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Feeling safe is a major issue for cyclists, and some potential cyclists are still deterred from using the bicycle
because they feel too unsafe. Assessing the subjective safety of existing cycling infrastructures and locations can
be done by questionnaires that show pictures of infrastructures and ask participants for their safety ratings.
However, future cycling infrastructures should also be evaluated as safe even before they are implemented.
Therefore, it is desirable to have a method that is able to predict safety from infrastructural information. This
study aims to propose two different ways for such a method and to test both ways in a use case. We first
developed two scores, namely the Repertory Grid (RG) Score and the FixMyBerlin (FMB) Score, which predict
subjective safety from objective environmental information but use different data bases and different method-
ologies. In a second step, we validated these scores by comparing them to questionnaire ratings that evaluated
cyclists’ subjective safety at 20 locations in the city of Braunschweig, Germany. Finally, we compared the two
scores as well as the questionnaire ratings with objective safety measures, namely crash statistics, at the
respective locations. The results show that the RG Score has a moderate agreement and the FMB Score has a fair
agreement with the questionnaire ratings. All methods agree on the overall safety evaluation of various cycling
facilities. However, the RG Score showed less variance in the safety ratings, whereas the FMB Score rated most
locations more unsafe than the participants in the questionnaire. Interestingly, neither the scores nor the
questionnaire ratings could sufficiently deduce the occurrence of a crash at one of the locations. The findings
strengthen the importance of subjective safety as a construct independent of objective safety. Furthermore, they
provide insights into aspects of subjective safety that can easily be measured by objective scores, and into aspects
that are important for cyclists but were not yet covered by the scores. This study, therefore, provides a basis for
future considerations and future evaluation methods to assess the subjective safety of cyclists.

Introduction

Designing and implementing safe infrastructure is essential to pro-
mote cycling as an attractive mode of transport (Hull & O’Holleran,
2014; Pucher & Buehler, 2008; Dill, 2009). Since feeling safe is a crucial
factor to encourage and keep people cycling, cycling infrastructure
should not only ensure low levels of crashes but should also be perceived
as safe (Hull & O’Holleran, 2014; Pucher & Buehler, 2008). Yet, sub-
jective safety is often neglected when planning or designing cycling fa-
cilities (McLeod et al., 2020), although previous studies indicate that
subjective safety is highly influenced by the design of the infrastructure
(Berghoefer & Vollrath, 2022; Gossling & McRae, 2022; von Stiilpnagel
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& Binnig, 2022). Instead of implementing infrastructure and then
assessing subjective safety via questionnaires, it would be very efficient
to be able to predict subjective safety based on the objective features of
the infrastructure.

This paper aims to present objective approaches to reliably predict
cyclists’ subjective safety in any cycling facility. Therefore, we devel-
oped two different scoring methods to assess cyclists’ subjective safety,
the Repertory Grid (RG) Score based on an interview study (Berghoefer
& Vollrath, 2022) and the FixMyBerlin (FMB) Score based on the Fix-
MyBerlin survey (FixMyBerlin, 2020a). These scoring methods were
applied to compute cyclists’ predicted subjective safety ratings in four
case study areas in Braunschweig, Germany. To validate these results,
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we used an online questionnaire to collect safety ratings of 20 locations
from the case study areas. In addition, the RG Score, the FMB Score, and
questionnaire results were compared to reported crashes in these
locations.

By introducing both scoring methods, this paper provides valuable
insights into aspects of subjective safety that can be measured according
to the design characteristics of different cycling facilities. Furthermore,
the validation of the scoring methods with the questionnaire ratings
presents information on the goodness-of-fit of the scores and the suit-
ability of different infrastructural attributes for predicting subjective
safety.

Literature review

The decision to ride a bicycle as a means of transport is subject to
various factors. Besides factors such as the weather, the physical con-
dition of the cyclist, the attractiveness and comfort of the cycling
infrastructure, or the destination with its choice of route, it is primarily a
matter of objective and subjective safety. To feel safe is an essential
factor when choosing the bicycle as a mode of transport (Aziz et al.,
2018). In literature, various tools, models, indices, and scores have been
developed that assess cyclists’ safety (Castanon & Ribeiro, 2021). Both
objective and subjective approaches can be found in the literature to
examine three concepts of safety, namely actual, perceived, and inferred
safety. Actual or objective safety is based on direct objective measures,
such as crash data, while perceived or subjective safety is examined by
user surveys. Inferred safety explores safety via indirect measures that
indicate unsafe situations, such as the distance between cyclists and
overtaking motor vehicles (Daraei et al., 2021).

To assess actual or objective safety, studies use objective measures
including data on infrastructure, network, traffic, land use, and crashes
(e.g., Allen-Munley & Daniel, 2006; Aziz et al., 2018; Daraei et al.,
2021). These quantitative data help to examine crash hotspots and
shortcomings of the infrastructure and to develop realistic traffic
models. However, cyclists’ safety may be biased when assessed by
objective measures only. First, because crash statistics often underesti-
mate the actual risk, as they rarely include near-misses or crashes that
were not reported to the police. Second, because cyclists usually are not
aware of crash statistics, it is the cyclists’ perception of safety rather
than the objective safety that makes an infrastructure more or less
attractive for cycling (Gossling & McRae, 2022).

Therefore, more and more studies focus on subjective safety assessed
by questionnaires or interviews (Hardinghaus & Papantoniou, 2020;
Desjardins et al., 2021; Berghoefer & Vollrath, 2022). In contrast to
objective data, questionnaires can provide safety evaluations of existing
infrastructure as well as of hypothetical or future cycling infrastructures.
For instance, a comprehensive study, which developed a bike barometer
to investigate adolescents’ subjective perception of safety on routes,
shows the potential of assessing existing infrastructure with citizen
science (Storme et al., 2022). Furthermore, questionnaires can be con-
ducted in an experimental way allowing conclusions about cause-effect
relationships in the safety evaluation.

Although the methods and databases differ between studies on
objective and subjective safety, they often agree on their results, that is,
on factors that increase or decrease cyclists’ safety. Dedicated cycle
tracks that separate cyclists from motor traffic increases both the
objective and subjective safety (von Stiilpnagel et al., 2022) and the
more the cycling facility is separated the more it is perceived to be safe
and preferred by cyclists (Berghoefer & Vollrath, 2022; Hardinghaus &
Papantoniou, 2020). Similarly, streets with less traffic volume and lower
speed limit for the motor traffic as well as residential streets are found to
be safer objectively as well as subjectively (Desjardins et al., 2021; von
Stiilpnagel et al., 2022; Winters et al., 2012).

However, in some aspects objective and subjective safety seems to
differ. Cyclists tend to overestimate the safety of unpaved multi-use
paths, of intersections between a main street and a side street, and
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when cycling against the travel direction of motor vehicles (von Stiilp-
nagel et al., 2022; Winters et al., 2012), whereas they underestimate the
safety of separated cycle tracks (Winters et al., 2012).

Although the evaluation of objective and subjective safety has been
addressed by several researchers, we identified a few gaps in literature
that have not yet been addressed extensively. As discussed in the review
of Castanon and Ribeiro (2021), there is a need for validation processes.
Apart from that, most existing studies are limited to one single approach
and a combination of both objective and subjective indicators is required
to properly assess safety. Therefore, in this paper, we propose two
methods to predict subjective safety based on objective measures. The
resulting two scores were validated using an online questionnaire about
the subjective safety of different local areas in Braunschweig, Germany.

Scoring methods

Two scoring methods were developed to estimate cyclists’ safety
based on subjective safety perceptions in an objective manner: the
Repertory Grid (RG) Score and the FixMyBerlin (FMB) Score. It is
important to highlight that we consider four main types of cycling
infrastructure in the scoring methods, namely cycle tracks, cycle lanes,
advisory lanes, and streets with mixed traffic. A cycle track is a dedi-
cated cycling facility that runs adjacent to, but separated from motor
and pedestrian traffic, usually on the level of the sidewalk. Cycle lanes
run on the street level and are separated by continuous lane markings
that motor vehicles are not allowed to pass. The advisory lane is sepa-
rated from the motor traffic by dashed lines and motor vehicles are
allowed to use this space if not endangering cyclists. Streets with mixed
traffic are usually streets with low speed limits, where cyclists and motor
vehicles are expected to share space. For this kind of facility, we consider
different street types, namely side street, traffic-calming zone, shared
space, and bicycle boulevard.

Scoring method I: repertory grid (RG) score

The Repertory Grid (RG) Score is based on the results of a previously
conducted interview study that uses photographs of different infra-
structural characteristics such as various cycling facilities or traffic
volumes to investigate how cyclists feel when exposed to different
cycling infrastructures (Berghoefer & Vollrath, 2022). The used infra-
structure characteristics comprise 15 elements, for which safety ratings
have been provided by participants, namely: joint sidewalk and cycle
track, main street, side street, separate cycle track, adjacent cycle track,
cycle lane, advisory lane, bicycle boulevard, shared space, park, traffic
signal, cobblestone, asphalt, high traffic volume, and low traffic volume.
An overview of the photographs used for the different characteristics is
provided in Appendix A. The interview study resulted in individual
safety statements of how participants describe and evaluate the depicted
infrastructure characteristics. Considering these statements, participants
then rated the infrastructure characteristics on a scale from 1 (very
positive pole) to 5 (very negative pole). To ensure comparability with the
ratings resulting from the FMB Score and the questionnaire, the original
ratings were reversed to a scale ranging from 1 (very unsafe) to 5 (very
safe). For defining our scoring method, the safety statements collected in
Berghoefer and Vollrath (2022) were assigned to different safety cate-
gories to account for differences of statements regarding addressed
safety aspects. The safety categories are: A) general safety, B) cycling
infrastructure, and C) other traffic participants.

Fig. 1 visualizes the median rating values of each addressed infra-
structure characteristics for the three defined safety categories. Higher
values indicate safe evaluations while lower values indicate unsafe
evaluations. The characteristics on the x-axis are shown in descending
order for the safety category general safety. We can observe that the
safety estimation clearly differs among the different infrastructure
characteristics. Regarding street types, it becomes apparent that cycling
infrastructure which is clearly separated from motor traffic, such as
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Fig. 1. Median ratings for infrastructure characteristics and the three safety
categories. Higher ratings relate to a safer evaluation, lower ratings to more
unsafe evaluations. The characteristics are ordered from safe to unsafe gen-
eral safety.

separate and adjacent cycle tracks, are generally rated safer. However,
cycling infrastructure that is directly adjacent to lanes dedicated to
motorized traffic, such as advisory lanes or cycle lanes, are rated as less
safe. Similarly, cycling on infrastructure that is shared with faster
motorized traffic such as on main streets or side streets is perceived as
less safe. Concerning these types of streets, a high motorized traffic
volume (much traffic) is rated as less safe as compared to a low traffic
volume (low traffic). For some of the infrastructure characteristics, we
can also observe larger differences between safety categories. The cycle
lane, for example, achieves a high rating in the category other traffic
participants which indicates a perception of higher safety with respect to
the risks posed by other traffic participants, but regarding the type of the
cycling infrastructure, the cycle lane is rated unsafe.

For the RG Score, each street segment had a maximum of four rating
values related to different groups of infrastructure characteristics: street
types, traffic signal, surface, or traffic volume. To identify the final
scores, we calculated the median value among all ratings assigned to a
street segment. Detailed insights into the structure of the attribute table
can be found in Appendix B.

Scoring method II: FixMyBerlin (FMB) score

The FixMyBerlin (FMB) Score is based on the FixMyBerlin survey,
part of a project from FixMyCity to support transforming Berlin into a
cycling city. In 2019, an online survey called “Street check-up”, carried
out with the Berlin newspaper Tagesspiegel, collected ratings from about
21.000 participants on the subjective safety of 1.900 photorealistic il-
lustrations from the cyclists’ perspective. These illustrations varied in
characteristics of the cycling infrastructure on street segments, such as
path width, surface, physical barriers, and on-street parking (FixMy-
Berlin, 2020a).

The survey included three main types of cycling infrastructure: cycle
track, cycle lane, and streets with mixed traffic, as shown in Fig. 2. For
each type, there were numerous variations, including but not limited to
the type of cycle infrastructure, the presence of different barriers be-
tween the cycle track and sidewalk or street, colored surface, different
levels of traffic and speed limit, markings designating bicycle boulevard
or traffic-calming zone, and varied width. Since the FixMyBerlin survey

Fig. 2. Example of the photorealistic illustrations for a cycle track, mandatory
cycle lane, and mixed traffic scenarios (FixMyBerlin, 2020b).
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also aims to understand which design measures could increase subjec-
tive safety, some of the survey’s pictures also presented elements unfa-
miliar to the German street configuration, such as bicycle boulevards
with colored surfaces. Each participant was randomly assigned to ten
photorealistic illustrations to rate the particular scene as unsafe, rather
unsafe, rather safe or safe, resulting in an ordinal scale ranging from
0 (unsafe) to 3 (safe).

To associate the cyclist’s subjective safety with different configura-
tions of cycle tracks, cycle lanes, and mixed traffic conditions currently
in place, we developed a simplified scoring method based on the results
of this survey (FixMyBerlin, 2020a). Therefore, we reduced the original
data set to focus on photorealistic illustrations with ratings for relevant
design elements available on OpenStreetMap (OSM) and Google Earth.
Consequently, not all but only some generic characteristics from the
original survey were considered for the different types of cycling facil-
ities (see Parameters in Table 1). In addition, we aggregated the survey
results to consider all ratings, regardless of the participants’ de-
mographics or cycling experience. For cycle lanes, we also did not
distinguish between advisory and mandatory cycle lanes. Instead, we
considered main streets with markings, no markings, or colored surface.

In the FixMyBerlin survey, cyclists’ subjective safety was evaluated
using a 4-point Likert scale, considering various characteristics of
cycling infrastructure. To compute the FMB Score for cycle lanes, cycle
tracks, and infrastructure with mixed traffic, ordinal logistic regressions
were then employed (Agresti, 2002). These regressions estimated
models that quantified the influence of design elements on the likeli-
hood of receiving each rating from 0 to 3. The coefficients in Table 1
provide insights into the magnitude of this influence with respective
p-values, calculated by comparing the t value against the standard
normal distribution. The goodness of fit of each ordinal logistic regres-
sion was evaluated through a likelihood-ratio test (Agresti, 2002). In all
cases, the null hypothesis that the model without predictors is as
effective as the one with them was rejected (p-value < 0.001), indi-
cating that the predictors significantly contribute to the estimation
process.

To compute a score for a particular cycling facility, one can consider
the coefficients in Table 1 to estimate the probabilities associated with
each rating taking into account the characteristics of the cycling infra-
structure. The final score is defined based on the rating with the highest
probability, representing the rating that had the highest likelihood of
being chosen by the participant for that particular street configuration.
It is important to ponder that the results can only reflect the influence of
these design elements to a rather limited extent. Apart from considering
only some of the attributes presented in the survey, our approach did not
consider many other factors influencing the participants’ perceptions,
such as demographic and cycling background.

Case study
Cycling infrastructure in Braunschweig

Braunschweig is a city in the northern part of Germany with around
250.000 residents (City of Braunschweig, 2022a). Focusing on bicycle
friendliness, Braunschweig reached rank 5 in the “Bike-Friendly Cities
Rating 2020" compared to cities with a similar size in Germany (German
Cyclists Association Braunschweig, 2020). This bicycle-friendliness is
reflected in the city’s modal split, as around 21 % of the city’s popula-
tion use bicycles as means of transport (Stadt Braunschweig, 2022).
Additionally, the city council and various bicycle and mobility associ-
ations aim to extend the existing cycling infrastructure by a special velo
route network (German Cyclists Association Braunschweig, 2020).

For the case study, we aimed for areas that vary in land use, in their
cycling facilities, their crash frequency as well as in their general bike-
ability. To assess the latter, we adapted a Bike Score that rates each road
section relative to all road sections in a given area (Bike Score, 2022).
This score is based on a Bike Lane Score which rates different
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Table 1
Derived coefficients of FMB-scoring method.

Infrastructure with mixed traffic

Side street Bicycle boulevard Traffic-calming zone
Parameters N Coeff. P N Coeff. P N Coeff. P
Intercept 8512 8498 8356
0J1 -0.116 127 —1.314 .001 —-0.616 < 0.001
1|2 1.548 < 0.001 0.516 < 0.001 1.162 < 0.001
2|3 3.290 < 0.001 2.476 < 0.001 3.139 < 0.001
Width
Narrow (< 6 m) 2880 0.000 2836 0.000 2763 0.000
Wide (> 6 m) 5632 0.639 < 0.001 5662 0.631 < 0.001 5593 0.508 < 0.001
Traffic direction
Two-way 2769 0.000 2904 0.000 2760 0.000
One-way 2822 0.524 < 0.001 2797 0.381 < 0.001 2756 0.257 < 0.001
Contraflow-one-way 2921 —0.021 744 2797 -0.271 < 0.001 2840 —0.262 < 0.001
Parking
None 2873 0.000 2827 0.000 2779 0.000
One-sided 2823 —0.432 < 0.001 2869 —0.418 < 0.001 2752 —0.246 < 0.001
Two-sided 2816 —0.398 < 0.001 2802 —0.446 < 0.001 2825 —-0.296 < 0.001
Traffic flow
Normal 7112 0.000 < 0.001 7004 0.000 < 0.001 6990 0.000 < 0.001
Car-free 1400 1.292 < 0.001 1494 1.768 < 0.001 1366 1.417 < 0.001
Null log-likelihood -10,633 —11,214 —10,914
Model log-likelihood —-10,153 < 0.001 —10,374 < 0.001 -10,377 < 0.001
Separated infrastructure
Cycle lane Cycle track
Parameters N Coeff. P Parameters N Coeff. p
Intercept 37,865 Intercept 135,800
0J1 —0.822 < 0.001 0[1 -1.715 <0.001
1|2 0.910 < 0.001 1|2 0.142 <0.001
23 2.805 < 0.001 2|3 1.920 <0.001
Width (m) 37,865 0.775 < 0.001 Width (m) 135,800 0.883 <0.001
Traffic flow Environment left side
Normal 18,983 0.000 Street 56,558 0.000
High 18,882 —0.090 <0.001 Greenery 31,714 0.122 <0.001
Speed limit Parking 47,528 —0.055 <0.001
50 km/h 18,897 0.000 Environment right side
30 km/h 18,968 0.184 <0.001 Sidewalk 119,800 0.000
Markings Greenery 16,000 0.511 <0.001
Line markings 17,306 0.000 Null log-likelihood —48,990
No markings 17,323 —0.696 <0.001 Model log-likelihood —43,718 <0.001
Color marking 3236 0.474 <0.001
Physical Protection
None 34,283 0.000
Any 3582 1.662 <0.001
Null log-likelihood —152,565
Model log-likelihood —141,970 <0.001
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Fig. 3. Bike Score (A) and cycling infrastructures (B) in the four case study areas in Braunschweig.



S. Fuest et al.

infrastructure elements (OpenStreetMap, 2022), a Hill Score (Federal
Agency for Cartography & Geodesy, 2022), a Destinations and Con-
nectivity Score that rates the accessibility of amenities like restaurants
or public buildings (OpenStreetMap, 2022), and a Crash Score with the
number of crashes (Statistische Amter des Bundes und der Linder,
2022).

Due to partially missing data sources, parts of the data generation
process had to be done manually. Hence, in this work, we have refrained
from applying our methodology to the entire urban area. Instead, we
focus on four areas in the inner city of Braunschweig that met the above
mentioned requirements and provide a large variety of different cycling
facilities concentrated within a small space.

Fig. 3A shows the Bike Score for the inner city of Braunschweig
including the four case areas. It can be observed that areas 1 and 3 depict
a slightly better Bike Score rating which is mainly due to the ratings
provided by the Bike Lane Score and the Crash Score. In addition, it
should be noted that the relatively good scores are mainly found in park-
like areas, as all sub scores are rated relatively good for the street sec-
tions. Due to the relative rating of the Bike Score, the other street sec-
tions are automatically rated worse.

Fig. 3B depicts the cycling facilities in the four case study areas. All
main streets in the four areas provide a dedicated cycle track. The side
streets, which are either designed as bicycle boulevard or without
providing any cycling facility, require cyclists to share the street with
motor traffic. Area 1 includes shared tracks, which are paths that need to
be shared by pedestrians and cyclists. Area 2 further includes a shared
space, where no priority is given and all traffic participants need to
cooperate and share the segment.

Data processing and assignment

Different sources were used to define the street network, traffic
conditions, and the detailed characteristics of the cycling infrastructure
in the previously described case study areas within the city of
Braunschweig. For characteristics about the infrastructure, we retrieved
data from Open Street Map, Open Cycle Map, “Fahrradstadtplan” (Cycle
Map) of Braunschweig, and Google Maps. It is important to clarify that
while the accuracy of the used open source data as well as their
completeness cannot compete with data from government mapping
agencies, the data still represents a solid source for deriving cycling
infrastructure information in urban areas. The assignment of traffic
volumes for the RG Score is currently based on static data sources such
as the traffic volume map of Braunschweig. For improving the scores in
the future, the accuracy of the assignment could be improved by
considering expected traffic volumes on different times of the day. In
addition, some individual data, particularly for width and elements
alongside the infrastructure in the FMB Score, needed to be manually
checked, measured, and collected from Google Earth. The current traffic
volume map (City of Braunschweig, 2022b) was then used to collect data
on traffic volumes and the “Unfallatlas” (Accident Map) for crash data
involving cyclists from 2017 to 2019 (Statistische Amter des Bundes und
der Lander, 2022).

Given the necessary street attributes are available, both scoring
methods can automatically assign ratings to the infrastructure charac-
teristics of the street network. Importantly, before computing the rat-
ings, certain details needed to be specified for both scores.

In the RG Score, we considered segments with more than 4000 ve-
hicles per working day as segments with high traffic volume. This was
assigned as a characteristic only for infrastructure with mixed traffic, as
traffic volume plays a less critical role in cyclists’ safety estimation in
separated infrastructure. In addition, for the traffic signal infrastructure
characteristic, we considered that the area directly impacted by a traffic
signal have a similar influence on cycling behavior and safety perception
as the point location. Therefore, the street network within a buffer area
of 30 m radius around the location of the traffic signal was considered.
This distance includes road parts that are expected to require adapting
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the driving behavior to the traffic signal situation (e.g., accelerating and
decelerating).

For the FMB Score, only the statistically significant parameters, with
a p-value less than 0.05, were considered during the rating computation.
Moreover, for the infrastructure with mixed traffic, we calculated the
worst-case scenario for the one-way traffic direction, considering only
the contraflow coefficient when possible. The safety ratings were then
computed after assigning all the required information to the street
network of the case study areas.

Similarities and differences between the two scoring methods

The two proposed scoring methods are both based on studies that
collected subjective safety ratings. However, although a few similarities
between the methods can be observed, there are also several important
differences that should be pointed out.

While the ratings for both scoring methods are based on various
types of cycling infrastructures, the ratings for the RG Score are based on
a more fine-grained definition of infrastructure characteristics, consid-
ering signalized intersections separately. The FMB Score, however,
mainly focuses on street segments and infrastructures related to cycle
tracks, cycle lanes, and streets with mixed traffic. Nevertheless, for
ensuring comparability of the two scoring methods, we were able to
assign most of the different infrastructures to the four common cate-
gories of infrastructure types: cycle tracks, cycle lanes, cycling on
streets, and shared spaces.

Another similarity in the methodology of both scoring methods was
the use of pictures that illustrate a road situation in first person view
from the cyclist’s perspective. In both cases these pictures have been
shown to survey participants for the purpose of providing a safety rating.
However, in the case of the RG Score, real photographs have been
shown, while in the case of the FMB Score photorealistic illustrations of
the situation were used instead. Another difference between the scoring
methods is related to different rating scales for assessing safety. This
issue, however, has been resolved by transforming the two different
scales to one common scale to ensure better comparability.

For assigning information to infrastructures, similar data sources
have been used such as OSM or Google Earth, while in both cases some
manual data assignment was necessary.

Rating results

As the final scores from the two methods were in different scales, we
transformed the values into a common one to make the results compa-
rable. The goal was to assign the final score values to five distinct rating
categories: 5 (very safe), 4 (safe), 3 (neutral), 2 (unsafe), and 1 (very un-
safe). For the RG Score, the original scale ranging from 1 (very positive) to
5 (very negative) was reversed. For the FMB Score, as the survey did not
include a neutral category for rating, we related the original scale of 0 to
3 to the extreme categories while excluding the neutral one. In this way,
the final scores 0, 1, 2, and 3 were transformed into 1, 2, 4, and 5,
respectively.

Fig. 4 illustrates the final scoring results computed using the two
scoring methods overlaid on the crash data. The final result for the RG
Score describes the median of the results for the previously introduced
safety categories. Maps of the detailed scoring results for the different
categories are provided in Appendix C. In general, we can observe that
both scoring methods assigned a safe score to cycling infrastructure
separated from motorized traffic, such as cycle tracks and shared side-
walks, as shown in Fig. 3B. Infrastructure shared with motor traffic, e.g.,
in side streets, is mostly rated as unsafe by the FMB Score. For the RG
Score, this type of infrastructure is mostly rated as neutral, with an
exception of an unsafe rating for few streets that are mainly classified as
main streets. Area 3 is perceived as safer than the other areas, since for
both scoring methods, the cycling infrastructure has been rated as
relatively safe. This observation is consistent with the results from the
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Fig. 4. Final scoring results with additional crash data overlay for the FMB-Score (A) and the RG-Score (B).

Bike Score that suggest a relatively high bikeability for area 3, as shown
in Fig. 3A. For both safety scores, ratings do not seem to directly
correspond to the spatial distribution of crashes with cyclists, which
primarily occur at intersections. An exception seems to be a location in
the north-eastern part of area 1 with a high accumulation of crashes that
has been rated as unsafe by both scoring methods, as well as a street in
the north-eastern part of area 2 with an unsafe rating only by FMB Score.

For the FMB Score, since it does not assign a specific score for in-
tersections, no significant association can be inferred at locations with a
higher number of crashes. For the RG Score, signalized intersections
have been considered separately, but the resulting scores do not reveal
notable differences in safety ratings as compared to neighboring street
segments.

Validation

Ground truth

To validate the two scoring methods, they were compared with
observed safety ratings collected through an online questionnaire. The
structure of the questionnaire was designed similar to the one from
FixMyBerlin (FixMyBerlin, 2020a). Participants were shown 20 photo-
graphs (cases) of different locations from the case study areas and were
asked to rate how safe they would feel there as a cyclist. For each
photograph, they could give their rating on a 5-point Likert scale
ranging from 1 (very unsafe) to 5 (very safe). This scale directly corre-
sponds to the rating categorization used for the two different scoring
methods. Additionally, participants stated whether they know the lo-
cations presented as photographs in order to check for any bias due to
familiarity with the locations. Fig. 5 shows an example question of the
survey. The full set of photographs is provided in Appendix D.

When selecting the locations, we considered the infrastructure class,
the rating results of the scoring methods as well as the crash data from
the Unfallatlas (Statistische Amter des Bundes und der Linder, 2022).
We selected locations with cycle tracks (TR), cycle lanes (LN), cycling on
street (ST), and shared space locations (SH) that were rated as safe,
neutral, or unsafe by at least one of the scores, and where a crash
occurred or not occurred. The labels of the locations are composed of the
infrastructure type (TR, LN, ST, or SH) followed by a serial number.
Fig. 6 shows the geographical distribution of the selected locations
within the boundaries of the case study areas in Braunschweig.

The questionnaire was conducted with the tool unipark running with
the software EFS survey by TIVIAN and was open for participation

Please imagine that you cycle here.
How safe do you feel as a cyclists in this situation?

very unsafe very safe

~ e -
O O O

O O

-/ U

Fig. 5. Example of a question in the online questionnaire.

between 14.02.2022 and 01.03.2022. All participants were informed
about the aim of the questionnaire and agreed to privacy specifications
and data analysis. In total, 318 participants (153 male, 159 female, 2
diverse, 4 not specified) with an age range between 15 and 81 (M = 23
years, SD = 14 years) completed the questionnaire. Most of the partic-
ipants (41.8 %) used the bicycle daily or almost daily, only a few par-
ticipants (1.3 %) stated that they never cycle. The majority of the
participants also commute to work by bicycle daily or almost daily (33.6
%) or several times a week (23.9 %). Another large share (19.2 %)
responded that they never commute to work by bicycle.

To examine whether the familiarity with a location has an influence
on the safety rating, we ran a cumulative mixed model with the famil-
iarity as fixed factors, the participants’ ID as random factor, and the
survey ratings as ordinal outcome. The results of the estimated co-
efficients indicated that familiarity with a location does not significantly
influence the safety rating. Therefore, the familiarity of the location is
not considered in the further analyses.
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Fig. 6. The 20 locations used in the questionnaire and their distribution in the
four case areas in Braunschweig.

Scoring methods evaluation

To examine which of the scores correspond the most with the
questionnaire ratings, we calculated the interrater-reliability of each of
the scores with the questionnaire using the weighted Cohen’s kappa for
ordinal rating scales. Additionally, we included the Bike Score that we
initially used to identify our locations of interest. With the weighted
Cohen’s kappa, we consider the RG Score, the FMB Score, the Bike Score,
and the Questionnaire to be independent raters that evaluate the 20
locations on an ordinal scale ranging from 1 (very unsafe) to 5 (very safe).
For this, we needed to round the values of the RG Score. Because the RG
Score is based on the median of values, two locations had a score of 3.5
and were rounded to a score of 4. Furthermore, the Bike Score that
originally ranges from 0 to 100 was split equally into five categories to
ensure that all scores range from 1 to 5. Table 2 shows the kappa sta-
tistics and the confidence intervals for each of the comparisons.

As can be seen in Table 2, the RG Score shows the highest interrater-
reliability with the questionnaire ratings. According to Landis and Koch
(1977), the RG Score has a moderate agreement, the FMB Score has a
fair agreement, and the Bike Score has a poor agreement with the
questionnaire ratings. Numerical results of the score values are provided
in Appendix E.

To look closer at the agreements and disagreements of the scores,
Fig. 7 shows the relation between each score and the questionnaire in
scatterplots, and Fig. 8 further shows the ratings of our two scores and
the questionnaire for each location as bar chart. Because of the poor
agreement, the Bike Score is not considered in Fig. 8 anymore. Please
consider that Fig. 7 and Fig. 8 present the not-rounded RG score values

Table 2
Kappa statistics with weighted Cohen’s kappa for the interrater-reliability of the
Scores and the questionnaire.

95 % CI of kappa

kappa lower bound upper bound
RG Score — Questionnaire 0.45 0.26 0.65
FMB Score — Questionnaire 0.36 0.21 0.50
Bike Score — Questionnaire —0.07 —0.24 0.10

Journal of Urban Mobility 4 (2023) 100066

again which can be 3.5. Apart from that, the data points jitter around
their category to avoid overlapping data points.

As can be seen in Fig. 7, the ratings of the RG Score are more centered
in the middle of the graph compared to the FMB Score. In the RG Score,
many locations were rated as neutral and no location was rated as very
unsafe or very safe. In contrast, the FMB Score uses the full range of the
scale from 1 to 5. However, the original survey that the FMB Score is
based on ranges from 0 to 3 and does not include a middle category
(FixMyBerlin, 2020a). This is clearly visible in Fig. 7 and might also have
reduced the interrater-reliability with the questionnaire. The Bike Score
has no agreement with the questionnaire (Table 2) and Fig. 7 shows that,
interestingly, it has almost a reversed relation to the questionnaire. The
better the bikeability, the lower the subjective safety. However, the low
agreement does not surprise that much, as the Bike Score does not focus
on safety aspects but also includes a destination and connectivity score
and a hill score. Although the Bike Score also includes cycling facilities
and a crash score, this does not increase its agreement with the ques-
tionnaire. Fig. 8 provides more detail how locations were rated on the
three rating methods. Generally, most of the ratings follow a similar
trend, that is, locations rated as safe or unsafe in the questionnaire are
also assessed as safe or unsafe by the scores. Both scores and the ques-
tionnaire agree that the locations with a cycle track (TR) are the safest
locations for cyclists, whereas locations where cyclists need to ride on
the street (ST) are more unsafe. Still, at some locations the scores and the
questionnaire ratings differ, which should be looked at in more detail.

First, Fig. 8 reveals that both scores underestimated some locations
with cycle tracks, namely TR02, TR03, TR05, and TR06, and rated them
as less safe than the participants in the questionnaire. These four cycle
tracks all go along a main street where traffic volumes are higher. Both
scores consider the traffic volume as an aspect that reduces subjective
safety. However, studies found that the traffic volume has less impact at
stronger separated cycling facilities (Zimmermann et al., 2017). As the
cycle tracks at these four locations are clearly separated from motor
traffic, participants are less bothered by high traffic volumes and, hence,
rate the locations safer. Both scores, in contrast, consider traffic volume
as influencing factor but do not consider the interaction effect of volume
and separation. As a result, they identify high traffic volume at those
locations and, hence, rate them as less safe.

Second, additionally to the underestimation of cycle track, the FMB
Score also greatly underestimates locations with cycling on streets (ST)
while they are more correctly estimated by the RG Score. That is, the
FMB Score generally rates locations where cyclists need to cycle on the
street as more unsafe than the RG Score and participants in the ques-
tionnaire. Interestingly, the FMB Score rates ST02 and STO3 safer as the
other street-locations (Fig. 8). At these locations, the side street was
turned into a bicycle boulevard with more rights for cyclists. This in-
creases the safety ratings by the FMB Score. The participants in the
questionnaire, in contrast, could not differentiate between side street
and bicycle boulevard, as it was not labeled as such on the photographs,
and gave similar safety ratings across all street-locations.

Third, at some locations the scores overestimated the safety
compared to participants in the questionnaire. The FMB Score over-
estimates TRO1 and LN02, while the RG Score overestimates STO1 and
ST04, and both scores overestimate the Shared Space at SHO1. A closer
look at the locations reveals possible reasons for the deviation between
scores and questionnaire.

The cycle track at TRO1 and the cycle lane at LNO2 are rated safer by
the FMB Score than by the RG Score or the participants in the ques-
tionnaire. The cycle track and the cycle lane represent rather safe cycling
facilities (Zimmermann et al., 2017; Hardinghaus & Papantoniou, 2020)
which is considered by the FMB Score. However, TRO1 on the one hand,
runs next to a main street and approaches a large intersection. An
intersection and the interaction with motor vehicles connected to an
intersection decreases subjective safety (van Cauwenberg et al., 2018).
This is considered by the RG Score and probably also by the participants
in the questionnaire, but it is not considered by the FMB Score. LN02, on
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the other hand, runs very close to parked cars and is furthermore a
one-direction street where the cyclists cycle against traffic direction.
This is considered by the FMB Score, but the increase in safety due to the
cycle lane might be overestimated and higher in the FMB Score than it is
for cyclists in the questionnaire. They can use a cycle lane but might feel
unsafe due to suddenly opened doors, cars leaving their parking lot, or
motor vehicles driving on a one-direction street and not expecting cy-
clists coming from the other direction.

The RG Score, in contrast, overestimates the safety at STO1 and ST04.
Both streets are side streets with low traffic volume and low traffic
speed. However, STO1 includes tram tracks, which are a relevant hazard
for cyclists in cities, as the bicycle wheels can get stuck in the tracks, or
the bicycle can slip away when crossing the tracks (Leune et al., 2021).
Tram tracks decrease cyclists’ subjective safety (von Stiilpnagel & Bin-
nig, 2022), but are not considered by our scores.

ST04 might have similar problems as LNO2 mentioned above: cyclists
ride against traffic flow and close to parked cars, which might decrease
subjective safety, but these aspects are not included in the RG Score
which only considered the positive effect of the side street at this
location.

Interestingly, the shared space SHO1 is overestimated by both scores.
Subjective safety might be assessed high here because of the calm traffic
environment and low volume of motor traffic. Cyclists need to interact
with pedestrians rather than with cars. This might be safer in the sense
that crashes with pedestrians might be less dangerous and injuries less
severe than with motor vehicles. However, sharing the space with pe-
destrians might be attention-demanding for cyclists, as pedestrians react
more spontaneously and unpredictable interaction can occur. As a
result, pedestrians are often evaluated negatively by cyclists (van Cau-
wenberg et al., 2018; Vedel et al. 2017) and a shared space might be
perceived as less safe than assessed by the scores.

In summary, the RG Score seems to correspond stronger to the
questionnaire ratings than the FMB Score. Apart from smaller deviations
between the scores and the questionnaire, the FMB Score underestimates
the safety more often and stronger than the RG Scores, especially on
locations where cyclists need to cycle on the street.

Crash data

To examine whether the safety ratings of a location are connected to
the occurrence of a crash at this location, we ran three separate Poisson
regressions for count data with the Questionnaire, the RG Score and the
FMB Score each as ordinal predictor and the number of crashes as
outcome. However, the probability for a crash increase with increased
bicycle volume. To control for this, we included the average bicycle
volume as offset variable, following the approach by von Stiilpnagel
et al. (2022). The bicycle volume was derived from the dataset “Rad-
verkehrsmengenkarte” by Grubitzsch et al. (2021). The data were
log-transformed due to non-normality. To achieve comparable time
periods, we only considered crashes and bicycle volumes in 2018 and
2019. A complete regression with all predictors might suffer from
multicollinearity, as the predictors correlate with each other. This makes
the regression coefficient difficult to interpret. Instead, we decided to
run three separated regressions with one predictor and compare the
Pseudo R? statistics.

Table 3 shows the results of the likelihood ratio test of each regres-
sion model and the Pseudo R statistics. The likelihood ratio test com-
pares each model against its respective intercept model and tests if the
model with the predictor is better than the model without the predictor.
As can be seen, only the questionnaire seems to be a significant pre-
dictor. However, it needs to be noted that none of the categories of the
questionnaire gave significant parameter estimates. Together with the
very low Pseudo R? statistics, this suggest that even the questionnaire

Table 3

Results of the likelihood ratio test that tests each of the regression models against
the respective intercept model, together with Pseudo R? statistics for each
model.

Likelihood Ratio test Pseudo R?

against intercept

model

x? daf p McFadden  Cox & Snell ~ Nagelkerke
Questionnaire 8.17 3 .043 0.11 0.34 0.34
RG Score 478 3 .188 0.07 0.21 0.22
FMB Score 2.08 3 .555 0.03 0.10 0.10

Outcome: Sum of crashes in 2018 and 2019.
Offset-Variable: Average bicycle volume in 2018 and 2019, log-transformed.
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rating is not a good predictor for the number of crashes. The RG Score
and the FMB Score are both even worse predictor, as the model com-
parison showed no difference and the Pseudo R? are even lower.

Fig. 9 visualize the relationship between the score values and the
number of crashes in scatterplots. For the Questionnaire and the FMB
Score, we can see at a least the tendency that locations with a higher
number of crashes are rated safer. However, the FMB Score also rates
many locations as unsafe which have only very few crashes. Together
with the limitation to only 20 case locations, this might prevent a
stronger relationship between rating and number of crashes. As
mentioned above, the RG Score does not use the full range of the scale
but rates many locations as rather unsafe or safe or neither unsafe nor
safe. As a result, it is not able to distinguish very unsafe or very safe
locations and this might prevent a strong relation to the number of
crashes. In conclusion this means that neither the scores nor the ques-
tionnaire were able to predict the occurrence of crashes much better
than chance.

Previous studies found the objective and subjective safety to go hand
in hand but diverge in specific situations (von Stiilpnagel et al., 2022;
Winters et al., 2012). This deviation can result from cyclists under-
estimating the risk of crashes at certain locations (von Stiilpnagel et al.,
2022), or from underreporting crash statistics, as they mainly do not
include near-misses or hazardous interaction without a crash (Gossling
& McRae, 2022; Winters & Branion-Calles, 2017). However, as the
findings in Section 5.2 already suggest, cyclists’ perception of safety is a
result of weighing up several aspects including the separation from
motor traffic, possible interaction, or the presence of possible hazards.
This is in line with the suggestion of von Stiilpnagel and Binnig (2022)
that designing a street segment by adding objectively safe elements
might not directly lead to subjective safety. If another aspect remains
unsafe in the eyes of the cyclists, an objectively safe location can still be
perceived as unsafe.

In line with this literature, it is not surprising that the relationship
between our scores and crash numbers is relatively low. Furthermore,
the focus on only 20 locations results in a too small dataset to adequately
assess a strong connection between ratings and crash numbers.

Discussion
Interpretation of the results

For most of the cases, the computed scores, and especially the FMB
Score, were more conservative than the participants’ ratings in the
questionnaire. This raises the question of whether the scores over-
estimate the risk of certain infrastructural attributes and rate certain
locations as less safe than they actually are, or whether cyclists poten-
tially underestimate risk at certain locations.

Journal of Urban Mobility 4 (2023) 100066

The comparison of the scores and the questionnaire revealed that
cyclists may consider more aspects than the scores. This includes specific
infrastructural elements such as tram tracks which are simply not
covered by our scores but have clear negative impact on subjective
safety (von Stiilpnagel & Binnig, 2022), but this also includes to allow
that characteristics might be weighted differently and interact with each
other. That is, a location with parked cars or a shared space might be
perceived unsafe even if the cyclist can ride on a cycle lane or in low
traffic volume. In contrast, a separate cycle track might be perceived as
safe even if the surrounding traffic volume is high. All these interaction
effects are not sufficiently covered in our scores and lead the scores to
under- or overestimate the subjective safety at some locations. Still, the
scores achieve a fair to moderate agreement with the questionnaire
(Table 2) and locations that are rated safer or less safe by participants are
also evaluated safer or less safe in the scores.

Interestingly, the Bike Score did not show any agreement to the
questionnaire although it also includes cycling facilities and crash data.
However, as this score does not focus on safety, it is less surprising that it
is not associated with it. The question is which score or which evaluation
determines at the end whether a cyclist is motivated or deterred from
cycling or which route is more or less attractive to cycle. Subjective
safety might be a fundamental determinant here and people will decide
to use the bicycle if they feel safe or will switch to another mode of
transport if they feel unsafe. Still, the Bike Score and the aspect it con-
siders might play a role on the next level of infrastructure evaluation.
That is, when safety is provided and the infrastructure should be eval-
uated in terms of connectivity, efficiency, or convenience. To assess
subjective safety, however, the Bike Score might not be an appropriate
tool.

Interestingly, none of the scores and only slightly the questionnaire
were sufficiently associated with the number of crashes at the locations.
Again, a trend indicate that crash-prone locations are evaluated less safe
by the scores (Fig. 9), but the premise that objective and subjective
safety are not highly correlated is further reinforced by our results.
Countermeasures such as traffic lights or signs are often installed at lo-
cations with high traffic volume or high levels of crashes. They might
increase the objective but not the subjective safety. In contrast, situa-
tions that are potentially perceived as safe, such as intersections or
junctions in a calm side street, might be objectively unsafe (von Stiilp-
nagel et al., 2022). In this way, objective and subjective safety does not
necessarily go hand in hand. However, the presented study only relied
on the data from the “Unfallatlas” (Statistische Amter des Bundes und
der Lander, 2022) and did not consider any other sources such as hos-
pital reports. Methodological improvements of the scores might also
improve the meaningfulness of the results, whether this leads to a
strengthening or weakening of the association between scores and crash
rates.

81 8 81
71 7 e} 710
2]
Lo 6 o 61 o
w
S 5- 5 51
o
G 4 ol 4 4 o
23] 8 3 o o o 310 o o
gz- o o 2 o o} 210 o
b4
1 e] o 0 1 o 8 110 o] o
0 0 o] 0 o] 010 o) 0
1 2 3 4 5 1 2 3 4 5 1 2 3 4 5
Questionnaire [1-5] RG Score [1-5] FMB Score [1-5]

Fig. 9. Scatterplots with the relation between questionnaire and score values and number of crashes. Data points jitter to avoid overlapping.
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Limitations and opportunities

Although interesting and promising results were presented, both the
RG Score and the FMB Score have some limitations. As we could not
identify all infrastructure elements from the open data sources, one
significant drawback is the data collection. For instance, information for
the width of infrastructure elements and surrounding objects in the
environment was manually collected, which prolonged the work.
Furthermore, both scoring methods are derived from surveys using
ordinal scales with rather limited ranges, from 1 to 5 or from O to 3. This
may reduce the variability in participant ratings, potentially constrain-
ing the depth of insights that could be derived from the data. A wider
rating scale would have allowed for greater variance and more nuanced
distinctions in the participants’ subjective safety.

Regarding the RG Score, some of the safety categories were based on
very few responses from the survey participants which reduces the
representativeness of the results. A higher reliability could be achieved
by improving the method with a larger sample size. In addition, the RG
Score weights all assigned infrastructure characteristics equally. The
current calculation method with equal weights also contributed to most
of the ratings being neutral. It might be reasonable to adjust the
weighting of different infrastructure characteristics based on their
relevance to safety. For instance, in some cases, ratings based on street
types might be more relevant for subjective safety than ratings based on
the surface or traffic volume. Lastly, many street characteristics used in
the RG Score were binary, e.g., high and low traffic volume, or asphalt
and cobblestone. As a result, the score can only evaluate streets with
these characteristics but cannot draw conclusion about characteristics
that were not considered, such as medium traffic volume, or fine gravel
or poor asphalt surface. In this regard, the RG Score could be extended in
the future to represent a more comprehensive scoring tool.

The FMB Score, which only applies to street segments, neglects the
particularities of intersections and junctions from the computation.
Considering the different traffic controls and design elements to assess
their weight to subjective safety is relevant since in these cases, cyclists
are likely more vulnerable to crashes. Moreover, it is important to note
that while the FixMyBerlin survey collected participants’ ratings for
street segments with tram tracks, these specific scenes were not taken
into account when developing our scoring method. Including this
parameter could have complemented our overall evaluation.

Ultimately, the findings confirm that the scoring methods can help to
comprehend cyclists’ subjective safety in different cycling facilities to a
certain extent. In particular, the FMB Score has the potential to be
employed as a simplistic methodology or tool to provide an initial un-
derstanding of the cyclists’ subjective safety based on certain design
elements. Therefore, it would be an opportunity to evaluate the current
infrastructure and perform further analysis or even take measures to
improve it in case of detecting (very) unsafe scores. Furthermore, they
are also meaningful methods to pre-evaluate the design of cycling fa-
cilities. Despite various opportunities for optimizing the proposed
scoring methods for reliably predicting cyclists’ subjective safety, this
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study indicates that objective approaches can serve as a valuable tool to
support the implementation of safer infrastructure.

Conclusion

This paper introduced the RG Score and FMB Score to reliably rate
cyclists’ subjective safety in any cycling facility. After applying the
scores in case study areas and validating the results with an online
questionnaire, we learned that it is indeed feasible to assess subjective
safety by objective scores. Both scores come with benefits and limita-
tions. The RG achieves a higher agreement to the questionnaire ratings,
but often lead to a medium assessment of locations and cannot suffi-
ciently differentiate very unsafe or very safe locations. The FMB Score,
in contrast, is missing important aspects such as intersections and often
underestimates safe locations. Both scores do not consider all charac-
teristics that seem to be important for cyclists and can only provide a
preliminary estimation of subjective safety in different types of cycling
facilities. As numerous dimensions and indirect factors are involved
when addressing subjective safety, objectively incorporating the cy-
clists’ subjective safety in a score is difficult. Considering that feeling
safe is extremely relative, depending on the situation, the score might be
biased in some situations. For the most part, however, this study pro-
vides a basis for future considerations and future evaluation methods to
assess the subjective safety of cyclists.
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Appendix
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A. Infrastructure characteristics used for the safety rating of the Repertory Grid (RG) Score and derived from Berghoefer and Vollrath (2022). The
various infrastructure characteristics were assigned to one of four different groups: 1) street types, 2) traffic signal, the type of 3) surface, or the 4)

traffic volume.

Street types
i 7Y

LY

Joint sidewalk
and cycle track

Cycle lane

Bicycle boulevard

Adjacent cycle track

Separate cycle track

Park

Shared space

Traffic light

Traffic signal

Cobblestone

Asphalt

Traffic volume

19 i 2
Z8

Much traffic

Low traffic

B. Excerpt of the attribute table showing the assignment of final rating scores of the RG Score. For each row (street segment), the final rating score
(Final Rating) is calculated as the median value of the ratings of maximum four different infrastructure characteristics.

Infrastructure Rating Traffic signal Rating Surface Rating Traffic Rating Final Rating
Adjacent cycle track 2 Yes 3 Asphalt 2 - - 2

Side street 4 Yes 3 Cobblestone 4 Low 2 3.5
Advisory lane 4 Yes 3 Asphalt 2 Much 5 3.5

Cycle lane 3 - - Asphalt 2 Much 5 3

Joint sidewalk and cycle track 2 - - Asphalt 2 - - 2

Main street 5 - - Asphalt 2 Much 5 5
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C. Assignments of the ratings of the RG Score (safety categories A-C) to the infrastructure classes in the case areas of Braunschweig.
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D. Photographs and labels of the 20 locations used in the questionnaire ordered by their questionnaire rating from safe to unsafe (compare Fig. 8).
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E. Median ratings derived for the questionnaire, the FMB Score, the RG Score and the Bike Score, as well as the number of crashes and the bicycle
volume in the years 2018-2019 for the 20 different observed locations. Locations are ordered by their questionnaire rating from safe to unsafe

(compare Fig. 8).

Location Question- naire FMB Score RG Score Bike Score Number of Crashes (Sum of 2018-2019) Bicycle Volume (Mean of 2018-2019)
TRO2 5 5 4 1 3 252.5
TRO3 5 4 3.5 1 4 174.5
TRO5 5 4 4 3 1 49.0
TRO6 5 4 4 3 1 93.0
TRO1 4 5 4 2 1 45.5
TRO4 4 4 4 2 2 33.5
LNO1 4 4 3 3 0 7.5
SHO1 3 4 3.5 2 3 87.0
LNO2 3 4 3 3 0 6.5
ST02 3 2 3 3 0 56.0
STO3 3 2 3 2 0 124.5
ST10 3 2 3 3 0 160.0
ST11 3 1 3 3 0 146.0
ST05 3 1 3 2 1 82.5
ST06 3 1 3 2 3 101.5
ST08 3 1 2 3 0 133.5
ST09 3 1 2 2 1 3.0
ST04 2 1 3 4 2 195.0
STO1 2 1 3 2 7 244.5
ST07 2 2 2 3 6 119.5
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