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The development and testing of an audit for the pedestrian environment3
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Abstract10

Recognizing the need for consistent, reliable, and efficient methods to collect information about the walking environment, the authors have
developed and tested a complete environmental audit methodology—the Pedestrian Environmental Data Scan (PEDS). In this paper, the development
of the audit methodology is presented, including the design of the instrument, the creation of training and supporting materials, administration,
and integration with handheld technology. Various tests of inter- and intra-rater reliability of our instrument have been conducted, including
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 Pndividual audit measures and various approaches to administering the audit. The results indicate high reliability for most measures and confirmed

dministration procedures. The PEDS audit methodology provides a comprehensive method to evaluate pedestrian environments for academics
nvolved with transportation and physical activity research as well as practitioners seeking to an assessment tool for prioritizing investments.

2006 Elsevier B.V. All rights reserved.
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. Introduction

The relationship between transportation choices and the
hysical environment, including the built and natural elements,
as long been the subject of inquiry of transportation researchers
for reviews of this line of research see Crane, 2000; Badoe and

iller, 2000). Various studies have aimed to identify the direc-
ion and magnitude of the relationships between land use and
rban form characteristics and the amount of travel by various
odes. The measures of the built environment commonly used

n models of individual or group behavior tend to be limited in
cope by the archived data available and aggregated to a large
rea (such as a census tract or traffic analysis zone). For example,
esidential population, employment and street network densities
re commonly used in these models to reflect the built environ-
ent. However, these macroscale measures do not capture the
ultiple and detailed dimensions of the physical environment,

∗ Corresponding author. Tel.: +1 301 405 1945; fax: +1 301 314 5639.
E-mail addresses: kclifton@umd.edu (K.J. Clifton), adlsmith@umd.edu

A.D. Livi Smith), danrod@email.unc.edu (D. Rodriguez).

particularly those experienced during non-motorized travel. The
contradictory and mixed findings in this line of research have
been attributed, in part, to the lack of consistent and appropriate
environmental data relevant for non-motorized modes (Frank
and Engelke, 2001; Handy et al., 2002).

Recently, considerable interest has been generated around
the potential connections between the health outcomes, the built
and natural environment, and levels of physical activity, includ-
ing walking and cycling (Frank and Engelke, 2001; Jackson,
2002; Handy et al., 2002). Inquiries in this line of research
have revived the need for comprehensive and detailed environ-
mental measures in order to identify elements of the physical
and natural environment that support or detract from walking
(Kwon et al., 1998; Painter, 1996). The policy questions for both
transportation and public health research converge on the devel-
opment of generally accepted standards for what constitutes a
walkable environment and unearthing the nature of the relation-
ship between this environment and walking behavior—and, in
a larger context, health (Frank, 2000; Frank and Engelke, 2001;
Funder’s Network, 2003; Craig et al., 2002; Jackson, 2002).

Recognizing the need for consistent, reliable, and efficient
U1 Tel.: +1 301 405 8971; fax: +1 301 314 5639.
2 Tel.: +1 919 962 4763; fax: +1 919 962 5206.

methods to collect information about the walking environment, 38

the authors have developed and tested a complete environmental 39
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audit methodology—the Pedestrian Environmental Data Scan40

(PEDS). This paper describes this effort. It begins with a brief41

review of efforts to define the critical elements of the walking42

environment and assess them using environmental audits. The43

development of the audit methodology is presented, including44

the design of the instrument, the creation of training and sup-45

porting materials, administration, and integration with handheld46

technology. Critical to the usefulness of an audit is its reliability47

in eliciting consistent results. Therefore, we report on various48

tests of inter- and intra-rater reliability of our instrument: indi-49

vidual audit measures and various approaches to administering50

the audit. The paper concludes with a discussion of the contribu-51

tions of this audit methodology, comparisons with other existing52

pedestrian audits, and directions for future work.53

2. Defining and assessing walkability54

Planning policy and practice aspires to develop a normative55

definition of a “walkable” environment and there have been a56

number of efforts to test these definitions empirically (Ewing,57

1999; Partnership for a Walkable America, 2001; Targa and58

Clifton, 2005). A large number of studies limit their measures59

of the environment to data that are readily available and com-60

parable across US locations through secondary sources, such61

as the US Census Bureau (Crane, 1996; Berrigan and Troiano,62

2002). These generally consist of measures of population or63
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prise a walkable environment or are influential in affecting rates 95

of pedestrian activity (Crane, 2000; Vernez-Moudon and Lee, 96

2003). The lack of microscale environmental data has been a 97

limitation but the collection of detailed information about non- 98

motorized activity has been overlooked in many transportation 99

studies, further hampering these efforts. 100

Others have attempted to capture pedestrian-oriented ele- 101

ments in a composite measure (Cervero and Kockelman, 102

1997; Holtzclaw, 1994; Parsons et al., 1993; Srinivasan, 2002; 103

Cambridge Systematics, 1994). A Pedestrian Environmental 104

Factor (PEF) was developed by planners in Oregon based on 105

sidewalk continuity, ease of street crossings, street characteris- 106

tics, and topography (Parsons et al., 1993). A pedestrian level of 107

service (LOS) developed by Sarkar (1993) evaluates a number of 108

criteria deemed important for this mode including: safety, secu- 109

rity, comfort and convenience, continuity, system coherence, 110

and attractiveness. The performance measure is expressed by 111

six qualitative descriptors of the pedestrian service level. Pikora 112

et al. (2002) identify four major categories of physical features 113

having an influence on walking: functional, safety, aesthetic and 114

destinations. Ewing (1999) also formulated a list of 10 factors 115

important for “pedestrian friendly environment” (medium to 116

high densities, mix of land uses, short to medium length blocks, 117

transit routes every half-mile, two to four lane streets, continuous 118

sidewalks wide enough for couples, safe crossings, appropriate 119

buffering from traffic, street oriented buildings, and comfort- 120
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mployment density, land use mix calculated by residential to
mployment ratios, and street network connectivity from street
etwork files at some aggregate spatial unit such as zip code
reas, traffic analysis zones, census tracts or block groups. Geo-
raphic information systems (GIS) now permit these land use
nd urban form variables to be computed at more disaggregate
patial units, such as buffer zones around an individual resi-
ence or destination, calculated at some radial distance (either
traight line or network) from the location of interest. Despite
hese advances, it is likely the micro-features in the environment
hat largely shape how accommodating an area is for pedes-
rian travel. Because of the slow speed and nature of walking, a
edestrian is typically much more aware of and exposed to the
nvironment than a driver. These features are likely to be impor-
ant in determining behavioral patterns, but are rarely ascertained
ecause of the difficulty in acquiring and accessing these data
Talen, 2002).

Most studies concerned with walking behavior evaluate the
nvironmental attributes by their degree of accommodation
or pedestrians and the correlations with levels of walking
Aultman-Hall et al., 1997; Greenwald and Boarnet, 2001). A
ariety of measures have been used to represent the built envi-
onment in studies of land use and travel behavior. In a study by
errigan and Troiano (2002), a simple measure of neighborhood
ge is used as a proxy of walkability. Crane (1996) used three
ariables to describe the local environment: population density,
and use mix and street pattern. And, a more comprehensive
rray was used by Craig et al. (2002), where 18 environmental
easures described characteristics of destinations, aesthetics,

nd traffic. However, the research has thus far been unable to
stablish a definitive characterization of the elements that com-
LAND 1383 1–16

ble and safe places to wait). In a similar vein, planners in
ontgomery County, Maryland calculated an index of pedes-

rian friendliness based on building setbacks and the availability
f sidewalks, paths, and bus shelters to traffic zones in the region.

As a whole, studies testing the predictive validity of these
omposite measures of the pedestrian environment at either the
rigin or the destination of trips have led to ambiguous results,
ith some showing a positive relationship between the indices

nd non-motorized travel behavior (Cervero and Kockelman,
997; Replogle, 1990) and others failing to show a relationship
Holtzclaw, 1994; Parsons et al., 1993). Calculating pedestrian
nvironment factors for Boston, Srinivasan (2002) found that
edestrian attributes of the route between home and work, rather
han the attributes of the endpoints themselves, appear to matter

ost in the decision to walk for work trips. These results suggest
hat even when we get the measures right, we may fail to evaluate
hem at the correct locations.

In sum, the important factors contributing to “walkability” are
till very much in contention and the relationship and relative
mportance of each feature has yet to be agreed upon. Among the
omplications is the nature of the measures: some aspects of the
edestrian environment can be measured objectively and there-
ore with more ease, but others are more subjective in nature.
s Talen (2002) stated, various studies have used one, the other
r a combination, but no overall agreement has been reached on
hat is appropriate.
To assist in the collection of microscale environmental data

hought important to pedestrians, several walkability audits have
een developed (Pikora et al., 2002; Emery et al., 2003; Day et
l., 2006). These audits assess features such as: sidewalk and
oad infrastructure and condition, safety features, lighting, aes-
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thetics and public transportation facilities. Vernez-Moudon and152

Lee (2003) present a review of several of these environmental153

audit instruments from urban design, planning, transportation154

and public health, which are designed to capture the physical155

environmental factors related to walking and bicycling. They156

conclude that measures in the existing audits are varied and still157

require extensive testing.158

Building up on these previous efforts, the authors have devel-159

oped and tested an instrument and methodology to assess these160

microscale features reliably and economically. This methodol-161

ogy is described and compared with competing audits in more162

detail below.163

3. Pedestrian environmental data scan164

The Pedestrian Environmental Data Scan was designed to165

capture a range of elements of the built and natural environment166

efficiently and reliably. PEDS is not alone in this effort; a num-167

ber of environmental assessment tools have emerged recently168

(Vernez-Moudon and Lee, 2003; see Table 1 for comparisons 169

between audits). PEDS contribution to this growing field of envi- 170

ronmental audits resides in the following areas: (1) consideration 171

of a variety of environmental elements and contexts within in the 172

United States; (2) design for efficient and reliable administra- 173

tion; (3) integration with handheld technology; (4) development 174

of detailed training materials and supporting documentation; and 175

(5) extensive reliability testing of the instrument and its adminis- 176

tration. These distinguishing features will be discussed in more 177

detail below and are outlined in Table 1. 178

3.1. Audit instrument 179

The pencil and paper PEDS audit instrument is shown in 180

Fig. 1. It was designed to balance the need for detailed infor- 181

mation about the environment with economy of administration 182

and is thus limited to one page. Each audit item was designed to 183

assess individual elements of the built and natural environment 184

with respect to pedestrian activity. Audit items include sec- 185

Table 1

WSAF WPS SLU SPACES I-M PBIC PEPS

Characteristics
Field protocol

√ × √ √ √ × √
× √ √
×
×
N/

I

√

√
√
×
×

×
×√
×
×
×
×

W
A
I
E

R
R

E
C

TE

Training presentation ×
Training test segments ×
PDA/tablet PC compatability ×
Tine required per segment or block 30 mn

tems measured
Land uses

Land uses (types, intensities, destinations) ×
Walking path/sidewalks

Sidewalk presence
√

Sidewalk qualities (materials, obstructions, uniformity)
√

Slope ×
Natural barriers (ditch, creek)

√

Vehicle-pedestrian interactions
Street supports for walking (crosswalks, traffic lights)

√
Traffic volume

√
Parking (on and off-street) ×
Speed limits

√
Segment/road connectivity ×
Road conditions (materials, uniformity)

√
Traffic calming (chokers, chicanes) ×

Safety and appeal
U
N

C
OLighting

√ √
View/surveillance × √
Aesthetics (incivilities, gardening, appeal) × √
Unique markers/memorability × ×
Architectural variety × √
Enclosure × √
Tree presence × √

Subjective assessmentI
Perception of attractiveness/appeal × √
Perception of safety × ×

SAF: Walking Suitability Assessment Form—University of North Carolina, Chape
nalytic Audit Tool—Saint Louis University; SPACES: Systematic Pedestrian and Cyc

rvine-Minnesota Inventory—University of California, Irvine and University of Minn
nvironment Data Scan—University of Maryland, College Park.
N/A × ×
× × × × √
√ × √ × √

A 10 mn N/A 20 mn 5–10 mn 3–5 mn

√ √ √ √ √

√ √ √ √ √
× √ √ √ √
× √ × × √
× × √ × ×

√ √ √ √ √
× × × √ √
√ √ √ √ √
√ √ √ × √
√ √ × × √
× √ √ √ √
√ √ √ × √
LAND 1383 1–16

√ √ √ × √
× √ √ √ ×√ √ √ × √
× × √ × ×
× √ × × √
× √ × × √
× √ √ √ √

× × √ × √
× × √ × √

l Hill; WPS: Walkable Places Survey—Baltimore Metropolitan Council; SLU:
ling Environmental Scan—The University of Western Australia; I-M Inventory:
esota; PBIC Checklist: Partnership for a Walkable America; PEDS: Pedestrian

andi
Note
Caption: Audit Comparison Chart
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Fig. 1.

tions on the macroscale environment, pedestrian facilities, road186

attributes, and the microscale features of the walking/cycling187

environment. In recognition that the overall quality of the walk-188

ing (and cycling) environment may not be adequately reflected189

by the sum of the individual parts, four subjective evaluation190

items were added as a separate section to rate the environment191

as a whole. In total, the number of questions number 40, resulting192

in 83 measures.193

The PEDS audit instrument builds upon existing work in194

this area with particular emphasis on the audit from Systematic195

Pedestrian and Cycling Environmental Scan (SPACES) (Pikora 196

et al., 2002), an instrument designed for use in Australia. The 197

SPACES instrument, although the major starting point for the 198

PEDS audit, posses several limitations. One drawback of the 199

SPACES instrument is its specificity to Australia: the features 200

measured were in some cases poorly matched to American envi- 201

ronments (e.g.: no differentiation between residential and com- 202

mercial driveways, no questions about the degree of enclosure 203

or the setback of buildings on the street). The PEDS instru- 204

ment reflects the changes made to SPACES for use in the United 205

andi
Note
Caption: PEDS Audit Instrument
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States. Some questions from SPACES were modified to gar-206

ner more information about the environment. For instance, a207

question about number of road lanes was changed to include all208

driving lanes, including turning lanes, to allow a better assess-209

ment of conditions at street crossings.210

The SPACES audit contains subjective evaluations of the211

attractiveness and the degree of physical difficulty reflected212

in the pedestrian and cycling environment. PEDS retained the213

questions about the degree of attractiveness of the walking and214

cycling environment. Instead of evaluating the degree of phys-215

ical difficulty, PEDS rates the overall sense of safety/security216

of a segment, for both walking and cycling. This decision was217

motivated, in part, by the difficulty in collecting individual mea-218

sures of safety by objective means. In addition to these changes219

to SPACES, additional questions were added to the PEDS audit220

in sections on pedestrian facility (buffer type, sidewalk width,221

sidewalk connections, sidewalk completeness), road attributes222

(posted speed limit, walking through parking lot to access build-223

ings, presence of curb cuts) and in the walking/cycling environ-224

ment (presence of way finding aids, presence of power lines,225

degree of enclosure and building setback).226

The Irvine-Minnesota inventory (I-M) and the St. Louis Uni-227

versity Analytic Audit Tool (SLU) evaluate many more features228

of the environment than PEDS. The I-M inventory results in229

over 200 measures (Day et al., 2006) and measures from the230

SLU instrument count nearly 150. For instance, the I-M and231
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ence of destinations, aesthetics or any other feature not related 263

to safety. 264

The Walking Suitability Assessment Form (WSAF) was 265

developed by Emery et al. (2003) to examine features associated 266

with pedestrian safety. As such, WSAF focuses only on aspects 267

of the pedestrian facilities and street crossings such as road 268

attributes (e.g.: number of driving lanes, posted speed limit), 269

traffic control devices (e.g.: presence of crosswalks, pedestrian 270

signals) and pedestrian facilities (e.g.: sidewalk width, surface 271

condition). This instrument, like the PBIC checklist, does not 272

evaluate land uses, aesthetics or other non-safety related walka- 273

bility measures. However, the WSAF instrument does feature a 274

scoring system which allows a rapid assessment of the level of 275

safety for walkers on any given street segment. 276

The Walkable Places Survey (WPS) tool was designed to be 277

implemented by laypeople and is meant to foster “community- 278

based neighborhood planning” (Shriver, 2003). Unlike other 279

instruments, this one does not include any efforts to increase 280

agreement among raters through training and clear defini- 281

tion of the features to be measured. Although the instru- 282

ment itself is not available, the description and results from 283

Shriver’s paper (2003) provide information about the ques- 284

tions and format of the instrument. The instrument includes 285

30 streetscape characteristics all scored on a three-point Likert 286

scale. The measured characteristics include traffic and park- 287

ing (e.g.: traffic speeds, noise/fumes), buildings (e.g.: setback, 288
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LU both include questions with extensive detail about land
ses (presence of churches, marinas, golf courses, check cash-
ng stores, farmer’s market, etc.). The PEDS audit is much

ore concise when asking about land uses, asking only about
ajor categories of uses (single family housing, multi family

ousing, office/institutional, restaurant/commercial, industrial,
acant, and recreational). On the other hand, the I-M and the
LU both have fewer questions about the walking path and asso-
iated elements. The I-M, for instance, does not assess sidewalk
idth, distance from the curb, or connectivity to other sidewalks.
he SLU does not address connectivity or type of buffer.

In the development of PEDS, a shorter, more time-efficient
udit was favored. The longer audits result in a more detailed
haracterization of the environment but do require a greater time
ommitment to administer (time costs are discussed in more
etail below). Of course, this entails a tradeoff in the amount
nd detail of information collected from the audit, but to date, it
s unclear whether such an extensive amount of detail as in the
-M or SLU will be important in understanding behavior.

Other audits, in addition to PEDS, have adopted a more parsi-
onious approach; however, they are differentiated from PEDS

y either: their narrow scope, their lack of rigorous training and
rotocols and/or their aim to involve the community in action
esearch. The Pedestrian Bicycle Information Center Checklist
PBIC) collects information about the environment for use in
valuating residents’ satisfaction with their walking environ-
ent but isn’t as useful for characterizing the environment for

se in behavioral models. The PBIC checklist is meant as a
coring system for laypeople and thus does not designed to col-
ect detailed, comprehensive features about the environment. For
xample, the PBIC instrument does not evaluate land uses, pres-
LAND 1383 1–16

onvenience), sidewalks (e.g.: width, curb), amenities (e.g.: seat-
ng, lighting, public art), intersections (e.g.: crosswalks, road
idth) and perceptual (e.g.: enclosure, well-being). Although

he WPS measures multiple aspects of the pedestrian environ-
ent, there are a few notable missing variables, such as land

ses, traffic control devices, and maintenance/cleanliness of the
treet.

.2. Training

Another prominent feature of PEDS is the extensive use of
etailed and intensive training to ensure reliability of the audit.
he training materials developed for the PEDS audit include a
isual presentation of each of the audit elements, video segments
or practice audits and testing to insure homogeneity in rating
or all raters. Prior to data collection, audit raters, is required
o participate in two days of training, including classroom and
eld exercises.

The training comprises two parts. A presentation thoroughly
xplains the segmentation of streets or pedestrian networks used
or administration of this audit. Each question and answer option
s then reviewed in depth with photographic examples. The first
art of the training concludes with videos of segments that the
aters rate and then discuss. The second part of the training is
ailored for the location of the audit and conducted in the field.
aters survey half a dozen varied segments and then discuss
nd compare their ratings under supervision. Training sessions
ontinue until all raters have a good understanding of each of
he audit items. The training materials and protocols provide
etailed background information so that laypeople, once trained,
an administer the audit reliably.

andi
Inserted Text
 as shown in Fig. 2

andi
Cross-Out

andi
Cross-Out

andi
Replacement Text
are



C
O

R
R

E
C

TE
D

 P
R

O
O

F

6 K.J. Clifton et al. / Landscape and Urban Planning xxx (2006) xxx–xxx

Fig. 2.

To complement the training, we developed an audit proto-318

col to provide instruction and reference for data collection in319

the field. The protocol addresses particular issues and singu-320

larities found in the field. The protocol was updated regularly321

during administration to provide as much direction as possible322

to each auditor. After each auditing session, raters met to discuss323

any problems or new features encountered during the day. Their324

questions were answered at that time and that information was325

added to the protocol. Examples of the training materials and326

protocol are shown in Figs. 2 and 3.327

The audit instrument, the training materials, and the audit pro-328

tocol were piloted-tested in a residential and a strip-mall com-329

mercial environment in Chapel Hill, NC during the months of330

February and March of 2004. The pilot study allowed us to iden-331

tify preliminary inter-rater reliability measures by urban envi-332

ronment context (residential or commercial), thereby identifying333

audit attributes that needed further clarification and/or training.334

3.3. Administration335

For various purposes, pedestrian environmental data have336

been collected at different spatial scales or units of analysis:337

blocks (Shriver, 2003), intersections (Zegeer et al., 2006), and338

segments (Emery et al., 2003; Pikora et al., 2002; Brownson et339

al., 2004; Day et al., 2006). The PEDS audit, like most of the340

audits in Table 1, is designed to be administered on segments of341
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d343
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a347

w348

In application of PEDS presented here, segments are gen- 349

erally defined as a road or pedestrian path bounded by cross 350

streets or intersections. These segments are identified using sec- 351

ondary street or pedestrian network layers (such as TIGER street 352

centerline files from the US Census) in a geographic informa- 353

tion systems software platform. In cases where segments are 354

longer than 700 ft, the segment is subdivided to ensure con- 355

sistency in the segment length and for better comparison of 356

variation across segments. As a result of these subdivided seg- 357

ments, segment length and overall block length are not always 358

synonymous (block length is not measured directly from the 359

audit but rather calculated from the network data using GIS). 360

Each segment is given a unique identifier code to differentiate 361

the segments and to assist with integration of other spatial data 362

in the geographic database at a later time. Segments of pedes- 363

trian facilities that are not adjacent to roadways, such as trails 364

and pathways, are added to the database. Segments inaccessi- 365

ble to pedestrians, such as limited-access highways and ramps, 366

are removed from the dataset before the administration. Audit 367

raters evaluate the pedestrian environment collecting informa- 368

tion for each segment, evaluating both sides of the street at once. 369

If the pedestrian pathway is adjacent to a major arterial or other 370

roadway with high traffic volume, the audit is conducted on both 371

sides of the street separately. This is done with the understanding 372

that arterials often contain obstacles (high volume or speed of 373

traffic, width of the street) that make crossing the street difficult 374

o 375

s 376

377

S 378

o 379

a 380

m 381
U
Npedestrian network or pathway. This permits flexibility in the

esignation of the length or bounds of the segment based upon
he nature of the area being audited. For example, Pikora et al.
2002) divided each segment by the nearest intersection, while
mery et al. (2003) used variously sized segments. The PBIC
udit is designed for residents’ subjective evaluation of entire
alks and thus, the unit of analysis is variable.
LAND 1383 1–16

r unattractive to pedestrians, thereby making each side of the
treet important to measure individually.

The PEDS audit was designed to be administered in pairs.
urveying in pairs improves reliability and to ensures the safety
f raters. However, different methods of administering the
udit were tested for reliability, including raters auditing seg-
ents individually and in “waves”, where each administrator is
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Fig. 3.

given additional training for a particular set of environmental382

attributes, and then becomes the sole evaluator for that feature383

(e.g. land use and street network, pedestrian facilities, design384

elements, etc.). The testing of the administration methods is385

described in the reliability section below.386

3.4. Integration with handheld technology387

The PEDS audit was developed as a pencil and paper instru-388

ment but the instrument and supporting materials were adapted389

for use with handheld technology (see Fig. 4). Personal dig-390

ital assistants (PDAs) offer an increasing number of features391

that are attractive for survey administration and are relatively392

inexpensive. These handheld electronic devices can support a393

variety of software packages, including database programs that394

can be used for data entry, word processors or document read-395

ers for supporting materials and protocols, and in some cases,396

geographic information systems and global positioning systems397

(GPS) to include geospatial referencing. Some PDAs also have398

the capacity to interface with digital photography, allowing pic-399

tures of the audit environment to be incorporated directly into400

the data set.401

Advantages of administering audits using the PDAs include402

the ease of administration and the improved quality of data.403

Administering the audits using handheld technology improves404

data quality over pencil and paper administration by eliminat- 405

ing the need for data entry. The PDA instrument also reduces 406

rater error through a number of response checks. The maps 407

used by the raters, the list of segments to be audited, and the 408

protocol are all available on the PDA, reducing the need to 409

carry additional materials. The PDA platform audit can be com- 410

Fig. 4.
LAND 1383 1–16
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bined with global positioning system units for geo-referencing411

or in conjunction with platforms that support with geographic412

information systems. This permits the addition of segments or413

features to the base map in the field. Although the SLU and I-M414

audit instruments have also been adapted for PDA or tablet PC415

data gathering, the PEDS audit is the only one that has been416

tested for reliability using such an interface.417

3.5. Reliability testing418

The PEDS audit was administered during the months of June419

and July 2004 on street and pedestrian network segments in the420

city of College Park, MD. The City of College Park, located421

in Prince George’s County, is the home of the University of422

Maryland. In a college town with more than 54.4% of its popu-423

lation enrolled in higher education, a large number of residents424

are pedestrians and bicyclists. A very large percentage of Col-425

lege Park residents walk, bicycle or ride public transportation426

to work. Similarly, the University is clearly instrumental in427

contributing to the diverse ethnic distribution. The population428

consists mostly of young adults, with fewer elderly and chil-429

dren. Residents of College Park have slightly lower rates of car430

ownership and drivers licensure than the US population. These431

levels of car ownership most likely reflect the student-oriented432

nature of the city. Although the University of Maryland campus433

is in the city, the campus was not surveyed during this study434
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Fig. 5.

imately 100 segments each day. One day a week was dedicated 466

to reliability testing. After each day, the raters discussed any 467

problems they had in the field so as to inform improvements 468

to the protocol, which was updated regularly. Segments that 469

were mapped but not present in the field were removed from 470

the dataset at the end of each day. The data was transferred from 471

the PDAs in Excel format and were then exported to SPSS for 472

analysis. 473

Our analysis is designed to test three questions about that 474

audit and its administration: (1) the overall rater reliability (intra- 475

and inter-) of the audit; (2) variation in the reliability by urban 476

context; and (3) influence of various modes of implementation 477

of the audit (pairs, individuals, wave) on reliability of the data 478

collected. 479

Kappa statistics, percent agreement, and the concordance 480

correlation coefficient are used to test reliability and are con- 481

sistent with other reliability measures reported by others. Pikora 482

et al. (2002) and Brownson et al. (2004) used Kappa statistics 483

in reporting the reliability of SPACES and SLU, respectively; 484

Boarnet et al. (2006) and Brownson et al. (2004) employ per- 485

cent agreement to test I-M and SLU. We provide both statistics, 486

when appropriate, for comparison. Explanations of these relia- 487

bility measures follow. 488

Kappa statistics provide a chance-corrected measure of 489

agreement between raters (see Landis and Koch, 1977). A Kappa 490

coefficient of 1.0 represents perfect agreement; Kappa coef- 491
U
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ecause much of the pedestrian network on the campus is not
apped. However, the development of the audit outlined above

ncluded methods to integrate previously unmapped segments
n the audit.

College Park contains the flagship campus for the University
f Maryland, a great generator of pedestrian activity. Neigh-
orhoods vary in their age (the median year of construction of
ousing at the block group level ranges from 1945 to 1981), street
esign (with variations ranging from grid to curvilinear street
atterns), population and housing density at the block group
evel (ranges from about 350–8000 persons per square miles and
bout 120–3000 housing units per square miles, respectively),
nd degree of pedestrian accommodation. Most residential areas
re relatively low density with non-residential uses located on
rterials bounding neighborhoods. The focus of most commer-
ial development in College Park is the US 1 corridor. This state
ighway serves as the “main street” in College Park and develop-
ent is largely oriented toward automobile access. A few blocks

f commercial development near campus provide the exception,
ith storefronts oriented toward the sidewalk with parking in the

ear or side of the building. Pedestrian connectivity to the Uni-
ersity of Maryland campus is rather poor, in part due to Rt. 1,
evering residential neighborhoods from campus. Although the
nvironment in College Park is largely suburban, there is sig-
ificant variation in the urban form and pedestrian environment
cross the city and thus provides a suitable location to test the
eliability of the PEDS audit.

A total of 71.5 miles of street and pedestrian pathways, equal
o 995 segments, were surveyed on foot. Fig. 5 shows a map
f the completeness of sidewalks by segment and illustrates the
eographic extent of the area audited. The raters audited approx-
LAND 1383 1–16
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ficients equal to 0 represent agreement corresponding to that492

expected by chance, and Kappa coefficients less than 0 repre-493

sent agreement less than that expected by chance. In calculating494

the Kappa statistic, we apply a weighting scheme that weights495

disagreements between responses that are just one category away496

(e.g., high versus medium) more favorably than disagreements497

between responses that are several categories away (e.g., high498

versus low).499

Since the Kappa statistic is applicable only for categorical500

variables, the concordance correlation coefficient is used for501

the measures which are measured on a continuous scale. Four502

questions in the instrument (number of lanes, number of side-503

walk connections, width of sidewalk and distance from curb) are504

continuous variables and therefore received a concordance cor-505

relation coefficient. This coefficient was first proposed by Lin506

(1989) and is the accepted method in assessing agreement in507

continuous data. The concordance statistic has a range of 1.0–0,508

with 1.0 representing perfect agreement.509

We also include percent agreement as a reliability measure510

because we feel these are more appropriate for data that exhibit511

little variation (Boarnet et al., 2006). Percent agreement also512

more accurately shows the reliability of the features that are513

not very frequent in the environment tested. For example, if a514

feature is only present a few times and there is low disagree-515

ment (but not perfect agreement), Kappa scores will be low516

when the agreement will actually be very high. By presenting517
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Table 2
Reliability of audit (number of segments = 192)

Questions Kappa score Percent
agreement

Subjective assessment: segment . . .

. . . is attractive for walking 0.131 50.5

. . . is attractive for cycling 0.317 82.3

. . . feels safe for walking 0.366 75.5

. . . feels safe for cycling 0.407 84.9

0. Segment type 1.000 100.0

1. Uses in segment (all that apply)
Housing—single family detached 0.824 96.4
Housing—multi-family 0.659 98.4
Housing—mobile homes N/Aa 100.0
Office/institutional 0.688 88.0
Restaurant/café/commercial 0.766 92.2
Industrial N/Aa 100.0
Vacant/undeveloped 0.571 89.6
Recreation 0.402 89.1

2. Slope 0.532 70.3
3. Cul-de-sac/dead-end 1.000 100.0

4. Type(s) of pedestrian facility
Footpath (worn dirt path) N/Aa 100.0
Paved trail N/Aa 98.4
Sidewalk 0.778 90.1
Pedestrian street (closed to cars) N/Aa 100.0

5. Path material (all that apply)
Asphalt 0.237 94.3
Concrete 0.815 91.7
Paving bricks or flat stone N/Aa 98.4
Gravel N/Aa 100.0
Dirt or sand N/Aa 100.0

6. Path obstructions (all that apply)
Poles or signs N/Aa 100.0
Parked cars N/Aa 100.0
Trees 0.111 93.2
Garbage cans 0.240 92.7
Other N/Ab 93.8

7. Buffers between road and path
Hard buffer
Fence N/Aa 100.0
Trees N/Aa 98.4
Hedges N/Aa 100.0
Soft buffer
Landscape N/Aa 100.0
Grass 1.000 100.0
Path distance from curb (feet) 0.998c 96.9
Path width (feet) 0.998c 76.6

8. Sidewalk completeness/continuity 0.798 90.1
9. Sidewalk connectivity to other 0.984c 81.3
10. Sidewalk condition/maintenance 0.715 83.9
11. Condition of road 0.123 65.6
12. Number of lanes 0.996c 93.2
13. Posted speed limit 0.650 95.8
14. On-street parking 0.623 85.4
15. Off-street parking lot spaces N/Ab 88.0
16. Must you walk through a parking lot 0.687 90.1
17. Driveways N/Ad 91.1

18. Traffic control devices
Traffic light 0.901 98.4
Stop sign 0.965 98.4
Traffic circle N/Aa 98.4
U
N

C
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R
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oth the Kappa score and percent agreement, both the agree-
ent among raters and the prevalence of the feature in the

nvironment are shown and allow for comparison with other
udits.

Twenty four features (mostly unusual or rare features such
s fence or hedge buffers, gravel or dirt sidewalks, chicanes and
hokers, curb extensions, overpasses, water fountains bicycle
arking, mobile homes, etc.) do not have Kappa scores because
hey were not present in a sufficient number (three or fewer
ccurrences) of the tested segments and are denoted by an aster-
sk in Table 2 through Table 5. For these cases, we report the
ercent agreement between raters with the understanding that
greement due to chance may be high.

Sample sizes varied for the reliability tests. Inter-rater relia-
ility was tested on a large sample (N = 192) and entire neigh-
orhoods were selected for this. Neighborhoods rather than
andomly sampled segments were chosen to be tested to ensure
hat a significant number of segments contained sidewalks (since
whole section of the audit concerns sidewalks, it was impor-

ant to survey sufficient segments with that feature present). For
esting of the urban context, smaller samples of approximately
5 segments each were deemed appropriate from both previous
tudies (Pikora et al., 2002) and a pilot of the audit conducted
n Chapel Hill, NC. Commercial segments were selected ran-
omly, with segments not containing sidewalks removed from
he dataset. Because the sample in this case was very small: more
eatures of the audit could be tested by including only segments
ith sidewalks. The Old Town neighborhood was selected as the

ocation for reliability testing of the residential segments: most
treets have sidewalks and there is a variety of single and multi
amily housing in the area. Entire neighborhoods around College
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Table 2 (Continued )

Questions Kappa score Percent
agreement

Speed bumps 0.901 98.4
Chicanes or chokers N/Aa 100.0

19. Curb cuts in segment 0.695 85.9

20. Crossing aids in segment
Cars must stop

Pavement markings 0.669 83.9
Yield to ped paddles N/Aa 100.0
Pedestrian signal 0.515 96.4

Crossing aids
Median/traffic island N/Aa 100.0
Curb extension N/Aa 100.0
Overpass/underpass N/Aa 100.0

Warnings to cars
Pedestrian crossing street sign 0.558 87.0
Flashing warning N/Aa 100.0

21. Lighting 0.196 41.7

22. Amenities (all that apply)
Garbage cans 0.208 94.3
Benches 0.645 95.8
Water fountain N/Aa 100.0
Bicycle parking N/Aa 100.0
Street vendors/vending machines 0.249 90.1

23. Are there wayfinding aids? N/Ad 96.4
24. Number of trees shading 0.688 87.5
25. Degree of enclosure 0.311 87.0
26. Power lines along segment? 1.000 92.2
27. Cleanliness 0.176 55.2
28. Articulation in building designs 0.085 88.0
29. Building setbacks from street 0.198 46.9
30. Bicycle lane N/Aa 100.0
31. Transit facilities 1.000 100.0

a This feature was not present in any of the tested segments or was too rare
for Kappa testing.

b These questions did not have fixed answers and therefore a Kappa score
cannot be computed.

c When a concordance statistic is calculated.
d This question was changed in the middle of the audit and was therefore not

tested.

Park were also selected for the testing of different implementa-549

tion modes.550

The raters consisted of 12 undergraduate students who had551

undergone the training process described above. Most of the552

students had no previous experience with environmental audits553

and little to no knowledge of urban planning. The students were554

chosen in part because of their lay status to demonstrate that555

non-planners, with effective training, can administer the audit.556

Most of the other audits in Table 1 had very few, specialized557

raters (for instance, five raters total for the I-M inventory, two558

raters in WASF) or multiple but untrained laypeople, resulting559

in significantly poorer reliability (WPS).560

Overall, the instrument proved to be reliable. Landis and561

Koch (1977) suggest that Kappa statistics between 0.61 and 0.80562

indicate substantial agreement; Kappa statistics greater than 0.80563

indicate almost perfect agreement. The rater reliability testing564

showed that only a small number of items in the audit consis-565

tently garnered Kappa scores below 0.40. These were mainly the 566

questions involving more subjective assessment or more abstract 567

concepts, like amount of street lighting, articulation of building 568

designs and degree of enclosure. On the other hand, many items 569

(such as land uses, traffic control features, and presence of side- 570

walk) in the audit received very high Kappa scores (0.75 or 571

above). 572

The four subjective questions in the audit all had low 573

reliability, as might be expected. A strong correlation was found 574

between the variables for “safe for walking” and “attractive for 575

walking”. These two variables were added to form a “walking 576

index”. All of the other variables in the audit had a high cor- 577

relation with this index, which indicates that the environmental 578

features chosen for the audit do have a direct relationship with 579

the perceived walkability of the segments despite their low 580

reliability. 581

All but one of the low reliability questions, found in Table 2, 582

ask for a subjective assessment in the environment. Assess- 583

ing the quality of lighting was difficult because the audit was 584

administered during the day and thus the low reliability result 585

is not surprising. The presence of asphalt as a sidewalk material 586

received low reliability score in the early weeks of auditing. 587

This was remedied by additional training. Reliability scores 588

improved after the material was discussed and explained to 589

the raters. 590

The reliability of the audit was tested for different urban con- 591
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exts: commercial and residential segments. As expected, resi-
ential segments garnered higher reliability scores in almost all
easures. Commercial environments tend to have more activity

nd complexity in the environment, resulting in more variation
ithin the segment. Although commercial segments had lower

eliability scores, most questions in the audit were still highly
r moderately reliable. As shown in Table 3 , variation in relia-
ility scores was higher for commercial segments: some raters
ompared well, whereas others did not. This points to the need
or more training and guidance to rate segments in commercial
reas and other complex environments.

The reliability of different modes of administration was
xamined to guide the development of procedures and proto-
ols. The audit was primarily administered in pairs, for reasons
escribed above. However, some segments were re-surveyed
y individuals. This method proved to have a lower reliabil-
ty overall than surveying in pairs. The reliability scores for the
dministration by a single rater are shown in Table 4 . Surveying
lone also made some raters uncomfortable in certain situations
nd they felt safer surveying the streets in pairs.

The method of surveying “in waves” was tested for reliability.
ere, each rater specializes in a class of features representing
section of the audit. Raters evaluate all segments focusing

nly on features in their area of specialization. The rationale
or this method of administration is that raters who specialize
ay be better able to evaluate individual features of the envi-

onment, resulting in better reliability. However, test results of
he “wave” method suggested that this mode of administration
s not as reliable as having raters evaluate all features of the
nvironment. Kappa scores for the “wave” method are shown in
able 5 .
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Table 3
Reliability for commercial (number of segments = 22) and residential (number of segments = 67) segments

Questions Commercial Residential

Kappa score Percent agreement Kappa score Percent agreement

Subjective assessment: segment . . .

. . . is attractive for walking N/Aa 30.4 0.275 59.7

. . . is attractive for cycling 0.079 26.1 0.144 77.6

. . . feels safe for walking 0.259 21.7 0.152 71.6

. . . feels safe for cycling 0.352 26.1 0.223 80.6

0. Segment type 1.000 100.0 1.000 100.0

1. Uses in segment (all that apply)
Housing—single family detached 0.750 87.0 1.000 100.0
Housing—multi-family 0.864 95.7 0.591 85.1
Housing—mobile homes N/Ab 100.0 N/Ab 100.0
Office/institutional 0.545 78.3 0.568 94.0
Restaurant/café/commercial 0.500 91.3 N/Ab 97.0
Industrial 0.647 95.7 N/Ab 100.0
Vacant/undeveloped N/Ab 91.3 0.552 95.5
Recreation N/Ab 95.7 N/Ab 98.5

2. Slope 0.561 73.9 0.568 89.6
3. Cul-de-sac/dead-end 0.647 95.7 1.000 100.0

4. Type(s) of pedestrian facility
Footpath (worn dirt path) N/Ab 87.0 N/Ab 95.5
Paved trail N/Ab 95.7 0.646 95.5
Sidewalk 0.778 95.7 0.951 98.8
Pedestrian street (closed to cars) N/Ab 100.0 N/Ab 100.0

5. Path material (all that apply)
Asphalt 0.408 82.6 0.738 92.5
Concrete 1.000 100.0 0.951 98.5
Paving bricks or flat stone 0.500 91.3 0.651 97.0
Gravel N/Ab 87.0 N/Ab 100.0
Dirt or sand N/Ab 95.7 N/Ab 100.0

6. Path obstructions (all that apply)
Poles or signs 0.299 69.6 0.633 89.6
Parked cars N/Ab 95.7 N/Ab 97.0
Trees 0.400 82.6 0.287 67.2
Garbage cans N/Ab 100.0 0.647 98.5
Other −0.071 87.0 0.306 94.0

7. Buffers between road and path
Hard buffer

Fence N/Ab 100.0 N/Ab 100.0
Trees 0.704 91.3 0.350 83.6
Hedges N/Ab 95.7 N/Ab 100.0

Soft buffer
Landscape N/Ab 95.7 N/Ab 100.0
Grass 0.830 87.0 0.788 89.6
Path distance from curb (feet) 0.989c 65.2 0.995c 62.7
Path width (feet) 0.972c 39.1 0.999c 65.7

8. Sidewalk completeness/continuity N/Ab 65.2 0.699 92.5
9. Sidewalk connectivity to other 0.969c 39.1 0.998c 59.7
10. Sidewalk condition/maintenance 0.305 47.8 0.296 65.7
11. Condition of mad 0.060 52.2 0.416 85.1
12. Number of lanes 0.938c 73.9 0.965c 82.1

13. Posted speed limit
Yes/no 0.467 91.3 0.915 98.5
mph N/Aa 91.3 N/Aa 97.0

14. On-street parking 0.895 91.3 0.691 88.1
15. Off-street parking lot spaces N/Aa 56.5 N/Aa 100.0
16. Must you walk through a parking lot 0.132 52.2 0.849 98.5
17. Driveways 0.228 60.9 0.407 89.6
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Table 3 (Continued )

Questions Commercial Residential

Kappa score Percent agreement Kappa score Percent agreement

18. Traffic control devices
Traffic light 0.829 91.3 0.793 98.5
Stop sign 0.600 100.0 0.861 94.0
Traffic circle N/Ab 100.0 N/Ab 97.0
Speed bumps N/Ab 100.0 0.817 97.0
Chicanes or chokers N/Ab 100.0 1.000 100.0

19. Curb cuts in segment 0.421 69.6 0.732 85.9

20. Crossing aids in segment
Cars must stop

Pavement markings 0.832 87.0 0.809 91.0
Yield to ped paddles N/Ab 100.0 N/Ab 100.0
Pedestrian signal 0.909 91.3 0.378 95.5

Crossing aids
Median/traffic island −0.059 87.0 N/Ab 98.5
Curb extension N/Ab 100.0 N/Ab 100.0
Overpass/underpass N/Ab 100.0 N/Ab 100.0

Warnings to cars
Pedestrian crossing street sign 0.333 87.0 1.000 100.0
Flashing warning N/Ab 100.0 N/Ab 100.0

21. Lighting 0.100 43.5 0.055 38.8

22. Amenities (all that apply)
Garbage cans −0.059 91.3 N/Ab 91.0
Benches 0.467 95.7 0.784 97.0
Water fountain N/Ab 100.0 N/Ab 100.0
Bicycle parking N/Ab 95.7 N/Ab 100.0
Street vendors/vending machines 0.647 91.3 N/Ab 95.5

23. Are there wayfinding aids? 0.111 73.9 N/Aa 67.2
24. Number of trees shading 0.377 56.5 0.210 62.7
25. Degree of enclosure 0.351 60.9 0.144 100.0
26. Powerlines along segment? 1.000 100.0 1.000 100.0
27. Cleanliness −0.068 39.1 0.102 55.2
28. Articulation in building designs N/Aa 21.7 N/Aa 100.0
29. Building setbacks from street 0.143 78.3 0.283 38.8
30. Bicycle lane N/Ab 100.0 0.552 95.5
31. Transit facilities 0.362 82.6 0.881 98.5

dThis question was changed in the middle of the audit and was therefore not tested.
a These questions did not have fixed answers and therefore a Kappa score cannot be computed.
b This feature was not present in any of the tested segment or was too rare for Kappa testing.
c When a concordance statistic is calculated.

3.6. Costs and time622

Efficiency of administration was one central goal guiding the623

development of the PEDS audit and one key advantage over other624

audit methodologies. The testing and administration of the audit625

on 995 segments in College Park, MD, as describe above, and626

subsequent administration in Montgomery County, MD total-627

ing 3635 segments, allow detailed time and cost estimates for628

audit administration. Administering PEDS on a segment with an629

average length of 400 ft takes approximately 3–5 min on foot.630

These time estimates are very different when used to estimate631

project labor costs in person hours, however. PEDS is designed632

to be administered with two raters and the labor commitment (or633

person hours) per segment is approximately double the adminis-634

tration time or 6–10 min per segment. Also the time for adequate635

training, reliability testing and other related project administra-636

tion issues should be accounted for in estimating the total costs of 637

conducting an audit for a new project. When training and reliabil- 638

ity testing are included, the labor investment for PEDS increases 639

to 10–12 min per segment per rater. This added time will vary 640

depending on the number of segments surveyed, the amount of 641

reliability testing done and the average length of segments. Even 642

with the training and other administrative costs included, PEDS 643

is an efficient methodology for collecting microscale pedestrian 644

data. Estimates from PEDS and other audits, which range from 645

5 to 30 min are shown in Table 1. 646

Conducting the PEDS audit with the PDA interface saves 647

labor costs approximately 2 min per segment: where data had 648

to be entered by hand in paper-and-pencil audits, the process is 649

now automated. Data cleaning, equipment maintenance and reli- 650

ability testing, on the other hand, will vary with the number of 651

segments audited. The cost of materials to administer the PEDS 652
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Table 4
Reliability of segments audited by single administrator (number of seg-
ments = 70)

Questions Kappa score Percent
agreement

Subjective assessment: segment . . .

. . . is attractive for walking N/Aa 67.1

. . . is attractive for cycling N/Aa 74.3

. . . feels safe for walking N/Aa 80.0

. . . feels safe for cycling N/Aa 71.4

0. Segment type 1.000 100.0

1. Uses in segment (all that apply)
Housing—single family detached 0.785 97.1
Housing—multi-family N/Ab 100.0
Housing—mobile homes N/Ab 100.0
Office/institutional N/Ab 100.0
Restaurant/café/commercial 0.736 97.1
Industrial N/Ab 100.0
Vacant/undeveloped 0.259 87.1
Recreation 0.653 97.1

2. Slope 0.523 75.7
3. Cul-de-sac/dead-end 0.660 91.4

4. Type(s) of pedestrian facility
Footpath (worn dirt path) N/Ab 100.0
Paved trail 0.022 94.3
Sidewalk 0.249 92.9
Pedestrian street (closed to cars) N/Ab 100.0

5. Path material (all that apply)
Asphalt 0.386 95.7
Concrete 1.000 100.0
Paving bricks or flat stone N/Ab 100.0
Gravel N/Ab 100.0
Dirt or sand N/Ab 100.0

6. Path obstructions (all that apply)
Poles or signs N/Ab 97.1
Parked cars 1.000 100.0
Trees 0.246 80.0
Garbage cans N/Ab 100.0
Other 0.489 97.1

7. Buffers between road and path
Hard buffer

Fence N/Ab 100.0
Trees 0.765 88.6
Hedges N/Ab 100.0

Soft buffer
Landscape N/Ab 98.6
Grass 0.379 95.7
Path distance from curb (feet) 0.744c 52.9
Path width (feet) 0.966c 77.1

8. Sidewalk completeness/continuity 0.384 95.7
9. Sidewalk connectivity to other 0.994c 62.9
10. Sidewalk condition/maintenance 0.783 88.6
11. Condition of road N/Aa 71.4
12. Number of lanes 0.825c 95.7
13. Posted speed limit 0.639 94.3
14. On-street parking 0.933 98.6
15. Off-street parking lot spaces 0.735 94.3
16. Must you walk through a parking lot 0.687 97.1
17. Driveways N/Aa 91.4

18. Traffic control devices
Traffic light N/Ab 100.0
Stop sign 0.713 85.7

Table 4 (Continued )

Questions Kappa score Percent
agreement

Traffic circle N/Ab 100.0
Speed bumps 0.805 98.6
Chicanes or chokers 0.793 98.6

19. Curb cuts in segment 0.510 92.9

20. Crossing aids in segment
Cars must stop

Pavement markings 0.757 92.9
Yield to ped paddles N/Ab 100.0
Pedestrian signal N/Ab 100.0

Crossing aids
Median/traffic island 0.850 98.6
Curb extension N/Ab 100.0
Overpass/underpass N/Ab 100.0

Warnings to cars
Pedestrian crossing street sign 0.288 88.6
Flashing warning N/Ab 100.0

21. Lighting 0.178 55.7

22. Amenities (all that apply)
Garbage cans N/Ab 100.0
Benches N/Ab 100.0
Water fountain N/Ab 100.0
Bicycle parking N/Ab 100.0
Street vendors/vending machines 0.653 97.1

23. Are there wayfinding aids? 0.177 81.4
24. Number of trees shading 0.226 72.9
25. Degree of enclosure 0.460 91.4
26. Powerlines along segment? 0.022 94.3
27. Cleanliness 0.330 70.0
28. Articulation in building designs 0.022 94.3
29. Building setbacks from street 0.915 97.1
30. Bicycle lane N/Ab 98.6
31. Transit facilities N/Ab 98.6

a Answer options were not symmetric in these variables and Kappa scores
were therefore unavailable.

b This feature was not present in any of the tested segments or was too rare
for Kappa testing.

c When a concordance statistic is calculated.

audit with the PDA interface is small. A PDA costs approxi- 653

mately $100–$200 per unit and the software needed to enter the 654

data is $50. This means that a relatively small area needs to be 655

audited for investment in PDA units to be financially worthwhile. 656

4. Discussion 657

The PEDS audit methodology showed encouraging results. 658

Much of the training materials and protocol were altered during 659

the project in response to the questions, comments and issues 660

encountered by the raters. These alterations in the supporting 661

materials of the audit improved the already positive reliability 662

results. 663

In light of the high variation of uses, conditions and aes- 664

thetics of the segments in College Park, the reliability scores 665

of the audit questions were very encouraging. Almost all ques- 666

tions in the audit had moderate to high reliability. High reliability 667

questions were mostly objective, as expected. Only a small num- 668
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Table 5
Reliability of “Wave” auditing (number of segments = 33)

Questions Kappa score Percent
agreement

Subjective assessment: segment . . .

. . . is attractive for walking N/Aa 84.8

. . . is attractive for cycling N/Aa 93.9

. . . feels safe for walking N/Aa 90.9

. . . feels safe for cycling N/Aa 90.9

0. Segment type 1 1.0

1. Uses in segment (all that apply)
Housing—single family detached 1 100.0
Housing—multi-family N/Ab 100.0
Housing—mobile homes N/Ab 100.0
Office/institutional N/Ab 100.0
Restaurant/café/commercial N/Ab 100.0
Industrial N/Ab 100.0
Vacant/undeveloped 0.336 81.8
Recreation 1 100.0

2. Slope 0.561 75.8
3. Cul-de-sac/dead-end 1 100.0

4. Type(s) of pedestrian facility
Footpath (worn dirt path) N/Ab 100.0
Paved trail N/Ab 100.0
Sidewalk 1 100.0
Pedestrian street (closed to cars) N/Ab 100.0

5. Path material (all that apply)
Asphalt 1 100.0
Concrete 1 100.0
Paving bricks or flat stone N/Ab 100.0
Gravel N/Ab 100.0
Dirt or sand N/Ab 100.0

6. Path obstructions (all that apply)
Poles or signs N/Ab 100.0
Parked cars 1 100.0
Trees 0.310 69.7
Garbage cans N/Ab 100.0
Other N/Ab 97.0

7. Buffers between road and path
Hard buffer

Fence N/Ab 100.0
Trees N/Aa 27.3
Hedges N/Aa 97.0

Soft buffer
Landscape N/Ab 100.0
Grass 1 100.0
Path distance from curb (feel) 0.935c 48.5
Path width (feet) N/Ad 81.8

8. Sidewalk completeness/continuity 1 100.0
9. Sidewalk connectivity to other 0.862c 54.5
10. Sidewalk condition/maintenance 0.049 60.6
11. Condition of road 0.092 72.7
12. Number of lanes N/Ad 100.0
13. Posted speed limit 0.653 97.0
14. On-street parking N/Aa 97.0
IS. Off-street parking lot spaces N/Ab 100.0
16. Must you walk through a parking lot 1 100.0
17. Driveways 0.653 97.0

I8. Traffic control devices
Traffic light N/Ab 100.0
Stop sign 1 100.0
Traffic circle N/Ab 100.0

Table 5 (Continued )

Questions Kappa score Percent
agreement

Speed bumps 1 100.0
Chicanes or chokers N/Ab 100.0

19. Curb cuts in segment 0.653 97.0

20. Crossing aids in segment
Cars must stop

Pavement markings N/Ab 100.0
Yield to ped paddles N/Ab 100.0
Pedestrian signal N/Ab 100.0

Crossing aids
Median/traffic island N/Ab 90.9
Curb extension N/Ab 100.0
Overpass/underpass N/Ab 100.0

Warnings to cars
Pedestrian crossing street sign 0.784 100.0
Flashing warning 1 100.0

21. Lighting N/Aa 72.7

22. Amenities (all that apply)
Garbage cans N/Ab 100.0
Benches N/Ab 100.0
Water fountain N/Ab 100.0
Bicycle parking N/Ab 100.0
Street vendors/vending machines N/Ab 100.0

23. Are there wayfinding aids? 1 100.0
24. Number of trees shading N/Aa 66.7
25. Degree of enclosure 1 100.0
26. Powerlines along segment? −0.031 93.9
27. Cleanliness 0.140 60.6
28. Articulation in building designs 1 100.0
29. Building setbacks from street N/Aa 97.0
30. Bicycle lane N/Ab 100.0
31. Transit facilities N/Ab 100.0

a Answer options were not symmetric in these variables and Kappa scores
were therefore unavailable.

b This feature was not present in any of the tested segments or was too rare
for Kappa testing.

c When a concordance statistic is calculated.
d There was insufficient variation to compute Lin’s concordance statistic.

ber of questions relying on subjective assessments of pedestrian 669

features had consistently low agreement scores. Although the 670

subjective questions did not have high reliability – which is due 671

to their intrinsically subjective nature – they did have a high 672

level of correlation with the objective questions, which indi- 673

cates that the objective questions capture important aspects of 674

the pedestrian environment. It should be noted that some items 675

(such as the presence of chokers in the roadway, industrial land 676

uses, etc.), because of their paucity in the subject area, should 677

be further tested in areas where they are more common. 678

Overall, the reliability results were comparable to Pikora et al. 679

(2002): a similar proportion of questions garnered good, fair and 680

poor Kappa or concordance scores (concordance scores were 681

considered good are above 0.9). It is harder to compare with 682

the I-M inventory, as they did not report Kappa statistics but 683

only percent agreement. The I-M inventory reported that 99.2% 684

of the variables had 80% agreement among the raters in Min- 685

nesota (Boarnet et al., 2006). In comparison, PEDS had 89% 686
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of the variables with 80% agreement among the raters. This687

relatively positive comparison is particularly encouraging con-688

sidering the complexity of the environment in which PEDS was689

administered and the relatively large number of raters used in the690

evaluation.691

Although a number of measures in PEDS had relatively low692

reliability, this will not result in their excision from the audit.693

These measures of the micro-level environment are related to694

walkability and deserve further attention. In response to these695

results, we have made some modifications to the audit. In some696

measures, the number of responses for measures with low relia-697

bility was reduced, such as distance to the curb and the width of698

the pedestrian path. For questions about curb cuts and the road699

width, we added to the number responses.700

The technology incorporated in this audit make it flexible for701

use in different conditions. While the audit can make use of GPS,702

GIS and PDAs, it can also be administered with pencil and paper.703

As mentioned earlier, this is the only audit that has been tested704

in its electronic rather than paper and pencil format, and the705

supporting materials for this instrument have been developed to706

take full advantage of new technologies while staying affordable707

to implement. Also, although the audit was used objectively in708

this study, the audit could also be used subjectively (without the709

training) to find variations in community members’ perceptions710

of the environment.711

In this paper, the results of testing PEDS in a predominantly712
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College Park and in various locations in Montgomery County, 744

including urban and rural areas, various sampling methods can 745

be developed and tested for use in the design of future data 746

collection schemes. Finally, the information from PEDS audit 747

will be used in a behavioral model to test associations between 748

pedestrian activity and the built environment. Here the audit 749

measures will be instrumented and several weighting schemes 750

will be tested. Ultimately, this research should inform future 751

audit design and narrow the number of measures collected to 752

those supported with empirical evidence. 753

The development of PEDS and the other audit methodologies 754

points to an increasing interest in the pedestrian environment 755

from a wide array of disciplines. This and other data collection 756

efforts fill a longstanding gap that has impeded the progress 757

of pedestrian research and practice and represent a positive step 758

toward elevating walking as a mode of transportation and source 759

of physical activity. 760
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ost commonly thought to be associated with walking behavior.
owever, some aspects of administration are likely to be differ-
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ay have different land uses, such as agricultural land and open
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