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Abstract

In order to create a more comfortable urban environment, the authorities are currently working to
reduce the percentage of travel by private car and to encourage the use of alternative types of movement,
including walking. Pedestrian traffic is the most accessible and healthy form of movement in the city. It
needs a special infrastructure, which is distinguished by a high level of economy, safety and comfort. To
create such an infrastructure designers and decision makers need knowledge of the socio-psychological
properties of consumer preferences of pedestrians. In different foreign countries, techniques have been
developed and applied to assess the consumer quality of pedestrian paths. The quality indicators of the
elements of the pedestrian paths taken for evaluation should reflect the preferences of pedestrians. The
number and significance of these indicators vary considerably in different methodologies. In addition, they
do not take into account the specifics of urban planning practice and design conditions in Russia. This
article presents the results of studies of linear sections of pedestrian routes used for targeted movements,
cost-effective in time. This method allowed one to find and substantiate the list of indicators affecting the
quality organization of pedestrian paths, as well as to determine the significance of each of the indicators.
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1. Introduction

The use of pedestrian movements in the city is an integral part of modern urban planning policy.
City authorities in various countries are preparing and executing programs for the reorganization of parking
space in order to save land and financial resources, the economic benefits of preserving the ecology of the
environment, the formation and implementation of programs for the improvement of pedestrian
communications for alternative types of movement (SFMTA, 2014). There is a state program of the
Moscow region "Architecture and urban planning of the Moscow region" for 2017-2021, 2018 (TRB’s
National Cooperative Highway Research Program Synthesis 436, 2016). The scientific basis for this kind
of work was the results of research on the actual present value of the placement and operation of the
infrastructure for private cars in the city (Shoup, 2014), (Davis, Pijanowski, Robinson, & Engel, 2010).
Understanding the inability to use a private car as a mass type of passenger transport, as well as the
"unfriendly™ urban environment focused on the creation of the appropriate infrastructure, led to widespread
use of public transport in passenger traffic, the full functioning of which is impossible without a well-

organized pedestrian network, providing access to its stops at the shortest distances.

2. Problem Statement

Attention to the problems of organizing pedestrian movements has led to the need for a
comprehensive study of the factors that increase the attractiveness of the urban environment for pedestrians.
In many countries (UK, USA, Australia, New Zealand), methods for assessing the level of service of the
pedestrian paths, based on the expert method of assessment, the method of assessment using target groups,
have been widely used. Examples of such technologies are PERS in the United Kingdom (Pedestrian
Environment Review System, 2009), HCM 2016 in the USA (Highway Capacity Manual, 2016), NZ-Guide
in New Zealand (Guide Information for Pedestrian Facilities, 2013), PEDSAFE in Australia (Harkey &
Zegeer, 2004), GALLIN in Australia (Gallin, 2001), Residential Street Audit in Greece (Christopoulou &
Pitsiava, 2012), (Sdoukopoulos, 2009), Measuring the Quality of the Urban Environment (Devlin, 2013),
Pedestrian Evaluation Index (Keyvanfar, Ferwati, Shafaghat, & Lamit, 2018), and etc.

In accordance with these methods, the number of environmental factors affecting the attractiveness
of the urban environment for pedestrian traffic varies from 18 to 92.

The assessment of the influence of the same factor on the formation of attractive pedestrian paths in
different methods also differs quite greatly.

Due to the significant variation of the influencing factors and their significance, there is a need,
based on scientific methods, to establish a list of pedestrian path indicators that determine the choice of
traffic conditions by a pedestrian, and the degree of importance of each for the Russian urban planning

practice.

3. Research Questions

In general, the route of the target movement of a pedestrian can be represented as a set of linear
sections- links and nodes - pedestrian crossings, elements of the interface of surfaces (Leptiukhova, 2014),
(Shesterneva, 2007). The proposed division of the walking route into components was done in order to take

into account the factors affecting the ease of movement of a pedestrian and the delimitation of the functional
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load between them. Links perform a predominantly transport function; their task is to skip pedestrian traffic.
A primary, walking route is a link.

In this paper, we study the indicators of the most common element of the pedestrian route - a linear
section operating in a residential area and intended for the implementation of targeted pedestrian
movements under time pressure. Under the influence of various factors, pedestrian path properties are
formed, which can be characterized by its quantitative and qualitative parameters.

In a generalized form, the factors determining the psychological preferences of pedestrians can be
divided:

- factors of pedestrian safety (volumes of traffic, speed limits, separation of the pedestrian path from
the roadway, organization of pedestrian crossings);

- factors of attractiveness of the urban environment (types and variety of buildings, the presence of
outdoor furniture, design);

- factors of personal security (lighting, openness of the pedestrian space);

- physical factors (slope, length, direction and coherence of pedestrian paths, protection from
atmospheric influences, condition of the surface of the pedestrian path, convenience for movement of
people with limited mobility).

4. Purpose of the Study

Purpose of the study is to establish a list of indicators of the linear section of the pedestrian path
with target movement in a residential area under time constraints and a quantitative assessment of the degree
of their influence on the choice of traffic conditions by a pedestrian for the Russian practice of urban

planning.

5. Research Methods

Finding the properties of the linear section of the pedestrian route, determining the choice of a
pedestrian under the conditions of Russian realities, was done by constructing a tree of properties according
to the rules of applied qualimetry (table 1). Building a property tree according to strict rules makes it
possible to take into account all possible pedestrian path properties that affect its customer value.

Table 01. Property Tree
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This method, according to one of the theorists of applied qualimetry, G.G. Azgaldov, has repeated
approbation in practice and theoretical validity (the method takes into account the latest achievements of
theoretical qualimetry), and is also most acceptable when evaluating architectural and town planning
(Azgaldov, 1989), (Raikhman &Azgaldov, 1974).

The degree of importance of each of the properties is expressed numerically in terms of weighting
factors. The weight should be determined by an expert method.

The study was conducted in two stages. At the first stage, unnormalized coefficients of the weight
of the properties were determined by an expert survey, and statistical data processing was performed. At
the second stage, the group normalized and tier weight coefficients are calculated.

In total, 55 people took part in the survey. The number of the first group of experts (4th year students,
majoring in “urban construction economy) was 48 people; that of the second (highly qualified professionals
in the field of study) — 8 people. Since the choice of experts renders the reliability of the results obtained,
special attention was paid to the selection of experts and the assessment of their competence. As a result,
the study took into account the questionnaires of 44 people.

For expert assessments, a point scale from 0 to 100 with a gradation of 10 points was used. The
beginning of the scale is 0 points (there is no property value). The upper limit is 100 points (corresponds to
the highest possible significance of the property). The expert was tasked with assigning each property a
numerical value Pij (unnormalized group coefficient) within the specified scale. The most important
property within each group was assigned a weighting factor equal to the predetermined maximum number
(100 points), the coefficient of the next most important property in the group in question is defined as a
percentage compared to the most important one. In determining the weight coefficient of the third property,
its importance was taken into account in comparison with the first and second. Further comparison was

made with the first and any of the specific properties.
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The study conventionally assumed that the quality of the experts of the second group is about 2 times
higher. In this case, the equivalent number of competent experts participating in the study is 31 people.
Using the table "Possible options for expert assessment" (Raikhman & Azgaldov, 1974), it can be argued
that the confidence probability of the study is at least 90% with a maximum permissible relative error of
0.3.

Based on the results obtained, statistical data processing was carried out. The weights of the
properties assigned by the experts of the first group were checked for consistency using the coefficient of

variation Vi:

S
V, =3Pi, (1)

R - the standard deviation of the weight coefficient of the i-th property;

R average over all N experts, the value of the coefficient of the weight of the i-th property.
The average values of unnormalized weight coefficients of the evaluated properties at high
(according to the classification (Raikhman & Azgaldov, 1974) consistency of expert opinions were

calculated by:

N
2R
j=1

N @

Pij —unnormalized weight coefficient assigned by the j-th expert to the i-th property of level | relative
to the corresponding property of level I-1;

j —number of the expert;

i — property number;

N — amount of experts.

With an average (according to the classification (Raikhman & Azgaldov, 1974) consistency of
expert estimates of the i-th property, a qualitative analysis was made of the responses received. If there
were emissions in the sample, they were rejected. With a spread of over 25%, the average value of the
unnormalized weight coefficient was calculated as harmonic average. To improve the accuracy, the
averaging of the weighting coefficients obtained from the experts of the second group was made taking into
account the expert's competence index according to the formula:

N

'J

N
Z

= ; @)
K.

) _ expert competence indicator.
The average unnormalized weight coefficients of the two groups were compared. Taking into
account the accepted attitude that the quality of professional experts is higher, it was proposed to find the

total value of unnormalized weight coefficient taking into account the importance coefficients of the
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opinions of experts of the first group - 0.3 and the opinions of experts of the second group - 0.7. The
resulting unnormalized weight coefficient for two groups is calculated by:
P=P,-03+P,-07, @)

P.

1i - average value of unnormalized weight ratio of the first group of experts;

2i - average value of unnormalized weight coefficient of the second group of experts.
For comfort and clarity in subsequent calculations, all values of the coefficients were increased 100
times. After calculating the average unnormalized weighting factor for each of the properties in the group,
the task was to find the normalized group weighting coefficient for each property within one group at each

v-level of the “property tree” by the formula:

G =5 ®)

v-1
4 — the weighting factor of the i-th quality property relative to the corresponding level property
v-1, normalized within each group of level v-1.

n — number of properties in a group,

> g

wherein =1 =1.
Then we calculated the weight coefficients of the properties that are on the last tier of the properties
tree relative to the quality indicator - the property lying in the root of the tree. To accomplish this task, it is
necessary to determine the normalized weighting factors for the properties on each tier of the tree using the

formula:

g :qi\lil'q;/_ 6)
All calculations related to the calculation of weighting factors were performed automatically in MS
Excel. The weights of the properties of the last tier of the tree are determined with and without the aesthetics
property. The weighting coefficients found are constant for linear sections of pedestrian paths in residential

areas with the main transport function.

6. Findings

As a result of building a tree of properties, 27 indicators have been revealed that influence the
psychological choice of a pedestrian. The analysis of the obtained results was carried out by comparing the
found weight coefficients of the properties of the last tier, as well as weight coefficients in the group and
tier combinations of properties. For clarity of the results obtained, diagrams were constructed. The values
of the weights of the properties in the diagrams are determined by rationing relative to the complex property
under consideration.

The analysis of the weight properties that meet the basic requirements of pedestrians to the

operational characteristics of a section of the pedestrian path: time efficiency, comfort, safety, revealed that
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the time saving property has a weight approximately twice as large as the comfort and safety properties
which are almost the same (Figure 1a). Both groups of experts showed high consistency in this matter. The
result obtained confirms that people, possessing a limited time resource, tend to choose the shortest path
even to the detriment of their own security. In this case, most of the time is saved by choosing the shortest
path length, and not the path that provides the chosen speed of movement.

Among the properties on which traffic safety of a pedestrian path depends, the pedestrian’s
protection from falls is more important, according to experts of both groups, which is more determined by
slipperiness than by the evenness of the road surface. The next most important feature in terms of safety is
the security of the road from hitting vehicles, and the prevention of hitting cars rather than cyclists is
regarded as more desirable. The organization of the path to prevent attacks on pedestrians is the least
significant factor (Figure 1b). In the group of properties that affect security from attacks, the most valuable
one was the provision of illumination of the path, then its crowdedness, then the exclusion of secluded
places. According to the author, the results obtained correspond to the probable length of stay of pedestrians
on the roads that are not provided with protection against this or that adverse effect.

Among the factors that determine the comfort of movement along the linear section of the pedestrian
path, microclimatic characteristics and attractiveness of the environment where the path is laid, as well as
the geometric characteristics of the path itself, are of the greatest importance. The pollution of the path, the
equipment with outdoor furniture are about half the importance of comfort of movement than the
microclimate and the attractiveness of the environment, and the information richness of the pedestrian path

is three times less significant (Figure 1d).
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Figure 01. Ratios of weight properties.

The obtained results confirm that the organization of pedestrian communications, which has the goal
of increasing the specific proportion of pedestrian movements within urban areas, should take into account
the importance of microclimatic characteristics and interestingness of the environment for pedestrians. The
greatest adverse effect on pedestrians among the microclimatic characteristics is noise and gas pollution of
the environment (Figure 1le). The experts of the first group are less inclined to take into account the
influence of solar radiation. The reason for this may be the age structure of experts.

In the group of geometric characteristics, the greatest influence on the comfort of pedestrian
movement is exerted by the slopes of the pedestrian path, the smallest — by the configuration of the route
(Figure 1f). That corresponds to reality when comparing the comfort of the ways of movement, which are
of equal economy of time and security.

Concerning the pedestrian’s interesting environment, the opinions of the experts of the two groups
were divided. The experts of the first group appreciate the architectural, artistic, and landscape interest of
the environment, while the experts of the second group put the social and living interest of the environment
in the first place. These differences can also be explained by the age characteristics of experts, since young
experts are less inclined to focus on the needs of the family in their movements. The final importance of
the properties of this group is almost the same (Figure 1c).

The ratios of the weights of the properties of the last tier are shown in the histogram (Figure 2)
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Figure 02. Weighting factors for properties.

7. Conclusion

The study revealed the high importance of pedestrian paths of the shortest length and indicators
which make easy to maintain the selected speed, as well as a significant impact of properties that ensure
comfort and safety movement. For example, it is inappropriate to equip a variety of street furniture with
economical time-consuming pedestrian paths located near a highway with heavy traffic due to its negative
impact. At the same time, it is not economically profitable to organize pedestrian routes for utilitarian
purposes - they will be in the least demand and will not encourage accession to the pedestrian movement
of the population. Consumer preferences of pedestrians for the choice of traffic conditions should be fully

used in the design of the urban environment. Thus, knowledge of the indicators and their significance for
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the psychological choice of a pedestrian will help optimize management decisions on the organization of

harmonious pedestrian paths, thereby contributing to the improvement of the urban environment. ]
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