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Abstract

evaluate commuting route environment profiles.

Background: Route environments can positively influence people’s active commuting and thereby contribute to
public health. The Active Commuting Route Environment Scale (ACRES) was developed to study active commuters’
perceptions of their route environments. However, bicycle commuters represent a small portion of the population in
many cities and thus are difficult to study using population-based material. Therefore, the aim of this study is to expand
the state of knowledge concerning the criterion-related validity of the ACRES and the representativity using an
advertisement-recruited sample. Furthermore, by comparing commuting route environment profiles of inner urban and
suburban areas, we provide a novel basis for understanding the relationship between environment and bikeability.

Methods: Bicycle commuters from Greater Stockholm, Sweden, advertisement- (n = 1379) and street-recruited

(n = 93), responded to the ACRES. Traffic planning and environmental experts from the Municipality of Stockholm
(n = 24) responded to a modified version of the ACRES. The criterion-related validity assessments were based on
whether or not differences between the inner urban and the suburban route environments, as indicated by the
experts and by four existing objective measurements, were reflected by differences in perceptions of these
environments. Comparisons of ratings between advertisement- and street-recruited participants were used for the
assessments of representativity. Finally, ratings of inner urban and suburban route environments were used to

Results: Differences in ratings of the inner urban and suburban route environments by the advertisement-recruited
participants were in accord with the existing objective measurements and corresponded reasonably well with
those of the experts. Overall, there was a reasonably good correspondence between the advertisement- and street-
recruited participants’ ratings. Distinct differences in commuting route environment profiles were noted between
the inner urban and suburban areas. Suburban route environments were rated as safer and more stimulating for
bicycle-commuting than the inner urban ones. In general, the findings applied to both men and women.

Conclusions: The overall results show: considerable criterion-related validity of the ACRES; ratings of
advertisement-recruited participants mirroring those of street-recruited participants; and a higher degree of
bikeability in the suburban commuting route environments than in the inner urban ones.

Background

Increasing the population-wide level of physical activity is
a major public health concern [e.g. [1]]. Active commut-
ing could constitute an important potential in this
respect [for a review, see [2]], and the route environment
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could be a potentially important factor in influencing
people’s active commuting behaviours. Both objective
aspects and people’s perceptions of the environments are
likely to influence behaviours [cf. [3]]. Thus, understand-
ing the possible relationships between active commuting
and the route environments is important.

Review articles on the relation between the physical
environment and physical activity in general indicate
that mixed land use, residential density, street connec-
tivity and physical infrastructure, such as pavements, are
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associated with levels of physical activity [for a review of
reviews, see [4]]. These findings are mainly based on
three different measures of the environment: (1) per-
ceived measures, based on self-report questionnaires; (2)
observational measures, based on audit tools; and (3)
objective measures, based on Geographical Information
Systems (GIS) [for a review, see [5]]. The majority of
these measures, and particularly the self-report ques-
tionnaires, deal primarily with the local neighbourhood
environment, often defined as the area within a 10 to
15-minute walk from your home or similar definitions
[e.g. [6]]. Active commuting, however, often involves an
extended environment compared to the local neighbour-
hood [7,8]. We have therefore developed a scale called
the Active Commuting Route Environment Scale
(ACRES), which is based on a complete spatial matching
between the environment and the physical activity vari-
able [9].

The ACRES was developed for the assessment of bicy-
clists’ and pedestrians’ perceptions of different factors in
their commuting route environment. It can be used for
different purposes. One is to enable evaluations of how
different settings are rated in terms of traffic, physical
and social environmental variables, as well as in terms
of perceptions of traffic safety and whether a route
environment stimulates or hinders walking or bicycle
commuting. Not least since traffic unsafety appears to
be a major hinder to active transportation [cf. [10]],
understanding environmental correlates to this percep-
tion is important in a public health perspective.

We have previously assessed the reliability and the
validity of the ACRES for bicyclists, using a street-
recruited sample of bicycle commuters, and found that
it was characterized by considerable criterion-related
validity and reasonable test-retest reproducibility [9].
This assessment of the criterion-related validity was
based on a comparison between inner urban and subur-
ban route environments. Ratings by the bicycle commu-
ters were compared with ratings by an expert panel, and
four of the items were also compared with existing
objective measures.

Since the psychometric evaluation of the ACRES has
not been repeated, and it is important to establish a
stable basis before using the scale more broadly, we con-
sidered it to be useful to study the criterion-related
validity on other and larger groups of active commuters,
while also enabling separate analyses of men and
women. This is the first aim of this study. The second
aim deals with the fact that active commuters, particu-
larly bicycle commuters, often represent a small group
within the general population. It is therefore challenging
to study a larger and representative group within this
subpopulation. In our previous study, we recruited parti-
cipants in the street, while they were walking or cycling.
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We consider this recruitment strategy a realistic
approach reaching out to a representative group of
active commuters. This is, however, a time-consuming
method, and a wide geographical coverage, not the least
in a metropolitan setting, is still difficult to obtain. As
an alternative method, we have recruited participants by
advertisements in morning newspapers. As an index of
comparability of the sampling methods, we considered it
important to compare the ratings of the ACRES
between advertisement- and street-recruited partici-
pants. The third aim is to study the commuting route
environment profiles of the inner urban and suburban
areas. This provides both evidence regarding the criter-
ion-related validity and a novel basis for furthering the
understanding of different environments in relation to
two important aspects of bikeability: namely, the percep-
tion of traffic safety and whether the overall route envir-
onment stimulates or hinders active commuting and
how this can relate to different aspects of the physical,
traffic and social environments. This assessment was
based on the advertisement-recruited participants,
thereby enabling separate analyses of men and women,
and also a separation of those who bicycle-commuted in
both inner urban and suburban areas from those who
bicycle-commuted in only an inner urban or a suburban
area. Unless indicated in the following, we had no direc-
ted hypotheses regarding particular rating response pat-
terns for any of the subgroups, sexes and issues studied.

Methods

Study design

The ACRES addresses the inner urban and suburban route
environments separately. In a previous study, we therefore
could use expected differences between the two environ-
ments for a criterion-related validity assessment of the
ACRES [9]. The ‘known group difference method’ [cf.
[11]] served as a model. We then used a street-recruited
group of active bicycle commuters as well as existing
objective measures and an expert panel for the assess-
ments. Commuters who cycled in both the inner urban
and suburban areas were used. The experts provided data
on both route environments. In this study we use the
same design, but instead a group of active bicycle commu-
ters were recruited by advertisements in morning newspa-
pers. Consequently, for the first part of the criterion-
related validity assessment in this study, we used partici-
pants who bicycle-commuted in both inner urban and
suburban areas. The directions of differences between the
inner urban and the suburban route environments rated
by the bicycle commuters were compared with the direc-
tions of differences of four existing objective measures.
Thereafter, the sizes of differences in the ratings of inner
urban and suburban route environments, separated for
men and women, were compared with the experts’ ratings.
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We were concerned about the representativity of the
advertisement-recruited participants. Therefore, we
compared the ratings of the inner urban and suburban
route environments between the advertisement- and
street-recruited participants. From both groups, partici-
pants who provided data in both inner and suburban
route environments were used. The ratings of inner
urban and suburban route environments by the two
groups were used for comparisons of both absolute
levels, distributions of values and directions and sizes of
differences between the inner urban and suburban
environments. Data from the street-recruited sample
were also used as part of the assessment of criterion-
related validity.

Finally, we evaluated the commuting route environment
profiles of the inner urban and suburban areas. This
assessment was based on a larger group of the advertise-
ment-recruited participants, separated into men and
women, divided into the following subgroups: (1) those
who bicycle-commuted in both inner urban and suburban
areas (hereafter called Both I&S); (2) those who bicycle-
commuted in only an inner urban area (hereafter called
Only I); and (3) those who bicycle-commuted in only a
suburban area (hereafter called Only S). The ratings of the
inner urban and the suburban route environments by Both
I&S were compared. Furthermore, the ratings of the inner
urban route environment by Only I and the ratings of the
suburban route environment by Only S were compared.
These comparisons were used in part for the assessment
of criterion-related validity. The different commuting
route environment profiles provided a basis for furthering
understanding of different environments in relation to
important aspects of bikeability. Finally, the ratings of the
inner urban route environments were compared between
Both 1&S and Only I, and the ratings of the suburban
route environments were compared between Both 1&S and
Only S. This separation into subgroups enabled an
expanded understanding of the validity of the ACRES in
terms of whether or not bicycling and ratings of route
environments in two different areas, as compared to only
one area, would affect the rating levels.

Each of these three parts will be presented as distinct
entities in the Results, whereas in the Discussion, data
from the three different parts will be combined to
address the issue of criterion-related validity.

The Ethics Committee of the Karolinska Institute
approved the study. The participants gave their informed
consent.

Advertisement-recruited participants

The participants were recruited with the aim of attain-
ing a reasonable reflection of the adult active commu-
ters in the inner urban and suburban areas of Greater
Stockholm, Sweden, during the recruitment period.
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Active commuters represent a small group within the
general population and, therefore, it was not possible,
in practical terms, to recruit a sufficient number of
participants from a random population sample. We
therefore recruited participants by advertising in two
large morning newspapers (Dagens Nyheter and
Svenska Dagbladet) in Stockholm towards the end of
May and early June 2004. Inclusion criteria included:
(a) being at least 20 years old; (b) living in Stockholm
County, excluding the municipality of Norrtélje; and
(c) walking and/or cycling the whole way to one’s
place of work or study at least once a year. In the invi-
tation to participate, we emphasized that people with
short commuting distances were also welcome to parti-
cipate. The reason for including people with less fre-
quent active commuting behaviours, as well as with
short route distances, was to include a wide range of
commuting behaviours.

The advertisement resulted in 2148 people volun-
teering to take part. We posted a first questionnaire,
named the Physically Active Commuting in Greater
Stockholm Questionnaire (PACS Q1), to the partici-
pants in September 2004. The response frequency was
94% (n = 2010). During the peak bicycle-commuting
period of the year, in May 2005, a second question-
naire, the PACS Q2, was sent to 1978 participants.
(For descriptions of the PACS Q1 and Q2, see below.)
The response frequency was 92% (n = 1819). Both
questionnaires were sent home to each participant
together with a prepaid return envelop. A maximum of
three reminders were sent out. No incentives were
provided for the participants. We excluded some parti-
cipants because they did not meet the inclusion criteria
or did not wish to participate in the second part of the
study. The participants were bicyclists, pedestrians or
dual-mode performers, i.e. individuals who sometimes
walk and sometimes cycle. They commuted in the
inner urban, suburban - rural or both inner and subur-
ban - rural areas of Greater Stockholm, Sweden. The
suburban - rural areas are hereafter referred to as sub-
urban areas, unless stated otherwise. We have only
used data on bicycle-commuting in this study. After
cleansing and editing the data, 1379 participants
(women, n = 898, 64%) were included in the analyses.
The participants yielded data in the following sub-
groups: Both 1&S (n = 555: women, n = 302, 54%); Only
I (n = 272: women, n = 197, 72%); and Only S (n = 552:
women, n = 399, 72%). For further descriptive charac-
teristics of the participants, see Table 1.

Street-recruited participants

We recruited participants while they were walking or
bicycling into or in the inner urban area of Greater
Stockholm, Sweden. The original purpose of the



Table 1 Descriptive characteristics of advertisement-recruited and street-recruited participants

Advertisement-recruited participants

Street-recruited participants

Both 1&S* Only I* Only S*

Characteristic Women Men Women Men Women Men Women Men

(n =299-302) (n =249-253) (n=193-197) (n=73-75) (n=391-399) (n=151-153) (n = 32-33) (n = 59-60)
Age in years, mean + SD 469 £ 99 482 £ 106 475+ 113 462 £ 119 494 £ 100 494 + 106 420 £ 90 459 £ 10.7
Weight in kg, mean + SD 64.5 + 8.2 789 + 106 638 + 79 776 + 83 650 + 9.2 784 + 94 618+ 73 780 £ 10.0
Height in cm, mean + SD 168.1 + 6.2 1809 + 64 169.0 £ 56 181.7 £ 60 1675 £ 64 1799 + 6.8 1686 + 5.2 1820 + 70
Body mass index, mean + SD 228 £ 26 241 + 3.1 224 + 25 235+ 2.7 232 £ 30 242 £ 25 217 £ 24 235+ 27
Gainful employment, % 95 94 93 96 98 99 100 95
Educated at university level, % 78 74 82 80 71 66 73 75
An income above 25.000 SEK** a month, % 60 73 58 72 36 69 61 80
Participant and both parents born in Sweden, % 79 86 82 84 80 89 69 87
Having a driver’s licence, % 94 9% 92 91 90 95 91 97
Usually access to a car, % 74 82 58 52 74 86 76 80
Leaving home 7-9 am. to cycle to work, % 72 67 84 85 68 61 81 82
Number of bicycle-commuting trips per year***, mean £ SO 240.7 + 122.1 280.1 £ 1357 3177 £1366 3208 £ 1173 2658 £ 1314 2710+ 1414 3014 £ 1369 3497 + 84.1
Overall physical health either good or very good, % 86 86 80 76 82 80 97 93
Overall mental health either good or very good, % 83 86 84 80 80 84 91 88

Values are based on self-reports.

*Both 1&S = those who bicycle-commuted in both the inner urban and suburban areas, Only | = those who bicycle-commuted in only the inner urban area and Only S = those who bicycle-commuted in only the

suburban area.
**SEK = Swedish crown/krona, year 2005: €1 = 9 SEK; US$1 = 8 SEK.

***The number of bicycle-commuting trips per year is based on 239 women and 218 men in Both &S, 161 women and 63 men in Only | and 316 women and 129 men in Only S and 18 women and 43 men in the
street-recruited participant group. The low response rate is due to missing values in one or more of the 12 month leading to exclusion in the sum score.
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recruitment was to study the reliability of the PACS Q1
and Q2 questionnaires. This recruitment strategy was
considered to represent the population of active com-
muters at that period of recruitment with greater cer-
tainty than the advertisement strategy. We therefore
used these participants for representativity comparisons
with advertisement-recruited participants.

The street-recruited participants were approached
between 7 and 9 a.m. in mid-November 2005 as they
either slowed down at one of four bridges or stopped at
a traffic light on one arterial road. For geographical rea-
sons, three of these places of recruitment (two bridges
and one arterial road) were focal centres for active com-
muters entering the inner urban area of Stockholm
from three different parts of the surrounding suburban
areas. People living in these three different suburban
areas represent slightly different sociodemographic char-
acteristics. An invitation to participate together with a
reply coupon was handed to 589 individuals. Inclusion
criteria were the same as for advertisement-recruited
participants. Overall, 214 coupons were returned in due
time. The participants were then divided into two sub-
groups. One group (n = 114) was mainly used for a test-
retest study of the PACS Q1 and one group (n = 100)
was mainly used for a test-retest study of the PACS Q2.
Test and retest questionnaires were sent to the partici-
pants during November and December 2005. Thereafter,
in a crossover manner, the participants received the
questionnaire that they did not respond to initially. The
participants received a lottery ticket and a cycling map
as a token of gratitude after returning the question-
naires. Cyclists and dual-mode performers who
responded to the PACS Q2 at least once were selected
for this study. We have used data from participants who
bicycle-commuted in both inner urban and suburban
areas. After cleansing and editing the data, 93 partici-
pants (women, n = 33, 35%) were included in the ana-
lyses. For further descriptive characteristics of the
participants, see Table 1.

Some of the street-recruited participants took part in
our previous study [9]. In this study, however, the num-
ber of participants has been increased from 44 to 93,
which has been made possible by the crossover design
described above.

Experts

An expert panel of employees of the Municipality of
Stockholm was assembled in September 2009 to assess
the inner urban and suburban route environments of
Greater Stockholm. Thirty-two relevant individuals were
chosen to be part of the expert panel. They received a
questionnaire with a modified version of the ACRES
assessing bicyclists’ perceptions. One item, short or long,
was not included. The experts were asked to assess the
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overall route environments for cyclists commuting in
Greater Stockholm and for the whole group of commut-
ing cyclists, and the inner urban and suburban areas
separately. Twenty-eight experts returned the question-
naire and data from 24 (women, n = 11) could be
included in the analyses. Based on self-reports, their age
was (mean + SD) 43.8 + 9.2 and the majority had a dri-
vers licence (96%); usually had access to a car (83%);
were educated at the university level (100%); and had an
income of above 25000 SEK a month (100%; SEK =
Swedish crown/krona, year 2009: €1 ~ 10 SEK; US$1 ~
7 SEK). Ten usually commuted to work by bicycle all
the year round and 4 during the spring to autumn
months.

A more detailed description of the expert panel and
the data used has been reported previously [9]. In this
study we have only used the experts’ mean values for
the sizes of differences between perceptions of the inner
urban and suburban route environments, rated using
the modified version of the ACRES, for comparisons
with the advertisement-recruited participants’ corre-
sponding values.

Existing objective measurements

Differences between inner urban and suburban environ-
ments of Greater Stockholm, corresponding to the four
ACRES items: exhaust fumes, noise, congestion: all types of
vehicles and greenery, were used for comparisons of the
direction of differences. Existing objective measurements
showed higher levels for the inner urban environments
than for the suburban environments corresponding to the
items: exhaust fumes [12], noise [13] and congestion: all
types of vehicles [14-16]. The opposite, higher levels for the
suburban environments than for the inner urban environ-
ments, was shown corresponding to the item greenery
[17]. A more detailed description of the existing objective
measurements has been reported previously [9].

The Physically Active Commuting in Greater Stockholm
Questionnaire (PACS Q)

The PACS Q1 and PACS Q2 are self-administered ques-
tionnaires in Swedish, based on self-reports. They
include about 35 and 70 items, respectively, comprising
descriptive characteristics of participants and different
aspects of active commuting. The PACS Q2 includes
the ACRES.

Measure of descriptive characteristics

Data on sex, age, weight, height, employment, and num-
ber of bicycle-commuting trips per month were
obtained from the PACS Q1. The body mass index
(BMI) was calculated by dividing body weight by height
squared (kg/m?). Active commuting trips per year were
calculated by adding each of the 12 months’ average trip
frequency per week, dividing by 12 and multiplying by
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52. Education levels, income, ethnicity, having a driver’s
licence, having access to a car, time leaving home to
cycle to work, and overall physical and mental health
were obtained from the PACS Q2.

The Active Commuting Route Environment Scale (ACRES)
The ACRES consists of 18 items for the assessment of
bicyclists’ perceptions of their self-chosen commuting
route environment potentially associated with active
commuting. A more detailed description of the develop-
ment of the ACRES, its items, and its validity and relia-
bility has been reported elsewhere [9]. The ACRES was
characterized by considerable criterion-related validity
and reasonable test-retest reproducibility, assessed on a
street-recruited sample.

Each item considers the inner urban area of Stock-
holm, the capital of Sweden, and the suburban as well
as rural areas surrounding it, within Stockholm County,
separately. The questionnaire instructions include a
drawn map that distinguishes the inner urban area from
the surrounding areas. The participants are asked to dif-
ferentiate between their experiences when their active
commuting route is in the inner urban area and when it
is in the surrounding suburban as well as rural areas.
All items have two identical parallel response lines. One
line refers to the inner urban area and the other to the
suburban as well as rural areas. If the participants cycle
or walk in both areas, they are asked to mark both lines.
If the participants, for instance, first cycle in the south-
ern suburban area, then cross into the inner urban area
and finish their route in the northern suburban area,
they are asked to give an average rating for both subur-
ban areas of the route.

To simplify understanding, the items for the assess-
ment of bicyclists’ perceptions have been divided into:
(a) the physical environment; (b) the traffic environ-
ment; and (c) the social environment. The following
items are included in the physical environment: bicycle
paths, greenery, ugly or beautiful, course of the route,
hilliness, red lights and short or long. They represent
non-moving aspects. The following items are included
in the traffic environment: exhaust fumes, noise, flow of
motor vehicles, speeds of motor vehicles, speeds of bicy-
clists, congestion: all types of vehicles and congestion:
bicyclists. They represent moving aspects. The follow-
ing item is included in the social environment: con-
flicts. It represents relationships between road users.
All items are meant to operate independently. The
remaining three items, namely, on the whole, hinders
or stimulates and traffic: unsafe or safe, are regarded as
outcome variables. All the other items are regarded as
predictor variables believed to be potentially important
for the outcome variables.

Fifteen-point response scales, with adjectival opposites,
ranging from 1 to 15, corresponding to, for example,
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‘very low’ and ‘very high’, are used, with the exception
of one item. The item bicycle paths has an 11-point
response scale ranging from 0% (0) to 100% (10). The
fifteen-point response scales feature a numbered contin-
uous line, i.e. whole numbers from 1 to 15, with number
8 as a neutral option in the middle, labelled, for exam-
ple, ‘neither low nor high’.

In the questionnaire instructions, the participants are
asked to recall and rate their overall experience of their
self-chosen route environments based on their active
commuting to their place of work or study during the
previous two weeks. At no point are the participants
informed about the intent of the ACRES.

Study area

Inner urban area

The commuting route environments are located in the
inner urban area of Stockholm, the capital of Sweden,
situated in the centre of a metropolitan area with about
1.9 million inhabitants (Figure 1). This area constitutes
the region’s single core urban structure, with the centre
situated where Lake Mailaren meets the Baltic Sea,
thereby dividing the region into two main parts. The
study area includes the city sections of ‘Gamla stan’
(the Old Town), S6dermalm, Kungsholmen, Vasastan,
Norrmalm and Ostermalm (Figure 1). This is a predo-
minantly built-up area, with blocks in a grid-like streets-
cape. The age of the buildings varies. The Old Town is
from medieval times, whereas most parts of the built-up
environment are predominantly a result of the architec-
tural styles from the end of the 19" and beginning of
the 20™ century, with most buildings about five storeys
high. The newest part of the city centre is north of the
Old Town. The original buildings here were torn down
during the 1950s and 1960s, and today the area includes
modernistic architecture, including a few skyscrapers. In
2005 the residential density of the inner urban parts of
the study area was approximately 13000 residents per
square km [18].

The city has a number of waterfronts and islands, a
number of both small and large parks, some alleys and
esplanades. Most streets are void of trees or other forms
of greenery. The natural landscape in the area is sedi-
ment-filled valleys as a part of the surrounding rift-valley
landscape and raised archipelago landscape with eroded
bedrocks after deglaciation. It is basically rather flat, but
there are some dominant natural features as, for example,
part of an esker, rising 40 metres above sea level in Vasa-
stan, as well as a rather steep fault scarp in S6dermalm.
The road system also includes rather gentle slopes of
infrequent moraine hills, normally not accounting for
more than about 10 - 15 metres of elevation.

Two arterial highways pass through the inner urban
area (Centralleden and Essingeleden), but they come
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Figure 1 Aerial view from 2005 over the more central parts of Greater Stockholm, Sweden. The yellow line distinguishes the inner urban
and the suburban as well as rural parts of the study area. North is to the left on the image. For description of the characteristics of the study
area, see Methods. (Copyright: Lantmadteriverket, Gavle, Sweden.)
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into very little contact with cyclists or pedestrians.
These are also the only roads, besides some tunnels,
that do not permit cycling.

Suburban area

The commuting route environments are located in the
suburban and rural areas of Greater Stockholm (Figure
1). These areas contain a mixture of residential areas,
smaller industrial areas and managed forests as well as
agricultural land. The residential areas either comprise
predominantly single houses or constitute more dense
areas with multi-storey houses. The single houses were
mainly built during the 1930s and onwards in different
architectural styles, whereas the majority of the densely
built-up areas were fashioned in a modernistic style
after the Second World War and during the 1970s. The
residential density of the landscape normally varies with
the proximity to subway or commuter train stations,
which have small centres near the stations. As an indi-
cation of residential density of the suburban parts of our
study area, we have chosen the southern and westerns
suburbs of the Municipality of Stockholm, and in 2005
this amounted to approximately 3500 and 2900 resi-
dents per square km, respectively [18].

Houses are generally placed as separate entities in the
landscape, not in blocks, and the streets are not nor-
mally laid out in a grid-like streetscape. Instead, the
main roads often follow old road networks formed dur-
ing the agricultural period of the landscape.

Trees or other forms of greenery exist in gardens and
between the multi-storey houses, but not in alleys bor-
dering the streets. The settlements, as well as the roads
and traffic zones, lie in former agricultural landscapes in
the sediment-filled valleys in this rift valley landscape.
Between the valleys, the bedrocks often rise in faults,
which are mostly covered with coniferous forest. The
bedrocks often protrude from the thin soil cover (mor-
aine). Forest-dominated areas stretch from the rural
areas towards and into the centre of the region, between
settlements and traffic zones, like ten green wedges.
Lakes, islands and the Baltic Sea are other components.

The valleys in this area are basically rather flat, but the
road system also includes rather gentle slopes of infre-
quent moraine hills from the deglaciation, normally not
accounting for more than about 10 - 15 metres of eleva-
tion. Some arterial highways pass through the landscape
and do so with varying contact with cyclists and
pedestrians.

Statistical analyses

Questionnaire data were entered in the Statistical Pack-
age for the Social Sciences, version 17.0 (IBM SPSS Inc.,
Somer, NY). After that, we checked all entered data
from the PACS Q2 for accuracy. Some participants were
excluded, mainly because of incorrect or incomplete
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ACRES data. Participants with more than three missing
ACRES values for cyclists were excluded.

Percentages and mean scores + 1 standard deviation
(SD) were used to report the characteristics of the parti-
cipants. The values of the ACRES items are presented
as mean scores + 1 SD or the standard error of differ-
ence (SEd). Analyses of differences between ratings of
inner urban and suburban route environments (Both
1&S, Only I and Only S) and between groups (Both I&S
and Only I or Only S) were performed using paired or
independent t-tests. Since the street-recruited partici-
pants provided a relatively small sample size, we initially
also used a non-parametric test (Wilcoxon’s signed-
ranks test) to analyse the differences between inner
urban and suburban route environments. The results
did not differ and we have therefore chosen to present
only the results from the parametric tests. Linear regres-
sion analysis and Pearson’s correlation coefficient were
used to assess the agreement between mean scores
(between different mean values for the experts and the
advertisement-recruited participants [Both I&S], as well
as between the street- and the advertisement-recruited
participants [Both 1&S]). The estimated linear regression
lines were not considered to deviate significantly if the
95% confidence intervals included 1.0 for the slope and
0.0 for the y-intercept (line of identity: slope = 1.0 and
y-intercept = 0.0). We have chosen to place the experts’
and the street-recruited participants’ values on the x-
axis. All linear regression analyses were, however, initi-
ally performed with the advertisement-recruited partici-
pants’ values placed alternately on the y- and x-axes.
The interpretation of similarity to the line of identity
only differed for two cases. However, these differences
were of a very minor magnitude. A statistical level cor-
responding to at least p < 0.05 has been used to indicate
significance. All the values from the ACRES items rated
by the advertisement-recruited participants (Both I&S,
Omnly I and Only S) are used twice in the analyses. We
have, therefore, chosen in those cases the lower statisti-
cal level of p < 0.025, instead of p < 0.05, to define sig-
nificance, as a way of handling the problem of multiple
comparisons using the same data.

We have performed separate analyses of men and
women in all groups (Both I&S, Only I, Only S and
street-recruited participants), except for the experts. The
small sample size of experts did not allow separate ana-
lyses. The experts were, however, practically evenly dis-
tributed between men and women (women, n = 11,
46%). We therefore used the combined experts for the
comparisons with the advertisement-recruited partici-
pants (Both 1&S) separated into men and women. Differ-
ences between men and women were not analysed for
significance due to the problem with multiple compari-
sons. For comparison between the advertisement-



Wahlgren and Schantz BMC Medical Research Methodology 2011, 11:6
http://www.biomedcentral.com/1471-2288/11/6

recruited (Both I&S) and the street-recruited partici-
pants, the men’s and women’s scores were combined to
give a ‘sex-neutral’ mean for each rating of the ACRES
items regarding absolute levels, distributions of values
(means for the standard deviations), and sizes of differ-
ences between the inner urban and suburban route
environments.

Results

Criterion-related validity: differences in ratings of inner
urban and suburban route environments

Mean scores on all items of inner urban and suburban
route environments for the advertisement-recruited par-
ticipants who bicycle-commuted in both inner urban
and suburban areas (Both I&S) are shown in Table 2.
The ratings by the advertisement-recruited men and
women, respectively, showed significantly higher values
for the inner urban route environments than for the
suburban route environments in the items exhaust fumes,
noise and congestion: all types of vehicles. The opposite
was observed for the item greenery (see Table 2). These
findings corresponded with the directions of differences
noted in the existing objective measurements (see
Methods).

The sizes of differences in ratings of inner urban and
suburban route environments between the experts and the
advertisement-recruited men and women, respectively,
matched reasonably well (see Figures 2 and 3, and Table 2
for the values of the advertisement-recruited participants).
The regression lines did not deviate significantly from the
line of identity. The values correlated well (women, r =
0.85, and men, r = 0.90).

Representativity: relationships between ratings of
advertisement-recruited and street-recruited participants
Mean scores on all items of inner urban and suburban
route environments for the street-recruited participants
are shown in Table 3. The sex-neutral means corre-
sponded well between the advertisement-recruited (Both
1&S) and the street-recruited participants for both the
inner urban and the suburban route environments (see
Figures 4 and 5). The regression lines did not deviate sig-
nificantly from the line of identity. The values correlated
well (inner urban, r = 0.98, and suburban, r = 0.96).

In general, the sex-neutral means for the standard devia-
tions corresponded reasonably well between the advertise-
ment- and the street-recruited participants for both the
inner urban and the suburban route environment. The
regression line for the inner urban route environment
deviated slightly from the line of identity (y = 0.74 [0.17 -
1.30] + 0.85 [0.67 - 1.03] x, [figures within brackets repre-
sent the 95% confidence interval]). The regression line for
the suburban route environment did not deviate signifi-
cantly from the line of identity (y = 0.60 [-0.01 - 1.21] +
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0.84 [0.65 - 1.04] x). The values correlated well (inner
urban, 7 = 0.93, and suburban, r = 0.92).

In the street-recruited participants, significant differ-
ences were seen between ratings of inner urban and
suburban route environments in 10 of 18 items rated by
the women and in 15 of 18 items rated by the men.
Correspondence in both significance and direction of
the differences was seen between the advertisement-
and the street-recruited participants in 10 of the 18
items for the women and in 14 of the 18 items for the
men (see Tables 2 and 3).

The sizes of differences between ratings of the inner
urban and suburban route environments for the adver-
tisement- and the street-recruited participants are
shown in Tables 2 and 3, respectively. The sex-neutral
means corresponded reasonably well between the adver-
tisement- and the street-recruited participants (see
Figure 6). The regression line deviated slightly from the
line of identity. The values correlated well (r = 0.98).

Commuting route environment profiles: comparisons
between the inner urban and suburban areas as well as
between the subgroups

Commuting route environment profiles, based on mean
scores on all items regarding women’s and men’s ratings
of inner urban and suburban route environments for the
advertisement-recruited participants (Both I&S, i.e. those
who bicycle-commuted in both inner urban and subur-
ban areas, Only I, i.e. those who bicycle-commuted in
only an inner urban area and Only S, i.e. those who
bicycle-commuted in only a suburban area) are shown
in Figure 7 for women and in Figure 8 for men.

Mean scores on all items of inner urban and suburban
route environments for Both I&S are shown in Table 2.
Significant differences were seen between ratings of
inner urban and suburban route environments on 17 of
18 items rated by the women and on 15 of 18 items
rated by the men. Correspondence between men and
women in both the significance and direction of the dif-
ferences was noted in 15 of the 18 items.

Mean scores on all items of inner urban and suburban
route environments for Only I and Only S are shown in
Table 4. Significant differences were seen between rat-
ings of inner urban and suburban route environments
on all of 18 items rated by Only I women and Only S
women, and on 15 of 18 items rated by Only I men and
Only S men. Correspondence between men and women
in both the significance and direction of the differences
was noted in 15 of the 18 items.

Altogether (Both I&S, Only I and Only S, categorized
as men and women), both the significance and direction
of the differences between the inner urban and the sub-
urban route environments corresponded in 14 of the 18
items. For all of these four groups, significantly higher



Table 2 Environment ratings by advertisement-recruited participants bicycle-commuting in both inner urban and suburban areas

Women (n = 286-302) Men (n = 247-253)
Inner urban Suburban Difference Inner urban Suburban Difference
Item Mean £ SD Min - max Mean = SD Min - max Mean £ SD p-value Mean + SD Min-max Mean +SD Min-max Mean + SD p-value
1. On the whole 849 + 341 1-15 11.25 £ 282 2-15 -2.77 £ 351 0.000 849 £+ 3.29 1-15 1115 £ 268 3-15 -2.66 + 3.56 0.000
2. Hinders or stimulates 9.13 £ 349 1-15 11.28 £ 293 1-15 -215+376 0000 892 +£3.08 1-15 1082 + 2.86 1-15 -190 £ 336 0.000
3. Exhaust fumes 1044 + 324 1-15 7.53 + 346 1-15 291 + 4.2 0.000 9.02 + 3.21 1-15 6.36 + 3.28 1-15 266 £ 363 0.000
4. Noise 10.23 + 3.11 1-15 767 £ 3.60 1-15 256 + 3.96 0.000 874 +£ 3.02 1-15 6.84 + 329 1-15 190 + 3.74 0.000
5. Flow of motor vehicles 1143 + 340 1-15 818 £ 3.94 1-15 325 £ 459 0.000 10.55 + 3.67 1-15 766 £ 379 1-15 289 +£4.70 0.000
6. Speeds of motor vehicles 9.74 + 2.88 1-15 899 + 332 1-15 0.74 £ 356 0.000 873 £ 277 1-15 8.79 £ 2.89 1-15 -0.06 + 2.81 0.754
7. Speeds of bicyclists 994 + 273 1-15 9.92 + 259 1-15 0.03 + 245 0.851 776 + 284 1-15 8.06 + 2.62 1-15 -029 £ 213 0031
8. Congestion: all types of vehicles  10.72 + 352 1-15 6.74 + 342 1-15 398 +4.20 0000  10.14 + 342 1-15 546 + 308 1-15 4.68 + 4.08 0.000
9. Congestion: bicyclists 931 + 381 1-15 6.26 + 3.76 1-15 3.04 + 435 0.000 864 + 3.90 1-15 499 + 329 1-15 365 + 431 0.000
10. Conflicts 814 + 3.82 1-15 544 + 363 1-15 2.70 £ 400 0.000 856 + 3.77 1-15 519 £ 347 1-15 337 £ 388 0.000
11. Bicycle paths* 637 £ 2.95 0-10 767 £ 235 0-10 -130 + 3.75 0.000 590 + 2.77 0-10 742 £ 230 0-10 -152 + 341 0.000
12. Traffic: unsafe or safe 824 + 389 1-15 11.29 + 299 2-15 -305 +396  0.000 8.68 £ 3.55 1-15 11.55 +2.82 1-15 -287 +£340  0.000
13. Greenery 7.09 + 411 1-15 10.96 + 343 1-15 -386 + 468  0.000 6.72 + 3.88 1-15 1084 + 298 1-15 -412 +£429 0000
14. Ugly or beautiful 988 + 3.35 1-15 10.74 + 3.08 1-15 -0.86 + 4.12 0.000 984 + 3.22 1-15 1021 £ 299 1-15 -0.37 £ 401 0.145
15. Course of the route 6.98 + 3.86 1-15 541 £ 351 1-15 157 + 398 0.000 748 £ 401 1-15 5.60 £+ 3.65 1-15 1.89 + 3.60 0.000
16. Hilliness 520 + 3.70 1-15 6.61 = 4.16 1-15 -141 + 379 0.000 507 £ 344 1-13 6.24 + 383 1-15 -1.17 £ 291 0.000
17. Red lights 8.06 + 4.62 1-15 398 + 348 1-15 408 + 520 0.000 825 + 433 1-15 450 + 346 1-15 3.75 £ 488 0.000
18. Short or long 6.78 £ 298 1-15 778 £ 3.02 1-15 -1.00 £395  0.000 695 + 2.32 1-14 7.85 £ 2.71 1-14 -090 +3.10  0.000
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*Minimal value = 0 and maximal value = 10.
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Advertisement-recruited bicycle-commuting
women’'s mean scores for differences in ratings of
the inner urban and suburban route environments
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Experts' mean scores for differences in ratings of the inner urban
and suburban route environments

Figure 2 Relationship between advertisement-recruited women
and experts in differences between inner urban and suburban
route environments. The solid diagonal line represents the line of
identity (slope = 1.0 and y-intercept = 0.0). The dotted line
represents the linear regression line. The upper and lower dashed
lines on either side of the linear regression line represent the 95%
confidence interval (Cl). The regression line (y = -0.03 [-0.80 - 0.75] +
0.84 [0.55 - 1.12] %, [95% Cl]) did not deviate significantly from the
line of identity. Note that the means are sometimes minus values.
The interpretation of the y-intercept could therefore be misleading.
The 95% Cl for the slope therefore gives a better picture, showing
that the linear regression line did not deviate significantly from the
line of identity. Pearson’s correlation was 0.85.

urban and suburban route environments
s

Advertisement-recruited bicycle-commuting men’s
mean scores for differences in ratings of the inner
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Experts’ mean scores for differences in ratings of the inner
urban and suburban route environments

Figure 3 Relationship between advertisement-recruited men
and experts in differences between inner urban and suburban
route environments. The solid diagonal line represents the line of
identity (slope = 1.0 and y-intercept = 0.0). The dotted line
represents the linear regression line. The upper and lower dashed
lines on either side of the linear regression line represent the 95%
confidence interval (Cl). The regression line (y = -0.05 [-0.71 - 0.61] +
0.90 [0.66 - 1.14] %, [95% Cl]) did not deviate significantly from the
line of identity. Note that the means are sometimes minus values.
The interpretation of the y-intercept could therefore be misleading.
The 95% Cl for the slope therefore gives a better picture, showing
that the linear regression line did not deviate significantly from the

line of identity. Pearson’s correlation was 0.90.

values for the inner urban than for the suburban route
environments were seen for the items: exhaust fumes,
noise, flow of motor vehicles, congestion: all types of vehi-
cles, congestion: bicyclists, conflicts, course of the route
and red lights. The opposite, significantly higher values
for the suburban route environments than for the inner
urban ones, was seen for the items: on the whole, hin-
ders or stimulates, bicycle paths, traffic: unsafe or safe,
greenery and short or long (see Tables 2 and 4).

A high degree of resemblance was noted in the ratings
of route environments in each area regardless of whether
the participants bicycled in only one area (inner urban or
suburban) or in both of these areas. Although of small
magnitude, statistically significant differences in ratings
of the inner urban route environments between Both 1&S
and Only I were seen in 3 of 18 items for the women and
in 5 of 18 items for the men. Significant differences in
ratings of the suburban route environments between
Both 1&S and Only S were seen in 14 of 18 items for
women and 3 of 18 items for men (see Table 5).

Discussion

This study was conducted to expand the knowledge of

the ACRES regarding methodological issues as well as
to compare the commuting route environment profiles

of inner urban and suburban areas and to interpret the
consequences in terms of bikeability, as defined below.

The main results show: (1) a considerable criterion-
related validity of the ACRES; (2) general concordance
between advertisement- and street-recruited bicycle
commuters regarding both mean ratings of different
items, distribution of the values and in the sizes and
directions of differences in ratings between route envir-
onments; and (3) clear differences in commuting route
environment profiles between the inner urban and sub-
urban areas, demonstrating a higher level of bikeability
of route environments in the suburban areas. The evi-
dence for these interpretations of the results will be dis-
cussed below.

Criterion-related validity

The first aim of this study dealt with a criterion-related
validity assessment of the ACRES. In evaluating this
issue, we have combined findings from all three Results
sections. The first way of illuminating this issue was
based on whether or not differences between the inner
urban and the suburban areas were reflected by differ-
ences in perceptions of the two environments. And this
was the case. First, directions of the ratings of the four
ACRES items, exhaust fumes, noise, congestion: all types



Table 3 Environment ratings by street-recruited participants bicycle-commuting in both inner urban and suburban areas

Women (n = 32-33) Men (n = 58-60)
Inner urban Suburban Difference Inner urban Suburban Difference
Item Mean £ SD Min - max Mean £ SD Min- max Mean + SD p-value Mean + SD Min - max Mean + SD Min - max Mean + SD p-value
1. On the whole 10.03 £ 2.55 4-14 10.78 £ 2.95 5-15 -0.75 £ 2.87 0.150 8.19 + 3,61 1-15 1024 + 2.77 4-15 -2.05 + 3.59 0.000
2. Hinders or stimulates 10.58 + 2.80 3-14 10.85 £ 3.03 1-15 -027 £3.10 0616 890 + 3.29 3-15 10.66 £ 2.65 4-15 -1.76 £ 347 0.000
3. Exhaust fumes 1018 + 3.14 2-15 861 + 2.84 3-14 158 + 3.84 0.025 9.68 + 3.00 3-15 752 £ 339 1-15 217 + 3.66 0.000
4. Noise 1006 + 3.17 3-15 824 + 3.10 1-14 1.82 + 3.96 0.013 9.83 + 2.66 4-14 852 + 346 1-14 132 + 359 0.006
5. Flow of motor vehicles 1173 + 346 3-15 945 + 3.75 1-15 227 £ 403 0.003 1138 + 263 4-15 953 £ 395 1-15 1.84 £ 3.75 0.000
6. Speeds of motor vehicles 9.53 £ 259 3-15 959 + 2.34 3-14 -0.06 = 1.50 0.815 892 + 277 1-15 931 £ 276 1-15 -039 + 228 0.195
7. Speeds of bicyclists 1015 + 2.74 4-15 967 + 2.57 5-15 048 + 2.54 0.281 785+ 204 4-14 855 + 2.00 1-14 -0.70 + 1.84 0.005
8. Congestion: all types of vehicles 1063 + 3.14 2-15 7.50 £ 263 2-12 313+ 338 0.000 10.53 + 3.10 2-15 653 + 3.11 1-15 400 + 3.69 0.000
9. Congestion: bicyclists 961 + 403 2-15 648 + 3.35 1-13 312 +£ 458 0.000 817 + 381 1-15 515+ 327 1-12 3.02 £ 393 0.000
10. Conflicts 842 + 3.89 1-14 570 + 3.65 1-13 273+ 378 0.000 843 + 397 1-15 538 £ 3.37 1-13 3.05 + 398 0.000
11. Bicycle paths* 722 £ 227 1-10 791 £ 218 2-10 -0.69 + 3.25 0.240 644 + 247 0-10 746 £ 249 1-10 -1.02 + 3.50 0.029
12. Traffic: unsafe or safe 942 + 347 3-15 1145+ 259 8-15 -203 £ 304 0001 877 £3.22 1-15 1162 + 2.58 5-15 -2.85 + 344 0.000
13. Greenery 812 + 345 2-15 991 + 347 1-15 -1.79 £ 449 0.029 6.14 + 342 1-15 1020 + 3.18 1-15 -4.07 + 448 0.000
14. Ugly or beautiful 1142 £ 296 5-15 1112 + 3.04 4-15 030 + 3.79 0.649 947 + 332 3-15 9.18 £ 3.29 3-15 028 + 4.78 0.648
15. Course of the route 6.59 + 3.79 1-13 538 + 3.66 1-13 122 + 262 0.013 735 £ 324 2-14 538 +£ 338 1-14 197 + 3.96 0.000
16. Hilliness 582 £ 381 1-13 621 + 387 1-14 -0.39 + 340 0510 470 + 330 1-12 6.52 + 3.88 1-14 -1.82 £ 418 0.001
17. Red lights 809 + 438 1-15 533 +£359 1-15 276 £364  0.000 7.65 £ 393 1-14 423 +338 1-13 342 + 461 0.000
18. Short or long 6.58 + 2.37 1-10 691 + 322 1-12 -033 +407 0641 645 + 222 2-10 720 + 248 1-12 -075 + 314 0069
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neutral mean scores for ratings of the inner urban
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Street-recruited bicycle commuters’ sex-neutral mean scores for
ratings of the inner urban route environment

Figure 4 Relationship between advertisement-recruited and
street-recruited participants’ ratings of inner urban route
environments. The mean values are expressed as sex-neutral means.
The solid diagonal line represents the line of identity (slope = 1.0 and
y-intercept = 0.0). The dotted line represents the linear regression
line. The regression line (y = 0.59 [-0.30 - 1.49] + 0.90 [0.80 - 1.01] X,
[95% confidence interval]) did not deviate significantly from the line
of identity. Pearson'’s correlation was 0.98.

of vehicles and greenery, by both advertisement-recruited
(Both I&S) and street-recruited men and women
bicycle-commuting in inner urban and suburban areas,
corresponded with the directions of the existing objec-
tive measurements. Interestingly, the same findings were
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Advertisement-recruited bicycle commuters’ sex-
neutral mean scores for ratings of the suburban

1 2 3 4 5 6 7 8 9 1 11 12 13 14 15
Street-recruited bicycle commuters’ sex-neutral mean scores for
ratings of the suburban route environments

Figure 5 Relationship between advertisement-recruited and
street-recruited participants’ ratings of suburban route
environments. The mean values are expressed as sex-neutral means.
The solid diagonal line represents the line of identity (slope = 1.0 and
y-intercept = 0.0). The dotted line represents the linear regression
line. The regression line (y = -0.63 [-2.08 - 0.81] + 1.05 [0.88 - 1.22] X,
[95% confidence interval]) did not deviate significantly from the line

Advertisement-recruited bicycle commuters’
sex-neutral mean scores for differences in
ratings of the inner urban and suburban route
environments
hrd
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Street-recruited bicycle commuters’ sex-neutral mean scores
for differences in ratings of the inner urban and suburban
route environments

Figure 6 Relationship between advertisement-recruited and
street-recruited participants in differences between inner
urban and suburban route environments. The mean values are
expressed as sex-neutral means. The solid diagonal line represents
the line of identity (slope = 1.0 and y-intercept = 0.0). The dotted
line represents the linear regression line. The upper and lower
dashed lines on either side of the linear regression line represent the
95% confidence interval (Cl). The regression line (y =-0.19 [-0.44 -
0.06] + 129 [1.17 - 1.42] X, [95% Cl]) deviated slightly from the line of
identity. Note that the means are sometimes minus values. The
interpretation of the y-intercept could therefore be misleading. The
95% Cl for the slope therefore gives a better picture, showing that
the linear regression line deviated slightly from the line of identity.

of identity. Pearson'’s correlation was 0.96.

Pearson’s correlation was 0.98.

noted when the ratings for the groups of advertisement-
recruited men and women who only cycled in either the
inner urban (Only I) or the suburban (Only S) area were
compared. Second, the sizes of the differences in ratings
of the route environments by Both I&S, men and
women, corresponded reasonably well with the ratings
of the experts. These results are in agreement with our
previous findings [9], thus further supporting and
strengthening the criterion-related validity of the
ACRES. Our previous study was based on a smaller
sample of street-recruited participants. In this study, we
used both a larger sample of participants recruited
through morning newspapers, and an enlarged sample
of street-recruited participants. The similar results
therefore also strengthen the external validity.

A third dimension of criterion-related validity relates
to the question of whether ratings of an area would be
affected by whether the participants had also experi-
enced and rated another area. It was possible to evaluate
this by comparing the ratings of commuters in Only I or
Only S and Both I&S. Since the inner urban route envir-
onment setting is rather discrete and homogeneous in
nature, compared to the suburban setting, which has a
gradient all the way from close to the inner urban
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Mean scores of ratings of items on the Active
Commuting Route Environment Scale (ACRES)
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Congestion: bicyclists
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Bicycle paths*

Figure 7 Commuting route environment profiles for women cycling in the inner urban and suburban areas. Advertisement-recruited
participants: Both 1&S = those who bicycle-commuted in both the inner urban and suburban areas, Only | = those who bicycle-commuted in
only the inner urban area and Only S = those who bicycle-commuted in only the suburban area. Unfilled symbols represent ratings of the inner
urban route environments. Filled symbols represent the suburban route environments. *Minimal value = 0 and maximal value = 10.
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Greenery

Ugly or beautiful
Course of the route
Hilliness

Red lights

Short or long

qualities in some suburbs near the inner urban area to
rural qualities, we thought that the best comparison in
this respect would be to compare the ratings of the
inner urban area between Both I&S and Only 1. The
deviances noted between the two female groups are
remarkably small (mean absolute difference: 0.45 + 0.35,
n = 18). The same is true of the male groups (mean
absolute difference: 0.66 + 0.41, n = 18; cf. Table 4 and
Figures 7 and 8). Significant differences exist in some
cases, but the magnitudes are small. We therefore inter-
pret this result as a sign of robustness of the ACRES. In
our mind, these results further strengthen the criterion-
related validity of the ACRES. Thus, summing up these,
we regard the criterion-related validity of the ACRES to
be considerable.

Interestingly, however, significant differences in most
of the items were seen in ratings of the suburban route
environments between women Both I&S and Only S.
Note that the differences that generate statistical signifi-
cance are small (mean absolute difference: 1.14 + 0.44,
n = 14), considering that the response scales have
15 points, and that this reflects that the sample size was
fairly large. Still, this finding is worth considering, parti-
cularly since the corresponding deviance is not noted in
the males. At present, we can only speculate about

possible explanations. In our minds, a plausible explana-
tion is that Only S women’s suburban areas are located
more distant from the inner urban areas and therefore
might constitute a slightly different suburban area as
compared to Both I&S women’s suburban settings. Dif-
ferences in the spatial distribution of workplaces for
men and women [19], as well as differences in the dis-
tances covered by them in their bicycle-commuting [8],
support such an interpretation. The findings indicate
that there is much to be learned about the actual route
taken, in relation to route environments, and potential
differences between men and women in this respect.

Options for future studies on the validity and other
psychometric properties of the ACRES with finer dis-
tinction include the possibility to break down the com-
mute route into distinct segments and have the
participants to rate each of them. Indeed, further studies
in this respect are welcomed.

Possibilities of direct comparisons with previous
research regarding validity, are limited by the lack of
research in this area and because we study a specific
behaviour in a specific environment. Previous studies
have mainly focused on physical activity and the neigh-
bourhood. Some validity results have been reported on
the Neighborhood Environment Walkability Scale
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Mean scores of ratings of items on the Active
Commuting Route Environment Scale (ACRES)
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Figure 8 Commuting route environment profiles for men cycling in the inner urban and suburban areas. Advertisement-recruited
participants: Both 1&S = those who bicycle-commuted in both the inner urban and suburban areas, Only | = those who bicycle-commuted in
only the inner urban area and Only S = those who bicycle-commuted in only the suburban area. Unfilled symbols represent ratings of the inner
urban route environments. Filled symbols represent the suburban route environments. *Minimal value = 0 and maximal value = 10.

Traffic: unsafe or safe
Greenery

Ugly or beautiful
Course of the route
Hilliness

Red lights

Short or long

(NEWS) [20-26]. In three studies, one carried out in the
USA [26] and two in Australia [23,25], researchers used
the NEWS or a modified Australian version (NEWS-
AU) in a high- versus low-walkability comparison
design. This design is similar to ours in comparing per-
ceptions of two different environments. Our findings are
consistent with those of these three studies, supporting
the view that differences in environment characteristics
can be assessed by self-reports.

Representativity

The second aim of this study dealt with the fact that
active commuters, and particularly bicyclists, normally
represent a small group within the general population in
larger cities. Therefore, it is, at present, difficult to use
population-based random samples. In our previous
study, we recruited active commuting participants in the
street, reaching for a sufficiently representative group of
active commuters. This is, however, a difficult and
impractical method when the aim is to reach a large
sample of active commuters and to achieve a wide geo-
graphical coverage, particularly in larger cities. There-
fore, this time we recruited participants by advertising
in morning newspapers as an alternative method. Con-
sequently, we were concerned about the representativity

of the advertisement-recruited participants and therefore
we compared the ratings of the inner urban and subur-
ban route environments between the advertisement- and
the street-recruited participants. First, in general, the
sex-neutral means, as well as the sex-neutral mean
values for the standard deviations, corresponded reason-
ably well between the advertisement- and the street-
recruited participants for both the inner urban and the
suburban route environments. Second, overall, the dis-
tributions of the response for both the advertisement-
and street-recruited men and women ranged from
nearly minimum to maximum. This can furthermore be
interpreted as support for the use of the 15-point scales,
a scale which enables other statistical analyses, for
example correlation analyses, and finer distinctions
between environments, in contrast to the majority of
questionnaires in this area, which have Likert-type scales
with fewer response alternatives [e.g. [26]]. Third, corre-
spondence in both the significance and the direction of
the differences was noted between the advertisement- and
the street-recruited participants in the majority of the
items, and for both men and women. Fourth, the sizes of
differences between ratings of the inner urban and subur-
ban route environments, expressed as sex-neutral means,
generally corresponded reasonably well between the



Wahlgren and Schantz BMC Medical Research Methodology 2011, 11:6
http://www.biomedcentral.com/1471-2288/11/6

Page 16 of 20

Table 4 Environment ratings by advertisement-recruited participants bicycle-commuting in the inner urban or

suburban area

Women Men
Only I* Only s* Difference Only | Only S Difference
(n =194-197) (n = 394-399) (n =74-75) (n=151-153)
Item Mean + SD Mean + SD Mean + SEd** p-value Mean + SD Mean £ SD  Mean + SEd p-value
1. On the whole 872 + 335 1163 + 275 -292 + 028 0.000 847 + 333 11.14 + 266 -2.67 + 044 0.000
2. Hinders or stimulates 952 + 352 11.73 £ 270 -2.21 £ 029 0.000 915+ 278 11.08 + 2.83 -1.94 + 040 0.000
3. Exhaust fumes 10.16 + 2.86 647 + 3.75 369 + 0.28 0.000 10.15 + 2.74 6.35 + 340 379 + 042 0.000
4. Noise 9.78 £ 2.78 6.56 + 3.75 321 £027 0.000 979 + 2.78 6.78 £ 3.19 3.00 £ 043 0.000
5. Flow of motor 1135+ 293 699 + 4.13 436 + 029 0.000 1127 + 269 735 £ 355 392 £ 042 0.000
vehicles
6. Speeds of motor 10.16 + 263 781 £ 334 235+ 025 0.000 891 + 273 814 £ 3.15 0.76 £ 043 0.075
vehicles
7. Speeds of bicyclists 991 +242 864 + 2.51 127 £ 022 0.000 877 £ 259 7.80 + 1.94 097 + 034 0.005
8. Congestion: all types 1033 + 297 535+ 3.55 498 + 028 0000 1077 +270  569+323  509+041 0000
of vehicles
9. Congestion: bicyclists 9.01 + 333 384 +298 517 +0.27 0.000 820 + 367 350 + 2.52 4.70 £ 047 0.000
10. Conflicts 7.81 £ 3.60 449 + 344 332 £ 030 0.000 9.08 + 3.38 501 £ 354 407 + 049 0.000
11. Bicycle paths*** 545+ 2.76 6.65 + 2.84 -1.20 + 024 0.000 473 + 288 6.18 £ 2.78 -145 + 040 0.000
12. Traffic: unsafe or safe 8.66 + 3.59 1161 + 3.10 -2.94 + 030 0.000 881 + 3.54 1146 + 276 -2.64 + 047 0.000
13. Greenery 743 £ 4.7 1204 + 2.88 -461 + 033 0.000 733 £ 371 1139 + 284 -4.06 + 049 0.000
14. Ugly or beautiful 1062 + 3.32 11.28 +2.73 -0.66 + 0.27 0.017 1068 + 2.93 10.53 + 2,68 0.15 + 039 0.700
15. Course of the route 625 + 343 474 + 345 151 +£0.30 0.000 729 + 3.86 531 +£3.18 199 + 048 0.000
16. Hilliness 481 + 346 578 £ 391 -097 + 032 0.002 556 + 348 593 + 384 -0.37 £ 0.53 0477
17. Red lights 7.87 £ 398 362 £ 352 426 + 033 0.000 927 + 361 390 £+ 3.20 536 = 047 0.000
18. Short or long 526 + 2.64 646 + 3.37 -1.20 £ 0.25 0.000 552 + 2.75 7.08 £ 287 -1.56 + 040 0.000

*Only | = those who bicycle-commuted in only the inner urban area, and Only S = those who bicycle-commuted in only the suburban area.

**SEd = standard error of difference.
***Minimal value = 0 and maximal value = 10.

advertisement- and street-recruited participants. Further-
more, although not tested for significance, in general, no
major differences appear to exist between the descriptive
characteristics of the advertisement- and the street-
recruited participants. Thus, overall, there was a good cor-
respondence between the advertisement- and the street-
recruited participants. This strengthens the argument for
the use of the advertisement-recruited participants in this
study as well as recruitment by advertisement as a feasible
method. This result is encouraging, since, as stated pre-
viously, it is difficult to use population-based random sam-
ples, at present, when studying active commuters because
they normally only represent a small proportion of the
population in larger cities.

Commuting route environment profiles and bikeability

The third aim of this study involved commuting route
environment profiles and the bikeability of different set-
tings. Ratings of suburban route environments were com-
pared to ratings of inner urban route environments for
Both 1&S as well as between Only I and Only S. In both of
these comparisons, we noted significantly higher ratings
by both men and women for the suburban environments

in traffic safety and the extent to which the route environ-
ment stimulated bicycle-commuting. We regard these per-
ceptions as major outcome perceptions with respect to
bikeability of route environments (see below). Both of
these components of bikeability are most likely composite
outcomes of input from several of the environmental pre-
dictor items studied with the ACRES. And we view them
at this point as potential mediators between the environ-
mental items and the bicycling behaviour.

Given that the route environmental profiles are dis-
tinctly different (see Figures 7 and 8), we suggest that the
higher ratings of bikeability of route environments in
suburban areas are to be explained by factors that differ
between these settings. The higher ratings of bicycle
paths and greenery in the suburban as compared to the
inner urban route environments, and the lower ratings of
exhaust fumes, noise, flow of motor vehicles, congestion:
all types of vehicles, congestion: bicyclists, conflicts, course
of the route and red lights are therefore regarded at this
point as explanatory candidates for the differences in the
outcome perceptions of traffic safety and the extent to
which a route environment stimulates or hinders bicycle-
commuting. Interestingly, a recent study on motivators
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Table 5 Differences in ratings of route environments by subgroups of advertisement-recruited participants

Inner urban: Difference: Only I* and Both I1&S*

Suburban: Difference: Only S* and Both I1&S

Women Men Women Men
Item Mean + SEd** p-value Mean £ SEd p-value Mean + SEd p-value Mean + SEd  p-value
1. On the whole 024 £0.32 0439 -002 + 044 0.965 038 £ 0.22 0.081 -001 + 028 0.981
2. Hinders or stimulates 039 + 032 0.230 0.24 + 040 0.554 045 + 0.22 0.038 027 +0.29 0.359
3. Exhaust fumes -028 + 0.28 0318 112 £ 041 0.006 -1.06 + 0.27 0.000 -001 £ 034 0.981
4. Noise -045 + 027 0.099 1.05 + 0.39 0.008 -1.09 + 0.28 0.000 -005 + 033 0.872
5. Flow of motor vehicles -0.09 + 0.29 0.749 0.70 + 0.39 0.073 -1.19 + 0.31 0.000 -0.32 + 038 0405
6. Speeds of motor vehicles 042 £ 0.25 0.098 0.18 + 0.36 0.629 -1.18 + 0.25 0.000 -0.65 + 031 0.036
7. Speeds of bicyclists -003 £ 024 0.899 1.01 £ 037 0.006 -1.28 £ 0.20 0.000 -0.25 £ 023 0.270
8. Congestion: all types of vehicles -040 £ 0.29 0.173 0.66 + 0.38 0.082 -1.38 £ 0.27 0.000 023 £032 0479
9. Congestion: bicyclists -0.30 £ 0.32 0358 -044 + 051 0.381 -242 + 026 0.000 -149 + 0.29 0.000
10. Conflicts -033 + 034 0337 052 + 048 0.287 -095 + 027 0.001 -0.16 + 036 0.654
11. Bicycle paths*** -093 + 0.26 0.000 -1.15+ 037 0.002 -1.01 £ 020 0.000 -1.24 + 027 0.000
12. Traffic: unsafe or safe 043 £035 0218 013 +£ 047 0.781 032 +£0.23 0173 -0.09 + 0.29 0.749
13. Greenery 033 £038 0378 061 + 051 0.226 1.08 £ 0.24 0.000 0.56 £ 0.30 0.065
14. Ugly or beautiful 073 + 031 0017 084 + 042 0.044 053 +0.22 0018 032 +0.29 0.280
15. Course of the route -0.72 £ 0.34 0.033 -0.19 + 052 0.715 -0.68 + 0.27 0.011 -029 + 035 0405
16. Hilliness -039 £ 033 0.236 049 + 045 0.282 -0.83 + 0.31 0.007 -0.31 + 039 0435
17. Red lights -0.19 £ 039 0.632 1.02 £ 0.50 0.043 -0.36 + 0.27 0.176 -0.60 + 034 0.085
18. Short or long -1.52 £ 026 0.000 -143 £ 035 0.000 -132 £ 024 0.000 -0.77 £ 029 0.008

*Both I&S = those who bicycle-commuted in both the inner urban and suburban areas, Only | = those who bicycle-commuted in only the inner urban area and

Only S = those who bicycle-commuted in only the suburban area.
**SEd = standard error of difference.
***Minimal value = 0 and maximal value = 10.

and deterrents of bicycling supports many of our findings
regarding possible explanatory factors [27].

All our participants are bicyclists and therefore have a
‘bicycle use behaviour’. Yet, the environmental condi-
tions vary substantially when they bicycle-commute in
the inner urban as compared to the suburban areas.
Thus, cycling takes place despite the fact that a route
environment is perceived as being, for example, more or
less safe. From an analytical perspective, it therefore
appears to be useful to differentiate between bicycle
usage and the extent to which the route environments
are bicycling-friendly, or even hostile.

In the predominant research and scientific dialogue
dealing with walkability in more recent years, we most
frequently note a paucity of such distinctions [cf.
[28,29]]. This could introduce a risk of a rather crude
understanding of the linkage between environment and
walking behaviour. The research on bikeability is at a
much earlier state of development than that of walkabil-
ity. In the methodological context of this study we
therefore consider it to be useful to elaborate on the
term bikeability and its definitions.

We suggest that the term bikeability should be used
for factors associated with bicycling and the route envir-
onment, route distance and aspects of the interaction
between the bicyclist and the bicycle which affect the
conditions of a specific trip. In our minds, the term

bikeability should preferably relate, in a wider perspec-
tive, to how these factors and aspects can interact with
the perception and behaviour of bicycling for at least
three different purposes: (1) transport; (2) recreation;
and (3) exercise, as well as competition.

The purpose of bicycling may affect our understanding
of bikeability. Given that bicycling with a transport pur-
pose by definition always involves a destination, distinct
distance demands are imposed. However, distance-decay
relations, i.e. people’s willingness to travel different dis-
tances to reach destinations [cf. [30]], may vary for dif-
ferent types of destination. Furthermore, the desired
qualities of the route environments during cycling with
the purpose of recreation and exercise might be higher
than for the purposes of transport.

Our focus here will be limited to bikeability in relation
to active commuting to one’s place of work or study.
We suggest that the following different environmental
aspects should be included as components of possible
importance for the perception of bicycling friendliness
in relation to active commuting: (1) the means of trans-
port - the bicycle; (2) the level of safety; (3) whether the
route environment stimulates or hinders active commut-
ing; and (4) the route distance and topography.

The means of transport - the bicycle - relates to various
aspects of the fact that bicycling represents an interaction
between a human being and technology, in which the
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bicycle stands for a technological environment. The effort
needed for transport per distance and elevation, the pos-
sible speeds and in what kinds of environment it can be
used are examples of issues that can affect bikeability.
The level of safety relates to traffic safety and other forms
of risks, such as crime. Whether the route environment
stimulates or hinders active commuting will most likely
relate to a complex of environmental variables (see
above). The route distance and topography relate to
issues of time allocation needed and acceptable levels of
physical effort.

These components can be viewed as a chain with four
different links. Weakness in one link may be enough to
break the chain. However, the characteristics of the dif-
ferent components might also very well interact. For
example, a perceived high level of traffic unsafeness may
be acceptable if the route distance is sufficiently short.
Furthermore, a certain degree of hilliness is not proble-
matic if one has a bicycle with several gears, and so
forth. Given this background, we think that it is impor-
tant to try to study all these aspects of bikeability and
the relations between them. We also think that it is
important to be specific when using the term bikeability
by clearly indicating which aspect of the phenomenon
has been studied.

The present results point to a higher level of stimula-
tion of bicycle-commuting and traffic safety in the sub-
urban route environments than in the inner urban ones.
We therefore assert that the bikeability of the suburban
route environments in these two perspectives is higher
than in the inner urban area.

The importance of traffic safety in relation to bikeabil-
ity is reflected by the fact that the perception of traffic
unsafeness is commonly reported as the major hin-
drance to bicycling [cf. [10]]. It has recently been stated
that the likelihood of bicycle use is higher when residen-
tial neighbourhood environments have higher residential
density, greater mixed land use and higher connectivity
of streets [31]. This has been interpreted to be due to,
not least, proximity to destination points, which means
shorter distances in these areas [31]. If this interpreta-
tion is correct, it can, in conjunction with our findings,
point in the opposite direction as well: bicycle usage in
settings with higher residential density and greater
mixed land use may exist under conditions of clearly
suboptimal bikeability from a population perspective.
Recent findings of higher demands on route environ-
ments for transport among occasional and potentially
new bicyclists [32] point to the importance of both safe
and stimulating route environment qualities from a pub-
lic health perspective.

Thus, combining proximity to destinations with a high
degree of personal safety and stimulating route environ-
ments for active transport therefore appears to be an
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important goal for future urban and regional planning
with the aim of creating more widely attractive environ-
mental settings for active commuting. From this per-
spective, it is important to further our understanding of
the bikeability of route environments and the factors
that contribute to the perception of traffic safety and
whether a route environment stimulates cycling or not.
In other words; what constitutes cycling-friendly route
environments?

Limitations

Several possible limitations of the present study should
be mentioned. First, the collected data relied on self-
reports. More objective measurements may provide addi-
tional information about the route environments. On the
other hand, studies have shown poor agreement between
objective and perceived measures of environments
[33-35]. Yet, perceptions of the environments are likely
to influence people’s physical activity behaviours [cf. [3]].
For example, if people think that the traffic environment
is unsafe, although it is in fact safe, their perceptions
could result in a non-active commuting behaviour. A
combination of objective and perceived measures of the
environment may be important to further knowledge
about the possible associations between environments
and physical activity behaviours. Second, the generaliz-
ability of this study is limited. The work with the ACRES
is in a relatively early stage at present and we have only
assessed it based on one city and two different samples of
people. Studies are also desirable regarding active trans-
ports with other purposes, different route environments
and different samples. Our participants were active com-
muters and therefore probably very familiar with their
route environments. Hence, their perceptions might dif-
fer from non-active commuters [36]. Non-active commu-
ters’ perceptions of the route environment are important
to study to further a more comprehensive knowledge of
the route environment in relation to active commuting
[cf. [32]]. A slightly modified version of the ACRES could
be used for such a purpose. Third, data on the different
participant groups was collected during different months
as well as during different years: in May, 2005, for the
advertisement-recruited participants, in November and
December, 2005, for the street-recruited participants and
in September and October, 2009, for the expert panel.
The compared ratings could therefore be based on some-
what different environments due to, for example, seaso-
nal or built environment changes. On the other hand,
only small, if any, changes have occurred in Greater
Stockholm during this period, and these changes prob-
ably do not have an effect on the general picture of the
route environment [cf. [14]]. The street-recruited partici-
pants appear to be characterized by all-year round active
commuting, whereas the advertisement-recruited
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participants appear to include summer season active
commuting as well. Active commuting is, however, nor-
mally a repetitive behaviour along a specific route. As
mentioned, this probably makes the active commuters
very familiar with their individual route environment and
their perceptions of the route environment can therefore
be considered relevant, irrespective of rather moderate
variations in yearly trip frequency. Fourth, no adjust-
ments for potential confounders were made. The descrip-
tive characteristics of the commuting participants, based
on self-reports, yielded a very homogeneous picture, with
few distinctions of characteristics allowing for adjust-
ments of potential confounders. The commuting partici-
pants were, however, separated into men and women so
as to allow useful separate analyses.

Strengths

Despite the above-mentioned possible limitations, this
study has several strengths. One is that we studied
active bicycle commuters and their route environments:
a specific physical activity behaviour and the specific
environment within which the behaviour occurred [cf.
[37]]. In accord with this, an important strength of the
ACRES is that it deals with the whole commuting route
environment and not just the local neighbourhood, as
many other questionnaires on physical activity and the
environment do [e.g. [26]]. Another strength is that the
advertisement-recruited participants provided a large
sample size. This enabled, among other things, different
groupings, for example, separation of those who bicycle-
commuted in both inner urban and suburban areas and
those who bicycle-commuted in only an inner urban or
a suburban area, for comparisons. Indeed, this design
also disclosed a robustness of the ACRES and further
strengthened its criterion-related validity. Other impor-
tant strengths are the criterion-related study design,
using an expert panel as a way of handling the problem
of non-existing objective data for comparison, and the
assessments of representativity, using different samples
recruited by different sampling methods. Furthermore,
the different commuting route environment profiles of
inner urban and suburban areas provide a basis for
furthering the understanding of bikeability in relation to
route environments. To our knowledge, this is a new
approach.

Conclusions

In conclusion, the overall results show (a) considerable
criterion-related validity of the ACRES, (b) ratings of
advertisement-recruited participants mirroring those of
street-recruited participants and (c) different commuting
route environment profiles of inner urban and suburban
areas. Suburban environments were rated as safer and
more stimulating for bicycle-commuting than the inner
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urban environments, demonstrating a greater bikeability
of route environments in suburban areas. Consequently,
the results support the use of the ACRES in future
research to assess bicyclists’ perceptions of their route
environments, as well as by health and transport profes-
sionals to survey route environments for other purposes.
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