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ABSTRACT

INTRODUCTION: Various neighbourhood features such as safety, green spaces, aesthetics and mainte-
nance of the built environment, etc. are correlates of health-related behaviours and outcomes. The assess-
ment of the neighbourhood quality by raters, using audit tools, is an objective way to obtain reliable infor-
mation about those features, and the Irvine-Minnesota Inventory (IMI) is one of the most widely used tools.

ATIM: The aim of this study was to adapt IMI for Bulgarian settings by restructuring and modifying its di-
mensions, and to test the reliability of a desk-based (GIS) against a field audit version.

MATERIAL AND METHODS: IMI was adapted for Bulgarian settings (BVIMI). Then 180 street seg-
ments were selected from the city of Plovdiv, based on their characteristics, and 25% were sampled to be au-
dited. Three raters carried out the neighbourhood audits using a field version (in-person audits) and a GIS
version of BVIMI. The inter- and intra-rater agreement, as well as the agreement between the GIS and field
audits were tested with Krippendorff’s alpha and the Intraclass correlation coefficient.

RESULTS: BVIMI has 86 items organised into six domains - “Safety”, “Traffic”, “Maintenance”, “Nature
and Landscape”, “Attractiveness of the Build Environment” and “Types of Buildings and Land use”. It is
temporally stable and has high inter- and intra-rater agreement, except for some items necessitating subjec-
tive judgments (i.e. features and attitudes) or assessing unstable features (i.e. stray dogs).

CONCLUSIONS: BVIMI is a reliable GIS-based neighbourhood auditing tool adapted for Bulgarian urban
settings. It might be routinely utilised by environmental hygienists, social epidemiologists and other pub-
lic health experts to study the associations between various neighbourhood features and health behaviours/
outcomes.
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its characteristics and its role in shaping human
health. Another reason for this increasing interest is
the fact that purely person-centred approaches over-
look some important determinants of health (3). On
the other hand, modifying urban environments is
possible when local authorities and the government
are involved (4), which may ultimately result in im-
proving the health status of the population and re-
ducing additional expenses for healthcare.

Health depends on both natural and built liv-
ing environment (5). Mounting evidence suggests the
value of neighbourhood quality for preventing social-
ly significant diseases. Low neighbourhood quality is
associated with decreased quality of life and fear (6,
7), low self-esteem and moral (2,8) and poorer self-
rated health (9). Conversely, abundance and diversi-
ty of residential greenness, for example, has been re-
lated to decreased mortality and morbidity (10,11,12).

Walking behaviour is arguably the most promi-
nent and thoroughly investigated health correlate of
neighbourhood quality. The modern world is charac-
terised by an “obesity pandemic” (13). Regular phys-
ical activity, on the other hand, may serve as a pro-
tective factor against weight gain and obesity, type 2
diabetes, cardiovascular and musculoskeletal disor-
ders, amongst others (14,15). However, there is incon-
sistency among different studies on environmental
determinants of physical activity, which makes it dif-
ficult to draw strong conclusions. It has been hypoth-
esized that the discrepancies are due to the mode of
measurement of neighbourhood features (16). For
children and adolescents, for example, the most con-
sistent associations were found when the authors
used objectively measured environmental features
(16). Operating with a measure independent from the
respondents is essential, because some people tend to
overestimate the quality of their living environment
(17) or they simply misclassify it in other systematic
way; common method bias is also an issue when both
the predictor and outcome variables are self-reported
by the participants in the same context (18). There-
fore, data obtained from assessment by independent
trained raters are considered more reliable.

Various audit tools have been developed over
the years to answer the call for a quantitative mea-
sure of neighbourhood features (19). The Irvine-
Minnesota Inventory (IMI) is among the most wide-

ly applied (20). It has been used to study walking be-
haviour of students, school children and other resi-
dents (20,21,22). Werner et al. (20) chose to adapt the
IMI in France because audit tools provide somewhat
objective collection of environmental data. It is also
regarded both as very general and in the same time
detailed. Schopflocher et al. (23) were interested in
IMI as well, because it might be applied as the most
comprehensive community audit tool. In the devel-
opment (24) and reliability testing of IMI (25), how-
ever, the authors did not provide specific scoring in-
structions on how to reduce or aggregate the large
amount of information collected by the 178 individ-
ual items. Boanet et al. (26) adopted a very unpracti-
cal approach to study the criterion validity of IMI -
they ran separate regressions with each item as a pre-
dictor of physical activity and proposed combining
these items into scales, which turned out to be sig-
nificant predictors. In fact, this is not only unpracti-
cal, but also with the number of tests, some statistical
concerns arise as well. Werner et al. (20), on the oth-
er hand, reorganised some items in order for them to
pertain only to a single domain and then they calcu-
lated standard scores for each item and aggregated
them into scales representing the six domains. Re-
cently, Schopflocher et al. (23) failed to support the
viability of the scoring methodologies proposed by
Boanet et al. (26) and Werner et al. (20). They ex-
pressed concerns about the statistical inference in
previous research on IMI and concluded that it was
difficult to establish the relationships between the
features of the built environment and health-relat-
ed behaviours using IMI. Thus, they proposed using
some psychometrical approaches in order to provide
adequate scoring protocol.

Neither IMI nor any other neighbourhood au-
dit tool has been made available for academic use in
Bulgaria. The aim of this study was to adapt IMI for
Bulgarian settings by restructuring and modifying
its dimensions, and then to test the inter-rater and
intra-rater reliability of the Bulgarian Version of IMI
(BVIMI), to test the reliability of a desk-based mea-
sure when compared with a field audit, and to exam-
ine the internal consistency of BVIMI.
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MATERIAL AND METHODS

Conceptualisation of BVIMI

The first step towards modifying IMI was for
three raters to go through the original training pro-
tocol. As outlined by Day et al. (24, 27), IMI can be
used by people who lack specific training or qualifi-
cation in urban planning and design, such as college
students and community members, as long as they
have passed through the training protocol. For this
reason our team comprised, on one hand, individ-
uals involved in this research field, and, on the oth-
er, alayperson. One of the raters was appointed team
leader, as he conceptualised the study. The raters first
read the codebook describing the basic philosophy of
IMI and giving detailed instructions regarding the
individual items and their interpretation (27). Then
they studied the PowerPoint training presentation
(28). The training took up to five hours spread over
two weeks.

After the initial introduction to the original
IMI, we decided to modify it. We had several key
objectives: (1) to adapt IMI given Bulgarian neigh-
bourhoods’ design and features; (2) to restructure
it in order to facilitate further practical use of BVI-
MI for several intended projects; and (3) to test the
agreement between a GIS-based and on-site au-
diting. Additional benefit would be to make IMI
shorter and more practical; however, this was not
a main objective. The operationalization of BVI-
MI was based on a literature review and the ex-
pert opinion of the authors. (a structured version
of BVIMI is available at https://drive.google.com/
file/d/0B1DeADGAyPjnVWhfUVRhbXVOUWc/
edit?usp=sharing.) BVIMI comprises 86 items and
tive domains of neighbourhood quality - “Safety”,
“Traffic”, “Maintenance”, “Nature and Landscape”,
“Attractiveness of the Built Environment” and “Types
of Buildings and Land Use”. Only 14 new items were
conceptualised and integrated in the original IMIL.
The rest were present in the original IMI exactly as
is, or were modified - some items were fused (for ex-
ample, the presence of civic and recreational facili-
ties or the different retail types), while the scoring
of others was altered in order for the items and do-
mains to be positively coded. Another benefit of the
revised scoring was that it provides a finer scale of
measurement. Most of the new items were added in

the domains “Nature and Landscape”, which focuses
on greenspace quality and characteristics, and sever-
al items were added to the “Safety” domain such as
the presence of “bad dog” signs or video surveillance.
The greenspace items were partly adopted from Ed-
wards et al. (29). Necessary adjustments were made
given the characteristics of Bulgarian urban settings.
Some items were eliminated, because, for example,
Bulgarian houses generally do not have front porch-
es and the neighbourhoods rarely have identifica-
tion signs. Finally, the street crossing features were
included only as general questions regarding all the
crosswalks on the segment (with new scoring system
to account for the fusion of the items regarding all
crosswalks along the segment) including mid-block
crosswalks. The raters recorded summary features of
both sides of the segment (items with adjusted scor-
ing). All these changes were necessary because, it be-
ing the first reliable audit tool in Bulgaria, we want-
ed to extend the application of BVIMI beyond pre-
diction of walking behaviour, and thus the relative
weight of the crosswalk items was redistributed away.

Study Area

The city of Plovdiv is the second largest city
in Bulgaria with a population of 339 077 inhabit-
ants and a territory of 101.98 km?. Plovdiv is divid-
ed into six administrative districts and possesses di-
verse urban settings and landscapes. It has a well-de-
fined core with high integration to the South-West.
The centre of the city is characterised by an old
and dense street grid represented by small winding
streets and inner-neighbourhood intersections, his-
toric buildings, single-family homes, pedestrianised
main street and diverse retail types of stores. The ur-
ban fabric in the outer concentric rings of the city is
more coarse-grained with large-scale weaves, resi-
dential blocks and lower density of the built environ-
ment. The overall quality and maintenance are also
higher in the finer-grained centre of Plovdiv. Several
highly integrated boulevards stretch through the city
and outwards. There are some spatially isolated areas
close to the agricultural fields in Plovdiv’s surround-
ings, the Roma ghetto and the old part in the city
centre. All these characteristics allow the researcher
to select segments sufficiently different on almost all
neighbourhood quality features, in order to capture
greater variance with BVIMI.
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Audit Protocol

We sampled 180 street segments in order to
have diverse neighbourhood features represented
in the sample. The sampling was guided primarily
by the features that each segment represented, rath-
er than by proportionality in the geospatial distribu-
tion of the segments. From those, a random sample
of 45 segments (25%) was selected (30). The length
constraints for the segments were approximate-
ly 50 - 300 m according to Griew et al. (31). In or-
der to facilitate data collection and to include seg-
ments with considerably varying geomorphological
and planning characteristics, the tested units of re-
liability were segments rather than settings. Several
debriefing sessions were carried out among the rat-
ers to achieve uniformity in the performance of eval-
uation. In addition, they were instructed to rely only
on the available evidence when carrying out the au-
dits disregarding any previous personal experiences,
expectations or intimate knowledge of the segments.

At the first stage of data collection the raters did
a virtual walk along the segments and documented
observed characteristics using a printed paper ver-
sion of BVIMI (the items in this version were organ-
ised so that they would facilitate and expedite the au-
diting procedure). We used Google Street View im-
ages for the city of Plovdiv dated from 2012 (March
- June), which is about two years before the field ob-
servations took place in 2014. The results from a GIS
version of BVIMI were compared to direct field ob-
servations, because in-person audits are time-con-
suming, costly, limit the scale of data collection and
occasionally might pose a threat to the raters’ safe-
ty (31); thus a GIS version of the instrument would
be of practical value. Moreover, the main argument
of the developers of IMI against GIS-only auditing
was that “many built environment features that are
potentially linked to active living have not yet been
incorporated into local GIS databases (e.g., street
trees, sidewalks)” (24). Google Street View displays
video stills of streets in order to provide continuous
panoramic street views that can be navigated along
and rotated, allowing a virtual 3D walk (31). It offers
360° horizontal and 290° vertical panoramic views
at the street level at height of about 2.5 m (32). Pre-
viously other authors have successfully attempted
to validate similar urban audit tools as “desk tools”
(29,31,32,33,34). Due to the limitation of GIS, how-

ever, some items in the original IMI (for example, “Is
the dominant smell unpleasant?”) were not included
in BVIML In a couple of weeks’ time the same seg-
ments were re-audited as a retest study in order to
determine the intra-rater agreement of BVIMI. The
GIS assessment procedures were carried out during
the winter of 2013/2014 because Street View imag-
es are not conditioned on the season when they are
being used. (In 2015 they were repeated to check for
consistency by a fourth rater without prior training.)

During the spring of 2014 (about a month and
a half later) the raters started visiting the previous-
ly audited street segments and filed a paper version
of BVIMI recording their rating for the different
residential quality features in order to measure the
agreement between the GIS and field audits. The ob-
servers conducted independent, in-person observa-
tions, walking along each segment. The team lead-
er instructed the other raters to replicate their virtu-
al walk starting from the same end of the street and
to try and capture as much relevant detail as possible
even if this was not possible with Google Street View.

Data Analytic Strategy

Basic descriptive statistics, Pearson Zzero-or-
der (on domain level) and Spearman (on individual
item level) correlations were performed to study the
internal relationships between the domains of BVI-
MI. The six domains of BVIMI were not multivariate
normal (VQ3, =110.61, p<0.001). No outliers were
detected.

Unlike all previous studies on the topic, we used
Krippendorff’s alpha coefficient (a,) (specifications:
ordinal data) to determine the inter-rater agreement
as well as the agreement between the GIS and field au-
dits, and the intra-class correlation coefficient (ICC)
(specifications: two-way mixed, absolute agreement)
for the intra-rater reliability. The main reason for this
choice was that, unlike Cohen’s Kappa, alpha treats
the raters as freely permutable and is not affected by
their number, it renders the reliabilities for non-cat-
egorical data fully comparable across different met-
rics, and it also allows reliability data with missing
categories (35). Finally, alpha adjusts itself for small
sample sizes. Krippendorft’s alpha defines reliabili-
ty on a scale where 1.00 represents perfect reliability
and 0.00 the absence of reliability.

(12)
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In order to examine the reliability of BVIMI,
we applied several techniques: the internal consisten-
cy reliability of BVIMI was determined with Cron-
bach’s alpha coefficient (a.) and temporal stability
via test-retest correlations. All analyses were carried
out with SPSSv. 17.

RESULTS

According to Table 1, the raters generally had
either perfect or very high agreement on almost all of
the items. However, items 20 (“How safe do you feel
walking on this segment?”) and 62 (“How interesting
is the architecture/urban design of this segment?”)
had low Krippendorff’s alphas. After each rater eval-
uated the same segments in a couple of weeks, all
items had ICC >0.93 which averaged across rater-
sat, suggesting temporal stability of BVIMI. We re-
port test-retest correlations >0.91, for the team leader.

However, the most important step was to determine
the degree of agreement between ratings based on a
GIS virtual walk along the segments and real-life field
observations. As evident from Table 1, only 21 items
showed discrepancies; of those, the most problematic
ones were items 17 (“How many “bad dog” signs are
there on yard fences, doors, etc.?”), 20 (“How safe do
you feel walking on this segment?”), 21 (“Are there
any loose/unsupervised/barking dogs on this seg-
ment that seem menacing?”) and 49 (“Are there flow-
ers in the green space (if several, indicate overall)?”).
Some of the items from “Maintenance” domain also
yielded somewhat low agreement. It took approxi-
mately 6 min. to complete the GIS version of BVIMI
and about 13 min. for the field version.

The next step was to determine the internal
consistency of the domains. Except for “Mainte-

Table 1. Inter- and intra-rater agreement, descriptive statistics and reliability for the Bulgarian Version of Irvine-Minne-
sota Inventory

Domain Item Agreement Descriptives Reliability
GIS study Field | GISvs.Field | Min | Max M SD  a. | Test-
study study retest
a, |ICC| a )
Safety 16 50 2442 6.14 .83
9 72 n/a .57 .82 0 3 1.64 .65 n/a 1.00
10 .80 n/a .80 n/a 0 3 1.56 .78 n/a 1.00
12 .86 n/a .86 n/a 2 3 204 21 n/a 100
14 .96 n/a .75 77 1 4 1.93 .65 n/a  1.00
15 99 n/a 99 n/a 0 2 1.76 48 n/a 1.00
17 n/a 93 1.00 48 1 2 1.98 15 n/a 1.00
18 n/a .99 .96 93 0 2 1.42 .72 n/a  1.00
20 .49 n/a 17 .56 0 2 1.76 .57 n/a 1.00
21 n/a .98 13 .03 0 2 1.91 36 n/a .99
Traffic 0 34 2798 6.52 .87
29 n/a .98 .75 .81 0 3 2.16 .74 nl/a 97
35 .96 .98 77 .90 0 1.91 .87 n/a 91
Maintenance 2 11 7.69 210 .49
37 .60 n/a 74 .69 1 209 .60 n/a 1.00
38 n/a n/a .81 .64 0 1.51 .84 n/a  1.00
39 n/a .98 .95 .62 0 1.00 48 n/a  1.00
16 Scripta Scientifica Salutis Publicae, vol. 2, No. 1, 2016, 12-22

Medical University of Varna



Angel Dzhambov, Donka Dimitrova, Mariana Aleksandrova

40 n/a .99 .66
41 n/a n/a 1.00
42 n/a .97 93
Nature And
Landscape
43 92 n/a 92
44 95 .99 95
45 94 n/a 94
46 95 n/a 95
47 .94 n/a .94
48 94 n/a 94
49 n/a n/a 1.00
50 .88 .97 .87
52 .95 .98 .96
53 .95 .99 .95
59 91 n/a .89
Attractiveness of the
Build Environment
60 .66 .98 .66
62 .52 n/a .52
64 .65 n/a .65
Types Of Buildings
And Landuse
66 .95 n/a .95
69 91 n/a 91

71 n/a n/a .79
81 n/a n/a .99

.65 2 1.62 .65 n/a 1.00
.84 93 .69 n/a 1.00
.81 .53 .66 n/a .93
3 25 10.60 720 .88
n/a 0 2 .60 .62 n/a 1.00
n/a 0 2 .87 .89  n/a 1.00
n/a 0 1 47 .50 n/a 1.00
n/a 0 3 1.09 1.2 n/a 1.00
n/a 0 1 44 .50 n/a 1.00
n/a 0 1 49 .51 n/a 1.00
.25 0 1 .07 .25  n/a 1.00
71 0 3 .67 1.09 n/a 1.00
.82 0 3 .69 1.02 n/a 99
.96 0 3 1.02 1.18 n/a .99
.87 0 2 1.29 .63 n/a 1.00
0 8 2.40 1.98 .77
n/a 1.02 .54 n/a 96
n/a 49 .66 n/a 1.00
n/a .09 .36 n/a 1.00
6 22 12.49 437 .60
n/a 0 2 1.18 .78 n/a 1.00
n/a 0 2 44 .59  n/a 1.00
.76 0 1 .07 .25 n/a 1.00
.96 0 2 1.04 .80 n/a 1.00

Note: Items with perfect agreement are omitted from the table; Reliability statistics are reported only for the composite scores of the do-
mains; the authors agreed on reporting representative estimates for the scoring of rater A. D. (min, max, M, SD); GIS study: Inter-rater
(Krippendorff’s alpha) and intra-rater agreement (ICC, Intraclass correlation coefficient); Field test: Inter-rater agreement (Krippen-
dorff’s alpha); GIS vs. Field study: intra-rater agreement (Krippendorff’s alpha); Reliability: M - mean, Min — minimum, Max — max-
imum, SD - standard deviation, Cronbach’s alpha, Test-retest correlation; n/a — non-applicable; the ICC and Krippendorff’s alpha for
GIS vs. Field study are reported as the mean estimate averaged from the three raters

nance” (a.=0.49) and “Types of Buildings and Land
Use” (a.=0.60), all other domains had completely
satisfactory alpha coefficients (a >0.77).

We also report a correlation-matrix for the
domains of BVIMI (See Table 2). Higher “Safety”
scores were associated with less “Traffic”, and high-
er scores on “Attractiveness of the Built Environ-

ment” and “Types of Buildings and Land Use”. On
the other hand, “Traffic” and “Attractiveness of the
Built Environment” were inversely correlated. The
latter also had negative correlation with “Nature and
Landscape”.
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Table 2. Correlation-matrix for the Domains of the Bulgarian Version of Irvine-Minnesota Inventory

Domains

1. Safety

2. Traffic

3. Maintenance

4. Nature and Landscape

5. Attractiveness of the Build Environment

6. Types of Buildings and Landuse

1.00

2. 3. 4. 5. 6.
-76% 1.00
-.19 1.00
.24 13 1.00
33* -.53** .23 -.32% 1.00
-.26 .06 .29 A2 1.00

Note. N=45. Pearson zero-order correlation coefficients are reported. *Correlation is significant at p<0.05, **Correlation is

significant at p<0.01

DISCUSSION

Key Findings

BVIMI has 86 items organised in six domains,
representing some of the most commonly studied
neighbourhood characteristics. It is significantly
shorter than the original IMI and takes into account
the characteristics of Bulgarian cities, which distin-
guish them from American , for which IMI was ini-
tially developed. BVIMI combines perceived safe-
ty from crime and traffic and operationalises “Traf-
fic” as an independent domain because these are hy-
pothesised to be able to impact on perceived neigh-
bourhood acoustic environment (36). As already
stated, we aimed at developing an audit tool, which
would be applicable to different research scenarios,
and not only to walking behaviour. “Maintenance”,
on its own, might be related to crime and incivili-
ties (6,7), while the presence and abundance of high
quality and maintained green spaces and other nat-
ural elements might act as a protective measure and
suppress such violent behaviours (37,38). On its own,
“Nature and Landscape” domain may be studied in
reference to various psychosomatic health outcomes,
as promoted by the PHENOTYPE study (39), includ-
ing birth weight (40), psychological noise attenua-
tion (41), etc. Finally, both attractiveness and diver-
sity of the build environment can add to the value of
a neighbourhood by increasing people’s morale (7).

The reliability of BVIMI is satisfactory. Except
for “Maintenance” and “Types of Buildings and Land
Use” domains, all others have high internal consis-
tency. A follow-up study might tackle this issue by re-
defining some of the items and their measurement.
The inter-rater agreement in both the GIS and field

studies were also very high; however, some items ask-
ing about perceived features and attitudes towards
the street segment prove problematic due to the rat-
ers’ individual differences. Regardless, given the high
test-retest coefficients (ICC and correlations), the
training protocol and the phrasing of the items seem
to have been adequate, so that the ratings were not
affected considerably by repeated measurements and
temporal factors. It was reassuring to see that, when
compared to the field observations, the GIS study
yielded almost the same results on most of the items.
Exceptions were some characteristics of the segment
which can be particularly difficult to capture in time
- namely, stray dogs are mobile and their presence
on the segment is generally unpredictable, and the
visual perspective that Google Street View offers is
sometimes limited when it comes to evaluating green
space features. Moreover, given that the raters were
asked to disregard any previous knowledge of the
segment and the fact that some of the images in the
GIS study were taken during winter months, it was
virtually impossible to determine whether, for exam-
ple, flowers were present in the green space. As for
“Maintenance” domain, the overall maintenance of
Plovdiv has improved during the past couple of years
and some construction sites have now been cleared,
so it is not surprising that there is a somewhat lower
agreement between the GIS and field audits.

Finally, it was revealed that due to the geomor-
phological features of the city and its planning, street
segments with less traffic and more abundance, vari-
ability and pleasurableness of the build environment
were rated as safer. On the other hand, traffic-heavy
streets were rated as less attractive. It was controver-
sial that more and higher quality residential green-
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ery was inversely related to safety, suggesting that
some areas of the city might be too overbuilt, limit-
ing the green space territory, which is a matter that
might need to be addressed by local authorities; on
the other hand, the positive (although non-insig-
nificant) correlation between the presence of ma-
jor boulevards and highways and greenery indicat-
ed that some of the consequences of traffic, such as
air and noise pollutions, might be attenuated by the
nearby green areas. The inverse correlation between
“Attractiveness of the Built Environment” and “Na-
ture and Landscape” suggests that there may be a dis-
proportion in the quality and diversity of greenspac-
es (maintained by the Municipality) and the built
environment
Strengths and Limitations

We wanted to construct easy-to-use tool for
neighbourhood audits, which would be reliable in
both GIS and field-observation scenarios depending
on the needs for precision and resources of the re-
searcher. Moreover, as medical geography is not suf-
ficiently researched in Bulgaria, this paper would not
only provide the necessary methodological tools to
carry out applied research, but also underscores the
important place that geographic, land-use and GIS
techniques hold in modern public health research.

This was the first study to have attempted to
adapt IMI in Bulgarian. BVIMI was constructed
only for linear settings, but, if needed, it might eas-
ily be modified for nonlinear settings as well. To our
knowledge, it was the first to compare field version of
IMI with GIS desktop auditing version. The lack of
detail in GIS software that Day et al. (24) argue about
is not an issue nowadays when a Street View option is
available. Google Street View is free service available
in Google Earth. It was launched in 2007 (32), so this
might explain the reservations that Day et al. (24)
held towards GIS. A GIS version of IMI would reduce
research resources and save valuable time on the cost
of discrepancies in regards to some temporally un-
stable features. Because Bulgaria joined Google Street
View relatively later than other countries, the images
that we had at our disposal were from 2012. In other
countries, longer time-gaps might yield slightly dif-
terent reliability results, especially in quickly devel-
oping urban fabric.

We used Krippendorff’s alpha coefficient to de-
termine the degree of agreement between raters and
between GIS and field observations, which is statisti-
cally superior technique to Cohen’s Kappa or the per-
centage agreement among raters. The argument that
Boarnet et al. (25) make to justify using the percent
agreement (namely that “there was not enough vari-
ance in the data for kappa statistics to be a good mea-
sure of agreement”) does not change the fact that the
percent agreement is “easily calculated but flawed in
nearly all important respects” (35).

Some items were re-scaled in order to provide
a finer measurement scale. We also provided score
calculation alternative by summing the individual
item scores for the six domains. The latter were oper-
ationalised, based on theory and the relevant health
outcomes that they could be related to. “Nature and
Landscape” was especially improved by adopting
some quality features from other green space audit
tools.

However, this study has some noteworthy lim-
itations. The items were organised into domains,
based on educated guess, so further empirical valida-
tion of these constructs might be needed. (Research-
ers can modify BVIMI as they see fit.) Also, because
of its reduced length and our attempt to capture im-
portant environmental correlates of various health
behaviours and outcomes and not only walking,
BVIMI represents a broader neighbourhood quality
factor with scoring weights redistributed away from
walkability features.

The agreement between the GIS and field rat-
ings of some raters returned negative Krippendorff’s
alpha coefficients for items 20 and 21, which might
indicate the existence of structural errors. These were
items asking about perceived safety and the presence
of stray dogs, which as mentioned above, are over-
ly subjective items or depend on chance. The sam-
ple size was smallish (45 segments), but, on one hand,
Krippendorft’s alpha does not impose constraints on
the sample size and on the other, it was comparable
to that analysed by Griew et al. (31) and represented
a 25% random sample from the initial 180 segments
that we selected (30). Due to lack of funding, larger
scale study was difficult to carry out.
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Future Research

Although we agree with Schopflocher et al. (23)
that some psychometrical techniques might bene-
tit further research on IMI and BVIMI respectively,
there are several concerns that need to be discussed.
First, it might be best to re-scale the items in order
to generate a uniform multi-item scale, which will be
easily fed to a factor analysis. On the other hand, the
dogmatism of modern psychometrics has been chal-
lenged, when it comes to the underlying quantitative
nature of psychological phenomena (42); given the
fact that neighbourhood features tools cannot easily
be classified as such (although they are conditioned
by a collective social logic, a cognitive spatial idea,
organising different building types, land use, green
spaces, traffic flows, etc.), we are not convinced that
using factor analysis might be theoretically feasible
to uncover the dimensions of IMI. Given that such
analysis is essentially based on correlations, and, not
assuming a quantitative nature of the items, applying
Bayesian methods and interpreting the items as or-
dered categories might partly solve the problem and
provide further insight into the factorial structure of
IMI. Moreover, approaches such as the Schmid-Lei-
man transformation might account for the fact that
some items may load on several latent factors (for ex-
ample, intensity of the traffic flow which can be in-
terpreted as an element of both neighbourhood safe-
ty and environmental nuisance), by conceiving a set
of second-order factors.

Essentially, the validity of BVIMI and its abili-
ty to adequately predict health-enhancing/damaging
behaviours are much more relevant matters. Thus,
apart from proving the predictive capacity of BVI-
MI, one might consider supplementing the walkabil-
ity items with a special domain based on space syn-
tax theory. Space syntax is an architectural technique
which can predict human walking behaviour and
navigation based on different structural and spatial
organisation of the street network (43); that is, some
street grids can foster active walking lifestyle, which
emphasises the benefits of considering urban fabric
for neighbourhood audit tools. However, not only
could it be used as a complementary analysis along
with BVIMI, but it could be incorporated in it by de-
veloping a set of items representing perceived spatial
configuration of the segment (44).

Implementation

Neighbourhood environment, its spatial, physi-
cal and symbolic features can foster positive health-
enhancing behaviours. However, the degree of social
acceptance and political recognition by involved au-
thorities that urban planning is not just architecture,
but may serve as a health promotion platform, has
not yet been reached in Bulgaria. Health promotion
is the smart choice of all societies that for one reason
or another have limited resources for healthcare (45).
Unfortunately, Bulgarian researchers have been be-
reft of modern audit tools widely used worldwide to
measure neighbourhood characteristics.

BVIMI might serve both practical and didac-
tic roles. It will help to generate sufficient input data
in order to create a database of neighbourhood scor-
ings, which can then be used to study various health-
related behaviours and the impact built environment
has on health outcome variables. At the same time,
initiatives such as this will help to expand the scope
of environmental epidemiology in Bulgaria and its
practical implications. Environmental hygienists, so-
cial epidemiologists and urban planners might rou-
tinely geocode and map various health indicators
(not only prospectively, but retrospectively as well).

CONCLUSIONS

BVIMI is a reliable GIS-based neighbourhood
auditing tool adapted for Bulgarian urban settings
and the city of Plovdiv in particular. It is easy to use,
it is cost-effective, showing high agreement between
GIS and field observations. It might be used by en-
vironmental hygienists, social epidemiologists and
other public health experts to study the associations
between various neighbourhood features and health
behaviours/outcomes. Future research should, how-
ever, re-evaluate BVIMI, its dimensions and scoring
protocol in order to improve its performance. Ap-
plied research proving its criterion validity is high-
ly warranted.
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