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INTRODUCTION1

"Studies of urban streets . . . have concentrated almost
exclusively on increasing their traffic capacity . . . with,no
parallel accounting of the environmental and social costs."

Crime is a very real social cost. This paper hypothesizes that rolative’.
aceessible strect lupoute we assosiatad with pelatioely Rizh pates oF pes’ilon-
tial burglaru. Residential burglary is emphasized because it is a frequent

crime of much concern in the study city, Minneupolis.

To test the hypothesis, the study progresses through two complementary
phases. The individual block phase limits accessibility to the number of di-
rections by which a vehicle can enter or leave a street segment. The census
tract phase limits accessibility to the permeability of an area--the degree to
which the accessibility of the typical street segment within the area influ-
ences the ease of traveling through the area--again with respect to vehicles.
If neither phase rejects the hypothesis, then changing streets to reduce resi-
dential burglary will be a wiser policy experiment than it would be if the

hypothesis were rejected.

1 .

Dr. Theodore Anderson deserves a special thank-you for suggestions conveyed
in his role as independent study advisor for this paper. Drs. David Lanegran and
John S. Adams must also be thanked for their advice.

) .

Donald Appleyard and Mark Lintell, "The Environmental Quality of City Streots:
The Resident's Viewpoint,'" American Institute of Planners, Journal o¢f the, March,
1972, p. 84.

3Of seven c:imes considered, residential burglary was most frequent from July,
1974, through June, 1975. A survey of Minneapolis adults found they were more
concerned about property crimes like residential burglary than about crimes of
confrontation. Community Crime Prevention Project, ('rime in rinneupolic: Pro-
posals for Provention (St. Paul: Governor's Commission on Crime Prevention and
Control), May, 1977.



If residential burglary rates are associated with street layouts, the block

and tract analyses will also answer these questions:

*Do zli tures of inaccessible dlocks have low residential bLur-
glary ratesg?

L) H I & 1, . AN PR £y .
*o LuygLartes seem o onave S}I'L“ o, oy 'Jﬁ,sz,rlacgff, Jrom lece
1 -

aceessible to more accessihle blocks “n the same trazt?

*No traditionally thecrized causcs o erime explain the pela-
tionship between etreet Layout and residentinl burglaru?

pot loucute [1l-suited for reeldential burglaries ceow
conlucive o other tupcs of epima?
Concepts and studies inspiring the hypothesis will be discussed initially.
Next, the individual block analysis will be presented. Then, the census tract
analysis will be discussed. Finally, conclusions and policy recommendations

will be cited.
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CONCEPTS AND STUDIES TNSPIRING THE HYPOTHESIS

Oscar Newman and Jane Jacobs maintain that feelings of proprietorship in-
fluence residents to protect their home territory by increasing surveillance of
activity occurring there. Possible witnesses add to chances of and fear of de-~
tection for criminals. Newman further believes less accessible blocks, cul-de-

sacs and dead ends, in particular, encourage proprietorship.

Experiments in St. Louis and Brooklyn are measuring the effects of rede-
signing streets. In St. Louis, various residential streets were closed at one
end. Residents reportedly express proprietary feelings by surveillance of ac-
tivity and by questioning the intentions of strangers. The residents feel that

-

crime has lessened.

St. Mark's Avenue in Brooklyn was redesigned to slow traffic. Parking and
play areas now occupy the midblock area of the street. Residents feel that
crime has decreased, and they define the street as their own--illustrated by

their combined efforts to clean their street weekly.3

The concepts and studies cited above emphasize the influence of street lay-
out on the surveillance behavior of residents. According to the concepts and

studies cited below, less accessible streets are traveled less by nonresidents

lOscar Newman, Jcfensible Space, (New York: Collier Books), 1972, p. 60.
Jane Jacobs, Ieath and Life of Great American Cities, (New York: Random House),
1961, pp. 30-37.

2Op. cit., Newman, pp. 60-62,

3Ibid.



than are other streets. Consequently, houses and apartments along less accessi-
ble streets will not be as familiar to nonresident criminals and will not be as

frequently burglarized as will housing along more accessible streets.

An interdisciplinary concept, environmental cognition, explains the poten-
tial influence of street layout upon travel behavior:

"Environmental cognition is the study of the subjective
information, images, impressions, and beliefs that people have
of the environment, the ways in which these conceptions arise
from experience, and the ways in which they affect suhsequent
behavior with respect to the environment. 'L

Four information handling mechanisms influence what people think of their
environments and how they hehave in them. The mechanisms are:

(1) objaet peeogn?s on, which occurs through repeated experience with an
object or situation in the environment, enabling one to form an internal model
of the object or situation;

(2) antizxi;acion, which involves remembering which objects or situations
come next in a sequence of objects or situations;

(3) gpeneralization, which is the treatment of newly experienced objects
or situations as similar to those which are already internal models; and

(4) vresponsible innovation, which means solving the problem of how to get

from one place to another when the path is not clearly represcnted in one's

mind.2

Object recognition and anticipation enable people to function adequately in

lﬂury T. Moore and Reginald G. Golledge, eds., Frnvirowmnontal Knowing,
(Stroudsburg, Pennsylvania: Dowden, Hutchinson and Ross, Inc.), 1976, p. 3.

2Stephen Kaplan, "Adaptation, Structure, and Knowledge,'" Znviromnental
Knowing, pp. 32-45.




areas or along streets they have frequented. However, the same people may expe-

, 1
rience problems when they travel through strange areas or along strange streets.
The risk of being recognized or apprehended is enhanced if a burglar is unfamiliar
with the hours at which residences are typically unoccupied, the numbers of poten-
tial witnesses tvpically strolling by residences or the amount of lTandscaping
covering windows and doors from the view of neighbors--information obtained laryeilw

. . 2
by living near or traveling by the residences.

One empirical study particularly indicates that accessibility can influenco
familiarity. Ann Devlin studied maps sketched by wives of Navy officers twao
weeks, and then again, three months, after the wives moved to Idaho Falls, Tdalio.
Devlin discovered that the earlier sketch maps consisted almost entirvelv of major
arteries. 1In the later sketch maps, minor arteries also appeared, sugpesting

people learn less traveled routes later than they learn major routes.

Another empirical study shows that lack of familiarity can distort percep-
tions of the relationships of places to each other. Subjects were divided into
two groups based on their length of residence in their city. Each subject was
presented palrs of locations in the city and asked to estimate the distance be-
tween the two locations in each pair. The newer group estimated distances more
poorly than did the other group, suggesting the newer group would experience

/
more difficulty in using the city than would the other group.4

lIbid-.

2A survey of incarcerated residential burglars conducted by the Community
Crime Prevention Project early in 1976 found thosc interviewed most commonly
sought unoccupied residences and most commonly avoided places where passers-by
or neighbors might see themn.

3 . ' ) - . . -

Ann Devlin, "The 'Small Town' Cognitive Map: Adijusting to a New Fnviron-
ment," Environrental Knowing, pp. 58-66.

4R. G. Golledge, R. Briggs and D. Demko, "Configurations of DNistance in Irtra-
Urban Space,' Association of Americar Geograpiers, Proceedingn of the, (19069)
1:60~65.
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Altogether, existing theorctical concepts and empirical studies inspire the
belief that appropriate changes in street lavouts can decrease residential bur-
glary rates by encouraging surveillance behaviors among block and area residents
or by reducing the familiarity of nonresident criminals with those blocks and
areas. To test the hypothesis that highly accessible street layouts are asso-
ciated with high residential burglary rates in Miineapolis, this study conducts

analyses at the levels of individual hlocks and of census tracts.

9]




THE FIRST PHASE: INDIVIDUAL BLOCK ANALYSTSl

This phase of the study compares the residential burglary rates of individual
blocks representing various layout types. From the relatively less to the rela-
tively more accessible types studied, the layouts include dead ends, cul-de-sacs,
L-types, T-types and through blocks (Figure 1). Relative accessibility was men-
sured by the number of directions from which a vehicle like a car could enter or

. 2 . .
leave a representative block. Cul-de-sacs were (onsidered easier to enter or

leave than were dead ends because of the turnaround areas of cul-de-sacs.

A more complete version of the [irst phase, "Street Layout and Residentin!
Burglary' by Julia Brown Nutter, Carol Bevis and Douglas Frisbie, was presented
to the National Conference on Criminal Justice Evaluation (Washington, D.C.,
February 22-24, 1977); Panel 7, Using the Thyeical Envirornment to Reduce (v
and Fear of Crime. 1t was also published as Chapter 12 of (rime ir Mirneapolic,
op. cit.

2 . . , .
A block was defined as a street segment with an intersection at each e¢nd
and no intersection between the ends. Blocks were classified according to their

less accessible intersection.

This cul—-de-sac block can be entered or left from three directions:

(

frem——rt

M !




Figure 1

Representative Street Layouts
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DEAD END CUL-DE-SAC L~TYPE T-TYDPE THROUGH
Least Most
Accessible Accessible

Thirty census tracts were selected by simple random methods from the 127
tracts in Minneapolis. The numbers of street hlocks of each type (except through
blocks) within the sampled tracts were handcounted from maps current to the pe-
riod over which crime data were collected. A sample of eleven to sixteen blocks

was randomly selected for each of these "study' tvpes.

For each of the study blocks, the nearest through block feeding traffic into
the study block was selected as a control. Choosing controls that are near study
blocks should diminish social differences that might cause differences in burglary
rates between study blocks and their controls. Numbers of residences and residen-

tial burglaries were counted for both sides of each block.l

The results show that dead end, cul-de-sac .nd L-type blocks have lower

1Police records for the periSd July, 1974, through June, 1975, provided resi-
dential bhurglary counts, R, L. Polk & Co. directories for 1975 provided residenrce

counts.
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residential burglary rates than do their more accessible control blocks (Figure 2).

However, burglary rates along T-type blocks exceed rates along the controls for

T-type blocks.

Figure 2

Residential Burglary Rates for Study
and Control Blocks

50+
40+ 38 39
30+ 28
Burglaries
Per 1,000
Residences
20- 19
104
ol
DEAD END CUL-DE~SAC L-TYPE T-TYPE
Least Most
Accessible Accessible

Rates were based on a total of 1,918 residential units.

Study.

Control. Control blocks are the
through blocks nearest to their
corresponding study block.

The chances are at least 95 percent (according to a signs test applied to
pairs of blocks) that similar results would have been achieved had all dead end,
cul-de-sac and L-type blocks in Minneapolis been studied instead of samples.

et




THE SECOND PHASE: CENSUS TRACT ANALYSIS

This phase studies the relationship between street layout and residential
burglary rates for all 127 census tracts in Minneapolis, using regression analv-
sis. Regression analysis measures the degree of association or correlation be-
tween a dependent variable (residential burglary rates) and independent variables
(including street layout). 'It does this by first estimating a burglary rate for
each census tract on the basis of its street layout and then comparing this
estimate with the actual burglary rate for the tract. The more closely the
estimated rates match the actual rates, the higher the correlation is between
residential burglary and street layout. How closely they match is measured by
r2 when there is just one independent variable and Pg when there is more than

one independent varviable.

When the goal of a regression analysis is to test theory, as it is here,
the independent variables must be selected and oruered according to theory and
reasonable interpretation of p;evious research, not by "blind" methods.l The
notion that street layouts influence residential burglary rates is relatively
recent. Testing this new idea is made more severe than it would otherwise be
by entering measures of traditionally theorized causes of residential burglary

2
into the regression formula ahead of a measure of street layout.

lIn the language of social statistics, this means that stepwise regressions
should be avoidgd. Inclusion of polynomial and interaction terms merely because
they increase P” should also be avoided. See Fred N. Kerlinger and Elazar J.
Pedhazur, Multiple Regresstor im Behavioral Research (New York: Holt, Rinehart

and Winston, Inc.), 1973, especially pp. 49, 72, 77, 281.

2 . . .
The later a measure enters the regression formula, the smaller its contri-
bution to RZ tends to be.

10




Several sources suggest economic deprivation and racial discrimination arve
) , r . .. . -
traditional social causes of crime. Empirical studies across a number of laryce
U.S. cities show that social variables measured by the Census Bureau generally
fall into the following groups: sociceconomic status, life cycle and, to a lesser
. 2 . . . . 3
extent, ethnicity. The social variables selected for this study, juvenile pov-
erty and race, by being representative of the two traditional causes and the three
empirical factors, seem sufficient measures of social contributions to crime (Ap-

pendix A).

Disproportionate representation of poor juveniles and of blacks among the
burglar population could cause the social variables to correlate positively with
residential burglary rates at the scale of census tracts if burglars choose resi-
dential targets close to their own homes. In Minneapolis, 69 percent of residen-
tial burglary suspects live less than one mile from the crime sites with which

. . 3 A . .
police offense reports associate them. Yet, the distance from the centers of
most census tracts in Minneapolis to their respective boundaries is much less

than one mile.

lMichael Lewis, '"Structural Deviance and Normative Conformity'" in Irime 7»
the City, Daniel Glazer, ed., (New York: Harper & Row), 1970, p. 176; Robert A.
Gordon, 'Issues in the Ecological Study of Delinquency," American Soctologica!
Review, December, 1967, 32:927-944; Sarah L. Boggs, "Urban Crime Patterns,"
Ameriean Sociological Review, December, 1966, 30:899-908; and Patricia Garstang
Williams, "Understanding Urban Crime . . . Some Important Contributions" in The
Spatial Dynamics of Crime, Gerald F. Pyle, et al., (Chicago: University of
Chicago), 1974, pp. 9-39.

2Brian J. L. Berry, ed., "Comparative Factorial Ecology," special issue of
Econoric Geography, June, 1971; and Risa Palm and Douglas Caruso, "Factor Label-
ing in Factorial Ecology,' dssociation of American Geographers, Annals of, 1972,
62:122-33.

3”Suspect” refers to persons listed in police records by name or by a de-
scription given by witnesses. These persons may or may not have been apprehendud,
arrested or convicted. Suspect data should consequently be considered as only
indicative of what all offenders are like. See Crime in Minneapolis, op. cit.,
pp. 86 and 143.

11




A tract could contain few poor juveniles and blacks, but be within one
mile of tracts that have high percentages of these groups. Consequently, the
proximity of a tract to poor juveniles and to blacks is measured in two ways:
(1) the percentage of the tract population consisting of poor youths or of

blacks and (2) the estimated percentage of the rest of the population within

one mile that consists of poor youths or of blacks (Table 1).

TABLE 1
SOCTAL VARTIABLFS

MEASULE

{ !
Poor Juveniles Fercentage of tract population

that is under 18 and living in
households with incomes below
the atficial poverty level.

CONGEDT
g

S

Nearby Poor For tracts with centers within one
Juveniles mile of the center of the tract
: in question, the percentage of
! the population under 18 in house-

holds with incomes below the pov-
erty level.

{ Blacks he percentage ol tract population
- that is black.

Nearhy Blacks For tracts with centers within one
mile of the center of the tract

! in question, the percentage of

the population that is black.

The permeability of street layouts, that is, the ease of traveling through
arcas, can be measured at’ the tract scale with graph theory. In graph theory
language, a map of a street layout is a planar (two-dimensional) graph consist-
ing of edges (blocks in the lavout) and vertices (intersections in the layout).

Beta, the graph theoretic measure considered for this study, is a ratio comparing

12




the number of edges to the number of vertices (Talle 2).1

TABLE 2

PERMEABILTTY MEASURE
(For Planar Graphs)

e
Beta = —
v

where e = edges and
v = vertices

Beta is a very basic measure of street layouts. It does not take into ac-
count aspects of layout like the lengths of blocks, the angles at which blocks

meet, or whether blocks are straight or curved.

Certain values of beta do, however, convenjently correspond to pure examples
of dead end, cul-de-sac, T-type, L-type and through block layouts (Figure 3). fn
general, small betas indicate layouts in which, to reach one intersection from
another, a vehicle like a car must often detour from more direct routes taken,

for instance, by air vehicles.

I Minneapolis, many areas contain railroads or other physical barriers
creating dead end, L-type and T-type streets that detour veuicles and, to a
lesser extent, nedestrians arocund the physical barriers. Those areas possess
relatively low beta indices. In other areas of Minneapolis, radial streets
provide shortcuts across the typical, rectangular pattern of streets. These

areas possess relatively high beta indices.

1 . . . .
K. J. Kansky, Structure of Transportation Networks: Relationships hetween

Network Geograyhy and Regional Characteristics (Chicago: Department of Geography
Research Paper Number 84), 1963, p. 14-19. Two other ratios, alpha and gamma,
were also considered. Appendix B explains why beta was chosen instead.

13




Figure 3. Beta Values for Pure Layout Types

Type Beta Examples
7 ) r LI | )
Dead end
or lony 0 © ] 0\0
Cul-de-sac 0.5

|
|
I

-
e B
L7

T-type 1.5

.|

T

Througha 2.0 "+
- - T—
LT
1 -

a ; .
Through layouts with more than four blocks meeting at each intersection
would have beta values exceeding 2.0.
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In summary, the social variables and the permeability variable, beta,
effectively measure two aspects of accessibility. Social variables measure
locally committed crime. That is, they reflect the influence of straight-line
distance ("as the crow flies") to targets from the homes of residential burglare
that are poor and young or that are black. The permeability variable reflects
barriers forcing those burglars who do operate away from home to detour f{rom

. . . . . . . , 1
straight-line paths connecting their residences t. potential crime sites.

Data for calculating the social variables come from 1970 Bureau of the Cen-
sus publications. Numbers of blocks and intersections used to calculate beta
were handcounted from maps current to the period over which residential bur-~
glaries were counted. Blocks are defined as street segments, as they were in

the first phase of this study.

The census tract analysis not only tests whether the street layout and
residential burglary relationship applies at the area scale and whether it
applies even after social variables are considered. The analysis also explores
the possibility that street layout may be conducive to crimes other than resi-
dential burglary. To thuse ends, the tract analysis studies six regression
formulas. The crime rates to be estimated by the formulas are: residential
burglary, commercial burglary, commercial robbery, resident street robberv,

resident assault by strangers and resident rape by strangers (Table 73).

Assaults and rapes between relatives, dates and other acquaintances arc

excluded because the assailants and victims would probably be physically prox-

imate to each other regardless of changes made in street layouts. Assaults,

.. . . . . . ,

While most residential burglary suspects in Minneapolis do live close to
the residences they are suspected of burglarizing, the percentage (31 percent)
residing more than a mile away from their targets is too sizable to be ignored.

15




rapes and street robberies occurring to victims while outside the census tract in
which they live are also umitted from crimes per 1,000 residents. This avoids
inaccurately high rates for downtown tracts and other areas with many nonresident
users, but few residents. To provide tests as equal as possible to that applied
to residential burglary, the same set and order of independent variables used for

residential burglary are used in formulas estimating the other crime rates.

TABLE 3
DEPENDENT VARTABLES
CONCEPT MEASURE
Residential Burglary Residential burglaries per 1,000

housing units

Commercial Burglary Commercial burglaries per 1,000
commercial units

Commercial Robbery Commercial robberies per 1,000
commercial units

Resident Street Robbery Street robberies within the tract
to tract residents, expressed
per 1,000 residents

Resident Assault by Assaults within the tract to tract
Strangers residents by nonacquaintances,
expressed per 1,000 residents

Resident Rape by Rapes within the tract to tract
Strangers residents by nonacquaintances,
expressed per 1,000 residents

Crime frequencies were obtained from offense records of the Minneapolis
Police Department for the period July 1, 1974, to June 39, 1975. The numbers
of businesses currently in each tract were obtained from R. L. Polk & Co.
files. Resident and residence counts for 1970 come from Bureau of the Census

publications.

2 2
Formulas for estimating crime rates are in Appendix C, as are r and # .
The relationships found between crime rates and the social variables are ana-

lyzed in Appendix A.

16



The census tract analysis supports the hypothesis that high residential bur-
glary rates are associated with highly permeable street layouts. Residentiual bur-
glary rates and beta are positively related in a formula with beta alone, and ulsc

in a formula with beta and the social variables.

Beta entered alone into a regression formula accounts for 10 percent (r“

i
—
=

of the variation in residential burglary rates. Low residential burglary rates on
inaccessible streets thus do seem to result in low rates for the census tracts con-
taining them. The residential burglaries that would otherwise have occurred on tie
less accessible streets have not merely displaced to more accessible streets in tiwe
same tracts. And, contrary to the possibility that the relationship between heta
and residential burglary is entirely due to social causes, beta explains 6 percent
1y
of the variation in residential burglary rates (contribution to ¥ = .06), .-
after accounting for traditional social variables by entering them earlier into

‘ the regression formula.

(2]

While the contribution of beta to R is sufficiently large to he theoretically
‘ meaningful, it is sufficiently small that the burglary and beta relationship cannot
be expected to apply in all sections of Minnenpolis.l Figure 4 shows for which
\ tracts a formula including both beta and the social variables estimates residential
burglary rates more accurately than does a formula containing the social variables

2
only.

1 . . L . o
A contribution to /7 is not considered large enough to be theoretically rei-~
evant unless it is at least 0.050. Although the choice of a cutoff point is alwavs

somewhat arbitrary, some researchers recommend that 0.050 be used when situaticnall-

. specific guidelines are absent. See, for example, K. C. Land, "Principles of Path
Analysis," Sociological Methodology, 1969, E. F. Borgatta, ed., (San Francisco:
Jossey-Bass).

v 2 -

The two formulas are:
Estimate without Beta = 31.3 + .7 Poor Juveniles + 3.9 Nearby Poor
Juveniles + .9 Blacks - .7 Nearby Blacks, and
Estimate with Beta = -44.4 + .6 Poor Juveniles + 3.8 Nearby Poor
Juveniles + .8 Blacks - .6 Nearby Blacks + 37.8 Beta.

17




Figure 4.

Minneapolis Tracts for which Beta Improves
Estimation of Residential Burglary Rates

North

ARUOTN, Tracts Where Estimation
- Improved

°> R m Burglary rate and

I . beta both above
e average (rate

> 44 burglaries

per 1,000 resi-

dences and beta

> 2) (n = 32)

>
N

A Burglary rate and
beta both at or
below average
(n = 29)

Not
Shown Other combinations

of burglary rate
and beta (n = 5)

Tracts Where Estimaticn

Not Improved

Not

Shown (n = 61)

Mile

18



Fven in those tracts where the theorized burglary and beta relatiounship dous
apply, it does not explain all of the residential burglaries. When the regression
analysis was repeated just for those tracts where the expected relationship fits,
beta, entered after the social variables, explains 32 percent of the variation in
burglary rates. The social variables explain another 48 percent. About 20 per-

cent was unexplained by either beta or the social variables.

When the regression was repeated for just those tracts where the theorized
burglary and beta relationship does not apply, it was expected that the repeated
regression would find no rélationship bétween burglary rates and beta. However,
a negative relationship was found—--low betas unexpectedly coincide with high

burglary rates in some of these tracts.

Further examination indicated that limited access blocks causing the low beta
values are along tract boundaries farthest from areas of Minneapolis where most
burglary suspects live.2 Traffic coming from where most suspects live would not
be detoured from its intended path until deep within the tracts. Suspects could
thus be familiar with most of the residences in these tracts, despite the low heta

values. Nonlocal traffic could be sufficiently heavy that proprietorship and

Improvement in estimation is calculated by sibtracting (1) the absolute value
of the difference between the actual burglary rat. and the rate estimated with beta
from (2) the absolute value of the difference between the actual burglary rate :nd
the rate estimated without beta. If this number exceeds zero, then considering
beta improves the accuracy of the estimated burglary rate.

The formulas seem stabie. Formulas almost identical to those ahove were pro-
duced by (1) repetition of the analysis while excluding tracts most deviating from
main trends and (2) repetition of the analysis separately for two randomly selectloed
samples, each consisting of half the tracts.

1. : L . . 2

This unexpected relationship is not as strong (contribution to A~ = .15) 23
the one found for the regreﬁsion with just those tracts where the expected relation-~
ship fit (contribution to R” = .32). Consequently, the expected relationship pre-

dominates in the regression applied to all the tracts.

2 . , . .
Op. cit., Trime in inneaprclis, p. 85.
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surveillance on the part of tract residents are not as strong as they might other-

wise be.

The results of the census tract phase, up to this point, do not support pos-
sibilities mentioned earlier. Burglaries do not seem to merely displace from less
accessible to more accessible blocks within the same tract. The relationship ob-
served between burglaries and street layouts does not disappear when traditional

social variables are considered.

A third possibility mentioned earlier--street layouts not favorable for com-
mitting residential burglary may be favorable for committing other crimes--is also
not supported (Table 4). Contrary to this proposition, there are no sizable, neg-

ative relationships between beta and the other crime rates.

TABLE 4
REGRESSION RESULTS BY CRIME TYPE

n
CONTRTBUTION TO 2“ BY

r
SOCTIAL VARIABLES BETA !

DEPENDENT VARIADBLES (Entered first into formulas) (Fntered last into formulas)

Residential Lurplary
All tracts 42 .06
Tracts where relation-
ship with beta is:

As expected .48 .32
Not as expected 67 15
Commercial Burglary .07 NM
Commercial Robbery NM NM
Resident Street Robbery .39 NM

Resident Assault by
Strangers .09 NM

Resident Rape by Strang-
ers NM NM

NM = Not meaningful. The increment to R Square is not considered .
theoretically relevant unless it 1s 0.050 or larger.,

20




There are also no sizable, positive relationships of beta with crime rates
other than residential burglary. This may mean that offenders in these other
crimes, if they are at all affected by street structure, are concerned with as-

1
pects not measured by beta.

1 . . . -

See, for instance, Dennis C. Duffala, "Convenience Stores, Armed Robbery,
and Physical Environmental Features" in (riminal Behavior and the I'husical En-
vironment, C. Ray Jeffery, ed., special issue of American Behavioral Scientis?,
1976.
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CONCLUSIONS AND RECOMMENT \TTONS

From the block and tract amalyses of street layouts and residential burglary
rates, these conclusions can be drawn for Minneapolis:
* Imiccessible strect layouts are ansceiated with low pesi-
dential burglary rates.
* The relationship is not uniform across all relatively in-
accesstble types of layouts. It seems true of dead end,

cuil-de-sac and L-type blocks, but not of T-type blocks.

* Lew restdential burglary rates aleng less accessikle streets

doonot seem countered by displacerment of burglaries to more
J g

aczessible streets in the same tract.

* Dl relationchip between street layout and vesidential bur-
glary camnt be dismissed by considering traditional social

>

! vartables.
* Strect layours 1ll-suited for resilential Lurgiaries do ot
et eondueilre te other erimes.

Replacing through and T-type streets with dead end, cul-de-sac or L-type
streets consequently appears a more promising strategy to prevent residential
burglary than it would be if the conclusions of this study were different.
Figure 5 shows how alternate placements of traffic diverters (for instance, bi-
tuminous curbs, post—and-chain combinations, wood fences) create less accessible

layouts from gridiron street plans.
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Placement of Traffic Diverters
to Reduce Layout Permcability

Figure 5.
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Recommandation ol street layout changes as a strategy to prevent residential

burglary, however, must be qualified.

* The strategy should not be assumed promising for places
other than Minneapolis on the basis of this analysis alone.
The generalizability of a strategy is strengthened only
with repeated testing producing similar results.

* Implementation of the strategy in Mimneapolis should be
gelective and experimental. To avoid undue interference
with fire trucks and other legitimate traffic, implementa-
tion should be limited to tracts (1) with high rates of
residential burglary, (2) with street layouts that are at
present highly permeable, (3) for which considering layout
permeability improves estimation of the burglary rate and
(4) for which the estimated benefits justify the estimated
costs (Figure 4, Tables 5 and 6).

With analvses like those conducted for this paper, it is
always possible that some variable causing the relationship
between the independent variable and the dependent variable
has not been included among criteria used to match study
and control subjects or among independent variables entered
earlier into the regression equation. The analyses here,
however, do suggest tTat expensive, true experiments are a
worthwhile next step.

*  Tho gtratezy chould be implemernted so as to interrupt the
travel patterns of mobile burglars. Traffic diverters
should be placed along the tract side which most nonresi-
dent burglars cross to enter the tract., Police opinion
or suspect flow data could be used to select the appro-
priate side.2

. L LT e

lTrue experiment, as used here, would mean random assignment of the tracts
in Table 5 to approximately equal-sized treatment, placebo treatment and no
treatment groups, with residential burglary rates being measured before and
after the treatment (changes in the street layout). If the treatment changes
residential burglary rates in the expected direction, extending the treatment
to tracts in the placebo and no treatment groups is move warranted than it
would otherwise be.

Since the theory of how street layout influences residential burglary
- emphasizes proprietorship, surveillance and travel hehaviors as mechanisms
for the influence, the experiment should be performed over a sufficlently
long time period to allow behavior changes to develop. Also, the experiment
- should be monitored for displacement of burglaries from treatment tracts to
other tracts nearby.

For an example of how to portray flows from residences of suspects to
their burglary targets, see Crime in Minneapolis, op. cit., p. 88.
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TABLE 5
MINNEAPOLIS TRACTS RECOMMEMDED FOR STREET LAYOUT FXPLRIMENTATION

(In descending order
of laycut changes.

of estimated wifecctiveness
See Table 6 feor formulas)

ESTIMATED 10-YEAR ESTIMATED 10-YEAR

BENEFITS PER DI- BENEF11§ PER DI~

ESTIMATED  VERTER (Value of ESTIMATED  VERTER (Value of

DIVERTE property ctherwise ) DIVERTERS property otherwise

TRACT® NEEDED lost_to burglary)© __1racT? NEEDED®  lost to burglary)S
68 1 $21,000 97 7 $ 7,000
70 6 . 19,000 14 5 7,000
67 6 18,000 94 3 7,000
71 3 14,000 27 3 7,000
82 7 11,000 79 4 7,000
85 2 10,000 15 6 7,000
72 5 10,000 8 3 6,000
66 4 10,000 22 3 6,000
78 3 10,000 7 5 6,000
83 4 9,900 104 5 6,000
84 5 9,000 63 2 6,000
95 6 8,000 87 4 6,000
16 2 8,000 77 4 5,000
11 1 8,000 99 4 5,000
9 7 7,000 20 3 4,000
108 8 7,000 46.01 1 Miniral

TOTAL OR
AVERAGL 132 $ 9,000
(n = 32)

%The 32 tracts satisfy each of these criteria for the July, 1974-June, 1975,
study period:
* More than 44 burglaries per 1,000 residences
« Beta greater than 2
* Regression equation containing only social variables did not
estimate the actual burglary rate as closely as did the equation
also containing heta.
City officials sheculd estimnte 10-vear construction and mafntenance costs per
diverter in study-year dollars. Tracts for which the estimated cost of a
diverter exceeds the esrimated dollar benefits would be rewoved from the list
of recommended tracts.

bTha estimated needs app’y to the study period, 1If diverters have been added
to tracts since then, the estimated needs should be adjusted downward.

cThe benefits are very conservatively estimated. Figures are not adjusted up-
ward to account for future inflation. Also, residentiai burglaries not reported
to the police (almost 50 percent of the total according to victimization sur—
veys) are excluded from the fipures., Unreported burglaries probably result in
less preperty loss than do reported purglaries, but by an unknown amount.
U.S. Department of Justice, r'=hui Victiminarion {n 14 Arevican Cliies
(Washington, D.C., 1975) p. 134,




TABLE 6

FORMULAS FOR TABLE 5 TLRMS

TERM - FORMULA DEFINITIONS -
Estimateda 04 These vary by tract:
Divercers 25 ~ o7 e = edges

Needed vV = vertices
1 = improvement in estimat-
Estimated ing burglaries with
10-Year irt « 1D beta (p. 17), expressed
Benefits Fetimated liveriera Yeeded per 1,000 residences

Per Diverter

aAdding a diverter to a layout is

analogous to adding an intersection.
The formula, correspondingly, cal-

culates

* the number of vertices that
must be added

* to reduce heta to the level
ft would be

« 1f the residential burglary
rate were reduced

« by the anount by which beta
improves estination of the
burglary rate.

"
Knowing that beta = 3,

r = residences, expressed
in thousands

These are the same for each
tract:

t = the regression coeffi-
cient for beta in the
equation estimating
burglary rates by using
social variables and
beta (37.791 for Yinne-
apolis)

t = typical property lass
recorded by police fuor
burglaries reported to
them ($400 for Minne-
apolis, a figure midway
between the median and
the mean)

that the number of vertices to be added = va' and

that the reduction in beta necessary to reduce the burglary rate by Z is

1 - . . .
5 the Lormula is calculated like this:
1 €
s Beta ~7- = —
o) v +u
a
2 o 2
vooE T v
O
-
v FLIE
a
; v+ Y
81 44
L] —
e - V!
avh
teh L T vty
el 2 1
by
R YL - o= n
el - Pl o

. __evd pleb - vi) _
eb ~ vi el - vi

evh - v(elb - vi)

eb - vt a
n
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APPENDIX A

THE SOCIAL VARIABLES

Traditional social causes of crime are incorporated into this study via four
variables: poor juveniles, nearby poor juveniles, blacks and nearby blacks. The
following statistics for Minneapolis indicate the importance of including these
variables in an analysis of residential burglary rates. Whereas juveniles com-
prise only 27 percent of the population, they comprise 47 percent of the resi-
dential burgiary suspects in Minneapolis., The three poorest sections in the city
contain 36 percent ol the population, but 68 percent of the residential inrglar.
suspects. And finally, less than 5 percent of the population in the city is

black; yet, 35 percent of the residential burglary suspects are black.l

Numerous theories suggest why poor juveniles and minorities may be more in-
clined to commit profitable property srimes than are other groups not similarly
situated. One broad-based cultural theory is the theory of anomie proposed by
Robert Merton. Merton maintains that a stressful situation exists when society
instills goals in its members that are not legitimately attainable by all of its
members‘2 This society instills the goal of material success in its citizens.
Poor juveniles and blacks may not have as many legitimate opportunities to obtain
material status as others do. Some poor juveniles and blacks may resolve the

stress bv resorting to illegitimate opportunities like residential burglary.

1 . . . . .
Op. Cit. Crime in Minneapolis, pp. 84, 85 and 145.

2Robert Merton, Social Theory and Social Structure, (rev. ed., New York:
Free Press), 1957, pp. 131-1609.
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In particular, juveniles frequently do not qualify for well-paying jobs,
merely by virtue of being young, inexperienced ard relatively uneducated. Child
labor laws and school attendance requirements further limit job opportunities
for juveniles. Restricted emplovment possibilities would present more of a prob-
lem to poor juveniles than to other juveniles, since the latter can usually obtain

possessions and spending money from their parents.

Racial discrimination, by limiting learning experiences and career opportu-
nities for blacks, can cause economic deprivation. Or it may contribute to crime
in noneconomic ways, such as by encouraging disregard of property laws perceived
as institutions of the majority race. This consequence of racial discrimination
is supported Lv Albert Cohen, creator of a theory similar to that of Merton.
Cohen proposes that people who are unable to obtain status in society, such as
poor juveniles or blacks, will seek status in a subculture that has values oppo-

site to values of the larger society.

The differential association theory of Edwin Sutherland suggests that criminal
behavior is learned through associations with others who define criminality favor-
ably rather than with those who define it unfavorably. Cloward and Ohlin link the
theories of Sutherland and Merton. Following Merton, they believe that delinquency
is caused by a lack of legitimate means to achieve success goals. However, follow-
ing Sutherland, they believe the form of delinquency depends on the illegitimate
means available, that is, the learning process potential delinquents experience

throush their differential associations.

lThe theories of Cohen, Sutherland, and Cloward and Ohlin are summarized in:

Silverman, Robert A. and Teevan, James J., Jr., Crire in Canadian Socicty, (Toront.o:
Butterworth and Co. Ltd.), 1975, pp. l47-162.

2Ibid.



The greater is the geographic concentration of groups particularly motivated
to commit crimes (theorized as poor juveniles and blacks), the more likely it Is
that any individual in one of the groups will learn criminality through differen-
tial associations. Therefore, in this study, the sccial variables are measured
as percentages rather than as simple numbers. A tract may, for instance, contain
a large number of poor juveniles. But if the poor juveniles are an extremely
small percentage of the total population, the chances that any one poor juvenile

will frequently associate with other poor juveniles may be small.

The social variables--poor juveniles, nearby poor juveniles, blacks, and
2]
nearby blacks-—are correlated (r" = .19 to .71). When independent variables are
correlated, the earlier any one enters the regression equation, the larger its
)

contribution to R° will generally be. Hence, good reasons must exist for enter-

ing some variables carlier than others are entered.

The poor juveniles variables precede the rac.al variables in the regression
equation in this analvsis. The raclal variables, entered after the economic ones,
estimate subcultural contributions of racial discrimination to residential burglarw

rates after economic contributions have been filtered out of the racial variables.

The poor juvenile and racial measures for tracts enter before the nearby tract
measures do. Traditionally, studies of the social causes of crime have focused
more on site (the census tract itself) than on situation (the ties between the
tract and its surroundings). Entering site characteristics first allows estimatin:
whether the less traditional, situational variables contribute anything to under-

standing residential burglary rates that is not achieved with site variables alone.

Results of simple and multiple regressions are in Appendix C. Theoretically

relevant contributions by social variables to the explanation of crime rates are ali
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positively signed, as might be expected.1 The poor juvenile variables together
explain over 35 percent of the variance in residential burglary rates and, again,
in street robbery rates. The poor juvenile variables do not contribute meaning-
fully to the ather crime types. This accords with suspect statistics for Minne-
apolis. Juveniles are more common among residential burglary and street robbery
suspects but less common among other suspects than expected from the percentage

of the Minneapolis population that is less than 18 years old.2

Juvenile criminals are probably less skilled and experienced than are adnlt
criminals. Residential burglary and street robhbery require less skill and ex-
perience than required by commercial burglary and robbery, due to the presence

of guards or sophisticated security devices in commercial establishments.

If limited access to cuars causes poor juveniles to ovperate in their own cen-
sus tracts, then little correlation between juvenile poverty and resident assault
and rape by strangers is to be expected. Assailants in resident rape or resident
assault may more often be strangers to their victims when the assailants live

outside the tract than when they live inside the tract in which the crime occurs.

o
facl

Increments to & that are .050 or greater are considered large enough to be
theoreticallv relevant.

2z . . . .
“0p. cit., Irime in Minneapolis, pp. 85, 111, 130, 162, 182:

PERCENTAGE
UNDER 18
Suspects in
Residential burglary 47
Resident and nonresident
street robbery 46
Commercial burglary 25
Resident and nonresident
assault by strangers : 17
Commercial robbery 1
Resident and nonresident
rape by strangers 1
Minneapolis population 27
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The racial variables, blacks and nearby blac.s, when each enters the inde-
pendent side of the regression equation alone, respectively explain 31 and 27
percent of the variance in residential burglary rates. That their contributiens
shrink considerably when the racial variables enter with other independunt vari-
ables implies the first two variables entered, poor juveniles and nearby poor
juveniles, account for much of the high simple correlations between the racial
variables and residential burglary rates. Theories attributing the disproportion-
ately high number of blacks among residential burglary suspects to economic de-
privation are thus supported more than theories of subcultural disregard for

mainstream values are supported. The same seems true for street robbery.

The racial variables do not contribute meaningfully in simple or multiple
regression equations to the explanations of crime types other than residential
burglary, despite statistics for Minneapolis showing disproportionate numbers of
suspects in these crimes are black.l The nonmeaningful contributions mav mean
that black offenders travel more than one mile to commit these crimes, perhaps
because particularly good targets are not available locally or because witnesses
in faraway places would not recognize the offenders. Since there are two geo-

graphically distinct concentrations of blacks in Minneapolis, black offenders

1
Ibid., pp. 84, 111, 130, 161, 182, 189:

PERCENTAGE
__BLACK
Suspects in
Resident and nonresident
street robbery 54
Commercial robbery 47
Resident and nonresident
rape by strangers 46
Residential burglary 35
Resident and nonresident
assault by strangers 34
Commercial burglary 18
Minneapclis population 5
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can operate away from hone neighborhoods without operating in white neighborhoods,

where they might feel uncomfortable.

Finally, the situational variables seem almost as important in explaining
crime as the site variables seem. The poor juveniles variable explains 21 pervent
of the variation in resicdential burglary rates and 19 percent of the variation in
street robbery rates. Tle nearby poor juveniles variable, entered alter the pour
juveniles variuble, explains 15 percent and 18 percent of the variation in the

respective crime rates.
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APPENDIX B

. CHOOSING AMONG BETA, GAMMA AND ALPHA

Clues in the classic geographic literature as to which measure--beta, gammag
or alpha--should be used are sometimes missing or misleading. Kansky merely treasts
- o 1 .
the measures as sufficiently similar to be grouped together. Chorlev and Haggett
: . : c 2
claim alpha is more useful than beta is. Garrisen and Marble say that alpha

1
1

"connectivity" of point ..

measures ''redundancy' among paths, while gamma measures
Nevertheless, it can be shown, mathematically, that beta, gamma and alpha measurv
different aspects of graph permeability only when there are fewer than 10 vertices

per graph.

‘ . If e equals the number of edges and v equals the number of vertices in a two

| dimensional graph:

Sty = B
A
gamna = ;g?i and
100(e - w) .
hg = mudAE T VS
alpha T

Substituting (i¢fa + ) for ¢ in the gamma and alpha equations and then

lOp. cit., Kansky, p. 13.

2 ..
Peter Haggett and Richard J. Chorley, Jetwork Analysie in Geographu, (London:
Edward Arnold), 1969, pp. 33-35.

3, . . . .
W. L. Garrison and D. F. Marble, "Graph Theoretic Concepts' in Tranraport:l

Gecgrarhy, Michael E. Eliot Murst, ed., (New York: McGraw-Hill Book Company),
1974, pp. 64-65.
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reducing the equations to simpler forms produces:

gamra = ~_£§E§__;3 which rounds to beé%—when v is 4 or more, and
.03 - -
, . belta -1 o bota - 1 ‘o
alpta 55 = 05" which rounds to 05 when v is 10 or more.
v

1f % and 2 are variables, a2 and b are constants and y equals a + bz, then
the correlation between y and x is 1.0. When v is 4 or more for gamma and 10
or more for alpha, the relationship of gamma and alpha with beta can be stated

in the form of y = a + bx:

beta o 1
gamma = 03 0 + 33 beia and
: beta - 1 :
glphg = =T = =50 + 50 .t
: .02 ‘

Consequently, when v is sufficiently lavge, the correlation between gammd
and beta will round to 1.0, as will the correlation between alpiiaz and beta.
Beta, then, measures the same aspects of graph structure as alpha and guwma do
when there are 10 or mere vertices per graph. There are at least 30 vertices
in the layout of each census tract in Minneapolis. Therefore, beta, the sim—

plest of the permeability measures, is used.
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APPENDIX C

Fon i e e e P < o et A

TABLE C-1
SIMPLE CORRELATION COEFFICIENTS

(r? in italies, r in regular type)

N o= 127 V9 V10 V1l  STROB  ASALT RAPE  PORYNG NRPRYG V16 NRBLAK BETA
Residential Burglary (V9) X I8 vy In 01 OS5 21 .34 .31 .27 10
Commercial Burglary (v1ig) .40 X .07 .00 .01 .09 .03 .98 .02 .03 .00
Commercial Robbery (V11) 43 .27 X A .60 .00 .07 .02 .02 .03 .03
Resident Street

Robbery {STROB) .32 -.02 .02 ¥ 3l 08 14 .38 .08 23 O
Resident Assault

by Strangers (ASALT) .11 -.10 .02 .56 b4 .00 .07 .06 .01 .01 .08
Resident Rape

by Strangers (RAPE) -.13 .02 -.06 ~.04 -.03 X LU0 L09 .00 L0 Gé
Poor Juve-

niles (PORYNG) ) 17 .10 L .11 -.06 X .13 .31 .24 .02
Nearby Poor

Juveniles {NRPRYG) .55 .25 .15 .57 .24 -.03 A4 X .31 .71 00
Blacks (V16) .56 .14 .15 .28 L1000 ~.03 .56 .56 X .55 .00
Nearby Blacks (NRBLAK) .52 .18 .16 .48 .11 ~.04 .49 .84 .74 X .00

Beta (BETA) .31 -.04 .09 .22 .14 ~.13 .09 .04 .06 .03 X




TABLE C-2
MULTIPLE REGRESSION RKSlWJﬁ}

Independent Individual
Dependent Variables in Contribution Cumulative
Variable Ovder of Entry to R Square R Square b Qa
RESIDENTIAL [Poor Juveniles .207 .207 574
BURGLARY Nearby Poor
Juveniles 154 .361 3.774
N =127 Blacks 051 413 0.829
Nearby Blacks . 009 L6421 -.660
LBeta 064 486 37.791 ~44.406
k ok k k k k Kk k ok hk k k A & ok k k k k k ok k ok k k kK ok kA Kk Kk Kk KKk Kk kK K K KK
COMMERCTAL [Poor Juveniles .026 .026 1.951
BURGLARY Nearby Poor
Juvenjiles .040 .065 15.164
N =127 Blacks .000 .066 0.522
Nearby Blacks . 005 .071 -3.090
_Beta .003 .074 -41.441 260.477
Ak k k ok k ok Kk kK k ok Kk k Rk ok ok k ok k ok Kk ok kKX KK KKk Ak KKKX K KK KK
COMMERCIAL [Poor Juveniles .008 .008 -.232
ROBBERY Nearby Poor ]
Juveniles .013 .021 1.130
N =127 Blacks .009 .029 0.601
Nearby Blacks . 000 .029 0.259
Beta . 007 .036 29.497  15.064
Xk ok Kk &k ko d ok Kk Kk ko k nw ok ok A k k k& k k k k kk ok ok ok Kk k ok Kk Kk k kK Kk Kk K
RESTDENT STRLET  [Poor Juveniles .191 191 .628
ROBBLERY Nearby Poor
Juveniles 175 366 .188
N =127 Blacks .022 .387 -.238
Nearby Blacks .001 .389 L154
| Beta .033 422 1.226  =2.341
* k k & k k &k kR k k ok kv ok ok ok k ok kK k Kk Kk Kk kK Kk kKKK KK K KA K K K K k&
) Foor Juveniles .013 .013 .532
Nearbr Poor
Juveniles .047 .059 .210
N =127 Blacks . 003 .063 .781
Nearby Blacks .030 .093 -.632
| Beta 015 .108 .878 -1.299
X k ok k k kR % k ok & k% k k Kk ok k ok k k ok k &k ok ok ok k ok k ok ok kK k ok k k ok K
RESIDENT RAPE [Poor Juveniles .003 .003 ~.690
BY gTRA Nearbv Poor
Juveniles .000 .003 .567
N = 127 Blacks .000 .003 207
Nearby Blacks .000 . 004 -.533
| Beta .015 .018 -55.825 123.024

lFor each offense, the entire population of police records in Minncapolis

from July, 1374, through June, 1975, was studied.

For the counts of residents,

housing units and commerzial units used to calculate crime rates, and also for
the soclial variables, ponulation rather than sample data were used.
F, t and other measures signifying whether sample results would be replicated, had
the entire population beop studied instead of a random sample from it, are tech-

nically inapprepriate and not cited here.

Henkel, cds., Jao

R L e
SR e soel

especially pp. xiii, 305 and 306.

See Denton E.

Consequently,

Morrison and Ramon F.

Controversy, (Chicago: Aldine), 1970,
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