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Identifying and Measuring Urban Design
Qualities Related to Walkability

Reid Ewing, Susan Handy, Ross C. Brownson,
Otto Clemente, and Emily Winston

Background: In active living research, measures used to characterize the built
environment have been mostly gross qualities such as neighborhood density and
park access. This project has developed operational definitions and measurement
protocols for subtler urban design qualities believed to be related to walkability.
Methods: Methods included: 1) recruiting an expert panel; 2) shooting video clips
of streetscapes; 3) rating urban design qualities of streetscapes by the expert panel;
4) measuring physical features of streetscapes from the video clips; 5) testing
inter-rater reliability of physical measurements and urban design quality ratings;
6) statistically analyzing relationships between physical features and urban design
quality ratings, 7) selecting of qualities for operationalization, and 8) developing
of operational definitions and measurement protocols for urban design qualities
based on statistical relationships. Results: Operational definitions and measurement
protocols were developed for five of nine urban design qualities: imageability,
visual enclosure, human scale, transparency, and complexity. Conclusions: A field
survey instrument has been developed, tested in the field, and further refined for
use in active living research.
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A growing body of research provides evidence of a link between the built envi-
ronment and active living.! However, to date, measures used characterize the built
environment in travel behavior and physical activity research have been mostly gross
qualities such as neighborhood density, street connectivity, and distance to parks.>”’
Audit instruments have proliferated for assessing the walkability and bikeability of
environments, but these too have characterized the built environment with crude
measures such as number of travel lanes and presence of marked crosswalks.?
Urban designers point to subtler qualities that may influence choices about
active travel and active leisure time. These are sometimes referred to as percep-
tual qualities of the urban environment or, alternately, just urban design qualities.
Classic readings in urban design are filled with references to these qualities (for
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example,’!¥). Urban designers presume that these qualities are important for active
street life, but have little empirical evidence to back the claim. Until urban design
qualities can be measured, and the propensity to walk can be related empirically
to these measures, this presumption remains untested.

For routine physical activity, no element of the urban environment is more
important than streets. This is where active travel to work, shop, eat out, and engage
in other daily activities takes place, and where walking for exercise mostly occurs.
While parks, plazas, trails, and other public places have a role in physical activity,
this study focuses on urban design qualities that make one street more walkable
than another.

The overall goal of this project was to develop operational definitions and mea-
surement protocols for key urban design qualities of streetscapes. The operational
definitions take the form of statistically-derived equations that link objectively
measured physical features of the environment to ratings of urban design qualities.
The main purpose of the project was not to test the association between these quali-
ties and walkability or walking itself, but rather to develop measurement methods
that can be used by researchers to study these relationships.

Conceptual Framework and Definitions

The conceptual model underlying this study considers the role of perceptions as
they intervene (or mediate) between the physical features of the environment and
walking behavior. We hypothesize that the perceptions lie on the causal path between
objective measurements and subjective reactions, as diagrammed in Figure 1.

Physical features can be measured objectively and are, in a sense, “facts”
about the environment.® '>17 Urban design qualities may be assessed with a degree
of objectivity by outside observers, though not with the objectivity of physical
features; these qualities should be strongly associated with objective physical
features and vary relatively little from person to person. Individual reactions, in
contrast, are influenced by physical features and perceptions of physical features
but cannot be measured by observing the physical environment alone but instead
must be measured on an individual basis. All of these factors—physical features,
urban design qualities, and individual reactions—determine the overall walkability
of a street, by which we mean the way individuals feel about the street as a place to
walk. By examining the first part of this model—the link between physical features
and urban design qualities—we hope to contribute to a better understanding of the
way physical features of the built environment affect walking behavior.

Urban Design Qualities

The urban design literature identifies numerous perceptual qualities of the urban
environment that may influence walking behavior.'®!® The visual assessment
literature, which attempts to measure how individuals perceive their environments
and better understand what individuals value in their environments, adds other
potentially important qualities.?>* The visual assessment literature goes beyond the
boundaries of urban design to the fields of architecture, landscape architecture, park
planning, environmental psychology, etc., as perceptual qualities of the environment
figure prominently in these fields as well.
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Figure 1—Conceptual framework

The long list of perceptual qualities described in the literature includes:
adaptability, ambiguity, centrality, clarity, compatibility, comfort, complementar-
ity, continuity, contrast, deflection, depth, distinctiveness, diversity, dominance,
expectancy, focality, formality, identifiability, intelligibility, interest, intimacy,
intricacy, meaning, mystery, naturalness , novelty, openness, ornateness, prospect,
refuge, regularity, rhythm, richness, sensuousness, singularity, spaciousness, ter-
ritoriality, texture, unity, upkeep, variety, visibility, and vividness. In examining
the literature, we looked for qualities that were most frequently discussed and that
empirical evidence showed are important to users of urban space. From this list,
we combined similar concepts and identified distinct concepts. This effort led to
the selection of eight urban design qualities for subsequent study: imageability,
legibility, visual enclosure, human scale, transparency, linkage, complexity, and
coherence. A ninth quality, tidiness, was added when a review of video clips, as
described below, indicated that one potentially important dimension of scenes was
not captured by the eight qualities selected initially. We developed definitions of
these nine qualities based primarily on the urban design literature, and refined with
the help of an expert panel (Table 1).

Methods

Our challenge was to move from these highly qualitative definitions of urban design
qualities to operational definitions that capture the essence of each quality and
can be measured with a degree of reliability across raters, including those without
training in urban design. Our general approach was to measure these qualities for a
sample of streetscapes and identify detailed physical features associated with each
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Table 1 Urban Design Qualities

Imageability

Imageability is the quality of a place that makes it distinct, recognizable, and memorable.
A place has high imageability when specific physical elements and their arrangement
capture attention, evoke feelings, and create a lasting impression.

Legibility
Legibility refers to the ease with which the spatial structure of a place can be understood
and navigated as a whole. The legibility of a place is improved by a street or pedestrian

network that provides travelers with a sense of orientation and relative location and by
physical elements that serve as reference points.

Enclosure

Enclosure refers to the degree to which streets and other public spaces are visually
defined by buildings, walls, trees, and other elements. Spaces where the height of verti-
cal elements is proportionally related to the width of the space between them have a
room-like quality.

Human Scale

Human scale refers to a size, texture, and articulation of physical elements that match the
size and proportions of humans and, equally important, correspond to the speed at which
humans walk. Building details, pavement texture, street trees, and street furniture are all
physical elements contributing to human scale.

Transparency

Transparency refers to the degree to which people can see or perceive what lies beyond
the edge of a street or other public space and, more specifically, the degree to which
people can see or perceive human activity beyond the edge. Physical elements that influ-
ence transparency include walls, windows, doors, fences, landscaping, and openings into
midblock spaces.

Linkage
Linkage refers to physical and visual connections from building to street, building to
building, space to space, or one side of the street to the other which tend to unify dis-

parate elements. Tree lines, building projections, marked crossings all create linkage.
Linkage can occur longitudinally along a street or laterally across a street.

Complexity

Complexity refers to the visual richness of a place. The complexity of a place depends
on the variety of the physical environment, specifically the numbers and kinds of build-
ings, architectural diversity and ornamentation, landscape elements, street furniture, sig-
nage, and human activity.

Coherence

Coherence refers to a sense of visual order. The degree of coherence is influenced by
consistency and complementarity in the scale, character, and arrangement of buildings,
landscaping, street furniture, paving materials, and other physical elements.

Tidiness

Tidiness refers to the condition and cleanliness of a place. A place that is untidy has vis-
ible signs of decay and disorder; it is in obvious need of cleaning and repair. A place that
is tidy is well maintained and shows little sign of wear and tear.
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quality, a process we call a “visual assessment survey.” Specific steps included: 1)
recruitment of a panel of urban design and planning experts; 2) creation of a library
of video clips of streetscapes; 3) selection of video clips; 4) rating of urban design
qualities of streetscapes by the expert panel; 5) measurement of physical features
of streetscapes through a content analysis of video clips; 6) inter-rater reliability
testing of physical measurements and urban design quality ratings; 7) statistical
analysis of relationships between physical features and urban design quality ratings;
8) selection of qualities for operationalization, and 9) development of operational
definitions and measurement protocols for urban design qualities based on statistical
relationships. The details of these methods are described in more detail in the final
report for this project,? which can be found at www.activelivingresearch.org.

1. Expert Panel

Because the concepts we sought to operationalize are not familiar to the average
person, we could not simply ask a random sample of individuals to rate streetscapes
as to their “legibility,” “transparency,” and so on. Instead, we chose to consult experts
who employ these constructs in their work. We assembled a panel of 10 urban
design and planning experts from professional practice as well as academia. The
panel members helped us qualitatively define urban design qualities of streetscapes,
rated different scenes with respect to these qualities, submitted to interviews as they
assigned their ratings to provide the research team with qualitative insights, met to
discuss ways of measuring urban design qualities, and reviewed and commented
on the draft field survey manual that presented the measurement instrument in all
its detail. We accepted the panelists’ ratings of the urban design qualities for the
sample of streetscapes as valid by virtue of their specialized expertise.

2. Library of Video Clips

For practical reasons, we used video clips of streetscapes rather than field visits
as the medium for rating urban design qualities. To ensure that reactions to street
scenes were not biased by different filming techniques, we developed and used a
consistent filming protocol. A great deal of experimentation and dialogue among
the investigators went into the development of a protocol that would mimic the
experience of pedestrians. Pedestrians are usually in motion, sway a bit as they
walk, have peripheral vision, and tend to scan their environments. The protocol
specified the starting point on a street block, walking speed, and panning motions;
the distance covered and time length of the clips varied somewhat depending on
actual walking and panning speeds but averaged between 1 and 1 4 min.

A shoot list for the video clips was generated according to a fractional factorial
design described below. Working off the shoot list, more than 200 clips were filmed
in dozens of cities across the US. Diversity of street scenes was ensured by the
different regional locations of the investigators and the travels of the investigators
on other business during the course of the study. In shooting clips, we focused on
commercial streets in urban or “main street” settings—all places with sidewalks and
other pedestrian amenities such as landscaping, pedestrian lighting, street furniture,
and businesses or public spaces within view.
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3. Sample Selection of Video Clips

Scenes were shot and ultimately selected for the visual assessment survey using
a fractional factorial design. The purpose was to capture relevant combinations of
the eight urban design qualities chosen for operationalization (tidiness was added
later). Without variation across the qualities, it would have been impossible to
tease out the contributions of individual physical features to urban design quality
ratings. Factorial designs are common in experimental research in which the goal
is to isolate the effect of each of multiple factors.

To choose our samples, one investigator and a research assistant rated clips as
“high” or “low” with respect to the eight urban design qualities. From the larger set,
48 clips were selected that best matched the combinations of high/low values in a
284 fractional factorial design. In contrast to a full factorial design, the fractional
factorial design provided a way of choosing an appropriate subset from all 256 (28)
possible combinations of the eight urban design qualities. The 23 sample allowed
us to capture the main effects of each urban design quality on overall walkability
(as described below), plus two-factor interaction effects.?’

Urban design qualities tend to co-vary (that is, appear in certain combinations
of high and low values), making perfect matches unlikely starting with any practi-
cally sized set of clips. Some of the clips matched high/low patterns perfectly, while
others matched on only seven, six, or even five of the qualities, rather than all eight.
Although we were not able to exactly match the fractional factorial design in all
cases, following the design as closely as possible resulted in the selection of clips
that were distinctly different. Where ratings for two or more clips matched factorial
designs equally well, clips were selected to maximize geographic diversity.

4. Ratings of Urban Design Qualities by Expert Panel

In addition to helping us refine the definitions of urban design qualities presented
earlier, the expert panel rated each of the 48 selected video clips with respect to each
of nine urban design qualities. The first wave of the visual assessment survey (32
clips) was conducted remotely. The sample of video clips was recorded in random
order onto DVDs, and the DVDs were distributed to expert panel members. A tele-
phone survey was then conducted between each panel member and a research team
member following a standardized protocol. Panelists first viewed five specific clips
that illustrated the full range of values represented within the sample for each urban
design quality. The panelist then viewed each clip, concurrently with the research
team member, and assigned a score for reach quality on a scale from 1 (low) to 5
(high). Definitions of the qualities and descriptions of low, medium, and high values
of each were provided to the panelist for use during the survey. Note that the ratings
did not reflect an assessment of whether a particular quality was good or bad for
walkability. The research team member recorded scores on a standardized form and
audio-taped the comments of the panelist as he or she viewed the video clips.

The remaining 16 video clips were viewed (in random order) and rated in a
face-to-face meeting of the expert panel. Four panelists who could not attend the
meeting were sent DVDs and subsequently surveyed by phone following the same
procedure as for the first 32 clips. The audio-tapes of the interviews and face-to-face
meeting were analyzed to assist the research team in identifying physical features
of scenes that should be measured in the subsequent content analysis.
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In addition to rating urban design qualities for each clip, the panelists also
provided an overall assessment of walkability, again on a scale from 1 (low) to 5
(high). The relationships between ratings of urban design qualities and walkability
scores were used as one of five criteria for deciding which urban design qualities
should be operationalized, as described below. It is quite possible that the walk-
ability ratings of the panelists differed from the ratings that a sample of average
pedestrians would have given. Because we were trying to operationalize design
concepts, not assess public preferences, we relied on the walkability ratings of the
panelists for this limited purpose.

5. Measurement of Physical Features by Research Team

To measure physical features of streetscapes, all 48 video clips were analyzed for
content. All told, more than 100 features were measured for each video clip. The
process typically required more than an hour for each video clip, and much more
for the more complex scenes. Detailed operational rules for measuring each physi-
cal feature were developed to ensure consistency.

The physical features measured in this manner were derived from the urban
design literature, from earlier visual assessment studies, and most importantly, from
interviews with the expert panel. As panelists rated scenes, they also commented
on the physical features that caused ratings to be high or low with respect to each
urban design quality. Interviews, which had been taped, were reviewed to identify
promising features.

One of the investigators and a research assistant measured each physical fea-
ture for all 48 clips using a process that might best be described as one of forced
consensus. The two independently measured each feature, discussed differences,
and finally reached agreement on a single value for each physical feature of each
video clip. To assess inter-rater reliability of measured physical features, a random
sample of video clips was assigned to three other members of the research team.
The sample consisted of 12 clips in all, or four per team member. Sample size was
limited by the time required to evaluate more than 100 features of each clip.

6. Inter-Rater Reliability Testing of Physical Measurements
and Urban Design Quality Ratings

Various statistical techniques may be used to assess inter-rater reliability in studies
like this, where multiple individuals independently rate the same set of cases. We
used intra-class correlation coefficients (ICCs), representing the ratio of between-
groups variance to total variance.”® ICCs were used to evaluate inter-rater reliability
for both the ratings of urban design qualities by the expert panel and the measures
of physical features by the research team.

7. Statistical Analysis of Relationships Between Physical
Features and Urban Design Quality Ratings
Multivariate statistical methods were used to model urban design ratings in terms

of measurable physical features of scenes. Models were specified based on hypoth-
esized relationships between urban design qualities and specific physical features.
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The hypothesized relationships were partly based on common sense, partly a reflec-
tion of the urban design literature, and partly a product of the interviews with the
expert panelists. To keep model building from becoming a data mining exercise, a
matrix of hypothesized relationships was created and only the features plausibly
linked to urban design qualities were actually tested for predictive power.

We estimated cross-classified random effects models in this analysis. When an
outcome varies systematically in two dimensions and random effects are present,
the resulting data structure is best represented by a cross-classified random effects
model.?? The outcome variable in this analysis was the urban design quality rating
assigned by an individual panelist to an individual streetscape. Ratings varied
from scene to scene owing to different qualities of the scene itself. Ratings also
varied from viewer to viewer owing to differences in judgment; some viewers were
more generous in their grading than others. Finally, ratings varied due to unique
interactions between scenes and viewers. A particular scene may have evoked a
particularly positive or negative reaction in a particular viewer. We viewed such
unique reactions as measurement errors.

The more interesting source of variation in scores is that associated with scenes.
Indeed, the purpose of this study is to identify the physical features of scenes that
give rise to high or low ratings of urban design qualities. In statistical parlance,
the “scene effect” gives rise to “scene variance.” While not of much interest, varia-
tion also occurs across panelists and must be accounted for. Again in statistical
parlance, the “viewer effect” gives rise to “viewer variance.” The unique reactions
of individual panelists, and the random variations in their scoring across scenes,
produce “measurement error variance.”

In order to bring into focus the interesting variation, that is, the variation across
streetscapes, it helps statistically to separate the scene variance from viewer variance
and measurement error variance. Doing so, we are able to eliminate viewer effects
when evaluating the power of physical features to predict streetscape ratings. If
we had simply used the average ratings of scenes as the outcome variable, and the
physical features of scenes as explanatory variables, the effect of scene variance
might have been confounded by the effect of viewer variance. Cross-classified
random effects models were estimated using HLM 6.0 software, a statistical pack-
age developed by Raudenbush, Bryk, and Congdon.*

The estimated models included characteristics of viewers and scenes:

actual score = predicted score + measurement error
and

predicted score = constant + viewer random effect + scene random effect +
a*viewer variables + b*scene variables

where the viewer random effect is the portion of the viewer effect left unexplained
by viewer characteristics, the scene random effect is the portion of the scene effect
left unexplained by scene characteristics, viewer variables is the vector of relevant
viewer characteristics, a is the vector of associated coefficients, scene variables is
the vector of relevant scene characteristics, and b is the vector of associated coef-
ficients. These variables capture the “fixed effects” of viewers and scenes on urban
design ratings. The equations for the predicted scores were used to operationalize
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the measurement of each urban design quality in terms of significant physical
features.

8. Criteria for Selecting Urban Design Qualities to Operation-
alize

Through the course of the study, it became clear that not all urban design qualities
could be defined operationally. Some are clearly more amenable to measurement
than are others. To decide which urban design qualities would be defined operation-
ally in the field survey instrument, five criteria were established:

* The urban design quality was rated by the expert panel with at least a moderate
degree of inter-rater reliability (ICC = 0.4), following the criteria suggested
by Landis and Koch.!

* The total variance in ratings of the urban design quality was explained to at
least a moderate degree by measurable physical features of scenes (explained
portion = 0.3).

 The portion of total variance in ratings attributable to scenes was explained
to a substantial degree by measurable physical features of scenes (explained
portion = 0.6).

* All physical features related to ratings of a particular urban design quality
were measured by the research team with at least a moderate degree of inter-
rater reliability (ICC = 0.4), excluding those for which ICC values could not
be computed because of insufficient variation in that quality across sampled
scenes.

* The urban design quality as judged by the expert panel had a statistically
significant relationship to overall walkability ratings by the expert panel (P <
0.05).

9. Development and Testing of Measurement Protocols and
Field Manual

Measurement protocols were developed for the selected urban design qualities
(described below) and incorporated into a field manual. Although the protocols were
developed based on video clips, the field manual is of course intended for use in
the field. As aresult, it was important to validate measurements made in the field.
The research team went into the field and completed measurements for a sample of
16 of the video clip sites. Field observations and video clips were compared using
a variety of tests. Based on this analysis, several refinements to the field manual
were made to improve the reliability of field measurements.

The field manual was then tested for inter-rater reliability using students from
the investigators’ academic institutions as lay observers. The observers were first
trained in the classroom in the use of the field manual. A sample of video clips
from the original visual assessment survey was used as the training medium in the
classroom, where students could compare their measurements of physical features
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with the measures made by the research team. After classroom training, students
were taken into the field for observations. Students completed measurements of
the physical features used to compute the urban design qualities. Scoring sheets
were later analyzed for inter-rater reliability. Final edits to the field manual were
made based on the classroom and field experience.

Results

Criterion 1: Inter-rater Reliability of Scene Ratings

In this study, the members of the expert panel independently rated each of 48
clips with respect to the nine urban design qualities, and values were compared
for inter-rater reliability (see Table 2). According to the ICC values, most urban
design qualities demonstrated moderate inter-rater reliability among panelists (0.6 >
ICCs 2 0.4); the exceptions—Ilinkage, coherence, and legibility—showed only fair
reliability (0.4 > ICCs = 0.2) and failed to meet the criterion of 0.4. For purposes
of comparison, Cronbach’s alpha is also reported for these ratings.

Table 2 Inter-rater Reliability for Ratings of Urban Design Qualities

Intra—class
Correlation Coefficient 95% Cl of ICC  Cronbach’s alpha

imageability 0.494 0.385-0.618 0.930
legibility 0.380 0.276-0.509 0.895
enclosure 0.584 0.478-0.697 0.945
human scale 0.508 0.399-0.630 0.928
transparency 0.499 0.390-0.622 0.926
linkage 0.344 0.169-0.621 0.896
complexity 0.508 0.398-0.632 0.926
coherence 0.374 0.271-0.504 0.880
tidiness 0.421 0.314-0.550 0.915
N 48

Criteria 2 and 3: Relationships Between Physical Features
and Urban Design Qualities

Cross-classified random effects models partition total variance in ratings into por-
tions attributable to scenes, viewers, and measurement error. For each urban design
quality, Table 3 shows the total variance in ratings and the portions attributable to
each source. For all urban design qualities, there was more variance across scenes
than across viewers. The fuzzier constructs such as legibility and linkage have the
highest proportions attributable to viewer judgment and measurement error.
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As an example, for the urban design quality of imageability, the scene variance
was 0.67, the viewer variance was 0.16, and the measurement error variance was
0.50. The total variance was thus split in the following proportions:

50% scene variance,
12% viewer variance, and
38% measurement error variance.

In estimating the models for urban design qualities, many combinations of
viewer and scene variables were tested. The only available variables characterizing
viewers—urban designer or not (1 or 0 dummy) and new urbanist or not (1 or 0
dummy)—>proved to have no explanatory power in most analyses. That is to say,
neither variable was significant at the 0.10 probability level, except in the model of
human scale, in which urban designers assigned marginally higher ratings to scenes
than did non-designers. This is consistent with earlier visual assessment studies,
which report common environmental preferences across professions.*

By contrast, many of the variables characterizing scenes proved significant
individually and in combination with each other. This again is consistent with the
visual assessment literature. The models that reduced the unexplained variance of
scores to the greatest degree, and for which all variables had the expected signs
and were significant at the 0.10 level or beyond, are presented in the final report
for this project.?® In all, 37 physical features proved significant in one or more

Table 3 Variance in Ratings by Source for Each Urban Design
Quality (percent of total variance in parentheses)

Scene Viewer Measurement
Variance Variance Error Total Variance

imageability 0.67 0.16 0.50 1.33
(50) (12) (38)

legibility 0.46 0.17 0.55 1.18
39) (14) 47)

enclosure 0.83 0.10 0.48 1.41
(59) @) (34

human scale 0.68 0.11 0.50 1.29
(53) (3 (39)

transparency 0.77 0.13 0.62 1.52
(51 (8) 41

linkage 0.51 0.26 0.74 1.51
(34) 17 (39)

complexity 0.6 0.09 0.47 1.16
(52) 3 (40)

coherence 0.45 0.11 0.62 1.18
(38) 9) (53)

tidiness 0.46 0.17 0.43 1.06

(43) (16) 41)
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models. Six features were significant in two models: long sight lines, number of
buildings with identifiers, proportion first floor fagcade with windows, proportion
active uses, proportion street wall-same side, and number of pieces of public art.
Two features were significant in three models: number of pedestrians and presence
of outdoor dining.

As an example, for imageability, the estimated model with physical features
left the measurement error variance unchanged at 0.50, reduced the unexplained
viewer variance only slightly from 0.16 to 0.15, but reduced the unexplained scene
variance substantially, from 0.67 to 0.19. Altogether, 72% of the variation across
scenes and 37% of the overall variation in imageability scores (including variation
across viewers and measurement errors) were explained by the significant physi-
cal features (see Table 4). These results met both selection criteria: 60% or more
of the scene variance and 30% or more of the overall variance were explained by
physical features in this model.

Criterion 4: Inter-rater Reliability of Measured Features

The inter-rater reliability test was conducted on a subset of video clips. Two mem-
bers of the research team jointly measured physical features for 12 clips, while
other members of the team independently measured them for each clip. For most
features, there was almost perfect agreement (ICCs > 0.8) or substantial agreement
(0.8 >ICCs 2 0.6) between ratings. It is relatively easy to count objects and estimate
widths; ICCs were high for these types of features. However, several features had
low or even negative ICC values. Of these, features such as the number of land-
scape elements could probably be rated more consistently with better operational
definitions. Other features, such as landscape condition, involve a high degree of
judgment and might require training and/or photographic examples to achieve
reasonable inter-rater reliability.

Table 4 Best-Fit Imageability Model

Variable Coefficient  t-statistic  P-value
constant 2.516

courtyards/plazas/parks (#) 0.393 3.58 0.001
major landscape features (#) 0.735 2.00 0.046
proportion of historic buildings 0.948 4.16 0.000
buildings with identifiers (#) 0.115 1.80 0.072
buildings with non-rectangular silhouettes (#) 0.0745 1.95 0.052
pedestrians (#) 0.0271 4.73 0.000
noise level (rating) -0.195 -2.11 0.035
outdoor dining (y/n) 0.703 3.97 0.000
Proportion of scene variance explained 0.72

Proportion of total variance explained 0.37
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The ICCs for each of the physical features significant in the final models of
urban design qualities (Step 7) were examined. For example, for the model of
imageability, all of the significant scene variables had acceptable levels of inter-
rater reliability with intraclass correlation coefficients of 0.40 or above. Major
landscape features had insufficient variance across the sample to compute inter-
rater reliability.

Criterion 5: Correlates of Overall Walkability

Using mean values for the 48 video clips, we found that overall walkability (as
rated by the expert panel) was directly and significantly related to each urban design
quality individually. The analysis was complicated, however, by the fact that eight
of the nine qualities (the exception being tidiness) were collinear. Tolerance values
were unacceptably low when all variables were included in a regression at once.

Linkage and legibility appeared to be largely functions of the other urban
design qualities, so they were dropped from further consideration. Of the remaining
variables, human scale had the strongest relationship to overall walkability almost
regardless of what combination of variables was tested. Tidiness, and to a lesser
extent, transparency, enclosure, and imageability, were somewhat independent of
human scale, proved significant at the 0.10 level in most model runs, and improved
the explanatory power of the model (the adjusted R-squared). Coherence was ulti-
mately dropped because it proved insignificant and reduced the explanatory power
of the model. Complexity was ultimately dropped even though significant in some
model runs, because it altered relationships between other variables and overall
walkability, and because it had a low tolerance value itself.

The best-fit equation is presented in Table 5. Urban design qualities explain
more than 95% of the variation in mean overall walkability, according to our expert
panel. All qualities are directly related to overall walkability, and all are significant
at conventional levels except tidiness, which falls just below the 0.10 level. Based
on their -statistics, human scale ranks first in significance as a determinant of
overall walkability, imageability second, enclosure third, transparency fourth, and
tidiness a distant fifth.

Table 5 Regression Model for Overall Walkability

Standardized
Variable Coefficient coefficient t-statistic P-value
constant -0.226 -1.503 0.140
human scale 0411 0.420 5.814 0.000
transparency 0.137 0.149 2.366 0.023
tidiness 0.070 0.059 1.598 0.117
enclosure 0.140 0.157 2.504 0.016
imageability 0.307 0.310 5.153 0.000
N 48
R-square 0.959

Adjusted R-square 0.954
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Performance on Selection Criteria

The urban design qualities of imageability, enclosure, human scale, and transpar-
ency met all five criteria for operationalization (see Table 6). The qualities of
legibility, linkage, and coherence met only one of five criteria, and were dropped
from further consideration. The qualities of complexity and tidiness met three of
five criteria. The research team decided to include these two urban design qualities,
along with the first four qualities, in field validation tests. Tidiness was ultimately
dropped when field measurements disagreed fundamentally with lab measurements
based on video clips. The field manual thus includes protocols for measuring five
urban design qualities: imageability, enclosure, human scale, transparency, and
complexity.

Conclusions

This study has demonstrated that qualitative urban design qualities can be quan-
tified. The power of our approach is that it used relatively simple and objective
features of the physical environment to measure abstract urban design qualities.
The protocols for measuring urban design qualities can be used by lay observers
without any training in urban design. The resulting measures could be useful to
urban designers interested in pursuing a more quantitative approach to their profes-

Table 6 Performance of Urban Design Qualities Relative to
Selection Criteria

Inter-rater
Inter-rater Portion of Scene Reliability of Relationship
Reliability =~ Variance/Total  Significant to Walkability
of Rating Variance Variables in Best-
of Quality = Explained by  (number with  Fit Model Criteria
(ICC) Best-Fit Models  ICC > 0.4) (P-value) Met

Imageability 0.494 0.72/0.37 7 of 7 0.000 5of5
(1 missing)

Legibility 0.380 0.54/0.21 50of5 -- 1of5
(1 missing)

Enclosure 0.584 0.72/0.43 50f5 0.016 50f5

Human 0.508 0.62/0.35 7 of 7 0.000 50of5

scale

Transpar- 0.499 0.62/0.32 30f3 0.023 50f5

ency

Linkage 0.344 0.61/0.21 4 of 5 -- 1of5

Complexity 0.508 0.73/0.38 50f6 -- 3of5

Coherence 0.374 0.67/0.25 3of4 -- 1of5

Tidiness 0.421 0.70/0.30 20f3 0.117 30f5

(1 missing)
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sion. The measures should also be useful to researchers interested in understanding
how environmental qualities, as well as patterns and combinations of particular
qualities, affect people’s perceptions of streetscapes and their willingness to walk
and otherwise be active in them. Methodology similar to the one followed in this
study could be used to develop measures for perceptual qualities of other physical
settings, such as residential streets, plazas, parks, and trails.

Limitations of this study include the focus on urban environments (as opposed
to the suburbs or rural areas), the reliance on video clips (rather than in-field rat-
ings), the reliance on experts (rather than end users of streets) to rate walkability,
and the moderate degrees of inter-rater reliability achieved for ratings of urban
design qualities, measures of physical features, and lab vs. in-field measurements.
Although we were unable to operationalize four of the identified urban design
qualities (legibility, linkage, coherence, and tidiness), we believe these qualities
may be important in explaining walkability and are worthy of further attempts at
quantification.

The field instrument, training materials, and final report are now available
on-line at www.activelivingresearch.org. The field instrument includes: qualitative
definitions of urban design qualities; explanations and photographic illustrations of
physical features relating to urban design qualities; procedures for field observation
and data collection; and scoring procedures for translating objectively measured
physical features into urban design quality scores (see Figure 2). A DVD of video
clips and sample scoring sheets are available as part of the training package.
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imageability

Imageability is the quality of a place

that makes it able, and
memorable. A place has high imagea Yy
when specific physical elements and their
arrangement capture attention, evoke
feelings, and create a lasting impression.

What do the experts say?

“generic places with no character have no
imageability”

“really imageable places are L ﬁ

recognizable and memorable”

“district views can make an otherwise ordinary
place very imageable”

“architecture that suggests importance,
presence of historical buildings, and
landmarks”

“is the place unique?”

Streets filled with people, many
signs to draw pedestrians, and
strong landmarks make Times
Square in New York City a very
imageable place.

Few pedestrians, no street
activity like outdoor dining,
and no features that serve as
landmarks make this street
hardly distinguishable from
others and thus not that
imageable.
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Figure 2—Introduction to one urban design quality,

imageability




