis within state 

government and fearful of raising already high taxes, developed the first state 

lottery in July of 1964 or Rockingham Park in Salem, New Hampshire. Govern­

ment sponsored gambling was thus born, starting the spatial diffusion process of 

state lotteries. New Hampshire was determined to learn from the history of 

earlier lotteries and avoid mistakes of the past by incorporating high degrees of 

integrity and many safeguards against lottery fraud. Revenues generated from 

the lottery were earmarked for education as a supplement to the general fund. 

New Hampshire's lottery did not meet with immediate success and struggled to 

survive unti I 1974, when on-1 ine computerized systems revolutional ized the 

lottery's popularity and efficiency. New Hampshire faced strict regulatory 

control on all types of lottery advertising from the Federal Communications 

Commission (FCC) and the U.S. Postai Service on dissemination of lottery 

materials through radio, television, newspaper, and mailing media. 

The I imitations imposed on advertising of lotteries through media sources 

caused state lottery diffusion to be very slow at first. It was three years later 

(1967) before New York established a state lottery. Many states were waiting in 

the wings to see how successful New Hampshire would be before venturing into a 

state sponsored gambling industry. Once the concept was proven as a successful 

revenue raising method for state governments, state lotteries rapidly spread 

throughout much of the Northeast in the 1970s (94). 



CHAPTER ll 

THE RESEARCH PROBLEM 

A. Introduction 

By May, 1987, 26 states plus the District of Columbia will be operating 

state lottery systems. The diffusion process is so rapid that it is continuously 

changing over the course of only a few months as new lottery states keep 

emerging. In 1985 a!one, four new states (iowa, Missouri, California, and West 

Virginia) joined the lottery parade and in 1987, Florida, Kansas, South Dakota, 

and Montana are adopting lotteries which will begin by this spring. 

There are many factors associated with the rate and geographical pattern 

of lottery diffusion. Lotteries are definitely concentrated in the Northeast, 

West, and Midwest regions of the United States with a complete absence, except 

for Florida, in the South and Southeast (Figure 1). Debate is heated between 

opponents and proponents of lotteries as to their utility for government and 

society. In the South, rei igious differences and political opposition from 

conservative state governments have prevented lotteries from developing, al­

though several lottery bills have been introduced in state legislatures. Public 

support is overwhelmingly in favor of lotteries (85% in states with lotteries) in 

most areas, but is weak in most of the South at approximately 37%. Opposition 

to lotteries in the south can be attributed to southern cultural values, religion, 

and government. Corruption, historically associated with lotteries, may also be 

a factor because of the Louisiana lottery of the late 1800s. The Louisiana 

5 
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lottery may have represented a strong negative reinforcement, as many people 

still remember how lotteries abused the pub! ic and eroded confidence in 

gambling ventures. 

Despite a strong pocket of opposition in the South, lotteries nationwide 

meet with strong approval as 61% of the people favor a state run lottery system 

(Table 1). Widespread pub! ic confidence in lotteries can be considered one of the 

many reasons that state lotteries have spread rapidly throughout parts of the 

United States in the past twenty years. State lotteries seem to undergo an 

evolutionary process in which the form and type of games played change to adapt 

to the pub! ic's preference. What is constant about all state lotteries is the fact 

that they are used by state governments as an a I ternate revenue source in 

troubled financial times to help alleviate dwindling state revenues. There is no 

doubt that lotteries represent big money for state governments. A report by 

USA Today (2) shows FY 1985 net profits for lottery states at $3.7 billion 

dollars. With the addition of Iowa, California, Missouri, and West Virginia as 

lottery states in 1985, FY 1986 net profits will approach $5 to 6 billion. In 

November of 1986, there were yet four more states which approved lotteries. 

With the scheduled beginning of new lotteries in Florida, Kansas, Montana, and 

South Dakota sometime in I 987, FY 1988 net profits could total nearly $ i 0 

billion (84). Public support along with serious financial difficulties continue to 

be responsible for more states adopting lotteries. The diffusion pattern of state 

lotteries strongly suggests a contiguous element to the spread of state lotteries 

which has been enhanced by competition between neighboring states to keep 

money in state rather than have people cross borders to spend money out of 

state. The somewhat amazing addition of nine new lottery states in the past 

three years indicates the increasing influence lottery states are having on 

bordering non-lottery states. 



TABLE I 

DEMOGRAPHIC CHARACTERISTICS AND ATTITUDES 
TOWARD LEGALIZATION OF LOTTERIES 

Positive to Negative to Un-
Legalization Legalization sure 

% % % 

Tota 1 Sample 6i 29 6 

Curren.t 1 y Legal 

Yes 77 14 7 
No 49 41 5 

Geograohic Region 

Northeast 84 8 7 
No r t h C e n t r a 1 68 22 8 
South 37 49 6 
West 62 33 3 

Income 

Less than $5,000 38 46 12 
$5,000-10,000 53 33 8 
$10,000-15,000 66 25 5 
$15,000 and over 71 24 4 

Mar i ta 1 Status 

Married 62 29 6 
Divorced/Separated 69 23 6 
~J i dowed 36 39 1 () 
t~eve r Married 69 24 5 

Education 

Less Than High School 45 38 10 
High School 66 27 4 
Some Co 1 1 ege 73 22 5 
Col lege Degree 72 22 4 

Age 

18-24 Years 64 28 4 
2 5-44 Years 69 23 6 
45-64 Years 61 30 I' 

0 

65 and Over 34 50 10 

Distance From Largest 25 Cities 

Less Than 25 Miles 72 20 6 
25-49 M i 1 es 80 14 6 
50 Miles or More 51 38 6 

8 

No Tota 1 
Answer Samrle 

% % 

4 100 

2 100 
5 100 

100 
2 100 
8 100 
2 100 

4 100 
6 100 
4 100 

100 

3 100 
2 100 
9 100 
2 100 

7 100 
3 100 
0 100 
2 100 

4 100 
2 100 
3 100 
6 100 

2 100 
0 100 
5 100 
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B. Justification for Study 

There have not been any significant studies on state lotteries which have 

concentrated on the geographical pattern and rote of diffusion across the United 

States. Some studies make specific references confirming the influence a state's 

location plays in determining if lottery adoption will occur. They suggest that a 

state is more I ikely to approve a lottery if bordering states have already 

established a lottery. These studies, however, mainly look into the political 

aspects of lottery adopt ion. 

Kaplan (40) noted that lotteries spread as adjacent states seek to capitalize 

on the mania and to stop the flow of dollars across their borders. This statement 

tends to verify the significance of the spatial diffusion of state lotteries because 

of the contiguous nature of the diffusion from state to state. As the state 

lottery business continues to expand and becomes more of a major economic 

factor for state budgets, the controversy will become more intense. The study 

of state lottery diffusion is a very current and dynamic topic which is steadily 

gaining national attention. The topic is geographically significant when studied 

in terms of the diffusion from state to state. 

C. Statement of the Probiem 

What are the primary geographical factors accounting for the pattern and 

rote of state lottery diffusion in the United States up to the present time? What 

factors have been responsible for encouraging the diffusion of lotteries in 

Northeastern srotes and prohibiting diffusion (barriers) in the Southeast? What 

con the pattern and rate of diffusion reveal about the current and future distri­

bution of state lotteries? A distinction must be made between the geographical 

factors which influence the spatial diffusion rates and patterns of lotteries as 
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compared to political factors responsible for the method and rate of adoption by 

state lottery officials. The distinction at times can be very difficult to measure 

because many geographical and political variables tend to interrelate strongly 

with each other. The effect of such a distinction can be seen as lotteries have 

not spread in a perfectly contiguous pattern but have been refracted in places 

(Indiana) due to political conservatism and cultural opposition. Refraction of the 

diffusion comes about as a result of cultural and political barriers which act to 

prevent acceptance of lotteries. Many ideological issues I ike the lottery are 

subject to refraction around states which oppose them. Final analysis should 

offer possible future trends in state lotteries based on the geographical rate and 

pattern of lottery diffusion and the political factors which influence those 

patterns given the variations in the method of adoption from state to state 

(initiative, referendum, legislation, and Senate approval). 

D. Statement of the Hypotheses 

I. State lottery adoptions will be found to have a contiguous pattern of 

diffusion. 

2. Population and distance along state borders should be the key factors 

affecting the rate and pattern of lottery diffusion. 

3. The method of lottery adoption used by governments (initiative, consti­

tutional amendment, referendum, legislation) directly affects the rate of 

diffusior1. 

The first hypothesis is based on the geographical pattern of lottery adop­

tion up to 1987 (Figure I) (82). The figure shows a contiguous pattern to the 

present distribution of state lotteries. Based on this pattern up to the present 

time, it is expected that the diffusion will continue in a contiguous fashion. 
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Much of the reasoning for the contiguous diffusion hypothesis is due to the eco­

nomic competition that exists between bordering lottery and non-lottery states. 

It is evident there are very few states completely surrounded by lottery 

states which are not themselves lottery states. Money is escaping states (such as 

Indiana, Kentucky, Virginia, Wisconsin, Minnesota, and Arkansas) which do not 

have lotteries because people will go to bordering lottery states to participate. 

This becomes highly significant when there are major market areas in non­

lottery states which are near to states that do have lotteries (e.g., Memphis, 

Tennessee; Indianapolis, Indiana; Kansas City, Kansas; Omaha, Nebraska). The 

states these cities are in represent areas having enough population and distance 

along their borders to significantly influence lottery diffusion across their 

borders. This is the basis for the second hypothesis. 

Legislation is usually the shortest step to legalizing a lottery, but the voter 

initiative option present in some states provides an additional chance of passing 

a lottery in states where legislative action has failed. The initiative option 

therefore increases a state's chances for adopting the lottery, especial iy given 

its popularity in the eyes of the public as compared to a controversial view taken 

by state government legislators who may doubt the effectiveness of lotteries. 

Since each political adoption method has different legalization requirements for 

a lottery, it is likely to assume the rate of diffusion will be affected by this. 

r= Definitions of Terms 

Lottery in General: (I) A form of gambling in which chances to share tn a 

distribution of prizes are sold. Three essential elements of a lottery are 

investment by a player, chance, and prize. (2) U.S. Code Definition (Congres­

sional Research Service, the Library of Congress): The pooling of proceeds 

derived from the sale of tickets or chances and allotting those proceeds or parts 
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thereof to one or more chance takers or ticket purchasers (definition offered is a 

statutory one interpreted differently under various state and federal laws) (92). 

State Lottery: A lottery which is operated and regulated by state govern­

ment lottery officials and commissions. Forty to forty-five percent of the 

proceeds goes to the state which are used as part of the general fund or is 

earmarked for specific purposes such as the elderly, recreation, or education. 

Forty-five to fifty percent goes for prizes paid to lottery game participants. 

The remaining five to fifty percent goes toward commissions made by retail 

outlets selling the lottery tickets, to contractors making the tickets, and to state 

lottery personnel to pay salaries, operating expenses, and advertising costs (94) 

(Figure 2). 

Specific Variations of State Lottery Games: ( i) Instant games: rub-off 

tickets which instantly reveal whether the bettor is a winner. Most often this is 

the first in a variety of lottery games offered by a state. (2) Lotto: players pick 

a combination of numbers from a larger group, say six out of forty. A drawing 

determines the winning numbers and the jackpot builds if no one wins. This is 

fast becoming the most popular form of lottery due to its larger prizes. (3) 

Numbers: players will chose three or four numbers, and the numbers are drawn 

daily, weekly, or biweekly. (4) On-1 ine video: it is any game which uses a retail 

term ina I I inked to a central computer. The on-1 ine video games represent the 

newest generation of iottery games and appeal to younger age groups (18 to 25) 

(45). 

Contagion or Contiguous Diffusion: This type of diffusion is based on the 

adjacent location of a phenomenom. The lesser distance separating an innova­

tion from its outlying areas increases the I ike! ihood that the diffusion will 

occur. For lotteries, individual states are seen as the units by which the 

diffusion progresses. Contagion diffusion spreads from one point to its nearest 
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adjacent points. In the lottery's case, this would be diffusion from one state to 

adjacent bordering states. 

Barriers: They are factors which prevent the diffusion of innovations. 

Barriers are usually based on cultural, political, or economic circumstances that 

hinder movement of innovations into certain areas. Barriers act to disrupt the 

normal pattern of diffusion causing refraction around them. In the lottery's 

case, there are states such as Indiana and Wisconsin, where the diffusion was 

forced around them because of political legalization requirements and possible 

moralistic opposition (barriers to this type of diffusion). 

Refraction: When an innovation encounters a barrier to diffusion, refrac­

tion of the innovation around the barrier most usually results. Sometimes the 

refraction goes directly back to its point of origin, but more likely, as in the 

lottery's case, the barriers will be semi-permeable allowing movement around 

them. Refraction results in a change in direction of the diffusion movement. 

This change in direction of the diffusion's path occurs quite frequently for many 

innovations but is not so apparent for state lotteries. One notable exception in 

which refraction of lottery diffusion took place was in Indiana, where the 

innovation went around it from Ohio and Michigan into Illinois. 

F. Study Limitations 

Data availability, which was thought to be a problem due to the current 

nature of the topic, was not as much a factor as originally perceived. The 

diffusion process is such that it is changing rapidly and can be expected to 

change during the course of the thesis study. This research cannot go into a 

detailed analysis of each lottery organization state by state because of the time 

and cost of such a pursuit. State lottery patterns which exist for individual 

states can be related to the overall pattern involved on a national scale to 
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determine any significant trends in state lottery diffusion throughout the United 

States. The most specific analysis this study will incorporate will be employed 

on a regional basis to gain insight into the more recent states involved in the 

diffusion process. Due to the extensive number of alleged factors from pro and 

con forces behind state lottery adoption, this study will be concerned with the 

factors most responsible for lottery adoption which are spatially oriented rather 

than politically, but most of the relevant factors will be discussed at least 

briefly. 

G. Review of Literature 

The majority of research on lotteries has been conducted by political 

scientists and economists, and are mainly concerned with state government 

policies and the economic effects that lotteries would have on state gambi ing 

industries. Although many articles have made reference to the importance of 

the geographical distribution of state lotteries, no extensive studies have focused 

on specific factors which offer key contributions to the spatial diffusion trends 

of lotteries for each state. 

Sullivan (87) provides an excellent historical review of lottery gambling. 

Lotteries have existed since biblical times when the Roman Empire conducted a 

lottery for improving roads and bui idings. By the fifteenth and sixteenth 

centuries, lotteries spread throughout much of Europe as many feudal lords 

organized lotteries to raise money for their kingdoms. The first evidence of 

lotteries in North America comes from the Jamestown Settlement which bene­

fited from lottery proceeds raised by the English motherland. Lotteries became 

very influential in the foundation of the United States as money raised was used 

for war efforts, the building of schools and homes, and as an aid to needy people. 
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The importance of the lottery to the foundation of America was further 

studied by Kaplan (40). Kaplan discussed the influence private and pub I ic 

lotteries had on establishing early colleges, schools, and churches. Once 

established, many educational institutions held their own lotteries to fund 

teaching, dormitories, and educational materials. Almost 50 colleges including 

prestigious Ivy League universities such as Harvard, Yale, Princeton, and 

Dartmouth conducted lotteries to support their schools. The height of the free 

enterprise lottery era, according to Kaplan, was in the m id-1800s when over 21 

states issued over 200 lottery I icenses to numerous private and pub I ic 

organizations. 

One other important note about the early lottery period in American 

history is given by Weinstein (94) who compared early lotteries with modern 

state lotteries and found major irony in their distribution. Lotteries in the 1800s 

were most dominant and widespread in the South (Louisiana lottery), while 

current state lotteries are concentrated in the Northeast. He conjectures that 

the absence of lotteries in the South may be significantly related to the earlier 

history of lottery corruption in the South. 

There are other more recent historical overviews of lotteries which cover 

the time they became state agencies to the present. The Public Gaming 

Research Institute provided a draft copy of "The History of North American 

Lotteries and the North American Association of State Lotteries'' (I). Instead of 

early lottery history, this article concentrates on the history of the modern day 

state lotteries since i 964. M.ention is made of the lottery as a traditional 

method for raising revenue, but the paper goes into more detai I on how state 

governments adopted lotteries. The circumstances leading to New Hampshire's 

original adoption are discussed followed by other states' early efforts at 

establishing a lottery. From there, the focus shifts to the formulation of the 
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North American Association of State Lotteries as the major governing agency 

for state lotteries nationwide. Later the NAASL became the National Associ­

ation of State Lotteries, which still exists today. The article finishes by tracing 

the evolution of lottery game types through the last 20 years and describing the 

future goals of the NASL. 

Individual state lottery agenc1es have also written research articles on 

lottery history. The Oregon lottery had a "Research Monograph on State 

Lotteries" (27) developed by Legislative Research, Inc. of Salem, Oregon. The 

article is mostly devoted to answering the question of why more states are 

adopting lotteries. Several factors were mentioned for why more states have 

been influenced to adopt lotteries, but the key reason stressed was a state's 

worsening economic conditions. Another important factor touched on by the 

monograph determines the number of variables which affect the amount of 

revenue a state can generate from a lottery. This article is typical of the type 

of research done by most state lottery ogene ies which are very interested in the 

revenue potential of lotteries and the degree of competition from other states. 

The most comprehensive information source concerning state lotteries is a 

627 -page collaboration of articles reviewed by the United States Senate (92). 

The Senate hearings conducted on October 3, 1984, provided an extensive over­

view of proponent and opponent positions on state lotteries. The hearings also 

include testimony from state lottery officials, lottery game contractors, 

gambling organizations, and leading national economists. 

The above hearings provided detailed statistical analysis of net and gross 

revenues of every state having a lottery for FY 1983 along with projections of 

possible revenue potentials on non-lottery states. The document, in addition, 

provides specific percentage breakdowns of where lottery revenues go, personal 

income level participation figures for lotteries, and the percentage of lottery 
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players playing various forms of lottery games for each state. Distinctions are 

made between the several varieties of lottery games available for each state, 

the payoffs for winners, the odds of winning, and how each game is played. 

Detailed political analysis gives the manner of authorization required for lottery 

adoption, the demographic characteristics of lotteries, and even a model bill for 

establishing a state lottery. 

Another important issue affecting the success of state lotteries is dealt 

with in a separate United States Senate (91) hearing which called for modern­

izing restrictions on dissemination of lottery information through the media. 

Lottery advertising has meant big dollars for state governments and the hearing 

results significantly enhanced the authority of states to advertise their 

lotteries. Many lottery states can now advertise through television, radio, 

newspaper, and mail brochures within their own states and in other lottery 

states. In addition to the United States Senate, the Congressional Research 

Service (Library of Congress) (73) represents a good source for a neutrally 

legal is tic political viewpoint on lotteries. The report covers state lottery 

operations in general with particular emphasis on gross lottery sales, types of 

lottery game players, and player demographics. 

Dr. John R. Koza's testimony before the United States Senate (92) hearing 

included an extensive study dealing with lottery participation rates by ethnicity 

and neighborhood types. Koza also argues against the criticism that lotteries are 

a regressive tax by presenting facts and figures which support a fairly even 

income distribution of lottery players. Mote (66), a public affairs representative 

for Scientific Games, Inc., discusses the economic potential of a state lottery. 

Mote, whose organization produces most instant lottery tickets and is responsible 

for national state lobbying efforts to adopt lotteries, gives a model which can 

project the gross revenue potential of a lottery for non-lottery states by 
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multiplying the average per capita expenditures times the states population 

(Table II and Figure 8). States with the most recent success in adopting lotteries 

have voter initiatives where the pub I ic can vote for a lottery if signatures are 

gathered in a referendum. Many states which have good public support for 

lotteries have not adopted one because lottery adoption is subject to legislative 

approval only and does not have the voter initiative option. 

Most of the current research dealing with state lotteries is found in 

political science and state government journals and is not confined to any one 

single authority on the subject. Many articles do not have single authors but are 

written by research staffs. State Government News and State Pol icy Reports 

represent two of the most authoritative sources on state lotteries. Each journal 

is a bi-monthly publication which reports on recent and changing state policies. 

Kearny (41) recently reported for State Government News that people in 

Montana will vote on a lottery in November of 1986. Knapp (45, 46, 47) has 

written recent articles highlighting the increasing popularity of lotteries as an 

alternative revenue source for states. Knapp (45) gives a good summary of 

lottery revenue totals for each state, where each state allocates the net profits 

received, the major types of lotteries being played, and the advantages/disad­

vantages of lotteries for state governments. 

Aside from Knapp's articles, most information on lotteries from State 

Gpvernment News pertains to current updates and voting actions involving 

lotteries. The journal reports the financial success of state lotteries, any lottery 

game format changes, and the attempts by non-lottery states to legalize a 

lottery. State Government News continued reporting the success of state 

lotteries by describing people's growing anticipation for prospects of a lottery. 

It mentioned a $41 million jackpot winner in New York, the opening of the 



State 

Alabama 
Alaska 
Arkansas 
California 
Florida 
Georgia 
Hawaii 
Idaho 
Indiana 
Iowa 
Kansas 
Kentucky 
Louisiana 
Minnesota 
Mississippi 
Missouri 
Montana 
Nebraska 
Nevada 
New Mexico 
N. Carol ina 
N. Dakota 
Oklahoma 
Oregon 
s. Carolina 
s. Dakota 
Tennessee 
Texas 
Utah 
Virginia 
w. Virginia 
Wisconsin 
Wyoning 

TABLE I I 

PROJECTED ANNUAL 1985 LOTTERY REVENUES 
FOR NON-LOTTERY STATES (6l)a,b 

Projected Gross 
Population c 

@ $72.02/Capita 

3. 890 $ 280.2 
0.400 28.8 
2.286 164.6 

23.669 1 '704. 6 
9.740 701.5 
5.464 393.5 
0.965 69.5 
0.944 68.0 
5.490 395.4 
2.913 209.8 
2.363 170.2 
3.661 263.7 
4.204 302.8 
4.077 293.6 
2.521 181 .6 
4.917 354.1 
0.787 56.7 
1. 570 113.1 
0. 799 57.5 
1. 300 93.6 
5.874 423.0 
0.653 47.0 
3.025 217.9 
2.633 189.6 
3.119 22L!. 6 
0.690 49.7 
4.591 330.6 

14.228 1 ,024. 7 
1. 461 105.2 
5.346 385.0 
1. 950 140.4 
4. 705 338.9 
0. 471 33.9 

20 

Pr. Net 
@ $29.40/Capita 

$114.4 
ll.8 
67.2 

695.8 
286.4 
160.6 
28.4 
27.8 

161 .4 
85.6 
69.5 

107.6 
123.6 
119.9 

74. 1 
144.6 
23.1 
46.2 
23.5 
38.2 

172.7 
19.2 
88.9 
77.4 
91.7 
20.3 

135.0 
418.3 
43.0 

157.2 
57.3 

138.3 
]3.8 

aUsing 1984 per-capita gross revenue and net income for the lotteries as 
a base, the non-lottery states can expect to generate funds approximat­
ing the above figures. 

bAll figures in millions. 

cAccording to 1980 census figures. 
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California lottery, and the fact that Iowa sold $11.5 million in instant lottery 

tickets between its opening on August 22, 1985, and September 16, 1985. 

State Policy Reports deals more specifically with government policies on 

lotteries and explores the possible effects lotteries might have on the pub I ic and 

the economy. The best lottery article from State Policy Reports (82) details 

nearly every aspect of lotteries including their history and associated law 

enforcement problems. Most importantly, this article presents a map portraying 

the geographical pattern of lottery adoption up to 1985 (a revised form for 1987 

is included in this thesis). The article cites the geographical location of a state 

as a key factor for influencing lottery adoption. According to the article, 

several out-of-state players account for a relatively high percentage of any one 

state's lottery revenue. Non-lottery states which border states having lotteries 

lose out because money which otherwise would remain in state is going out-of­

state. Specific examples include Iowa residents who crossed into Illinois to buy 

lottery tickets before Iowa itself adopted a lottery. This instance comes from a 

story in the Des Moines Registar featuring a picture of a Gulfport, Illinois, liquor 

store with a I ine of lottery ticket buyers (most all Iowans) stretching out of 

sight. Examples of people crossing state borders are numerous where lottery 

games are not played. 

Over the summer of 1986, the majority of research time was spent corres­

ponding to state lottery agencies and gambling agencies. Information from most 

state lottery agencies consisted of annuai yearly revenue reports or game mate­

rials (pamphlets, sample lottery tickets, advertisements), but a few states did 

provide key information on out-of-state sales and winners. There are several 

key journals and magazines devoted solely to state lottery agencies and industry 

which provided invaluable information concerning lottery states. The Lottery 

Journal, Public Gaming Magazine, and Gaming and Wagering Business are three 
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major publications dealing with the political, economic, and cultural aspects of 

state lotteries. 

Gaming and Wagering Business (51) contains information on lottery legis­

lation developments in state governments which lists current lottery bii Is 

pending in state legislatures. · lt also includes information on the federai 

cutbacks state governments can expect from the Gramm-Rudmann F ederai Bud­

get Deficit Reduction Plan. La Fleur (48, 49) wrote two recent articles which 

give an excellent insight into why more states are adopting lotteries. The 

lottery "tidal wave" she mentions as washing over the United States (48) has 

come about from the increasing pub! ic popularity of lottery games. The impact 

of many citizen groups supporting the lottery has made it extremely difficult for 

state legislators to ignore the lottery issue. For the first time in United States 

history, more than half of the nation's population live in lottery states. The new 

boom area for lotteries, according to La Fleur, is ironically in the traditionally 

conservative Midwest where the depressed farm economy coupled with impres­

sive sales has changed many politicians' minds. La Fleur believes that states 

bearing a close watch for lottery adoption in the next few years are indiana, 

Minnesota, Nebraska, and Texas, because of their generally depressed econo­

mies. Another story by La Fleur (49) deals with the changing types of lottery 

games played. Until recently, the most popular type of lottery game was the 

three-digit game. Lotto has now replaced it as America's favorite. Except for 

the instant ticket game, more states are now offering lotto more than any other 

lottery game format. 

The Public Gaming Research Institute is one of the prem1er national 

authorities on state lotteries. They pub I ish two major journals dealing with the 

state lottery industry, Public Gaming Magazine and the Lottery journal. The 

Lottery journal deals more with the general political issues with which state 



23 

officials are concerned, and is intended as a source of information for those 

involved in lottery legislation. Public Gaming Magazine, on the other hand, is 

mainly concerned with lottery industry activity and keeps readers informed of 

the current developments in games strategy and efforts by states to adopt lot­

teries. One of the best articles to give credit to the role of geography in lottery 

adoption comes from Public Gaming in 11Lottery Legislation Up for Review 

Across the United States" (59). It is inferred that a certain geographic pattern 

of lottery expansion is emerging across the United States. With the addition of 

West Virginia, the Northeast corner of the United States represents a solid block 

of lottery states, while Ca! ifornio and Oregon's adoptions adjoin the West 

Coast. The reason for such a rapid rate of lottery expansion, according to the 

article, stems from the competition among bordering states. Neighboring non­

lottery states are just tired of seeing their dol Iars stream out the window across 

state borders into lottery states. 

Comparison of two articles by Pub I ic Gaming show the changes over time 

1n the lottery industry. "The Economic Potential of State Lotteries" (26) is a 

1982 study that describes how controversial lotteries were to state legislators in 

the early 1980s. AI though the number of lottery states was steadily increasing, 

the arguments by opponents against lotteries was fierce. The lottery industry at 

that time was considered a very young business stiil untested in major market 

areas (e.g., California). Discussion of the game contractor's role along with the 

revenue potential of each game format are other topics in the article. Gross 

sales in 1981 were $3 billion with the net returned to states at $1.2 billion. The 

more recent "Industry Outlook for 1985" (58) remarks of the strength of the 

gaming industry in state governments. A snowball effect is predicted which will 

carry iotteries across the country throughout the remainder of this decade. 

According to the Public Gaming Research Institute, industry experts predict that 
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the two major trends for lotteries in the next few years wi 11 be: (I) more states 

will legalize lotteries, and (2) lotto will be the major game played. The reported 

gross lottery sales nationwide for 1984 was $8.075 billion dollars, a growth of 

over $5 bill ion in three years. 

Public Gaming Magazine tracks the recent developments in lottery legis­

lation and game format changes on a state-by-state basis. "The Adoption of the 

Lottery Amendment in Kansas" (25) gave readers a strong indication of Kansans' 

intention of adopting a lottery in the fall of 1986. In May, 1986, Public Gaming 

reported that the Kansas legislature passed a parimutuel wagering and lottery 

package amendment to allow the issue to be brought up for a vote later in the 

year. Reasons for the observed political action were directly related to the 

serious economic problems the state faced. The depressed agricultural and oil 

industries, loss of federal funding, and finally competition from Missouri and 

Colorado (both lottery states) was more than enough to convince Kansas pol i­

ticians that they needed a lottery. The influence of the Missouri lottery was 

especially noted as a major incentive for Kansas to act on lottery legislation. 

Reports showed that 20% of the Missouri lottery outlets were purposely located 

within two miles of the Kansas border to attract out-of-state sales. Eight out of 

ten of the top ticket selling outlets for the Missouri lottery are confirmed to be 

in the Kansas City metropolitan area. 

From the Lottery Journal a special series of articles rev1ew the key 

questions legislators want io know before beginning a lottery in their state. The 

author of "Starting a Lottery" (80) examines the legal and political requirements 

for getting lottery legislation on state bills. Many states recently have required 

Consitutional amendments to allow lotteries. This is somewhat surprising, 

because states have shown an increased frequency of lottery adoption despite the 

seemingly stringent legalization requirements. In addition to the legislative 
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adoption technique, the public initiative ts discussed as a viable alternative 

method for adopting a lottery. 

Studies on the effects lotteries have on gambling habits present evidence 

that parimutuel racing and lotteries are mutually beneficial (55) and that 

compulsive gambling is not likely correlated to lotteries (24). An example used 

to help convince the parimutuel industry of how lotteries and racing can work 

together to increase profits comes from the state of New Hampshire. At race 

tracks in New Hampshire, lottery tickets are sold while at the state's lottery 

headquarters winning lottery tickets are based on winning race numbers. Since 

lotteries began in states already having parimutuel racing, an increased profit 

has been noted by most states for each gambling type (Table VI). Experts believe 

that lottery players and race track attenders are two different gaming patrons, 

and the lottery and parimutuel racing industries are entirely separate demo­

graphic markets. Findings on gambling behavior show that lotteries are not 

likely to cause compulsive gambling, because they are more of a passive gaming 

type based on luck compared to the active and slightly more skill-oriented casino 

and parimutuel gambling types. The excitement generated by lotteries is not 

enough to form an addiction, according to gambling behavior analysts. 

Just as Pub! ic Gaming reported on the recent progress of Kansas as a new 

lottery state, the Lottery Journal looks at the developments in Florida (69). A 

well-organized public initiative drive by the "EXCEL" citizens group was able to 

get a iottery ballot together for the November, 1986, elections. Despite strong 

opposition from Florida's large parimutuel racing industry, pub! ic support for a 

lottery in the state (58%) meant it was only a matter of time before Florida 

adopted the lottery via the initiative. This article accurately predicted that by 

1986, Florida would have adopted a lottery. Lottery sales for Florida are 

estimated at $700 million gross sales and $286 million net to the state for their 
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first fiscal year of operation, not including spillover sales from the neighboring 

non-lottery states of Alabama and Georgia, which could account for another I 0% 

of the total sales. 

Executive gaming industry experts speak out on the important issues 

addressing lotteries. Puncke (60, 75), the former president of the National 

Association of State Lotteries, represents the heart of the lottery industry's 

intended integrity toward good business practices. Puncke is a former law 

enforcement official who has taken the responsibility of being the NASL presi­

dent to help ensure the integrity of the lottery industry. ln "Lotteries Success 

Based on Positive Image," Puncke (75) notes that the actions of the individual 

states will affect the industry as a whole. He is proud of the fact that lotteries 

have now gained a positive image of integrity and fairness with the people and 

state governments. Puncke confirms the fact that states have had an influence 

on each other to adopt lotteries. From personal correspondence with Puncke, I 

gained a reassurance, through his opinion, of the role of geography in state 

lottery adoptions. Puncke believes the research to be a worthwhile endeavor 

that may provide some insight into the diffusion pattern of lotteries. Puncke has 

also examined the effect of the Gramm-Rudmann budget deficit reduction plan 

(60). Federal cutbacks in state funding hove enhanced the rate at which many 

states are adopting lotteries. A desperate need for alternative sources of 

revenue has caused many legislators to immediately look to lotteries as replace­

ments to the federal cutbacks. 

Burke, the chairman of the Public Gaming Research Institute and publisher 

for Pub! ic Gaming Magazine, feels "Lotteries are Good for State Governments" 

(14). Burke bases this on the fact that this sort of gambling has been able to 

operate without creating some of the social problems (e.g., compulsive gambling, 

crime, dishonesty) that other forms of gambling cause. Burke believes lotteries 
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are a dependent additional source of revenue for state governments which appeal 

predominantly to middle class citizens. Although lotteries as state agencies are 

fairly efficient organizations, there is room for improvement on some of the 

state lottery laws (83). A Public Gaming Magazine editorial viewpoint feels 

state lotteries should be established as independent agencies instead of normal 

state agencies so they can be run in a more business-like manner with greater 

freedom. This would allow lottery agencies to change marketing and gaming 

strategies faster and without lengthy approval from government. Leonard (53) 

believes lotteries are not receiving the due recognition they deserve. Major 

opinion leaders are either for or against lotteries as there appears to be no 

middle ground to the issue. The amount of controversy over lotteries gives the 

industry a love/hate relationship with the people. Leonard, a gaming industry 

expert who is concerned with lottery accounting and auditing systems, stresses a 

major system of controls to supervise the financial operations of lotteries and to 

insure honesty and integrity in systems analysis. 

The mixed results of lottery states' success was studied by Curry (23). In 

!984, the states of Arkansas, California, Florida, and Oregon had initiative 

campaigns to adopt lotteries. Since then, of course, three of the four states 

have passed lotteries. One issue Curry brings to the forefront is the added 

business lotteries represent for smai ier retail outlets marketing them. Partic­

ularly blessed are the retai I stores in localities across the state I ine from a non­

lottery state. Safeway food stores were found to be the nation's top chain dealer 

for lottery tickets. 

Weinstein (94), Stern! ieb (86), and ~<aplan (40) each cite geographical 

factors as being very important in influencing lottery adoption by states. 

Weinstein bases out-of-state lottery sales on: ( l) the length of state borders, and 

(2) the proximity of population centers in adjoining non-lottery states to those in 
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lottery states. He believes that geographic and political considerations are the 

two most decisive factors for states in developing a lottery, given basic fiscal 

needs and a sociologically receptive population. Kaplan echoes the same senti­

ment, and Sternlieb mentions the "Domino Effect" theory where states in the 

Northeast were adopting a lottery only because neighboring states had. The 

actual amount of out-of-state lottery sales from state to state would be a key 

concept to study given the influence of non-lottery state residents who cross 

borders to play neighboring states' lotteries. This will result in a significant loss 

of revenue to non-lottery states and make it more I ikely that they may adopt 

lotteries to counter the revenue losses from bordering states. Unfortunately, 

data on the total out-of-state lottery sales for each state are nearly impossible 

to obtain because most states do not collect that type of information. The 

significance of this factor, however, is revealed in the information on out-of­

state lottery winners and players which draws remarkable parallels for the states 

of Iowa (35), West Virginia (71), and Colorado (72). 

The diffusion of state lotteries fits well with classical geographical 

diffusion studies that examine the innovation of an idea, its increased approval 

and adoption, and eventual diffusion outward until reaching the maturity stage. 

in Hagget's book (31 ), the diffusion of state lotteries would fall into what is 

coiled "expansion diffusion" as at the point of origin lotteries have remained 

strong and intensified as new generations of lottery games continue to be 

developed. Hagerstrand's 1953 (89) work can be incorporated into a model of 

state lottery diffusion very well as the lottery evolves through his given stages 

of diffusion. Adoption of the lottery in New Hampshire in 1964 was the primary 

stage and the rapid expansion now occurring represents the diffusion stage. 

Lotteries cannot be considered in the condensing stage as yet, because the South 

and Southeast remain as areas immune from lotteries. Many cultural barriers 
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seem to be intact which help to prevent lottery diffusion into those areas. The 

state of Florida may soon change all that when they actively begin the lottery 

this spring. 

To fully account for all the factors influencing the diffusion of lotteries 

across the United States, it is vital to look at some political science studies 

dealing with pol icy diffusion of innovations which occur in government. Walker 

(93) was the pioneer in diffusion research of states; "The Diffusion of innovations 

among the American States" was a landmark achievement which inspired many 

other studies. Walker developed a series of innovativeness and progressiveness 

indices which rated the states' status as leaders, followers, or laggards in pol icy 

issues. Most lottery states are among the leaders in innovativeness according to 

Walker's indices. The index developed by Walker fits lottery and non-lottery 

states perfectly according to how innovative a state is. It was used in this thesis 

as a primary variable affecting lottery diffusion. Follow-up studies by Clark (18) 

and Savage (79) give Walker credit as a major force in pol icy diffusion research. 

In Savage's article, it is noted that the policy diffusion among the American 

states exhibits a geographic rather than the client-oriented focus that is found in 

most other types of diffusion research. Political science is seen as a discipline 

where the geographic spread of innovations is dominant according to states and 

localities. The geographically centered pol icy diffusion research focuses on the 

spread of adoptions across given populations as the innovation becomes more 

acceptable. Clark (18) gives due credit to Walker's milestones in policy diffusion 

research. She feels research in diffusion has concentrated too much on the 

pattern and rate of change. What is lacking is a study of the scope of change in 

pol icy diffusion and the variations of the programs. All states may adopt a 

particular pol icy but the scope (coverage) of the program varies from state to 

state. 
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Brown (II, 12) looks at the geographical aspects of diffusion in the private 

sector in "The Market and Infrastructure Concept of Adoption: A Spatial Per­

spective on the Diffusion of Innovation." In this article, it is difficult to draw 

any parallels to the diffusion of state government programs. However, Brown's 

article is part of a selection from his larger work involving "Innovation 

Diffusion: A New Perspective" ( 12). His contributions to the subject do well in 

describing diffusion processes in general by adding a finer degree of under­

standing to the concept. He says that, prior to adoption, diffusion agencies are 

established through which the innovation will be distributed to the population at 

large. The adoption step may be seen as the demand side of diffusion while the 

agencies' establishments are aspects of the diffusion process that control the 

availability of the innovation to potential adopters (supply side). Since Brown's 

study deals mostly with the private sector of diffusion, it is difficult to compare 

lottery diffusion to any of his models. If forced to draw comparisons, however, 

lotteries would probably fit into polynuclear diffusion types. This is based on 

profit motivated diffusion in which each diffusion agency (state) is established 

independently by economic entities which carry the burden of risk, capital 

provisions and decision-making responsibility. 

Morrill and Manninen (65) have provided a good general definition of spatial 

diffusion in their article: "Spatial diffusion concerns the spread of a phenomenon 

from limited origins through a susceptible population over time and space." They 

have developed a rather unique type of diffusion model which they believe can 

tie hierarchical and contagion diffusion together. Lottery diffusion seems to 

show some hierarchical aspects to its predominantly contagion and expansion 

d iff us ion centered characters. 

The interplay of state boundaries seems to be a crucial aspect to lottery 

adoption and the subsequent diffusion. The information about the competition 
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between bordering states as well as the I imited data on out-of-state lottery 

winners and players shows considerable interstate activity for lotteries. Brunn 

( 13) describes some important aspects of boundaries and spatial interaction (see 

pages 177-195 of Reference (13)). He feels boundary behavior will be reflected 

in the perceptions, attitudes, and forms of interaction if there is some special 

significance attached to the political space immediately beyond the border 

itself. In the lottery's case, it is the old "have" and "have not" dilemma. People 

in states without the lottery see special significance in crossing state borders to 

play the games. Brunn continues by saying that individuals in nearby states know 

that the boundary acts as a division separating different political spaces. When 

crossing state boundaries, individuals are affected by a new environment or new 

laws. Jones (38) was a boundary research pioneer of sorts in Boundary Making. 

He detailed the motivations for varied boundaries according to local, state, and 

federal laws. His work relates the significance of geography to boundary making 

laws. 

Blakey (6) explains the conflict which developed between state and federal 

government officiais as more states adopted lotteries. Congressional action was 

finally taken in 1975 to decriminalize lottery gambling by rescinding anti-lottery 

statutes which banned the transportation, broadcasting, and mailing of lottery 

materials. The effects of the relaxation of these advertising restrictions can 

clearly be seen today as lottery states spent $1 18.5 mill ion in FY 1986 for adver­

tisements, an 89% increase since 1984 (56). Television is the favorite advertising 

medium for lottery states, accounting for an average of 60% of the budget. 

Newspaper articles represent the most current reports on lottery activities 

for individual states. Brennan (I 0), Glover (29), and the Council Bluffs Nonpariel 

( 17) keep track of lottery developments in Iowa. Articles by Brennan and the 

Nonpariel demonstrate how states keep changing the format of a lottery game to 
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attract public attention. Iowa has had thirteen editions of an instant lottery 

game and a lotto. In the spring of 1987, they plan to introduce a video lottery 

game. The prize amounts, odds, and design of the tickets are slightly different 

for each version of the instant game which changes every four to five months 

(I 0). Lotto is a type of lottery game which began in May, 1986, in Iowa ( 17). It 

is the kind of lottery game that offers a cumulative prize and is played using on-

1 ine computer terminals. It is advertised by Iowa officials as having better odds 

of winning than the Illinois lotto. This is an example of the competition existing 

between the states. The state funds earned by the Iowa lottery are earmarked 

for state economic development. 

As mentioned earlier, one of the best ways of obtaining information on 

lotteries is through mail response. Bret Voorhees, the communications director 

of the Iowa lottery, sent an unpubi ished article, which was to have come out late 

last fall in Public Gaming Magazine, on the progress of the Iowa lottery since its 

inception in August of 1985 (36). The article reviewed Iowa's dim economic 

situation and the need for a lottery in the face of revenue shortfalls and a bleak 

agricultural economic outlook. The lowa lottery is similar to that in other 

Midwestern states today which encounter special marketing challenges when 

offering a lottery. In many states, lottery sales have shown dramatic rises in 

poor economic times. In Iowa's case, this may not seem to hold true because its 

$31.20 per capita lottery spending ranks next to last for all lottery states (63). 

Iowa's geography is also an important factor to marketing challenges. The 

fragmented population scattered across the state means advertising costs are 

greater due to the large areas promotional media has to cover (36). The Iowa 

lottery also sent the author a monthly marketing report (35) and overview of 

revenue generated from August of 1985 to May of 1986. Carole Custer, the 

director of marketing for the lowa lottery, has kept revenue information for 
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each instant game played up to May of 1986. The addition of a lotto had helped 

at first to increase Iowa lottery sales, but once the novelty of the idea wore off 

a noticeable dec I ine in sales was observed. Of particular interest in Custer's 

report is out-of-state information (Table VII) which shows the three top states 

for out-of-state high tier winners come from the bordering non-lottery states of 

Nebraska, Minnesota, and South Dakota. 

The states of Colorado and West Virginia also supplied to the author 

valuable information on out-of-state winners (72) (Figure 9) and players (71) 

(Table VIII). The annual report of the Colorado lottery (March I, 1986) indicates 

it is the only lottery state that does not yet have lotto. In the face of dropping 

lottery revenues, the report from Raymond J. Herrick, chairman of the Colorado 

Lottery Commission, urges the immediate approval of lotto by the Colorado 

legislature. Colorado's majority of lottery proceeds have gone to conservation 

and recreational development. Player demographics for the state indicate the 

age groups, education levels, sexes, and geographic areas which play the lottery 

most often. 

Because state lotteries are such a controversial and dynamically changing 

part of our society, there is an abundance of information from local newspapers 

throughout the country on recent lottery developments. Massachusetts, with a 

$212 per capita spending rate on the lottery, is the highest in the nation for FY 

1986 (63). in Massachusetts, it is estimated that only 4% of their lottery players 

are from out of state, mainly because all of the surrounding states have their 

own lotteries. The District of Columbia has the second highest per capita 

spending rate at $180, followed by Maryland, New Jersey, and Connecticut. 

An example of the influence lottery states can have on bordering non­

lottery states comes from the Kansas City Star (76). Polls taken in early 1986 

showed the lottery to be gaining popularity in the two-state, Missouri and 
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Kansas, region. Seventy-six percent of the Kansas residents surveyed hod played 

the Missouri lottery at least once. The strategic location of Missouri lottery 

ticket outlets near the Kansas border was a major influence to the volume of 

border flow into Missouri. Eighty-six percent of the Kansas residents surveyed 

approved of a lottery for their state. As it turns out, this influence was 

apparently strong enough to help convince the Kansas legislature to approve a 

lottery bill which has since been passed by the voters. 

Part of a side venture to the study of state lottery diffusion was a personal 

exchange of information with local lottery interests of this state. In Oklahoma, 

as most people are aware, there was an initiative petition campaign to get a 

lottery bill on the fall 1986 ballots. As part of the thesis research, interviews 

were conducted with Carolyn Thrift of "The Lottery is OK Committee11 about 

how the initiative drive in Oklahoma was instigated (70). Thrift gave many 

reasons why she felt Oklahoma needed a lottery. Like many other states, 

economic reasons were near the top. Although the required number of signatures 

were gained in record time to get the lottery initiative on the fall ballot, judicial 

forces declared the lottery petition unconstitutional. This may be especially 

upsetting to many residents given the overwhelming support for on Oklahoma 

lottery in most major pub I ic opinion polls. Kielhorn and Associates (42) (a pub I ic 

opinion consulting and research firm) found there was 72% statewide support for 

an Oklahoma lottery as of February, 1986 (70). This represented a 16% increase 

in popularity since the lost survey was done in October, 1984. According to all 

major demographic categories, including rei igion, Oklahomans favored the 

passage of a lottery. Despite these facts, a few small special interest groups in 

the state had enough power to thwart the 1986 lottery effort in Oklahoma. Much 

of the local media in the state seemed to support or at least show neutrality 

toward a lottery. Bradshaw (8), writing for the Shawnee News Star, feels moral 
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opposition to the lottery is unjustifiable given the dire need of the state in an 

economically depressed time period. Bradshaw feels that the popularity of the 

lottery with Oklahoma residents was proven by the "Lottery is OK Committee" 

which gained more than enough of the required 150,000 signatures for the 

initiative petition in record time. 

Several valuable sources were used to help develop the data analysis 

procedures. Some of the 1 iterature was actually of use to the methodology 

section as well. Taylor's (89) chapter, "Quantitative Methods in Geography: An 

Introduction to Spatial Analysis," details the factor analysis procedure as it may 

be used for geography studies. It is also a very comprehensive source for spatial 

analysis and diffusion processes which are applicable to quantitative geography. 

A chapter on factorial ecology (pp. 231-278) covers the spectrum of factor 

analysis from the initial operational ization of the data to factor maps portraying 

regional characteristics. The operational ization stage discusses data 

preparation, input, and output procedures for preparing the data for factor 

analysis. Each step used in the thesis was discussed in Taylor's work and proved 

invaluable to the actual data analysis and synthesis in this theses (Figure 3). 

Taylor describes factor labeling as going back to the original data and 

labeling factors by trying to find a name which expresses the pattern of variable 

loadings. The goal is to look for the higher loadings and attempt to produce a 

general name reflecting the factor loadings. The G-mode transposal of the data 

matrix is detailed by Taylor also. Taylor places extra significance to the G­

mode technique because the factors will represent clusters of objects with areal 

units. The factors thus can be interpreted as regions or regional types. G-mode 

factor analysis is important, according to Taylor, because geographers can define 

functional regions from the factor loadings which indicate the areas or regions 

that are correlated with each factor. 
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Taylor has acknowledged the importance of location in diffusion studies. 

From theoretical geographer William Bunge comes the assumption that location 

can be considered a single variable by considering it in terms of nearness (88). 

For example, Iowa is locationally more similar to Illinois than California because 

of the small distance separating the two states. Bunge feels a simple data 

matrix of places can be viewed as indicating the pattern of locational similar­

ities. This view could very well be used to consider the pattern of lottery 

distribution according to locational similarities. Russett (see Reference (88)) 

stressed a similar type of concept. He states that: "One condition for inte­

gration is simple geographic proximity and states nearer to each other are more 

likely to integrate." This remark by Russett sounds remarkably applicable to 

some characteristics of lottery adoption. Stewart (87) developed a population 

potential theory which is yet another idea that parallels lottery diffusion 

analysis. The population potential model suggests that the influence one location 

has on another depends on two factors: (I) the locations' relative populations, 

and (2) the distance separating them. In the model, the impact dec I ines with 

distance and the locations with larger populations have the greater impact than 

those areas with smaller populations. Stewart's analogy pinpoints the way 

lottery diffusion appears to be evolving and is an excellent model. 

Cureton and D'Agostino (22) and Kim and Mueller (43, 44) wrote introduc­

tory manuals to the factor analysis statistical technique which are aimed at the 

apprentice level of comprehension. The procedure for running factor analysis 

programs is described as a relatively elementary step compared to the interpre­

tation and manipulation of the results. The three articles look at factor analysis 

from a purely mathematical viewpoint and do not include examples of how quan­

titative geography studies would benefit from using factor analysis. 
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Taylor (88) and Zelinsky (95) help to visualize examples of how factor 

analysis is used in geographic studies. Zelinsky used Q- and R-mode factor 

pattern maps to portray personal preference patterns in American society. The 

factor analysis operation Zelinsky has employed displays geographic patterns of 

regions by Q and R models. The resulting composite maps were developed using 

a cluster analysis of unweighted factor scores. Two regional types were por­

trayed by the maps: first order culture areas and regional ization by personality 

and habits. Zelinsky was not totally satisfied by the results, however, despite 

the delineation of territorial patterns by regions. He claimed the results were 

inconclusive at best. 

H. Methodology 

Primary data for the thesis were obtained from many of the individual 

state lottery commissions and the national gaming industry agencies. The Book 

of the States 1984-1985 provided a I ist of all state lottery organizations and 

their directors. Mail response from these sources was outstanding as they all 

provided many articles on reasons why states adopt lotteries. Major national 

lottery research agencies include: The Public Gaming Research Institute, The 

National Association of State Lotteries, and Scientific Games, Inc. (81). These 

organizations provided some data which were transformed into geographical and 

political indices portraying the pattern and rate of diffusion among the various 

state lotteries. 

Analysis of the population in maJor cities near state boundaries was 

combined with a measure of distance along state borders. Population data were 

gathered for all border counties at each state. The population data gathered 

from the County and City Data Book (20) required tabulation of the border popu­

lation county by county for each state to arrive at the Boundary Population Index 
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used in the thesis. Distance data for the indices developed were obtained from 

the Hammond World Atlas (32). To get these distance data it was necessary to 

measure from state to state the distances between lottery states and population 

centers. Total distances were combined with the adoption status of states to 

create the final distance indices. Political and economic data were developed 

from information received from state lottery organizations and gambling 

research agencies. Also, the information for the gaming indices comes from 

these sources. With the information received and that which was created, a 

series of political, geographical, economic, and gambling indices were devised to 

help test the hypotheses. The composite factor and principal component maps 

represent the final products of the data synthesis and were developed to show 

the overall regional correlations of the population, distance, border influence, 

and innovativeness of states. 

The Statistical Analysis System (SAS) was used to run the data correlations 

and factor analysis procedures (77). A stepwise regression program was also run 

through SAS to determine the importance of the independent variables. Plotting 

of the dependent (adoption status) variable with other variables in the data set 

reveals I inear relationships of the variables. Interpretation and manipulation of 

the computer output were aided greatly by Taylor's (88) and Zelinsky's (95) 

articles on factor analysis. 



CHAPTER Ill 

SUBSTANTIVE REPORT 

A. Introduction 

The report section of the thesis constitutes the presentation, analysis, 

synthesis, and final testing procedures for the data. The data presentation sec­

tion will introduce 20 lottery variables by dividing them into four main cate­

gories. The data analysis section will describe the methodology used for extract­

ing information from the primary variables by means of data transformation and 

weighted indices. The data synthesis section then condenses the data to portray 

definable patterns to the diffusion process. Data synthesis methods include 

explanation of the Pearson Product Moment Correlation Coefficients ~nd Princi­

pal Components Factor Analysis. Finally, the testing procedures used for 

accepting or rejecting the hypotheses will be discussed by examining the correla­

tional strength of the data through statistical techniques done by the computer. 

B. Data Presentation 

Twenty variables were used to test the hypotheses concerning the spatial 

diffusion of lotteries. Lottery variables were divided into geographical, politi­

cal, economic, and sports/gambling categories. Most of the variables lJsed were 

developed through a series of weighted indices and other data transformation 

techniques. Some variables are represented only by lottery states and others 

only by non-lottery states. For these variables, it was necessary to incorporate a 

40 
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set of constant variables to represent "no data" so the computer could interpret 

the data sets. The use of zeroes would lead to false correlations. The weighted 

indices were developed so descriptive data could be represented by numerical 

data. The computer's interpretation of numerical weighted indices is necessary 

for statistical correlations. 

B.l Geographical Variables 

Four weighted indices are used as the geographic variables of the thesis. 

They are the Boundary Influence Index, Boundary Population Index, Distance 

Influence Index CC (distance from center of a state to nearest lottery state 

center) and Distance Influence Index UC (distance from major urban center to 

nearest lottery state center). Use of a United States atlas (32) and the County 

and City Data Book (20) was required to measure distances between states and to 

tabulate population along state borders. Looking at the four geographical vari­

ables assumed to be related to lottery diffusion; it is obvious there are a few 

main concepts. In the diffusion of lotteries, boundary length of states, popula­

tion near state borders, and distances between states/major cities are all critical 

factors to the rate and pattern of movement of lottery diffusion. These 

geographic variables are important to the spatial diffusion of lotteries because 

they will help provide information on lottery diffusion patterns and their rate of 

movement. 

B.l.l Boundary Influence Index. The Boundary Influence Index (Bll) (Figure 

4) was developed with a weighted index procedure. The distance in miles 

between two state borders was measured and given a numerical rating of I to 10 

based on the number of miles along the state borders. A distance of 0 to SO 

miles is one, 51 to 100 is two, etc. That number was then multiplied by zero, one, 
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or two representing non-lottery, potential lottery, and lottery states, respective­

ly. This was done for each state with all other states which border it to deter­

mine a cumulative number of index representing the degree of influence each 

state has with respect to the states bordering it. The significance of this index 

is best reflected when looking at Figure 4. 

Figure 4 shows the boundary influence by using numerical indices for each 

state. The higher values represent the states that are influenced most by their 

neighbors, because of the number of states bordering them and a greater total 

contiguous distance along the borders. It is a combination of the number of 

states bordering any one state and the total distances of those borders which can 

be considered the key element of the figure. New Mexico, for example, has the 

greatest distance in miles along its border and is represented as a 41 on the Bll. 

The total distance along New Mexico's borders (1270 miles) is given a weighted 

value of 26 to represent the actual number of miles. The states of Texas, Okla­

homa, Colorado, and Arizona border New Mexico. The border distance for each 

of these states with New Mexico is given a weighted index which is taken times 

the adoption status of each of the four states to give the final Bll value of 41. 

The boundary influence is highest in states which have a combination of large 

cumulative border distances with states which have lotteries (adoption status 

three). In Pennsylvania's case, all of the bordering states have lotteries. The six 

states bordering Pennsylvania account for a total border distance of 980 miies, 

which is converted to 22 using the weighted indices procedure. The total dis­

tance (22) multiplied by two gives Pennsylvania a Bll of 44, the highest value on 

the map. 

The combination of Pennsylvania being a lottery state which has six states 

bordering it (all lottery states), along with the total distance of those borders, 

gives it the highest Bll on the map. This index shows that the state of 
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Pennsylvania is influenced by its neighboring states to a greater degree than any 

other state. 

Although Pennsylvania has the highest Bll, it is likely non-lottery states 

will be influenced more by lottery revenue potential, and the diffusion across 

state borders. States like Kansas, Indiana, and Kentucky have relatively high 

Bll's, despite the fact they are non-lottery states because they have several 

lottery states on their borders which influence them. The boundary influence on 

these states will be more important to the actual diffusion than states which are 

already lottery states. 

A definite pattern can be seen on the map in Figure 4 by examining all 

states. The lower Bll values can be found on all exterior states which have a 

smaller number of states bordering them and less total border distances. Coastal 

lottery states such as California, Oregon, and Washington in the West; and 

Maine, Massachusetts, Rhode Island, Delaware, Connecticut, and New Jersey in 

the East have lower BI l's than any other interior lottery states. Also of notice is 

the very low Bll for Southern coastal states, all of which are non-lottery states 

except for Florida. A state's interior location gives it a greater number of 

bordering states and a greater boundary distance in which interstate lottery 

activities can be influenced by contiguous states. Even some of the interior non­

lottery states have higher Bll's than coastal lottery states because of the higher 

potential they have to become lottery states. 

When summarizing the importance of the Bil, it would likely be most 

important to look at not only the total number of states bordering a lottery or 

non-lottery state but also the number of non-lottery states that lottery states 

have on their borders. This would indicate the potential influence lottery states 

may have on the diffusion into new states. The number of lottery states border­

ing a non-adopted state is a key to the volume of border flow among states. The 
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border influence states have will be carefully analyzed later in the thesis through 

the 0-mode factor analysis. 

8.1.2 Boundary Population Index. The Boundary Population Index (BPI) is a 

measure of the border population for each state. This index is created from 

summation of the border population of all adjacent states. Using Missouri as an 

example, the total border population of all counties adjacent to the state of 

Missouri is taken to arrive at the BPI for Missouri. Eight states share contiguous 

borders with Missouri, which results in a higher than average BPI for Missouri. 

The procedure was done for all of the 48 contiguous United States. The 48 

border populations then are based on the population of the border counties of 

adjacent states. This total border population figure was given a logarithmic 

translation and multiplied by the adoption status (I, 2, or 3) to give the BPI 

(Figure 5). Missouri, used as an example again, has a total border population of 

1,956,000. This is logarithmically transformed to 6.29 and multiplied times 3 

(lottery state) to give a BPI of 18.9. 

The BPI ranges from a low of 5.7 m Utah (sparse population, non-lottery 

state) to a high of 21.3 in Connecticut (dense population, lottery state). The 

population is over 12 million in the bordering tier of counties of the three states 

adjacent to Connecticut. This indicates that a significant population market is 

in place in the Northeastern United States for lottery revenue generation 

(554,000) which, when combined with the fact that it is not a lottery state, gives 

it a minimal BPI. Although ~~orth Dakota has the lowest total border population 

(239,000), it has been cited as a potential lottery adopter (5.38 * 2) giving a BPI 

of 10.8 (Figure 5). This has since been proven accurate as North Dakota did vote 

on a lottery ballot in the November, 1986, elections. AI though the lottery issue 



oo 
C>C> 

~~.~ 

0 
..-------.-----
0 200 ~ 

10.8 10.8 

11.2 
5.8 

11.7 

12.4 

5.9 
--1 12.1 

12.l 

0 100 200 300 
'----'--~~ 

MILES 

Figure 5. Boundary Population Index 
-l:"" 
0"' 



47 

failed 1n North Dakota, it may help to influence surrounding states to consider 

the lottery more seriously. 

When predicting the future diffusion of state lotteries, the BPI can be a 

crucial indicator of the lottery revenue potential which can be generated based 

on area population. This should be most significant in major population centers 

of non-lottery states which have lottery states bordering them, as earlier stated 

in a hypothesis of the study. The state of Texas has the highest population 

market for potential lottery revenues but has a low BPI because it is a non­

lottery state which has no lottery states on its borders. Lottery states such as 

Maryland, Missouri, Michigan, Iowa, lilinois, California, Arizona, Ohio, and West 

Virginia all have high BPI's because they all have non-lottery states which border 

them and because there are significant populations along the non-lottery states' 

borders. Northeastern lottery states also have higher BPI's but are not as impor­

tant to the lottery diffusion process as some Western and Midwestern states 

because they have no non-lottery states bordering them. States I ike Kentucky, 

Virginia, Indiana, and Minnesota have lower BPI's (in the five to seven range) but 

are more significant than the deep south because there are lottery states border­

ing them. Most of the southern states remain isolated from any lottery states 

bordering them and are thus expected to have very low BPI's. The only exception 

to this is Florida, which recently adopted the lottery in the fall of 1986. Florida 

could cause a readjustment of the BPI for states bordering it once the lottery 

actually begins there. 

Summarizing the Boundary Population Index, it was found that counties 

with greater populations account for higher BPI values for each state. The index 

should help confirm the expected strong influence that the geographical location 

of population may have in determining whether a state adopts the lottery. To 

some degree this has already been proven to be a viable influence with the 



48 

recent adoption of lotteries in states close to the major population centers of 

lottery states. Missouri was responsible for a large part of the Kansas decision 

to adopt the lottery during November, 1986. Out-of-state lottery ticket sales 

were high in Missouri due to Kansans who flooded across the borders. The signi­

ficant population markets near the two state borders combined with the poten­

tial adoption status of Kansas gave Missouri a high BPI for its influence on the 

bordering states. 

8.1.3 Distance lnfl uence Index CC. It was necessary to divide the Distance 

Influence Index (DllCC) according to whether a state is a lottery or non-lottery 

state. This was done because the distances in miles used to develop this index 

were different depending on the state's adoption status. For all states, the index 

(Figure 6) was calculated as the distance from state centers to the center of its 

nearest lottery state. For most lottery states, there are other bordering states 

which have lotteries, given the contiguous nature of the diffusion pattern over 

time. The adjacent proximity of contiguous lottery states will generally indicate 

there is less distance between two lottery states as compared to distances 

between non-lottery and lottery states. The only apparent exception to this con­

tiguous pattern is Colorado; but not for long as Kansas has adopted the lottery 

most recently. Florida represents the only isolated lottery state with its recent 

adoption of the lottery in Novemberj 1986. 

The distances from the center of non-lottery states to the centers of the 

nearest neighboring lottery states are generally greater than those between the 

centers of two lottery states. This is because many lottery states have contigu­

ous locations adjacent to each other while non-lottery states in many cases ore 

isolated from lottery states. 
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The best example comes from Figure 6 where it is evident that the South­

east is isolated from lottery states by distance. The higher distance index values 

are mainly concentrated in the Southeast with weighted values from 4 to 8. The 

larger numbers indicate that Southeastern states are separated from lottery 

state centers by greater distances than the rest of the nation. Texas, for exam­

ple, has a DIICC of 7 (high) because it is 600 to 700 miles from the state's center 

to the center of the nearest lottery state. Texas is effectively isolated by the 

greater distance to the nearest lottery state and has no lottery states on its 

borders. The states of Indiana and Virginia, for example, have much lower 

DIICC's (2), which means that the distances from their centers to the nearest 

lottery state centers is far less (101 to 200 miles) than the Texas distance. The 

greater the distances are separating non-lottery and lottery states, the more 

likely it is that the diffusion wil! not occur. 

Figure I (Geographic Pattern of Lottery Adoption) seems to confirm the 

importance of distance on diffusion. The Northeast has been saturated by lot­

teries, probably because the distances between two states in that area are much 

less than other parts of the country. The lower distance indices come from lot­

tery states adjacent to them. It is expected that any future diffusion will first 

spread into states which border lottery states because of the lesser distance 

separating the two states' centers. Distance has always been an important 

factor in diffusion studies, and this case appears to be no exception. 

8.1.4 Distance Influence index UC. The Distance Influence Index (DIIUC) 

takes into account the importance of the location of population (Figure 6). The 

8PI (Figure 4) confirmed the importance of large populations to the revenue 

generating capacities of state lotteries. The DIIUC is a measure of the distances 

from major urban centers of states to centers of the nearest lottery state. 
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Again, this index is of most importance to non-lottery states due to the direct 

influence that distance has on the future diffusion possibilities into new states. 

The DIIUC will normally have different values than the DIICC because of the 

variability in urban locations. Cities having predominantly interior locations will 

be located farther from the center of the nearest bordering lottery state than 

cities with peripheral locations near state borders. 

Taking the non-lottery states of Kansas and Nebraska, for example, dis­

tances from centers of those two states to centers of the closest lottery states 

(Missouri, Iowa) rate a 4 (301 to 400 miles) for the DIICC. For the DIIUC, the 

distance from two major urban centers of Kansas and Nebraska (Kansas City, 

Kansas; Omaha, Nebraska) to the centers of Missouri and Iowa is rated only a 2 

(101 to 200 miles), a significant difference in distance from the DIICC. The index 

indicates there are major population centers on the borders of Kansas and 

Nebraska which are very close to the centers of neighboring lottery states, and 

this is confirmed by looking at a map of the area. Given the closer location of 

the two cities to lottery states, it would be expected that lottery sales for the 

counties of Missouri and Iowa bordering Kansas and Nebraska would be great. In 

fact, data from Iowa lottery officials (36) confirm Pottawattamie County, Iowa 

(adjacent to Nebraska), as the leading county for state lottery sales. This is 

undoubtedly due to the influx of Nebraskans into the county from the nearby city 

of Omaha. Other non-lottery states have cities such as Tulsa, Memphis, Minnea­

polis, and Indianapolis which are all within 200 miles of lottery state borders 

despite the fact that it is farther from each of their state centers to lottery 

state centers. 

A distinct pattern can be seen by observing the Distance Influence Indices 

(Figure 6). The highest values represent the greatest distances separating states 

from the nearest lottery states. In the Southeast, the isolation from lottery 



52 

states is confirmed by all of the higher distance values for each of the distance 

indices. Differences in the two distance figures occur because some cities have 

interior locations within their states while other cities are located closer to the 

borders. 

The large DliUC values from Figure 6 indicate more distance between 

major urban areas and lottery state centers. The smaller numbers indicate less 

distance between cities and lottery state centers. The distance from lottery 

state centers is crucial to the spatial diffusion that takes place. The greater 

distances (denoted by the higher numbers) from cities to the nearest lottery 

state center is generally found in non-lottery states because of a lack of border­

ing lottery states. 

The lowest distance values for both the DliCC and DIIUC come from either 

lottery or non-lottery states which are close to or border other lottery states. 

These lower values indicate less distance in which the diffusion has or may have 

to spread. Less distance between lottery and non-lottery states is more likely to 

result in spatial diffusion because the strength of the innovation would not be 

weakened by greater distances. The lottery innovation would have to move 

greater distances when spreading from lottery states to the Southeast. The rate 

of the diffusion would at least be slowed by the greater distances between the 

adopted and non-adopted states. The Northeastern United States has lower dis­

tance values because of the smaller sizes of each state which are separated by 

less distance from each other. The highest values come from the Southeast 

which is isolated by greater distances from lottery states. The only exception to 

this rule is in some of the larger Western states like California, Colorado and 

Arizona, which are separated by sparsely populated great distances from each 

other. 
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B.2 Political Variables 

Because lotteries are a state government form of activity, there are 

several key political variables which could affect the diffusion process. The four 

political variables selected to test the hypotheses are adoption status of lot­

teries, the adoption method, the legalization requirement, and an innovativeness 

index. The political ideology of states could be a major factor in the rate of 

diffusion of lotteries into some states. These variables are used to show the 

degree to which political influences affect the diffusion process. 

B.2.1 Adoption Status. The adoption status is used as the dependent vari­

able of the study, and indicates whether a state has adopted the lottery or not. 

Like some of the other variables, it has been given a numerical weighted index 

for computer compatibility. A 3 was used for states that have adopted lotteries, 

a 2 was used for potential adopters, and a I was used for non-adopted states. The 

criterion for distinguishing between states given a 2 and those given a I is based 

on the frequency of legislative action on lottery bills introduced to state legis­

latures. After this research began, four new lottery states have emerged 

(Florida, Montana, South Dakota, and Kansas), all of which were given a 2 

because of their potential adoption status. 

The adoption status is particularly important when combined with geo­

graphical factors such as boundary length, population, and distance. The 

adoption status was found to play a major role in the geographical and political 

influences that states have on each other. Lottery states have the greatest 

amount of influence on diffusion, but potential lottery states also may influence 

other non-adopted states to consider a lottery. A good example of this was dis­

played by Oklahoma's "Lottery is OK Committee" administered by Carolyn Thrift 

(70). Although the Oklahoma lottery initiative was unsuccessful in 1986, it did 
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manage to influence the neighboring state of Texas to organize a belated 

attempt at getting the lottery issue on the ballot. Potential adopters can there­

fore cause other states to become potential adopters and, if nothing else, pro­

mote more attempts to introduce lottery legislation. 

8.2.2 Adoption Method. The adoption method pertains to lottery states 

only. To avoid difficulties of data transformation by the computer, l's were 

incorporated into the data matrix for the non-lottery states. The adoption 

method refers to the type of political action used to pass the lottery for each 

state. The weighted index ranges on a scale of I to 5 according to the adoption 

method used: I means the non-lottery states; 2 means the state used a legis­

lative or constitutional voter initiative to pass the lottery (e.g., California); 3 

means a referendum was used; 4 means statutory legislation was necessary; and 5 

means a combination of the initiative, referendum, and statutory legislation 

were required. 

Most states have passed the lottery through House and/or Senate statutory 

legislation. This form of legalization has been used by most liberal Northeastern 

states which have no major opposition to lotteries. Although statutory legisla­

tion has been used by most lottery states, there has been a trend toward the 

voter initiative with some of the more recent state adoptions. Officials in 

politically conservative Western and Midwestern states have shown reluctance to 

support lotteries. This has prompted more initiative drives by the public to get 

lotteries on ballots. Potential new lottery states are watching closely at how 

other states are adopting lotteries and have copied other states' political 

manuevers to legalize lotteries. The current popular initiative drive has been 

copied by Oklahoma (unsuccessfully) and Florida (successfully) from past initia­

tives such as those in Oregon and California. 
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8.2.3 Legalization Requirement. This index represents non-lottery states 

only and is concerned with the political steps necessary to legalize a state lot­

tery (Table Ill). It is the equivalent of the adoption method for the non-lottery 

states. The legalization requirement uses a weighted index from 2 to 6, based on 

the degree of difficulty, to represent the political techniques required to pass 

the lottery. Statutory legislation is usually employed by states to adopt lotteries 

despite the fact that it may not be the easiest legalization requirement. 

Although the initiative is a lengthier, time consuming procedure, it is given a 2 

as the least difficult legalization requirement. 

The initiative is usually attempted by states after legislative actions have 

failed. Therefore, it is a more difficult procedure if measured by the time it 

takes to get it passed. The key to an initiative is the ease with which it is passed 

once left to the voters. Left to the people by an initiative vote, the lottery has 

never failed to pass. States which have managed to develop strong public organ­

izational skills on issues through initiatives have managed to gain shortcuts to 

otherwise lengthy legal ramifications involved in lottery issues. 

Unfortunately, the government makes it difficult to develop a successful 

initiative drive in many states. Oklahoma was a state which had public support 

of over 70% but was thwarted by bureaucratic red tape and judicial manuevering. 

Although the public in most non-lottery states favor lotteries, governments 

sometimes believe that people ore not knowledgeable enough to make their own 

decisions. In Oklahoma, the people's power to vote on a lottery through the 

initiative was taken away despite major support. A few special interest groups 

had enough influence to turn government in Oklahoma away from letting the 

citizens decide the issue. The initiative would be the easiest legalization 

requirement only if it is eventually voted on by the people. Pub I ic support for 

the lottery is stronger than statutory approval would be, making the initiative a 



Canst. 
Amend. 

State Req 1 d. 

Alabama Yes 
Alaska No 
Arkansas Yes 
California Yes 
Florida Yes 
Georgia Yes 
Hawaii No 
Idaho Yes 
Indiana Yes 
Iowa No 
Kansas Yes 
Kentucky Yes 
Louisiana Yes 
Minnesota Yes 
Mississippi Yes 
Missouri Yes 
Montana No 
Nebraska No 
Nevada Yes 
New. Mexico No 
N. Ca ro 1 i na No 
N. Dakota No 
Oklahoma No 
Oregon Yes 
S. Carol ina Yes 
S. Dakota No 
Tennessee Yes 
Texas Yes 
Utah Yes 
Virginia No 
W. Virginia Yes 
Wisconsin Yes 
Wyoming No 

TABLE I I I 

LOTTERY LEGALIZATION REQUIREMENTS (7) 

Leg. Vote 
Req'd. on 

Cons t. Res. 

3/5 
2/3 

Majority 
2/3 
3/5 
2/3 ___ a 

2/3 
Majority 
Majority 

2/3 
3/5 
2/3 

Majority 
2/3° 

Majority 
2/3 
3/5 

Majority 
Majority 

3/5 
Majority 
Majority ___ c 

2/3d 
Majority 

___ e 

2/3 
2/3 

Majority 
2/3 

Majority 
2/3 

Consid. by 
2 Sessions 

Required 

No 
No 
No 
No 
No 
No ___ a 

No 
Yes 
Yes 
No 
No 
No 
No 
No 
No 
No 
No 
Yes 
No 
No 
No 
No 
No d 
Yes 
No 
Yese 
No 
No 
Yes 
No 
Yes 
No 

Constitut. 
Initiative 

No 
N/A 
No 
Yes 
Yes 
No 
N/A 
No 
No 
N/A 
No 
No 
No 
No 
No 
Yes 
N/A 
N/A 
Yes 
N/A 
N/A 
N/A 
N/A 
Yes 
No 
N/A 
No 
No 
No 
N/A 
No 
No 
N/A 

56 

Legis. 
Initiative 

N/A 
Yes 
N/A 
N/A 
N/A 
N/A 
No 
N/A 
N/A 
No 
N/A 
N/A 
N/A 
N/A 
N/A 
N/A 
Yes 
Yes 
N/A 
No 
No 
Yes 
Yes 
N/A 
N/A 
Yes 
N/A 
N/A 
N/A 
No 
N/A 
N/A 
Yes 

a2/3 vote in each house at one session or majority vote in each house in 
two sessions. 

bThe 2/3 must include not less than a majority elected to each house. 

cMajority to amend; 2/3 to revise. 

d213 first passage; majority after public ratification. 

eMajority first passage; 2/3 second passage. 



57 

less difficult legalization requirement for those states having the initiative 

option. 

The legalization requirement indices are numerically ordered: 3 indicates 

no Constitutional amendment; 4 indicates approval by one session only (House or 

Senate); 5 indicates statutory approval by two sessions (House and Senate); and 6 

indicates a Constitutional amendment is required. Based on a rank ordered 

degree of difficulty, the Constitutional amendment is the most difficult legaliza­

tion requirement. It requires a great deal of time to change state laws just to 

consider the lottery issue; this does not include the time it would take to intro­

duce lottery legislation. States like Indiana, Wisconsin, Tennessee, and South 

Carol ina would have the hardest time legalizing a lottery based on the need for a 

Constitutional amendment (rated 6 as the most difficult legalization require­

ment). 

A test of the accuracy of the legalization index can be shown by looking at 

the political requirements of the four most recently adopted lottery states of 

Montana, South Dakota, Kansas, and Florida, and the failure of recent lottery 

ballots in Oklahoma, Texas, North Dakota, and Idaho. Montana, Florida, and 

South Dakota required no Constitutional amendment to introduce and pass lot­

tery legislation, and had the voter initiative option present (rated as 2). Kansas 

was represented by 4 which required approval by either the House or Senate. 

This still gives three of the four newly adopted lottery states the least difficult 

legalization requirement. When looking at failed lottery bills in Oklahoma, 

Texas, North Dakota, and Idaho, two of the four states (Texas, Idaho) had the 

more difficult legalization requirement of 4, while Oklahoma and North Dakota 

had initiative options. Although inconclusive, this index does provide some 

validity for the degree of difficulty a state faces when legalizing a lottery. 

States with initiative options represent states with a back-up plan in case the 
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government rejects introducing the lottery issue. Even though the initiative is a 

lengthy last resort option, it is almost always passed when people are allowed to 

vote on it; however, statutory action fails to gain political support sometimes 

because lotteries are still a controversial form of raising government funds. The 

initiative option gives states a broader range of alternatives to fall back on if 

other measures fail. 

B.2.4 lnnovativeness Index. This index reflects some of the cultural, 

religious, and political values of each state. States are rated on their innova­

tiveness from I to 48 for the contiguous United States (Table IV, Figure 7). The 

innovativeness ranking of a state fits very well with its classification as a lot­

tery or non-lottery state, as the top nine ranked states on the innovativeness 

index are all lottery states while the bottom eight are all non-lottery states. 

The ranking supports the assumption that lotteries tend to develop first in the 

more I iberal and innovative states (93). There are some exceptions in states 

ranked 10 through 40, but these are the few exceptions to the rule. Six lottery 

states are in the bottom 24 innovators while 8 non-lottery states are in the top 

24. This is not of too much concern, however, because state lotteries are no 

longer a new concept. The traditional laggards are beginning to consider the lot­

tery as a proven and effective agency for raising funds. 

For the United States as a whole (Figure 1), the states m the core of the 

non-lottery region (Southeast) are all rated in the bottom half of the innovative­

ness index. This can be attributed to conservative state governments and strong 

rei igious beliefs, both of which tend to reject changes and innovations. The pat­

tern is not perfect, as highly innovative states such as Minnesota, Indiana, and 

Wisconsin have not adopted lotteries while less innovative states such as South 

Dakota and Missouri have adopted lotteries. In general, the innovativeness index 
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TABLE IV 

STATE INNOVATIVENESS INDEX RANKINGS 

State lnnovativeness State innovativeness 

Alabama 30 Nebraska 26 

Arizona 36 Nevada 47 

Arkansas 32 New Hamp. 16 

California 3 New Jersey 4 

Colorado 9 New Mexico 41 

Connecticut 6 New York 7 

Delaware 40 N. Carol ina 24 

Florida 31 N. Dakota 23 

Georgia 37 Ohio 11 

Idaho 32 Oklahoma 42 

Illinois 13 Oregon 8 

Indiana 18 Penn. 7 

Iowa 29 Rhode Island l 5 

Kansas 25 s. Carol ina 45 

Kentucky 27 s. Dakota 43 

Louisiana 19 Tennessee 34 

Maine 20 Texas 44 

Maryland 16 Utah 22 

Mass. 2 Vermont 28 

Michigan 5 Virginia 21 

Minnesota 12 Washington 14 

11 is 5. 48 w. Virginia 35 

Missouri 39 Wisconsin l 0 

Montana 38 Wyoming 46 
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is a good indicator of lottery (high ranking) and non-lottery (low ranking) states. 

Geographically, the Northeast and West are the most innovative regions while 

the South and parts of the Midwest are the least innovative. 

8.3 Economic Variables 

The economic variables are important because they represent the potential 

earnings the states can expect if they adopt the lottery. The five economic vari­

ables pertain to non-lottery states only, and it is again necessary to give the 

lottery states an index of I. The time and cost of lottery start-ups are usually 

minimal and profit is seen once the states have repaid the start-up costs (Table 

V). Decisions to adopt lotteries are often based on the revenue potential a state 

can expect from a lottery (Table II, Figure 8). Five economic variables are used 

as key indicators of potential lottery diffusion for the non-adopted states. The 

five variables used in the data matrix are: (I) General Revenue Index Ranking, 

(2) General Revenue Index Percentage, (3) Gramm-Rudmann Index Revenue Cut­

backs, (4) Cost Per Capita, and (5) Savings Per Capita. Also, the total lottery 

revenue potential for non-lottery states is examined. This is based on state 

populations times the average per capita expenditures (Table II, Figure 8). 

Gross and net revenue potential is considered the key economic variable 

for lottery adoption. States want to know how much money they can expect to 

make if they have a lottery. They look at established lottery states for clues on 

how profitable a lottery can be. The number of people in a state is extremely 

important to how much money a state can earn in a lottery. The Boundary Popu­

lation Index should be related to some of the economic variables for the non­

lottery states. 

8.3.1 General Revenue Index Ranking/Percentage. This index is divided 



State 

Arizona 

Colorado 

Connecticut 

De 1 aware 

D.C. 

Illinois 

Maine 

Maryland 

Massachusetts 

Michigan 

New Hampshire 

New Jersey 

New York 

Ohio 

Pennsylvania 

Rhode Island 

Vermont 

Washington 

Average 

TABLE V 

LOTTERY STARTUPS: TIME AND COST 

Startup Time 

7 months 

8 months 

7 months 

7 months 

17 months 

9 months 

7 months 

6 months 

6 months 

3 months 

11 monthsa 

12 months 

5 months 

14 months 

6 months 

1.7 months 

10 months 

4 months 

7.8 months 

Seed Money 

$1,400,000 

$2,000,000 

$2,150,000 

$ 250,000 

$ 628,000 

$2,000,000 

$ 400,000 

$2,300,000 

$2,000,000 

$4,400,000 

$ 250,000 

$1,500,000 

Not ava i 1 . 

$2,000,000 

$1 '000 ,000 

$ 500,000 

s 250,000 

s 1 '500 '000 

$1 ,400,000 

62 

State Repaid 

12 months 

2 months 

10 months 

18 months 

month 

month 

12 months 

1 . 5 months 

3 months 

6 months 

2 months 

12 months 

Not avail . 

4 months 

10 months 

2 months 

12 months 

5 months 

6.7 months 

aThe nation's first lottery was delayed waiting for a public vote after 
legislative approval. 

Source: Interviews with state lottery officials. 
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into two parts, a ranking and percentage for each non-lottery state. The General 

Revenue Index Ranking represents the potential lottery earnings as a percentage 

of the FY 1985 general revenue earnings for each non-lottery state. The ranking 

used is based on the percentage of funding a lottery could provide for the entire 

general revenue fund of a state. The higher ranked states would represent states 

in which a lottery would provide a greater percentage of the state's total 

revenue. It does not mean it would make more money on a lottery than other 

states; only that a lottery would account for a higher •percentage of the total 

state revenue. Top ranked states have relatively low spending-low revenue 

levels and high proportions of expenditures in special funds. 

The numerator for the General Revenue Index is $29 per capita times the 

state population (82). States with less economic diversity are usually higher 

rated in the revenue indices. Montana, South Dakota, and Idaho are the top 

ranked states according to the percentage of funding a lottery could provide to 

their general revenue funds. It is interesting to note that all three states had 

lottery legislation in the fall of 1986, with Montana and South Dakota success­

fully establishing lotteries and Idaho narrowly missing legalization because of 

political and religious opposition in the state. 

A state lottery that accounts for a higher percentage of the general 

revenue fund can be economically more important than an opposing state which 

generates more revenue but accounts for less of the total percentage of the 

general revenue budget. Texas is the top rated state for gross lottery revenue 

potential based on the largest population of any non-lottery state. Although 

Texas could gross $1 billion and net $418.3 million from a lottery (Table II), the 

state ranks only fourteenth in the General Revenue Index at 4.4% of the total 

revenue provided by a lottery. According to this index (82), the total revenue 



65 

capacity of a lottery is not the only, and perhaps not the most important, factor 

for the economic potential a state can expect from a lottery. 

The total lottery revenue potential (Table II, Figure 8) projects the annual 

gross and net revenue a state can expect from a lottery. The revenue potential 

is calculated using $72.02 per capita (average yearly income spent on lotteries) 

times the state population. This gives the gross revenue potential a state can 

expect from a lottery and the net revenue would be 40% of the gross on the 

average. The 40% which is returned to the state is the average amount left for 

programs after the remaining revenues are used for prizes and operating 

expenses (Figure 2). Each state is ranked by the amount of gross and net revenue 

which could be generated from the lottery. Texas, Florida, and North Carol ina 

could be expected to have the highest earnings from a lottery based on their 

populations. The total revenue potential is somewhat overestimated for each 

state because it accounts for only minimal percentages of the entire state 

budget. Still, it is a very important economic factor for states because of the 

effect it may have on future lottery diffusion. 

B.3.2 Gramm-Rudmann Index--Revenue Cutbacks. The Gramm-Rudmann 

Index is divided into three categories: revenue cutbacks, cost per capita, and 

savings per capita. The index is based on the Gramm-Rudmann deficit reduction 

law which is designed to help balance the federal budget through major cutbacks 

in funding of state programs. States are facing $12.4 billion in revenue cutbacks 

for FY 1987 and are forced to pursue alternate sources of income. Lotteries are 

sought after as possible solutions to the federal cutbacks. This index corresponds 

with the revenue cutbacks for each state (mill ions of dollars). The amount of 

revenue each state will be losing corresponds with state populations and the total 
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revenue potential a lottery could generate. Texas faces the most cuts ($661 

mill ion) based on the highest population of all non-lottery states. 

B.3.3 Gramm-Rudmann Index--Cost Per Capita. The loss of federal fund­

ing is reflected by the cost per capita to each state which has not adopted a 

lottery. States with sparse populations will be affected most by the loss of 

money per capita because of the greater percentage of the total general revenue 

fund the lottery would account for in those states. Wyoming faces a $79.0 loss 

per capita, North Dakota faces $76.9, and Idaho faces $59.5. Even states like 

Texas and North Carol ina face per capita losses of over $40 which can cumula­

tively deflate the economy. The most important factor in the Gramm-Rudmann 

index would be the savings per capita if states had a lottery. Although not 

enough to offset the cost per capita of the cutbacks in most states, the savings 

from a lottery would help boost states' sagging budgets slightly. 

B.3.4 Gramm-Rudmann Index--Savings Per Capita. This index was calcu­

lated by using the savings per capita states with lotteries could expect from 

federal budget reductions. Although the savings per capita for most states would 

not be as much as the cost per capita of the revenue cuts, it still could cut 

revenue losses in half. South Dakota, Montana, Minnesota, and Indiana would 

actually have a higher savings per capita from a lottery than the cost per capita 

of the Gramm-Rudmann cuts. South Dakota, by adopting the lottery, will save 

$80.5 per capita when it may have lost $77 .2; Montana will save $23.4 versus a 

$19.0 cutback; Minnesota could save $74.2 from a cutback of $53.9; and Indiana 

could save $66.7 from a cutback of $44.0. This new federal law increases the 

economic importance of lotteries as states are forced to become more self­

sufficient and seek alternative sources of revenue. 
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B.4 Sports/Gambling Variables 

It is assumed that other forms of gambling will likely be important factors 

1n the analysis of lottery diffusion. There are seven gambling variables which 

were used in the data matrix; they are sports betting, off-track betting, horse 

racing, dog racing, jai alai, casinos, and bingo. These variables include all other 

forms of legalized gambling in the United States (26). 

For the gaming index a value of 2 represents states that do not have the 

gambling type while 3 indicates states that do have it. The more types of gam­

bling a state has, the better the chance that the state has the lottery. Contrary 

to some sources, there are reports that show lotteries are not detrimental to 

other types of gambling. This is mainly because lotteries are a passive type of 

gambling based more on luck than skill. Other forms of gambling usually gener­

ate more excitement and require certain degrees of skill. Gamblers that partici­

pate in horse racing, dog racing, and casinos are known to be more compulsive 

than those who buy lottery tickets, and lottery players are usually entirely 

different crowds than other gamblers. 

Every state in America has at least one form of legalized gambling, except 

Indiana, Utah, and Mississippi. These three states have somehow managed to 

prevent even bingo, because of strong religious and moralistic opposition and 

more difficult lottery legalization requirements. Bingo is the most widespread 

form of gambling, and is found in 45 states including many Southeastern Baptist 

"bible belt" states. In most areas, bingo is not really considered a legitimate 

form of gambling because it is often played in churches with the proceeds going 

to charitable organizations. In other areas, however, bingo is big-time business 

(e.g., Indian bingo) because of the larger dollar value of the purses. Bingo cannot 

normally be considered the stepping stone to lotteries. Recent history shows 
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that states with horse or dog rae mg have usually followed up with lotteries. 

There are very few lottery states that do not have some form of parimutuel 

racing. 

The gaming index should give an indication of how the number of gambling 

types might affect lottery diffusion. Other types of gambling for the most part 

should not adversely affect the chances for any one state to adopt a lottery. 

Positive correlations are expected between each of the gambling types, probably 

because they are complementary to each other. Except for casino gambling, lot­

teries are not expected to be hindered much. Lottery games are similar to some 

forms of casino gambling in that they are based more on luck than skill (e.g., 

instant lottery tickets and slot machines). This could possibly be seen by casino 

owners as a threat to parts of their business. The presence of most other addi­

tional gambling types can only enhance the chances for lottery diffusion in the 

wider majority of states (Nevada and casino gambling are one exception). 

8.4.1 Off-Track Betting. Regionally there is not a very clear pattern of 

distribution to this gambling type. Off-track betting is spread out very randomly 

throughout parts of the Midwest, West, South, and Northeast in 14 states. This 

gambling type should have minimal positive or negative influence on lotteries. 

B.4.2 Sports Betting. Next to casino gambling, this is the least frequent 

type of legalized gambling for states. Only Delaware, Montana, Nevada, and 

Washington have legalized sports betting. Fewer prevalent forms of gambling 

like this should have little influence in the analysis compared to other, more 

numerous gaming types. 

B.4.3 Horse Racing. Horse racing now occurs in 35 states, making it the 

most prevalent gambling type next to bingo. An absence of horse racing exists in 
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the fundamentalist rei igious strongholds of the Southeast and in states with only 

bingo. Horse rae ing is still seen as a more acceptable form of gambling than lot­

teries based on the higher number of states having it. The amount of revenue 

generated by horse racing is more than lotteries, but the higher single purses 

that lotteries are now offering are becoming very attractive to many people. 

There are many states which have both horse racing and lotteries, indicating that 

an adequate market is in place to support both activities. Research has shown 

that different types of people attend the races versus those who buy lottery 

tickets. The total parimutuel handle for both horse and dog racing has not been 

adversely affected by lottery adoption for most states. In fact, most states have 

clearly seen an increase in profits for parimutuels after lotteries began (Table 

VI). 

B.4.4 Dog Racing. Although highly competitive with horse racing, dog 

racing is normally complementary to state lotteries. Evidence of this fact is the 

state of Kansas which passed an all-in-ane lottery and dog racing package in 

November, 1986. Several state lottery ogene ies have promoted each gambling 

type interchangeably with state racing commissions. Lottery tickets are sold at 

the racetracks and the winning race numbers are used for lottery ticket winners. 

Dog racing is slightly less prevalent than lotteries (16 states compared to 26 lot­

tery states) because of the resistance it has met from some horse racing inter­

ests (most notably in California). Lotteries have had the advantage of less resis­

tance which has allowed them to spread into more states. 

B.4.5 Jai Alai. Jai alai is a less common gambling type found only in 

Connecticut, Florida, Nevada, and Rhode Island. It is expected to have minimal 

influence on lotteries compared to some other gambling types. Some localized 



TABLE VI 

TOTAL PARIMUTUEL HANDLE: l983a 

State Year Lottery Started 1983 

Arizona $219,582,147 $221,475,756 

Connecticut ll5,384,222b 299,218,968 

Delaware 153,605,048 64,555,603 

Ill i no is 745,997,779 967,554,363 

Maine 2 3' 809 '098 30,997,496 

Maryland 2 79 '0 2 5 ' 1 7 8 420,512,305 

Massachusetts 293,877,519 560,145,560 

Michigan 317,329,493 355,357,249 

rJew Hampshire 1 1 5 ' 8 l 3 ' 86 1 b 91,052,367 

New Jersey 371,738,369 958,685,566 

New York 1,459,528,840 3,116,166,404 

Ohio 283,788,081 384,849,073 

Pennsylvania 3 84 ' 5 1 1 ' 8 79 524,571,927 

Rhode Island 125,123,509 117,090,434 

Vermont 14,881,654 13,708,922 

Washington 205,063,436 209 '771 ,980 

TOTAL $5. l Bill ion $8.3 Billion 

aThe left column shows total parimutuel betting for each 
state 1 s lottery startup year. The right column shows the 
the same state 1 s 1983 parimutuel handle. 

bFirst year available after lottery started. 

Sources: American Horse Council; Greyhound Publications, 
Inc.; Connecticut Division of Special Revenue. 
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variation may be possible when viewed on a regional basis (e.g., Florida), but 

would not account for any noticeable diffusion patterns. 

B.4.6 Casinos. Casinos are the only gambling type which should be found 

to be detrimental to lotteries. Although New Jersey has casino gambling, it is 

not as widespread as Nevada. Nevada has avoided the lottery due to the influ­

ence casino owners have on state government. Like lotteries, many forms of 

casino gambling are based on luck (e.g., slot machines) rather than skill. The 

influence of casino gambling overall is expected to be weak except in Nevada, 

where it should stand out with a high negative correlation to lotteries. 

B.4.7 Bingo. Bingo is usually the first type of gambling that a state will 

legalize. It is a question to some whether bingo can be considered a genuine 

form of gambling, because of the minimal prize earnings in most states and the 

fact that most bingo games are conducted in churches or by charitable organiza­

tions. Bingo is common even in the Southeastern bible belt states and has I ittle 

active opposition. It is not as good an indicator of whether a state may adopt a 

lottery as are parimutuel racing types. Unlike many other forms of gambling, 

bingo has been legal for a long time. In contrast, parimutuel sports have not 

been established as long in most states as bingo and can be seen as more of a 

parallel to lotteries. 

B.S Out-of-State Lottery Winners/Players 

Sufficient information on out-of-state lottery sales and winnings would 

prove to be an enormous asset to determining the influence bordering states have 

on each other. Research in the summer of 1986 found that such records are not 

generally kept by all state lottery agencies. This factor could not be used in the 

overall data matrix because of the limited availability of such information. The 
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information that was received does point to a strong relationship between a lot­

tery state and its bordering states. In all three cases displayed in this study, a 

lottery state's greater percentage of out-of-state winners and players has come 

from the non-lottery states which border them. 

It is important to mention the information obtained from the states of 

Iowa, West Virginia, and Colorado because of the similarities found for each 

state. Information from the Iowa lottery (Table VII) shows that Nebraska, 

Minnesota, and South Dakota were the top three states for out-of-state high tier 

lottery winners in May, 1986. Four out of the top five states accounting for 

Iowa's out-of-state winners were at that time non-lottery states (Nebraska, 

South Dakota, Minnesota, Wisconsin). In the period from August 22, 1985, to 

May, 1986, 9.3% of Iowa's high tier lottery winners were from out of state. The 

state of West Virginia shows the same type of pattern as the Iowa lottery. The 

non-lottery states of Virginia and Kentucky are the top two bordering states in 

the percentage of out-of-state lottery players for West Virginia (Table VIII). For 

August, 1986, 12.7% of West Virginia's lottery players were out of state, 7.53% of 

which came from the bordering non-lottery states of Virginia and Kentucky. The 

same pattern is seen when looking at the out-of-state winners for the Colorado 

lottery (Figure 9). The pie chart for Colorado's instant ''Bonanza" game shows 

the greater percentage (60%) of out-of-state winners came from the bordering 

non-lottery states of Wyoming, New Mexico, Kansas, Texas, and Nebraska. 

This information is far from conclusive as the figures come from only 

monthly reports of the three states mentioned. The fact that non-lottery states 

made up the greater percentage of out-of-state winners and players (in Iowa, 

West Virginia, and Colorado) should suggest that lottery states have a strong 

influence on bordering or nearby non-lottery states. This information helps to 

support the hypothesis of contiguous diffusion based on the observed economic 
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TABLE VI I 

IOWA LOTTERY--OUT-OF-STATE WINNERS 

During the month of May, 3,745 prizes of $50 or more were claimed. Of 
these, 388 (or 10.3%) were claimed by out-of-state residents. These 
prizes totaled $19,400. Out-of-state players contributed approximately 
$561,000 to May sales. 

Out-of-state high tier winners reside in the following states: 

Nebraska 
Minnesota 
South Dakota 
Illinois 
Wisconsin 
Missouri 
California 
Kansas 
Colorado 
Ok 1 ahoma 
Texas 
1-/ashington 

133 w nners 
64 w nners 
42 w nners 
41 w nners 
31 w nners 
24 w nners 
11 wtnners 
10 winners 

5 winners 
4 winners 
3 winners 
3 winners 

Indiana 
North Dakota 
Arkansas 
Florida 
North Carol ina 
Alabama 
New York 
West Virginia 
~1 i chi gan 
Wyoming 
Kentucky 

2 winners 
2 winners 
2 winners 
2 winners 
l winner 

winner 
winner 
winner 
winner 
winner 
winner 

Out-of-state high tier winners (recap since August 22, 1935): 

Aug. 
Sep. 
Oct. 
Nov. 
Jan. 
Feb. 
Mar. 
Apr. 
May 

22-Sep. 
19-0ct. 
9-Nov. 

12-Dec. 
1 -Jan. 
1-Feb. 
l -Mar. 
1-Apr. 
1-May 

18, 1985 
8 

11 
31 
31, 1986 
28 
31 
31 
31 

Total 

Iowans 

1 '599 
796 

i '324 
1 '21 0 

735 
2,056 
2, 156 
4' 518 
3,36la 

17,755 

Out of State 

153 
85 

126 
152 

81 
174 
229 
440 
388 

1 '828 

aEstimated May 6, 1986; includes $50 prizes. 

Percentage 
Out of State 

Avg. 

8.7 
9.6 
8.6 

11 • 1 
9.9 
7.8 
9.6 
8.8 

10.3 

9.3 



TABLE VIII 

WEST VIRGINIA LOTTERY--OUT-OF-STATE PLAYERS 

Out-of-State Performance 

For the month of August, 1986, Game 4 out-of-state players comprise 12.77% 
of all players of the West Virginia Lottery. 

Out-of-State Players 

State 

Virginia 

Kentucky 

Ohio 

Maryland 

Pennsylvania 

Other States 

Percentage of Total 
West Virginia 

Lottery Players, 
Game 4 

5.38 

2. 15 

1. 96 

0.87 

0.45 

l. 96 

12.77 

Most out-of-state lottery players came from Virginia, followed by Ken­
tucky, Ohio, Maryland, and Pennsylvania. The percentage of out-of-state 
players from other non-bordering states remains higher than usual during 
the summer months due to increased travel to \~est Virginia for vacations. 

August l, 1986, through August 30, 1986. 
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competition along state borders. The data suggest that Colorado, Iowa, and West 

Virginia are all significant border influences to their neighboring non-lottery 

states, and may influence future lottery diffusion into new states. There are 

numerous cases where non-lottery states have lost revenue to bordering lottery 

states and are then influenced to adopt lotteries to offset this. Further study on 

the impact of out-of-state sales and winners would require more data, but the 

initial impression has to strongly favor the trends such data would reveal to the 

lottery diffusion process given the flow of money across state borders. 

B.6 Lottery Distribution--1987 

Since the start of the research, four new states have passed lotteries. The 

diffusion process, as predicted, is continuing at a rapid rate as more states com­

pete economically for lottery dollars. Montana, Florida, Kansas, and South 

Dakota have all recently passed lottery legislation in the fall of 1986 and will 

begin lotteries in the spring of 1987. The distribution pattern generally confirms 

the hypothesis that lotteries are diffusing in a contiguous pattern except for 

Florida, which is an anomaly to the otherwise conservative southern bible belt 

area. The map (Figure 10) includes the year of lottery adoption for states. Gen­

eral distribution shows lotteries concentrated in the Northeast, Midwest, and 

West, with almost a complete absence in the Southeast part of the United States. 

Florida represents the only southern state to adopt a lottery to date. Although 

Florida is very different culturally from any other southern state, it will be 

interesting to see what effect it will have on the bordering states of Georgia and 

Alabama. Areas around the Mobile and Pensacola metropolitan region could 

have significant border flow of lottery sales based on the short distance between 

the two cities. Also of note is the future influence the new lottery states of 

Kansas and South Dakota may have on their bordering non-lottery states. 
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B.7 Total Lottery Revenue Potential, Non-Lottery States 

As mentioned previously, Texas could earn the most money from a lottery 

based on their population. California, with the highest population of any state, 

has a lottery which rates among the top 40 corporations in America in terms of 

financial gross and net revenue earnings. The revenue potential model for non­

lottery states is based on an average of $72.02 per capita times the state's 

population, giving the gross revenue potential (Table II, Figure 8). The net 

revenue is figured at 40% of the gross on the average. For Texas, as an example, 

their expected gross revenue would exceed one bill ion dollars and the net (40%) 

over $418 million (ranked first for non-lottery states). Population will be a major 

factor for determining which states eventually adopt lotteries. Higher revenue 

potentials will do more to convince state officials of the economic feasibility of 

lotteries. Florida was ranked second in gross revenue potential for non-lottery 

states but has since adopted a lottery. After Texas, North Carol ina, Georgia, 

and Indiana have the highest populations for potential lottery revenues. 

C. Data Analysis 

C.l Introduction 

The data matrix was developed using the Statistical Analysis System pro­

gram (SAS) and contains 48 state observations for each of the 20 lottery vari­

ables (geographical, political, economic, and gambling variable types) (Table XV; 

Tables XIV through XXIV are presented in the Appendix). Weighted indices have 

been developed for several of the lottery variables to aid in the necessary data 

transformation of descriptive information to numerical data which can be statis­

tically correlated. All lottery variables are not included for each state because 

data classification separation was necessary according to lottery, non-lottery, 
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and all states. States having no information for any one lottery variable ore 

represented by l's (constants) in the data matrix. 

The data matrix was manipulated through factor analysis and Pearson Pro­

duct Moment Correlation Coefficients to attempt to develop patterns of region­

al ization according to states and variable names. It is possible that factor 

analysis will be able to synthesize the data into a few key factors that will help 

to test the hypotheses. By confining the 20 lottery variables into a few key fac­

tors, a pattern of regional ization may emerge according to states which are 

associated by similar lottery variables. 

In a pattern of regional ization it is possible that homogeneous regions 

(Southeast, Northwest, Southwest, and Midwest) will be discernible according to 

lottery variable similarities. The 0-mode factor analysis used in the study, and 

later to be interpreted by data synthesis, was used to produce a regional ization 

of the variables. The 0-mode factor pattern map (Figure 13) is an end result of 

the factor analysis procedure and can best display any regional patterns which 

may emerge. Correlations from states like Alabama and Georgia, for example, 

are expected to be similar for more variables than California and Texas because 

of the adjacent location they have in the same geographic region and the non­

lottery relationship they both share. 

C.2 Pearson Product Moment Correlation Coefficients 

The correlation coefficients are important indicators because they test 

how well the lottery variables relate to each other and how well each state is 

related to the lottery variables. A high positive correlation for the key diffusion 

variables would indicate the hypotheses of the study could be accepted. High 

negative correlations of variables mean it would be more I ikely that hypotheses 

will have to be rejected in favor of an alternative hypothesis. High positive 
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correlations would indicate variables are similar to each other whiie negative 

correlations reflect they are opposite to each other. If it is known that variables 

correlate well with each other, it can be assumed the relationship existing would 

favor support of the hypotheses. 

For the lottery thesis the highest positive correlation coefficents (Table 

XVI) are between the Adoption Status/ Adoption Method and the Boundary Popu­

lation Index. The adoption status has a 0.9870 positive correlation to the BPI 

while the adoption method has a 0.8738 positive correlation. This shows that 

these variables are highly related to each other and should offer some insight 

into the processes involved. The high positive correlations help confirm the 

notion that a state's boundary population is a major influence on whether it is a 

lottery state or not. The relationship suggests that population along border areas 

helps to determine a state's adoption status (lottery, non-lottery, or potential 

lottery). The method of adoption (lottery states) is strongly related to popula­

tion also. Overall, it suggests that the density of state populations is a factor 

which determines if a state has a lottery or not. These correlations are con­

firmed by the fact that the majority of the United States population I ies within 

lottery states (over 50%). Less populated areas are more I ikely to be non-lottery 

states, probably because of their lower revenue potential. 

Moderately high positive correlations exist between the political and 

economic variables as they each are related to the legalization requirement 

(Table XVI). The relationships exist because the legalization requirement is 

based on political and economic factors concerning the possibi I ity of lottery 

adoption. Each of the three variable categories pertain in a large degree to non­

lottery states, and the economic and political factors that are important to each 

state for legalizing the lottery. There is also some slight relationship between 

the political and economic variables, and the geographical distance influence 



81 

indices. The highest correlation here 1s between the Distance Influence Index 

CC (center of a state to center of nearest lottery state) and the Gramm­

Rudmann state revenue cutbacks (0.6224). The correlations of the gaming vari­

ables are very weak, suggesting little positive or negative relationship to lottery 

diffusion. Gambling types can be concluded to be neither advantageous nor 

detrimental to lotteries based on the lack of strong correlations overall. There 

is a possibility that relationships may be imbedded within the data on a regional 

basis for individual states. For the state of Nevada, a special exception may 

apply due to the negative influence casino gambling is expected to have on 

lottery adoption possibilities. Finally, as expected, the two distance influence 

indices (CC, UC) have high positive correlations to each other (0.8421). 

In general, for the entire correlation matrix, there are very high correla­

tions between the adoption status/adoption method political variables and the 

geographical Boundary Population Index variable. Economic and political vari­

ables show moderate to strong positive correlations to each other as do the 

distance indices with each other. The four geographical variables did not show 

much relationship to each other witnessed by the lack of any strong positive or 

negative correlations. The Boundary Influence Index shows a total lack of any 

strong correlations with any other variable. The strongest negative correlation 

was between the adoption status and the cost per capita (Gramm-Rudmann 

Index). This suggests that whether a state is a lottery state or not makes little 

difference in the amount a state would lose from revenue cutbacks attached to 

the cost per capita. This, of course, is assuming the savings per capita figure is 

not interjected into the relationship. The amount of revenue cutbacks and the 

associated losses per capita are not based on a state's adoption status but on the 

total state population. 
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Looking at the correlation matrix alone still gives one no clear idea of 

whether the hypotheses can be accepted or rejected. So far the most important 

thing it tells is that the border populations of states are highly positively related 

to whether a state will adopt a lottery (adoption status). This turns out to be 

fairly accurate as states with higher populations have adopted the lottery. From 

here, it is necessary to condense the 20 lottery variables into a few key factors 

that hopefully will better test the hypotheses. This is where factor analysis was 

used to attempt to develop more identifiable patterns to the data. It should be 

possible to find that some variables are common to certain regions. That would 

allow the determination of area patterns to the variables according to states and 

regions. 

C.3 Factor Analysis 

The correlation coefficients from the raw data matrix are used in the 

factor analysis procedure. The goal of factor analysis is to take a large amount 

of data (20 variables) and reduce them to fewer (6) factors. This data reduction 

technique combines the data of the original matrix. There are five main statis­

tical procedures to follow for obtaining factor analysis solutions. The data 

matrix is created, the correlation matrix is calculated, the extraction of the 

initial factors is done through the initial principal components factor analysis, 

the factors are rotated to a terminal solution and interpretation, and finally the 

factor scores are obtained from the rotated correlation matrix and factor load­

ings (Figure 3). The primary use of factor analysis is to find out if a smaller 

number of factors can account for the bulk of the correlations among the much 

larger original set of variables. 

C.3.1 Principal Components Factor Analysis. The first step that must be 
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done in principal components factor analysis is to run the initial factor method 

to obtain the first set of factors (Table XVII). Table XVII illustrates the results 

of the initial statistical procedure of factor analysis. The 20 lottery variables 

are transformed into 20 factors which are rated according to a series of eigen­

values ranging from 0.004425 to 8.220953. The eigenvalue criterion is the most 

common way to determine the number of initial factors to be extracted and 

retained from the correlation matrix. Generally, those factors with an eigen­

value of one or greater are retained by the computer program. For the lottery 

diffusion correlation matrix, six factors have eigenvalues greater than one and 

are retained by the mineigen criterion. The six retained factors are arranged on 

a horizontal axis while each of the original lottery variables are arranged on a 

vertical axis of the initial factor correlation matrix (Table XVII). The initial six 

factors retained are arranged according to the highest values in order of impor­

tance from one to six in a factor pattern matrix. Factor one with an eigenvalue 

of 8.220953 explains the most variance of any factor and has the highest nega­

tive and positive correlations with all of the lottery variables. 

The initial factoring step has determined the minimum number of factors 

(6) that will adequately account for most of the observed correlations and has 

shown the commonalities each variable has with each other. The initial six 

factors are orthogonal and arranged in descending order of importance. These 

six factors can explain the majority of the variance for the correlation matrix. 

Once they are rotated and developed into factor scores, definite regional and 

categorical patterns will be possible based on how well each factor correlates to 

the 48 states and 20 lottery variables. 

C.3.2 Factor Rotation. After the initial factors have been extracted, the 

next step is to rotate the six factors to a terminal solution (Table XVIII). Factor 
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rotation is done so that a simpler, more easily interpretable data matrix is 

developed. The factors are rotated on their axes in order to obtain more identi­

fiable patterns to the data matrix. The goal of this procedural step is to find a 

factor pattern matrix that is closest to the simplest ideal structure. The factor 

pattern matrix may be rotated several times by many different rotation methods 

to gain the ideal structure suitable for the factor scores. 

For the lottery data matrix, the varimax rotation type was used because it 

will maximize the variance of the squared factor loadings for the six retained 

factors. This will allow for a clearer separation of each factor score according 

to its correlational strength. The varimax factor rotation takes the six initially 

retained factors from the factor pattern matrix and rearranges them into a 

rotated factor pattern matrix. The rotated factor pattern produced by the vari­

max rotation (R-mode) (Table XVIII) reduced the numerical strength of the 

correlations between the 6 factors and the 20 lottery variables, allowing better 

separation of the variables by factor types. Varimax rotation assumes that the 

factors are uncorrelated and that smaller positive and negative correlations will 

be exhibited. The smaller numerical difference of the six factors for each vari­

able is a means by which patterns can be detected because fewer lottery vari­

ables are strongly correlated to each factor. 

The main objective of the factor rotation step 1s to help in showing the 

relationship the original lottery variables have with each of the six retained 

factors. The problem which still exists is that too many lottery variables are 

attached to each factor. It is not possible yet to determine which variables are 

best reflected by which factors. To do this the final step is employed by obtain­

ing the factor scoring coefficients. 

C.3.3 R-Mode Factor Scoring Coefficients. Once the rotated factor 
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matrix is developed from the initial factor matrix, it is possible to develop a 

factor scoring coefficients matrix from the SAS program (Table XIX, standard­

ized scoring coefficients). The factor scores are derived from the multiplication 

of the original lottery data with the factor loadings (rotated). The factor scores 

produced allows for the labeling of each factor according to a few key categories 

(economic, geographic, gambling, borders, betting, and political). It indicates 

which variables are most strongly associated with each of the factors, and allows 

for labeling of each factor based on the typology of the lottery variable names. 

Factor one, for instance, has the highest loadings on cost/ savings per capita and 

can be labeled the "economic" factor. Factor two has the highest positive load­

ings on the Distance Influence Indices and is labeled the "geographic" factor. 

Based on the strongest positive loadings, factor three is the "gambling" factor, 

factor four is the "boundary" factor, factor five is the "sports betting" factor, 

and factor six is the "political" factor (Table XIV). All of the values of the 

factor score matrix are less than the initial and rotated factor matrices. This 

allows for the elimination of many original variables from each factor and helps 

to affix more exact categorical labels to each factor. This procedure is termed 

an R-mode factor analysis because each lottery variable is correlated with each 

other to obtain the six factors. The end result of the R-mode procedure is repre­

sented by a principal components map (Figure 14) that was developed from prin­

cipal components factor anaiysis by state (Table XXIV). This table has produced 

six principal components for each of the contiguous 48 states which are different 

than the six factors (Table XIX) which correspond to each lottery variable. 

Through the factor pattern and principal components map, the results of the 

factor analysis procedure are clarified and synthesized. The R-mode principal 

components map displays regional similarities for some of the lottery variables. 
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To be able to obtain a synthesis of the data according to contiguous regions, the 

Q-mode factor analysis is used. 

C.3.4 G-Mode Factor Scoring Coefficients. In the G-mode analysis, the 

data matrix is transposed so that the vertical columns represent real units 

(states) and the horizontal rows represent the lottery variables. This provides a 

way of correlating each lottery variable by state observations. With the Q-mode 

technique, factors can be interpreted as regions or regional types according to 

each state observation. The states are correlated with each other to develop a 

set of five regional factors which account for lottery diffusion patterns. Each 

factor is made up of certain states which share common regions. The Q-mode 

transposal of the data matrix helps to better identify which states correspond to 

the five factors retained. With this transposal, it is possible to plot correlations 

state by state, revealing regional patterns. 

It is important to distinguish the major differences between the G- and R­

modes of factor analysis. In the R-mode it is termed a N*N correlation matrix 

which will intercorrelate the 20 lottery variables with each other. The Q-mode 

modification can transpose the data matrix to make the columns represent the 

states (areal units) and the rows represent the lottery variables. A 20 by 48 data 

matrix (lottery variabies) was transposed into a 48 by 20 matrix so that each 

state can be compared for correlational strength. The G-mode factor analysis is 

a technique used by geographers to identify regional patterns. 

The G-mode factor analysis produces the same type of output as the R­

mode except it is by states. The output includes the Pearson Correlation Coeffi­

cients matrix, the initial factoring procedure, and the factor scoring coeffi­

cients. A special problem encountered in the G-rnode analysis was related to the 

singularity of the data matrix. The SAS program has matrix algebra I imitations 
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on data sets which are transposed by the Q-mode. This made it necessary to use 

the varimax rotated factor patterns to develop Q-mode regional labels for the 

retained factors. The labeling procedure was able to attach factor names to 

each of the first four factors having the highest correlations. 

The first step initiated by the Q-mode procedure developed Pearson Corre­

lation Coefficients (Table XX) for the states (Alabama, Wyoming) as opposed to 

the variables (adoption status, bingo) (R-mode). Next, the initial factoring 

procedure reduced the variables into five factors (as opposed to six under the R­

mode) with eigenvalues of one or greater (Table XXI). The last two steps were 

the varimax rotation (Table XXII) and the factor scoring coefficients (Table 

XXIII), which encountered the singularity problem in scoring. The varimax rota­

tion pattern in the G-rnode did, however, allow for the labeling of the first four 

factors with the highest positive correlation loadings. The pattern of regional­

ization is well displayed when each factor is combined into a composite United 

States map of the factor distributions (Figure 13). 

D. Diffusion Patterns of State Lotteries 

D.l 1964-1987 

In Figure II, the arrows indicate the general direction of movement of the 

lottery diffusion across the contiguous 48 United States. Generally, the diffusion 

has moved in a wide band from the Northeast United States across the Midwest 

to the West coast. Notable areas lacking lotteries exist in the Southern United 

States and parts of the upper Midwest. Florida is a very recent and unique case 

where the diffusion has not come from any other states. It represents a possible 

new secondary source of lottery diffusion aside from Arizona and New Hamp­

shire's original diffusion. For the most part, the diffusion has been influenced by 
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the contiguous location of states. The diffusion pattern indicates lotteries have 

spread from one state border to another. 

D.2 Potential Future Diffusion Pattern 

Most of the heavily populated areas of the United States are now lottery 

states (over SO% of the United State population). Areas to experience future 

diffusion are more than likely to be non lottery states which border lottery states 

(Figure 12). This is because more influence will be exerted by lottery states 

separated by less distance from non-lottery states. The likely diffusion pattern 

will seep over into states bordering lottery states like Minnesota, Wisconsin, 

Kentucky, etc. Another very important influence to the future diffusion is the 

population of a state. Texas has the largest remaining market potential for a 

lottery based on its status as the most densely populated non-lottery state. Iso­

lated deep south states not bordering lottery states are likely to be some of the 

last states to have lotteries because of the lack of border influence. In addi­

tion, the states of Utah and Nevada are I ikely never to adopt lotteries due to 

rei igious and casino gambling influences. 

D.3 Analysis of Lottery Diffusion Patterns 

By comparing the lottery diffusion from state to state (Figure II) with the 

0- and R-mode maps (Figures 13 and 14), certain similarities emerge. The diffu­

sion which has taken place up to the present time can be identified very well for 

the four most highly correlated factors on the 0-mode map (Figure 13). Two 

points of origin for lottery diffusion are seen. The original source area was in 

the Northeast (~~ew Hampshire) and spread into the Midwest, while a second area 

began in Arizona and Colorado before moving along the West coast. The two 

movements appear to be converging in the center of the country as Montana and 
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South Dakota have been influenced to adopt from the Western branch and Kansas 

from the Eastern diffusion branch. The New Hampshire diffusion has continued 

moving west from Iowa and Missouri while the Western diffusion is moving east 

from Montana and Colorado. The central United States appears to be the focal 

point of lottery diffusion at the present time. The discussed movements are well 

represented by states with factor values of two (established lottery states) and 

three (recent adopters). Since this research started, the adoptions of Montana, 

South Dakota, Florida, and Kansas represent the most recent lottery diffusion. 

Future diffusion was hypothesized to occur in a contiguous manner. The 

recent addition of three out of the four newest lottery states suppor+s this 

hypothesis well. Florida represents a third source area for lottery diffusion in 

addition to New Hampshire and Arizona/Colorado because they are the first 

states in their region to adopt the lottery and thus were not influenced by any 

bordering states. With the near connection of lottery states from east to west 

across the northern half of the United States, the influence Florida might have 

on southern diffusion will be interesting to observe. The contiguous seep theory 

would seem to indicate that new lottery adoptions, if they occur in the South, 

will be influenced by states such as Missouri, Illinois, and West Virginia which are 

adjacent to the north of many non-lottery states. Data synthesis for the spatial 

diffusion patterns of lotteries should be available from the results of the 0-mode 

(factor pattern) and R-mode (principal components) maps. By comparing the 

actual lottery diffusion patterns to the 0- and R-mode maps, similarities may 

exist which can verify the hypotheses. 

E. Testing Procedures for Accepting/Rejecting Hypotheses 

E. I Correlational Strength of Geographic Variables 

The Boundary Population Index has the highest positive correlation of any 



of the lottery voriobies in the correlation matrix. It is correlated at +0.9870 

with the dependent variable-adoption status (lottery, non-lottery, potential adop­

ter). This indicates that a state's adoption status depends very much on the 

population along its borders. The length and number of bordering states (Boun­

dary Influence Index) does not seem to be nearly as important as the population 

market along these borders. This assumption is logical because without dense 

populations, lotteries cannot turn significant profit and revenues. States such as 

Wyoming and Nevada have a large number of total miles along their borders but 

do not hove the population aiong their borders--or anywhere in the state for that 

matter--needed to support lotteries. Economic competition between two border­

ing states is at least partially based on population concentrations near the two or 

more state borders. The contiguous diffusion thus far observed shows some 

hierarchical aspects by spreading through areas with the highest population 

markets. This is not uniform across the United States, because in some areas 

lotteries have spread into the more heavily populated places. The recent diffu­

sion into the Midwest, for example, has token place in states with less population 

than many Southern sunbelt states. Their adoption may be more a case of des­

peration than anything because of the farm and oil crises which have drained 

budgets to all time lows in these places. This example is indicative of Midwes­

tern states having cities located along state borders where the contiguous con­

tagion diffusion would more readily apply. 

The two distance indices ore highly related to each other but do not show 

much correlational strength with the adoption status or any of the other geo­

gruphic variables. Preliminary indications show that higher populations near 

state borders (Boundary Population Index) can be proven to be an acceptable 

hypothesis given the very high correlation of the BPI with the adoption status. 
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E.2 Correlational Strength of Other Variables 

Based on results of the Pearson Correlation Coefficients, there are no 

other highly significant correlations to be observed. Thus, it became necessary 

to look to the factor analysis procedures to help in verifying or rejecting the 

other hypotheses. Factor analysis was used to better define some of the weaker 

correlations so they could be grouped according to states (regions) and lottery 

var iab I es (categories). 

E.3 Stepwise Regression Analysis 

In testing the importance of all of the variables used, stepwise regression 

was the final test procedure employed. The adoption status represented the 

dependent variable which was compared to all other lottery (independent) vari­

ables. The variables retained by the stepwise procedure show the best I ineor 

relationships (Tables I X and X). A plot of the dependent variable (adoption 

status) with the highly positive BPI (Table XI) reveals a strong linear relation­

ship. States having a low BPI have adoption status one (non-adopted), a moder­

ate BPI has adoption status two (potential adopters), and the higher BPI values 

have adoption status three (adopted). This information indicates the majority of 

states with large populations already have a lottery. To some extent this is true, 

as over 50% of the United States population I ies in lottery states. The stepwise 

regression procedure selects the independent variables meeting the 0.1500 signi­

ficance level. The procedure retained seven variables which met this level of 

significance. The two most important independent variables retained were the 

Boundary Population Index and the Distance Influence Index (center of one state 

to center of nearest lottery state, DIICC). Both of these variables are spatially 

oriented geographic indices and they have the highest mean square of the seven 



TABLE IX 

STEPWISE REGRESSION PROCEDURE 

NOH: SLENT~Y AND SLSTAY HAVE BEEN SET TO . 15 FOR THE STEPWISE fECHNlQUE. 

STEP 1 VARIABLE BPI ENTERED R SQUARE = 0 97425594 C(P) = 

DF SUM Of SQUARES ME.AN SQUARE 

REGRf.SSlON 1 37.48855656 37.48855656 
E I< RO R 46 0.99061011 0.02153500 
TUTAL 47 38.47916667 

8 VALUE STD ERROR TYPE I I ss 

INTERCEPT 0.11463835 
BPl 0.15:.142994 0 00365337 37.48855656 

BOUNDS ON CONDITION NUMBER: 1. 

STEP 2 VARIABLE OllCC ENTERED R SQUARE c 0 97927795 C(P) " 

OF SUM OF SQUARES MEAN SQUARE 

fH.GR[SSlON 2 . 37.68179950 18.84089975 
fRROR 45 079736717 0 01771827 
ll)TAL 47 38.47916667 

8 VALUE STO ERROR TYPE I I ss 

lNTlRCEPT ;;0. 10436889 
flPl 0. 15803097 0.00372273 31.93054803 
0 I l CC 0.04547601 0 01377062 0. 19324:294 

BOUNDS ON CONDITION NUMBER; 1.261933, 5.047731 

40.47189015 

F PROB>F 

1740.82 0.0001 

F PROB>F 

1740.82 0.0001 

25.99356368 

F PROB>F 

1063.30 0.0001 

F PROB>F 

1802.02 0.0001 
10.91 0.0019 

\...0 
0' 



SHP 3 

REGRESSION 
ERROR 
TOTAL 

INTERCEPT 
LR 
BPI 
D I ICC 

VARIABLE LR ENTERED 

OF 

3 
44 
47 

B VALUE 

0.19358814 
-0.05321077 
0. 14549830 
0.04332676 

BOUNDS ON CONO!l!ON NUMBER. 

STEP 4 

REGRESSION 
ERROR 
TOTAL 

INTERCEPT 
LR 
BPI 
D I ICC 
OTB 

VARIABLE OTB ENTERED 

OF 

4 
43 
47 

B VALUE 

0.4048<\972 
-0.06000916 
0.14G57G11 
0.04847141 

-0.09843803 

BOUNDS ON CONDITION NUMBER: 

TABLE IX. (CONTINUED) 

R SQUARE " 0.98218909 C(P) " 

SUM OF SQUARES 

37.7938 1773 
0.68534894 

38.47916667 

STD ERROR 

0.01984197 
0.00583290 
0.01293585 

3.524265, 23.88806 

MEAN SQUARE 

12.59793924 
0.01557611 

TYPE II SS 

o. 11201022 
9.69182337 
0. 174 73550 

R SQUARE D 0.98439786 C(P) m 

SUM OF SQUARES 

37.87880923 
0.60035743 

38.47916G67 

STD ERROR 

0. 01898664 
0.00553963 
0.01242342 
0.03989752 

3.546318, 36.88125 

MEAN SQUARE 

9.46970231 
0.01396180 

TYPE II SS 

0. 13946985 
9.77477836 
0.21253483 
0 08499151 

18.44147947 

F 

808.80 

F 

7. 19 
622.22 

11.22 

13.19403355 

F 

G78.2G 

F 

9 99 
700. 11 

15.22 
6.09 

PROB>r 

0.0001 

PROfl>F 

0.0103 
0.0001 
0. 0017 

PROB>F 

0.0001 

PROB>F 

0.0029 
0.0001 
0.0003 
0. 0177 
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pEGRESSION 
ERROR 
1 OT AL 

1 NTERCE.PT 
L·R 
pPI 
[l I 1 CC 

clTB 
<;ASlNOS 

VARIABLE CASINOS ENTERED 

OF 

5 
42 
47 

B VALUE 

0.84897968 
-0.06721007 
0. 1442 1009 
0.04296361 

-0.08941397 
-0.19541169 

TABLE IX. (CONTINUED) 

R SQUARE = 0 98616327 C(P) • 

SUM OF SQUARES 

37.94674076 
0.53242591 

38.47916667 

STO ERROR 

0.01835730 
0.00537659 
0.01207466 
0.03821654 
0.08441503 

MEAN SQUARE 

7.58934815 
0.012G7681 

TYPE II SS 

0. 16992644 
9. 11982956 
0. 16049498 
0.06939337 
0.06793153 

9.40133630 

F 

598.68 

F 

13.40 
719.41 

12.66 
5.47 
5.36 

PROB>F 

0.0001 

PROB>F 

0.0007 
0.0001 
0.0009 
0.0241 
0.0256 

~~~~~-~~-~~~~~~:~~-~~~~~~~-----~~~?:~?:: _____ :~~~=~~~-----·-----------------------------------
,.>TEP G VARIABLE GlSPB£1 ENTERED R SQUARE ~ 0.98792775 C ( P) n 

f~EGRESSION 
:RROR 
!IOTAL 

INTERCEPT 
LR 
SPI 
~I ICC 
GISPRET 
OTB 
CASINOS 

OF 

6 
41 
47 

B VALUE 

0.61170474 
-0.05734987 
0.14666622 
0.04359336 
0.14817101 

-0.09733501 
-0.24976129 

BOUNDS ON CONO IT 1 ON NUMBER • 

SUM OF SQUARES 

38.01463G52 
0.46453015 

38.47916667 

STO ERROR 

0.017B1G06 
0.00518105 
0.01141814 
0.06052809 
0.03627406 
0.0!!283571 

3.822636. 73.15753 

MEAN SQUARE 

6. 33517:275 
0.01133000 

TYPE II SS 

o. 11740092 
9.07936353 
0. 16515057 
0.06789576 
0.08157851 
0.1030018G 

5. 61168911 

F 

659.20 

F 

10.36 
801.36 

14.58 
5.99 
7.20 
9.09 

PROB>F 

0.0001 

PROB>F 

0.0025 
0.0001 
0.0004 
0 0187 
0.0105 
0.0044 

--------------------------· -----------------------------------------------------------------
~ 
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STEP 7 

REGRESSION 
ERROR 
TOTAL 

INTERCEPT 
LR 
BPI 
D I ICC 
GRCUTS 
GISPBET 
OTB 
CASINOS 

VARIABLE GRCUTS ENTERED 

or 

7 
40 
47 

B VALU[ 

0.57439141 
-0.04589•127 
0.14671360 
0. 054 2!Hl58 

-0.00027390 
0.13BC1J79 

-0.09359738 
-0.24:317436 

TABLE IX. (CONTINUED) 

R SQUARE = 0.98860019 C(P) 2 

SUM OF SQUARES 

38.04051163 
0.43865504 

38.47916667 

STD ERROR 

0.01904844 
0 00509732 
0.01321626 
0.00017831 
0.05987303 
0.03577008 
0.08160834 

MEAN SQUARE 

5.43435880 
0.01096638 

TYPE I1 SS 

0.06365919 
9.08489779 
0. 18503898 
0.02587511 
0.05877783 
0.07508458 
0. 09737100 

BOUNDS ON CONDITION NUMBER: 4.151714, 111 . 3207 

5.40525152 

F 

495.55 

F 

5. 80 
828.43 

16.87 
2.36 
5.36 
6.85 
8.88 

PROB>F 

0.0001 

PROB>F 

0.0207 
0.0001 
0.0002 
0.1324 
0.0258 
0.0125 
0.0049 

·-------------------------------------~-----------------

NO OTHER VARIABLES MET THE 0.1500 SIGNIFICANCE LEVEL FO~ ENTRY INTO THE MODEL. 

\..0 
\..0 



TABLE X 

STEPWISE REGRESSION SUMMARY 

Variable Number Partial Model 
Step Entered Removed In R'""'2 R ,.,.,2 
----

BPI 1 0.9743 0.9743 

2 D I ICC 2 0.0050 0.9793 

3 LR 3 0.0029 0.9822 

4 OTB 4 0.0022 0.9844 

5 CASINOS 5 0.0018 0.9862 

6 GISPBET 6 0.0018 0.9879 

7 G RC UTS 7 0.0007 0.9886 

c ( p) F 
--

40 .ll719 1740.8197 

25.9936 10.9058 

18.4415 7.1917 

13.1940 6.0874 

9.4013 5.3587 

5.6117 5.9926 

5.4053 2. 359 5 

Prob>F 

0.0001 

0.0019 

0.0103 

0.0177 

0.0256 

0.0187 

0.1324 

-
0 
0 
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variables retained. Each of the seven variables retained represents the best 

fitting I inear relationship. The degrees of freedom are low for each of the seven 

retained independent variables and can help show the areal association of the 

factor plots. 

Other variables which were included in the stepwise regression are the lot­

tery legalization requirement for non-lottery states (political label); the three 

gambling variables of off-track betting, casinos, and sports betting; and the 

economic variable of the Gramm-Rudmann state budget cuts. 

The stepwise regression procedure seems to indicate how important pol iti­

cal legislation is to the adoption of lotteries. It can be suggested that the 

number and type of political options a state government has in adopting lotteries 

plays a major role in the success or failure of lottery legalization efforts. The 

data are inconclusive on whether voter initiatives result in faster adoption rates 

because of the lower correlations of the legalization requirement to other inde­

pendent variables. The only concrete thing that the relationship of the adoption 

status to the legalization requirement tells is that potential adopters have more 

political options than non-adopting states, which in many instances require Con­

stitutional amendments to enact lottery bills. Although potential adopting states 

have a greater number of legalization options, including the initiative, the data 

availability is too limited to confirm or reject the initiative hypothesis at this 

time. No significant correlations exist which can undeniably confirm this 

assumption. 

The three gaming variables retained by the regression analysis show strong 

I inear relationships to the adoption status. The relationship between the three 

gaming variables and the adoption status can be explained descriptively. The 

three gambling variables (casinos, sports betting, off-track betting) occur in 

areos dominated by illegal gambling and high crime rates. A state such as 
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Nevada, in particular, represents an area not I ikely to adopt a lottery any time in 

the near future. The adoption status relationship could be one of non-adopter 

because of the influence organized crime has over legal state gambling. The 

type of gambling represented by the three gaming variables is very competitive 

with lotteries unlike parimutuel gaming types. Therefore, a negative relation­

ship exists between the lottery states and those three types of gambling. 

The Gramm-Rudmann cuts (the economic variable) are much less important 

in the regression analysis than some of the other variables, because they do not 

support the hypotheses as well as the geographic and political variables. The 

relationship of this variable to the dependent variable refers to non-lottery 

states only and the revenue cutbacks they can expect. It shows that economic 

factors may influence lotteries in some ways, but it is difficult to determine just 

how based on the data available. 

The two most important relationships to the adoption status come from the 

two geographical variables concerned with boundary population (BPI) and dis­

tance (DIICC). The higher state border populations correlate positively to lot­

tery adopter states. The greater distances from the center of any one state to 

the center of its nearest lottery state accounts for isolated non-lottery states 

while less distance separating the two state centers (which also means less dis­

tance separating the innovation from a state) predominantly accounts for lottery 

states which border each other (e.g., Northeastern states, less distance separat­

ing states, which also means less distance for the innovation to travel). Less 

distance for an innovation to travel may also apply to non-lottery states which 

have contiguous borders with lottery states. 

F. Findings of Hypotheses 

For the first stated hypothesis, there are no indices that can concretely 
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prove the contiguous diffusion of state lotteries. The Boundary Population Index 

and the Boundary Influence Index are not correlated well enough with each other 

to suggest acceptance of this hypothesis based on statistical data alone. How­

ever, by observing the diffusion process on the maps, the hypothesis proves to 

have validity. The hypothesis, 11state lotteries have a contiguous diffusion pat­

tern, .. can be accepted based on the events which have transpired. The Boundary 

Population Index proves to be part of an acceptable hypothesis, based on very 

high statistical correlations. It has an indirect relationship with the economic 

competition among bordering states. In the most recent lottery diffusion which 

has taken place, two of the four states that adopted help to verify the contiguous 

diffusion theory. South Dakota and Kansas share contiguous borders with estab-

1 ished lottery states, while Montana is separated only by the panhandle of Idaho 

from a contiguous lottery border. The ongoing diffusion taking place is main­

taining itself in an almost perfectly contiguous pattern except for the adoption 

in Florida, which is obviously due to other factors besides contiguity. 

The great amount of literature concerning the economic competition for 

lottery revenue near state borders is one good indication of the increased rate of 

the diffusion process. Confirmation of this hypothesis has come from numerous 

state lottery agencies and national gambling agencies that have responded on the 

effect of economic competition between state borders on lottery diffusion. 

Based on the actual observed diffusion over just the past year, confirmation from 

lottery authorities, and the relationship to the Boundary Population Index, this 

hypothesis is acceptable. Although not statistically concrete, the relationship to 

the stronger BPI hypothesis makes the contiguous diffusion hypothesis valid. The 

factor and principal components maps (Figures 13 and 14) show the contiguous 

distribution of the key geographical variables which are essential to the diffusion 

process. 
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The second hypothesis infers that the length of state boundaries along lot­

tery and non-lottery states (Boundary Influence Index) and the distribution of 

states with major population areas close to or adjacent to lottery states (Boun­

dary Population Index) are the key spatial factors influencing the rate and 

pattern of state lottery diffusion and the level of economic competition among 

states. 

The statistical significance of the Boundary Population Index confirms the 

validity of the second hypothesis. Although the distance influence and economic 

indices have not shown very strong correlations to each other or to the BPI, they 

are tied in with the BPI. The Boundary Influence Index and key economic indices 

were not correlated solely with the states having the highest boundary popula­

tions. The overall correlation matrix was not able to show state-by-state rela­

tionships of the variables, but instead separate correlations of states and lottery 

variables. If the correlation matrix had been isolated to only those states with a 

higher BPI, the relationship between these indices may have shown higher rela­

tionships. The population along state borders is undoubtedly the most important 

spatial factor affecting lottery diffusion, and may be the most important factor 

of the entire research. It was by far the most statistically significant index. 

Combined with the Boundary Influence Index and economic revenue indices, the 

hypothesis can be accepted. The states having high Boundary Population Indices 

are also depicted by principal component six on the R-mode United States map 

(Figure 14). 

The final hypothesis cannot be accepted or rejected based on an absence of 

any statistical correlations. The voter initiative option represents an additional 

method of legalizing a lottery, and gives states a better chance of adopting the 

lottery based on the higher number of alternatives to legalization. The hypoth­

esis states that "the method of lottery adoption used is the major political factor 
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accounting for the variation in the rate of lottery diffusion." This may be 

accurate, but the idea of the voter initiative option accounting for a faster 

adoption rate is highly speculative at best. State governments vary so much 

from state to state that it is difficult to take one political adoption method 

(legislation, Constitutional amendment, initiative, referendum) and call it the 

most effective way to legalize a lottery. A separate study is needed to give due 

credit to this hypothesis. 

G. Data Synthesis 

G.l Introduction 

In the synthesis, the findings of the 0- and R-mode factor analysis proce­

dures will be examined by interpretation of the factor pattern and principal com­

ponents rnaps. 

G.2 0-Mode Factor Pattern Results 

Each state shows high correlations with some of the factors. The highest 

positive correlation coefficients for the four factors used was taken for each 

state to attach regional labels to them (Figure 13). Factor one represents non­

lottery states, factor two represents lottery states, factor three represents 

recent adopters and Eastern states, and factor four represents Western, non­

lottery states (Table XII). When the four factors are developed into a composite 

factor pattern rnap, the regional patterns show several areas where states are 

grouped together into various sub-reg ions (Figure 13). The non-lottery states 

represented by factor one show the highest concentration in the Southeast and 

Southern plains with other pockets in the interior West and upper Midwest. The 

factor two lottery states show a broad belt stretching from the Northeast to the 
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TABLE X I I 

Q-MODE FACTORS BY STATES (12) 

Factor One Non-Lottery States 

Factor Two Lottery States 

Factor Three Recent Lottery Adopters 

Factor Four Western Non-Lottery States 

Note: Taken from Q-mode rotated factor pattern, Table XXI I. 
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Midwest and out along the West coast. Factor three corresponds to the more 

recent lottery adopters since 1978, and does not show as large or as concentrated 

regions as the first two stronger factors. Pockets of recent adopters are found 

in smaller regional areas of the Midwest, New England, the Atlantic coast, and 

the Southeast (Florida). The fourth factor consists of Wyoming, South Dakota, 

and North Dakota, which are tied together regionally as Western non-lottery 

states. South Dakota's characteristics are likely to change, however, as they 

begin a lottery by May of 1987. 

The composite map of the first four rotated Q-mode factors (Figure 13) 

shows definite regional patterns which have emerged across the United States. 

The lack of any isolated lottery states indicates the significance of the contigu­

ity of the states and their adoption status. Most states with lotteries share 

borders with each other and are grouped together in regional pockets as are the 

non-lottery states. States became grouped together regionally through correla­

tions and this conforms to the idea that contiguity plays a role in the diffusion of 

lotteries. The distance, population, and economic variables to which the states 

correlate are aiding in the development of these regional factorial patterns. 

States are tied together in easily identifiable regional units which were devel­

oped from key geographical variables. 

The 0-mode factor analysis procedure allowed for a well developed region­

al pattern. The final composite map of the four varimax rotated factor patterns 

(Figure 13) shows excellent regional trends for each of the four factors having 

the strongest positive correlations. The regional geographic clarity to which 

each of the four factors correspond indicates how important regional variations 

in the variables are to lottery diffusion. The regional patterns developed by the 

factor analysis procedure help to verify the contiguity theory of lottery 
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diffusion. All factors portrayed on the map show some degree of contiguity 

based on similar regional locations. 

G.3 R-Mode Principal Components f~esults 

The principal components procedure for the R-mode factor analysis creat­

ed a correlation matrix of the top six principal components for each state 

observation (Table XXIV, columns 1-48). For this table the states are arranged 

according to the strength of the principal component loadings and are not in 

alphabetical order as are the 0-mode tables. When the highest correlations of 

the six principal components were mapped for each state, a composite map was 

created that labeled each state according to one of the six principal components 

(Figure 14). The distributional pattern for the R-mode was somewhat less appar­

ent than the 0-mode because it did not fit into regional areas as well. The R­

mode, remember, correlates the lottery variable's relationship to each other, 

while the 0-mode looks at each state and is mainly concerned with the lottery 

adoption status. For the R-mode map, each state was found to be mainly associ­

ated with gambling types. The six principal components when mapped show less 

geographical proximity according to location but instead more of a relationship 

to the number and types of gambling for each state (Figure 14). 

Principal component one (like the 0-mode factor) represents non-lottery 

states, two represents states with parimutuel racing similarities (dog/horse), 

three represents states with casinos/bingo/horse racing, four represents states 

with horse/dog/bingo, and five represents states with horse racing and bingo 

(Table XIII). Principal component six represents states with fairly high Boundary 

Population Indices (Figure 5). Principal component one reflects the distribution 

of non-lottery states which also happen to have the least number of gambling 

types. Principal components two through five represents states with similar 
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TABLE X I II 

R-MODE PRINCIPAL COMPONENTS BY STATES (13) 

Principal Component One Non-Lottery States 

Principal Component Two Dog/Horse Racing 

Principal Component Three Casino/Bingo/Horse 

Principal Component Four Horse/Dog/Bingo 

Principal Component Five Horse/Bingo 

Principal Component Six Boundary Popu 1 at ion Index 

Note: Taken from principal components by state, Table XXIV. 
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numbers and types of gambling. It is interesting to determine how well simi lur 

gambling types fit together into regional areas. Although less defined than the 

0-mode, Figure 14 does show states bordering each other to have gambling 

similarities. Several smaller regional pockets exist between a few states in the 

West, Midwest, Ohio Valley, and Northeast. The sixth principal component may 

be the most significant to the lottery diffusion process because it shows small 

regional nodes of areas with high Boundary Population Indices. Distribution of 

principal component six is highest in areas of recent lottery diffusion where it is 

assumed boundary population plays the more important role (e.g., Iowa/Missouri, 

Ohio/Michigan). 

Through the use of principal component (R-mode) and factor reduction (0-

mode), it was possible to determine definite regional patterns on the maps. 

States are given a factor or principal component labeling according to the 

highest factor correlation loadings. The synthesis of the data has allowed for the 

development of the composite maps (Figures 13 and 14) and has shown well 

defined regional patterns according to each factor and principal component. 

G.4 Data Synthesis of Spatial Diffusion Patterns 

By using the factor analysis procedure to produce the 0-mode factor pat­

tern map and the R-mode principal components map, it is possible to identify the 

pattern and rate of lottery diffusion as it has occurred to the present time. 

Looking at the 0-mode composite map (Figure 13), one can detect two major 

pockets of established lottery states. The diffusion started in New Hampshire 

and spread from the Northeast to the Midwest. A secondary diffusion node 

developed in Arizona and Colorado, and spread along the West coast. The more 

recently adopted states ore seen as a continuation of the diffusion out of Illinois 

into Iowa and Missouri, also spreading into upper New England, and south into 
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West Virginia and the mid-Atlantic coast. The 0- and R-mode maps show strong 

regional similarities which help to indicate a definite pattern and rate to the 

diffusion. With the recent adoption of South Dakota and Montana, lottery states 

are almost connected from the West to the East coasts except for Indiana and a 

small sliver of Idaho. 

The state of Florida is one of four new lottery states to begin operations 

some time in the spring of 1987. This change in the diffusion was not included in 

the data input and will probably account for a new secondary point of origin for 

lottery diffusion. This development may put a squeeze on parts of the conserva­

tive Southeast, especially the states of Georgia and Alabama which border 

Florida and thus are subject to border influences. Every new state adopting a 

lottery results in increased border influence on neighboring non-lottery states. 

As a result, in all likelihood, the diffusion will continue to be predominantly 

contiguous expansion diffusion. This has been indicated by the addition of three 

new lottery states, two of which had lottery states on their borders prior to 

adoption (South Dakota, Kansas). Florida represents a special exception based 

more on cultural differences from the rest of the South than any border influ-

ences. 



CHAPTER IV 

CONCLUSION 

A. Development of Theory, Predictions, 

and Recommendations 

State lotteries are continuing to show contiguous diffusion across the 

United States. The sigmoid curve of innovation (s-shaped curve) seems to fit 

lottery diffusion well. The lottery innovation started out very slowly at first 

(bottom of s) taking ten years from New Hampshire's original adoption until the 

idea really became acceptable (middle part of s). The diffusing stage represent­

ed by the middle portion of the s has taken place since the early 1970s and the 

final condensing stage (top of s) may take place by the 1990s. The condensing 

stage of diffusion would represent a leveling off of the lottery's popularity and 

would take place when all areas of the country are saturated by the lottery 

innovation. Florida's recent adoption of a lottery may be the first clue to the 

final condensing stage of diffusion. Lottery diffusion will not reach the top of 

the sigmoid curve unti I all areas of the country have become represented by 

lottery states. The Southeast, for the most part, remains an area having strong 

but weakening cultural barriers to lottery diffusion. The adoption in Florida will 

likely result in future diffusion into other areas of the Southeast. 

The rate and patterns of lottery diffusion are essentially geographic or 

research phenomena. There is a real need to conduct further study on this topic 

which looks into the scope of the diffusion. Interdisciplinary research by 

geographers and political scientists could offer a study that might better 

l l 3 
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combine the key ingredients. The study of lotteries as state government entities 

can continue long after the classic spatial diffusion has ceased. What would be 

especially interesting to research is the intensity or scope of the diffusion and 

political variations state to state of the type and number of lottery games 

offered. 

Objective scientific research must maintain a strictly neutral viewpoint or 

opinion on such issues as the lottery which draw so much heated debate. In the 

author's opinion, based on the data and tests conducted, there is a good chance 

lotteries will continue to spread throughout additional states in a contiguous 

fashion as long as so many states continue to suffer from serious economic diffi­

culties. States often use lottery funds as an alternative revenue source to sup­

plement state taxes. Politically speaking, many new lottery states have repre­

sented state governments which have been forced to become more self-sufficient 

one way or another by federal governmen1 revenue cutbacks. The enormous pop­

ularity which lotteries enjoy has also helped to influence the lottery diffusion. 

As long as the public approval rate is high and states are economically troubled, I 

look for lotteries to move into areas with enough population to support them. 

The research findings of this study show border population to be the most 

important determinant to lottery diffusion based on the correlations. States 

such as Texas, Minnesota, and Oklahoma seem likely candidates for a lottery, 

given a combination of strong pub I ic approval rates, economically depressed 

conditions, and adequate border populations. 

Future research on this topic should be conducted once the diffusion pro­

cess has run its course. Studies concentrating on the scope of the diffusion can 

be initiated once the diffusion ceases. The intensity and duration of the 

innovation may be very interesting factors to examine for lotteries. State policy 

variations can account for program variation in lotteries. 
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F·actor One 

Factor Two 

Factor Three 

Factor Four 

Factor Five 

Factor Six 
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TABLE XIV 

R-MODE FACTORS BY LOTTERY VARIABLES 

Factors 

Economic Factor 

Geographic Factor 

Gamb 1 i ng Factor 

Boundary Factor 

Sports Betting Factor 

Po 1 it i ca 1 Factor 

Lottery Variable Fac­
tors Load on 

Cost/Savings Per Capita 

Distance Influence Index 

Dog Racing 

Boundary Influence Index 

Sports Betting 

lnnovativeness Index 

Note: Taken from factor scoring coefficients, Table XIX. 
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PEARSON CORRELATION MATRIX--R-MODE 
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'·ooooo o 84462 -o 84879 o.07286 o.98704 -o.3B661 -o 30709 -o 46743 -0.80761 -o 76934 -0.60374 -0.8675B -o.de280 
0.0000 0.0001 0.0001 0.6226 0.0001 0.0066 0.0337 0.0008 0.0001 0.0001 0.0001 0.0001 0 0001 

0.94462 1.00000 -0.72978 0.06097 0.87385 ·0.62089 -0.44669 •0.47253 •O.S9679 -0.84034 ·0.61466 -0.86461 -0.72653 
0 0001 0.0000 0.0001 0 6806 0.0001 0 0001 0.0015 0 0007 0.0001 0.0001 0 0001 0.0001 0 0001 

L~ -0.84879 -0.72878 1.00000 -0.16097 -0.82673 0.34563 0.28667 0.32395 0.71741 0.65346 0.64626 0.69987 0.63887 
0.0001 0.0001 0.0000 0.2744 0.0001 0.0161 0.0482 0.0247 0.0001 0.0001 0.0001 0.0001 0.0001 

Bll 0.07286 0.06097 -0.16097 1.00000 0.090~1 -0.29411 ·0.36714 •0.04522 -0.07183 ·0.00373 -0.32434 0.04797 0.10821 
0.6226 0.6806 0.2744 0.0000 0.5140 0.0503 0.0103 0.7602 0.6275 0.9799 0.0245 0.74~1 0.4641 

RPI 0.98704 0.87385 -0.82673 0.096~1 1.00000 -0.45559 -0.34746 -0.50882 -0.80303 -0.79146 -0.60211 -0.88498 -0.69891 

O!ICC 

Dl IUC 

(( 

G~lRNK 

GII!PCT 

GRCUTS 

0.0001 0.0001 0.0001 0.5140 0.0000 0.0011 0.015S 0.0002 0.0001 O.OOOi 0.0001 0.0001 0.0001 

-0.38661 -0.62089 0.34563 -0.28411 ·0.45559 1.00000 0.83424 0.38323 0.39497 0.52321 0.62238 0.48510 0.32752 
0 0066 0 0001 0 0161 0.0503 0.0011 0.0000 O.OOC1 0.0072 0.0055 0.0001 0.0001 O.OOC5 0.0231 

-o 30709 -o 44669 o 28667 -o 36714 -0.34746 o.83424 1 00000 o 211o8 0.32608 o 29606 o 45119 o.2955s o. 10870 
0.0337 0.0015 0.0482 0.0103 0.0155 0.0001 0.0000 0.1498 0.0237 0.0410 0.0013 0.0414 0.4641 

•0.46743 -0.47253 0.32395 -0.0452~ -0.50882 0.38323 0.21108 1.00000 0.23094 0.61478 0.31~76 0.52909 0.359~6 
0.0008 0.0007 0.0247 0.7602 0.0002 0.0072 0.1498 0 0000 0.1143 0.0001 0.0267 0.0001 0 0121 

-0.80761 -0.68679 o 71741 -o.07183 -o &0303 o.39497 o 32608 o.23094 1.00000 o.42250 o 5BJ87 o.74712 o 53762 
0.0001 • 0.0001 0 0001 0.6275 0.0001 0.0055 0.0237 0.1143 0.0000 0.0028 0.0001 0.0001 0.0001 

-0.76934 -0.84034 0.65348 -0.00373 ·0.79146 0.62~21 0.29608 0.61478 0.42250 1.00000 0.55~38 0.83897 0.74154 
0.0001 0.0001 O.OOC1 0.9799 O.OOCI 0.0001 0.0410 0.0001 0.0028 0 0000 0 0001 0.0001 0 0001 

·0.60374 ·0.61466 0.64626 -0.32434 -0.60211 0.62238 0.45119 0.31976 0.58387 0.55538 I .00000 0.52746 0.49057 
0 0001 0.0001 0.0001 0.0245 0.0001 0.0001 0.0013 0.0267 0.0001 0.0001 0.0000 0.0001 0.0004 

CO$T -0 867~8 -0.88461 0.89987 0.04787 ·0.88498 0.48510 0.29558 0.52908 0.74712 0 83897 0.52746 1.00000 0.80867 
0 0001 0.0001 0.0001 0.7461 0.0001 0.0005 0.0414 0 0001 0.0001 0.0001 0 0001 0 0000 0 0001 

SAVINGS -0 68280 -0.72653 0.63687 0.10821 -0.69891 0.32752 0.10820 0.35956 0.53762 0 74154 0.49051 0 80867 1.00000 
0.0001 0.0001 0.0001 0.4641 0.0001 0.0231 0.4641 0.0121 0.0001 0.0001 0.0004 0.0001 0.0000 

GlSPBET 0.0~911 0.02828 ·0. 16706 0.07728 0.01419 -0.04008 -0.08843 0.22399 -0.21813 0.09706 -0. 1~581 ·0. 10~92 -0.06575 
0.7403 0.8487 0 2564 0.6016 0.9237 0.7868 0.5501 0.1259 0.1364 0 5117 0.2903 0.4779 0.6570 

OTB 0.23250 0.21496 -0.29884 0.06436 0.26066 0.03168 0.21124 -0.17673 -0.22466 -0.19560 -0.09402 -0.24032 -0.25648 

HDII5E 

0.1118 o. 1423 0 0391 0.6639 0.0736 0.8307 0.1495 0.2295 o. 1247 0.1827 0.5250 0.0999 0.0785 

o.~421e 0.4089~ -0.63367 o.J~o o.e2460 -o.24eo1 -o.Joe38 ·o 26071 -0.47e7o -0.3646~ -o.s1ee3 -o 3e~e1 -o.2ew~3 
0.0001 0 0019 0.0001 0.0380 0.0001 0 089~ 0.0330 0.073~ 0.0006 0.0108 0.0002 0.005~ 0 07'9 N 

0" 



TABLE XVI. (CONTINUED) 

P£AlSDN CO.l(LATION CO~FFICIENTS I PROS ~ jRj UNOER H01RHO•O I N • •s 

AS AM LR Ill I BPI OJICC 01 IUC II GRIRNK GR!PC1 GRCUTS COST SAVINGS 

DOG 0.2632~ 0. 16581 -0.28745 -0.02758 0.25053 -0.03760 -0 08888 o 00213 -0.32570 -o. 12963 -o 18025 -o. 19198 -o. 14640 
0.0706 0 2600 0 0516 0.8524 0.0859 0 7997 0.5480 0.9886 0 0239 0.3799 0. 2202 0. 19 ff 0.3208 

JA 0. 0491 I o.0282e -o. 16706 -0.13104 0.07270 0.00802 -0.08643 0.00635 -0. 13G62 0.04306 0.06945 -0.03855 -0.04901 
O.H03 0.649'1 0.2564 0.3747 0.6234 0.9569 0.!5501 0. 966S 0.3~45 0.7713 0.6390 0.7947 0.7.08 

CA$lNOS -0.02426 -0.01956 -0.11553 0. 15104 o.o233o -o. 16075 -0.20093 o.015G8 -o. 13206 0.04845 -0.11317 -0.001!17 -0.02942 
0 8700 0.8950 0.4342 0.3055 O.B751 0.2751 0. 1709 0.9158 0.3709 0.7437 0.4438 0.9915 0.8427 

B:NOO 0.34436 0.28786 •0,42269 ·O.OB!5B8 0.32890 0.00181 ·0.10~72 -0.12164 -0.14870 ·0.33742 -0.12040 -0.30340 -0.34466 
0 0 f(;~ 0.0473 0.0028 0.!161<; 0.0225 0.9902 0. 474~ 0.4102 0.3131 0.0190 0.41!10 0.0361 0.0164 

G!SP!JET OTB HORSE DOG 0A CASINOS BINGO 

AS 0.04911 0.232!50 0.!14215 0.26325 0.04911 ·0.02426 0.34436 
0. 7403 0. tf 18 0.0001 0.0706 0. 7403 0 9700 O.Ol65 ... 0.02828 0.21496 0. 40894 o. 165e 1 0.02828 -0.01956 0 28786 
0.8487 0 1423 0.0039 0. 2600 0.8487 0.9950 0.0473 

lP -0.16706 -0.29884 -0.63367 -0.2824~ ·0. 16706 ·0 11553 -0.42269 
0.2564 0.0391 0.0001 0.0!518 0. 2564 0. 4342 0.0028 

Ill! 0 07728 0.06436 o.30040 -0.02758 -o t3104 0.15104 -0 08588 
0.6016 0 66)9 0.0380 0.8524 0.3747 0. 3055 0.5616 

BPI 0.01419 0.26066 O.B24GO 0. 2!5053 0.07270 0.02330 0. 32890 
0.9237 0.0736 0.0001 0.0859 0.6234 0.8751 0.0225 

01 ICC -o 04008 0.03168 -0.24801 -0.03760 o. 00802 -o. 16075 0.00181 
0. 7 868 0 8307 0.0892 0.7997 0.9569 0. 2751 0.9902 

Dl!UC -0.08843 0.2112• -0.30838 ·0.088ee -o.oes43 -0.20093 -o. 10572 
0.!!501 0. 1495 0.0330 0.6480 0. 5501 0. 1709 0. 4745 

Ll 0 ))"PVl -(l . ' :' ;j, 26071 0.00213 0 00635 0.01568 -0.12164 .. ·:,;:. 0 72!15 0 0735 0 98116 0 9658 0 9158 0. 4102 

GR!~NK ·0.21813 ·0.22466 ·0.47870 -0.32~70 ·O.t3GG2 ·0. 13206 ·0. 14870 
0. 1364 0 1247 0 0001'; 0.0239 0.3548 0. 3709 0. 3131 

GRIPCT 0.09705 -0 195(,0 -0.36465 -0.12963 0.04306 0 04845 -0.33742 
0 5 1f 7 0. 1A27 0.0108 0. 3799 0. 7713 0.7437 0 0190 

GRCUTS -0.15581 -0.09402 -O.S1993 -0.18025 o.00945 -o. 1 1J 11 -o. 12040 
0. 2903 0.5250 0.0002 0' 2202 0.6390 0.4438 0.4150 -

COST -0 10492 -0.2d032 -0.39~81 -o. 1919e -0.03855 -0.00157 -o JoJ•o N 

0.4779 0 0999 0.0055 0. 1911 0. 7947 0 9915 0 03~1 
'-..) 



SAVINGS 

GISPBET 

OTB 

HORSE 

OOG 

JA 

CASINOS 

IIINOO 

TABLE XVI. (CONTINUED) 

PEARSON CORRELATION CO!FFICI£NTS / P~OB > l~f UNO(R HO:RHO•O I ~ • 48 

Ql SF'BET OTI! flOR5£ OOG ,JA CASINOS BINGO 

-0.06575 -o. 2S64A -o. 25953 -o. 141;40 -0.04901 -0.02942 -0.34466 
0.6570 0.0785 0 0749 0. 3208 0. 7408 0. 8427 0.0164 

1.00000 0. 13820 0.18376 -0.05330 0. 18182 0.31435 0.10281 
0.0000 0.3489 0. ~ 112 0.7190 0.2162 0.0296 0. 4868 

0.13820 1.00000 0.39108 0. 22687 0.30403 0.09557 0.06877 
0.3489 0.0000 0.0060 0.1210 0.0356 0.5182 0.6423 

0. 111378 0.3!1108 1.00000 0.33150 0. 18378 0. 12708 0. 2~251! 
0. 2112. 0.0060 0.0000 0.0214 0. 2112 0. 3894 0.0833 

-0.0~330 0.22687 0.33150 1.00000 0.42640 0.07372 0. 24112 
0.7190 0.1210 0.0214 0.0000 0.0025 0.6185 0.0987 

0. 111182 0. 30403 0. 18316 0.42640 1.00000 0.31435 0.10281 
0.2162 0.03!16 0. ~ 112 0.0025 0.0000 0.0296 0.4868 

0 31435 0.09557 0. 12708 0.07372 0.31435 1.00000 0 07110 
0.0296 0.5182 0 3894 0.6185 0.0296 0.0000 0. 6311 

0.10211 0.061!77 0.2!5251! 0.24112 0.10281 0.07110 1.00000 
0.4888 0.6423 0.0833 0.09117 0.4868 0.6311 0 0000 

N 
co 



EIGENVALUE 
OlfflRUJCf 
PPornR T I [IN 
ClJMUL AT I \If 

EfQ~NVALLIE 

DIFFERENCE 
PPOPOR T I ON 

CLJ ... ULAllV[ 

TABLE XV I I 

INITIAL FACTOR PATTERN MATRIX--R-MODE 

~~lOR C~ALITY £5TI~AT£$· 0Nt 

rtr.FNVI'I\UFS OF THE CORQfi_ATtON IIIIIATRIX· TOTAL • 20 AVFRAGE , 

1 2 3 4 5 6 7 8 
8.220953 2 OB229t 2.042960 I. 17~632 I. t672B3 1.021863 0.912213 0 629780 
6 13fHiG2 0.03'!331 0.867328 0 008348 0 145421) 0. t09G~O 0.282433 0.0700<;6 

0 t1 t 10 0 104 t 0 1021 0 05R8 0 05R·I 0 05 t t O.Q.1S~ 0 0315 
0 <1 1 10 0 5t'i2 0 61"7:1 0. 6761 0 73.15 0 785~ 0 A112 0 Rf;?~ 

It t 2 13 t 4 tS 16 t 7 18 
0.402134 0 393941 0.283442 0. 223108 0.137379 0.097164 0 086123 0 047311 
0.008193 0 I 10~99 0.060335 0 08~728 0.040215 0 011041 0.038812 O.OJ3G7A 

0 0201 0 0197 0 0142 0 01 12 0 006Q 0 0049 0. 0043 0 0\)24 
0 9352 0 9549 0 9690 0 9802 0 9A71 0 9919 0.9962 0 Qq86 

6 FACTORS WILL BE RETAINED Bv THE MlNE!GfN CRITERION 

r ACTOR PAT TERN 

FACTOR 1 FACTOR' fACTORJ FACTOR4 fACTORS fACTOR~ 

AS -0.93121 0 06:>66 -0.15366 -0 02305 0.09149 0 1 14 13 
A~ -0.91380 -0. 13102 -0,12935 -0.06104 -0.06812 -0.03791 
LR 0.86542 -0.20022 -0.05304 0.04622 -0.15109 -O. 151 IS 
811 -0 14709 -0.32187 0. 56980 0.28104 0.45289 0 06513 
BPI -0.94671 0.02868 -0.13351 0.00682 0.04464 0 03792 
DllCC 0 60406 0 54542 -0 35354 -O.OJAt5 0 27430 0 14456 
Dl JLJC 0. 46520 0.48633 -o !14476 -0.04819 0 19122 -0 I 1 A 32 
Jl 0.5~753 0.23175 0.2">551 -o 3?gA4 0.10325 0 4 131;8 
r.R!RNK 0 79124 -0.14763 -O.IIG77 0. 13!'90 -0 086q -o 10706 
GRrrcT 0.84092 0 15437 0 3094g -0. OJ 1 R2 0 08975 0 171A6 
r.llCUTS 0.73383 0 2304 7 -0.265711 0 00705 -o 181?0 -o oqoqJ 
cos 1 0.90609 -0.00504 0.23636 o. 14895 0.04995 0 l005J 
SAVINGS 0 76160 -0. t02G 1 0.31234 0.2~777 0. 04280 0 1 14 7G 
GISPBET -0.10529 0.29216 0.47911 -o 64446 0. 20459 -0 09907 
OTfl -0.29311 0.5'5193 0 01630 0.28875 0 34600 -0.45949 
HORSF -0 60~66 0 23824 0.33307 0.28259 0 31224 0. 1 300A 
OOG -0 29~1j4 0.50576 0. 15800 0 42876 -0.29617 0 36578 

'" -o. t, 111 t 0.61505 0.32740 0. t 77 19 -o 46686 -0.?0938 
CASINOS -0.09396 0. 20966 0.59197 -0.23797 -0 23068 -0.35575 
Fl!NGO -0 368Gq 0 301!75 -0. 11580 -0. 1G937 -0 21074 0.415)5 

V~RIANCE EXPLAINED BY E~CH FACTOR 

FACTOR I FACTOR2 FACTOR) fACTOR4 fACTOR5 FACTIJQ~ 

8. 7209'53 2.0~?291 2 012960 1. 175632 I 11!72~3 1. 02 1 PI!J 

------------------

9 tO 
0.5~9714 0.488648 
0.071066 0.0~6~14 

0 0280 0 02•• 
0 Aq06 0.9f51 

19 :>o 
0.023633 0.004425 
0 019209 

0 0012 0 0002 
0 9998 I.\)()()() 

N 
\..0 



TABLE XVIII 

VARIMAX ROTATED FACTOR PATTERN MATRIX--R-MODE 

OQTIIOGON~L TR~NsrORM~TlON MATQ[~ 

R 

0.!>3317 0 23390 -() 15674 ·0 20971 -() 04509 0 0641 I 

-0.059l1 0.65817 0. ~6348 -0.08203 0. 33736 0.05076 
0.30427 ·0 46300 0 25252 0 53~82 0 58487 0.03479 

• 0. 17260 -004127 0 /Jh7?., () 38"63 -o 65, 11 -0 13221~) 

5 -0.05758 0 54353 -0."7A37 0.68397 0.04435 -0.05140 
0 1}1)294 -0 02444 0 155H!i 0 71A45 -0. 3·1073 0 90077 

ROTATfO FACTOR PATTERN 
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TABLE XIX 

FACTOR SCORING COEFFICIENTS--R-MODE 

SCORJrJG COFFFICIENTS EST!IM,l£[1 BY Rt.GRfSSION 

S'JlJAREIJ MULTIPLE CUPPfLhiJONS or 111F_ VAR!AELES \o/!111 ff,C11 fhCIO~ 

FftCIORI rt.CIOR7 I/\CTOR3 fACTOR~ r/\CTOR5 fACTORG 
I. 0000<'0 1 000000 I . 000000 1 . 01)()( 100 1 . 000000 I . 000000 

A C., 

AI-~ 

I P 
t; r 1 
p,rJ 

[) 1 1 cc 
0 I I UC 

1 l 
\,II[PIJK 

(;h[l'([ 

r,pr lJ 1 c., 
COST 
S6'.JJt~GS 

G 1 SPGET 
nrp 
I II) PC., f 

()LJr; 

JA 
Ct.S I NOS 
RINGO 

S T AIJ[)fiPU I Zf (1 SCORING COE F F I~~ I ENl S 

FhClOR1 

0. 1379.1 
) 1 ~1198 

;:> 10982 
V""(l~6.11 

-() ·12925 
·0 01830 
-0 06S07 
0. 0-li) 1(, 

0 100'-F\ 
0 1 )[lJ ;' 

0 0-1')89 

p-:015789 
0. 16901 

-0.05388 
-0 0?250 

0 00044 
0 0511]5 
0.05710 
0.04701 

-0 08114 

fACTOR? 

O.OGIJ81 
-0 06677 

0 09500 
-0.03559 
o _ _s:n2o·1 
t>::-19533, 
,o. 45848 
0.08040 
0 0~0?9 

0 04252 
C 07 I 51 

-0.01375 
-0 0 7 271 

0 :0102 
t)"324 38. 
0 I I i\92 

·0 O·IGOJ 
-0 10157 
-0 6143 

0 1123 

FhCTUPJ 

-0.01052 
-0 04244 
-0 0/962 
-o 09329 

(J 00089 
I) 0 1 303 

-o 1o2JB 
-0 01514 
-o oo296 

0 0110R7 
0 08979 
0 06440 
0 08586 
0 20Cl78 
0 .'()8636 
0 1]284 
~33·s-~ 
b"'4GB38 
0.08714 
0 17347 

FACIUR4 

0.05146 
-0.07343 
-1) 13374 
~--~ 
o:o2~51 
0.04971 

-0.00887 
0.08510 

-o 07377 
0 122 19 

-o 220G:J 
0.13850 
(1, 19383 
0.0()4il<i 
0 181'\96 
u. 3961f/ 
\) .013fl7. 

-0. 19\003 
-0.13993 
-0. 12::12/. 

fACTOR:) 

-0.05055 
-0 00939 
-0.03J31 
-0.0'11139 
-o 04311 
-0.03284 
-0.00023 

0 15643 
-o 10511 

0 OF\87·1 
-o 0232il 
-0.05224 
-0.09972 

r~~;~-;· 
-0.0507~ 

-o 2~191 
0 14792 
tL .. ~546 

-b 033'1!; 

fACrOR6 

0.0'36S4 
-0.02099 
-0 1~220 

-0.06288 
0.0?009 
0. 1.11 1 1 

--0.096 II 
{0 71f9 "2 'G b. 
-o 13'?10 

0 1 :l2 I(, 

-o Of171l? 
0.0..\384 

• 0.02251 
0. 149il J 

-0.512-19 
0 OOG'O 
0 19<118 

-0.20801 
-0.20368 
r:J.43 81f1 ' 



TABLE XX 

PEARSON CORRELATION MATRIX--Q-MODE 

PEAQSON CO~~ELArtON COEFr!CIENTS / PQOB > !~! UNOEQ f~:QHO•O / N • 10 

COL1 COL2 COLJ COL~ COL~ COLG COL' COL8 COL9 COL 10 COL I I COL12 COLil 

COLI 1.00000 0.97~05 0 04461 -O. 11252 -0.11810 -0.10392 0.07641 0.92839 0.95997 0.04792 0.80850 -0 02653 0.95358 
0.0000 0.0001 0.8519 0.6367 0 6200 0.6628 0 7488 0.0001 0.0001 0.8410 0.0001 0.9116 0.0001 

COL2 0.97405 I .00000 -0.03950 -0 16696 -0.17000 -0.14411 -0.02012 0.99568 0.99615 -0.07199 0.68739 -0.12631 0.97630 
0.0001 0 0000 0 AhA7 0.4817 0 4736 0.5444 0.932g 0 0001 0.0001 0.7633 0 0008 0.5957 0.0001 

COl3 0.04461 -0.03950 I .00000 0.42171 0.72647 0.56182 0.98155 -0.07585 -0.03869 0.88628 0 12320 0.66949 -0.10096 
o 8519 o.a667 o.oooo o.0640 o.oooJ o.oooe 0.0001 0.7506 o.871J 0.0001 o.604B 0.0012 0.6719 

COL4 -0.11252 -0.16696 0 -12171 1.00000 0.90747 0.119032 0.37990 -0.14613 -0.16334 0.671'57 0.00749 0.9092G -0.12741 

C0l5 

COLG 

0 6167 0 4817 0.06·10 0 0000 0.0001 0.0001 0.0985 0.53r.7 0.4914 0.0012 0 9750 0.0001 0 5925 

-o 11e 10 -o. 11000 
0 6;>00 0.473G 

-0.10392 -0.14411 
0 66/A 0.544" 

0.72647 
0 0003 

0.56182 
0.0099 

0 90747 
0.0001 

0 89032 
0 0001 

I .00000 
0.0000 

0.91590 
0.0001 

0 9 I 590 
0.0001 

1.00000 
0.0000 

0 66739 -0 16163 -0.16694 
0.0013 0.4960 0.4818 

0. S49BO -0. 12$93 ·O. 14062 
0.0120 0 SABO 0.5543 

0 81277 -0.02013 
0.0001 0 9329 

0.69398 -0.00975 
0.0007 0 9675 

o.91082 -o. 17780 
0.0001 0.4533 

0.86590 ·0. 13331 
0.0001 0 5753 

COL7 0.07641 -O 02012 0 98155 0.37990 0.66736 0.54990 1.00000 -O.OG097 -0.01857 0.90311 0.16441 0 67259 -0.07451 

COLP 

COl 'l 

COL 10 

COl. 1 I 

COL\2 

CDLIJ 

COL14 

COLIS 

COl.IG 

0 7480 0 9329 0.0001 0 0985 0 0013 0.0120 0 0000 0.7985 0 9381 0.0001 0.4885 0.0012 0 7~49 

0.92839 
0 ()(_1(')1 

\. . .'. 'J~'.:t:J I 

0.0001 

0 AASAB ·0.07585 -0.14613 -0.16163 -0.12893 -0.06097 
(l ('"'" 0 7506 0.5387 0 4960 0.5880 0 7985 

0.99615 -0 03869 -0 16334 -0. IGG94 -0.·14062 -0 01857 
0 0001 0.8713 0.49\4 0.4818 0.~43 0.9381 

1 00000 0.99380 -o 10057 
0 0000 0.0001 0.6731 

0.99380 1.00000 -0.06874 
0.0001 0 0000 0.7734 

0 58499 -0.13017 0 97066 
0 0067 0 5844 0.0001 

o.&4642 -o. 12219 o.9769B 
0 0021 0.6078 0.0001 

o.04792 -o.071R9 o.8er,2a o.&7157 o.A1277 o 69398 0.90311 -o. 100s1 -0.06874 1.00000 o 18443 o.90342 -o oe338 
0 8~10 0.7~33 0 0001 0.0012 0 0001 0.0001 0 0001 0 G731 0.7734 0.0000 0.4363 0 0001 0 7267 

0.90850 0 f,R7J~ 0 123~0 0.00749 -0 02013 -0.00975 0. 164~ I 0.56499 0.64642 0.16443 1.00000 0. I 1969 0. 73599 
0 0001 0 Q<J(>B C\.6048 0.9750 0 932fl 0.9675 0.4885 0.0067 0 0021 0.4363 0 0000 0.6152 0 0002 

-0.0?653 -0 12GJ I 
0 91 1G 0 !J9~"""l7 

0 66949 0.9092G 0.91082 0.86590 0.67259 -0.13017 -0.12219 0.90342 0.11969 
0 0012 0.0001 0 0001 0.0001 0.0012 0.5844 0.6078 0.0001 0.6152 

1.00000 -o. tOI90 
0.0000 0.6690 

0.95JSA 0 97630 0.10096 -0.12741 -0.17780 -0 13331 -0.0745! 0 97066 0.97698 -0.08338 0 73599 -0.10190 I .00000 
0 0001 0 0001 0.6719 0.5925 0.4533 0.5753 0.7549 0.0001 0.0001 0.7267 0.0002 0.6690 0.0000 

0.98530 0.9478C, 0.01716 -0.00190 -0 06067 -0.03268 0.052BG 0.90659 0.93648 0.08898 0.83693 0.06408 0.95572 
o ooo1 o 0001 o.q4?7 o 9937 o. 7994 o.89t2 o 8248 0.0001 o 0001 o.1o91 o 0001 o. 7884 o 0001 

o 98350 o 99590 -o 03A96 -o 12s22 -o. 15065 -o 12121 -0.01303 o 97859 0.99260 -o 03565 o 71709 -o.o1194 o 98131 
0.0001 0 0001 0 A70S 0.5989 0.5,b1 0.6107 0.9565 0.0001 0.0001 0 8814 0 0004 0.7440 0 0001 

0.96166 O.R958A -O oo830 ·0 17\62 ·0. 1962! -0.15854 -0.08006 0.98B17 0.99650 -0.12069 0.65652 -O 1~274 0.97766 
0.0001 0 0001 0.67qq 0 4694 0.~071 0.5044 0.7372 0.0001 0.0001 0.6123 0 0017 0 5203 0 0001 w 

N 



TABLE XX. (CONTINUED) 

PEA~SON CORRtLATJON COEFrtCIENTS I P~OB > ~~~ UNDE~ HO:~HO•O I N • 20 

COL•• COLt~ COLt6 COL17 COLtS COLIS COL20 COL21 COL22 COL23 COL24 COL25 COL16 

COL I 0 98530 0 98350 0 96tG(, -0 10174 -0.00345 0 0180·1 -0 t40JG 0 95141 0 08108 0 98336 0.92887 0 95231 0 80145 
0.0001 0.0001 0.0001 0.6695 0.9885 0.9398 0.5550 0.0001 0.7340 0.0001 0.0001 0.0001 0 0001 

coL2 o.947B6 0.99590 o 995oA -o. t5G04 -o 11035 -o OG7t3 -o. 14588 o 96648 -0.0485t o 99267 o.88768 0.99495 o.G82&9 
0.0001 0.0001 0 0001 0.5112 0 6432 0.7785 0.5394 0 0001 0.839t 0.0001 o.ooot 0.0001 0.0009 

COLJ 0.01716 -0.0389G -O 09830 0 36717 0 72709 0 95275 0.56595 -0. t3966 0 86827 0.09628 0.3296t -O 07034 0.02593 

COL4 

COL~ 

COL6 

0.9427 0.8705 O.G799 0.1113 0.0003 0.0001 0.0093 0.5570 0.0001 0.6664 0. 15~8 0.7682 0.9t36 

-o.OOt90 -o. !25:l2 -o. 17t62 
0 9937 0.5989 0 ·1694 

-0.06067 -o. t5066 -o t962t 
0 7994 0.526t 0 4071 

-0 OJ~GA -0 t2t2t -0. t5854 
0 8912 0 6107 0 5044 

0. 9'1677 
0.0001 

0.84959 
0.0001 

0.9310(; 
0 0001 

0.8'1937 
0.0001 

0 89155 
0.0001 

0.848GA 
0.0001 

0 60082 
0 005t 

0.83413 
0.0001 

0.76424 
o.ooot 

o. 79639 -o. 161s2 
0.0001 0.4955 

0 88912 -0.2t834 
0.0001 0.3551 

0.95239 -0. 16464 
0.0001 0.4879 

0.607t0 -0.18783 
0.0045 0.4278 

0.74t42 -0. t3249 
0.0002 0.5776 

o. 6 1101 -o. t 3 308 
0.0038 0.5759 

o.00488 -o. 16993 -0.11967 
0.9837 0.4738 0.6153 

o.oets& -o. 18t38 -o t283o 
0.7322 0.444t 0.~898 

o 03851 -o. t•549 -o. t0359 
0.8719 0.5405 0 6638 

COL7 0 05?86 0 01ln1 ·0.08006 0.36832 0.74423 0.95642 0.52409 -0.11315 0.89803 0.11854 0 35849 -0.05t29 0 05236 
0 '''·111 <). 7372 0 1101 0 0002 0.0001 0.0117 0.6348 0.0001 0.6187 0.1206 0.8299 0 8265 

COLe 0.90659 0 9785~ 0 98917 ·0. t3409 -0 t2065 -0 09264 -0.12649 0 95228 ·0.08312 0 84626 0.84686 0.99'198 0.55142 
o ooo• o ooo• o 0001 o 5730 o.~t74 o 6977 o.5951 o.ooo1 0.7275 o.ooo• 0.0001 0.0001 o.o•o1 

coL~ o 93648 o 992co o 99650 -o. t5t55 -o to&o7 -o 06479 -o. t4336 0.96520 -0.04549 o.972tB o 87949 o 99908 0.63368 

COL 10 

COL 1 1 

COL12 

COI.t3 

COlt4 

COL15 

COL 16 

0 0001 0.0001 0 0001 0.5236 0.6559 0.7861 0.5465 O.OOOt 0.8490 O.OOOt 0 0001 0.0001 0 0021 

0 00898 -0 03565 ·0 t2069 0.64461 0.94168 0 92694 
0.7091 0 8814 0.6123 0.0022 0.0001 0 0001 

0.57883 -0 13029 
0 0075 0.5840 

0.99265 
0.0001 

0 02476 
0.9t75 

0 31024 -0 t0092 0.01319 
0.1831 0.6720 0 9560 

0 83693 0 7t709 0.65652 0.01705 0 14332 0 11525 -0 08643 0.75939 0.22250 0 74077 0.82356 ·0 63539 0.88012 
0.0001 0.0004 0.0017 0.943t 0.5466 0.6285 0.7171 0.0001 0.3457 0.0002 0.0001 0.0026 0.0001 

o.0&4os -o.o7194 -o. t5274 o.e9743 o.9910s o.eo654 o.72570 -o. 14&15 o.e70it -o.o9tJ9 o. t6795 -o. 14245 -o.05220 
0.788~ 0 7~~0 0 5203 o.ooot O.OOOt o.ooot 0.0003 0.5387 0.0001 0.7016 0.4791 0.5491 0.8270 

0.95572 0.98131 0 97768 -0.10908 -0.09326 -0.10759 -0.15989 0.994t9 -0.05727 0.943t6 0.88834 0.97872 0.653t8 
0.0001 0.0001 0 0001 0.6471 0.6957 O.G5t6 0.5007 0.0001 0.8105 0.0001 O.OOOt 0.0001 0.0018 

1.00000 0.96980 0.94112 0.01137 0.07718 0.022S4 -0.10120 0.95503 0.12091 0.943t1 0.9t867 0.92957 0.79t91 
0.0000 0.0001 0 0001 0 9621 0.7464 0.9245 0.6712 0.0001 0.6t1G 0.0001 0.0001 0.0001 0.0001 

0 96980 1.00000 0 99356 -0.11135 -0.06379 -0.05578 -0 14578 0 97306 -0.00857 0.97740 0.89677 0.99005 0 7030G 
0.0001 0.0000 0.0001 0.6402 0.7893 0.8t53 0.5397 O.OOOt 0.9714 0.0001 0.0001 0.0001 0.0005 

o.9~1•2 o.99J~G 1.00000 -o. 15813 ·o. 14269 -o. 11e24 -o. 16005 o 97194 -o.oea&s o.9662S o.e552S o.997J7 o.&6~2e 
0.0001 o.o001 o oooo o.so55 o s•s• o.6t9s 0.5003 o 0001 o 6789 o.ooot o.ooot 0.0001 o.oo•• w 

w 



TABLE XX. (CONTINUED) 

PF.A~SON CO~RELATION COErrJCIENTS / ~ROB > JRJ UNVER HO:~HO•O / N • 20 

COL77 COL28 COL29 COL:lO COL31 COL32 COLJJ COL:l4 COL3'5 COL3~ COL37 COL38 COL39 

COLI 0.96828 0.00163 -O 07983 0.9279" 0.80877 -0.05380 -0 029R7 0 99082 ·0.02056 -0.01102 -0 03098 0.98058 0.69215 

COL2 

0 0001 0.9945 0.7390 0.0001 0.0001 0.8218 0.9005 0.0001 0.9314 0.9632 0.8968 0.0001 0 0007 

0.89923 -0.10440 -0.13974 
0 0001 0. 66 1 ·1 0 5568 

0.82343 
0 0001 

o.6&2t& -o. 13621 -o. 12549 
0.0015 0.5669 0.5981 

0.97955 -0.12393 -0.11610 -0.09108 
0.0001 0.6027 0.6259 0 7025 

0.98392 
0.0001 

0.56223 
0.0099 

COLJ 0.06630 0 75021 0.45505 0.17865 0.32418 0.26421 0.64144 0.10255 0.44710 0.33854 0.86832 0.08052 0.13875 

COL4 

0.7812 0.0001 0 0·13!1 0.4511 0. 1G32 0.2603 0 0023 0.6670 0.0481 0.1443 0.0001 0.7358 0.~596 

0.01277 
0 9591 

0 84264 
0 ()()0 t 

0.95971 
0 0001 

0.01(\86 
0.9437 

0 049A4 
0 A347 

0.92731 
0.0001 

o.92t3o -o 01022 
0.0001 0' 7686 

0 91197 
0.0001 

0 867M 
0.0001 

0.67597 -0.19750 -0.09446 
0.0011 0.4037 0 6920 

C0t.5 ·0.03289 0.8QIJ2 0 88635 -0 00366 0.07660 0.73758 0.90858 ·0 05829 0.79024 0 70091 0 8812. -0.14771 -0 07371 
0.8905 0.0001 0 0001 0.9878 0.7482 0.0002 0.0001 0.8071 0.0001 0.0006 0 0001 0.5343 0. 7574 

COLG -0.01373 0 86318 0.95896 -0.02331 0.03114 0.76037 0.89427 ·0.05212 0.76953 0.69088 0.87762 -0.14244 ·0.06762 
0.9542 0.0001 0 0001 0.9223 0 8963 0 0001 0.0001 0.8273 0.0001 0 0007 0 0001 0.5491 0.7770 

COL7 0.10319 0.77032 0.45320 0.22587 0.37562 0.27300 0.65081 0.13095 0.46114 0 36507 0.86125 0.10433 0 17533 
0 6651 0 0001 0.0448 0.3303 0 1027 0.2442 0.0019 0.5821 0 0407 0.1135 0.0001 0.6616 0.4597 

COL8 0.82979 -0.11623 -0.12404 0.74046 0.54929 -0.12065 -0.12691 0.94915 -0.12102 -0 11186 -0.10315 0.95316 0.•4395 
0.0001 0 6256 0.6024 0.0002 0.0121 0 6124 0.5939 0 0001 0 6113 0.6387 0.6652 0.0001 0 0499 

cots o.87tJ4 -o.too47 -o tJ581 o.8016t o.&2181 -o t3t62 -o.12123 o 97175 -o.tt942 -o ttt27 -o.o8887 ·o.9792t o.51•o• 

COL 10 

COLI 1 

C0Lt2 

COL13 

COL14 

COl. 15 

COLt& 

0 0001 0.6734 0 5681 0.0001 O.OC34 0.5802 0.6107 0.0001 0.6160 0.6405 0 7099 0.0001 0.0204 

0.13450 0.94615 0.69860 0.25959 0.39241 0.64014 0.88279 0. 1000~ 0.78797 0.72254 0.84217 0.01013 0.13182 
0.5718 0.0001 0.0006 0 2691 0 OA70 0.0024 0.0001 0 6747 0.0001 0.0003 0.0001 0.9662 0 5796 

0.90716 0.14527 0 0424B 0 88164 0.93211 0.09183 0.11476 0 78169 0.13616 0.14771 0 05254 0.72744 0 97003 
0.0001 0.5411 0 8589 0.0001 0 0001 0.7002 0.6300 0.0001 0.5670 0.5343 0.8259 0.0003 0.0001 

0.09509 0.9~308 0.91922 0.16678 0.25342 0.88999 0.99517 0 02190 0.95005 0.90493 0.90363 -0.10387 0.02629 
0.6901 0.0001 0.0001 0 4822 0.2810 0 0001 0 0001 0.9270 0.0001 0 0001 0 0001 0.6630 O.~t24 

0.89858 -O 09149 0 IOIG5 0.81172 0 65690 -0.06622 -0.09828 0 96582 -0 06939 -0.04924 -0.12634 0.95165 0.61100 
0.0001 0 7011 0 6696 0.0001 0.0017 0 7915 0.6802 0.0001 0.7713 0.8367 0.5956 0.0001 0.0042 

: .•·oco 0.07666 0.024~7 0.94033 0.81756 0 06273 0.06421 0.97724 o. 10164 o. 12013 -0.01856 0.94457 0.70503 
0.0001 0 7481 0.9181 0.0001 0.0001 0 72R8 0.7880 0 0001 0 6698 0.6139 0.9381 0.0001 0.0005 

o.92177 -0.06043 -o 09001 o.85837 o.69601 -0.07218 -0.07747 o 98587 -0.06084 -o.o•678 -o.oaa99 o.98o~e o.58J02 
0.0001 O.A002 0 6~10 0.0001 0.0007 0.7623 0.7455 0.0001 0,7989 0.8447 0 7217 O.OOOt 0.0070 

0.87963 -o. 13853 -o. ~~7~4 0.80460 o 61833 -o. 13~38 -0.14965 o 96457 -o. 13737 -o. 12391 -o 13243 o 9731~ o ~2572 
0.0001 0 5603 0 ~1,0 0 0001 0.0037 0.,693 0 5289 0.0001 0.5636 0 6027 0 5778 0.0001 0 0173 w ..,.. 



TABLE XX. (CONTINUED) 

COL40 COL41 COL~' COLO COL44 COL4!5 COL4G COL47 COL48 

COLI 0.96729 0 92166 0.97774 0.96257 0 05839 -0.01880 0.95891 0.06571 0. 70156 
0.0001 0.0001 0.0001 0.0001 0.8068 0.9373 0.0001 0.7831 0.0006 

COL2 0.9989t. 0. 98119 0.9t77G 0.99149 -0.05719 -0.12386 0.98992 -0 05601 0.53173 
0.0001 0.0001 0.0001 0.0001 0. 810·1 0.6029 0 0001 0 8146 0.0158 

COL3 -o 026~5 -o 06982 -0.00565 -o 07305 0.91952 0.70729 -0 12485 0.90814 0.24780 
0. 91 19 0. 7699 0.9812 0.759G 0.0001 0.0005 0.6000 0.0001 0. 2922 

COL4 -0.17231 -0.13520 -0.01121 -0. 1088~ 0.61970 0 88394 -0. 13'739 0 60044 ·0.04151 
0. 46 76 0.5698 0.7652 0.6478 0. 0036 0.0001 0.5635 0.0051 0. 8621 

COL5 -0.16752 -0.15290 -0.12262 -0.15036 0 79436 0. 89994 -0. 18929 0. 76738 -0.00882 
0 4802 0.5199 0. 60£5 0.5269 0.0001 0.0001 0.4241 0.0001 0.9705 

COL6 -0.14135 -0. 1?151 -0. 102!0 -0.11504 0.69928 0.83981 -0.14187 0.64834 -0.03G41 
0. 5512 0.609A 0.6669 0. 629 I 0 0006 0.0001 0.5508 0.0020 0.8789 

COL7 -O 0061J -0 OSJ~O 0 02997 -0.04858 o.s~no 0.71330 -0.10212 0. 93706 0.29385 
0. 9796 0.8228 0. 9002 0.8388 0.0001 0.0004 0.6683 0.0001 0. 2086 

COLB 0.98976 0 999:!6 0.8~178 0.98993 -0.08894 -0.13107 0.98630 ·0.08945 0.38872 
0.0001 0.0001 0 0001 0.0001 0. 7092 0.5818 0.0001 0.7077 0.0903 

COL9 0.99764 0 99148 0.89684 o.99408 -o.o5•48 -o 119s1 0 99223 -0.05304 0 48063 
0.0001 0.0001 0.0001 0.0001 0.8196 0.6158 0 0001 0.9243 0.0319 

COL tO ·0.~~50 -O.OS723 0.0484~ -0.05~,0 0.99097 0 92998 -0.11463 0.99!110 0.2724~ 

0. 7838 0.7146 0.8458 0.6140 0 0001 0.0001 0 6304 0 0001 0.2452 

COL I I 0. 67205 0.56894 0.85756 0.67605 0.18607 0 12841 0.66610 0.19744 0.97608 
0.0012 0.0089 0.0001 0.0011 0 4323 0.5895 0.0013 0. 4041 0.0001 

COL12 -o. 12639 -o. 11599 0.00217 -0.07840 0.86854 0.99476 -0. 12567 0.66263 0.13459 
0.5954 0.6266 0 9921l 0 7425 0 0001 0.0001 0. 5975 0 0001 0.5716 

COLI3 0.97658 0.96682 0.90638 0.98810 -0 07787 -0. 10393 0.98441 -0.07393 0.50174 
0.0001 0.0001 0.0001 0.0001 0. 7442 0.6628 0.0001 0.7567 0.0242 

C0lt4 0.93937 0.90160 0.99171 0.95516 0.08595 0.06677 0.95069 0.09542 0. 69770 
0.000' 0.0001 0 0001 0.0001 0.7186 0. 779 7 0.0001 0.6890 o.ooos 

COLIS 0.99321 0 97483 0.94058 0 99489 -0.02717 -0.07587 0. 99303 -0. 02252 0.56450 
0.0001 0.0001 0 0001 0.0001 0 9095 0. 7506 0.0001 0. 9249 0.0095 

COL 1G 0.99435 0.98514 0.91034 0 99320 -0.10888 -0.15420 0.99707 -0 10807 0.49572 
0.0001 0 0001 0 OO'lt 0 0001 0 6<177 0 5163 0.0001 0.6502 0.0262 

-w 
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COt 11 

COL 18 

COl 19 

COL10 

COL 2 I 

COL22 

COL23 

COL24 

COL25 

COL2!l 

COL27 

COL:1B 

COL79 

COLJO 

COLJt 

COL32 

TABLE XX. (CONTINUED) 

COLI COL2 COL3 COL4 COL"> COLG COL7 COL8 COL9 COL tO COL 11 COL12 COL13 

-o tOt74 -o 1560• o.367t7 0.95677 o.a4959 o 93706 0.36~32 -o. t3409 -o. t5155 o 64461 0.01705 o.89743 -o. 1090R 
0 6~95 0.5112 0. I 113 0.0001 0.0001 0 0001 0.1101 0 5730 0.5236 0.0022 0.9431 0.0001 0.6471 

-0.00345 -0.11035 0.72709 0.85937 0.89155 0.84868 0.74423 -0.12065 -0.10617 0.94168 o. 14332 0.99108 -0.09326 
0.9805 0.643? 0.0003 0.0001 0.0001 0 0001 0.0002 0.61?4 0.6559 0.0001 0.5466 0.0001 0 6957 

o.01804 -o.os113 o 95275 0.60082 0.83413 0.76424 o 95642 -0.09264 -o 06479 o.92694 o 11525 o.80654 -o. 10759 
0.9398 0 7785 0.0001 0 0051 0 0001 0 0001 0.0001 0 6977 0.7861 0.0001 0.6285 0.0001 0.6516 

-0 14036 -0. 14!88 
0 5SSO 0.5:194 

0.5659~ 0.79639 0.88912 
0 0093 0.0001 0 0001 

0.95239 
0.0001 

0.52409 -0.12649 -0. 14336 
0 0177 0.5951 0 5465 

0.57883 -0.08643 
0.0075 0.7171 

0.12570 -0.15989 
0.0003 0.5007 

0.95141 o 96648 -o. 13966 -o. 16182 -0.21834 -o 16464 -o. 11Jt5 0.95228 o.96S20 -o. 13029 0.75939 -o. 14615 0.99419 
0 0001 0.0001 0.5570 0.4955 0.3551 0.4879 0.6348 0.0001 0.0001 0.5840 0.0001 0.5367 0.0001 

o.08t08 -o 04851 0.86827 0.60710 0.74142 o 61707 0.89803 -0.08312 ·0.04549 0.99265 o.222so o.e1011 -o.o5727 
0.7340 0.8391 0.0001 0.0045 0.0002 0.0038 0.0001 0.7275 0.8490 0.0001 0.3457 0.0001 0.8105 

o.98336 o 98267 o.09628 -o. 18783 -o. 13249 -o 1330B o. 11854 o 94626 0.97218 o.02476 o.74077 -0.09t39 0.94316 
0.0001 0 0001 O.GAr.4 0 4278 0.5776 0 5759 0.6187 0.0001 0.0001 0.9175 0 0002 0.7016 0 0001 

0.92887 0.88768 0.32961 0.00488 0.08166 0.03851 0.35849 0,84686 0.87949 0.31024 0.823~6 0.16795 0.88834 
0 0001 0.0001 0. 1558 0.9837 0 7322 0 8719 0. 1206 0.0001 0.0001 0.1831 0.0001 0.4791 0.0001 

0.95231 0.99495 -0.07034 -0.16993 -0.18138 -0.14549 -0.05129 0.99598 0.99908 -0.10092 0.63539 -0.14245 0.97872 
0.0001 0.0001 0.7682 0.4738 0.4441 0.5405 0 8299 0 0001 0.0001 0.6720 0 0026 0.5491 0.0001 

0.80149 0.68269 0.02993 -0.11967 -0.12830 ·0. 10359 0.05236 0.55742 0.63368 0.01319 0.88012 -0.05220 0.65318 
0.0001 0.0009 0.9136 0.6~53 0.5898 0.6638 0.8265 0.0107 0.0027 0.9560 0.0001 0.8270 0.0018 

0.96828 0.89923 0.06630 0.01227 ·0.03289 -0.01373 0.10319 0.82979 0.87134 0.13450 0.90716 0.09509 0.89858 
0 0001 0.0001 0 7812 0.9591 0.8905 0.9542 0.6651 0 0001 0.0001 0.5718 0.0001 0.6901 0.0001 

o.OOt63 -o. 10440 o.1so21 0.84264 0.89132 o 86318 o.77o32 -o. 11623 -o. 10047 0.94615 o. 14S27 o.ee3o8 -0.09149 
0 9945 0.6614 0.0001 0.0001 0.0001 0.0001 0.0001 0.6256 0.6734 0.0001 0.5411 0.0001 0.7013 

-o.07983 -o. 1391• 0.45505 0.95971 0.88G35 0.95896 0.45320 -o 12404 -o. 13581 o.G9860 o.o4248 0.91922 -o. 10165 
0.7380 0.5568 0.0438 0.0001 0.0001 0.0001 0.0448 0 6024 0.5681 0.0006 0.8589 0.0001 0 669~ 

0.92794 0.82343 0.1786~ 0.01686 -0.00366 -0.02331 0.22587 0.74046 0.80161 0.2~959 0.991t4 0.16678 0.81172 
0.0001 0.0001 0.451 I 0.9437 0.8878 0.9223 0.3383 0.0002 0.0001 0.2691 0.0001 0.482J 0 0001 

0 80877 0 66216 0.32418 0.04984 0 07660 0.03114 0.37562 0.54929 0.62181 0.39241 0.93211 0.25342 0 65690 
0.0001 0 0015 0.1532 0 8347 0.7487 0 8963 0.1027 0 0121 0.0034 0.0870 0 0001 0.2810 0 0017 

-0.05380 -0.13621 0.26421 0.92731 
0.8218 0.5669 0.2603 0.0001 

0.73758 
0.0002 

0. 76037 
0.0001 

o.27JOO -o. 12oss -o. 13162 o.64014 
0.2442 0.6124 0.5802 0.0024 

0.09183 
0 7002 

0.88999 -0.06622 
0.0001 0 7815 

w 
()'. 



COL17 

COLIS 

COL19 

couo 

COL21 

COL22 

COL73 

COL24 

COL25 

COUG 

COL17 

co us 

COL29 

C0t ~rJ 

COL31 

COl 32 

TABLE XX. (CONTINUED) 

PE•QSON CORQ(LATJON CC~fFJCIENTS / PROB ~ jQj UNO£R HO:RHO•O / N • 20 

COL14 COLle COLI6 COL17 COL18 COLIS COL20 COL21 COL22 COL23 COL24 COL25 COL26 

o ottn -o tt1J5 -0.15813 1.00000 o.85849 0.59786 o.8tG59 -o t4ttt o.58290 -0.18251 -0.00516-0.15476 -o.11159 
0.9621 0 6402 0 5055 0.0000 0.0001 0.0054 0.0001 0.5529 0.0070 0.4412 0.9828 0.5147 0.6396 

o.o771B ·0.06379 -o. 14269 0.85949 1.00000 0.85574 o.71268 -o. 13818 0.91451 ·0.05996 0.20976 -0.12937 -0.03144 
0.7464 0.7893 0.~484 0.0001 0.0000 0.0001 0 0004 0.5613 0.0001 0.8017 0.3771 0.5867 0.9953 

0.02264 -0.05578 -0 11824 0.59786 0 85574 1.00000 0 73962 -0 14758 0.89408 0.04349 0 28542 -0.09150 0.00124 
0.9245 0 8153 0 6195 0.0054 0.0001 0 ()()()() 0.0002 0 5347 0.0001 0.8555 0 2225 0.7012 0 9959 

-0.10170 -0.14578 -0. 1600~ 0.8165B 0.71269 0.73962 1.00000 -0.18440 0.48369 -0.12893 -0.00293 -0.14420 ·0. 12578 
0.6712 0.5397 0.5003 0.0001 0.0004 0.0002 0.0000 0.4364 0.0307 0.5880 0.9902 0.5441 0 5972 

o 95503 0.97306 o.97194 -o. 141 '' -o. t3Bt8 -o 14758 -o. t84ao 1.00000 -o. 1o351 o.93540 o.B69t2 0.96778 o 69940 
0 0001 0.0001 0.0001 0.5529 0.5613 0 5347 0.4364 0 0000 0.6641 0.0001 0.0001 0.0001 0.0006 

0.12091 -0.00857 ·0.09868 0.&8290 0.91451 0.89408 0.48368 -o. 103~1 1.00000 0.05309 0.34196 -0.07980 0.04354 
0.6116 0.9714 0.6789 0.0070 0.0001 0.0001 0.0307 0.6641 0.0000 0 8241 0 1400. 0.7381 0 8554 

o.94J11 o.9774o o.96625 -o. 18251 -o 05996 o.04349 -o. 12893 o.SJ540 o.05309 1.00000 o 93028 o.96503 o.74405 
0 0001 0.0001 0.0001 0.4412 0 8017 0.8555 0.5880 0.0001 0.8241 0 0000 0.0001 0.0001 0 0002 

0.91867 0.89677 0.8552~ ·0.0051G 0.20876 0.28542 -0.00293 0 86912 0.34196 0.93028 1.00000 0.96468 0.68614 
0.0001 0.0001 0.0001 0.9828 0.3771 0.2225 0.9902 0.0001 0.1400 0.0001 0.0000 0.0001 0 0008 

o 92957 0.99005 0.99737 -0.15476 -o. 12937 -o.o915o -0.14420 o.96778 -o.o7980 o 96503 0.86468 1.00000 o.62J03 
0.0001 0.0001 0.0001 0.5147 0.5867 0.7012 0.5441 0.0001 0.7381 0.0001 0.0001 0.0000 0.0033 

0.79191 0 70306 0.66529 -0.111~8 -0.03144 0.00124 -0.12578 0.69940 0.04354 0.74405 0.68614 0.62309 1.00000 
0.0001 0.0005 0.0014 0.6396 0.8953 0.9959 0 5972 0.0006 0.8554 0.0002 0 0008 0.0033 0 0000 

o 97865 o.92177 o.87963 o.o2212 o 11222 o 06799 -o 08442 o.90I47 o. 16768 o.91816 o 91119 o.8G188 o.8G875 
0.0001 0.0001 0.0001 0.9242 0.6376 0 7758 0 7234 0.0001 0 4798 0 0001 0.0001 0.0001 0 OOQI 

0.076~5 -0.06043 -0.13853 0.95422 0.99h17 O.ABOGS 0.73037 -0 13~84 0.91721 -0.04891 0.21795 -0.12350 -0.0252~ 
0.7481 0.8002 0.5603 0.0001 0.0001 0.0001 0.0003 0.5680 0.0001 0.8378 0.3560 0.6039 0 9157 

0.02457 -0 O~lR01 -0.14744 0.99054 0.8AB19 0.67394 0.85329 ·0.13433 0.63662 -0.15003 0.04082 -0.14160 -O 08531 
0.91A1 0 ~"'0 0.5350 0.0001 0.0001 0.0011 0.0001 0.5723 0.0025 0.5278 0.8643 0.5515 0.7207 

•c.c4v"J 0.8~837 0.80460 0.01724 0. 196~7 0. 156~1 ·0. 12182 0.82064 0.30698 0 86809 o.e8712 0.78301 0 87~S2 
0.0001 0.0001 0.0001 0.9425 0.4062 0.5099 0 6089 0.0001 0.1880 0 0001 0 0001 0.0001 0 0001 

0 81756 0.69601 0.61833 0.04757 0 29541 0.28949 -0 07616 0.66276 0.44249 0.74784 0 84423 0.59864 0.8~<60 
0 0001 0 0007 0.0037 0.8422 0 2060 0.2157 0.7496 0.0014 0.0507 0.0002 0.0001 0 0053 0 0001 

0.08273 -0.07218 •0,13538 0.92861 0.84207 0.46021 0,!57076 M0,10046 0.61057 •0. 17281 0.02849 -0,13987 •0,07623 
0.728A 0.7623 0 5693 0.0001 0.0001 0.0412 0.0088 0.6734 0.0042 0.4663 0 9051 0.5~~4 0 7~94 

VJ 
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COL17 

COl. 18 

COL19 

COL20 

COL7 1 

COL22 

COL23 

COL24 

COL25 

COL26 

COL27 

COt.2B 

COL29 

C01.30 

COL31 

COL32 

TABLE XX. (CONTINUED) 

~E~~SON CORRELATION COEFFICIENTS I PROS > IRI UNDER HO:RHO•O I N • 20 

COL27 COL2A COL29 COL30 COL31 COL32 COL33 COL~4 COL3'5 COLJG COL37 COL:JB COL39 

0.02212 o 85422 o.99054 o.01724 o 04757 o 92861 0.92406 -0.06237 0.90093 o 86612 0.69824 -o. 18985 -o 08403 
0.9242 0.0001 0.0001 0.9425 0.8422 0 0001 0.0001 0 7939 0.0001 0.0001 0.0006 0.4227 0 7247 

0. I 1222 0.99617 0.88819 0. 19S'57 0 29541 0.84207 0.98833 0.04629 0.92514 0.87490 0.83S29 -0.07247 0 05924 
0.6376 0.0001 0.0001 0.4062 0.2060 0.0001 0.0001 0.8463 0.0001 0.0001 0.0001 0.761A 0 8041 

0.06799 0.88066 0.67394 0.15651 0.28949 0.46021 0 80078 0.07866 0.60979 0 50424 0.96568 0.02935 0.10658 
0.7758 0.0001 0.0011 0.5099 0.2157 0.0412 0.0001 0.7416 0.0043 0.0234 0.0001 0.9022 0.6547 

-0.08442 0 73037 0.85~29 -0.12182 -0.07616 0 57076 0.7~881 -0.08503 O.S77S9 0.A7SOO 0.87271 -0.13843 -0.10800 
0.7234 0.0003 0.0001 0.6089 0.7496 0.0086 0.0001 0.7215 0.0077 0.0343 0 0001 0 5605 0.650J 

o '10147 -o 13584 -o. 13433 o.8206• o.66276 -o. 10046 -o 14067 o.95339 -o. 109e2 -o.os7S6 -o 16197 o 94741 o 6•ao1 
0 0001 0.56AO 0.5723 0.0001 0 0014 0.6734 0.5542 0.0001 0.6449 0.7136 0.4951 0 0001 0 0070 

0. 1S7GA 0.91721 0.63GS2 0.30698 0.14249 0.61057 0.84504 0.12878 0.76696 0.71284 0.78519 0.03937 0 16819 
0.479A 0.0001 0.00~5 0.1880 0.0507 0.0042 0.0001 0.5884 0.0001 0.0004 0.0001 0.8691 0.4784 

0.91816 -0.04891 -O.I500:J 0.1!6809 0.74784 -0.17281 -0.09682 0 98554 -0.12620 -0.13172 -0.00526 0.99643 0.63865 
0.0001 0.8378 0.5278 0 0001 0 0002 0.4663 0.6847 0 0001 0.5960 0.5799 0.9825 0 0001 0 002J 

0.91 I !9 0.21795 0.04082 0.88712 0.84423 0.02849 0.15494 0.95604 0.11766 0.09964 0.20208 0.92519 0.72701 
0 0001 0.3560 0.8643 0.0001 0.0001 0.9051 0.5142 0.0001 0.6213 0.6760 0.3929 0.0001 0.0003 

o B61BB -o 12350 -o. 14160 o.7B30I o.sqsG4 -o 13997 -o. 13947 0.96427 -o. 13589 -o. 12640 -o. 10101 0.97252 o 50372 
0.0001 0.6039 0.5515 0.0001 0.0053 0.5564 0.5576 0.0001 0.5678 0.5954 0.6534 0.0001 0.0236 

0.86875 -0.02528 -0.08531 0.87562 0.86260 -0.07623 -0.05249 0 72999 -0.05044 -0 04408 -0.0~674 0.73098 0.86176 
0.0001 0.9157 0.7207 0.0001 0.0001 0.7494 0.8260 0.0003 0.8327 0.8536 0.8778 0.0003 0 0001 

1 00000 0. 117~Q 0 04087 0.96110 0.89857 0 09374 0 09346 0.94894 0.12326 0.13782 0.01868 0 90635 0 79990 
C) OO<J<I n ~ 8642 0 0001 0.0001 0.6942 0.6951 0.0001 0.6047 0 5623 0 9377 0 0001 0 0001 

0. I 1239 1.00000 0.88780 0.19528 0.29809 0.81715 0.98289 0.05228 0.90697 0.84857 0.86664 -0 06121 0.06774 
0 6371 0.0000 0.0001 0.4093 0.2018 0.0001 0.0001 0.8267 0.0001 0.0001 0.0001 0 7977 0 77G6 

o 04087 o.88780 1.00000 o.0435o o.oa5os o.90514 0.94474 -o 03682 o.89700 o 84801 o 76585 -o. 15786 -o 05099 
0 8642 0 0001 0.0000 0.8555 0.7215 0.0001 0.0001 O.R775 0.0001 0.0001 0 0001 0.5062 0 8309 

0.910110 0.19528 0.04:150 1.00000 0.93778 0.12367 0.15475 0 89814 0.18739 0.20282 0.06d73 0 864~9 0 77C75 
0.0001 0.4093 0.8555 0.0000 0 0001 0.6034 0.5148 0.0001 0 4289 0. 3911 0. 7863 0 0001 0 0'f! I 

0 89857 0.29809 0.08505 0.93778 1.00000 0.14886 0.23544 0.78091 0.24541 0 24858 0 17559 0.72585 0 R7901 
0.0001 0.2018 0.7215 0 0001 0 0000 0.5311 0.3177 0.0001 0.2970 0.2906 0.4590 0 OOO' 0 0001 

o.09374 o e1115 o.90514 o 12367 o. 14886 1.00000 0.89875 -0.02698 0.97342 o.97919 0.49837 -o. 11939 -o o•12q 
O.G9J2 0.0001 0 0001 0.6034 0.5311 0.0000 0.0001 0.9101 0.0001 0 0001 0 0253 0 o492 0 862q 

w 
00 



TABLE XX. (CONTINUED) 

PEA~SoN co~RELATlON coerrtctENTs 1 PQDB > !RI UNOE~ HO:~HO·O I N • ~o 

COL40 COL4 I COL~2 COL4J COL44 COL4!'> COL46 COL47 COL48 

COl 17 -0.15971 -o 1227& -o.o&2&a -o 09390 0 61218 o.86482 -o I 197 7 0 58173 -0.03959 
'0.5012 0. 606 I 0. 7929 0 6938 0 0041 0.0001 0.6150 0.0071 0.8684 

COLIS -0. 10834 -o. 10632 0.01792 -0.06935 0. 9158 I 0.99382 -o. 11955 0 90971 0. 17568 
0 6494 0.6555 0 9402 0 7714 0.0001 0.0001 0.6156 0.0001 0. 4 588 

COL\9 -0.05526 -0.08479 -0.01912 -0 08112 0.95959 o.8306o -o 13089 0 93259 0.20584 
0. 8170 0.722] 0.9362 0. 7339 0.0001 0.0001 0.5823 0.0001 0.3839 

COL20 -0.14049 -0.12383-0.16399-0.14177 0.59985 o.69sls -o. t5992 0.53616 -0.11052 
0.!1547 0.6030 0 4096 0.5510 0.0052 0.0006 0. 5006 0.0148 0. 64 2 8 

COL21 0 96409 0.94599 0.91889 o.975t5 -o. 1221• -o t49&9 0.97880 -0.12004 0.53674 
0.0001 0.0001 0.0001 0.0001 0.6062 0.5288 0.0001 0.6142 0.0147 

COL22 -0.04224 -0 06918 0.084:10 -0.03162 0.98199 0.90220 -0.09133 0.99444 0.31901 
0.8596 0. 7720 0 7241 0.8947 0.0001 0.0001 0. 7017 0.0001 0. 1704 

CDL2J 0 98130 0.93947 0 92 9 77 0.95804 0.04954 -0.07971 0 95225 0.05146 0.63427 
0.0001 00001 0.0001 0.0001 0 8357 0.7383 0.0001 0.8294 0. 0027 

COL24 0. 8909 I 0.84370 0.87721 0. 97995 0.32630 0. 19016 0.95060 0.33445 0.67167 
0.0001 0.0001 0.0001 0.0001 0. 1603 0.4220 0 0001 0. 1495 0.0012 

COL25 0.99653 0.99333 0 88783 0.99395 -o os62t -0.14226 0.99369 -0.08663 0.45818 
0.0001 0.0001 0.0001 0 0001 0.7178 0.5496 0.0001 0.7165 0. 0422 

COL26 0.65607 0.53583 O.AB\28 0.63696 0.02721 -0.04821 0.65796 0.02993 0.93808 
0 0017 0.0149 0 0001 0.0025 0 9093 0.8400 0.0016 0. 9003 0.0001 

COL27 0 88590 0.8~021 0.98206 0 89241 0.13286 0 IOOfi2 0.88522 0 14288 0 80421 
0 0001 0 0001 0.0001 0.0001 0.5766 0 6730 0.0001 0.5479 0 0001 

COL28 -0. 10132 -0 10249 0. Oi706 -0.06717 0.93054 0.9875S -0.11780 0.91844 0. 19 I 22 
0.6708 0.6672 0.9431 0. 77G5 0 0001 0.0001 0.6209 0.0001 0.4445 

COL29 -0 14 177 -0 . I I 3 3 2 -0 04 7 52 -0.08517 0 67483 0.89233 -0. I 1406 0.64015 -0.00192 
0. 5510 0 6343 o. 8423 0.7192 O.OOt I 0.0001 0.6321 0.0024 0.9936 

COLJO 0.80850 0.73405 0.96598 0.91691 0.25450 0.18310 0.81053 0.27555 0.87346 
0 0001 0.0002 0.0001 0.0001 0.2789 0. 4397 0 0001 0.2396 0.0001 

COL3! 0.54664 0 ~JA7B 0.85418 0.64099 0. 39259 0 27923 0 61946 0.41526 0.94049 
0 0071 () (\ 1 -1? 0 0001 0.0023 0.0869 0.2332 0 0036 0.0686 0.0001 

COL37 . ,09 -o. tosos 0.01710 -0.05267 0.57075 0.86585 -0.08336 0.57336 0.03746 
0 5422 0.6575 0.9430 0.8255 O.OOBG 0.0001 0. 7 268 0.0082 0.875" -

w 
\..0 



COLJJ 

COL34 

COLJS 

COL3G 

CDLJ7 

CDL38 

COL39 

COL40 

COL~ 1 

COL42 

CDL43 

COL44 

COLdS 

COL46 

COL47 

COL46 

TABLE XX. (CONTINUED) 

PEA~SON CORRELATION COEFFICIENTS I PQDB > jRj UNDER HO:RHO•O I N • 20 

COLI COL2 COL3 COL4 COL~ COL6 COL7 COLB COL9 COL10 COL 11 COl12 COLIJ 

-o.02987 -o. 12s•9 0.6•1•• o 92130 o 9oasa o A9427 o.&sos1 -o 12691 -o. 12123 o.88279 o. 11476 o.99517 -0.09828 
0 9005 0.5981 0.0023 0.0001 0 0001 0.0001 0.0019 0.5939 0.6107 0 0001 0.6300 0.0001 0.6802 

0.99082 0 97955 0 1025~ -0.07022 -0.05829 ·0.05212 0.13095 0 94915 0.97175 0.10005 0.78169 0.02190 0.96~82 
0.0001 0.0001 o 6G70 0.7696 0.8071 0.9273 0.5A21 0.0001 0.0001 0.6747 0.0001 0.9270 0.0001 

-o 0205G -o 12393 0.44710 0.91197 0.79024 o.7G953 o 46114-0.12102-0.11942 0.78797 0.13616 0.95005-0.06939 
0.931·1 0 6()?7 0.0481 0.0001 0.0001 0 0001 0.0407 0.6113 0.6160 0.0001 0.5670 0.0001 0.7713 

-o.o• 102 -o. 11610 o.3395• o.as7e4 o. 70091 o.69089 o.36507 -o. 111sG -o. 11121 o.72254 o. 14771 o.9049J -0.04924 
0.9632 O.G2~9 0 1443 0.0001 0 OOOG 0.0007 0.1135 0.6387 0.6405 0.0003 0.5343 0.0001 0 8367 

-O.OJ09R -O 0910~ 0.86832 0.67597 0 88124 0 87762 0.86125 -0.10315 -0.08887 0.84217 0.0~254 0.80363 -O. 12634 
0.89GA 0.702S 0.0001 0 0011 0.0001 0.0001 0 0001 0.6652 0.7095 0.0001 0.8259 0.0001 0 5956 

o.9oosa o.9A~q~ o.oeo52 -o. 191ss -o. 1477• -o. 14244 o. 10433 o 95316 0.97921 o.o1o13 o.72744 -o. 1038' o.9~1&9 
0.0001 O.(XKJI 0 7359 0.4037 0.5343 0.5491 0.6616 0.0001 0.0001 0.9662 0.0003 0.6630 0.0001 

o.69215 o 56223 o 13A75 -o 09446 -0.07371 -0.06762 o. 175J3 o ••395 o.51404 o. 131e2 0.97003 o.02629 0.61100 
0.0001 o.oo~q n 5596 0.6920 o.7574 0.1110 0.4597 o.o•99 o.o2o4 0.5796 0.0001 0.9124 o.oo•2 

o.9G719 o.99AQr. -o.o2G45 -o. 17231 -o. 16752 ·o. 14135 -o.oos12 0.98976 0.99764 -o.OGS50 o.6720~ -o. 12639 0.97658 
0 0001 0.0001 0.9119 0.4676 0.4002 0.5~22 0.9796 0.0001 0.0001 0.7838 0.0012 0.~954 0.0001 

0.92166 0 9RI1~ -0 0G9A2 -0.13520 ·0 15290 -O 12151 -0.05350 0 99936 0.99148 -O 08723 0.56894 -0.11589 0.966~2 
0.0001 0 0001 0.7699 0.5698 0.5199 0.6098 0.8226 0.0001 0.0001 0.7146 0.0088 0.6266 0 0001 

0.97774 0.91776 -0.00565 -0.07•27 ·0. 12262 -o. 10258 o.02997 0.85178 0.89684 0.04645 o.857S6 0.00211 0.906Je 
0.0001 0.0001 0.9812 0.7652 0.6065 0.6669 0.9002 0.0001 0.0001 0.8458 0.0001 0.9928 0 0001 

0 96257 0 99149 -0 07305 -0.10885 ·0 15036 -0.11504 -0.04858 0 98993 0.99408 -0 05620 0.67605 -0.07840 0.98810 
0.0001 0.0001 0 7Sg6 0 6478 0.5269 0 6291 0.8388 0 0001 0.0001 0 8140 0.0011 0.7425 0 0001 

0.05839 -O.OS72q 0.91952 0.61970 0.79436 0.69928 0.94290 -0.06894 -0.05448 0.99097 0.18602 0 86854 -0.07787 
0.8068 0 6104 0.0001 0.0036 0.0001 0.0006 0.0001 0 7092 0.8196 0 0001 0.4323 0.0001 0.7442 

-o.o•eeo -o. 123AG o.70729 o.88384 o.e9994 o.B39A1 o.71J30 -o. 13107 -o. 119s1 0.92988 o 12841 o 99475 -o •o393 
0.9373 0.6029 0.0005 0.0001 0.0001 0.0001 0.0004 0.5818 0.6158 0.0001 0.5895 0 0001 0 6628 

0.95891 0.98992 -o. 1249! -0.13739 -o. 18929 -o. 14187 -o. 10212 0.98630 0.99223 -o. 11463 o.66610 -o. 12567 0.98441 
0.0001 0.0001 O.GOOO 0.5635 0.4241 0.5508 0.6683 0.0001 0.0001 0.6304 0.0013 0.5975 0.0001 

0 06571 -0.05601 0.90814 0.60044 0.76738 0.64834 0.93206 -0.08945 -0.05304 0 99510 0.19744 
0.7831 0 8146 0 0001 0.0051 0 0001 0.0020 0.0001 0.7077 0.8243 0.0001 0.4041 

0.86253 -0.07393 
0.0001 0 7567 

0.70156 0 53173 0.24780 -0.04151 -0.00882 -0 03641 0.29385 0.38872 0.48063 0 27242 0.87608 0.13459 0.50174 
0.0006 0 0158 0 2927 0.8621 0.9705 0.8789 0.2086 0.0903 0.0319 0 2452 0.0001 0.5716 0 0242 
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COL33 

COLJ4 

COL:l5 

COLJG 

COl37 

COL38 

COl 39 

COL40 

COL41 

COL~2 

COL43 

COL44 

COL45 

COL46 

COL47 

COL48 

TABLE XX. (CONTINUED) 

PEARSON CORAELAflON COEFFICIENTS I pqoe > jRj UNDER HO:RHO•O I N • 20 

COL14 COL 11! COl. HI COL17 COLIS COLI9 COL20 COL21 COL22 COL23 COL2~ COL2!1 COL26 

o oso• -o 07747 -o. 14965 0.92406 o 98833 0.80078 0.75881 -o. 14067 0.84504 -0.09682 o. 15494 -0.13947 -0.05249 
0 7AAO 0 7-155 0 52R9 0.0001 0.0001 0 0001 0.0001 0.5542 0_0001 0 6847 0.5142 0.5576 0 8260 

o 917"4 o 98507 0.96457 -O.OG237 0.04629 0.07868 -0.08S03 0.85339 0.12878 0_98554 0.95604 0_96427 0_72999 
0 0001 0 0001 0.0001 0_7939 0.8463 0.7416 0.7215 0.0001 0-5884 0_0001 0.0001 0_0001 0.0003 

o 10164 o o~<'04 -o 13737 0.90093 0.92514 o 60979 0.57759 -o. 10982 0.76696 -o 12620 o. 11766 -o. 13589 -0-05044 
0 6698 0 I~A9 0 5636 0.0001 0.0001 0.0043 0.0077 0.6449 0-0001 0.5960 0.6213 0-5678 0 8327 

0.12013 -0 0·1678 ·-0.12391 0.86612 0.87490 0.50424 0.47500 -0.087% 0.71284 -0.13172 0.09964 -0-12640 -0.04408 
0.6129 0 0447 0 6027 0.0001 0.0001 0.0234 0 0343 0.7136 0.0004 0.5799 0.6760 0_5954 0 8536 

-0.01856 -o.o849B -o. 13243 o.69824 o.83529 o.9656B o.87271 -o. 16197 0-78519 -o.oo526 o.2o2o8 -9.10101 -o_o3674 
0.9381 0 7217 0.5778 0 0006 0 0001 0.0001 0.0001 0 4951 0.0001 0.9825 0.3929 0.6534 0.8778 

0.94457 0.9A058 0 97314 -0.18985 -0.072d7 0 02935 -0.13843 0_94741 0.03937 0.99643 0.92519 0.972~2 0-73098 
0.0001 O.UOOI 0.0001 0.4227 0.7614 0.9022 0.5605 0.0001 0.8691 0_0001 0 0001 0.0001 0.0003 

o 70503 o.5B302 o ~~572 -o.oe•o3 o.05924 o 10658 -o. 10800 0.64801 o. 16819 0.63865 0.12101 o.50372 o.~6176 

0.0005 0.0070 0 0173 0.7247 0.8041 0.6547 0.6504 0.0020 0 .• 784 0 0024 0.0003 0.0236 0 0001 

0.93937 0.99321 0.99435 -0.15971 -0.10834 -0.05526 -0. 140•9 0 96409 -0-04224 0.98130 0_89091 0_99653 O.G5607 
0.0001 0.0001 0.0001 0.5012 0 6~94 0.8170 0.5547 0.0001 0.8596 0.0001 0.0001 0.0001 0.0017 

o.90IGo 0.97483 o 98514 -o. 12276 -o. 10632 -0.08479 -o. 12383 o.94599 -0.06918 0.93947 o 84370 o.99333 o_53se3 
0.0001 0.0001 0.0001 0 6061 0.6555 0.7223 0.6030 0.0001 0.7720 0.0001 0 0001 0.0001 0 0149 

0.98171 0.9~058 (l ql034 -0.06268 0.01792 -0.01912 -0.16399 0.91889 0.08420 0.92977 0.87721 0.88783 0.88128 
() 0001 0 0001 0 0001 0.7929 0.9"02 0.9362 0.4896 0_0001 0.7241 0.0001 0.0001 0.0001 0 0001 

0.95516 0.99489 0.99320 -0.09390 -0.06935 -0.08112 -0.14177 0.97515 -0.03162 0.95804 0.87995 0.99395 0.63696 
0.0001 0.0001 0 0001 0.6938 0.7714 0 7339 0.5510 0.0001 0 8947 0 0001 0.0001 0.0001 0 0025 

o.o8595 -0.02111 -o. 1onee o.6121B 0.91581 0.95959 0.59985 -o. 12274 0.98199 0.04954 0.32630 -0.09621 0.02121 
0.7186 0.9095 0.6477 0.0041 0.0001 0.0001 0.0052 0.6062 0.0001 0.8357 0.1603 0.7178 0.9093 

o.06677 -o.o7587 -o 15420 o.86482 0.99382 o.83o6o o.G9915 -o_l4969 o.90220 -o.o1971 o. 19016 -o. 14226 -0.04821 
0.7797 0.7506 0.5163 0.0001 0.0001 0.0001 0 0006 0.5288 0.0001 0.7383 0.4220 0-5496 0.8400 

0.95069 0.99303 0_99707 -O_il977 -0.11955 -0.13089 ·0.15992 0.97SAO -0.09133 0.95225 0.85060 0.99369 0.65796 
0.0001 o_ooo1 0.0001 0.6150 0.6156 0.5823 0.5006 0.0001 0.7017 0.0001 0.0001 0.0001 0 0016 

o.o9542 -o.o2252 -o. 10807 o.58173 o.90971 o.93259 o.5361G -o. 12oo4 o.99444 o.OS146 o.3344S -0.08663 o.o2993 
0.6890 0.9249 0.6502 0.0071 0.0001 0.0001 0.0148 0.6142 0.0001 0.8294 0 1495 0.7165 0.9003 

0.69770 o.sG450 0.49572 -0.03959 o.1756B o.205B4 -o. 11os2 o 53674 o.3190I o 63427 o.67167 o.4581B o 93808 
0.0006 0.0095 0.0262 0.8684 0.4588 0.3839 0.6428 0.0147 0.1704 0_0027 0 0012 0.0422 0.0001 

.&:-



C0t.1J 

COLJ4 

C0\35 

CCJL36 

COl 37 

C0\38 

COt.39 

COL40 

COld I 

COL42 

COL4J 

COLU 

COL45 

COL46 

COL47 

COL48 

TABLE XX. (CONTINUED) 

PEA~SON co~RELATION coerriCTENTS 1 P~OB > IRI UNDER HO:RHO•o 1 N • 20 

COL27 COL2B COL29 COLJO COL31 COL32 COLJJ COL34 COL3!'; COL36 COL37 COLJ8 COLJ9 

0 09346 0.98288 0.94474 0.15475 0 23544 0 89875 , .00000 0.01793 0.95182 0 90446 0 81300 -0 10814 0 02140 
0 6951 0.0001 0.0001 0 5148 0 3177 0.0001 0.0000 0.9402 0.0001 0 0001 0.0001 0 6500 0.9286 

0.94894 0.05228 -0.03682 0 89814 0.78091 ··0.02698 0.01793 I 00000 0.01346 0.01536 0.03023 0.98334 0.65846 
0 0001 0.8267 0.877g 0.0001 0.0001 0.9101 0.9402 0.0000 0.9551 0.9488 0.8993 0.0001 0.0016 

0.12326 0 90697 0 89700 0.18739 0.24541 0.97342 0.95182 0 01346 1.00000 0.98763 0.60716 -0.13517 0 01347 
0.6047 0 0001 0 0001 0.4289 0.2970 0.0001 0.0001 0.9551 0 0000 0.0001 0.0045 0.5699 0.9550 

o. 13782 o.e4857 o.e•so1 o.2o282 o.24s58 o.97919 o.90446 o.o1s3s o.98763 1.00000 o.492B4 -o. 13921 o.01426 
0 5623 0.0001 0.0001 0.3911 0 2906 0.0001 0 0001 0.94R8 0.0001 0.0000 0 0273 0.5583 0.9524 

0.01860 0.86664 0 76585 0.06473 0.17559 0.4983'1 0.81300 0.03023 0.60716 0.49284 1 00000 -0.01813 0 04362 
0 9377 0.0001 0.0001 0.7863 0 4590 0.0253 0 0001 0.8993 0.0045 0 0273 0.0000 0.9395 0 8551 

0.90635 -0.06121 -o. 15786 o.8G459 o.72585 -o. 17939 -o. 10814 o 98334 -o. 13517 -o. 13921 -o.o1e13 1 ooooo o.6233~ 

0 0001 0.7977 0.5062 0.0001 0 0003 0.4492 0.6500 0.0001 0.5699 0.5583 0.9395 0.0000 0 0033 

0 79990 0.06774 -0.05099 0.77675 0.87901 -0.04129 0.02140 0.65846 0.01347 0.01426 0.04362 0.62333 1.00000 
0 0001 0 7766 0.8309 0.0001 0.0001 0 8628 0.9286 0.0016 0.9550 0 9524 0.8551 0 0033 0.0000 

0.88590 -0.10132 -0.14177 0.80850 0.64664 -0.14489 -0.12549 0.97787 -0.1~944 ·0. 12359 -0.08019 0.98361 0.54678 
0.0001 0.6708 0.5510 0.0001 0.0021 0.5422 0.5981 0.0001 0.6865 0.6037 0.7368 0.0001 0.0126 

o 92o21 -o 10249 -o. 11332 0.73405 0.53878 -o. 10565 -o. 11304 0.94497 -o. 10499 -o 09495 -0.09728 0.94739 0.42264 
0.0001 0.6672 0.6343 0.0002 0.0142 0.6575 0.6352 0.0001 0.6596 0.6905 0.6833 0.0001 0 0634 

0 98206 0 01706 ··0.04752 0.96598 0.85418 0 01710 -0.00077 0.94649 0.03823 0.06025 -0.06952 0.92833 0.74582 
0.0001 0.9431 0.8423 0.0001 0.0001 0.9430 0.9974 0.0001 0.8729 0.8008 0.7709 0.0001 0.0002 

o 89211 ·0.06777 -o o8577 0.81691 0.64099 -o.os267 -o.07633 0.97383 -o.osl34 -0.03393 -o. 10220 0.96410 o 53245 
0 0001 0 7765 0.7192 0.0001 0.0023 0.8255 0 7491 0.0001 0 8298 0.8871 0 6681 0.0001 0.0157 

0.13286 0.93054 0.67483 0.25450 0.392&9 0.57075 0.85178 0.11194 0.12801 0.65129 0.88226 0.03545 0.14799 
0.5766 0.0001 0.0011 0.2789 0.0869 0.0086 0.0001 0.6384 0.0003 0.0019 0.0001 0.8820 0.5335 

0 10062 0.98755 0 89233 0.18310 0.27923 0 86585 0 98847 0.03105 0.94335 0.89418 0.80979 -0.09271 0.03917 
0.6730 0.0001 0.0001 0.4397 0.2332 0.0001 0.0001 0.8966 0.0001 0.0001 0.0001 0.6975 0 8698 

0.8B522 -0 11780 -0.11406 0.91053 0.61946 -0.08336 -0.12086 0.96184 -0.09277 -0.07292 -0.14256 0.96141 0.52651 
0.0001 0.6209 0.6321 0.0001 0.0036 0.7269 0.6118 0.0001 0.6973 0.7600 0.5488 0.0001 0.0171 

0.14780 0 91844 0.64015 0.27555 0.41526 0.57336 0.83935 o. 11733 0.73402 0.66742 0.83508 0.03700 0 15459 
0.5479 0 0001 0.0024 0.2396 0.0686 0.0082 0.0001 0.6223 0.0002 0.0013 0.0001 0.8769 0 5152 

0.80421 0 18122 -0.00192 0.87346 0.94049 0 03746 o. 12102 0.63997 0.12001 0 12220 0.10811 0.61434 0.86977 
0 0001 0.4446 0 9936 0.0001 0.0001 0.8754 0.6113 0 0026 0.6143 0.6078 0.6501 0.0040 0 0001 

..,._ 
N 



TABLE XX. (CONTINUED) 

PEAR~ON CORRELATION COErriCl£NlS I PROS > I R I UNDER H0: RIIO•O I N • 20 

COL•o COL41 COL42 COL43 COL44 COLe!\ COL46 COL47 COL•8 

COl JJ -o 12s"q -o 11304 -o 00011 -o 07633 0.85178 0.98847 -0 12086 0.83935 0. 12102 
0 59At 0.6352 0 99711 0 7<'191 0 0001 0 0001 0 6118 0.0001 0. 61 13 

C0134 0 91787 0.94497 0.84649 0 97383 0. II 194 0.03105 0.96184 0. 11733 0.63597 
00001 0.0001 0.0001 0.0001 0 6304 0.8966 0.0001 0.6223 0.002G 

COt 35 -0 11gd-1 -0 10499 o OJ82J -o os1J• 0.72801 0.94335 -0.09277 0. 7Jd02 o. 12001 
o ssc;o 0 6596 0.8729 0.0298 0 OOCJ 0.0001 0 6973 0 0002 0.6143 

COL36 -0. 12359 -0.09495 0.06025 -0.03393 0.65129 0.89418 -0.07292 0. 66742 0.12220 
0 6037 0 6905 0 8008 0.8871 0.0019 0.0001 0. 7600 0.0013 0.6078 

COL37 -o 08019 -o.o9728 -0.06952 -o 10220 0.88226 o.s0979 -o. 14256 0.83508 0. 10811 
0 7%8 0 6833 0 7709 0.6681 0.0001 0.0001 0 5488 0.0001 0.6501 

COL38 0.98361 0 94739 0.02833 0 96410 0.03545 -0.09271 0.96141 0. 03'100 O.S143~ 

0 0001 0.0001 0 0001 0.0001 0.8820 0.6975 0 0001 0.8769 0.0040 

COl JQ 0 5·1678 0 422~'. 0 74582 0 ,,3245 0 14799 0.03917 0.52651 0 15459 0.86977 
0.0\ ;)() 0 Of'34 0 OOO] 0.0157 0.5335 0.8698 0 0171 0 5152 0.0001 

COL40 I .00000 0 9AB94 0 90307 ().99134 -0.0•~62 -0.12280 0.98792 -0.04811 0.50B87 

0.0000 0.0001 0 0001 0.0001 0.8387 0. 6059 0.0001 0.8404 0.022G 

COl 4 1 0.~85q4 I .00000 0 84280 0.98830 -0.07699 -o. 11644 0.98336 -0.07661 0.37134 
0 000\ 0.0000 0.0001 0.0001 0 7-170 0.6249 0.0001 0.7482 0.1070 

COL42 0.90307 0.84280 1.00000 0.90978 0 04523 0. 00644 0.91474 0.05770 0.79179 
0 00()1 0.0001 0.0000 0.0001 0 8498 0.9785 0.0001 0.8091 0 001)1 

COL43 0 9~134 0 98830 0.90978 I 00000 -0 05144 -0.07919 0 99624 -0.04707 0.48774 
0 00()1 0.0001 0.0001 0.0000 0 6295 0. 7400 0.0001 0.8438 0.0291 

C01.44 -o.o•8'' ·0.07699 0.04523 -0.0~144 1.00000 0.89753 -0.10863 0.99490 0.28148 
I) 8J07 0 7470 0.8498 0. 8295 0 0000 0 0001 0.6485 0.0001 0 2293 

COldS -0. 1228H -o. 11644 0 00644 -0.07919 0 89753 1. ooooo -o. 12935 0.89434 0. 15618 
0 Gll':"d:~ 0 6249 0.9785 0 7400 0.0001 0.0000 0.5868 0 0001 0.5108 

C01.4G 0.90'/9:1 0 98336 0.01474 0 99624 -0.10863 -0. 12935 1 .ooooo -o. wr;n 0.48955 
() 0()0 I 0.0001 0 0001 0.0001 0.6485 0 5868 0.0000 0. 6556 0 0285 

COL47 -0 ()d8 I I -o 07661 0 .0~770 -0 04707 0.99490 o. 89434 -o. 10627 1 00000 0. 29811 
0 AdQd 0.7482 0.8091 0. 6d38 0 0001 0.0001 0.6556 0.0000 0. 2017 

COL4B 0 51)687 0 J 7134 0. 79179 0.48774 0.28149 o. 15618 0.48955 0 29811 I .00000 

O.OVG 0 1070 0 0001 0.0291 0.2293 0.5108 0.0285 0 2017 0.0000 -
4::--
w 



TABLE XXI 

INITIAL FACTOR PATTERN MATRIX--Q-MODE 

FACTOR PATTERN 

fACTO<II FACTQ<I) FACTORJ FACTO<I~ FACTO<IS FACTO<IG FACTOR? FACT OP8 FACT01!9 FACTORIO 

COLI 0.99022 0. 12~50 -0 00343 -0 00411 -0.00462 0. 05b90 -0.00396 ·0 02329 -o. 00211 0.00306 
COl.2 0.98003 0 01691 0 12145 0 14795 -o 00475 0 02749 0 01074 -o o•o75 0.00367 0.00200 
COLJ -o OS1or 0 76690 -0 49426 0 38472 0.016~8 0.00792 0.12345 0 01670 -o 02121 0.02012 
C:OL4 -o 21805 0 84324 0.42153 -0.13558 0 09657 0 0 "38 0. 18297 0.00766 -o .03380 -0 03193 
COL5 -0.23087 0 <10159 0. I 3618 0.14945 o. 18224 0.01830 0.23950 0.00104 0.01683 0 03847 
COL6 -0.21095 0 85984 0.28726 0 101A6 0.33173 0 00336 -0 10211 -0.01096 -0.00470 0 04015 
COL7 -0 02067 0.77584 -o sne6 0 34670 -0.03424 -0.00158 -0.04489 0.00956 0.00916 -0 01094 
COLB 0 93979 -0 00377 0.23529 0.23924 -0.05938 -o o 1 101 0 00693 -0.02177 0.00230 0 OOOJ9 
COL9 0.96771 0 01626 0. 15787 0 19356 -0.04382 0 01948 -0.00144 0.01082 0 00 I 36 -0.00064 
COLIO -0 07096 0.94023 -o 26228 0.08602 -0 18326 -0.0014.t 0.01889 0.00722 0 0 I 277 -0 00251 
COL I 1 0.79551 0.25525 -0.24619 -0.40493 0.15999 -0.22654 0.01011 -o oonr 0 00326 0 00345 
COLI2 ·0 14936 0 97353 0 "706 -0 07645 -0.07856 0.00162 0 02998 0.00353 0.03420 0 0:181 I 
COLIJ 0 96956 0.02462 0. 18355 0 05884 -0.02762 ·0.14104 -o 01012 0.03680 0 00220 0.00455 
COL 1 •1 0.9'1040 0.19507 0 08JS4 ~0.10486 -0.02908 0.00816 -0.01188 0.03167 -0 00950 -000418 
COL 15 0 98431 0 05874 0 13:188 0.08599 -0.03654 0.03342 -0.00587 -0.00903 0.00158 0 00374 
COLI5 0.97247 -o 01934 0 I 7R'l I 0 13955 -o oo129 0 04594 0.0032 I 0 0 I 385 0 00338 0 00433 
COLI7 -0 :10727 0.83827 0 45147 -0 1<11.46 0 14184 -0.00055 -0 09122 -o 0144d 0.01092 0.03098 
COLlA -0.12757 0.98445 0.02759 -0 03682 -0.09281 -0 00174 -o 02901 0 00359 0.04911 -0.01835 
COL19 -0.09248 0.88648 -0. 30J1G 0.31S48 0.10286 0 00 j 26 -0.04011 0.00565 -0.01408 -0.02979 
COL20 -0.23116 0.74196 0.25215 0. 26658 0. 50676 0 01249 0.00501 -o ooo53 0.03945 -0.05106 
COL21 0.97326 -o o11o1 0. 16006 0.00842 0 02468 -0 I 2778 -0.01613 0.0969:1 0.00125 0.00474 
COL22 -0.03393 0.90935 -0.31634 0 04845 -0.26192 -o 00481 -0.01022 0.01094 0.01192 -0.00814 
COL23 0.98027 0 07601 -0.05090 0 15884 0 02198 0 047 16 0.01494 -o 04873 0 00526 0.00276 
COL:I4 0. 905 I 2 0.33318 -0.15067 0 I I 326 -o 06246 -0.16356 0.03913 -0.01466 -o 01379 -0.01909 
COL25 0 9GJ64 -0.0070G 0. 18079 0. 19425 -0.02677 0.00780 -O.OOG49 0 00721 0.00064 0.00157 
COL26 0. 785!16 0.09312 -0.27655 -o. 39434 0.31367 0. 20586 0.01935 0.02993 0.00392 0.00193 
COL27 0 94521 0. 23409 -0 02969 -0.20736 0.04416 0.01322 0.00630 -0.07457 -o 00111 -0.01080 
COL2B -0 12304 0.98764 0 00406 -0 003!l2 -0.06009 -o oo:n3 -0.07141 0.00007 0.00410 0 00557 
COL 29 -0.18971 0.87884 0.38127 -0 08962 0.11051 0 00000 -0.07486 -0.00123 -o 03343 -0 0189! 
COLJO 0 89081 0.30388 -o. 16840 -0.23888 -0.07290 0. 1354 I -0.01003 0 06914 -o 00491 -0.00417 
COL31 0. 76222 0. ~9607 -0.38050 -0.33051 -0.01864 -0.00052 0.00038 -0 08660 -o. 00572 0.00367 
COL32 -o 15505 0. 79702 0.44181 -0.35250 -o. 14377 -0.00237 0.00793 -0.00318 -0 00593 0.01159 
COLJ3 -0 15220 0 97150 0.15596 -0.07818 -0.03392 -0.00072 -0.02268 0.00237 0 02144 -0.01!109 
COL34 0.97943 0 17368 0.02595 0.08496 -0.03262 -0.01849 0.00589 -0.03356 -0.00096 -0.00111 
COL35 -o. 13347 0. 88770 0.26587 -0.27977 -0.20430 -0.00398 0.01196 -0.00219 -o 04753 -0 01225 
COL36 -0 11618 0 823B4 0. 305 I 3 -0.36733 -0 28136 -o. 00632 -0.01668 -0.00349 0.01042 -0 00202 
COL37 -o. 13952 0.87276 -o. 13Gss 0.33557 0. 27844 0.00292 -0.084!9 -0.00136 -0.04350 0 01978 
COL38 0.98125 0 00180 -0.03335 0.17099 0.00978 0.04257 -0.00129 0.02795 -0.00146 -0.00038 
COL39 0.69249 0.1712~ -0.40092 -0.41353 o. n584 -0.28773 0.01122 0 01089 0.00665 0.00487 
COL40 0.97439 0 01810 0. 12173 0. 18298 -o 01664 0.00555 0.00110 -0 03859 0 00237 -0.00227 
COL41 0.93162 0.00707 0.24765 0.25098 -o 08SIO -0.01006 0.00084 -o 01665 0.00268 -0.00081 
COL42 0. 96306 0 1382 2 -0.01702 -0. 18965 0.01872 0. 12315 0.00054 0 03808 -0.00060 0.00075 
COL~3 0.9G783 0.04671 0 20612 0 11607 -0.06956 -o 01~20 -0.00711 -0 00272 0.00166 0.00349 
COL44 -0 05842 0.92558 -0.31402 o. 15367 -0. 11989 -0.00405 -0.05016 0.00515 -0.02085 0.00692 
COL4~ -0.14221 0 91794 0. 05852 ·0.06008 -o. 11486 0 00022 0.03381 -O.OOIBS -0.00411 -o 00694 

..c-COL46 0.96891 -0.00189 0 22145 Q_Qq577 -0 03164 0 O?S 12 -0.01300 0 03419 -o 00079 0.00146 ..c-COL47 -0.04%8 0.9174:1 -0 33492 0. I 1780 -o 19539 -0.00346 -0.01594 0.00512 0 00~59 0 OI:I<J. 
--- ~ ·------~ ----



TABLE XXII 

VARIMAX ROTATED FACTOR PATTERN MATRIX--Q-MODE 

ROTATED FACTOR PATTfPN 

rACTOR1 FACTOR? FACTORJ FACTQP4 FACTOR~ FACTOP6 FACTOR? FACTORS FACTOR'! FACTOR tO 

COL' 0.95080 -0.02473 0 04668 0 29727 -0.03520 -0 05369 -0.00561 -0 0229d 0.003G9 -0.00177 
COL2 0.98A26 -o 09202 -0 021~1 0. 10692 0.02332 -0 0229~ 0.01252 -0.04102 0.00059 -0.00463 
CDL3 -0.00475 0 27530 0.94158 0.05705 0. 12108 -0.00151 0.13827 0 0027d 0.01691 0 00775 
COL4 -o 07739 0. 95647 0. 12379 -0.04897 o. 15160 -0.00196 0. 18513 0.00562 -0.00648 o osn2 
COL5 -0 09142 0 78138 0. 4 7 196 -o 07617 o. 28815 -0.00393 0. 26229 -0.00384 -0 00061 -o o1993 
COLG ·0.06416 0 82661 0.31065 -o 07285 0.44809 0. 002 32 -0.06748 -0.00155 0.05745 -o 03878 
COL7 0.01473 0. 27605 0.95301 0 09109 0.06988 0.00082 -0.03745 -0.00207 -0.01297 -0 00377 
COl. A 0.99401 -0.07189 -0.05474 -0.0~018 0.01791 0 01514 0.00800 -o. 02211 -0.00037 -0.00234 
COL9 0.99503 -0.00758 -o 01381 0.04046 0.00668 -0.01564 0.00026 0.00984 -0.00137 -o 00011 
COIIO -0.00700 0 62330 0 766?6 0 10169 -0.11225 -0.00034 0.01176 -0.00281 -o 02428 -0 00559 
COL11 0.63322 0 09457 0 06783 0.77859 -0.03584 0.23010 -0.00481 0 00050 -0.00091 -o ooo.15 
COt. 12 -o 03975 0 89081 0. 44585 0.04078 -o 01558 -0.00045 0.03027 0 00216 -0.01587 -o o•1os 
COL11 0.97dA2 -0.0284d ··0 .09650 o. 12878 -0.02106 0 ld433 -0.01667 0.03775 0.00059. -0 00292 
COL 14 0.93748 0. 10695 -0.01541 0.31944 -a 07548 -0.00577 -0.01879 0.03301 0.00156 0 01079 
COLIS 0.98809 -0.03469 -0.03109 0 14120 -o 02193 ·0.03010 -0.00646 -0.00856 0.00145 -0.004413 
COL If; 0.98837 -o 08993 -0 08192 0.07573 0.02364 -o 0413B 0.00700 0.01464 0.00109 -o 00452 
COL 17 -0.06557 0 96511 0.09402 -0.04409 0.21085 0 00206 -0.07645 -0.00418 0.02846 -o OJ972 
COLIS -0.01762 0 84150 0.53141 0 06049 -0 02130 0 00027 -0.03453 -0.00037 -0.05221 -0 02102 
COLI9 -0.01355 0.48798 0.84130 0.03897 0.22485 0.00113 -0.02576 ·0.00274 0.00031 0.0257:1 
COL20 -0.01\007 0.66504 0.32494 -0.13318, 0.65165 0 00019 0.04168 0.00144 -0.03464 0 0113 I 
C0l_2 I 0.9~596 -0.06194 -0.13479 0. 19076 0.00485 0. 13177 -0.01905 0.09918 0.00133 -0.00013 
COl 2 2 0 01 182 0.57960 0.77498 0.13726 -0.20616 0.00014 -0.02421 0 00017 -0.02917 -o 00298 
COl ?l 0.9584? -o. 13309 0. 12668 0 20409 0 03353 -0 04232 0.01840 -o 05071 -0.00024 -o 00645 
COU4 0.88524 0.05096 0.32710 0.26868 -0 05851 0 16~98 0.0~671 -0 02200 -0.00886 0. 02706 
COL25 0.99382 -0 09290 -0 046A5 0 02731 0.02499 -0.00377 -0.00379 0.00707 0. 00227 -o oo193 
COL26 0 59611 -o os807 -0.01699 0.76710 0. 10313 -0.19884 0.02940 0 03627 0.00303 0 00044 
COL77 0.86752 0. 11339 0 02019 0.47528 -0 09172 -0.01013 -0.00305 -0 07295 -0.00452 0 00820 
COLJ8 -o on4o 0.82144 0.56120 0 06075 0.01691 0 00159 -o o1013 -000141 0.00323 -0 01434 
COL?9 -o. os1 19 0.94549 0. 18449 -0.02648 0.24678 0 00732 -0.06298 0 00482 0.02984 0 02845 
COIJ() 0.79543 0. 12004 0.15276 0 52273 -o 18073 -0 13510 -0.01931 0 06866 -0.00910 0 0094<; 
COLJ I 0 61443 0. 13150 0. 29265 0.69238 -0.17871 0 00016 -0.01627 -0.08783 0.00166 -o 00099 
COL32 -0.04537 0.98902 0.00740 0.02935 -0.13590 0 00049 ·0.00469 0.00130 0.00330 -o 00338 
COL33 -0.03790 0.90759 0.41330 0.03535 0.03500 0 00063 -0.02489 0.00104 -0.02807 -0.00267 
COL34 0.97089 0 00665 0. 10224 0.21065 -0.02605 0.02195 0.00212 -0.03525 -0.00063 0.00097 
COL35 -0.03435 0.95408 0.21630 0 06364 -o. 18655 0 00077 -0.00552 -0.00293 0.01590 0.04149 
COL36 -0.02815 0.94647 0.12074 0 07879 -0.28326 0.00048 -0.04065 -0.00252 -0.02331 -0.00574 
COL37 ·0.03248 0.55446 0.71391 -0 01861 0.41662 0.00216 -0.05042 ·0.00145 0.06864 0 00261 
COL38 0.96~12 -0.13965 0. 11599 0. 18002 0 02750 -o 03817 0.00312 0.02598 0.00105 0 00212 
COLJ9 0.48572 -0.03811 0. 10617 0.01438 0.04617 0.29260 0.00030 0.01385 0.00112 ·O 00280 
COL40 0 99095 -0.09987 -0.00185 0 07575 0.02449 -0.00144 0.00212 -0.03948 -0.000'50 -0 00140 
COL41 0.99402 -0 05855 -0.04739 -o 07514 0.00001 0.01349 0.00087 -o 01800 -0.00217 -o 00200 
COLd' 0.8A431 0 03461 -0.02891 0 44065 -o 07412 -0.12009 -0.00223 0 04052 -0.00283 0.00259 
COL43 0.99480 -0 01379 -o. 06644 0 06424 -0.03418 0 01712 -0.00988 -o 002• s 0.00042 -0 00407 
COL44 0.00234 0.56290 0.81760 0.10160 -o 03661 0. 00130 -0.04951 -o 00264 0.01732 0 00221 
COL45 -0.03906 0 8<; 117 0.49875 0 049B2 -0.05175 ·0.00014 0.02775 -o. 00657 -0.01107 0 01025 
COL46 0.98810 -0.04135 -0.11764 0 07815 -0.00624 -0.02163 -0.01221 0.03569 0 00185 0.00006 
COL47 0 00290 0 55337 0.81500 0.11458 -o. 12370 0 00030 -0.02105 -0.00427 -o 0086B -0.0179'1 ..t:-

Vl 



TABLE XX II I 

FACTOR SCORING COEFFICIENTS--Q-MODE 

STANOAPOilfO SCORING COE~r!CIENT$ 

FACTOR I FACTOR2 FACTOR3 fACTOR4 FACTORS FACTORS FACTOR? FACTORS FACTOR9 FACTOI!10 

COLI 0. 17157 -0.09743 0 15088 0.9%50 -0.66606 ~.50186 0.56758 -9.86268 I. 4821 1 7.45712 
cou 0 58501 -1.57579 1.05170 -5.20095 4.45320 -4.14653 -1.42302 9.40332 -1.29700 -15.75092 
COLJ I .04381 -2.78050 1.910'17 -·r. 23532 10 '17050 2.53H9t -7.84925 13.33374 7 85511 14.59665 
COL4 0 03399 0 51 3A 1 -o 32500 0.00173 0 74636 -0.26851 -1 48927 -0.67490 4 31460 13.73899 
COLS -0.48025 I. 04848 -o. 73273 3.39434 -5.41949 -0.39305 A.35017 -6.46128 -10.79815 -16.63974 
COL6 -0.07705 0 16995 ~o 0057:J 0.54782 -0.43995 -0.45468 0.39776 -o 46934 4 46692 -4.15716 
COL1 0.02533 ·0. 18064 0.39523 -0 08075 -0.36282 0 332'17 0.94043 -0.04102 -2 87451 -2.24691 
COL8 1.84'122 -4.82121 3.31673 -12.05291 13.80613 10.19645 ·6.95174 12.17861 8.87059 5.'17043 
COL9 -3.52576 , 1 .6~8 16 -7.61481 31.53396 -33. 17994 ·7.99049 15.24408 -63.03706 -19.35833 24.30101 
COLIO -0 70124 , . 95260 -o G23BJ 4.32538 -6.71150 -3 10237 I. 26140 -4.82500 1G 77889 0. 45077 
COLt I -o. :n9-so 0 60344 -0.65735 3.25:235 0 6 7 7 35 0 08420 -2.06319 -4.18105 3. 22604 10.22091 
COL12 -0.21590 0.93531 -0.30110 1.63136 -4.63338 -0.72690 3. 76507 -3. 15636 2 98243 -10.87471 
COL 13 0.53557 -0 62934 0.67762 -3 9733S -0.63629 4.22770 , .88829 7.S7071 -2 19170 -12.32020 
COLI4 1.01099 -2 85446 2. 13084 -7.07328 4. 10830 1 .04027 2.88639 18,30446 -6.58898 -22.31168 
COLIS -1.49777 5.53185 -3.65594 10 98722 -20 00209 -6.39408 13,792?2 -29.29177 -16.40013 -17.49800 
COL16 2. 18149 -7 66541 4.33433 -17.56653 31.77604 _, 25230 -24.21233 57 94289 33. 12040 22.32066 
COLI 'I 0.16~33 0 07636 -0.10192 -0.96475 2. 9214, 0.51410 -4.65545 1.08275 5. 17066 10.75777 
COLIS 0.87520 -2.29617 1. 16066 -5.88698 10. 1532, 2.49759 -6.80830 9.82034 -16.58747 6.79133 
COL19 -0.38750 0.88590 ~0.36121 2.50168 -3.91603 -0.89793 3. 10224 -4 59143 ~6.14148 ·6.23815 
COL20 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 
COU1 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0 00000 
COL12 0 00000 0.00000 0 00000 0 00000 0 00000 0.00000 0 00000 0.00000 0 00000 0 00000 
COL 7:J 0 00000 0.00000 0.00000 0.00000 0 00000 0.00000 0.00000 0 00000 0.00000 0.00000 
COL24 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 
COL25 0 00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 
COL26 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 
COL27 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 
COl.28 0 00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 
COU9 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 
COl. 3D 0.00000 0.00000 0.00000 0.00000 0 00000 0.00000 0.00000 0.00000 0.00000 0.00000 
COLJI 0 00000 0.00000 0.00000 000000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 
COL32 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 
COL33 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 
001.34 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 
COLJ5 0.00000 0 00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 
COL36 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 
COL37 0.00000 0 00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 
COI.38 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 
COL1~ 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 
CDL40 0.00000 0 00000 0 00000 0.00000 0.00000 0.00000 0.00000 0 00000 0.00000 0.00000 
COL~ I 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0 00000 0 00000 0 00000 
COL42 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 
COL43 0.00000 0 00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0 00000 
CDL44 0 00000 0.00000 0 00000 0.00000 0 00000 0.00000 0 00000 0.00000 0.00000 0. ()()()"..>() 

COL45 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0 00000 o.ooooo 0.00000 
COL46 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0 00000 
COl47 0 00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0 00000 

~ 
0" 
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TABLE XXIV 

PRINCIPAL COMPONENTS BY STATE--R-MODE 

PRINt PRIN2 PR!N3 PRlN~ PRINS PRING 

STATE -4. 0:13€ I. ~4:;>7 0.4568 1. G 1 28 -2 .2227 -1.1204 

CT . 
-3.85/5 -o 15M) -0.1714 1. 2<197 -0. 4951 -o 4744 

MA. 
-3.5180 -o 9174 0.2185 0.9007 1 .5335 -0.9090 

PN. 
-3.4662 -0 9045 0. 12 16 0. <1573 -0 .9<181 0.9478 

NH. -3.4201 -0.9095 1. GAS 1 - I .2<16<=; - 1. 6003 -1.8886 

NJ. -3.2905 . 0. 9512 0. 5117 0 '18 53 -2.97€5 0. 1220 

RI. -3 .2689 - 1 . /04 I -0. 5195 -0 4::103 0.0318 0. 1857 

MD. -3. 194,1 -o <1595 -o. 4641 0 7689 1 . 3 106 - 1 .2030 

NY. -3. 1780 0. 5276 0 1302 0 6633 0.3984 0 5451 

wv. -3 .0834 0 0290 -o 9730 0 2076 1 . 18 7 3 -1. 018<1 

ll. -3 .0656 -I .2361 -0.5801 -0.3160 -0.0323 0.0534 

OH. -2.9'i40 -o 6G5B 0. 2988 0. 1908 -0 9053 1. 30,1 I 

VT. -2 .9591 -o. 4466 .01';04 -3 .2520 0 0922 0.4756 

0£. - 2 .8842 -0. 754R - 1 .3597 -o S748 -0 . 51 17 -0 1290 

MI . -:I .8335 0. 8614 0. 3972 - I 917? 1. 8 138 - I . 1615 

WA. -2. 7681 0. 10S6 -o 4090 0. 1390 -0.0037 1 .3637 

IA -?.7040 -0.3G15 -0 0406 0 8682 -0.0116 0.9217 
OR. -2.6153 -1.0616 -o 5258 -0.7175 -0.6016 0.3371 
ME. - 2 .289S :,l. 1759 -2 .0765 0.7634 , .0800 -0.3185 
co. -:,l 2524 -I. 5000 -o. 3499 - 1 .2536 -o .0801 0.6460 
MO. - 1 .9031 0 2fi89 -1.8997 -o . 3062 0. 9795 -0. I ISO 

CA. - I . 8063 2.5999 - 1 . 7700 0 1751 1 .2527 0.5013 
AZ. 0 .8659 3.7673 6 .3<156 - 1 .2024 -0. 7651 -1.5245 
NV. 0. 9634 I 3524 1. I 866 -2.8009 1 .7607 0.8958 
MT. .0279 -o. 5679 1 . 134 I 0.3212 0. 9448 1. 1030 
NE. 1 099,j 0 fl!:176 0 .5963 0. 2G66 1 .5289 0. 3438 
OK. 1 2532 -0. ?9(;7 1. 14 4 7 1. 5203 0. 1695 I. 4203 
KS. I. 9480 0 1 34 7 0 7609 0 84<16 -0. <1514 1 . 2326 
AK. 1. 9740 0. 3927 2 07<15 \. \828 0.34<14 2.7676 
so. 2. 19<15 - I .!J787 . 7 495 1. 0168 1. 63 j 5 -0.1648 
10. ? 2526 -0.9171 .5388 0 2199 0.5677 I .2529 
WY. 2 _:;>547 5.3898 - I . 17 10 1 3264 -0.6573 -o 2556 
FL. 2 .2845 -o 8603 1 .0714 0 4 7 57 1. 0933 0. 8488 
NM. 2 .3494 -1.2777 0. 0793 -o 1286 -0.6164 -o. 1976 
VI. 2 4565 -0.0679 - 1 .2236 -0. 3383 0. 2020 0.2208 
NO. 2 4756 -0.5002 0 5990 I .2804 1. 29\0 -2.092[\ 
KY. 2 6596 ·0.5440 - 1. 0604 -0. '/946 -1.4318 -0.2693 
NC. 

? 8377 - \. 3'192 0 5420 2906 -0.5225 -0 1 304 
MN. 

2 9395 1 . 4 J 4 2 -I .6147 0 6641\ 0 8144 - 1 .3398 
LA. 3 1377 I., 350 - I . 1499 -0 1676 -0.9726 0 .8465 
AL. 

3 159(', -1,4853 -0 79::29 0 ~97: - I .2346 -o 96\0 
WI. 
UT. 3. 31<18 -1.6244 -0 0%2 0. 4 1 7 3 0 6\20 -1.4967 

TN. 3 3995 -0.2956 -0 7969 - I C7a'2 1 2294 0 .0953 

sc. 3 60 ~? -0 2787 - I . \391 - 1 70115 - 1 .0549 0 \364 

GA 3 62Rfl 0 0851 -I 3549 -0 8942 -o 1813 0. 0943 

IN 3 ':'~'I 8 - 2 'i57Q 0 9561 0 9275 -0.3645 - 1 .5461 
3 7010 -0.29110 -o 8066 -1.0075 0. 1335 -"' 7900 MS. v. 

TX. 3 9072 \ .1\082 -2.3133 -1.1424 -0 3025 0. 4<163 
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