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ABSTRACT 

The purpose of this report is to detail the present state of 
knowledge regarding the impact of street lighting on crime and the 
fear of ~rime, based on a comparative analysis of pas~ and on-going 
street lighting projects whose description and impact have either 
been documented or are easily accessible. As with every NEP Phase 
I study, this report does not purport to be prescriptive with respect 
to the design of street lighting projects. The report briefly traces 
the historical and technical development of.street lighting; reviews 
the pertinent issues in street lighting and crime; develops an evalu
ation framework for the comparative analysis of street lighting pro
jects; undertakes a systematic assessment of available evaluation 
studies in street lighting; outlines a single project evaluation 
design; and identifies gaps in the present knowledge base and makes 
recommendations concerning future research and evaluation activities 
which should be undertaken to fill those gaps. 

Although the paucity of reliable and uniform data and the in
adequacy of available evaluation studies preclude a definitive state
ment regarding the relationship between street lighting and crime, a 
number of policy-relevant findings are contained in the report. In 
particular, while there is no statistically significant evidence that 
street lighting impacts the level of crime, especially if crime dis
placement is taken into account, there is a strong indication that 
increased lighting--perhaps lighting uniformity--decreases the fear 
of crime. Consequently, it is recommended that LEAA aontinue to fund 
street lighting projects for the purpose of deterring crime, but that 
the funding be a joint inter-agency effort so that the range of street 
lighting objectives is taken into consideration in the development of 
;:iuch projects. 

In terms of future activities, two research activities and one 
evaluation activity are recommended at this time; they deserve im
mediate attention, and should be carried on concurrently, in coordina
tion with each other. The two research activities attempt to understand 
the relationship between light and crime on a microscopic and a macro
scopic level, respectively, while the evaluation activity would assure 
the uniformity and comparability of future street lighting evaluations. 

Finally, the report should be of interest to criminal justice 
administrators who are concerned with the funding of street lighting 
projects. The report can also serve as an invaluable reference for 
criminal justice planners and professionals who are engaged in the 
technical aspects of designing, installing and maintaining sf~eet 
lighting systems. . 
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PREFACE 

On April 23, 1976, Public Systems Evaluation, Inc. (PSE) was 
awarded a one-year, National Evaluation Program grant by the National 
Institute of Law Enforcement and Criminal Justice, Law Enforcement 
Assistance Administration, United States Department of Justice, to 
conduct a study entitled "Phase I Evaluation of Street Lighting 
Projects. II The purpose of the study is to detennine the present 
state of knowledge regarding the impact of street lighting on crime. 
and the fear of crime. To this end, PSE has undertaken an encompasslng 
literature survey. an extensive telephone survey, and a limited site 
survey. The results of PSE's survey and evaluation efforts are, for 
the most part, contained in three formal reports: a pr~l ~minary . 
report, a Final Report, and a Summary Report. The prellmlnary.report, 
entitled "Issues in Street Lighting and Crime," was published ln 
July, 1976; it was based on work performed during the first three 
months of PSE's study. In terms of content, the results documented 
in the preliminary report have, of course, been updated, expanded, 
refined and included in the Final Report. And the Summary Report 
can be regarded as an abridged version of the Final Report. 

During the course of this evaluation study many individuals 
have been contacted either by telephone, in person or through written 
correspondence; they have collectively contributed to the knowledge 
base that is reflected herein. Exhibit A.3 in Appendix A of the 
Final Report contains a list of those individuals whose contribu
tion the authors would like to formally acknowledge. 

The authors have also been assisted by Dr. Thomas A. Reppetto, 
Dr. Saul I. Gass and Mr. Goodall Shapiro, all of whom are consultants 
to Public Systems Evaluation, Inc. (PSE) and a part of the project 
team. Other members of the PSE project team include Dr. Richard C. 
Larson and Mr. Victor O. Li, who have provided technical assist
ance; and Ms. Ellen P. Keir, Miss Joan Kanavich and Ms. Connie Toth, 
who have provided editing and typing support. 

Finally, the authors would like to acknowledge the guida~ce and 
support provi ded by both Ms. Jan J. Hull a, the government. pro~ect 
monitor, and Dr. Richard M. Rau, a member of the street 11ghtlng 
project review committee. 
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street lights aan be like that famous 
stone that falls in the desert where 
there aPe no ears to hear. Does it 
make a noise? Without e!feative eyes 
to see~ does a light aast light? Not 
!or praatiaal purposes. 

Jane Jaaobs~ 1961 
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1 I NTRODUCTI ON 

Is street lighting an effective approach in the reduction and 
deterrence of crime? In 1967, the President's Crime Commission 
stated that [1]*: 

, "There is no conclusive evidence that improved 
lighting will have lasting or significant im
pact on crime rates, although there are strong 
intuitive reasons to believe that it will be 
helpful .•.. Improved street lighting may reduce 
some types of crime in some areas .... With in
formation on past, present and projected crime 
rates, it may be possible to assess better the 
impact of lighting on crime. 

The creation of the Law Enforcement Assistance Administration 
(LEAA) in the Omnibus Crime Control and Safe Street Act of 1968 has 
accelerated the development and testing of anti-crime strategies, 
including improved street lighting projects. While methodological 
problems render the results of the projects statistically question
able, the proliferation of encouraging reports does seem, in itself, 
significant. However, as cautioned by the National Advisory Commis
sion in 1973 [2]: 

... these statistics cannot be interpreted as 
proof of the efficacy of lighting programs 
in reducing crime ... additional scrutiny of 
these results is necessary. Such study will 
have to take into account the effects of 
such variables as police patrol levels, dis
placement of criminal activity to other 
times and places, and seasonal changes in 
crime patterns. Until all evidence is 
sifted, it should be assumed that lighting 
is only one of the factors that help reduce 
crime. 

In more recent months, the LEAA has been subjected to considera
ble criticism for funding hardware-related projects--including street 
lighting projects**--and for not being able to show that they have 
contributed to any reduction in crime. The critics have also complained 

* For convenience, all references in this report are sequentially 
numbered and identified in the last"section of the report. 

** It is estimated--based on an extrapolation of data contained 
in the LEAA Grant Management Information Syste/"ll~-that some 8 to 12 
million dollars of LEAA's total budget to date have been spent on 
street lighting related projects. 
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that even though elaborate evaluation requirements are built in at 
every level of the lEAA program, evaluations have been geared more 
to justifying past projects than to identifying problems [3,4]. 

The National Institute of law Enforcement and Criminal Justice 
(NILECJ)," the research arm of the lEAA, has sponsored several evalua
tion programs which address these doubts and criticisms. Among 
these is the National Evaluation Program (NEP), which attempts to 
provide a timely, objective and reliable assessment of selected 
topic areas which have received substantial LEAA funding. For 
each selected topic area, an initial Phase I evaluation is conducted. 
Based primarily on a review of completed evaluations in the topic 
area and without extensive data collection and analysis efforts, the 
Phase I evaluation effort provides a quick but pertinent assessment 
of the topic area and identifies alternate strategies and designs 
for further evaluation. If a more in~ensive evaluation is warranted, 
then a longer term Phase II evaluation is conducted. 

The topic area of this study is, of course, street lighting, 
and it is a "Phase I Evaluation of Street Lighting Projects." As 
an NEP Phase I study, the purpose of the study is to determine the 
present state of knowledge regarding the impact of street lighting 
on crime and the fear of crime; this is accomplished by a compara
tive analysis of past and on-going street lighting projects whose 
description and impact have either been documented or are easily 
accessible. More specifically, the study endeavors to: 

• review the pertinent issues in street lighting 
and crime; 

• develop an evaluation framework for the comparative 
analysis of street lighting projects; 

• undertake a systematic assessment of available 
evaluation studies in street lighting; 

• outline a single project evaluation design; and 

• identify gaps in the present knowledge base and 
make recommendations concerning future research 
and evaluation activities which should be under
taken to fill those gaps. 

The above five endeavors correspond to the subject matters dis
cussed in Sections 2 through 6, respectively. In this introductory 
section, the historical development of street lighting is briefly 
traced in Section 1.1, while the scope of the study is summarized 
in Section 1.2, and the scope of the report is outlined in Section 
1.3 .. 
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1.1 HISTORICAL BACKGROUND 

Archaeologists have dated outdoor lighting to 3,000 B.C. [5]. 
After discovering and mastering fire, prehistoric man used earthen 
jars to contain the fire which lit his cave inside and out. However, 
stpeet Zighting systems are a relatively new phenomenon, dating 
back to'1558 when the city of Paris installed pitch-burning lanterns 
on some of its main streets. Street lanterns were just one part of 
the city's attempt to light up the streets. An ordinance was also 
passed requiring all citizens to keep lights burning in windows 
that fronted the streets. It is interesting to note that the lighting 
of streets in Paris was motivated by the belief that street lighting 
would rid the streets of nighttime robbers, who practically took over 
the city after nightfall. 

Historically, the motivation for street lighting began with 
security and safety considerations; then became integrated with the 
community's need for character identity and vitality; and finally, 
following the advent of the automobile, contributed to traffic ori
entation and identification requirements. Exhibit 1 summarizes the 
impact-oriented objectives of street lighting systems; they have 

Exhibit 1 

Impact Objectives of Street Lighting Systems 

Security and Safety 
• Prevent Crime 
• Alleviate Fear of Crime 
• Prevent Traffic (Vehicular and Pedestrian) 

Accidents 

Community Character and Vitality 
• Promote Social Interaction 
• Promote Business and Industry 
• Contribute to a Positive Nighttime Visual 

Image 
• Provide a Pleasing Daytime Appearance 
• Provide Inspiration for Community Spirit and 

Growth 

Traffic Orientation and Identification 
• Provide Visual Information ,for Vehicular and 

Pedestrian Traffic 
• Facilitate and Direct Vehicular and Pedestrian 

Traffic Flow 

'0 
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remained unchanged for several decades. What has changed over time 
has been the emphasis pJaced on the different objectives: for example, 
security considerations are again high on the list of priorities 'of 
urban administrators and planners. 

Exhibit 2 traces the historical development of street lighting in 
terms of the types of electric street lighting lamps and the locales 
where the" various street lighting innovations were installed. It is 
seen that the efficacy* (i.e., lumens per watt) of the electric lamps 
has increased from less than ten--for arc lamps--to over l40--for 
high-pressure sodium vapor lamps--during the last century. Upon 
closer examination of Exhibit 2, it is also seen that the time between 
major innovations has become increasingly shorter--a "future shock" 
phenomenon. In fact, it is probably safe to say that another major 
innovation will occur in the very near future. In comparison with 
present-day high-pressure sodium vapor lamps, the next generation 
of high-intensity discharge lamps should achieve higher efficacy, 
~onger life, and smaller lamp size (for better optical properties); 
lt should also use multi-vapors which will fill in and perhaps extend 
the frequency spectrum that characterizes the current set of vapor 
lamps. Historically, the properties determining the acceptability 
of new lamp types have been overall output, efficacy, lifetime, ease 
of maintenance, ease of optical control, color rendition and initial 
cost. 

1.2 SCOPE OF STUDY 

The scope of this study can best be understood by first re
~iewi~g ~he approach used in :arrying out the study and, secondly, 
ldentlfYlng the process by WhlCh the sample of street lighting 
projects was selected. 

STUDY APPROACH 

In carrying out the mandate of the National Evaluation Pro
gram in connection with the "Phase I Evaluation of Street Lighting 
Projects," a study approach was initially proposed; it has since 
been followed without any deviation and found to be quite a,dequate. 
The approach is detailed in Exhibit 3; it consists essentially of 
seven tasks. 

* An abbreviated, technical discussion of light measures is 
contai~ed elsewhere-:in ~ppendix B.of the Final Report. In any 
analysls of street l1ghtlng, especlally in the development and 
eva~u~tion of street lighting, it is im~ortant to have at least 
a mlnlmum level of technical understandlng of street light design 
and measurement. 



\-

r o 

r 

(I 

o 

o 
I 
1._ .. 

o 

--

- 5 -

Exhibit 2 
Historital Development of Street Lighting 

Rated life 
for Street In1tial lumens 

Lamp Description Date lighting Service Per Watt 

Arc 
Open carb·on-arc 1879 Daily trimming --

Enclosed arc 1893 Weekly trimming 4-7 
Flaming arc 

Open -- 12 hours. 8.5 (d-c multiple) 
Enclosed -- 100 hours i9 ia-c series) 

Magnetite (d-c series 1904 100-350 hours 10-20 
"llI11inous arc") 

Filament 
Carbonized bamboo 1879 -- 2 
Carbonized cellulose 1891 -- 3 
Meta 11 i zed (gem) 1905 -- 4 
Tanta 1 urn (d-c -- -- 5 
multiple circuit) 

Tungsten (brittle) 1907 -- --
Drawn Tungsten 1911 -- 9 

1913 -- 10 
Mazda C (gas-filled) 1930 -- 14-20 

1915 1,350 hours 10-20 
1950 2,000 hours 16-~ 

3,000 hours 16-20 

Mercury Vapor 
Cooper-Hewi tt 1901 Indefinite 13 
H33-1CD/E 1947 3,000 hours 50 
H33-1CD/E 1952 5,000 hours 50 
H33-1CD/E 1966 16,000 hours 51 
H36-15GV 1966 16,000 hours 56.5 

low-Pressure 
Sodium 
~ (10,000 lumen) 1934 1,350 hours 50 

NA 9 (10,000 lumen) 1935 2,000 hours 56 
1952 4,000 hours 58 
1975 -- 180 

Fluorescent , 

F100T12/CW/RS 1952 7,500 hours 66 
Fl00Tl2/CW/RS 1966 10,000 hours 71 
F72PG17/CW 1966 14,000 hours 68 
F72T10/CW 1966 9,000 hours 63 

Hit-pressure 
So ium 

1965 6,000 hours Over 100 
1975 15,000 hours 140 

(a) Electric Street lighting lamps 

Date Place light Source/lamp 

1558 Paris, France Pitch-burning lanterns, fol-
lowed by candle lanterns 

1690 Boston, Massachusetts Fire baskets 
-

1807 london, England Gaslights 

1879 Cleveland, Ohio Brush arc lamps 

1905 los Angeles, California Incandescent 
1935 Phfladelphia, Pennsylvanfa 
1937 San Francisco, Calif~Tnia 
1952 Detroit, Michigan 
1967 Several U.S. Cities 

(b) Street Lighting Innovations 

Sources: [a, 7] 

~1ercury vapor 
low-pressure sodium 
Fluorescent 
High-pressure sodium 
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Exhibit 3 

Phase I Study Approach 

.....-____ ~ ... ~-. Ii1entifv 
Information 
Requirements 

~--------------------------------~7a. 

1. Review r-+ 2. 
Pertinent 
Background 
Information r+-

Develop 
Phase I 
Evaluation 
Framework 

w.... 4. Detai 1 
---,- Project 

-

--.l)o- 5a. Refine 
Phase I 
Evaluation 
Framework 

5b. Develop 
Single Project 
Evaluation 
Design 

Present Decision 
6. Assess rE 

r-+ State of 
Knowledge 

I 

Interventi ons 1---------------' _ ... 
r 

., 

7b. 

o 

Develop 
Phase II 
Evaluation 
Desion 

Specify 
Arguments 
Against 
Phase II 

I 
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The first task of reviewing pertinent background information on 
street 1 ighting projects contributed to the ensuing three tasks of 
developing a Phase I (i.e., multi-project) evaluation framework, 
identifying the types of information required for the study, and 
detailing project interventions, respectively. The second, third 
and fourth tasks in turn provided the basis for accomplishing the 
fifth task, which refined the multi-prOject evaluation framework 
and developed a single-project evaluation design. Analyzing the 
project interventions in terms of the refined multi-project evalu
ation framework was the purpose of the sixth task, which. resulted 
in an assessment of the present state of knowledge regarding the 
impact of street lighting on crime and the fear of crime. In the 
terminology of the National Evaluation Program, the seventh task 
was to address the possibility of conducting a Phase II evaluation 
of street lighting projects; that is, to make recommendations con
cerning future research and evaluation activities which should be 
undertaken to fill the gaps that exist in the present state of 
knowledge. 

SAMPLE SELECTION PROCESS 

In identifying a sample of street lighting projects for this 
study, several problems arose in the very definition of what is 
meant by a project. In many locally-funded ,street lighting efforts, 
a continuous upgrading process is underway, so that it is almost 
impossible to identify a project, based on its geographical bound
aries and/or time limits. Moreover, even when a project can be 
identified, there are problems in securing pertinent project-related 
data since (a) the process of effecting a street lighting project 
is usually diffuse with responsibilities spread among many different 
individuals and organizations, and (b) the project, when completed, 
loses its administrative identity and becomes an inconsequential 
part of the total system. Additionally, inasmuch as street lighting 
is designed to satisfy a wide range of objectives--see Exhibit 1-
including crime prevention, it was difficult to detenmine if any 
crime-related data were c011ected as a part of the project effort. 
Frequently, crime prevention is used only as a label to secure 
appropriate LEAA funding. Consequently, unlike other NEP Phase I 
topic areas (e.g., operation identification, neighborhood team 
policing, specialized patrol, pretrial release, treatment alterna
tives to street crime, juvenile diversion, etc.), street lighting 
is not a well defined criminal justice related topic area. The 
resultant problems are further elaborated on in Section 2. 

The actual selection of street lighting projects for this 
study was based on five specific criteria. First, for obvious rea
sons, only projects with crime-related infonmation were selected. 
As a result of this first criterion, nearly all of the LEAA-funded 
projects (i.e., funded through either its block grant or dis
cretionary funding mechanisms) were selected; projects funded by 

I
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other federal, state oroolocal sources' (e.g., Department of Trans
portation, Department of Housing and Urban Development, bond issues, 
civic organizations, etc.) usually do not have a crime-related focus. 
Second, all highway lighting projects were excluded since they were 
primarily concerned with vehicular safety, not pedestrian security, 
issues. ' Third, for reasons of comparability, only projects in 
cities with population of at least 25,000 were selected. Fourth, 
after several unsuccessful attempts at securing pre-1970 data, it 
was decided that only projects completed after 1970 would be studied. 
Fifth, for the purpose of detailed evaluative analysis, only projects 
with pertinent evaluation-related information were considered. 

Although the above five criteria were essential in the selec
tion of street lighting projects, they were applied at different 
points in the selection process. In fact, as illustrated in Exhibit 4\1 
application of the first two criteria resulted in a PreZiminary 
SampZe of 103 projects. The subsequent application of the next two 
criteria resulted in a Study Sample of 41 projects, and application 
of the fifth and final criterion yielded an EValuation Sample of 
15 projects. The Preliminary Sample provided some background informa
tion; the more detailed Study Sample provided the basis for studying 
specific issues in street lighting and crime; and the Evaluation 
Sample provided evaluation-related information. 

Exhibit 4 also contains a list of information sources. In 
addition to these sources, telephone interviews were conducted of 
60 projects and site visits were made to 17 projects. The projects 
which were interviewed and/or visited are indicated in Exhibit 5, 
which identifies all the street lighting projects in the Preliminary 
Sample. It should be noted that several of the projects in the 
Preliminary Sample were eliminated after telephone interviews sug
gested that either there was no project as indicated, or there was 
a project but the wrong city was indicated, or the officials inter
viewed could only recall the most recent project in their city, o·r no 
appropriate city officials could be contacted following repeated 
attempts. The Study a~d Evaluation Samples are discussed at length 
in Sections 2 and 4, respectively. 

1.3 SCOPE OF REPORT 

The scope of this report can best be viewed in terms of the 
sample selection process, as indicated in Exhibit 4. ~Fo110wing 
the introductory section, Section 2 discusses the issues in street 
lighting and crime, based on information contained in the Preliminary 
and Study Samples. These issues contribute to the Phase I evaluation 
framework that is developed in Section 3. Using the evaluation 
framework, an analysis of street lighting evaluations is undertaken 
in Section 4, based on information contained in the Evaluation Sample. 

---I 
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Exhibit 4 

Sample Selection Process and Scope of Report 

• Projects with crime- • Projects in cities • Projects with perti-
related infonnation with Population of nent evaluation'" 

at least 25,000 related infonnation 
• Non-highway projects • Projects completed 

after 1970 

- - - - - - - - - - - - I- - - -.. 

Infonnation ~Ir Pre1iminar~ 
~ r Stu1y ~ Ir Evaluation 

Sources l Sample: Samp e: 
, Sample: .' .. ( .II ~ -<IIi ~ 

103 Projects 41 Projects 15 Projects 

• Telephone interviews 
(60 Projects) .... 

• Site Visits 
(17 Projects) 

- v- - - - -11- - - - _., It - - - - ""l ~ -
1. Introduction l ~ 1 2. Street Lighting Issues Zl. Street L ighting Evaluati~Jns 

.. ~ ~ t I 

I 3. Phase I Evaluation Frameworkl 

~ t It 

150 Single Project Evaluation Design 
II ~ ~ ~ v 

-
6. Conclusions 

" 

1 Sources include National Criminal Justice Reference Service {NCJRS)t National Technical Infonnation 
Service (NTIS), LEAA Grant Management Information System {GMIS}, survey of LEAA State Planning Agencies 
and Regional Offices, utility company publications, trade journals, and referrals. 
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-- Exhibit 5 

Street Lighting Projects: Preliminary Sample 

, . 1970 Project Phone Survey Site Visit Study Sample 

City Populatiol' Dites I No Yes No Ves No Yes 

Arlington, MA 53.534 1966-1971 x x x 

Asbury Plrk. NJ 16.533 1971-1974 I x x x 
: 

Asheville. NC 57.681 1973 x x x 

Atlanta. 6A 497.421 1973 x x x 

Atlantl. 6A 497.421 1973-1974 x x x 

Baltimore. MO 905.759 before 1971 x x x 

Baltimore. MD 905.759 1972-1974 x x x 

Baltimore. MO 905.759 1973-1974 x x x 

Benkelman. NE 1.349 1969-1971 x x x 

Boston. MA 641,071 1975-1977 x x x 

Burlington. MA 21.980 1969-1974 x x x 

Charleston. WV 71.505 1968-1974 x x x 

Charlotte. NC 241,178 1971-1973 x x x 

Chatlnooga. TN 119,082 1972 x x x 

Chicago, IL 3.369.359 1966 x x x 

Chicago, IL 3.369.359 after 1971 x x x 

Chicago. IL 3.369.359 1974-1975 x x x 
Cincinatti. OH 452.524 1970-1977 x x x 

Cleveland, OH 750,879 1973-1975 x x x 

Dade County. FL 1.267.792 1972 x x x 

Danville, IL 42.570 1971-1975 x x x 

Denver, CO 514.678 1975-1976 x x x 

Detroit. MI 1.512.893 1968 x x x 

Detroit. HI 1,512,893 1973 x x x 

Durham. NC 95,438 1969-1970 x x x 

Durham, Ne 95,438 before 1974 x x x 

East Orange, NJ 75,471 1971-1973 x )( x 

Flint, MI 193,317 1956 x x x 

Foster City, CA 9,327 not availablE x x x 

Fort Wayne. IN 178,021 not availablE x x x 

Garland, TX 81,437 1976-1977 x x x 
Gary. IN 175,415 1953-1955 x x x 

Gastonia, NC 47,142 1971-1973 x x x 

Greenda 1 e, WI 15,089 before 1971 x x x 

Gulfport, MS 40,791 not availabh x x x 

Harrisburg. PA 68,061 1975-1976 x x x 

Indilnapolis. IN 745,739 1963-1970 x I 
x x 

Jeffersontown, KY 9,701 1973-1976 x 

I 
x x 

Kansas City, NO 507,330 1967-1969 x x x 

Kansas City, MO 507.330 1971-1972 . x I J( x 

I Calendar years durin9 which planning and instillation activities were supposed to have 
tlken place. 

o 

o , . City 

41. Kinston, NC 
42. "'!Ox vi1l e, TN 
43. Manchester, NH 
44. McPherson, KS 
45. Miami, FL 
46. Miami, FL 
47. Miami, FL 
48. Miami Beach, FL 
49. Midlothian, IL 
50. Milton, MA 

o 51. Milwaukee, WI 
52. Montclair, NJ 
53. Neptune, NJ 
54. Neptune, NJ 
55. Newark, NJ 
56. Newark, NJ 

o 57. Newark, NJ 
58. New Kensington, PA 
59. New Kensington, PA 
60. New Orl eans. LA 
61. New Vork, NY 
62. New York, NV 

o 63. New York, NY 
64. New York. NY 
65. New York. NY 
66. New York, NY 
67. New Vork, NY 
68. Norfolk, VA 
69. Nonnan, OK 
70. Norristown, PA 
71. Oakland, CA 
72. Oak Park, IL 
73. Owensboro, KY 
74. Passaic, NJ 
75. Paterson, NJ 

o 76. Peabody, MA 
77. Philadelphia, PA 
78. Phoenix, AZ 
79. Pigeon Forge, TN 
80. Plainfield, NJ 
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Exhibit 5 
(page 2 of 3) 

1970 Project Phone Survey 
Population Dates l No Ves 

22,309 1972-1973 x 
174,587 1974 x 
87.754 1975 x 
10,851 before 1960 x 

334,859 1961-1968 x 
334,859 1971-1972 x 
334,859 1972-1977 x 
87.072 1973 x 
15.939 1975-1977 x 
27,190 1971-1974 x 

717,372 1972 x 
44,043 1973-1974 x 
5,502 1971-1972 x 
5,502 1972-1974 x 

3B1,930 1969-1970 x 
381,930 1973-1974 x 
381,930 not available x 
20,312 1974-1975 x 
20,312 1975-1976 x 

593,471 1973-1975 x 
7,895,563 1957 x 
7.895,563 1959-1961 x 
7,895,563 1960-1966 x 
7,895.563 1965 x 

7,895,563 1972-1973 x 
7,895,563 after 1973 x 
7,895,563 not available x 

307,951 1972-1974 x 
52,117 1973 x 
38,169 1974-1975 x 

361,561 before 1970 x 
.-' 62,511 before 1973 x 

50,329 1968-1970 x 
55.124 1973_1974 x 

144,824 1973-1974 x 
48,080 1974-1977 x 

1,950,098 1975-1976 x 
581,562 not available x 

1,361 not available x 
46.862 1970 . x 

Site Visit Study SamDle 
No Ves No Ves 

x x 
x x 
x x 
x x 
x x 
x x 

x x 
x x 

x x 
x x 
x x 
x x 
x x 
x x 
x x 

x x 
x x 
x x 
x x 

x x 
x x 
x x 
x x 
x x 
x x 

x x 
x x 
x x 
x x 
x x 
x x 
x x 
x x 
x x 
x x 
x x 
x x 
x x 
x x 
x x 
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, . 1970 
City Population 

81. Plainfield, NJ 46,862 
82. Portland, OR 380,620 
83. Portland, OR 380,620 
84. Raleigh, Ne 123,793 
85. RiChmond, VA 249,430 
86. Rocky Mount, Ne 34.284 
87. Salem, OR 68,296 
88. Salley, SC 450 
89. San Juan. PR 452.749 
90. Savannah, SA 118,349 
91. St. Louis. MO 622,236 
92. St. Louis, MO 622,236 
93. Tampa, FL 277,767 
94. Tucson, AZ 262,933 
95. Tucson, AZ 

I 
262,933 

96. Vi ncennes, IN 19,867 
97. Wadesboro, Ne 3,977 
98. Wake Forest. Ne 3,148 
99. Washington, DC 756.510 
00. Washi ngton, De 756.510 
01. Washington, Ne 8.961 
02. Watertown, MA I 39,307 
03. Wichita Falls, TX! , 96.265 
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Exhibit 5 
(page 3 of 3) 

Project Phone Survl!Y 
oates l No Yes 

1972-1973 x 
1972-1973 x 
1975-1976 x 
1974-1975 x 
1972-1973 x 
1969-1970 x 

1973 x 
1970 x 

1973-1974 x 
1970-1975 x 
1962-1964 x 
1964-1974 x 
1970-1975 x 

1971 x 
1971-1972 x 

not available x 
not available x 

1971-1972 x 
1970 x 

1971-1972 x 
1973-1974 x 
1966-1971 x 
1975-1976 x 

Site Visit Study Sample 
No Yes No Yes 

x x 
x x 

x x 
x x 
x x 
x x 
x x 
x x 
x x 
x x 
x x 
x x 
x x 
x x 
x x 
x x 
x x 
x x 

x x 
x x 

x x 
x x 
x x 
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A single project evalu~tion design is developed in Section 5, guided 
by the Phase I evaluation framework and the analysis of street 
lighting evaluations. Lastly, the conclusions section, Section 6 
summarizes the present state of knowledge; identifies the gaps in' 
the knowledge base; and recommends future research and evaluation 
activities which should be undertaken to fill those gaps. 

As noted in the Preface, this Summary Report can be regarded as 
an abridged version of the Final Report. However, the Final Report 
also includes three appendices which are not summarized herein. The 
first, Appendix A, contains a list of references, including individuals 
wh~ have been contacted either by telephone, in person, or through 
wrltten correspondence. Appendix B, as indicated earlier~ contains 
a somewhat technical discussion of light measures. And Appendix C 
contains the survey instruments which were developed and used in 
this study. 

Throughout this report the reader will note that frequent 
references are made to the Kansas City street lighting study [19], 
and often in a critical context. This is not meant to imply that 
the authors regard it more negatively than the other studies. On 
the contrary, it stands as the single best evaluatiol1 conducted to 
date on the subject of street lighting and crime, and provides the 
single most detailed body of material for the wide range of critiques 
contained in this report. 

Finally, the content of this report should be of interest to 
both criminal justice administrators and planners, as well as to 
professionals engaged in the technical aspects of designing, in
stalling or maintaining street lighting systems. The administrator 
who is concerned with the funding of street lighting projects should 
read Section 6. The planner or engineer who is developing a street 
lighting project should read Sections 2, 4 and 6; and the planner who 
is interested in evaluating a street lighting project should, of course, ' 
peruse the entire report, as well as the Final Report. 
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2 STREET LIGHTING ISSUES 

AS,stated in Section 1, street lighting projects are designed 
to satisfy a wide range of objectives, including crime prevention. 
Therefore, in a study of street lighting and crime, it is necessary 
to consider both street Zighting issues--which influence the determina
tion of a relationship between street lighting and crime--and 
evaZuation issues--which focus more directly on the difficulties of 
establishing such a relationship. The street lighting issues are 
considered in this section, while the evaluation issues are considered 
in Section 3.1. 

The issues contained herein represent a culling and systematizing 
of the more important issues that were initially identified in the 
Preliminary Sample of street lighting proJects and subsequently detailed 
in terms of the projects in the Study Sample. In fact, unless other
wise noted, the material covered in this section is based on the 41 
projects which constitute the Study Sample. Although the Study Sample 
may not be statistically representative of all street lighting projects, 
it is seen from Exhibit 6 that the sample includes projects with a 
range of characteristics. However, because of the small sample size, 
no elaborate statistical analysis is attempted in this section; such 
an analysis would be misZeading. Nevertheless, the issues addressed 
herein are deemed to be significant in a study of street lighting 
and crime. 

Based on the literature, telephone and site visit surveys, a 
multitude of issues was identified. Guided by the purpose of this 
study, however, it became apparent that there are seven significant 
street lighting issues which merit consideration. The first two 
issues--project responsibility and project funding--identify the 
context in which a new street lighting project is developed. The 
second two issues--system design and system measurement--identify the 
street lighting system that is actually created by the project. 
Finally, there are three related issues--energy, legal, and environ
mental--which can impact the design and operation of the street 
lighting system. The following three. subsections discuss the project, 
system and related issues, respectively. Although the discussion is 
primarily focused on the problems and gaps that the issues cause in 
the understanding of street lighting and crime, it also contains some 
descriptive background information which is necessary in order to 
comprehend the significance of some of the issues. Recommendations 
on how to best overcome these problems and gaps are summarized in 
Section 6.2. 
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Exhibit 6 

Street Lighting Projects: Study Sample 

l1qht SourceT sT Crime-Related Infol"lllation Sources 
1973 1973 Crime Project Project Cost Evaluation 

Ctty Population) Index Rate2 Dates' Tarqet Area(s} (~1 000)" Wattaqe Tvoes Nlllllber 
Plannl~ 
Report Renort' Other' 

1. Arlington, MIl 52,881 not available 1973-1974 sChools. parks n.a. 400N HPS n.a. x 
(n.a.) ~OO-I00OW HV n.a. 

2. Asheville, NC 58,765 3,495 1973 central business 37.4/year 400N HPS 315 x 

3. Atlanta, GIl 451,123 9.988 1973-1974 central business 293.6 400N HPS 191 x x x 

4. BaltilllOre, HI) 880,557 7.433 1973-1974 n.a. 500.0 n.a. HP.S n.a. x x 

5. Boston. MA 61B,275 B,490 1973-1980 residential, 5,105.0 n.a. HPS n.a. x 
corrmercial n.a. HV n.a. 

6. Chatanooga, TN 137,957 6,427 1972 central business 35.0/year 1000N HPS 150 x 
, 

7. Chicago, IL 3,172,929 6.761 1974-1975 city-wide 8.000.0 150- 310W HPS 90.000 x x 

8. Cincinnati, OH 426,245 6,781 1970-1977 central business 1.345.0 l000W HV 75 x x 

·U.S. 8ureau of the Census esti.ates for 1973. 

2Total Crime Index per 100,000 p~pulation--Total Crime Index includes murder, non-negligent manslaughter. forcible rape, robbery, aggravated assault. 
burglary. larceny. and auto theft. 

'Calendar years during which planning and installation activities were supposed to have taken place. 

~AnnuaL figures indicate lease rates paid for utility-owned systems. Other figures indicate initial ~osts for MOstly city-owned systems. 

sFL: fluorescent: HPS: high-pressure sodium: LPS: low-pressure sodium: HH: metal halide; HV: mercury vapor 

'Includes grant applications. 

'Includes reports designated by the authors or project personnel as an evaluation of the Impact of street lighting on cri~ and/or the fear of crime. 

'Includes telephone interviews. site visits. annual reports. and pertinent journal articles. 

. . 
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1973 1973 Crime 
Cfty PODulatlon' Index Rate2 

9. Cleveland, OH 678,615 6,210 

10. Denver, CO 515,593 8.543 

11. Detroit. MI 1.386,817 8,520' 

12. East Orange. NJ 74,210 6.279 

13. Garland. TX 101,099 3.949 
" 

14. Gastonia, NC 48.938 6,827 

15. Harrlsbur9. PA 61.182 8,847 

16. Indianapolt s. IN 728,344 4,066 

17. Kansas CHy, MO 487,799 6,'631 

18. Manchester, NH 83,417 4,274 

19. Miami, Fl 353,984 8,580 

20. MiamI Beach, Fl 94,698 4,160 

21. Htlton. HA 27,340 2,813 

Project 
Dates) 

1973-1975 

1975-1976 

1973 

1971-1973 

1976-1977 

]971-1973 

1975-1976 

1963-1970 

1971-1972 

1975 

1972-1977 

1973 

1971-1974 

o o 

Exhibit 6 

(page 2 of 4) 

Tarqet Area(sl prciect ~lst 1.000 ~ 

central business. 423.6 
residential. 

clll1111ercial 

residential, 580.0 
cOl1ll1ercial, 

schools 

central business 1,700.0 

n.a. 25.0/year 

industrial 5.0 

residential. 46.8 
conmerc1al 

residential. 102.5 
comnercia J 

city-wide ~46.6/year 

central business, n.a. 
residential, 
comnercfal 

central business 29.1!year 

city-wide 1,600.0/year 

residential, 200.0 
comnerciaJ 

city-wide 220.0/year 

- -------

o o o o 

ignt Source{s} CriMe-Related Information Sources 
Plannln~ Eva!uation 

Watta~e TVDes Numbell' Reoort ReDort' Other' 

~OO-1000w MY 946 x K 

400w UPS 1,500 K x x 

'. 

1;>50- 400II HPS 2.500 It 

~5D- 4001 MY 368 x 

400f HPS n.a. x x 

175- 400w MY 433 x 

100- 25()1 HPS 229 It X 

175-lDOOW MY 7,148 x 

400w HPS 594 x x 
175- 400W MY 1,206 

400W HPS 128 x 
, 

250-100OW HPS 11,700 x x x 

n.a. HPS n.a. x x 
n.a. MY n.a. 
n.a. HU n.a. 

100- 400W MY 2,451. x 

~~~~~N~~,~, ~i_~~~------'~------~--------~~--------~----------~~----------------------~~------------------~------.~~---==~.O~VM~~~'~~.~~m~w~~· 

'" 
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City 

~2. Mflwaukee. WI 

23. Newark. NJ 

24. New Orleans. LA 

25. New York. NY 

26. Norvolk. VA 

27. NonNn. OK 

28. Passaic. NJ 

29. Paterson. NJ 

30. Peabody. MA 

31. Philadelphia. PA 

32. Portland. OR 

33. Portland. OR 

34. Ricllnond. VA 

35. Sall!ll1. OR 

~ri¥+ EWWf"'f"'tS' 

o 

1973 1973 Crime 
Population' Index Rate 2 

690.685 4.419 

367.683 8.489 

573,479 6.138 

7.646.818 6.223 

233.064 6.060 

58.910 5.194 

53.777 7.260 

143.312 8.727 

47.857 3.653 

1.861.719 3.882 

375.948 9.673 

375.948 9.673 

238.087 6.418 

79.247 6.240 

Project 
Dates' 

1972 

1973-1974 

1973-1975 

n.lI. 

l!P72-197~ 

1973 

1973-!974 

1973-1974 

1974-1977 

1975-1976 

1972-1973 

1975-1976 

1972-1973 

1973 

o o 

Exhibit 6 
(page 3 of 4) 

Project Cost 
Target Area( s) ($1 000)" 

residentfal 130.0 

residential. 137.0 . 
commercial 

residential 7.0 

industrial n.a. 

residentfal 100.0 

COl1lllert i II I n.a. 

residential 25.0 

central business. 24.0 
residenU"l 

central business. 12.4/year 
arterial streets 

cHy-wide 2.000.0 

residential 250.0 

residential. 447.8 
commercfal 

residential. 276.0 
conmercfal 

central business 22.0/year 

--

.~ 

.\ 

;.., 0 o o o 

light SourcelsJ Crillle-ReJ.ated nfonnation Sources 
Plannin9 Evaluation 

Wattalle Types Number Report' Report 7 Other' 

250W HPS 130 K K 

175- 251J1 MY 762 K x x 

40CM MY 559 x x " 

n.a. LPS n.iI. K 

1~ MY n.a. K x 

n.a. HPS 28 x K 

100- 400II MY 302 K 

4001 HPS 80 K 

4001f MY 1.184 
4001i Fl 266 

25011 HPS 358 x 

- I 

70- 4001 HPS 78.000 x 

175W MY 330 K x 

25011 HPS 152 K X 
175- 400w MV 287 

251J1 liPS 404 x K 

175- 400w MY 457 

401J1 HPS 224 x 
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1973 1973 Crllll!! Project 
City Population' Index RateZ Oates 3 

36. Savannah, GA 105,768 7,142 1970-1974 

37. Tampa, Ft 275,643 8,922 1970-1975 

38. Tucson, AZ 307,551 6,859 1971 

39. Washington, DC 734,801 6,946 1970 

40. WatertOlfll, WI 37,436 3,318 1966-1971 

41. Wichita Falls, TX 95,501 4,529 1975-1976 

/ 
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(page 4 of 4) 

Target Area(s) 
pr(!ect wst 

$1,000 • 

residential, 364.5/year 
cOlTlllerclal 

central business 127.7/year 

residential 45.0 

residential, 365.0 
COlTllle rc I a 1 

city-wide 144.0/year 

res identl aI, 109.5 
cOlTlllerc I al 

o o 

.1l1ht Source s J 

Wattalle hDes NUlllber 

250- 400II HPS 1,700 
75-1000II MY 5,300 

1000W Iff 450 

175W MY 277 

250- 400II HPS n ••• 

100- 400w MY 2,079 

250- 400w HPS 600 

. \ 

o 

Cr me-Relat~ Intonnatfon Sources 
Plannln~ Eva luation 
Re~ Report' Other" 

\ 

x 

x -x x 00 

x x 

x 

x x 

.' I 

,( 
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2.1 PROJECT ISSUES 
.. 

The nature of a street lighting project is for the most part 
determined by. those who are pesponsibZe for the project and the 
mandate of the funding source. 

PROJECT RESPONSIBILITY 

Every street lighting project, especially a crime-related project, 
involves a division of responsibility between a number of different 
city agencies and outside contractors. As illustrated in Exhibit 7, 
the involvement of each participant can occur at different stages in 
the development of the project. In practice, the city agency with 
primary responsibility for providing street lighting services usually 
shares this responsibility with a private1y- or publicly-owned 
utility company. An analysis of the Study Sample projects indicates 
a tendency for Zapge cities to own and maintain their systems, and 
for smaZZer cities to rely on a regional utility company for owner
ship and maintenance. 

In general, then, the primary city agency typically relies on 
a number of other city agencies for various tasks, and often engages 
private sector consultants and contractors to perform some of these 
tasks. As a result, a project to install or upgrade all or a portion 
of a city's street lighting system may have responsibility for dif
ferent activities so diffused that it causes severe problems in 
project coopdination and data acquisition.. These problems in turn 
may affect or "explain" the findings of both single-project and 
multi-project evaluations. For example, the lack of project 
coordination may result in the non-compliance with project plans 
which would in turn invalidate the evaluation design. 

Project Coordination is Lacking 

In a crime-related street lighting project, where many decisions 
are arrived at through the consensus of several agencies, and where 
vital work is performed by agencies not formally reporting to the 
principal street lighting agency, it is, of course, important to 
coordinate all aspects of the project. Political reality makes the 
task of inter-agency coordination even more difficult; sometimes 
different agencies are responsible to different members of the 
city council. 

The lack of project coordinatiqn has caused misunderstandings, 
project plan changes, long delays and, in a few cases, project can
cellations. In one instance, the local criminal justice planning 
agency drew up the entire street lighting proposal by itself; the 
proposal was funded with LEAA monies but was at first rejected by 
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Exhibit 7 

Involvement of Street Lighti~g Participants 

Project Stage 

Project Participants Instal1ation/ 
Planning Operation Evaluation 

Public Officials X 
(Mayor; City Manager; City Council; 
Board of Aldermen; Selectmen) 

Engineering Deeartments X X X 
(Public Works; Streets; Traffic; 
Transportation Department) 

Utility Companies X X 
(Publicly or Privately Owned 
Electric Utility) 

Law Enforcement/Criminal Justice 
Agencies X X 

(Police Department; Criminal Justice 
Coordinating Council) 

Planning and Development AgenCies X X 
(Community Development Department; 
Urban Renewal· Authority; ~10del 
City Agency; Planning Department) 

Public Propertx Departments X X 
(Parks; Forestry; Real Property 
Department) 

Administrative Services Departments X X 
(Purchasing Agent; Grant Manage-
ment Agency; Data Processing 
Department) 

Other Private Sector Participants X X X 
(Consultant; Contractor; Civic 
Organization; Materials Supplier) 
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the public works department as "a totally impractical plan-~not at 
all consistent with the existing street lighting ~ystem." After 
several re-drafts of the proposal and long delays, the project was 
finally implemented. Actually, several crimihal justice planning 
agencies have had similar experiences. It seems that criminal 
justice ~lanners are reluctant to contact city engineers because 
they are unable to communicate with the engineers on a technical 
level; on the other hand, the city engineers are unfamiliar with 
crime statistics and are therefore unsympathetic toward installing 
or upgrading a street lighting system for the purpose of crime 
prevention. 

It is obvious that criminal justice planners must coordinate 
and communicate'with other city agencies in their attempt to develop 
crime-related street lighting projects. The communication could be 
facilitated by having some technical knowledge of street light 
design and measurement. The technical material contained in the 
Final Report could serve that purpose. 

Data ACquisition is Difficult 

The diffuseness in project responsibility also causes severe 
problems in the acquisition of evaluation-related data. The relevant 
data are located in several different agencies, and the types of 
data maintained by the different agencies vary from project to 
project. The project evaluator must therefore depend on the agencies 
to collect data in the form and quality required for the evaluation. 

In practice, the form of the data is governed by the needs of 
each agency maintaining it, and is not always consistent with the 
needs of the evaluator. The quality--accuracy, completeness and 
machine readability--of the data also varies from agency to agency 
and project to project. Inasmuch as the project evaluator must 
depend on the willingness of others to collect the data, there is 
little opportunity to exercise quality control, or even to assume 
that the data would be available. 

PROJECT FUNDING 

Street lighting projects can be paid for out of funds derived 
from federal, state, local and private sources; the major sources are 
listed in Exhibit 8. Sometimes these sources act in tandem, as 
when federal programs require a local matching share, or whe~ a 
merchant's association pays the operating expense of a system whose 
capital cost is borne by the municipal government. Many of the 
federal government funding sources have changed with the advent of 
revenue sharing. 

o 

o 

o 

, 

Category 

Federal 

State/Local 

Private 

." 
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: Exhibit 8 

Sources of Funds for Street Lighting Projects 

Sources of Funding 

• Department of Transportation (Federal 
Aid Primary System; TOPICS) 

• Department of Justice/law Enforcement 
Assistance Administration (Block Action 
Grants; Discretionary Grants; Pilot 
Cities Program; Impact Cities Program) 

• Department of Housing and Urban Devel
opment (Community Development Block 
Grants; Neighborhood Development; 
Historic Preservation; Model Cities; 
Urban Renewal; Concentrated Code 
Enforcement; Open Space) 

• Treasury Department (General Revenue 
Sharing) 

• General Funds 
• Bond Issues 
• Property Assessment 
• Redistribution of State Taxes 
• Special Tax on Income or Luxuries 
• Investment of Municipal Power Company 

Profit 

• Civic Organizations 
• Businesses and Merchants' Organizations 
• Private Citizens 
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The Law Enforcement" Assistance Administration (LEAA) has funded 
lighting projects both directly through discretionary grants to 
municipalities, and indirectly through block action grants to the 
states. Unfortunately, there is no available information regarding 
the exact amount expended by the LEAA for street lighting. However, 
it is estimated--based on an extrapolation of data contained in the 
LEAA Grant Management Infonmation System--that some 8 to 12 million 
dollars of LEAA's total budget to date have been spent on street 
lighting related projects. 

Although the sources for funding street lighting projects are 
many, each source has, as expected, a different mandate--usually a 
narrowly focused mandate. For example, the Department of Transporta
tion funds street lighting projects for traffic safety reasons, and 
the LEAA is interested in crime reduction. As a result, the objec
tives of a street lighting project are usually unreaZistiaaZZy 
nar~w in focus. Furthenmore, the LEAA mandate in essence requires 
that the projects be located in areas with a high incidence of crime. 
This requirement presents a problem in evaluation, since it encourages 
the occurrence of ":r>eg:r>ession a:r>tifaats" in the analysis of crime 
statistics. Finally, the desire of funding sources for quick results 
has--in those few cases where evaluation efforts have been funded*-
resulted in evaluations that are b:r>ief and inadequate. The following 
subsections consider the above-stated problems in more detail. 

Project Objectives Are Unrealistically Narrow in Focus 

The art of securing support from a particular funding source is, 
of course, to tailor fit the objectives of a proposed project to 
conform to the funding source's mandate or purpose. In the area of 
street lighting, the art has been practiced with finesse and success, 
and street lighting projects funded by different sources have corres
pondingly different objectives. Thus, the narrow foci of the various 
funding sources are unrealistically forcing the street lighting 
projects to assume correspondingly narrow ranges of objectives. What 
is needed, is for the funding sources to recognize the wide range of 
street lighting objectives and to pool their resources in support 
of a more comprehensive and common set of projects. 

It is, of course, not obvious that street lighting systems can 
be designed to meet all of the objectives simultaneously. Apart 

* Most sources neither require nor support evaluation-related 
activities as a part of their funding of street lighting projects. 
The LEAA appears to be the most consistent in its requirement for 
some evidence of evaluation. 
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from an incomplete knowledge of the speCifications required for any 
·one'\llbjective, there may be conflicts between objectives. For 
example, it could be supposed that even if very high intensity 
street lighting in shopping areas is best for the enhancement of 
business, a resultant visual disorientation and glare could con
tribute ~Q traffic accidents. Nevertheless, a comprehensive 
planning approach is needed. 

Possibility of Regression Artifacts in Evaluation 

A review of the Study Sample projects shows that 26 of the project 
target areas were selected because of a high crime rate; this inherently 
causes a problem in the design of an evaluation, since classical ex
perimental design techniques, which call for :r>andom selection of ex
perimental and control groups, cannot be applied. As a reSUlt, the 
procedure of selecting a high crime area for treatment could lead to 
:r>eg:r>ession a:r>tifaats in the statistical analysis; that is, if crime 
rates are fluctuating over time and the treatment or target area was 
selected at a high point in the fluctuation, it is ZikeZy that the 
area would experience a lower crime rate in the next period of time, 
even if no treatment was made. In other words, the tendency of a 
fluctuating statistic to regress towards its mean is an especially 
acute problem when the experimental group is selected because it 
exhibits a pre-treatment value of the statistic that is extreme 
[8]. Methods for coping with regression artifacts are considered in 
Section 5.2. 

Evaluation Efforts Are Brief and Inadeguate 

Most evaluative statements must, be definition, be rendered at the 
~nd of a project. The period of a street lighting project is usually less 
than 18 months; that is, the planning, installation, operation and--
in those instances where evalutation is funded--evaluation of a 
project must occur within 18 months. Funding sources are usually 
loathe to 'support a long project period; they are eager for quick 
results. Consequently, any delays in the pre-evaluation stages of 
a project usually imply a shortening of the evaluation period. Since 
delays are more the rule than the exception, project evaluation periods 
have nearly always been shorter than initially p1anned--sometimes 
an evaluation is based on one or two months worth of crime statistics. 
Even if no delays occur, an 18-mpnth project would only allow for a 
12-month evaluation effort, which is quite minimaZ. 

Budget overruns in the early stages of a project have also cur
tailed evaluation efforts. In some instances (e.g., Cleveland and 
Miami Beach projects), evaluation efforts have been cancelled because 
of budget overruns. In sum, what is required for the funding sources 
is to accept unexpected time delays and budget overruns and to explicitly 
support project evaluation efforts--making them'mandatory. 

'~I , 
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2.2 SYSTEM ISSUES 

The design of a street lighting system specifies what the system 
ought to be, while the measurement of the system reveals its true state. 

SYSTEM DESIGN 

The design of a street lighting system is usually guided by the 
available standards on street lighting and constrained by the limi
tations of equipment manufacturers and local utility companies. Un
fortunately, the existing street lighting standards are lacking in 
several respects, especially in pedestrian-oriented emphasis, and the 
heavy reliance on industry may be detrimental in the long-run. 

Existing Street lighting Standards Are lacking 

Technical standards for the performance of street lighting sys
tems in the United States are put forward by the American National 
Standards Institute (ANSI), under the sponsorship of the Illuminating 
Engineering Society (IES) of North America [9]. IES has developed 
and amended these standards, known as "American National Standard 
Practice for Roadway Lighting," since 1925, and has specifically 
designated its Roadway lighting Committee as the group responsible 
for updating the standards to reflect changes in knowledge and 
technology. The other organization involved in setting standards 
for street lighting systems is the International Commission on 
Illumination (CIE, which are the initials of its French designation, 
Commission Internationale de l'Eclairage). CIE publishes international 
recommendations to serve as a basis for the drafting of uniform 
national codes among participating countries. As such, it is not a 
binding professional standard, but it does represent another view 
on the desired characteristics of street lighting systems. 

The existing ~treet lighting standards are lacking in several 
respects. First, the standards place a greater emphasis on vehicular 

, roadways than on 'pedestrian walkways. Consequently, it is not sur
prising to see that the designers of street lighting projects t even 
crime-related projects, are concerned more with roadway light'ing 
than with walkway lighting. For example, the performance specifica
tions* of the Study Sample projects generally meet or exceed the 

* It is to be noted that "performance specifications" reflect the 
desizoed perfonnance of the system--as identified in the project p'lan--and 
do not necessarily reflect the actual performance of the impleme.nted system. 
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IES specifications for roadways, but are usually not even explicit~y 
stated for walkways. It is also interesting to note that of the mne 
LEAA-funded projects which gave information on specifications, only 
one--the street lighting project in Denver, Colorado--address~s pedes
trian walkway illumination and uniformity. One reason,for thlS ~op
sided'emphasis is that since the advent of the automoblle, trafflc 
safety has been on the minds of engineers and city planners much 
more than pedestrian security. Another reason is that project 
designers generally assume that if roadway specifications are met, 
then walkway specifications would automatically be satisfied. The 
assumption is not necessarily true. 

A second problem with existing street lighting standards is their 
reliance on the horizontal illumination as a key measure. It has been 
hypothesized that such characteristics as vertical illumination, color 
rendition, contrast and visibility--on both the walkway and the road
way--are more relevant to crime prevention than horizontal illumina
tion. In fact, recent experiments suggest that horizontal roadway 
illumination is a good predictor, neither of visibility nor of 
traffic safety [10,11]. Horizontal illumination has been popular 
primarily because it is easy both to design for and to measure. 

Finally, a third problem is inherent in the fact that the standards 
are primarily based on expert opinion rather than scientific research. 
However, as new scientific evidence becomes available, the standards 
are being updated. For example, the IES is planning to issue a re
vised set of standards sometime this year. Nevertheless, the existence 
of pedestrian walkway standards does not imply an understanding of 
how street lighting affects pedestrian security (i.e., crime) or the 
sense of security (i.e., fear of crime). On the contrary, as is dis
cussed in Section 4, none of the existing studies in street lighting 
has even begun to address this complex issue. It does not, however, 
mean that no standards should be promulgated just because an under
standing of the underlying theory is miSSing. In fact, if it can 
be assumed that street lighting affects crime, then pedestzoian
opiented standards should be determined, and they should be integrated 
with roadway-oriented standards. Sect"ion 6.1 argues that one can 
assume that street lighting affects the feazo of ozoime, so that the 
pertinent standards should be determined. Section 6.3 outlines a 
research activity that should provide the necessary information for 
such a determination. 

Heavy Reliance on Industry 

Industry (i.e., equipment manufacturers and utility companies) 
plays a pivotal role in the design of a street lighting system. 
Whatever the design may be, it is most likely based upon standards, 
such as those promulgated by the IES, which have been developed with 
industry support; it must use equipment that is readily available 
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. . 
. and stocked by manufacturers; and it must conform to the guidelines 
established by the local utility company. The willingness of manu
facturers and utility companies to invest research, development or 
inventory resources in, say, innovative, pedestrian-oriented hard
ware is, rightly, dependent upon the industry's perception of the 
potential market. Therefore, a heavy reliance on industry to provide 
objective guidance and support is not only infeasible but unrealistic 
in the Zong-run. 

Until recently, there has been little demand for pedestrian
oriented street lighting by municipalities. In fact, industry has 
been pushing for innovation. Considerable efforts have been made 
by representatives of manufacturing and utility companies to promote 
decisions in favor of increased and improved street lighting. These 
efforts include dissemination of statistics relating street lights 
to ,"educed crime and traffic accidents, and preparation of promo
tional material on the effectiveness of the high-pressure sodium 
lamp as a "crime-fighter" because of its distinct yellow color, which 
could be a warning to the users of the area. The emphasis on high
pressure sodium has, however, resulted in some adverse effects. In 
several high-crimt~ communities, the local residents welcomed improved 
lighting but were against the installation of high-pressure sodium; 
they did not want to be stigmatized as a high-crime community by the 
"yellow light." For the same reason, the Mayors of at least two 
cities--Newark and New Orleans--rejected street lighting designs 
which called for high-pressure sodium. 

Despite the innovative steps taken by industry, a mechanism is 
required for aggregating and focusing the still diffuse demand for 
pedestrian-oriented street lighting innovations. Since the public 
is the ultimate consumer of street lighting products, the represen
tation of the growing need for pedestrian-oriented lighting ought 
to be a public function. In the case of traffic safety,.the U.S. 
Department of Transportation (DOT) has promoted, guided and funded 
research directed at traffic safety. The expansion, either through 
interagency cooperation or a broadened mandate, of the DOT-sponsored 
research to include crime-related, pedestrian concerns would (a) pro
vide a mechanism for establishing a research agenda sensitive to 
the changing needs of the public in the areas of traffic safety and 
pedestrian security; (b) provide a rationale for public support of 
industrial laboratories and other private consultants in their conduct 
of studies and projects which further the research agenda; and (c) 
stimulate industry support of innovations by better defining the 
need for innovation. 

SYSTEM MEASUREMENT 

As stated earlier, the performance specifications reflect the 
desiped performance of the system--as identified in the project plan. 
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The aatuaZ performance must be measured. Unfortunately, most projects 
do not have measurements made after the street lighting system is 
installed. Whatever light measurements are made, are very minimal; 
and cost measurement data are also lacking in specificity. 

Light Measurements Are Minimal 

Interviews with municipal officials indicate that light measure
ments are rarely made, usually only in a test installation. One 
reason is that it is time-consuming and somewhat expensive to make 
the necessary measurements. For example, in order to compute average 
illumination or uniformity ratio, it is necessary to make horizontal 
illumination measurements every ten feet along the center of each 
lane of, say, a roadway, and to record the condition of lamps and 
luminaires, the pole mounting height, the spacing and arrangement, 
the interference of enviromental objects (e.g., foliage, fences, etc.), 
and the existence of extraneous light sources. It is therefore un
realistic to expect light measurements to be made unless the evaluation 
budget explicitly provides for them. 

Another reason for the paucity of light measurements is the lack 
of instrumentation. A somewhat surprising fact emerged from the 
telephone interviews: very few municipalities actually own standard 
light meters that are in working condition. Likewise, the utility 
companies lack instrumentation and are just as reticent ~bout 
making light measurements. 

An alternative to direct measurement is suggested by recent 
experiments and by an extension of the common practice of many cities: 
that is, relying on the system design specifications to derive other 
relevant light measures. In some detailed designs, it is possible to 
estimate the average horizontal illumination and uniformity ratio. 
Using the same principles, it is also possible to develop computer
based mathematical models that could predict the light measures of 
interest; these models must also be tested and calibrated with actual 
light measurements. Thus, a great deal of flexibility can be pre
served if the initial work on model development [12, 13] can be con
tinued and expanded. But the applicability of this work is dependent 
on the avaiZabiZity of detailed and complete descriptions of street 
lighting systems. 

Cost Measurements Are Lacking 

Project funds are used for many purposes, including system design, 
purchase and installation of equipment, leasing from a utility company, 
and purchase of electric power. Identifying the uses of project funds 
is not sufficient; cost measurements must not only include the cost 
figures but must also peZate them to system characteristics. Most 
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street lighting projects do not provide the necessary information to 
detenmine such cost measurements, in part because there are no 
standard 'measures for relating cost figures to system characteristics. 

A popular approach has been to define mea~ure~ which re1a~e to~a1 
annual cost to an appropriate unit of street 11ghtlng. The unlt Wh1Ch 
has been used in some recent studies [14, 15] is one mile of an 
equivalent arteriaZ system (i.e., a system covering only a single 
lineal street pattern, as opposed to one covering every street in a 
given area). The calculation of total annual cost, on the other.hand, 
requires (a) the specification of initial cost, if any, to the :lty,* 
(b) its conversion to an amortized annual cost based on assumptlons 
of the system's life span, the intere~t.rat: structure, an~ the value 
of capital recovery, and (c) the spec1flcatl0n of all ongo1ng :nergy, 
maintenance, and, if appropriate, leasing expenses. However, lf the 
system costs vary significantly over the life span of the sys~e~ (e.g., 
energy cost has been increasing at a very fast rate), the va11d1ty of 
a calculated annual cost becomes questionable, and gives rise to a 
need for a Zife-oyoZe cost measure, which is defined as the sum.of 
the present values of the antioipated annual costs over the ent1re 
life span of the system. 

As in the case of the light measurements, cost measurements oan 
also be derived using computer-based models, ppovided pertinent 
detailed data are collected. The models themselves are straight
forward to develop and program, once the desired cost measurements 
are identified. : 

I· 

2.3 RELATED ISSUES 

There are interactions between a street lighting system and its 
contiguous, larger environment which are re1evaryt t? a study of. . 
street lighting and crime. These interact~ons lnvo!ve street 1~ght1ng 
and its enepgy demand, its impact on certa.1n. ZegaZ lssues, and 1ts 
relationship with other enviponmen~aZcondltlons.and progra~s. Each 
one of these interactions may be vlewed as placlng oonstpa~nts o~ the 
design and operation of a street lighting syste~. These constra1~ts, 
in turn cannot be ignored when evaluating the lmpact of street llght
ing on ~rime. The energy, legal and environmental issues are con
sidered in more detail below. 

ENERGY ISSUES 

Since the energy shortage of 1-973-1974, virtually.ever-¥ ~yst:m 
which consumes energy has come under scrutiny for the ldentlflcatlon 

* In a utility-owned system, there may be no initial cost, or there 
may be a penalty charge for early tenmination of a lease. 
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of possible energy savings, and street lighting systems are no excep
tion. In fact, this scrutiny is probably as much related to the oon
spiouousness of street lights as to the amount of energy consumed, 
since the energy required to maintain street lighting systems con
stitute~ only 0.18 pepoent of the total energy consumed in the 
United States* [16]. 

The focus on street lighting as an area for energy conservation 
can provide an opportunity for "na tura1 experimentation" and has 
highlighted a need for a total systems approach to energy conservation. 

Opportunity for "Natura1 Experimentation" 

The question arises whether an energy conservation related re
duction in street lighting (i.e., a "brown-out") by a cOlTlllunity can 
provide an opportunity for retrospectively detenmining a change in 
the level of crime, attributable exclusively to the change in light 
level. In order for such a "natural experiment" to be successful, 
however, three questions would have to be answered: What is the 
duration of the experiment? Are there any concurrent,possibly 
energy-related, changes in such activities as police patrol? And 
are there any other energy-related changes in overall crime patterns? 

Study Sample interviews reveal that in cOll1!1unities wher: '~he 
street lighting level was reduced in the 1973-1974 energy crlS1S, 
police and citizens were especially sensitive to the poss~b~e public 
safety and security consequences. As a result, local offlcla1s 
tended to place street lights high on their list of priorities for 
restoration to earlier energy use patterns, causing street light 
curtailments to be brief and limiting the amount of available data. 
Additionally, the locations of street lighting reductions have mostly 
been in such places as freeways, where the incidence of crime is not 
prevalent. Future reductions in street lighting could be longer 
lasting, and thus meet the first requirement of a natural experiment. 

The second question, that of concurrent, possibly energy-related. 
changes in police patrol, is important in two respects. On the one 
hand, cutbacks in police patrols due to a shortage of available fuel 
could contribute to an increase in crime. On the other hand, some 
police departments may increase patrols in darkened areas. 

* An analysiS of U.S. energy consumption reveals that approximately 
75 percent of the energy is non-electrical in nature. Of the 25 percent 
electrical energy, 5 percent is required for lighting purposes. Howeve~, 
only 3.5 percent of all lighting energy goes to street lighting, resultlng 
in an energy consumption equal to 0.18 percent of all U.S. energy. 
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The third question;- that of energy-related ~hanges in overall 
crime patterns. arises out of the fact that some. previously law
abiding. individuals could be severely impacted, both economically 
and physically, by an energy shortage and violent crimes are one 
possible expression of the resulting frustration. Similarly, a 
sudden, total blackout could lead to uniQue circumstances which 
impair the integrity of a natural experiment. Eliminating elec
tricity entirely and abruptly is a massive intervention, affecting 
the basic structure of a community and interrupting both street 
lighting and other essential services, as well as comforts and 
conveniences, such as televisions and air conditioners. Thus, the 
July, 1977 blackout in New York City cannot be thought of as a 
natural exp~riment; the extended looting of neighborhood stores 
was not only a result of the opportunities occasioned by the 
sudden blackout, but, as Andrew Young, the U.S. Ambassador to 
the United Nations, said, also a result of the deep-seated frus
tration which plagues the poor. 

In summary, although it may be possible in the future to identify 
localities where crime trends during a period of reduced street 
lighting can be observed retrospectively in a natural experimentation 
sense, such an evaluation would have to take into account the duration 
and location of the experiment, the changes in police patrol, and the 
independent, energy-related changes in crime patterns. 

Need for a Total Systems Approach 

.... 

An examination of the responses of municipalities and the lighting 
industry to demands for street lighting energy conservation shows that 
the principal energy conservation approach has been to reduce illumina
tion by (a) turning out alternate bulbs; (b) turning out all (or some) 
bulbs after certain hours; (c) reducing wattage by rewiring or employing 
dimmer transformers; or (d) replacing highet'-wattage lamps. with lower
wattage lamps of the same type. More recently, the approach has been 
to increase source efficacy by replacing existing lamps with high
pressure sodium lamps, which, as shown in Exhibit 9, produces more lumens 
per watt than either mercury vapor or incandescent lamps, which are the 
two most widely used street lamps in the U.S. today. Resistance to this 
approach has, however, persisted, based on uncertainty as to the net 
economic benefit of conversion, coupled with objections to the color
rendering properties of high-pressure sodium and a perception of stigma 
associated with earlier use of this source in high-crime areas. Thus, 
a complex set of tradeoffs, both quantitative and subjective, is required 
for the design of cost-effective street lighting systems, involving 
many more parameters than the simple notion of source efficacy. What 
is needed, is a total systems approach to the design of street lighting 
systems that are at once ~nergy~ and cost-efficient. 
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Exhibit 9 

Relative Efficacies of Light Sources 

Theoretical Maximum 673 

Ideal white light 

Low-pressure sodium 

Light Source High-pressure sodium 

Source: [17] 

LEGAL ISSUES 

Fluorescent 

Mercury vapor 

Incandescent 

o 100 200 300 400 500 600 700 

Efficacy: Lumens per Watt 

The law is becoming increasingly involved in two areas of street 
lighting. First, the establishment of local building security ordinances, 
which extend the concept of building codes to include property owners' 
obligations to take basic security-oriented steps, including lighting, 
and, secondly, the possible civil liability of individuals or municipali
ties for damages incurred as a result of criminal activity following 
reductions in outdoor lighting. 

Building Security Ordinances 

Based on the premise that physical planning can reduce criminal 
opp~rtunity, some municipalities have introduced ordinances requiring 
deslgn or perfonmance standards to be met by property owners to facili
tate crime prevention. The LEAA has awarded funds through both its 
block action and discretionary grant programs for the design of secure 
public areas, and many of these awards include the drafting of model 
building security ordinances. 
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_. 
Within the Study Sample, five cities reported knowledge of ordin- , 

ances requiring private lighting: in four~ the ordinances cQvered 
parking lots; in three, building interiors (i.e., hallways, elevators 
and stairways) were covered; and in one, exterior lighting was required. 
Wherever local ordinances have an impact on the boundaries of the lighted 
environment, evaluations of street lighting and crime will have to take 
this into account. 

Possible Civil liability 

Municipal officials are sensitive to the possible crime-related 
liability of cities which curtail street lighting output. This sensi
tivity and sense of obligation have limited the application of energy
conserving illumination reductions in a number of cities. 

At the present time, no cases are known in which municipalities 
have actually been found guiZty of negligence for reducing street 
lighting, but a search of cases reveals several in. which a city or 
property owner may incur liability in other lighting-related situations. 
The City of Chicago Heights, Illinois, for example, was held liable 
for injuries sustained by a motorist at an intersection with an im
properly placed and glaring street light [13 ATlA News l. 111-12 (1970)]. 
In another case, the City of los Angeles was found liable for injuries 
sustained by a plaintiff who fell after the parking lot lights were 
suddenly extinguished [11 ATlA News l. 411 (1968)]. 

Private property owners have also been held liable for injuries 
and criminal attacks sustained by employees, church members, tenants 
and customers as a result of missing or defective lighting. In one 
of these cases, the widow of a police officer, who was killed while 
patrolling the rear of a store at which the owner had turned off the 
outside lights, successfully sued the store owner for negligence 
imperiling the safety of an invitee [Fancil vs. Q.S.E. Food, Inc. 311 
N.E. 2d 745 (Ill, App. 1974)]. Testimony in the trial of this case 
included an amici curiae (friends of the court) brief filed by the 
Americans for Effective law Enforcement, Inc., the Illinois Associa
tion of Chiefs of Police, and the Illinois Police Association. It 
is interesting to note that the brief cited two studies [18, 19] 
which concluded that street lighting improvements can reduce commercial 
burglaries and assaults. This situation underlines the need for 
accuracy and methodological rigor when reporting on the crime prevention 
effects of street lights. 

ENVIRONMENTAL ISSUES 

A street lighting project is part of a larger environment, and 
it must be viewed from this broader perspective. In the design of 
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a street lighting project, it is important to consider (a) the impact 
that the project would have on its environment; (b) the impact that 
other concurrent programs (i.e., law enforcement, physical, and 
social programs) would have on the project; and (c) the degree to 
which the project contributes to a broader synergistic program (i.e., 
the Crime Prevention Through Environmental Design--CPTED--program). 

Need to Assess Environmental Impact 

During the planning stage of a street lighting project, failure 
to consider its possible impact on the natural environment or on 
historically significant neighborhoods can lead to delays, lack of 
public support, design changes and/or cost inflation. 

One problem which has threatened to constrain street lighting 
designs is the potential harmful impact of street lighting on trees 
and shrubs. Experiments performed at the U.S. Department of Agricul
ture's Agricultural Research Center (ARC) in Beltsville, Maryland 
suggested that street lights can increase the growth rate of a plant, 
which in turn increases its susceptibility to air pollution, delays 
its onset of dormancy in autuml:1, and increases its likelihood of 
succumbing to early frosts [20, 21]. After the initial concern, sub
sequent analysis of field reports and clarifying remarks by the Belts
ville ARC have suggested that the effects are not harmful to mature 
trees and are generally less detrimental than other environmental 
hazards. Additionally, Study Sample interviews indicate that, ~lthough 
knowledge of this environmental problem is widespread, the cons:nsus 
is that the problem is not serious enough to deter the use of h1gh
pressure sodium lights. 

On the other hand, the need to consider the architectural charac'
ter of the surrounding neighborhood does not appear to be diminishing. 
The need is obvious in those neighborhoods which are formally designated 
as historical areas. Actual opposition to street lighting projects 
has developed only rarely, but when it has, the consequences have 
included litigation, delays, adverse publicity, cancellation of improve
ments in portions of the target area, and requirements to redesign. 

Need to Assess Concurrent Programs 

Of the 41 Study Sample projects, 29 reported the presence of con
current programs in law enforcement, physical improvements or social 
services, all of which could potentially affeat an evaluation of 
the impact of street lighting on crime. 

Seventeen projects took place with concurrent law enforcement 
efforts, which included lMPACT Cities programs, police patrol experiments, 
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citizens' crime prevention programs, and increases in the level of 
police patrol and drug enforcement. These efforts are of signifi
cance to street lighting and crime evaluations in three ways. First, 
and most obviously, other law enforcement efforts could directly re
duce the amount of crime. Second, they could change the ZeveZ of 
crime re~orting. Third, as detailed in the next subsection, there 
could be a synergistic effect, in which the combined effect of a 
street lighting project and another program, such as a law enforce-
ment program, is greater than the sum of the effects of each acting alone. 

Physical improvements, other than target area street lighting, were 
present in 18 projects, and included central business district revitali
zation, city-wide or adjacent area street lighting, urban renewal, dem
olition of buildings, housing construction or rehabilitation, tree 
pruning, street furnishings and signs, and Community Development projects. 
In many of these cases, the street lighting project was an integral part 
of a larger program, so that there also exists the possibility of a 
synergistic effect. 

finally, concurrent social service programs took place in eight 
projects, consisting mostly of employment, youth, Model Cities and 
Community Development programs. One of the impacts often claimed by 
these programs is a reduction in the motivation to commit crimes. 

Need to Assess Synergistic Effects 

The preceding sUbsection is not meant to imply that street lighting 
projects ought to be implemented in isolation from other crime-related 
efforts. In fact, the LEAA-supported, Crime Prevention Through Environ
mental Design (CPTED) program aims at preventing crime through a coordin
ation and focusing of a number of different efforts. 

In brief, the CPTED approach is based on the hypothesis that the 
proper design and effective use of the built environment can lead to 
a reduction in crime and fear, and, concomitantly, to an improvement in 
the qual ity of urban 1 ife [22]. Although the purpose of proper design 
of the built environm~nt is to indirectly elicit the desired human 
behavior pattern and the effective use of the built environment rep
resents a direct influence on human behavior, it is the combination 
of proper design and effective use that symbolizes the strength of 
the CPTED approach, leading to a synergistic outcome, where the com
bination is more effective than the sum of its parts. In terms of 
street lighting, it might be stated that improved street lighting 
alone (representing a design strategy) is ineffective against crime 
without the conscious and active support of both citizens (in report-
ing what they see) and police (in responding and conducting surveillance). 
In sum, CPTED encompasses those strategies--whether they be law enforce
ment, physical, or social in nature--that affect, either directly or 
indirectly, human behavior with respect to the built environment. 
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Although CPTED has not been proven to be an ~ffective crime pre
vention approach, the CPTED process is a powerful tool for conceptual
izing and implementing environmental interventions to attain desired 
goals. As with any systematic approach, the usefulness of individual 
applications (e.g., street lighting), depends on the goal statement 
and on hbw carefully tradeoffs are made between conflicting goals. 

Since street lighting is a key element in the CPTED approach, an 
evaluation of the impact of street lighting on crime will also Sig
nificantly enhance the CPTED state of knowledge. The technical prob
lem of evaluating street lighting as a part of a broader synergistic 
program is considered in Section 3.1. 
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3 PHASE I EVALUATION Fr~MEWORK 

An NEP Phase I evaluation is an assessment of past and on-going 
projects in a defined topic area; in this respect, it is a muZti
project evaluation. The Phase I or multi-project' evaluation frame
work a~d the single project evaluation design that are outlined in 
this section and Section 5, respectively, can be regarded as two 
steps in the evaluation process. 

As illustrated in Exhibit 10, an understanding of both the 
evaluation issues--see the discussion tn Section 3.l--and the 
evaluation guidelines--see, for example references [23, 24]--pro
vides general guidance in the planning and monitoring of evaluation 
activities. In terms of both single project and multi-project 
evaluations, the required steps are the same. First, a f~ework 
is developed to provide specific guidance in the design of evalua
tion; that is, the framework is a focussed approach ~/hich insures 
the reLevanc( ;)f the evaluation results, especially to practitioners 
and policy-makers. In this section, a dYnamic roLL-back approach is 
proposed. Second, the evaluation design is an application of the 
respective framework to a project, in the single project case, and 
to a topic area, in the multi-project case. Third, the identifica
tion of an exemplary application of the evaluation design would en
hance the widespread use of it, since potential users would be pro
vided wfth a modeL example of how to undertake specific evaluations. 
The model evaluations could be identified and promulgated in much 
the same way as the LEAA is currently identifying and promulgating 
"exemplary projects." The fourth and final step is to conduct a 
number of single project evaluations which would provide a uniform 
and comparabLe set of findings; these findings would, in turn, pro
vide a basis for the multi-project evaluations, resulting in a 
broad assessment of the effectiveness of the topic area projects. 
It should be noted that, as experience is gained at any given step, 
feedback can take place to refine the previous steps; this is also 
indicated in Exhibit 10. In sum, Exhibit 10 identifies a process 
whereby the results of evaluation would be significant, pertinent 
and policy relevant. Indeed, if the process had been followed for 
the last decade, the NEP Phase I efforts would have been easier to 
undertake. 

What is not clearly indicated in Exhibit 10, is the relation
ship between the single project and the multi-project evaluation 
steps. In general, it could be stated that at each st~p the single 
project consideration is subsumed under the multi-project considera~ 
tiona Thus, for example, the single project evaluation framework 
is shown in Exhibit 11 to be a part of the multi-project evaluation 
framework. 

Exhibit 11 also details the subject matter of this section: 
the single project and multi-project evaluation frameworks are con
sidered in Sections 3.2 and 3.3, respectively. First, however, 
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Evaluation Process 

Evaluation Issues And Guidelines 
To Provide Guidance In The Planning And Monitoring Of Evaluation Activities 

Single Project ~, Multi-Project ~ 

I. 
Single Project Evaluation Framework 
To Provide Guidance In The Design 

Of Single Project Evaluations 

~ t 
Single Project Evaluation Design 
To Provide An Application Of The 

Framework To A Project 
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Single Project Evaluation Model 
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Multi-Project Evaluation Framework 
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Multi-Project Evaluation Design 
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Multi-Project Evaluation Model 

To Provide An Exemplary Evaluation 
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Exhibit 11 
Evaluation Frameworks: A Dynamic Roll-Back Approach 

Evaluation Issues 

• Are the existing 
evaluation measures 
adequate? 

• Are the existing 
analytic techniques 
adequate? 

• What are possible 
methodological 
problems? 

• Is the proposed eva 1-
uation design coct
effective? 

Multi-Project Evaluation Framework 

Single Project Evaluation Framework 

Evaluation Components 

• Which are the test luJpothe
aes? 

• What is the randomisationl 
control s<!heme? 

• What is the measures frame
LIOrk in tenns of the w.plana
tory {1.e., input and process 
and impact (i.e., attitude, 
behavior, and crime) measures? 

• What are the meallurement 
methods? 

~ • What are the analytic tech
niques? 

• What are the data f!ollection 
(i.e., records, surveys, 
and bbservations), data pro
cp,ssing (i.e., verification 
and analyses)and impact 
ana'lysis (Le., results and 
interpretations) procedures? 

_______ .. [ya,!uation Requi~.!!~.s_. ___ .. _. __ 

• What is the project rationale (i.e., objectives. hy
potheses, and assumptions)? 

• Who has project responsibility (I.e., principal par
ticipants and participant roles)? 

• What is the nature of project funding (i.e., sources 
and uses)? 

• What are the project con8t~ints (I.e., technological, 
political, environmental, legal and cost/energy)? 

• What is the content of the project plan (i.e., per
formance specifications, system design, and target 
area)? 

• What is the nature of project installation (Le., 
design verification and installation cost)? 

• What is the nature of project operation (i.e •• sYltem 
output, system maintenance, and operating cost)? 

• Are there any concurrent ~rograms (i.e., law enforce
ment, physical and social)? 

• What are the anticipated 6valuatio'l findings? 

~- - -- --- -- -- --. - t-- -- -
• Are the project data 

uniro"",? 

~----------------

• What is the project typology? 

-----.------------------~ 

- --
• 00 projects belong to defined topic area? 
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some pertinent evalu~tion issues are discussed. 

3.1 EVALUATION ISSUES 

like the street lighting issues in Section 2, the evaluation 
issues' help to set the study of street lighting and crime in proper 
perspeative. It is against this perspective that Section 6.1 
assesses the current state of knowledge. 

The answers to the five issue-related questions in Exhibit 11 
are stated and elaborated on in the next five subsections, respec
tively. 

EXISTING EVALUATION MEASURES 

. The existing evaluation m~asures are inadequate. At the present 
tlme, the explanatory measures characterizing light and the impact 
measures characterizing attitude, behavior, and crime are all inade
quately defined, so that the evaluations, including street liohting 
evaluations, which are based on one or more of these measures~can be 
expeated to be somewhat inadequate. Indeed, some evaluations recog
nize the weaknesses in the existing evaluation measures. 

Light Measures Are Inadeguate 

The standard light measures discussed in Appendix B of the Final 
Report are, of course, well-defined indicators of a street lighting 
system's performance, even though, as stated in Section 2.2, light 
measurements are seldom made. It is not clear, however, which light 
measures should be recorded for the purpose of relating light to 
crime. Horizontal illumination level, taken at enough points on the 
road and sidewalk surfaces, provides a means of comparing system per
formance with the I~S standards. Yet, a number of experts have sug
gested that other llght measures--such as vertir.al illumination, 
color rendition, contrast, glare, and road surface luminance--may be 
more relevant to street lighting evaluations than horizontal illumi
nation. 

In sum, there has been no extensive research aimed at defining 
tilOS~ attribu~es of light which contribute to an individual's per
ce~tlon of crlme or fear. The street lighting and crime evaluations 
WhlCh have been undertaken and which are reviewed in Section 4, have 
treated the subject matter Dn a macroscopic level and. moreover, 
have been based on such nondescript light measures as "relit" and 
II non-relit. " In Section 6.3, it is recolJIJJended that a research 
activit~ be undertaken to address the relationship between light and 
perceptlon of personal security; ~his microscopic level of research 
parallels current efforts in visibility analysis which has found in
creasing utility in the study of traffic safety [25, 26]. 
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Attitude Measures Are ·Inadeguate 

In terms of impact, street lighting may be justified as much 
for causing a reduction in the fear of crime as for reducing crime 
itself. Additionally, attitudinal changes brought about by street 
lighting can also cause changes in crime incidence. Unfortunately, 
attitude'measures in general. and fear measures in particular, are 
in need of better definition. testing and refinement. 

The National Crime Panel of the LEAA has attempted to include 
measures of the fear of crime in its victimization surveys, but the 
results have never been published, owing to the Panel's lack of con
fidence in their validity. The problem stems from the inability to 
ask the fear question in an explicit manner: "fear" is a tenn that 
brings out different feelings in different persons. The alternative 
approach has been to,use various proxies for the fear of crime, such 
as how the respondent perceives the change in light quantity or 
quality. The problem, however, remains since there is still a need 
to relate the proxy measures to fear itself. 

Behavior Measures Are Inadequate 

Measures characterizing behavior include respondent1s reported 
use of the streets at night and level of nighttime business activity. 
Like attitude measures, behavior measures require further definition, 
testing and refinement. However, behavior measures are easier to 
define than attitude measures, since the former set of measures re
flect explicit actions rather than implicit attitudinal feelings. 
It is, of course, difficult at times to delineate between an atti
tude or a behavior, especially since one could impact or cause the 
other. 

The impact of an intervention, especially a mechanical inter
vention like street lighting, on criminal behavior is very difficult 
to ascertain. The intervention could either deter the potential 
criminal or offender from committing a crime altogether or cause a 
crime displacement. It has been hypothesized [27] that crime can 
be displaced in five ways: temporal (e.g., from night to day), 
territorial (e.g., from relit area to non-relit area), tactical 
(e.g., from no use of force to use of force), target (e.g., from 
a drugstore to a school), and crime type (e.g., from robbery to 
burglary). Except for some analysis on temporal and territorial 
displacements of crime, the understanding of crime displacement is 
very minimal. Actually, perhaps the only valid method to ascertain 
crime displacement is to conduct an intensive and exhaustive Offender 
interview program, including a sample of offenders who have never 
been incarcerated. Additionally, in the case of street lighting, it 
would be necessary to have specific environmental references for the 
interviewees to react to; that is, color slides of different night 
street environments may be required. This interviewing technique 
has been used in a study of residential crime [28]. 
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Crime Measures Are Inadeguate 

Existing crime measures are defined by the-Uniform Crime Report 
(UCR) , which is published yearly by the Federal Bureau of Investiga
tion (FBI). In essence, the FBI UCR classification of crime is based 
on LegaZ definitions. From a research viewpoint, this method of 
classifying crime is lacking and not sensitive to the causal factors 
that contribute to the incidence of crime. For example, a more causal
oriented, classification method might categorize all crimes by motive 
(e.g., money, jealousy, etc.), locale of occurrence (e.g., on-street, 
off-street), time of occurrence (e.g., night, day), and character of 
the neighborhood (e.g., slum, run-down, good, etc.). It is obvious 
that when crimes are classified on a causal-oriented basis and col
lected in the same manner, the search for solutions to crime problems 
can be more readily accomplished. 

There are two arguments against adopting such a method. First, 
the causal factors of crime are not definitively known. Nevertheless, 
enough is known so that a more causal-oriented classification method 
can be established; the method could be refined as the causes of 
crime are better understood. Second, the amount of detail would 
make the data collection effort unmanageable. Undoubtedly, more 
data would have to be collected, but with current computer-based 
data processing techniques, the job would not be unmanageable. It 
is therefore suggested that intensive research be conducted to 
establish a problem-relevant, classification scheme of crime. The 
benefits appear to be worth the effort required. 

A second problem with the UCR crime measures is that they only 
reflect those crimes which are reported to the police. Recent vic
timization surveys conducted by the National Crime Panel have con
firmed what has long been speculated: a good fraction of crimes 
in cities are not reported to police departments. The surveys 
suggest that a major reason citizens don't call the police is a 
feeling of hopelessness that anything can be done to catch the 
offender. It seems plausible that if relighting enables victims 
to better recognize their attackers, they would be capable of pro
viding better descriptions to authorities; thus, they might feel 
a call to the police is less likely to be a waste of time. Less 
tangibly, the very existence of a relighting project provides evi
dence that "somebody cares," which might in turn reduce the cyni
cism and hostility to authority that might otherwise thwart reports 
of crimes. This consideration might be particularly important in 
high-crime ghetto areas, which are often the first recipients of 
new street lighting. The net effect of these speculations is the 
suggestion that crime reporting rates may tend to go up in relit 
areas. Hence, an artificial increase in reported crime might occur, 
which would falsely work against the hypothesis that relighting can 
-reduce crime; this presents a major problem in any study of street 
lighting and crime. 

What can be done about the problem? There is no easy solution. 
By definition one does not know which citizens have not reported 
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crimes against them. _Victimization surveys, which ask respondents 
whether they were victimized by crimes they didn't report. can be 
helpful, but they require sample sizes of several thousand and are 
quite costly. Perhaps additional infonmation could be obtained ,f some 
lighting experiments were coord~nated w~th the victimization survey pro
gram being conducted by the Nat10nal Cr1me Panel. It should be noted, 
however; that a victimization survey of residents in a relit area 
is not sufficient, since street crimes occur quite often to those 
who are transients in the area. Finally, it should be recognized 
that a lighting induced, reporting rate change is important not only 
in connection with crime levels, but with arrest levels too, for 
crimes that are difficult to solve, which would earlier have been 
unknown to police, might be reported after relighting. 

EXISTING ANALYTIC TECHNIQUES 

The difficulties inherent in an evaluation of an experiment or 
program that is condu~ted i~ the real w?rld are w~ll kryown. ~arious 
analytic techniques--lncludlng regresslon analysls, tlme serles 
analysis, and before/after analysis--have been applied to "discern" 
the impact of a particular intervention; there are weaknesses in. 
each technique. Section 5.3 considers some of these weaknesses ln 
the context of street lighting evaluations. 

The potential synergistic effect of street lighting compined 
with one or more other interventions is even more difficult to 
evaluate. The classical method is to "control" for the number of 
interventions by having every intervention occur in a different 
target area, every combination of two interventions occur in a dif
ferent target area, every combination of three occur in a different 
target area, and so forth. Thus, if there are t interventions, then 
a total of (2t-1) target areas are required, plus another area for 
control of other possible intervening variables. It is obvious that 
the number of target and. control areas required for a large syner
gistic program, like the Crime Prevention Throu~h Envi~onmen~al 
Design (CPTED) program, would be unman~geable, If.not lmpos~1ble.to 
define. Therefore, new analytic technlqu~s, or hl~herto un'den~1-. 
fied use of existing techniques, are requlred to dlscern synerglstlc 
effects. Although the on-going evaluation of several CPTED programs 
should shed light on this issue, Section 6.3 recommends a research 
activity to be undertaken to i~entify and.tes~ analytic ~echniques 
which can be effectively used 1n street llght,ng evaluat10ns. 

POSSIBLE METHODOLOGICAL PROBLEMS 

As stated in the street lighting issues discussion in Section 2, 
several possible methodological problems can be ar.t~cipated in a~ . 
evaluation of street lighting and crime. In comparlng these antlcl
pated problems with those a~tu~lly observ~d in the various evaluation 
studies (see Section 4.2), ,t 1S interestlng to note that many more 
methodological problems are present in the evaluations. Although 
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some of the problems can be attributed to the difficulties en
countered in carrying dut an evaluation, most of the problems re
flect a general naivete about how to design and conduct an evalua
tion. As discussed in Section 4.2, the observed problems are: 
research design is lacking; explanatory measures are lacking; im
pact measures are lacking; and analytic techniques are misused. 
It is hypothesized that if a model evaluation study was available 
as a guide, most of the observed methodological problems would not 
have occurred and the available evaluation findings would be more 
concLusive and significant. 

PROPOSED EVALUATION DESIGN 

The question of whether an evaluation design is cost-effective 
cannot be answered simply. It depends on which step--in the process 
that is identified in Exhibit 10--the eva.luation is being pursued; 
that is, a first evaluation in the topic area should be costly since 
it involves pioneering efforts, while an evaluation that is modelled 
after another can be undertaken at minimal cost. Thus, it is not 
surprising that the 1974 Kansas City preventive patrol experiment 
cost more to evaluate than to conduct. 

The cost-effectiveness of an evaluation is also dependent on 
other factors, including the relevance of the topic area, the need 
to collect data that are not readily available, and the anticipated 
usefulness of the evaluation findings. In any evaluation, there is 
always room to trade between cost and technical sophistication. 
Although many programs, especially LEAA-funded programs, allocate 
a fixed percentage--typically, three to five percent--of the total 
program budget to evaluation, it is recommended that each case be 
considered on its own merits. 

PROJECT DATA UNIFORMITY 

In a multi-project evaluation, it is of course important to 
have uniform data among the different projects. Section 2.1, how
ever, discusses how the nature of project responsibility and the 
funding requirements make it very difficult to acquire data that 
are consistent and uniform. It is for this reason that no elabo
rate Phase I or multi-project evaluation can be carried out at 
this time, using the data contained in the available evaluation 
studies. For example, the fact that most projects refer to a 
target area simply as a "relit ll area presents a difficulty in inter
project comparisons, since one project's relit area couLd be equiv
alent to another project's non-relit area. 

Again, a modeZ evaluation would allow projects to collect and 
maintain comparable data, in accordance with the design's measures 
framework requirements. Section 5.1 outlines such a measures frame
work. 
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3.2 SINGLE PROJECT EVALUATION .. 
A general single project evaluation framework is identified in 

Exhibit 11; it is essentially composed of three sets of interroga
tories which must be addressed before a single project evaluation 
design can be developed. In fact, in accordance with the evaluation 
proces~ in Exhibit 10, the design contained in Section 5 is a de
tailing or appLication of the framework to the street lighting and 
crime topic area. Inasmuch as the elements of the framework are 
detailed in Section 5, this section concentrates on the approach 
taken by the framework. 

As indicated in Exhibit 11, the framework is based on a d,ynamic 
roLL-back approach. The roll-back dimension is apparent from the 
ordered sequence of steps indicated: the sequence II roll s backll in 
time from a) a projected consideration of the total project (i.e., 
from its rationale through its operation), the concurrent programs, 
and the anticipated end products of the evaluation; to b) a broad 
identification of the research deSign, the data collection and pro
cessing procedures, and the impact analysis; and to c) a systematic 
review of the evaluation issues, which are discussed in the previous 
section, Section 3.1. Thus, the first step is a forward look at the 
total project and the end products while the third and last step is 
a neaP-te~ look at those issues which may constrain the evaluation. 
The "dynamic ll aspect of the approach refers to its non-stationaZ']j 
character; that is, the e1ements of the framework must constantly 
be refined, throughout the entire d~ve10pment and implementation 
phases of the single project evaluation design that is derived from 
the framework. 

The dynamic roll-back approach is a means of focussing an 
evaluation design, so that it is purposeful and policy relevant. 
In projecting what will happen, the approach helps to identify prob
lems or pitfalls that could hinder the evaluation. Additionally, 
the systemic nature of the approach assures its coverage of all per
tinent evaluation requirements, components and issues. Finally, the 
robustness of the approach can be demonstrated by applying it to 
other NEP Phase I topic areas. The application to street lighting 
and crime is documented in Section 5. 

3.3 MULTI-PROJECT EVALUATION 

The multi-project evaluation framework is, as identified in 
Exhibit 11. essentially the single project evaluation framework 
together with an additional evaluation requirement, an additional 
evaluation component, and an additional evaluation issue, which is 
discussed in Section 3.1. 

The additional evaluation requirement is simply that all pro
jects should belong to the defined topic area. Actually. this re
quirement may not be as easy to satisfy as one might expect. Sec
tion 2, for example, relates the difficulty of defining a street 
lighting project. 
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The additional ev,luation component is that of a project . 
typoZogy. A typology .. ·,is,.", multi-dimensional matrix that categ~r1Zes 
the various projects in the topi,c area into groups, each of WhlCh 
contain "similar" projects. Similar projects refer to those pro
jects that have common input or background elements. For example, 
street lighting projects that are implemented in ~ommer~ial ~reas 
may not'De similar to those that are implemented 1ft resldentlal 
areas. Each dimension of the matrix can b~ though~ of as a bac~
ground variable, such as land use, populatl0n, soclal d~ograph~c 
characteristic, lamp type, etc. It is obvious that, glven a f1xed 
number of projects, a large typology matrix implies a small number 
of projects within each matrix cell. On.the other hand! a small 
typology matrix could result in an inval1d research deslgn. 

Because of the small number of available evaluation studies. 
in street lighting and crime an~ the fa~t that the.data are lacklng 
in both reliability and uniformlty, it 1S not poss1ble to conduct 
a Phase 1 or multi-project evaluation at this time. Thu~, the n~xt 
section, Section 4, summarizes the results of l~ evaluatlon studles, 
~thout attempting to perform a Phase 1 evaluatlon. 
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. .. 
4 STREET LIGHTING EVALUATIONS 

There has been a proliferation of articles and reports claiming 
that str~et lighting reduces crime. On closer examination, much of 
the supporting evidence behind these claims is based on the untested 
opinions of police chiefs, criminal justice administrators and urban 
planner~. For example, a 1960 magazine article by Murray [29] is 
often c1ted in reports attempting to show the positive impact of 
street lighting on crime, since the article states that street light
ing projects in over a dozen U.S. cities have decreased the number of 
incidents in one or more crime categories, including murder, rape, 
rob~ery, assault, burglary, auto thefts and vandalism. Most of Murray's 
c1~lms are, however, based on the opinions of the cities' police 
ch1efs, and no references are made to any studies or data sources ex
cept in the cases of New York City and Gary, Indiana. 

In a later (1962) magazine article, Callender [30] gives a similar 
report, citing several of the claims made earlier by Murray. Former 
F.B:I. Director J. Edgar ~oover claimed in a 1963 article [31], and 
~galn later i~ a 1970 artlc1e [32], that it was a faat that street light-
1ng.deters.c~lme. He went on to say that "in a survey of some 1300 
pollce offlcla1s, 85 percent reported a drop in local crime rates. 1I 

Hoover did not, however, point out the fact that the response rate 
of the survey was less than 10 percent, resulting in a possibly large 
but unknown bias [33]. ' 

Beginning in 1965, a series of three studies was conducted for 
the Education and Public Welfare Division of the Legislative Reference 
Service of the Library of Congress, entitled liThe Impact of Street 
Lighting on Crime and Traffic Accidentsll [34, 35, 36], Although the 
studies give a good review of the subject matter, the first two cite 
the same often-quoted statistics and opinions described above, and 
the authors only mention the positive statistics and opinions. Yet 
t~ese studies have been used by congressmen and senators in connection 
wlth debates over bills designed to fund street lighting projects [37]. 

In contrast to the above-mentioned positive claims, other reviews 
of street lighting and crime have emphasized the caution required in 
interpreting these claims. Two of these, the reports of the National 
Advisory Commission on Criminal Justice Standards and Goals [38] and 
the President's Commission on Law Enforcement and Administration of 
Justice [39], have already been cited in Section 1. 

It is, of course, the purpose of this study to critically analyze 
~he Y~r~ous.claim~ .. In accordance ~ith the sample selection process 
ldentlf1ed 1n Exhlb1t 4, an Eva1uatlon Sample of projects was identified 
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as the basis for such a~ analysis. Background information on the 
Evaluation Sample projects is contained in Exhib1t 12. Given the 
fact that the projects had to have a crime-related focus, it is not 
surprising to see that the majority of projects are funded by 
the LEAA. 

The remainder of this section concentrates on the Evaluation 
Sample projects. However, because there are only 15 projects in the 
sample, and because the project data are non-uniform, a formaZ 
Phase I or multi-project evaluation cannot be conducted at this 
time. Nevertheless. a systematic analysis of individual project 
evaluations is undertaken; each project is analyzed in terms of 
the components of the single project evaluation design that is 
identified in Exhibit 15 and discussed in Section 5. More specifi
cally, Section 4.1 describes and highlights key aspects of the 
projects' research designs; Section 4.2 identifies the methodological 
problems which pervade the project evaluations; and Section 4.3 
critically assesses the crime-related impact results. 

Again, as in Section 2, no elaborate statistical analysis is 
attempted in this section; the small sample size precludes the 
need for such an analysis. However, a detailed and critical analysis 
of the project evaluations is contained in this section, so that 
future street lighting evaluations can profit from the analysis. 

4.1 RESEARCH DESIGNS 

The research design of a project is the pLan by which the project 
is to be evaluated. Ideally, the research design should be developed 
in coordination with the project development, ppiop to the project's 
implementation. The ideal was realized in only a few of the Evaluation 
Sample projects. 

Each component of the research design (i.e., test hypotheses, ran
domization/control scheme, measures framework, measurement methods, 
and analytic techniques) is discussed in this section. The discussion 
is based on the contents of Exhibit 13, and it serves to provide a 
basis for interpreting the methodological problems and impact results 
that are addressed in Sections 4.2 and 4.3, respectively. 

TEST HYPOTHESES 

The Evaluation Sample does not contain a rich set of alternative 
test hypotheses regarding the impact of street lighting on crime. 
Given the qualitative and incomplete nature of the. projects' objectives, 
this observation is not surprising. In fact. most of the Evaluation 
Sample reports do not even state explicit test hypotheses; many of the 
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ExMbit 12 

St!:.~t!i~t Lighting Projects: Evaluation Sample 

Target ArN(sj 
l1gllt 

ctty Project Fundin~ Source 
Dltes l Soun:e taM Use Size Type 1 Evaluator~ Crime-Related Objectives 

1. Atlanta, GA 1973- LEAA, Central 14 b'ocks HPS Impact Program • Reduce night Part I crimes, each by 
1974 Local Business 5-15% within one year 

2. Baltimore, MD 1973- LEM, Hot AVllil- n.a. HPS CJCC · Hot stated 
1974 Local able (n.a.) 

3. Chicago, IL 1974- Local Citywide 3000 miles HPS Po1fce • Reduce citywide crime 
1975 Department 

4. Dl!nver, CO 1975- LEM, Residenli:fal, 2.39 square HPS CJCC • Reduce citizens' fear of crime 
1976 Local COl1vnercial, miles · Increase night pedestrian activity 

Schools • Increase night rape, robbery, assault, 
burglary clearance rate, each by 10% 

· Reduce night rape, robbery, assault, 
burglary, each by 25-50% 

5. Harrtsburg, PA 1975- LEAA, Residential, 30 blocks HPS Police · Reduce citizens' fear of crillll! 
1976 Local Conmercfal Department • Reduce robbery, assault, burglary, auto 

theft, each by 5-20% 

6. Kansas C'tl, MO 1971- Local Cl!ntral 500 blocks IfPS, Consultant · Reduce crime 
1972 Business ."'V 

Residential, 
Conmercial 

7. "'IIIIIi. FL 1972- Local Citywide 34 square Hf'5 Publ ic Works • Not stated 
1977 miles Department 

8. Mtlwaukee, WI 19?2 LEAA. Residential 3.5 mtles HPS CJCC · Reduce crime 
Local • Increase police capability to detect 

crime 

9. Newark. NJ 1973- lEM. ReSidential, n.lI. MY Impact Program · Reduce target area murder, rape, robbery, 
1974 local Conmercfal assault and burglary, each by 7.5% 

· 
within Olle year 
Reduce citywide murder. rape, robbery, 
assault and burglary, each by 1.6% 
wi thin one year 

ICalendar years during which planning and fnstallaHon activites were supposed to have taken placa. 
IlEM! law6nforcementAssistance Administration; HUO: U.S. Department of Housing and Urban Development. 
3Fl: fluorescent; HPS: high-pressure sod·llIlI1; LPS: low~pressure sodium; HH: metal halide; HV: mercury vapor. 
~CJCC: Criminal Justice Coordinating Council; SPA: State Planning Agency, 

,llIIPIIct 
Measures 

Crillll! 

Attitudes, 
Behavior, 
Crime 
Crillll! 

Attitudes, 
Crillle '0 

Attitudes, 
Behavior. 
Crime 

Crime 

Crilll! 

Attitudes, 
Behavior. 
Crime 

Cdllll! 
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Target Arell(s) City Project Fund1n9 
illites Source land Use S1ze 

10. New Orleans, LA lS73- LEAII, Residential 170 bloclcs 
1975 Local 

11. Norfolk, VA 1972- HUD Res f dentfal 11.5 square 
1974 miles 

12. PorUand, OR 1972- LEAII, Residentfal 315 blocks 
1973 Local 

13. Rfchlllnd, VA 1972- tEAll, Resfdentfal, n.a. 
1973 Local Con:wnercf al 

14. Tucson, AZ 1971 LEAII, Residential 5.8 square 
Local miles 

15. Washfngton, DC 1970 '. U.S. Resfdentfal 113 blocks 
Congress COlIIIII!rcfal 

/ 

I 
t~ 
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Exhibit 12 
(page 2 of 2) 

~!~~e 
Type Evaluator' 

MY CJCC 

MY Consultant 

MY SPA, 
Consultant 

HPS, Consultant 
MY 

MY Model Cfty 
Agency 

"P5 Traffic 
Engineering 
Department 

Crfme-Related ObJectfYes 

• Reduce nfght assault, burglary and auto 
theft 

• ProMOte sense of securfty 
• Invfte nfght street use 

• Reduce stranger-ta-stranger 
street crhlles 

' Reduce bur9lary 

• Reduce Part I cr'Mes, each by 51 per 
year for two years 

• Increase clt.zens· feeling of safety 

• Reduce crtllle 
• Return the streets to the people 

-I , 

-
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.' IlIIPIct 

Mi!asures 

Crfllll! 

Attftudes. 
Behavfor 

Attf tudes , 
Crlllll! 

Crhll! 

Attf tudes , 
CriMe 

Crfme 
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Exhibit 13 

Evaluation Sample: Research Designs 

--
Randomization/ Heasures Framework Measurement Analytic 

..ill.L Test Hypotheses CO'ltro 1 Scheme Input Process Imp.act Hethods Techniques 
I 

Atlanta. GIl 0 Increased street light- 0 Control area: sur- 0 Not well 0 Not well 0 Crime: reported night/ o Not stated 0 Before/after COM-
tng reduces crime rounding census defined defined day Part I crime parison; x2 test 

0 Increased street I ight- tract, excluding Before/after, tar-
fng displaces night target area get/control area 
crime to adjacent areas comparisons; x' 
and to daytime test 

8altfmre, MIl o "'at stated o Not stated o Not well o Not well 0 Attitude: residents' o Attitude: 15% Tabulation of 
defined defined reported change in sample of -target post-street 

perceived crime rate area residences, lighting survey 
and feeling of safety 3 mnths after data 

0 Behavior: residents' Installation 
0 Before/after com-

reported change in completed parison of crime 
own night street use data 

o Crime: reported 

I 
night/day street 
robbery, residential 
robbery and rape 

Chicago, IL o Not stated o Target Area: city 0 Not well 0 Not well o Crime: reported night o Hot stated 0 Before/after com-
defined defined Incidence of each pari son 

crime 

()(!nver, CO . Increased street light- 0 Control areas: ad- o Not well 0 Not well 0 Attitude: residents' o Attitude and 0 Tabulation of 
fng reduces fear of crime jacent area and defined defined reported change in beha" lor: randOOl post-street 

0 Increased street llght- city (excluding except for except for feeling of safety sample of target 11 ghti ng survey 
target and adjacent envlron- concurrent area residences data Ing increases night area) mental con- law en-

0 Behavior: residents' (sample size = street use stralnts, forcement reported changes In 118; response o Before/after, tar-
o Increased street llght- performance programs own night street use rate not stated) get/contro 1 area 

Ing increases police speciflca- and "eport I ng of crime cOlltjJari sons of 
Crime: reported night 

0 CriMe: Machine- crime dr.ta; t-effectiveness tions, and 0 

readable test 
o Increased street light- target area rape, robbery, reported crime 

Ing reduces crime assault. and burglary data 

Harrisburg. PA 0 Increased street llght- 0 Control greas: ad- o Not well Not well 0 Attitude: residents', 0 Attitude and Tabulation of 
lng reduces fear of jacent area and defined defined small business owners behavior: sample post-street 
crime ci ty (excl udlng except for and foot patrolmen's size of resi- lighting survey 

target and adjacent system preference for new dents Is 25, of data 
area) design lind street lighting and business owners, Before/lifter, tar-target area reported change In g, and of foot get/control area feeling of safety patrolmen, 16 compa r hons of 

0 Behavior: foot pa- (100% response), crime data Resident and trolmen's reported business owner change I n own sampling method effectiveness and response 
0 .. Crime: reported rate not stated 

night r~bbery, as-
~ault, burglary and I auto theft 

J 
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tlh Test H1IIOtheses 
Randolllization/ 
Control Schelle 

Kans.s Ctty. NO • Increased street Ilght- • T.rget .nd control 
Ing reduces crl~ areas: stratified 

• Increased street llght- saMples of relit. 
Ing reduces night non-r~llt blocks. 

respective'y street crl~: In relit 
blocks IIDre thin In 
non-relit blockS; to 
different degrees In 
resident III and c~ 
~rcfal blocks; and to 
different degrees for 
residential and c~-
~rlcnl burglary tar-
gets 

• Increased street light-
I~g displaces some 
night street crlllll! 

Mla.l. Fl · Itot stated · T.rget Irea: cen-
tral busl~~~s dls-
trlct and arljacent 

" reSidential area 
(1.8 square .lles) 

• Control area: cfty 

"flIMukee. III • Increased street Ilght- • Control arel: 
Ing reduces nIght crlllll! adjacent area 

• Increased street lfght-
Ing displaces nIght 
crlllll! to adjlcent 
areas and to daytfllll! 

..... 
Newark. NJ • Increased street llght-

Ing reduces night crime 
• Control area: city 

." 
.. 

o o () 

Exhibit 13 

(pelge 2 of 4) 

Measures Fra~rk 
InDut Process IlIIDIct 

• Not well · Not well • Crl~: reported 
defined defined night/day. street/ 
except for except for non-street robbery. 
systew de- systl!lll ~ssauJt. burglary. 
sign and output auto tfi@ft and lar-
target area ceny 

• Not 1ft!1' • Hot well · Cdllll!: reported 
defined defined night Part I crlllll! 
except for 
perfo"",nce 
speclflca-
tfons and 
systelll 
design 

• Not well · Itotwetl • AttItude: residents' 
defined defined and patrolmen's pref-
excl!pt for except for erence for new street 
funding design llghtfng; Ind re. 
source and veri flca- ported changes In 
target Irel tion fep.llng of slfety Ind 

In perceived crlllll!. 
• Behavior: residents' 

reported change In 
own night street use. 
Patrolmen's reported 
change In own effec-
tlvenp!s 

· Crimp: reported night 
crimp . 

· Hot well · Hot well • Behavior (police ef-
deft ned defined fectlveness): n~r 

except for of arrests and clear-
design ance rate for each 
verlflca- Part I crime 
tlon Ind Cr IIIII!: u'eported tota I concurrent and nl9ht. Indoor Ind law en-
forcement outdoor Part I crimes 
program 

~=-""'.~,.."..","---------------~----.--.----

,,"surellent 
Methods 

• Mlchlne-re.d-
.ble. reported 
crl~ data, geo-
caded by block 

• Field ~.sure-
~nt of horlzon-
til t1 h.'nltlon 
Ind uniforlllfty. 
using s~cl.I'y-
designed vehicle 
IIIOIInted record-
Ing photOMeters. 
Flnll IlIIpact 
IlIIlyses do not 
_de use of 
IIII!lISurl!lllt!llts 

• Itot stated 

• Attftude: s."",le 
of resldento; 
(sl"",)e silt; • 
294; response 
rite· 421) Ind 
of polfce patrol-
lien (sa"",le size 
.. 16; respoilse 
rite· lOO'l.) 

• Not stilted 

Allllyttc 
Technlwt!S 

• Before/.fter. 
t.rget/control, 
street/non-street. 
resldentl.l/co--
~rclal lrel co--
pari sons; Kt test 

· Before/lifter, 
target/control 
area c~rlsons 

• TobullUon of 
post-street 
"ghUng sur'ey 
dltll 

• llefor'@/Ifter, 
tlrget/contro' 
lrea COllllllrhons 
of crlllll! data 

• Before/during/ 
Ifter, t,rget/ 
control area 
cCllllParlsons 
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City 

r'A 
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New Orleans, 

Norfolk, VA 

Portland, OR 

LA 

o o 

RandOllllzation/ 
Test Hypotheses Control Scheme 

• Increased street ilght- • Control areas: two 
Ing reduces night crime adjacent areas and 

c tty (exc1 udi ng 
target area) 

• Street lighting systems. Test subjects con-
with relatively higher sisted of a randOlll 
uniformity, lower 11- sample of resl-
lumlnatlon, fewer shad- dents; they were 
ows and lower color randomly exposed 
temperature result In to t'-"!i€i: and con-
test subjects' higher t~i environments 
overall rating, sense 
of security and wlll-
ingness to use streets 
at night 

• Increased street Ifght- • Control areas: 
ing reduces night rob- areas adjacent to 
bery, assault and bur- target areas (I.e., 
glary, relatfve to COlll- "displacement" 
parable areas wfthout areas); and areas 
increased lighting adjacent to "dls-

• Increased street light- placement" areas 
Ing displaces sOle 
night robbery, assault 
and burglary 

. , 

o o 

Exhibit 13 

(page 3 of 4) 

() 

Measures Framework 
Input Process Impact 

. Not well · Not well • Crime: reported night 
defined defined business burglary, 
except for except for assault and auto 
funding design theft 
source and veriffca-
target area tion 

o Not well • Not well · Attitude: test sub-
defined defined jects' overall rating 
except for except for of brightness, glare, 
envlronmen- design warmth, uniformity, 
tal con- veri flca- color rendition, ap-
straints, lion and proprlateness and 
perfonnance system des i rabil tty 
specfffca- output • Behavior: test sub-tlons, sys- jects' reported fre-tem design, quency, purpose and and target tactics of own night area street use 

. Hot well • Not well • Attitude: resfdents' 
defined defined awareness of street 
except for except for lfghtfng f"crease, 
system fnstalla- perception of "how 
design and tlon cost well lighted" target 
target area Is; and reported 
area changes In feeling of 

safety 
• Crime: reported night 

robbery, assault and 
burglary 

Measurement 
Methods 

• Machlne-read-
able, reported 
crlllll! data, 
verified against 
mnually col-
lected data 

• RandOl sa~le of 
res Idents of 
target area and 
a non-adjacent 
control area to 
be test subjects 
(salllple size = 
125; response 
rate· 311) 

• Horizontal illu-
.. ination was 
lIII!asured at 10-
foot intervals 
along roadway 
and sidewalk I 

center lines 

• RandOlll sample of 
residents of 
target area and 
other areas of 
SHSA (target 
area sample size 
• 350; other 
s.mple sizes Ind 
response rates 
not stated) 

Analytic 
Techniques 

· Before/after, 
target/control 
area COMparisons; 
interrupt t filii! 
series 

• Target/control 
are. COMparison 
of s~ Input, 
process and 
impact lIII!asures 

• IlIIpIct IIII!lIISures 
regressed on col-
lected Input and 
process lIII!asures; 
MUltiple regres-
slon 

• Tabulatfon of 
post-street 
1f gilt I ng survey 
data 

• Target/control 
area cOlllparfson 
of assocfltions 
between street 
lighting attitudes 

• Before/lfter. 
target/control 
area comparisons 
of crfMe data 

· Two-way (before/ 
after: target/ 
control area) 
analysfs of criMe 
data varfance. 

U1 
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Randomization! 
Cfty Test Hypotheses Control Scheme 

Ridmund. VA • Hot stated • Hot stated 

Tucson. AZ • Hot stated • Control area: a 
purtfon of tlle 
street lighting 
area was randomly 
selected for late 
Installation of 
street 1ights 
(I.e •• after com-
pJetton of attitude 
surveys) 

·~H 

• Target area: the 
balance of the 
street lighting 
area 

washington, QC • Increased street llght- · Hot stated 
Ing reduces night crfme 

1·_ 
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Exhibit 13 

(page 4 of 4) 

Measures Framework 
Input Process Impact 

• Not we11 • Hot wen • Crime: reported 
defined defined residentlal/non-
except for except for residential burglary 
system design 
design and verffica-
target area tfon. in-

sta11atiun 
cost and 
concurrent 
law en-
forcement 
program 

• Hot well • Hot we11 • Attitude: residents' 
defined defined feeling of safety. 
except for except for · Crime: reported Part funding COllcurrellt I crime sources and law en-
system (orcement. 
design physical 

and social 
programs 

• Not well · Hot weB • Crime: reported night 
defined defined robbery. residential 
except fur except for burglary. auto theft 
target operating and vandalism 
area cost 

Measurement Analytic 
Methods Techniques 

• Hot stated • Before/after 
cOlllp4rtson 

'. 

• AttitUde: randoM • Before/after. tal"-
sa~le of target get/Control area 
and control area comparisons of 
residents. survey resu Its 
before and after · TIM!! series anal1-target area In- sis of criMe dati stal1atton (to- (enUre street tal sample size Ilghttng area) • "several hund-
red"; response 
rate not stated) 

, 

• Not stated • Before/after 
cOlflllarison 

, .;.'" 
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- . 
hypotheses listed in Exhibit 13 are constructed from statements that 
appear to imply their existence. 

In contrast to the other projects, the Kansas City ~nd New Or
leans projects give the most consideration to the def-inition of 
test hypotheses as the starting point of a res~5rch design. In 
the Kansas City case, a detailed set of resea~ch questions is given, 
the answers to which are intended to yield the expected impacts 
of street lighting. On the other hand, the New Orleans project 
analyzes the target crimes involved in the test hypotheses. The 
project observes that, although these target crimes (i.e., business 
burglary, assault and auto theft) are the ones most likely to be 
reduced, none is a "pure" nighttime crime, so that an explicit 
hypothesis would be limited and, therefore, not warranted. 

RANDOMIZATION/CONTROL SCHEME 

As noted in Section 5.2, it is not possible for a public service 
like street lighting to be randomly assigned to target areas in a 
manner consistent with a classical research design. Nevertheless, 
one project did randomize the areas which 'received early and late 
lighting installations. On the other hand, all, except four, of 
the projects identified one or more control areas. 

Randomization 

In one project--Tucson--the area selected for alley lighting was 
divided into sub-areas which were randomly scheduled for early and 
late lighting installation. On the assumption that the alley lighting 
area was itself homogeneous, this procedure created a target (i.e., 
early installation) area and a control (i.e., late installation) area. 

Although limited to a short time period--most likely too short for 
the discernment of crime impacts--the Tucson randomization technique 
could be used in other social experimentation settings. 

Control 

Two approaches to the identification of control areas appear in 
the Evaluation Sample. The first, and most prevalent, approach con
sists either of using the entire city as a control area or of select
ing a group of city blocks adjacent to the street lighting target 
area, usually chosen for convenience in collecting reported crime 
data. Typically, no effort is made to explain why adjacent areas 
are selected other than stating the assumption that adjacent areas 
are expected to be similar in all respects to the target area, except 
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for relighting. The danger in using adjacent areas as control is 
that these could be the same areas to which crime is displaced from 
the target area! 

In the second approach, used only by Kansas City, individual 
blocks of'both a large relit area and the rest of the city are 
sampled on a stratified, random basis, resulting in sets of relit 
(i.e., target area) and non-relit (i.e., control area) blocks which 
are "matched" according to socio-economic indicators. 

It is interesting to note that the New Orleans project admitted 
that it was difficult to match areas simuZtaneousZy for crime levels 
and social indicators. Similar difficulties can be observed in the 
Kansas City and Portland control areas, although these difficulties 
are not explicitly alluded to in the project reports. 

MEASURES FRAMEWORK 

The measures framework provides a means of relating the explana
tory (i.e., input and process) measures and impact measures. As is 
stated in Section 5.1, all the input and process measures should be 
identified since anyone or combination of them could cause or ex
plain an impact result. Unfortunately, the Evaluation Sample projects 
lack specificity in their identification of input, process and 
impact measures.* 

Input Measures 

For the most part, the input measures included in the Evaluation 
Sample projects consist only of measures characterizing the project 
plan (i.e., performance specifications, system design and target 
area). A comparison with the recommended measures framework in 
Exhibit 15 highlights the multitude of other possible input measures 
that are generally missing in the Evaluation Sample. The only ex
ceptions are two projects--Denver and Norfolk--which describe environ
mental constraints in narrative form, and several projects which 
identify the sources of funds. 

When provided at all, information on performance specifications 
is incomplete, usually stating average horizontal illumination for 
a typical roadway--rather than a walkway--surface. Only Miami gives 
a complete performance speCification, identifying it as a slightly 
mOdified IES specification. 

System design measures usually consist of identification of the 
light source type and/or wattage. Other details, such as information 

* Reported impacts based on these measures are discussed in Section 4.3. 
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on the luminaires, mounting equipment and electrical system are lack
ing, and virtually no information is provided on the system designs 
which were replaced by the street lighting projects. 

Finally, when target area information is given, it tends to con
sist of area boundaries and size, and an overall land use indicator 
(i.e., residential, commercial, etc.), sometimes supplemented by a 
set of social indicators (e.g., racial character, age distribution, 
population density, income distribution, etc.). However, two other 
potentially important target area measures are completely lacking: 
the procedures and criteria for selecting the target area; and informa
tion on environmental conditions relevant to the potential ability 
of the street lighting system to prevent crime. 

Process Measures 

Apart from a few projects reporting on design verification {i.e., 
changes in or confirmation of project schedule, system design, and 
target area}, the only other process measures reported on are those of 
system output and concurrent law enforcement programs. 

In terms of system output, only two projects--Kansas City and 
Norfolk--include actual light measures. Both projects determined 
average horizontal illumination and uniformity on the roadway. 
Norfolk, in addition, measured vertical illumination, and obtained 
sidewalk as well as roadway data. In the Portland project, the sur
vey interviewers counted the number of street lights visible from the 
front entrance of each respondent's house, and their number is used 
in the study as a proxy for light output. In none of the other projects 
are light measures made--only the dichotomy, relit/non-relit, is employed. 

Finally, concurrent law enforcement programs are noted in narra
tive form in only a few evaluations (i.e., Denver, Newark, Richmond 
and Tucson). However, no quantitative information (e.g., on changes 
in tactics or patrol level) is given. Interestingly, in a number of 
other cities where concurrent law enforcement programs are known to 
have taken place (i.e., Atlanta, Baltimore, Kansas City, New Orleans 
and Portland), not even qualitative infonnati on is gi ven. Whil e 
other concurrent physical and social programs could have affected 
crime or other impact measu.res, only one eva 1 uation--Tucson--descri bes 
these programs in any detail. The methodological problems created 
b.y these shortcomings are reviewed in Section 4.2. 

Impact Measures 

Street lighting impact measures include measures of attitude, 
behavior and crime, and all three types are mentioned in the 
Evaluation Sample. 

-- --~ --.--------- ---
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Attitude 

Among measures of attitude, the most common are citizens' or 
police officers' reported changes in feelings of safety and/or 
related attitudes. The typical survey question is, "Since the 
addition_~f the new street lights, do you generally feel safer, 
the same, or not as safe?1I 

In a more detailed approach to ascertaining attitude, used only 
by Norfolk, semantic differential ratings of various attitudes 
regarding the street lighting project or its surrounding environment 
are obtained. Semantic differential ratings focus on the absolute 
magnitude of attitudes at a single point in time, rather than relying 
on reported changes in attitude. This procedure facilitates direct 
comparisons of attitudes at different points in time, or concerning 
different environments. 

Behavior 

As with attitude measures, the behavioral measures used in the 
Evaluation Sample include self-reported changes in behavior. In 
addition, the number of arrests and clearance rate are used in one 
project--Newark--as indicators of pol ice patrol effecti veness. 

The typical question asked to determine target area residents' 
reported change in behavior is, "Have the new street lights per
mitted you to go out more during the evening than you had before?1I 
Foot patrolmen were asked such questions as "Has the efficiency 
of your patrol been increased because of this type of lighting?lI, 
IIHas the new lighting assisted you in apprehending any criminals 
or suspects?1I and "Does the new street 1 i ghting improve your abil ity 
to assist an officer in trouble?1I All of the above questions provided 
for yes/no answers and none probes for details as to how the street 
lights support the behavior in question. 

Again, the Norfolk project has more detailed behavior questions. 
The frequency of night street use is asked for a variety of activi
ties (e.g.» going to and from parked cars, taking a walk alone for 
pleasure, walking to a nearby store, etc.). In addition, a series 
of open-ended questions probes for the factors and conditions which 
limit and encourage the respondents' night street use. 

Crime 

As might be expected, every project in the Evaluation Sample 
uses reported crime as the measurement of crime level. Reported 
crime was usually obtained for night crime only, although several , . 
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p~ojects.give night and'd~y incid~nce and a few give only the total 
(l.e., nlght and day comblned) crlme. The target crimes for which 
data were obtained are generally the Part I crimes of robbery, 
assault, burglary, auto theft and larceny. A few projects include 
murder and rape and, occasionally, other classifications are employed 
(e.g., Index/Non-Index crimes and crimes against person/crimes against 
property). Breakdowns for street/non-street location and, in the 
case of burglary, residential/commercial are made infrequently. Only 
the Kansas City evaluation provides data broken down in all of the 
ab~ve ways. One pr~ject--Newark--gives number of complaints as a 
crlme measure, but lt does not define the measure clearly and little 
use is made of it in the analysis. 

MEASUREMENT METHODS 

The methods or procedures to measure the input, process and impact 
measures are usually not well defined in the Evaluation Sample. 

Input Measurement 

No input measurement methods are identified in the Evaluation Sample. 

Process Measurement 

Two projects--Kansas City and Norfolk--identify light output 
measurements. K~nsas City used a continuously recording light meter, 
mounted on a vehlc1e, to measure the horizontal illumination at the 
center of the roadway. The average value for each of 1200 sample 
blocks was hand-calculated and coded onto the data file. Unfortunate
ly, the final Kansas City evaluation did not make use of this data 
base--one reason was that the light measurements were not reliable. 

In Norfolk, the distance between street lights was divided into 
ten-foot intervals and horizontal and vertical illumination measure
ments were made at these intervals, along each sidewalk and the ',. 
center of e~ch d~iving lane. Results were plotted on maps which also 
sh~wed ~he loc~tl0n and exte~t of tree foliage. Average values and 
unlformlty ratlos are also llsted on the maps. 

Impact Measurements 

While the selection of street light target areas has rarely been 
made on the basis of random selection, the same is not true for test 
subjects whose attitudes are to be measured. In the Norfolk evaluation, 
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. 
a sample of test subjects* was randomly assigned ~o walk or drive 
through different combinations of 19 target and control area environ
ments. After walking or driving through a given set of environments, 
test subjects' attitudes toward the environments were measured in 
a second interview. The Norfolk evaluation is unique among evaluations 
addressing attitude or behavior measures in that it directly compares 
attitudes about a target area with those about a control area. The 
evaluation itself points out that the genera1izabi1ity of its findings 
is limited by the specific nature of the environments tested and by 
the population chosen to be test subjects. 

Except for the Norfolk project, measurement methods for attitudes 
and behavior are rarely given in detail. While sample sizes are 
usually stated, sampling rates and response rates are not. Available 
information on resident surveys indicates sample sizes ranging from 
25 to 350. The only two response rates quoted are Norfolk's (31 
percent) and Milwaukee's (42 percent). 

Similarly, descriptions of measurement methocis for reported crime 
are largely absent. A few projects report the data sources to be 
computer tapes or printouts and two of them--Kansas City and New 
Or1eans--report checking machine-readable data by hand for errors and 
inconsistencies. The context of most projects implies that the reported 
crime data are simply tabulated from monthly Uniform Crime Report (UCR) 
fOllis, fcr~the reporting districts corresponding to the target or --
control areas. 

ANALYTIC TECHNIQUES 

The analytic techniques used by the Evaluation Sample projects 
are before/after analysis, regression analysis and time series 
analysis. 

Before/After Analysis 

This most widely used of the three techniques indicated above 
is most conveniently described in terms of three categories: tabula
tion of post-street lighting survey data, simple (i.e., before/ 
after) comparisons, and controlled (i.e., before/after, target/control 
area) comparisons. 

Because of the questions of reported changes in attitude, tabu
lation of post-street lighting survey data constitutes an impZicit 

* Test subjects consisted of randomly selected residents from 
two neighborhoods: the target area and an area which resembled the 
target area .poth physically and in terms of social, economic and 
demographic characteristics. 
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before/after comparison 'in every attitude and behavior evaluation, 
except in the case of Norfolk, which, as noted earlier, used semantic 
differential ratings. 

The expl icit before/after comparisons are, with the exception of 
Tucson's'attitude study, all performed on reported crime data. The 
majority employ straightforward comparisons of before/after, target/ 
control area data; Baltimore, Chicago, Richmond and Washington, D.C. 
did not have control areas. " 

"Before" periods range in number and duration from a single 
period of 139 days (Chicago) to four one-year periods (New Orleans). 
"After" periods range from a single 139-day period (Chicago) to 
two one-year periods (New Orleans). If anything were to be call~d 
typical, it might be several one-year "before" periods and a single 
one-year "after" period. 

The Kansas City evaluation provides the most detailed set of 
comparisons. Utilizing the ability of the data to be refined fur
ther into street/non-street, day/night and residential/commercial 

. categories, an elaborate series of comparisons is performed both 
within the target area and between the target and control areas. 

Only two studies--Kansas City and Portland--analyze crime dis
placement and both do so within the context of before/after, target/ 
control area comparisons. The Kansas City evaluators note that their 
analysis of territorial displacement is somewhat limited, inasmuch 
as the displacement blocks are selected based upon logic rather than 
actual knowledge from an offender interview program. 

Tests of significance are performed only by four projects--At
lanta, Denver, Kansas City and Portland--and include the chi-square 
test, the t-test and the analysis of variance. There are, however, 
some problems with the application of these tests, as discussed in 
Section 4.2. 

Regression Analysis 

This technique is only used in the Norfolk evaluation. Here 
the dependent variables are various test subject attitudes about 
target and control environments. The independent variables include: 
other test subject ratings of the lighting and overall environment; 
and objective measures of system output (i.e., average horizontal 
illumination and uniformity ratio on the roadway and the sidewalks). 
Separate analyses are performed for pedestrian ratings of residential 
and arterial streets, and for driver ratings of all street types. 
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Time Series Analysis 

Time series analysis is reported in the New Orleans and Tucson 
evaluations. Only the fonner describes its time series techniques 
exp1 i cit,l,¥. 

In the New Orleans evaluation, for each target crime and for 
each target and control area, an interrupted time series, together 
with a step-wise regression/correlation analysis, ;s performed on 
data consisting of 50 one-month II before II intervals and 29 one-month 
"after" intervals. The analysis results in a set of correlation 
coefficients whose relative signs and magnitudes are expected to be
have in a certain way if there is crime reduction in the target area, 
relative to the control areas. 

4.2 METHODOLOGICAL PROBLEMS 

Although there is no universal agreement on the definition of 
the term "evaluation," the one by Suchman clearly states all the 
major required dimensions. According to Suchman, evaluation is [40J: 

The process of detennining the value or amount 
of success in achieving a predetermined objective. 
It includes at least the following steps: formu
lation of the objective, identification of the 
proper criteria to be used in measuring success, 
determination and explanation of the degree of 
success, and recommendation for further program 
activity. 

It is clear from a comparison of this inc"iusive definition with the 
research designs described in Section 4.1 that most of the Evaluation 
Sample studies fail to fall into the category of true evaluations. 

In this section the implications of the Evaluation Sample's short-
comings, in both research design and evaluation conduct, are discussed 
in greater detail, as background to the discussion and interpretation 
of the limited, and often contradictory, impact results presented in 
Section 4.3. 

The first methodological problem is, of course, that research 
design is lacking. There are, additionally, three other problems 
associated with specific elements of the research design: explana
tory measures are lacking; impact measures are lacking; and analytic 
techniques are misused, 
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. 
RESEARCH DESIGN IS LACKING 

In each of the five elements of research design, the Evaluation 
Sample projects exhibit major problems which limit the valid~t~ of 
their reported impact results: test hypotheses are not speclflc; 
randomiza~ion/control schemes are inappropriate; measures frameworks 
are incomplete; measurement methods are not explicitly stated and 
analytic techniques are not clearly defined. All of these problems 
are obvious from the discussion in Section 4.1. 

EXPLANATORY MEASURES ARE LACKING 

In this subsection, two shortcomings in the explanatory measures 
are highlighted. First, explicit light ~ea~ures are not av~ilable. 
Second, detailed input and process descrlptlons are not aval1able. 

Explicit Light Measures Are Not Available 

As noted in Section 2.2, the conventional light measurements 
(i.e., horizontal illumination and uniformity ~atio~ ar~ rarely made. 
In fact, in the only case--Kansas City--where 111umlnatlon was mea
sured over the entire target and control areas, the resultant data 
were not used in the evaluation. Only one evaluation--Norfolk--ex
plicitly measured and used light data, and in this case measures 
were required only for a small number of target and control area 
blocks. 

The Evaluation Sample projects provide a good illustration of 
how the use of a relit/non-relit dichotomy, as a substitute for ex
plicit light measures, obscures both before/after and target/control 
area comparisons. Moreover,.it is almos~ im~ossib~e to perform 
inter-project comparisons, Slnce one proJect s rel1t area couZd be 
equivalent to another project's non-relit area. 

As discussed in Section 2.2, it is conceivable that actual 
field measurements of light output might not even be neede~ if avail
able system descriptions are sufficiently complete to p~rmlt calcula
tion of pertinent light measures. However, t~e ~valuat~o~ ~ample . 
projects do not provide adequate system descrlptl?nS, 11mltln~ thelr 
information, for the most part, to the type and Slze of the 11ght source. 

Detailed Input and Process Descriptions Are Not· Available 

The problem just discussed is an important example of a.much 
larger problem. Because detailed input and process descrip~10ns 
are not available, it is not possible either to expZain a s1ngle 
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project's impact, or non-impact, or to intepppet the overall signi
ficance of the sometimes conflicting results reported by the Evalua
tion Sample. Although some of the evaluations give general descrip
tions of concurrent programs, none is detailed enough to permit 
identification of their direct impact or their possible synergistic 
interactions with street lighting. 

IMPACT MEASURES ARE LACKING 

As in the case of the explanatory measures, the impact measures 
are also lacking. More specifically, the attitude and behavior 
measures are problematic, and the crime measures are inappropriate. 

Attitude and Behavior Measures Are Problematic 

In perusing the questionnaires that are included in the evalua
tions which undertook attitude and behavior surveys, some typical 
survey research problems are evident. Some questions are unclear, 
while others are leadi~g or biased. Additionally, in the case of 
street lights where there are physical elements involved, some re
sponses may be biased by the respondents' attitude to the aesthetic 
properties of the lights. Thus, a respondent who likes the street 

'lights may intentionally give positive answers to all questions re
garding the lights' effectiveness. 

The use, in Newark, of arrest level and clearance rate as mea
sures of police patrol effectiveness is, for several reasons, an un
satisfactory measure of street lighting impact. First, these measures 
are highly dependent on other factors, such as police pat~o~ methods, 
police investigative procedures and police management decls10ns. 
Second, Newark uses the total figures for these measures, which com
bine the night and day statistics. 

Crime Measures Are Inappropriate 

The Kansas City evaluation found the night/day and street/non
street breakdowns, and their combinations, to be useful in its analysis 
of crime. Unfortunately, the majority of the evaluations do not have 
similar breakdowns. Certainly, the use of J total crime statistic, 
without breaking it down by crime type, night/day and street/non-street 
categories, is inappropriate, at best. This problem is actually a 
refl~ction of the inadequacy of the research design, which, as shown 
in Exhibit 13, usually states a test' hypothesis in terms of "reduced 
crime," without further detailing the nature of the crime. 
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ANALYTIC TECHNIQUES ARE ~ISUSED 

In this subsection, the primary analytic technique employed by 
the Evaluation Sample (i.e., before/after analysis) is reviewed from 
a critical perspective to identify certain methodological problems 
which undermine the significance of some of the impact results. 
Analytic-techniques are also discussed in Section 5.3, but there the 
perspective is more prescriptive, focusing on ways of avoiding the 
pitfalls that are identified in this subsection. In the present dis
cussion, the problems addressed include the fact that statistical 
significance tests of reported impacts are minimal and the determina
tion that statistical analyses are sometimes invalidated by unwar
ranted stability assumptions. 

Statistical Significance Tests Are Minimal 

In many of the Evaluation Sample projects--Baltimore, Chicago, 
Harrisburg, Miami, Milwaukee, Newark, Richmond and Washington, D.C.-
the impact results are presented without any analysis of their statis
tical significance. 

Among studies of attitude and behavior--except for Norfolk and 
Portland--tabulation of survey results is made without even stating 
the confidence interval within which the results are reliable esti
mates of the true values. 

Statistical significance tests are also not performed in. those 
evaluations which address crime impacts. If these tests were per
formed one might hypothesize that several of the inconsistent im
pact results ~hat are discussed in Section 4.3 would not be present. 

Statistical Analyses Are Sometimes Invalid 

Most of the statistical analyses that are invalid are caused by 
unwarranted stability assumptions. As an illustration, an analYSis 
in the Kansas City evaluation is critically reviewed. In this evalua
tion, a chi-square test was applied to some simple before/after compari
sons and to a series of before/after, target/control area comparisons. 
In the first step of the analysis, comparisons were made within the 
t~rget area using data from a baseline period (i.e., two comparable 
n1ne-month periods before the relighting) and a test period (i.e., two 
one-year periods just before and just after the relighting). In these 
comparisons, the night street robbery in the target area increased by 
34 percent (i.e., from 35 to 47) in the baseline period, while it de
creased by 52 percent (i.e., from 67 to 32) in the test period. In 
the second step of the analYSis, Kansas City compared the target and 
control areas on a before/after basis, using test period data. Thus, 
following relighting, the night street robbery in the target area 
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decreased bY 52 percent'" (i e fr . ' 
area it decreased only 17 p·e~~entom(1.67 tOf 32), while in the control 

.e., rom 89 to 74). 
It should be noted that th b . 

take into consideration th e a ?ve-deScr1bed analYSis does not 
exist in-the data points eA~~de:1Yl~~ random fluctuations which may 
both the target and cont~ol arum1ng at the s~me fluctuation affects 
comparison purposes would be t~:s~a~·mor~ m:ahn1ngful statistic for 
the target area to that in b 10 0 ~lg t street robberies in 
the statistic, it is seen th~~h ~~~lta~get a~~ co~trol ,areas, Using· 
test period), the target area" oW1ng ~e 19ht1ng (l.e., during the 
deed decrease (i.e., from 67/(~7!~~)e ~~ ~~9ht street robbery did in-
30 percent). However, an equally si' 'f' pe~cent, to ~2/(32+74), or 
35/(35+91), or 28 percent to 47/(47;n1 1cant ~ncrease (l.e" from 
area's share occurred during the bas r~)' or ~3 percent) in the target 
street lighting intervention Th' e 1ne per1od, when there was no 
also present in the analyses 'of s~~ aPi~rent regress!on artifact is 
Kansas City has reported signif' ~ 0 er ta:get.cr1~s for which 
over, the above analyses also ~a~. st~~et llght1ng lmpacts. More
target and control areas which s ~onl e comparability of the 

were se ected for the study. 

4.3 IMPACT RESULTS 

Based on the foregOing' ". f 
gical problems a critical reV1ew 0 research designs and methodolo-
Evaluation Sample is undert:~!~s~~e~~.of th~.reported i~pacts of the 
made as to the current stat 1S sec lon, and a Judgment is 
s~reet lighting on crime. ~o~: ~~~w~~~gel~egarding the impact of 
Slons are noted. First, there a Cl lca .y,.thr~e general conclu
increases in street lighting th~efstron~ 1n~lca~10ns that, following 
there is Some indication that ear 0 c~lme ls.reduced. Second, 
of safety are higher in those'n~~~to;~er ~hlng~ belng-equal, feelings 
more uniform lighting levels Th' d ree env1~onments which have 
inconclUSive. . 1r, reported lmpacts on crime are 

These conc 1 us i o'ns mus t of co b '. 
they are primarily' based on'the lSu?ei ~.accsePted wlth.cautlOn since 
as noted in Sections 4 1 a d va ua l?n ample proJects, which, 
and methodological prOblem~ 4i~'f~a~e ~ons1derable research design 
themselves do not summarize' their o~' ln ~ev~ral cases! th~ projects 
the reader to interpret what sometim cone ~slons, leavlng 1t up to 
les~, Exhibit 14 attempts to summar~~ a~~un s to raw. data. Neverthe-
the1r reported statistical s' " e e reporte~ lmpacts and 
tion considers the attitude l~~~:~~ance'd Th~ re~alnder ?f this sec-
detail. ,lor an crlme lmpacts In more 
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Exhibit 14 

Evaluation Sample: neported Impacts 

#:" Reported Impacts I Attributed to Street lighting Stathtfcal Stgnlffcaoce II" Results 
City Attitude Behavior Crime Reported Significance Methodological Probl ens 2 

Atlanta, GA • Not luldressed • Not addressed • Reported night Part I · Not significant (lack • RD. EM, AT 
crimes increased in of significance attrib-
target and control uted to small data base I 

area 

". · No change in ratio of 
night to total Part I 
crime 

Ba1tilllDre, HI) • 661 of residents "feel · 141 of residents "go • Reported night street • Not stated • RD, EM, 1M, AT 
safer" out at night" more robbery increased by 

often 441 in one Yl!ar 
• Reported rape decreased 

by 211 in one year 
• Reported residential 

burglary increased 
(time of day not 
stated) 

Chicago, IL • Not addressed • Not addressed • Reported citywide night • Not stated • RD, EM, AT 
Index crime decreased 
2.71 in one year; re-

" ., ported night Non-Index ., 
crime decreased 12.21 
in one year 

Denver, CO • 431 of residents were · Of residents aware of · Reported night violent • Attitude and Behavior: • EM, 1M, AT 
unaware of "additional" street lighting im- Part I cri~ decreased not stated 

-street lighting provement, 181 by 11.81 in 10 months · Crime: not significant 
• Of residents aware of "observed crime in (lack of significance 

street lighting im- progress .•. (and) re- attributed to small 
provement, over 671 ported to the police", data base) and 181 "walk in neigh-"feel I11Jch safer" borhood at night" more 

often 

Harrisburg, PA • Residents and foot • Foot patrolmen reported · No Impact on reported • Not stated • RD, EM. 1M, AT 
patro'ffien "feel safer" street lighting to be night robbery, assault, 

• Business owners felt an "effective aid In burglary or auto theft 
their establishments their performance" 
were "IIIDre secure" 

• Residents and business 
owners preferred New 
street lights (i.e., 
high-pressure sodium) 
to old (i.e., mercury 
vllpor) 

IUnless otherwise stated, the r!ported impacts refer to target area Impacts on a before/after comparison basis. 

2RD: research design Is lacking; EM: explanatory Measures lire lllcklng; 1M: impllct ~asures are lllcklng; AT: IInalytic techniques are Misused. These 
problems are dl~cussed in Section 4.3. 
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City 
Kansas City, MO 

Miami, Fl 

Ml1waukee, 111 

Newark, NJ 

New Orleans 

Exhibit 14 
(page 2 of 3) 

Reported Inpacts l Attributed to Street lighting 
Attitude 
• Not addressed 

• Not addressed 

• 821 of residents 
"feel safer" 

• 711 of residents per
ceived decrease In 
crime 

• 901 of residents were 
"generally satfsfied" 

• Not addressed 

• Not addressed 

Behavior 
• Not addressed 

• Not a..:ldressed 

• 521 of residents "go 
out more" at night 

• 88% of police report 
"patrol more efficient" 

• 441 of police report 
lights "assist In 
apprehending" 

• Part I crime arrests 
Increased by 9BI and 
Part I crime clear
ance rate increased 
by 241 In one year 

• Not addressed 

Crime 
• Reported night street 

robbery and assault 
were decreased by 521 
and 411, respectively 

• No impact on reported 
night street c~lmes 
against property-
burglary, larceny and 
auto theft 

• From If, to If I of 
"prevented" night 
street robberies were 
displaced to adjacent 
nonrelft blocks 

• Reported night crimes 
against person de
creased twice as much 
in target area as in 
entire city, in one 
year 

• No impact on reported 
night crimes against 
property 

• No impact on reported 
night crimes against 
person 

• Reported auto theft 
increased one ye!r 
after relighting 

• Other reported crimes 
against property de
creased 

• Reported Part I crime 
decreased by 201 in 
one year in target 
area, compared with a 
citywide Increase of 
141 

No Impact on reported 
night business burglary 
assault or auto theft 

( ) 

Statistical Significance of Results 
Reported SI9nificance Methodolo~ical Proble.s 2 

• Significant at .05 • RD, EH, 'AT 
level 

• Not significant at .10 
level 

• Not stated 

• Not stated 

• Not stated 

• Attitude: not stated 
• Crime: "not conclusive" 

(attributed to s~ll 
data base) 

• Not explicitly stated, 
but evaluation notes 
that crime decrease 
can be attributed only 
to ~bined street 
lighting and team 
policing experiment 

sis i~lles no signifi-
cant Impact 

• RO, EH, AT 

• RD, EH, 1M, AT 

• RD. EH, IH, AT 

• Not expl1cHly stated, • EM, AT 
but time series analy- I 
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City 
Norfolk, VA 

Portland, OR 

Richmond, VA 

1 

Tucson, AZ 

Washington, D.C. 

Exhibit 14 

(page 3 of 3) 

Reported Impacts! Attributed to Street Lighting, 
Attitude Behavior Crime 
• Street lfghting system • Factors limiting night • Not addressed 

with relatively higher street use included 
uniformity, lower il- "sense that streets 
lumination, fewer are not secure"; "fear 
shadows and lower color of kinds of people you 
temperature increased meet"; and "i nsuffi-
test subjects' overall dent lighting" 
rating and sense of 
security 

· 251 of target area • Not addressed · No impact on reported 
residents were aware night robbery, ass~ult 
of increased street or burglary 
lighting 

• No impact on residents' 
feelings of safety 

• Citywide, the ass!>Cia-
tion between percep-
tion of and actual 
street lighting quan-
tity was "not very 
strong" 

• Not addressed • Not addressed · Reported residential 
burglary increased by 
71 and reported non-
residential burglary 
decreased by 28% in 
one year 

• Residents felt "sub- • Not addressed • No impact on total re-
stantiallr. safer". and 
reported 'less fear" 

ported Part I crime 

walking through alleys 
at night 

· Not addressed • Not addressed 0 Reported night robbery, 
residential burglary. 
auto theft and van-
dalism decreased by 
65%, 441, 56%, and 22%, 
respectively. in two 
years 

• 

o 

Statistical Significance df Results 
Reported Signiffcance MEthodoloqical Problems 2 

· Not ~xplicitly stated, • !H 
but interpretation of 
multiple regression 
results implies sta-
tistical significance 

r 

· Attitude: not expli- • RD. EM, IH 
citly stated, but 
analysis of associa-
tion among survey re-
sponses implies sta-
tistical significance , 
of reported non-impacts 

· Crime: not Significant 
at .05 level 

• Not stated • RD. EH. IH, AT 

I 

o Not stated o EH, IH, AT 

o Not stated oRO. EH. AT 
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ATTITUDE IMPACTS 

Among the tabulated attitude survey results, the most consis
tent result was that residents and police reported "feeling safer" 
after the installation of street lights. With the exception of 
Portland: where only 42 percent reported feeling somewhat or much 
safer,* the fraction of respondents answering positively to this 
type of question ranged from 66 to 82 pe)~cent. Additionally, in 
the Harrisburg survey, 88 percent of business owners said that 
their establishments were "more secure" as a result of street 
lighting. From 88 to 100 percent of residents and business owners 
also reported in three surveys that they were "generally satisfied," 
or that they "preferred the new lights to the old. 1I 

In the Norfolk project, all, but one, of the environments which 
were rated as "secure" belonged to the target area, where there was 
lower illumination level, higher illumination uniformity and fewer 
shadows, relative to the more conventionally designed control area. 
When the target area illumination was artificially reduced, while 
maintaining uniformi~y, ratings of security did not decrease. 

Also in Norfolk, a complex series of regression analyses re
sulted in a Security Index (i.e., a measure of the sense of security) 
which is explained by the following relation: 

SI = .72H + .45W + 1.05V - .08, 

where H is the illumination uniformity ratio on the sidewalk, W is 
a dimensionless index of "relative wealth" of the area (with values 
ranging from 0 to 1) and V is the average vertical illumination on 
the sidewalk. The study notes, however, that the validity of this 
relationship has been established only for values of V below 0.4 
footcandles and values of W above 0.2. 

Despite the problems noted in Section 4.2, the Evaluation Sample's 
reported impacts on attitude are quite consistent. However, because 
all of the surveys took place within a year of the street lighting 
installation, the long-term stabiZity of this conclusion cannot be 
assumed. Also, because of the absence of any analysis of statistical 
significance, there are strong indications, although not conclusive 
proof, that the fear of crime is reduced following increases in 
street lighting. 

Finally, based upon the Norfolk project, there is an indication 
that lighting uniformity, is a key factor in the determination of an 

* However, only 25 percent of the Portland respondents indicated 
that they were aware of the existence of new lights. 
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. 
individual's sense of security.* While the Norfolk evaluation appears 
to be methodologically sound, it is unique and should be replicated 
elsewhere. 

BEHAVIOR'iMPACTS 

Tabulated survey data on reported changes in behavior reveal 
that from 14 percent--in Ba1timore--to 52 percent--in Milwaukee--of 
the respondents reported going out more at night since installation 
of the new street lights. In Denver, 18 percent of those aware of 
the street lighting project said that the street lights had helped 
them to observe and to report to the police a crime in progress. 

Virtually all of the police officers patrolling in the relit 
area of Harrisburg reported that the new street lighting improved 
their reaction time, distance visibility, and ability to cover fel
low officers and to identify suspects. In Milwaukee, 88 percent of 
the officers said that the new lighting made their patrol "more 
efficient," and 44 percent reported that the lights had helped them 
apprehend suspects. 

While none of the Evaluation Sample projects addresses which 
aspects of the ~ew street lights were responsible for the self
reported behavior changes, the Norfolk study does probe the condi
tions which limit pedestrian night street use--without, however, 
actually measuring it. The majority--81 percent--of the Norfolk 
test subjects said that they used their neighborhood streets less 
frequently than they would like. The reasons given for not using 
the streets included the feeling that the streets are not secure; 
the fear of the kinds of people likely to be met on the streets; 
and the inadequacy of the street lighting illumination. 

In an effort to assess changes in police effectiveness, the 
Newark evaluation showed that the total target area Part I crime 
arrests and clearance rate increased by 98'and 24 percent, respec
tively, in a one-year period following the relighting. However, 
no comparison is made with other control areas and no analysis 

* Although no, extensive study was conducted, the City of Las Vegas, 
Nevada, found that its downtown street lighting needed upgrading along 
the side streets, bordering the major boulevards, because pedestrians 
were fearful of the perceived darkness in those streets. A visual 
inspection of the downtown area revealed that the problem was really 
due to the non-uniformity of the lighting levels: the boulevards 
are very brightly lit especially in comparison to the side streets, 
and yet the lighting level on the side streets is typical of that 
found in most U.S. cities. 
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of statistical significance is given. More importantly, the inter
vening effects of other factors on police effectiveness are not 
discussed. 

Because of the problems discussed in Section 4.2 regarding 
self-reported changes in behavior, and arrest and clearanc~ d~t~, 
these reported impacts on behavior cannot be regarded as slgn~f1cant. 
However, it may be assumed, in light of the corroboratory ~tt1tud~ 
survey results, that the nearly unanimous respons~s ~f p~llce off1~ers 
to behavior-oriented questions is another strong 1nd1cat10n of the1r 
approval, of improved street lighting. 

CRIME IMPACTS 

All crime impacts given by the Evaluation Sample projects are 
based on reported crime. For each of the Part I crime t~pes,.more 
projects report increases, or no change, tha~ decreases 1n ~r1me. 
For example in the case of robbery, two proJects--Kansas C1ty and 
washington,'D.C.--reported decreases, two--Harrisburg and Portland-
reported no change, and one--Baltimore--reported an increase: Of 
these, Kansas City and Portland each said that the reported 1mpa~t 
or non-impact was statistically significant at the .05 level, wh,le 
the others did not perform any statistical significance tests. 
Similarly, one project--Kansas City--noted a decrease in assault, 
while three-Harrisburg, Mew Orleans and Portland--reported no change. 

As noted throughout this study, inter-project comparisons are 
difficult to make since different projects do not make use of the 
same crime breakdowns (i.e., street/non-street, night/day, etc.); they 
do not all report on the statistical significance of the re~orted . 
impacts; and they do not all consider other explanatory or 1nterven1ng 
effects in their analysis of impact results. 

Crime displacement effects are reported only in th: Kansas City 
and Portland evaluations. Since there was no apparent 1mpact on 
crime level in the Portland target area, no territorial displacement 
into neighboring non-relit blocks was.obs:rved ~here. In Kan~as 
City, displacement from night street c~lme 1n rel1t bloc~s t~ n1gh~ 
street crime in non-relit blocks, to nlght non-street cr1me 1n rel1t 
blocks and to day street crime in relit blocks was measured. It 
was fo~nd that night street robbery, assaul~ and.larceny in resi~e~
tial blocks were displaced to non-relit res1dent1al blocks, reta1n1ng 
their night street character. The largest effect was for robbery, 
for which it is reported that from a fourth to a third of the night 
street robberies prevented were displaced to non-relit blocks. 

Again, because of the methodological problems discussed.in Section 
4.2 and the contradicting results noted above, the reported 1mpacts 
on crime must be regarded as inaonal,usive. 
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5 SINGLE PROJECT EVALUATION DESIGN 

The conduct of an evaluation frequently presents problems both 
to the evaluator and the staff of the project being evaluated, re
sulting in evaluation findings that may be limited in both validity 
and relevance. One problem is the apprehension on the part of the 
project staff on being "evaluated." The apprehension can be miti
gated by clarifying the purpose of the evaluation--namely, to assess 
the effectiveness of the total project rather than the work per
formed by the individual project staff members. A second problem 
arises because the role of an evaluator is not well defined. In 
addition to performing an evaluation or summary judgment at the 
end of the project, the evaluator could also assist during the pro
ject by periodically providing evaluation-related data to the pro
ject managers so that they could monitor the progress of the project. 
It should be noted that this dual use of evaluation-related data 
would in no way compromise the evaluator's objectivity; it simply 
minimizes the cost of data collection. 

A potential third problem regarding the need to collect evaluation
related data can be overcome if an evaluation design is developed 
and implemented at the same time that the project is implemented. 
In order to minimize this problem in future street lighting evalua
tions, a street lighting-related single project evaluation design 
is identified in this section. As indicated in Exhibit 10 the design 
is the resu1t of applying the single project evaluation framework-
identified in Section 3.2--to a "typical" street lighting project. 
The typical project is assumed to have the characteristics of the 
various projects discussed in Sections 2 and 4. However,.because 
the characterization of such a project cannot be detailed enough 
to include, for example, political and funding constraints, the design 
contained herein should be regarded as somewhat general and in need 
of refinement. 

The single project evaluation design is illustrated in Exhibit 15. 
It is seen that the evaluation requirements of Exhibit 11 are expressed 
in the measures framework as a set of input, process and impact 
measures, which span the project stages from planning through evalua
tion. The evaZuation aomponents are shown in the third level of 
Exhibit 15 in relation to the entire measures framework. The end 
product of the evaluation (i.e., the final component) is the impaat 
anaZysis, which consists not only of evaluation results, but also 
of interpretations of those results. The interpretation of results 
is stressed because evaluation, es'pecially of social programs, is not 
an exact science. Although many potential explanatory measures 
are available only in qualitative form and existing analytic techniques 

, 

\ 
'\ 

, 



r 

1 / 

--r ... 
~= ...,QI 
001 ...... 

o 

Exhibit 15 

Single Project Evaluation Design 

Ins tallation 

~ 
0.. '" ""I<~ ________ _ Planning ~I< Operatfon 

con 
0'" 
~ c ..... 
OIC 
:30 
~ 0. 

~IS wu 

1 

Ie. 
r 

Input Measures ~I( Process Measures 

Project Rationale 
·Objectives 
·Assumptions 
• Hypotheses !XQJ.ect Insiallatfon 

~ 'Oesign Verification f-+ 
l t 'Installation C05t 

Project Res~nsibllit~ 
'Principal Participants 
'Participant Roles Project Plan f!QJect O~eration 

'Performance Specifications • Sys tem Output 

~ ·System Design I-- 'System Maintenance 
Project Funding • Target Area 'Operating Cost 
• Sources 
'Uses 

l Concurrent Programs 

Project Constraints ·law Enforcement 

• TechnologicaI ·Physical -+ 

·Political ·Social 

• Environrrental 
·legal 
• Cost/Energy 

-- ---- - -- ,-- - -- - -- - --I- - - - -- -

!!.1!2!.arc!!Jl!!..5J gr'. 
·Test Hypotheses r-- -- ~ 

·Randomlzation/Control Scheme 
~~ta __ ~,!l JJ.e,ctto,!l. 

!'~_t,a-"Los~.~J!!9 • Records 
'Measures Framework • Surveys • VerHf ca t I on 

"""-'Measurement Method$ 
·Oh~ervatfons 

·Analyses 
'Analytic Tp.chnlques 

EVllultion 

+ 
~I 

Impact Measures 

~~ftu«!! 
'Citizen (Fear) 

~ 
.' 

·Criminal 
·Police 

~ t 
Behavior 
·Citizen 
·Criminal 
·Police 

l t 
Crhne 
·Opportunity 

~ ·level 
·Dlsplacetlll!nt 

- - - - -- -

''''P.a.c. t" f).n!l 'ys.1 ,$ 
'R(,~tllt$ 

·lnt.p.rprl'tat Ions 

I 
I 
I 
I 
I 

! 1 

------------------~----------~-------------------------______ ~~r~m~~~ .. ;~~~~~~mM~~~!~~--~"'~ ; 

. ~ " , 



'0 

(. 

( 

,( 

( 

c 

- 75 -

are limited. the significance of an evaluation's results would be 
better understood if the potential contribution of all relevant 
explanatory measures were addressed. 

The,r.emainder of this section describes. in turn, the measures 
framework, the evaluation components and the analytic techniques 
of a street lighting evaluation design. A somewhat detailed descrip
tion of analytic techniques is given in Section 5.3, because of the 
need to highlight certain problems which arise in connection with 
their application in the topic area of street lighting and crime. 

5.1 MEASURES FRAMEWORK 

The input, process and impact measures--which constitute the 
measures framework--are defined and briefly discussed in Exhibits 
16, 17 and 18, respectively. Except where noted in the remarks 
of the respective exhibits, the information specified by these 
measures is generally available, although, as pointed out in 
Section 2.1, not usually in one location. 

The exhibits are self-explanatory. Two issues, however, 
require clarification. The first is the relation between the 
measures framework and test hypotheses; and the second concerns 
the interactions among the measures. 

RELATIONSHIP TO TEST HYPOTHESES 

Exhibits 16 and 17 call for a large number of input and pro
cess measures to be colle'cted as part of the measures framework re
quirements. Given the focus of the topic area--which hypothesizes 
that light output impacts crime--it may be asked: What is the 
purpose of such an extensive data base? The answer is tha~ the 
input and process measures are not only needed to test the· stated 
hypotheses, but also to "explain" the resultant tests. The failure 
of most Evaluation Sample projects to view their findings in terms 
of this broader perspective has cast doubt on the validity and 
usefulness of the findings. 

The relation between the measures framework and test hypotheses 
is illustrated in Exhibit 19, which identifies six tested--based on 
the Evaluation Sample projects--hypotheses in terms of links between 
the explanatory and impact measures. It is noted in Exhibit 19 that 
only one category of explanatory measures--light output measure, 
within project operation--has been explicitly tested for its direct 
effect on impact measures. A second category--concurrent programs-
is also emphasized in Exhibit 19 because its measures are assumed 
by some programs (i.e., the Crime Prevention Through Environmental 
Design--CPTED--program) to have a supportive or synergistic effect, 
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Exhibit 16 

Measures Framework: Input Measures 

Purpose Categorfes Measures [Remarks] \ 
• Project • Objectives • Detennine stated objecti f " Rationale fonn. [Note whether dff;:~en~ ~~~titaiiv~and/or Qualitative 

partic1pants;] ernen s _ e lllade by different 
• Assumpt ions 

• ~~~~~eas~~mptions used fn arriving at stated objectives. 
which fnte~di:~:s~~~e~o~~~~e~~P:;!~tOf street lighting, and 

• Hypotheses 
in specified fmpacts.] s, are assumed to result 

• ~::a~~~:e~!~~u~~PO~h:~:~e~h~n~:~~f~~n!! fnte~~ toltest. 
compound chafns of events should be brok n ~s~ra fe ~ ements; 
effect li nks. J e nos mp e cause-

• Project • Principal • Identify particfpants 1 1 di ' Respons fbi 11 ty Particfpants departments' utility ~om~; ~ nglPublic offlcials; engineering 
agenCies; pianning and dev~l~~n~w enforc~nt/c~iminal justice 

• Participant 
~:~:r~~~~;p:~1~~~;~~;~ve service:g~~~a~~~~~~l~n~r~~~~;ypri_ 

• Identify roles to be pI ed b Roles installation, operationa~nd e~a~~;~i~~r;~;~~:n~fi~n!h~~]:~~~ng, 
• Project 

Funding • Sources 
• I1~~s~nd mandate of each funding source, including any restrfc-

• Uses 
• Amount of federal and local funds, by project or budget item 
• Total funds used for initial 't (. . • 

chase and installation of equi~n~ e:~d li~iitenglneering, pur-
and for annual 0 Brati ,u y penalty charges) 
and utility com~~ny le~ec~~:r~!:>s (li~"t~~ergy, maintenance 
funding source. _ • en y uses of funds by 

• Project • Technological 
• ~~~~~~~~;~a~nf:~~~~~ deSign or ~arget location attributed to Constraints 

turers' existin (e.g., equlpment availability from manufac-
light ~ource; e~i=~~~~gp~~! ~~~~i~bletWith hi~h-pressure sodium 

• Political 
lumen output, etc.). no compatlble with desired 

• ~~~i~~~~t~e~~s~~~;eredeSign oritarget location attributed to 
pressure sodium Ii h .g., requ rement for or exclusion of high-

• Environmental 
street lighting dU~i~9 S~~:~~i~~ ~~g~ig~~e;~~~l. areas "promised" 

• ;~~~~~~~a~nf:~~~~ deSign or target location attributed to 
vatfon of trees or arc~~t~~tu~!~l!i~ ~om~a~y g~idelines; ~reser-

• Legal 
through environmental deSign requir~~~s~'ei~.~ preventlon 

• ~~~:fr~~~i~r~n system deSign or target location attributed to 

~~i~~~~~t~f:~ff~~:Yi~~~!l~i!I~~~faj~~~~~~~U!~~~gl~~h~~~ulat-
fncidence; etc.). e g t ng-related cases of crime 

• Cost/Energy • ;onstraints on system desfgn attributed to total cost or to 
f~~r~!s~~~tt~~~e~~~~I::J~!t~f a~~~ermine rationale used, includ-
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Exhibit 16 
(page 2 of 2) 

Measures [Remarks] 

• Technical specifications,including average horizontal illumina
tion, illumination uniformity, roadway/walkway luminance, glare, 
etc. for veiiicuZar l'OatiJ.xlytl and pedestrian IJIaZ/a,xzys. [Compare 
with IES performance specifications--note that the IES specifi
cations are expected to be revised in 1977.) 

• Management specifications: project budget and schedule. 
• System Design • Number and location of street lights. [Determine these measures 

for both the old and the new system.] 

• Target Area 

• For each street light: light source type (i.e., high-pressure 
sodium, mercury vapor, etc.), wattage and initial lumen output; 
luminaire light distribution patterns; glare characteristics 
(i.e., full-, semi- or non-cutoff), and photometric data (sup
plied by manufacturers); pole mounting height,spacing and con
figuration, and bracket overhang; ~iring type (i.e., overhead, 
underground; series, parallel). [Determine these measures for 
both the old and the new system.] 

• Selection criteria (e.g., high-crime, traffic safety, other pro
gram links, natural boundaries, political factors, technological 
factors, etc.) and decision-making process. 

• Target area boundaries and area in terms of number of street 
miles or number of blocks. 

• Land use (i.e., reSidential, commercial, industrial, etc.). 
[Note day/night land use differences.] 

• Environmental conditions, including classification and condition 
of streets and alleys; structural conditions of buildings; oppor
tunities for concealment and surveillance; and distribution of 
targets. [Measures relevant to the propel' design and effective 
use of the built environment are being developed and tested as 
part of the LEAA-funded Crime Prevention Through Environmental 
Design Program.) 

• Social indicators, including demographic and socioeconomic vari
ables and trends. 
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Exhibit 17 

Measures Framework: Process Measures 

Categories Measures [Remarks] 

• Design • Procedures used to verify system de~ign after installation. 
Verification • Modifications, if any, to system design. 

• Problems encountered during installation; steps taken to resolve 
problems; and any rGsultant delays. 

• Installation • Final cost for engineering; purchase and installat10n of equipment; 
Costs and utility company penalty charges. 

• System Output • Procedures used to verify performance specifications, and compare 
with the IES-recommended procedures. 

• Instrumentation used to verify performance (i.e., model number, 
manufacturer, filters, etc.). 

• Deviations from indicated performance specifications, and reasons 
for such deviations. 

• Energy-related changes, including type and degree of change, (e.g., 
turn off street lighting, reduce lamp wattage, etc.); reason for 
change (e.g., cost or availability of energy); location and dura-
tion of change; and reason for resumption, if any, of normal out-
put. [Energy-related changes may result in "natural experiments" 
which could be analyzed to test the impact of street lighting on-
crime. ] 

· System • Schedule and procedures for cleaning luminaires and replacing lamps. 
Maintenance 

• Operating • Annual utility company lease rate (i.e., for utility-owned systems), .i 

Cost or annual energy, maintenance and amortization of initial costs 
(i.e.,for municipally-owned systems). [Both project total and unit 
cost (i.e., cost by type and size of street light) should be ob-
tained.] 

• Law ' Changes in police patrol tactics, including target area(s), dates, 
Enforcement and tactical changes (e.g., preventive patrol experiment, high-

visibility patrol, split force patrol, etc.). [Any available mea-
sures of police patrol effectiveness made in connection with tac-
tical changes should be obtained.] 

• Changes in police patrol lavel, including target area(s), dates, 
and degree of change. 

• Other crime prevention or Crime Prevention Through Environmental 
Design programs, including target area(s), dates, and activities. 

• Physical • Other street lighting projects, including target area(s), dates, 
type and size of light source. 

· Tree pruning activities, including target area(s) and dates. 
• Street reconstruction or street furnishing programs, including tar-

get area(s), dates, and activities. 
• Housing or other building construction, rehabilitation or demoli-

tion, including target area(s), dates, and activities. 
• Social • Employment, youth activities, drug treatment programs, etc., 

including target area(s), target population, dates, and activities. 
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Exhibit 18 

Measures Framework: Impact Measures 

Purpose Categories Measures [Remarks] 

• Attitude l • Citizen2 • Measure of citizens' fear of crime. [Such measures are still 
lacking and in need of testing and refinement.] 

• Prozy measures for fear of crime or change in fear of crime 
include perceived crime rate change; perceived light quantity or 
quality; perceived change in number of night street users; per-
ceived police effectiveness; and citizens' target hardening 
actions. [Questions .easuring reported changes in fear or 
proxies·for ,fear should not use street lighting as the reference 
event, because other attitudes about street lighting may bias 
the responses.] 

• Citizens' overall rating of street lighting (i.e., brightness, 
glare, warmth, uniformity, color rendition, appropriateness and 
desirabil ity). 

• Reported barriers to use of streets at night. 
• Criminal · Measures of criminals' perception of own conspicuousness, risk 

and vulnerability. [Such measures are still lacking and in need 
of testing and refinement. Interviews of criminals who have 
been incarcerated may bias survey results. In addition, a spe-
cific environmental reference is required, which may require 
conducting interviews with slides of different night street en-
vironments.] 

• Pol ice • Measures of police officers' fear of crime, particularly of 
assault. [Such measures are still lacking and in need of test-
ing and refinement.] 

• Police officers' overa,ll rating of impacts of street lighting on 
job performance (e.g., ability to detect, recognize, identify 
and apprehend offenders; ease of night street patrolling, etc.). 

• Behavior • Citizen • Citizens' reported frequency, purposes and tactics of own night 
street use. 

· Night pedestrian volume. [S~mpling should take into account 
cyclical variations and weather patterns.] 

• Commercial area business activity. [Sampling should take into 
account cyclical variations, weather patterns, and economic con-
ditions.] 

• Measures of citizens' ability to detect, recognize, identify and 
evade criminals on the street at night. [Such measures are still 
lacking and in need of testing and refinement.] 

• Criminal • Police officers' reported changes in criminals' tactics. 
• Measures of criminals' changes or displacement in offense times, 

territory, tactics, targets and crime type. [Such measures are 
still lacking and in need of testing and refinement. Interviews of 
criminals who have been incarcerated may bias survey results. 
In addition, a specific environmental reference is required, 
which may require conducting interviews with slides of different 
night street environments.] 

I R~ported changes in attitudes measured by a Single survey (e.g., "are you more afraid now?") require 
careful selection of a reference event or time (e.g., "since street lighting was increased" or "since one 
year ago"), Also, absolute-value measures of atti.tudes (e.g., semantic differential scales) enable changes 
to be .easured directly by successive surveys, and enable differences between street lighting and control 
areas to be leasured. 

2Citizens include residents as well as other night street users (e.g., business patrons and employees, 
or persons paSSing through target area) • 
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Exhibit 18 

(page 2 of 2) 

Measures [Remarks] 

• Police officers' reported changes in own tactics. 
• Arrests per patrol officer for each night street Part I crime 

[Interpretation of arrest rate as a measure of police f~ t" 
ns •• requfres careful consideration of other factors (: gee ~ue 
arrest quotas, quality of arrest, etc.).] •. , 

• Cl~aranc[Irates per ~atrol officer for each night street Part I cr me. nte~pretatlon of clearance rate as a measure of 
~l~ce effeet~ueneBB requires careful consideration of other 
ac ors e.g., crime recording practices, changes in crime 

reporting rate, investigative practices, etc.).] 

· ~~s~~e~e~: ~~i~e ~~portu~ity. [Such measures are still lackin! 
es lng an refinement.] 

· Reported night street Part 1 crime data. [Despite problems of 
acc~~acy an~ claSSification, reported crime rate data are 
rea 11y aval1~ble at little cost. For some analytic techni ues 
~a~ street, nlght ~on-street and day non-street Part I crim~ , 
a a,are also reQUlred' As much detail as possible should be 

obtalned (e.g., block face or other geocodable location index 
exact time of day, type of premises, modus operandi, etc.).] , 

• Victimization rate for each night street Part I cr' 
[Although expensive, victimization surveys providel:e~re accu-
~~;ry~~S~~~hO! crimedoccurrence than reported crime. For some 
street Part In~~~~!'Vi~~i~~reet, night non-street and day non-
subjective data can also b~Z~!~~~r~~ti~ e~~t~l~O ~~qUired. Hore mlza 10n survey.] 

• Reported Part I crime data. [Each crime should be categorized 
by time of da~, location of occurrence tactic used type of target and crlme type.] , , 

• ~ictimizat~on rate for each Part I crime. [Each crime should 
u~e~at~gOr1Z~dtbY t1me of d~y, location of occurrence, tactic 

, ype 0 arget and crlme type.] 
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Exhibit 19 

Measures Framework: Tested Hypotheses l 

Impact Measures 
Exp1 anatory 

Behavior Crime I 

Measures Attitude 

Citizen Criminal Police Citizen Criminal Pol ice Opportunity level Displacement 

Project 
Rationale 

Project .. 
Responsibility 

Project Funding 

Project 
Constraints 

Project Plan 

Project 
Installation 

I 

Project HI, H2 HI H3 Hit Hs ' Hs 
Opemtion 2 

. 
ConcurTent 
Pl'og!'a1TlS 2 

I Tested hypotheses include HI: "Increased street 1 ighting reduces fear of crime"; H2 : "Street lighting 
uniformity and illumination together reduce fear of crime"; H 3: "Increased street 1 ighting increases night 
street use"; Hit: "Increased street lighting increases police effectiveness"; Hs: "Increased street lighting 
reduces crime"; Hs: "Increased street lighting displaces crime." 

2 The project operation--specifically', light output--and the concurrent programs--specifically, specialized 
police patrol methods--are usually assumed to have a dipect or synergistic effect on the impact measures. Other 
explanatory measures are assumed to have an indirect, intervening effect on the impact measures. 
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along with light output~ on the impact measures. However, as indi
cated in Exhibit 19, the synergistic test hypotheses have not yet 
been tested. In fact, the large number of empty cells in the 
Exhibit 19 matrix highlights the dearth of tested hypotheses. 

INTERACTIONS AMONG MEASURES 

Street lighting input measures should be collected with the 
awareness that there are interactions among them, especially during 
the project planning stage. For example, the identification of an 
environmental constraint may result in a change in the system design 
or target area. 

In fact, the first four groups of input measures (i.e., project 
rationale, project responsibility, project funding and project con
straints) not only interact with each other, as shown in Exhibit 15, 
but, as a group, with the evaluation's research design. Not only 
do these input considerations establish a set of constraints on 
the research design, but the requirements of the research design 
itself must be taken into account while the project plan is being 
developed, in order to assure the feasibility of the evaluation. 

Interactions among the impact variables are less well understood. 
In linking night street use and crime (i.e., a behavior-crime inter
action), for example, it has been conjectured that the distribution 
of night street crimes against person, as a function of pedestrian 
density, is two-tailed [41]. That is, on the one hand, when there 
are no people on the street to be victimized, there can be no crimes 
against person; and, on the other hand, as pedestrian traffic in
creases, it is speculated that crime incidence increases until 
a threshold level of traffic is reached, after which crime would 
be deterred by the 'increased presence of witnesses and potential 
intervenors. 

Similar speculations can be made about attitude-behavior and 
attitude-crime interactions. For example, most research on the subject 
would argue that the fear of predatory stranger-to-stranger crimes 
roughly correlates with their rates of occurrence (i.e., in high 
crime neighborhoods there is high fear). However, crime and fear 
are not synonymous. In general, such interactions are not well 
understood and their study requires consideration of a great many 
factors beyond the scope of this single project evaluation design. 

5.2 EVALUATION COMPONENTS 
~, 

The evaluation components, as indicated in Exhibit 15, consist 
of research design, data collection, data processing and impact analysis. 
Each of these components is discuss~d in turn in this section. 
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In understanding the material in this section, it ~s i~portant 
to realize that the experimental subjects of a street llghtlng pro
ject are the street lights themselves. Thus, in contrast to other 
law enforcement programs where the experimental subjects are usually 
a group qf. people being treated (e.g.,.a grou~ of defendan~s re
leased on recognizance, a group of pollce offlcers on spec1al pa~rol, 
etc.), the subjects here are inanimate fixtures. Consequent~y, 1n a 
street lighting evaluation, it is not possible to use flow d1~gra~s-
which characterize the flow of subjects through a system. Th1S d1S
tinction should clarify a number of key differences between the 
evaluation of street lighting projects and other law enforcement and 
criminal justice programs. 

RESEARCH DESIGN 

The research design of a project is the plan by which the project 
is to be evaluated. Each component of the research design (i.e., test 
hypotheses, randomization/contr~l sche~e, ~easures ~rame~ork, meas~re
ment methods and analytic techn1ques) 1S d1scussed 1n th1S subsect10n 
to identify its purpose. 

Test Hypotheses 

A test or null hypothesis is defined as a sta~ement--~egarding. 
the relationship between one or more variables--wh~ch reGu1~es tes~lng 
with actual, real-world data. In the field of soclal experlmenta~l~n, 
it is usually very difficult, if not impos~ible, to prove.th: valldlty 
of a test hypothesis. On the other hand, lf the hypothesls 1S not 
rejected after several independent tests, then a powerful a~gument 
could be made for its acceptance. Consequently, an evaluatlon result, 
which may appear inconclusive by itself, may turn out.to be relevant 
when viewed in a larger context of comparable evaluat10ns. 

In practice, the test hypotheses are identifie~ from the pro
ject objectives. In order to be tested, a hypothes1s must (a) ~e. 
expressed in terms of quantifiable measures, (b) refl:ct a spec1flc 
relationship that is disaernible from all other relat1ons, ~nd 
(c) be amenable to the application of an.available a~d pert1ne~t 
analytic technique. Thus, for example, 1n a regress10n analys1s 
the test hypothesis takes the form of an equation be~ween a de~endent 
variable and a linear combination of independent var1a~les, whlle 
in a before/after analysis with a chi-square test, a s1mp1e test 
hypothesis, usually relating two variables, is used. 

Finally, in the case of a comp~ex hypothesis, it may be necessary 
to break it down into a series of slmp1er hypotheses that could each 
be adequately tested. 

, . 

---{ 
, 



"', 

~-~-.------ -------- --~--------------~----------~-----------------~- -------

t 

( 

( 

c 

c 

c 

c 

- 84 -

, 
Randomization/Control Schemes 

In an ideal experimental design situation, such as those con
ducted in a psychology laboratory with mice, the two most important 
procedures in setting up an experiment are a) selection of experi
mental and~control groups, and b) randomization among treated pop
ulation. In real-life social experiments both these procedures 
usually cannot be fully carried out. This is especially true for 
street lighting projects. 

Randomization 

Since, as seen in the beginning of this section, the experimental 
subjects at'e street 1 i ghts, true randomi zation of treatment would 
amount to random selection of street lighting 10cations--and, within 
limits, conceivably even street lighting designs. 

As the discussion in Section 2.1 makes clear, this is not gen
erallya practical possibility, since some non-random criteria (e.g., 
high crime, high traffic accidents, political campaign promises, 
etc.) have usually to be applied. Moreover, the random installation 
of street lights is a very impractical and environmentally difficult 
process to implement. Only one street lighting project has under
taken a quasi-random approach (i.e., the Tucson two-phase plan). 

Control 

Essentially, all that is required by the various analytic tech
niques is that the control area facilitate prediction of what the 
target area impact measures would have been in the absence of the 
street lighting project. Unfortunately, there is no universal formu
la for accomplishing this target-control area equivalence. 

Selection of control areas may be complicated by the possibility 
of a regression artifact \'lhich, as noted in Section 2.1, is likely 
whenever the target area is selected because of a recent high-crime 
incidence. To the extent that street lighting planning interacts 
with the research design process, it may be possible to avoid re
gression artifacts by the selection of target areas which have 
stabZe, even though high, crime incidence over a long period. In 
this way, areas undergoing only short-term upward fluctuations 
may be avoided, while satisfying the project planners' goal of 
serving areas in need. If this approach is not p~ssib1e, either 
for policy reasons or because of the absence of any stable areas, 
then regression artifact can al so be minimized by s.~arching for 
control ct'reas whose crime incidence bears a stable reZationship to 
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that of the target area. A third possible approach to minimizing 
the impact of a regression artifact problem is to extend the period 
of evaluation; this is further elaborated on in the measurement 
methods discussion. 

It should be noted that all of the above considerations also 
apply to the selection of displacement areas. An additional re
quirement is, however, necessary; that is, a displacement area 
should obviously be an area where displacement is expected to 
occur. While a displacement area may be contiguous to the target 
area, it need not be. 

Measures Framework 

The measures framework component of the research design is dis
cussed separately in Section 5.1. 

Measurement Methods 

Most of the requirements for measurement methods are incorporated 
implicitly in Exhibits 16, 17 and 18, but two requirements are given 
special emphasis here. First, sampZing considerations apply when a 
population's attitudes or behavior are measured, and measurement 
duration is a consideration when taking into account the transient 
impact of street lighting and when compensating for regression arti
facts. 

Sampling 

In all attitude and behavior impact measures, the test hypotheSis 
specifies the target population (e.g., target area residents, night 
street users, police officers, etc.). This population must then be 
sampZed, since it is not uS 1Aal1y possible to interview or observe all 
members of the target population. Standard procedures for random 
sampling should, of course, be applied and documented, including doc
umentation of non-responses and consideration of the minimum sample 
size required for meaningful analysis. 

Another form of sampling may be desirable, that of random sampling 
of street lighting environments. This measurement method was used in 
the Norfolk attitude study to compensate for the non-random location 
of street lighting target areas, and is described more fully in 
Section 4.1. 

--- { 
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Measurement Duration 

Observed street lighting impacts may be transient for two reasons. 
First, an observed impact may be a spurious "Hawt~orne ~ffect"; that 
is, a bias introduced by the.conduct of the experlment ~tself· Second, 
a true deterrent effect may ln fact be only temporary. 

One way to detect the~e transient eff~cts is to extend.t~e dura
tion of the evaluation untll the observed lmpacts have stabl11zed. 
Extending the duration of the evaluation may also be used to test 
for suspected regression artifacts by performing the experiment in 
successive periods after the street lighting project, when presumably, 
no new intervention is present. Care must be taken, of course, to 
verify that procedures used for determining the impact expected in. 
the target area are not invalidated by the duration of the eva1uatlon 
period, as other intervening effects are likely to occur in propor
tion to the duration of the evaluation period. 

Analytic Techniques 

Some problems in the existing analytic techniques are discussed 
in Section 3.1. The application of analytic techniques pertinent to 
street lighting projects is the subject matter of Section 5.3. 

DATA COLLECTION 

The data sources for the measures identified in Exhibits 16, 
17 and 18 are well known. In general, they consist of records, 
surveys and observations. Examples of records include grant pro
posals, budget requests, progres~ ~epo~ts, 1amp.and ~uminair~ 
technical data, performance speclflcatlons, e~g~neerlng draw~ng~, 
bid specifications, maps, purchase orders, utl11ty company bl111ngs, 
and Uniform Crime Reports. 

Surveys may include interviews of citiz~ns, police.or ~ffenders. 
Observations, which may playa greater role ln stre( 11ghtlng evalua
tions than in other topic areas, include extensive p ~ticipant inter
views, light measurements, and behavioral observatim s. 

DATA PROCESSING 

The procedures for verifying data are, of course, dependent on 
the nature of the data sources. Whatever procedures are employed 
should be documented by the evaluator. Analysis of data is discussed 
in greater detail in Section 5.3. 

I
~ ~ 
,1~ 

, 
~ 

-0 
I 

10 

o 

• 

- 87 -

IMPACT ANALYSIS 

The results of the evaluation are, of course, based on the 
degree to which the test hypotheses are confirmed or not. Since 
only a small portion of the information provided by the explanatory 
measures'can be explicitly--and quantitatively--incorporated into 
the test hypothesis, an important part of the evaluation is the 
interpretation of the final results using all the information con
tained in the explanatory measures. In effect, rival hypotheses 
must be set up to identify the possible links between various bias 
factors and the observed imp'acts, and the expl ana tory measures must 
be examined for consistency with the test hypothesis and the rival 
hypotheses. Perhaps one of the rival hypotheses could prevail, or 
at least, be consistent with the observed results. Taking such a 
risk is, of course, necessary for an objective evaluation; avoiding 
it can only limit the evaluation's validity and usefulness. 

5.3 ANALYTIC TECHNIQUES 

All of the evaluations of street lighting and crime reviewed to 
date are seen in Section 4.1 to employ one of three basic analytic 
techniques: before/after analysis, regression analysis and time 
series analysis. In this section an overview is presented of these 
same analytic techniques, emphasizing their application to street 
lighting projects from a somewhat more general but critical perspectiveo 

BEFORE/AFTER ANALYSIS 

Before/after analyses are conceptually simpler and relatively 
more straightforward to apply than the other two techniques. This 
does not mean, however, that they are immune to misuses, as seen in 
Section 4.2. 

Three types of before/after analysis are described in this sub
section: simple (i.e., before/after) comparisons; controlled (i.e., 
before/after, target/control area) comparisons; and controlled com
parisons with ratio method. The first two are well known and have 
been used in the Evaluation Sample studies. The third approach, 
based on a ratio method for estimating expected values of impact 
measures, has not been previously reported, nor has it been exten
sively tested. It is described in somewhat more detail than the 
other before/after techniques in order to make possible its further 
development in future street lighting evaluations. 

--'I , 
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Simple Comparisons 

A simple before/after test is obviously crude and yet it is a 
10gic~1 starting pOint for analysis. There is no point rushing to 
comp11cated techniques before even inquiring whether a significant 
change has taken place. The non-use of control areas may be justi
fied when crime patterns in the target area have been shown to be 
relatively stable. This stability should be explicitly examined by 
testing data from several years prior to the street lighting project 
for seasonal variations, crime trends and random fluctuations. As 
noted in Sections 4.2 and 5.2, it is also important to avoid im
plicitly combining irrelevant assumptions with the street lighting 
test hypotheses. 

~ When cdme levels in the target area have not been stable, the 
usefulness of simple before/after comparisons has been limited since 
the chi-square test will have difficulty distinguishing. the po~t
relighting variation from that which occurred before. Control areas 
are then required to sharpen the focus of the technique onto the 
street lighting intervention. 

Controlled Comparisons 

The classic example of a controlled comparison is a chi-square 
test of a table of before/after, target/control area impact measures. 
As noted in Section 5.2, the reasonableness of the control area 
should be tested, for example, by applying the above four-way com
parison to data from the period before relighting. The precautions 
made above concerning the test hypotheses apply here, as well. 

Controlled comparisons may also be used for a limited analysis 
of displ~cement effects, by testing the elements of a compound 
hypothesls. The components of the compound hypothesis can be 
~dentified as: A) a significant crime reduction has taken place 
~n the t~rget area; B) a significant crime increase has taken place 
ln the dlsplacement area; and C) the magnitudes of the changes 
are consistent with the overall displacement hypothesis. Separate 
tests should be performed on A and B with whatever control areas 
are appropriate for each. Identification of the magnitude of the 
changes ~ay be difficult if they take place in the presence of large 
fluctuatlons or trends. Temporal displacement may be similarly analyzed 
by comparing before/after and night/day crime in the target and con
trol areas. However, there is no way to assure that this approach 
will include a~l possible displace~nt areas or forms of displacement. 
Hence, a negatlve result does not lmply the absence of displacement. 
This limitation is inherent in the present lack of understanding as 
to the analysis of crime displacement. 
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The main difficultY·with the application of controlled before/ 
after comparisons is that a systematic approach is required for 
a) avoiding implausible stability assumptions and b) defining an 
orderly set of comparisons which focus on the effects of street 
lighting and exhaust the possibilities contained within the data. 
The ratio'method, discussed next, promises to contribute to the 
resolution of these difficulties. 

~ontro11ed Comparisons \,/ith Ratio Method 

The ratio method begins with the observation that, prior to 
the street lighting intervention, crime LeveLs are erratic, but 
certain ratios are not. For example, within the relit area, the 
ratio of night street robbery to night non-street robbery may be 
relatively more constant then either of the levels themselves. 
Similarly the ratio of night street robbery in the target area to 
that in a control area may be stable, even if their absolute levels 
are dissimilar. 

Assuming the reasonableness of this hypothesis, the ratio method 
postulates that ratios observed to be stable prior to relighting 
would remain so if the street lighting project did not take place. 
The pre-relighting ratios are thus used as the basis for predicting 
the expected distribution of post-street lighting ratios. The re
maining discussion addresses the confirmation of the ratios' stability; 
and the use of particular ratios in chi-square tests of street lighting 
impact. A detailed numerical example is given in the Final Report as 
an illustration of the ratio method. 

Confirmation of Stability 

Examples of the reasonableness of the ratio method's underlying 
assumption are not difficult to find. For example, using the Denver 
data, quarterly ratios of street lighting target area to city-wide 
night violent crimes in 1973 and 1974 were, respectively, .207, .205, 
.186, .200, .197, .186, .190 and .191. Even with such a crude com
parison, the quarterly ratios are all seen to drop to below .175 in 
1975, the first year after relighting. In practice, a more detailed 
and systematic approach should be taken. 

Obviously, if no constant ratios can be identified, then the 
ratio method should not be used.* Based upon a preliminary applica
tion to available street lighting and crime data, the ratio method 
promises to be an effective analytical tool. 

* Also, if time of day is unknown for a large fraction of reported crimes 
(e.g., as with business burglaries), then those crimes should be ex
cluded from any analysis, including the ratio method. 
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Testing of Ratios 

The actual test of the impact of street lighting is governed 
by the ratios selected. Once selected, the ratios can be tested 
using a ~bi-square test. The chi-square test in effect "weights" 
the evidence from comparisons within and between different areas. 
In contrast, Kansas City, the only Evaluation Sample study making 
both types of comparison, had no procedure for combining such 
findings, or deciding what to do if different comparisons gave 
results in opposite directions. The ratio method also weighs the 
strength of individual clues, and not merely their directions in a 
statistically defensible way. 

REGRESSION ANALYSIS 

Multiple regression analysis is, of course, a well-known tech
nique which has been widely applied in criminal justice research. 
Its potential significance to street lighting evaluations lies in its 
ability to deal with a large number of explanatory variables. It 
has, in fact, been used successfully in studies of street lighting 
and traffic accidents [42]. Regression analysis deals explicitly 
with a problem handled only indirectly by the use of control areas 
in other techniques. Further, it permits the use of continuous 
measures of light rather than the relit/non-relit dichotomy of 
the other techniques. 

Schematically, the typical regression analysis assumes that . 
the impact measure, I, can be modelled as: 

I = a + bL + cS + dA + e, 

where L stands for a light measure, S is a socio-economic measure, A 
is an attitude measure, e is a random fluctuation with some standard 
deviation a, and a, b, c, d and a are constants estimated from 
analysis of the data. In practice, of course, the number of measures 

'may be greater or fewer. For example, Norfolk used several light 
measures, including vertical and horizontal illumination, as well 
as uniformity. The measures also need not be continuous--for example, 
L could be 0 or 1 for non-relit and relit blocks, respectively. Finally, 
the measures need not be absolute values--I and/or L may represent 
changes in the impact or light measures from before the street lighting 
project to after. 

The problem with regression analysis is that, having taken on 
many difficult issues, it does not necessarily resolve them. Two 
problems are noted. First, defining a compZete set of independent 
variables is always problematic, as is the danger of "washing out" 
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the variance in the dat~'with too many variables. The method 1tself 
offers no guidance to the evaluator. 

Second even with all key variables present, regression results 
can be highiy inaccurate, because of the assumption of a linear 
relation~hip between measures. For example, as postulated in 
Section 6, fear may not be a linear function of light. Ho~ever, 
it might be approximated by a series of linear relationships., each 
applied to a given range of the pertinent light measure(s). At 
the very least, the reasonableness of the assumed functional form 
should be checked by examining its behavior in limiting cases. For 
example, a regression equation with coefficient~ estimated f~om 
data on one set of streets could be tested for 1ts accuracy 1n 
predicting crime levels on others. This is in theory a standard 
procedure, but its absence in practice is noteworthy. 

In conclusion, regression analysis has much to recommend it, 
but it remains virtually untested in the topic area of street 
lighting and crime. Wherever it is applied, its results and assump
tions should be subjected to strenuous testing. 

TIME SERIES ANALYSIS 

One problem in evaluating law enforcement programs is th~t t~e 
impacts occur in a time series. Thus! the before and.after d1str~bu
tions of data are dependent. Also, S1nce the underlY1ng process 1S 
often not stationary (due to the many external factors that are work
ing on the system), the before and after distributions probably do 
not have the same mean and variance. Hence, confidence intervals 
and significance levels obtained using classical ~tatistics h~ve lit
tle credence, since not all the necessary assumpt10ns are val1d. 

In time series analysis, these problems are addressed by assuming 
that fluctuating events from successiv~ perio~s.are correZated: Such 
an assumption is especially plausible 1f publ1C1ty abou~ certa1n 
incidents tends to stimulate others and thus creates cr1me waves--as 
seems to happen for suicide and hijacking. In practice, however, a 
significant amount of systematic variation may ~e du~ to influences 
other than the identified explanatory measure, 1n wh1ch case the 
assumption that the error term in the time series analysis is random 
is not valid. A recently reported method by Box and Tiao [43] for 
addressing this difficulty entails modelling both the error.term 
and the impact of the intervent~on ~n such a way th~t ~~e d1scer~ment 
of the effects of the intervent10n 1S enhanced. Th1s ~n~ervent10n. 
analysis" prescribes an iterative pr~ced~re for enter~aln1ng.successlve 
mathematical models until the best f1t wlth the data 1S obta1ned. 

To date, only one application of this method is know~ to hav~ 
been made in street lighting; it was applied to monthly nlght bUSlness 
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burglary data from the New Orleans evaluation [44]. A conventional 
analysis assuming a ranqom error term was performed first, indi
cating an apparent street lighting impact. However, further in
spection revealed that the randomness assumption was not valid for 
the error term. The intervention analysis method was then applied 
yielding a model with a more accurate fit to the data. Contrary 
to the first result, the impact attributable to street lighting 
was founij-to be negligible. The study concludes that errors can 
arise if the serial dependence of successive observations is ignored. 
It should be noted that this method requires a large number of data 
points. For example, in the New Orleans intervention analysis, 50 
"before" and 29 "after" val ues wey'e used. 

Because of the underlying theoretical considerations, and in 
view of the findings on the New Orleans data, continued efforts to 
apply the intervention analysis method to other data on street 
lighting and crime are warranted, and, in fact, have been supported 
by NILECJ.* 

* "Stochastic Modelling and Analysis of Crime," LEAA Grant No. 75 
NI-99-0091, awarded to Georgia University of Technology, (Dr. Stuart 
Deutsch, Principal Investigator). 
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6 CONCLUSIONS 

The purpose of this section is to draw conclusions from the 
material,presented in Sections 1 through 5. The present state of 
knowledge is discussed in Section 6.1; gaps in knowledge and related 
recommendations are summarized in Section 6.2; and future research 
and evaluation activities are identified in Section 6.3. 

6.1 STATE OF KNOWLEDGE 

Is street Zighting an effective approach in the reduction and 
deterrence of crime? The-answer is inconclusive. The paucity of 
reliable and uniform data and the inadequacy of available evaluation 
studies preclude a definitive statement regarding the relationship 
between street lighting and crime. Although there is no statistically 
significant evidence that street lighting impacts the level of crime, 
especially if crime displacement is taken into account, there is a 
strong indication that increased 1ighting--perhaps lighting uniformity-
decreases the fear of crime. 

A related question is: Could a definitive statement have been 
made regarding street lighting and crime, even if r.e1iable and uniform 
data were available and the evaluation studies were\ adequate? The 
answer is no. The street lighting and evaluation issues considered 
in Sections 2 and 3.1, respectively, would have rendered any such 
statement questionable and invalid. In particular, on a microscopic 
level, there is a lack of understanding regarding which light measure, 
or combination of measures, is correlated with an individual's perception 
of personal security; and, on a macroscopic level, there is a problem 
with existing analytic techniques, especially in regard to an evaluation 
of synergistic effects. Research activities 1:0 overcome these problems 
are identified in Section 6.3. 

A final question is: For the purpose of guiding immediate policy 
decisions, what can be assumed about street lighting and crime? The 
answer is that, although it does not seem to impact the level of crime 
and may in fact displace crime, street lighting can be asswned to affect 
the fear of crime. Despi te the fact that thi Si assumpti on is based on 
very limited statistical evidence, one's intu~tive sense that street 
1 ighting makes an environment less a1 ien proviides an overwhelming argu
ment in support of the assumption. Certainly~ in this day and age, a 
completely darkened street would make one quite fearful and concerned. 
On the other hand, raising the illumination level to, say, daylight 
levels, would not eliminate one's fear of being victimized, since crimes 
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do occur during the day.* Actually, fear is probably not a linear 
function of light (i.e., whatever measure or combination of measures 
characterize light), but is a step-wise function of light; that is, 
the level of fear remains relatively constant between certain ranges 
of light'a'nd changes significantly at other ranges. 

Given the above assumption, it is recommended that the LEAA 
continue to fund street lighting projects for the purpose of deterring 
crime, recognizing that the objectives of street lighting are not only 
safety and security, but also community character and vitality, as 
well as traffic orientation and identification. In fact, the funding 
of street lighting projects should be a joint inter-agency effort 
so that the range of objectives is taken into consideration in the 
development of the project. 

6.2 GAPS AND RECOMMENDATIONS 

The gaps or problems in the state of knowledge have been discussed 
in terms of the street lighting and evaluation issues in Sections 2 
and 3.1, respectively.· Exhibit 20 summarizes the various issues, 
gaps and recommendations. 

A quick review of Exhibit 20 reveals that some gaps are beyond 
the scope of a study on street lighting and crime. For example, 
the weaknesses in the UCR crime measures must be addressed by the 
entire criminal justice community. On the other hand, the majority 
of the remaining gaps can be overcome by the conduct of three activi
ties. First, research is required to define pertinent light measures. 
Second, research is required to identify more relevant analytic tech
niques. Third, an exemplary street lighting evaluation is required 
to serve as a modeZ evaluation. Unfortunately, none of the available 
evaluations can serve as a model. All, three activities are detailed 
in the next section. 

6.3 FUTURE ACTIVITIES 

Two research activities and one evaluation activity are recommended 
in this section. All three activities deserve immediate attention, and 
should be carried on concurrently, in coordination with each other. The 
two research activities attempt to understand the relationship between 

* Continuing in this line of thought, one might postulate that the 
maximum impact of street lighting on crime in a given target area is 
bounded by the number of crimes that occur in the area during the day, 
since the brightest street lighting system is that provided by daylight. 
Care must be taken in this postulation, however, since the land use charac
teristics during the day are usually different from those at night . 
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Exhibit 20 

State of Knowledge: Issues, Gaps and Recommendations 

, 

Issues Gaps RecOl1'l1ll!ndations 
: 

I 

Project I 

• Project Responsibility Is • Project Coordination Is • While the very nature of a crime-related street lightingl 
Diffuse Lacking project requires the participation of a number of dif- I 

• Data .'cqui sition Is Diffi-
ferent city agencies. it is necessary that a temporary i 
inter-agency committee be established for the lifetime i 

cult of the project (i.e •• from planning througH evaluation)·1 
The committee should be responsible for coordination I 
among the agencies and with outside contractors. as well; 
as for the collection and analysis of pertinent data. I . 

• Project Funding Sources • Project Objectives Are • Inasmuch as street lighting serves a wide range of ob- : 
Are Many. Each With A Unrealistically Narrow In jectives. the above recommended inter-agency committee : 
Narrowly Focussed Mandate Focus should simuZtaneousZb seek funds from different sources : 
And A Desire For Quick • Possibility Of Regression 

and develop street lighting projects that are realisti- j 

Results. Usually Without cally responsive to the range of objectives and are : 
Benefit Of Evaluation Artifacts In Evaluation accordingly evaluated for II reasonable length of time. ! 

• Evaluation Efforts Are Furthermore. the funding sources should also support i 
Brief And Inadequate evaluation-related activities in an explicit manner. : 

i I 

I System I 
I 

•• System Designs Are • Existing Street Lighting · If it can be assumed that street lighting affects crime.: 
I Lacking In Pedestrian- Standards Are Lacking then pedestrian-oriented street lighting standards : 
! Ori ente~ Emphas i sAnd I • Heavy ReI iance On Industry 

should be developed. and they should ~e integrated with : 
Constralned By Industry roadway-oriented st~ndards. Furthermore. s~nce,the ; 

public is the ultimate consumer of street 11ghtlng pro-
ducts. the federal government shoul d take a more :rC:it'E ; 
role in the research and development of efficient and : 
effective street lighting systems. I 

• System Measurements Are • Light Measurements Are • More detailed and complete descriptions of performance , 
Minimal And Lacking Minimal specifications. cost breakdowns. and system character- : 

• Cost Measurements Are 
istics are required. Pertinent light.an~ cost.measure- ~ 
ments can be derived from these descrlptlons wlth the ; 

Lacking use of computer-based models (which still require ! 
further development. testing and calibration). : 

I 

~ I 
• Preva 11 i ng Enel"gy Shortage • Opportunity For "Natural • Future street lighting illumination reductions due to I 

energy conservation measure~ should (a) be monito~ed : 
And Conspicuousness Of Experimentation" 

! Street Li ghts liave Made • Need For A Total Systems 
for possible "natural experlments". and (b) be gUlded 

Street Lighting A Focus by a total systems approach which would result in I 

For Energy Conservation Approach street lighting systems that are at once energy- and ! 
cost-efficient. : 

• Building Security Ordi- • Evaluations of street lighting and crime must be sensi-
, 

• The Law Is Becoming In- i 
creasingly Involved In nances tive to local building security ordinances and civil 
Street Lighting Issues • Possible Civil Liability 

liability suits (involving street lighting). and they 
must be careful about their conclusions. inasmuch as 
these conclusions may be used as arguments in court. 

0 

! 

• Street Lighting Is Part • Need To Assess Environ- • In order to minimize any complications in implementing 
Of A Larg!r Environment mental Impact a street lighting project. an environmental impact 

analysis should be made. Furthermore. from an evalua-
• Need To Assess Concurrent tion viewpoint. it is necessary to identify any concur- I 

Programs rent programs or resultant synergistic effects that I 

• Need To Assess Synergistic could impact the evaluation results. I 

Effects i 
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Issues 

Evaluation 
• Existing Evaluation 

Measures Are Inadequate 

• Existing Analytic Tech-

I 
niques Are Inadequate 

I 
I 

I 
I 
I . There Are Several Pos-
I sible Methodological I 

I 
Problems In Actual 
Evalu3tions 

I 
• Evaluations Can Be 

Costly 

• Project Data Are Not 
Uniform 

- 96 -

Exhibit 20 
(page 2 of 2) 

Gaps Recorrmendati(lns 

I 

• light He~sures Are Inade- • Measures characterizing light, attitude (including fear I 

quate of crime), behavior (including crime displacement) and i 
• Attitude Measures Ara In- crime are all inadequately defined, so that the evalua-

adequate tions, including street lighting evaluations, which are ! 
based on one or mo,e of these measures, can be e-~e~ted ! • Behavior Measures Are In- to be somewhat inadequate. These measures require 

adequate better definition, testing and refinement. , 

• Crime Measures Ar~ Inade- : 
quate ! 

• Existing Anal.Ytic Tech- • Various analytic techniques--including regression analy- I 
nique$ Are Inadequate And sis, time series analysis, and before/after analysis--
Require Continued Research have been applied to "discern" the impact of a particu-

lar intervention; there are weaknesses in each technique. 
Discerning a synergistic effect is an even more complex , 
issue. Although on-going CPTED evaluations should shed i 

light on this issue, it is recommended that a research j 

activity be undertaken to identify and test analytic i 
techniques which can be effectively used in street ! 
lighting evaluations. 

I • Research Design Is lacking • In comparing the anticipated method~logical problems 
with those actually observed in the various evaluation • Explanatory Measures Are I 
studies, it is noted that the observed problems include I lacking 

I- more than those anticipated--a reflection of the general I 
• Impact ~asures Are naivete about how to design and conduct an evaluation. I lacking I A modeZ single project evaluation is recommended. 

I • Analytic Techniques Are 
J Misused i 

• Eval uations Car:!I'~ Costly, • A high cost evaluation is justified if it is a pioneeringl 
But May Be Cost··Effective effort, while an evaluation modelled after anothe, can be; 

undertaken at minimal cost. It is recommended that the I 
cost-effectiveness of each evaluation be considered on 

I its own merits. 
• Project Data Are Not Uni- • The nature of project responsibility and the funding re- j 

form, Thus Foreclosing quirements make it difficult to acquire data that are 
Opportunity To Conduct consistent and uniform. A modeZ evaluation would allow 
A Phase I Or Hul ti- projects to collect and maintain comparable data. I Project Evaluation At 

I This Time 

o 

o 

o 

o 

o 
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light and crime on a microscopic and a macroscopic level w respectively, 
while the evaluation activity would assure the uniformity and compara
bility of future street lighting evaluations. 

RESEARCH'ACTIVITY -- MICROSCOPIC LEVEL 

Recent and ongoing studies in traffic safety [45, 46, 47] 
can guide the identification of a research agenda for a study of 
light and personal security. As discussed in Appendix B of the Final 
Report, these traffic studies have been able to develop and test a 
visibility index which (a) corresponds well to an intuitive notion of 
the factors determining visibility; (b) can be reliably derived from 
a knowledge of the characteristics of the environment (i.e., street 
lighting system and roadway surface); and (c) can be correlated with 
the actual behavior of motorists performing tasks relevant to traffic 
safety. 

In developing an equivalent visibility measure for personal 
security, a possible research approach might require the following 
steps. First, identify a set of security-related visual tasks. A 
pertinent visual task might be defined as the detection, recognition 
or identification of a given visual target (e.g., facial feature, 
human silhouette, etc.) at a specified distance (e.g., at a "safe" 
distance, so that flight could be a feasible option) and in a given 
environmental setting. Second, measure the ability of a representa
tive sample population to perform the visual tasks under Q variety 
of lighting conditions. Third, define a set of target visibility 
measures--which hopefully would be based on existing light measures-
that could be correlated with the ability to perform the visual 
tasks. Fourth, select the visibility measure(s}, if any, that best 
correlate with the ability to perform the visual tasks and verify 
their predictability from a knowledge of the characteristics of the 
street lighting and contiguous environment. Fifth, test the visibility 
measure(s} by performing a correlation analysis with actual crime 
and fear data. 

The conduct of this research activity would not only contribute 
to the evaluation of street lighting projects, but also provide the 
necessary information for the development of pertinent, pedestrian
oriented lighting standards. Consequentlys the design of all future 
street lighting systems would benefit from this activity. 

Finally, it is estimated that the activity would require five 
professional person-years of effort, supported with appropriate in
strumentation and testing facilities. The activity could be carried 
out over a two-year period. 
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RESEARCH ACTIVITY -- MACROSCOPIC LEVEL 

On a macroscopic level. the impact of street lighting on crime 
(and fear) can be affected by other variables; some of which are inter
vening and must be controlled for in any evaluative analysis, while 
others (e.g •• special police patrol, neighborhood block watch program, 
Crime Prevention Through Environmental Design--CPTED--program, etc.) are 
supportive and must be evaluated for their synergistic effects. New 
analytic techniques, or hitherto unidentified use of existing tech
niques, are required to evaluate these synergistic effects. 

It is recommended that readily available data from a past or on
going street lighting evaluation be used to ~est any.pert~n~nt analytic 
technique that is developed. Actually, Sectl0n 5.3 ,dentlfles two 
techniques--the Box and Tiao "intervention analysis" [48] and the 
proposed "ratio method"--which deserve to be tested. The testing of 
these two techniques would only require one professional person-year 
and some data processing support. The development and testing of other 
analytiC techniques would, of course, require a higher level of effort. 

EVALUATION ACTIVITY 

A somewhat better understanding of street lighting and crime can, 
of course, be had if a major street lighting project is developed and 
implemented, together with an extensive and expensive evaluation pro
gram. Unfortunately, as stated in Section 6.1, the results of such an 
elaborate effort at this time--without the benefit of the two afore
mentioned research activities--would still be questionable. Therefore, 
it is recommended that a major (i.e., NEP Phase II) street lighting 
evaluation effort not be undertaken now but that single project evalua
tions be conducted on a systematic and uniform basis, so that a formal 
NEP Phase I evaluation could be profitably undertaken at a later point 
in time--perhaps three to five years from now. 

However, in order to insure the existence of a systematic ana 
uniform set of single project evaluations, it is necessary to develop 
a model evaluation that could be used as a guide and reference. There
fore, it is recommended that the single project evaluation design, 
which is contained in Section 5, be applied to either a past or 
ongoing street 1ig~ting project; this would probably require ~bou~ 
one to two professlonal person-years of effort. Such an appllcatlon 
would also help to refine the design, which could be used in all sub
sequent evaluations. 

• 

1. 

2. 

3. 
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