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Abstract

Background—To test inter-rater reliability of the online Microscale Audit of Pedestrian 

Streetscapes (MAPS) tool between raters with varying familiarities of Phoenix, Arizona.

Methods—The online MAPS tool, based on the MAPS in-field audit tool and scoring system, 

was used for audits. Sixty route pairs, 141 segment pairs, and 92 crossing pairs in Phoenix were 

included. Each route, segment or crossing was audited by two independent raters: one rater in 

Phoenix and the other in San Diego, California, respectively. Item, subscale scores, and total 

scores reliability analyses were computed using Kappa or intra-class correlation coefficient (ICC).

Results—The route overall score had substantial reliability (ICC: 0.832). Of the route subscale 

and overall scores, sixteen out of twenty had moderate to substantial reliability (ICC: 0.616–

0.906), and the four subscales had fair reliability (ICC: 0.409–0.563). Sixteen out of twenty scores 
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in segment and crossing sections demonstrated fair to substantial reliability (ICC: 0.448–0.897), 

and the remaining four had slight reliability (ICC: 0.348–0.364).

Conclusions—Most of the online MAPS items, subscales, and overall scores demonstrated fair 

to substantial reliability between raters with varied familiarities of the Phoenix area. Results 

support use of online MAPS to measure microscale elements of the built environment by raters 

unfamiliar with a region.
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Introduction

Physical inactivity is one of the most important public health issues in the U.S. and 

internationally, due to its contribution to premature mortality and economic costs (Janssen, 

Carson, Lee, Katzmarzyk, & Blair, 2013; Jia & Lubetkin, 2014). A growing body of 

research indicates linkage between elements of the built environment and physical activity 

(Adams et al., 2012; Brownson, Hoehner, Day, Forsyth, & Sallis, 2009; Davison & Lawson, 

2006; Rutt & Coleman, 2005; Sallis et al., 2009, 2015). Researchers have shown that macro-

level features of the built environment, including regional land-use patterns, residential 

densities, and access to parks and public transportation, shape access to opportunities for 

physical activity (Li et al., 2008; Nagel, Carlson, Bosworth, & Michael, 2008; Troped, 

Wilson, Matthews, Cromley, & Melly, 2010). Diverse combinations of objectively-measured 

built environment features have been positively and consistently related to physical activity 

(Sallis et al., 2016) and walking behaviors (Adams et al., 2015; Kaczynski, 2010), and 

results appear robust across children (Kurka et al., 2015) and older adults (Adams et al., 

2012; Kerr et al., 2014).

Elements of built environment for a region can be measured at the landscape or microscale 

level (e.g., sidewalk presence and qualities, street furniture, aesthetic, natural and cultural 

qualities of the built environment), using field or online direct observation or audits. 

Microscale audits of specific neighborhoods or routes are desired to capture details of a local 

context at a higher resolution and reflect people’s experiences with the environment 

(Brownson et al., 2009). Numerous microscale audit tools have been developed to evaluate 

how built environment elements associate with residents’ physical activity, and several have 

demonstrated good inter-rater reliability (Bethlehem et al., 2014; Clifton, Livi Smith, & 

Rodriguez, 2007; Millstein et al., 2013; Pikora et al., 2002). One validated tool for assessing 

detailed attributes of the built environment relevant to physical activity is the Microscale 

Audit of Pedestrian Streetscapes (MAPS) tool (Millstein et al., 2013). The items and 

subscales of MAPS have demonstrated moderate to substantial reliability, and the scoring 

represents a conceptual framework for microscale elements. MAPS has been used to 

examine associations of microscale attributes with physical activity, and findings show 

strong and positive associations for four age groups in three U.S. cities, even after 

accounting for macro-level features (Cain et al., 2014). Additional studies are needed to 

assess the reliability and validity of MAPS in different regions and cities. At present, the use 
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of MAPS is also limited by need for a field visit to directly observe and score the physical 

environment, which can be time intensive, expensive, and sometimes unsafe.

Web-based virtual mapping tools like Google Street View, which integrate photos in a 

geospatial framework, provide rich visual evidence of urban areas and can potentially reduce 

the burdens of in-field auditing. Testing the reliability of the virtual audit tool evaluates 

consistency in measurements across different raters with diverse backgrounds and 

knowledge of a region and offers potential to more efficiently implement audits across large 

or geographically dispersed areas (Brownson et al., 2009). A few recent studies (Ben-

Joseph, Lee, Cromley, Laden, & Troped, 2013; Bethlehem et al., 2014; Griew et al., 2013; 

Kelly, Wilson, Baker, Miller, & Schootman, 2013) have shown acceptable reliability 

between in-field audits and online image-based audits for measuring microscale 

characteristics. Web-based virtual tools have proven to be good alternatives to field audits, 

with higher agreement for objectively verifiable elements (i.e., presence of infrastructure and 

equipment) and lower agreement for subjectively assessed items (i.e., aesthetics) (Charreire, 

2014). Online auditing opens the possibility of observers auditing locations far from their 

actual locations, even places they have never physically visited. However, no studies could 

be found that examined inter-rater reliability between observers with varying familiarities of 

a region (living in vs. outside of a region).

The aim of the current study was to test inter-rater reliability of the online MAPS tool 

between independent raters from Phoenix, Arizona vs. San Diego, California with inherently 

different familiarities of the Phoenix metro region. We conducted the analysis in three levels, 

including the levels of individual MAPS items, subscales, and total scores (sum of positive 

and negative subscales) to evaluate reliabilities for different levels within the MAPS tool. We 

hypothesized that the online MAPS tool could be used reliably at all levels to measure 

microscale elements of the built environment by raters with different familiarities of the 

Phoenix metro area.

Methods

Sample

A total of 60 routes were selected and evaluated using MAPS in the Phoenix metro area, 

which is located in the southwestern United States, in the south-central portion of the U.S. 

state of Arizona. To ensure variability in neighborhood elements, all Census block groups 

from Maricopa County, Arizona were classified using a 2 by 2 matrix considering the 

macro-level factors of walkability and socioeconomic status (SES). Walkability was defined 

by a block group-level composite of GIS (geographic information systems)-measured net 

residential density, land use mix, and street connectivity. SES was defined using block 

group-level median household incomes. An equal number of routes were assigned for each 

cell in the walkability by SES matrix. Residential routes consisted of a pre-determined 

quarter mile route from an origin residential parcel toward a pre-selected non-residential 

destination (i.e., a cluster of commercial land uses) (Millstein et al., 2013). A quarter mile 

route was used to standardize the audit distance and limit observation time. Commercial 

routes consisted of a street segment in front of a pre-selected commercial cluster, defined by 

three or more commercial destinations, with the street bounded by two intersections. More 
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details about route selection and definitions have been published previously (Kurka et al., 

2016).

Measures

The online version of the MAPS tool, henceforth called the online MAPS tool, was based on 

the MAPS in-field tool and developed for use with Google Street View. The in-field version 

of the MAPS tool was developed from prior measures to assess streetscapes for physical 

activity (Millstein et al., 2013). In the Millstein et al. study, the research team collected 

microscale environmental data in urban and suburban neighborhoods in Seattle/King 

County, Washington, San Diego County, California and five counties in the Baltimore, MD/

Washington, DC region. Their in-field study included 290 routes, 516 segments, and 319 

crossings (Millstein et al., 2013).

Based on the in-field version of MAPS, the purpose for the development of the current 

online MAPS tool was to take advantage of growing source of online street view data in the 

U.S. and internationally. Paralleling the four sections of the original MAPS tool (Millstein et 

al., 2013), the online MAPS tool consisted of: a) an overall route, b) street segments, c) 

crossings, and d) cul-desacs. Route-level variables summarized characteristics for the whole 

route, including items related to land use and destinations, transit stops, street amenities, 

traffic calming, aesthetics, and the social environment. Street segment-level variables were 

collected on every segment on the route and consisted of sidewalks, pedestrian buffers, 

sidewalk slope, bicycle infrastructure, sidewalk visibility from buildings, street trees, shade, 

and building aesthetics, setbacks and overall height. Street crossing variables were measured 

at every intersection or crossing on the route, and included crosswalks, slopes, width of 

crossings, crossing signals, and pedestrian protection. Cul-de-sac variables were assessed 

only when one or more cul-de-sacs were present within 400 feet of the participant’s home. 

The cul-de-sacs section assessed the potential recreational environment within a cul-de-sac 

and included items about the size and condition of the surface area, slope, surveillance from 

surrounding homes, and amenities. The number of segments, crossings and cul-de-sacs 

varied by route.

A previously developed conceptual system for scoring the MAPS in-field audit tool was also 

applied to group items into subscales (Millstein et al., 2013). The scoring system was guided 

by a combination of factors thought to influence physical activity: safety, aesthetics, 

destinations, land use, recreational facilities, transportation, etc. The subscale scores were 

computed by summing those related items’ scores. The subscales were then sorted by their 

expected positive or negative effects on physical activity to create the valence scores. 

Finally, an overall section score was calculated for each of the main sections.

Google Earth is a free geographic software program which views satellite images in 

excellent resolution, depicting anywhere on the face of the earth. It displays ground-level 

views of streets and buildings via car-mounted 360° cameras (Google Street View), as well 

as satellite images allowing a perpendicular or oblique angle view of streets, buildings, and 

landscapes (Google Aerial View). In this study, Google Street View was the main tool used 

for measuring microscale features.
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The assessments were conducted by traveling the assigned route while scanning the forward-

looking arc of 180° approximately every 100 feet and recording features and details along 

the designated route. Google Aerial View was used only when the characteristics were 

harder to view in the images from Google Street View or blocked by obstructions along the 

street, such as the number of trees or the building setback from the sidewalk. Raters were 

required to use the most recent layer of information on Google Earth and record the date of 

the images during the audit. Raters recorded the date of image acquisition, confirming most 

images were taken within two years of this study. All virtual audits were conducted over a 3-

month period to limit other confounding variables.

Research teams in Phoenix and San Diego with different familiarities of Phoenix’s metro 

area audited the same routes using the online MAPS tool. San Diego is a major city in 

California, United States, which is on the coast of the Pacific Ocean in Southern California. 

Differences between Phoenix and San Diego include the climate, built environment, 

landscaping, local culture, and population densities. A single expert rater trained raters in 

each city on the online MAPS tool over several days with practice sessions to ensure a high 

quality. Six raters (three at each site) were trained and certified using a standard certification 

process (Millstein et al., 2013). Each rater spent ≥15 hours training on the tool, and before 

rating the final routes, he/she was tested on at least four training routes (2 residential, 2 

commercial). Raters completed the training process once they achieved an inter-rater 

reliability of at least 95% agreement with the expert trainer. Additional feedback and 

training routes were provided until the rater achieved the desired level of performance. Once 

certified by the expert rater, raters in each city were assigned routes at random. Each route in 

Phoenix was audited by two independent online raters: one from Phoenix and one from San 

Diego.

Statistical analyses

Most items from the online MAPS tool were coded dichotomously (no/yes) and scored as 

0/1. Frequency items (0, 1, 2+) were scored as 0, 1, 2, and continuous and descriptive items 

were categorized by their distributions, theoretical relevance, and in compatibility with other 

scale items’ scoring (Millstein et al., 2013). Inter-rater item reliability analyses were 

computed using percent agreement, Kappa (for dichotomous variables), and intra-class 

correlation coefficient (ICC, for continuous variables). Subscale scores and total scores were 

analyzed for inter-rater reliability using ICC. One-way random effects models were used for 

ICC calculation and single measures values reported.

Subscale, valence (positive/negative) and overall scores were calculated from the summaries 

of item responses (Millstein et al., 2013). Common cut-off values (Virtually none: Kappa = 

0.00–0.10; slight: Kappa = 0.11–0.40; fair: Kappa = 0.41–0.60; moderate: Kappa = 0.61–

0.80; substantial: Kappa = 0.81–1.00) were used (Shrout, 1998). ICC values for agreement 

were classified using the same criteria for Kappa values (Shrout, 1998). All data were 

analyzed using SPSS version 22.0 (SPSS, Inc., Chicago, IL).
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Results

In this analysis, 60 routes with 141 segments and 92 crossings were examined. The cul-de-

sac section was not included in this analysis due to its small sample size (n=8), and the 

uncertainty of its relation with physical activity. Table 1–3 provide subscale, valence score, 

subsection score, and overall score components, descriptive statistics, sample items, and 

reliability statistics in the sections of routes, segments and crossings. For comparison, these 

tables also present reliability statistics (Kappas or one-way random effects single measure 

ICCs) between in-field raters from three cities (all raters familiar with their environments) 

from the original study of the MAPS tool (Millstein et al., 2013).

Routes

There were ten positive subscales and one negative subscale in the destination and land use 

route section (Table 1). The positive destinations and land use subscales had fair to 

substantial inter-rater reliability, with ICC (or Kappa) values ranging from 0.409 (Negative 

Aesthetics and Social Subscale) to 0.881 (shops). The overall positive destinations and land 

use valence score was a sum of all ten positive subscales and had substantial reliability (ICC: 

0.880). The negative destinations and land use valence score consisted of adverse land uses 

and demonstrated moderate reliability (ICC: 0.794). The overall destinations and land use 

subsection score (positive valence score minus negative valence score) had substantial 

reliability (ICC: 0.849). The route streetscape items include a positive or negative valence 

score, and their subsection score. All of the streetscape valence and overall scores had 

moderate inter-rater reliability: positive (ICC: 0.616), negative (ICC: 0.685), and overall 

(ICC: 0.644). The route aesthetics and social subscale had the same structure as the route 

streetscape. The positive and negative aesthetics and social valence score had fair reliability 

(ICC: 0.409–0.485). The overall aesthetics and social subsection score had fair reliability 

(ICC: 0.563).

The overall route score was calculated from the sum of the three route subsections scores 

(destinations and land use, streetscape, and aesthetics and social), and had substantial 

reliability (ICC: 0.832). In sum, of the route valence, subsection, and overall scores, eleven 

out of twenty (55.0%) had substantial reliability, eight out of twenty (40.0%) has substantial 

reliability, and four (20.0%) had moderate reliability. Compared to the original MAPS study 

using the in-field audit tool, sixteen out of twenty (80.0%) scores (including subscale, 

valence score, and subsection scores) had similar reliability (in the same classification) when 

using the virtual tool (Table 1).

Segments

There were six positive segment subscales and three negative segment subscales (Table 2). 

Three out of six (50.0%) of the positive subscales had moderate to substantial reliability, and 

two (33.3%) had fair reliability. The sidewalk positive qualities demonstrated slight 

reliability (ICC: 0.360). The positive segment valence score (sum of the six positive 

subscales) had moderate reliability (ICC: 0.797), while the negative valence score (sum of 

the three negative subscales) had slight reliability (ICC: 0.364). The overall segment section 

(overall positive minus overall negative) score demonstrated moderate reliability (ICC: 
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0.0.733). Compared to the in-field MAPS tool, three out of twelve (25.0%) scores in the 

segment section (including subscale, valence score, and subsection score) had similar 

reliability when using the virtual tool (Table 2).

Crossings

There were three positive and two negative crossing subscales (Table 3). Two out of three 

(66.7%) of the positive subscales had moderate reliability (ICC: 0.657–0.790), and one 

(33.3%) had fair reliability (ICC: 0.577). The positive crossing valence score (sum of the 

three positive subscales) had moderate reliability (ICC: 0.703). One of the negative crossing 

subscales had moderate reliability (ICC: 0.800), while the other had slight reliability (ICC: 

0.348). The negative valence score (sum of the two negative subscales) had fair reliability 

(ICC: 0.548). The overall crossing section score demonstrated moderate reliability (ICC: 

0.771). Compared to the in-field MAPS tool, four out of eight (50.0%) scores in the crossing 

section (including subscale, valence score, and subsection score) had similar reliability when 

using the virtual tool (Table 3).

Discussion

The main finding was that virtual streetscape audits using the MAPS tool had fair to 

substantial reliability across raters with different familiarities of a region. The present study 

builds on previous work developing and testing items, subscales, and overall scores of the 

in-person MAPS tool. Present results further suggest that the online MAPS tool has 

comparable inter-rater reliability to the in-field MAPS tool for the majority of subscales and 

overall scores. This study is one of the first investigations focusing on the inter-rater 

reliability of a virtual audit tool between raters with different familiarities of an area, which 

is helpful for future studies aiming to measure microscale features of the built environment 

for energy-balance behaviors.

In the current study, the general reliability of the online MAPS tool between raters with 

different familiarities of the Phoenix metro area was substantial. Virtual audit tools have the 

potential to add to both the amount and scale of research on microscale features. They offer 

the capacity to assess the quality of large numbers of street segments, intersections, and cul-

de-sacs comprising routes through which residents can walk to reach neighborhood 

destinations without placing individuals in the field, dramatically reducing the required time 

and costs (Badland, Opit, Witten, Kearns, & Mavoa, 2010; Charreire, 2014; Clarke, Ailshire, 

Melendez, Bader, & Morenoff, 2010; Millstein et al., 2013; Taylor et al., 2011). Another 

advantage of virtual audits is that they can show adjacent areas that are not physically 

assessable or partially hidden, such as private streets (Ben-Joseph et al., 2013). The online 

MAPS tool is also a safe alternative when auditing unsafe neighborhoods or attempting to 

measure streetscape features during inclement weather.

Phoenix has been called one of the least sustainable cities in the world due to its location, 

climate, infrastructure and resulting political and societal challenges. It has a subtropical 

desert climate and one of the hottest and longest summer seasons in the U.S., with over one 

hundred extremely hot days defined as high temperatures over 100 degrees Fahrenheit. 

Virtual observations were conducted during the summer months (May 2014 to July 2014), in 
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which typical exposures for infield audits would have been unsafe. Phoenix also has an 

extensive canal network providing adjacent walking and cycling paths. Thus, Phoenix 

provides a new region to existing studies testing the MAPS (Cain et al., 2014; Kurka et al., 

2016; Millstein et al., 2013), suggesting the MAPS tool and scoring system can be 

recommended for wider use by researchers, policy makers, and practitioners, even if they are 

not familiar with the local environment.

While the validity of the online MAPS tool was not examined in the current study, the 

current reliability results compare well with audits using the in-field MAPS tool (Millstein et 

al., 2013). Further, findings (Kurka et al., 2016) from our team have shown the online MAPS 

tool was an acceptable alternative to evaluating land uses of routes in the field. It was 

reported that the Google Street View method was more accurate than the aerial view for 

individual land uses and performed equally in high and low socioeconomic neighborhoods 

(Kurka et al., 2016). Therefore, the online MAPS tool using Google Street View may hold 

particular potential for audits conducted across multiple sites, or over vast geographic areas 

or nations, providing researchers with a rapid, convenient, cost-efficient, safe, and reliable 

method of assessing the microscale features of the built environment for physical activity.

Our findings indicated inter-rater reliability was highest in the route section and lowest in the 

segment section. The reliability of the tool appears well suited for capturing elements in 

land-use environments and transportation features. However, a few subscales, including 

particularly aesthetics and physical disorders, and sidewalk qualities, exhibited lower (slight) 

reliability estimates which agrees with previous studies (Ben-Joseph et al., 2013; Bethlehem 

et al., 2014; Brownson et al., 2004; Charreire, 2014; Clarke et al., 2010). These 

characteristics should be assessed with caution using online methods. The familiarity of 

local areas may allow raters to be more sensitive to aesthetic features and physical disorders 

(Hoehner, Ivy, Brennan Ramirez, Meriwether, & Brownson, 2006). However, lower 

reliabilities in present analyses may have less to do with observers’ familiarity with the 

region than limitations of online images. Subjective items, such as broken windows and 

graffiti/tagging, are less reliable but still valuable to understanding pedestrians’ perceptions 

of the community or neighborhood. Additional efforts are needed to more reliably audit the 

qualitative features of built environments. Similar to previous studies (Ben-Joseph et al., 

2013; Brownson et al., 2009; Charreire, 2014; Chudyk, Winters, Gorman, McKay, & Ashe, 

2014), inter-rater reliability was found to vary more when assessing rare features, such as 

institutional and government services, and more detailed elements such as width of street 

segment, and width of crossing. Some characteristics, such as the number of trees or street 

lights, are harder to view with online imagery and could be blocked by obstructions along 

the street. Developing improved methods of assessing aesthetic and social disorder features 

is a challenge common to most online audit tools.

Several limitations of the present study should be noted. First, the sample size for the route 

section (N=60) was relatively small because of resource restrictions, and we did not 

calculate the Kappa or ICC values for some items due to the low prevalence of certain 

features in the neighborhoods. Lack of variation in the environment and existing features 

may also result in a low Kappa value despite a high percent agreement (Griew et al., 2013; 

Hoehner et al., 2006). The reason is that some audit items assess features of the environment 
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that are not expected to occur frequently in most communities, but the presence of these 

items may be important elements (i.e. large parks, theaters) contributing to neighborhood 

walkability and, potentially, to residents’ physical activity. Increased variation may be 

achieved by including additional neighborhoods and regions with diverse development 

patterns, levels of urbanization, mixtures of land use, and SES of residents. Second, the 

perspective from Google Street View images was different from that of a rater in the field. 

Some details of the built environment are not captured well virtually or lost during picture 

compression. Image clarity differs depending on the weather conditions and lighting when 

the images were obtained. Third, information of when and where the images in Google 

Street View were obtained are inconsistent. Coverage is more complete in urban than rural 

areas, and the date of image collection needs to be considered. Fortunately, Google has 

started to increase the spatial coverage over time, and include the date of image acquisition 

in most regions, enabling researchers and practitioners to match environmental conditions. 

Fourth, we randomly assigned routes to each rater, and each route was evaluated by only two 

independent raters, with one from Phoenix and one from San Diego. Further investigation is 

needed to explore the intra-rater reliability of the online MAPS tool. Future studies are also 

recommended to investigate geographical differences and longitudinal changes in built 

environments with the online MAPS tool if imagery data are available at appropriate 

locations and time points. Finally, further analysis is necessary to investigate the association 

of built environment features measured by online MAPS with physical activity or other 

health outcomes in diverse populations.

Conclusions

The online MAPS items, subscales, and overall scores in route, segment and crossing 

sections demonstrated fair to substantial inter-rater reliability between raters with varying 

familiarities of the Phoenix metro area. Present results suggest that the online MAPS tool 

can be used reliably to measure microscale elements of the built environment by raters 

unfamiliar with a specific urban/suburban region or neighborhood.
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Research highlights

• Online MAPS is reliable for microscale measures by raters unfamiliar with a 

region.

• Online MAPS demonstrated fair to substantial reliability.

• It is possible to reliably audit distant locations without physical visit.

• Audit could be improved by employing the same raters with the same 

training.
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