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Abstract: Urban mobility and sustainable transportation are fundamental for the European Union's
goal of achieving climate neutrality by 2050. The EU encourages national governments to prioritize
zero-emission urban transport systems that emphasize safety, accessibility, and inclusiveness.
Promoting walking plays a fundamental role in sustainable urban mobility, offering advantages
such as emission reduction, better air quality, and enhanced public health. Recent research
underscores the importance of creating appealing and safe pedestrian environments to encourage
walking. These efforts align with the United Nations' Agenda 2030 sustainability goals, particularly
Objective 11, which aims to build inclusive, safe, and sustainable cities and communities. This paper
explores the factors influencing pedestrians' willingness to walk and categorizes them into four
main groups: Physical Characteristics, Comfort, Safety, and Attractiveness. Significantly, the study
reveals that the importance of these factors varies based on demographics, mainly the age of the
users. Understanding these factors and their relative significance for pedestrian satisfaction is
crucial for shaping effective policies and urban planning strategies aimed at promoting sustainable
mobility. By prioritizing pedestrian satisfaction and addressing the specific needs and preferences
of diverse groups, cities can create more walkable and environmentally friendly urban
environments. These findings offer valuable insights for policymakers and urban planners working
toward EU climate-neutral objectives and enhancing the well-being of citizens.

Keywords: walking environment; user satisfaction; sustainable urban mobility; urban
sustainability; pedestrian infrastructure; road safety and walking

1. Introduction

The EU is committed to becoming climate-neutral by 2050. To achieve this, the transport sector
must undergo a transformation that will require a 90% reduction in greenhouse gas emissions,
ensuring modes of transport alternatives that reflect the principles of sustainable mobility. In the EU,
transport emissions now account for around 25% of the EU's total greenhouse gas emissions and have
increased in recent years. The goal of being the first climate-neutral continent by 2050 requires
ambitious changes in the transport sector. In this context, urban mobility plays a fundamental role.

To date, 70% of European Union citizens live in cities where 23% of all greenhouse gas emissions
from transport are generated. To reduce these emissions - by at least 55% by 2030 and 90% by 2050 -
the EU is incentivizing policies to encourage national governments to develop safe, accessible,
inclusive, affordable, smart, resilient and above all with zero emissions urban transport systems.

In cities, the main challenge is to create conditions that can allow the development of synergies
between road safety measures and sustainability. To this end, all policies should aim to discourage
the use of cars in the city, and to create safer infrastructure for vulnerable users (pedestrians and
cyclists). Reducing the number of cars will reduce CO2 emissions, improve air quality, ease traffic
congestion and help make the population more active and healthier. Even more ambitious goals can
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be achieved by identifying interventions to allow safe and economic access to mobility for all
members of society, in particular for the disabled and for the growing percentage of elderly people.

The challenges that road networks in urban areas are called to face are also contemplated in the
sustainability objectives and the related targets identified by the ONU Agenda 2030. In particular,
Objective 11 of the Agenda (Sustainable cities and communities) aims to making cities and human
settlements inclusive, safe, long-lasting and sustainable. This objective provides for the guarantee of
access for all users to safe and inclusive green surfaces and public spaces, especially for women and
children, the elderly and people with disabilities.

Following the objectives set by the EU, in many European countries the transport policies are
aimed at providing more space for active mobility (pedestrian and cyclist) reflecting a different
conception for transport and urban policies, more sustainable, therefore focused on health,
inclusiveness, equity and livability [1]

An essential element of sustainable urban mobility planning is active mode of transport,
including walking. Therefore, in light of the increase in urban sustainability, walking must be
recognized as an important mode of urban transport [2]. It has been known for some time that in
order to achieve more sustainable urban mobility, intervention strategies must aim at discouraging
the use of private cars and encouraging active modes and the use of public transport. In light of the
increase in urban sustainability, walking must be recognized as an important mode of urban
transport.

Previous studies have shown that interventions that improve pedestrian infrastructure are
needed to encourage walking [3] and that the built environment is crucial in encouraging or deterring
walking [4]. People often do not walk the shortest path when walking, but they prefer more attractive
routes, even if longer, regardless of the trip purpose, length, and time of day [5]. [6] proposed
sustainability-oriented, eco-design urban street design criteria. This study introduces “complete
streets” design criteria through the addition of design criteria related to the aesthetics, environment,
livability, and safety. The sustainable complete streets criteria should always be included during the
planning, design, and operation of roadways by Administrations, managers and designers, when
designing for new streets or redeveloped streets.

The literature review indicates that factors influencing walking could be divided into two
sectors: socio-economic factors, depending on the users’ individual features (i.e. age, sex, means of
transport mainly used, etc.) and the characteristics of pedestrian paths. [7] shows that age of the users
plays a fundamental role in defining aspects that are intended to encourage and improve
neighborhood walkability. However, different results were found with regard to sex. The number of
walking stops is greater for men in some contexts [8] while the opposite is true in other contexts [9,10].
From [11] it appears that urban environments influence the experience of walking. In particular,
socially active urban squares and pedestrian streets are highly stimulating, as well as narrower
streets, as more details are closer to the eyes.

Areas with high residential densities are usually characterized by more pedestrian activity [12].
They usually attract services and retail, which helps to reduce the walking distances to these
destinations.

Population growth, especially in large cities, has led to an increase in the ownership and use of
cars with consequent negative social and environmental impacts. To remedy these problems,
transport policies today aim to encourage green mobility. The main objective of sustainable mobility
strategies is to reduce the number and duration of motorized vehicle travelers. The fundamental
aspects to encourage green mobility are: more space for people, safer roads, and time [13,14].

Users' judgment of the road environment plays an important role in their willingness to walk
[15,16]. Pedestrian perceptions have great value in the planning process of the street environment.
Some studies have shown that user judgment is a subjective parameter, it varies as a function of
parameters such as individual preferences, cultural values and climate [17]. In order to identify and
create a desirable walking environment, the pedestrians are the most appropriate group to assess
their attitude towards the streets [18].
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One successful approach to increasing the number of walking trips in an urban area is to increase
overall user satisfaction with pedestrian infrastructure. The relationship between the quality of the
street environment and pedestrian satisfaction is widely recognized as a determining factor in the
success of sustainable mobility policies [19].

Therefore, local governments need to focus their economic resources on measures that increase
pedestrian satisfaction in order to strengthen the relationship between satisfaction and willingness to
walk. In order to define effective measures to improve user satisfaction, it is necessary to make a
proper assessment of the importance that users attach to the factors that make up the street
environment

This study is based on the conviction that knowledge of the dynamics of transport demand and
defining a strategic intervention plan based on users' judgments are of paramount importance for
national and local mobility policies aimed at curbing pollutant emissions, saving energy and
improving the distribution of transport modes (to the benefit of a more sustainable socioeconomic
and environmental level). Therefore, the objective of this article is to identify the attributes of the road
system that have a major influence on pedestrians' judgment of road environment. It is considered
that different categories of pedestrians could make different judgments.

The questions this study aims to answer are: Which of the scientifically accepted factors that
influence willingness to walk are considered most important by citizens? Which of these factors
actually influence pedestrian satisfaction? Are user judgments influenced by user characteristics?
Answering these questions is critical before establishing policies for sustainable mobility, especially
in locations that are not very walkable, as in the case study of this research.

2. Materials and Methods

This study is based on the hypothesis that the user's willingness to walk is directly related to
satisfaction with the street environment, since the greater the satisfaction, the greater the probability
that the user will make his trips on foot within that street environment. This hypothesis has recently
been explored in the field of transport, in particular to evaluate users' willingness to use public
transport [20,21] or bike sharing services [19].

The researches highlight that satisfaction is comparing level of expectation and perceived
performance. Traditionally, satisfaction is estimated, through Importance Performance Analysis
(IPA), as the product of two components: Importance of the products or services offered by and
performance of organizations in providing these services [22].

Therefore, to define intervention priorities in order to increase the performance offered by the
road environment, it is essential to identify the importance that users attribute to each aspect of this
environment. For this reason, this study classifies the factors that can influence users' choice to walk
according to their importance. The method used in this study to make this comparison is the
Importance Grid (IG) based on the three-factor theory of customer satisfaction [23]. This evaluation
is based on the comparison between the importance declared by the respondents and that indirectly
measured. Recent studies show that using direct and indirect measures of the same value together
leads to more accurate interpretations of the value itself [24]. This approach has recently been used
in the field of transportation [19,25-27], but never to classify typical pedestrian infrastructure factors.

Many studies have shown that users' choices of transport modes are linked to their demographic
characteristics [28,29]. For this reason, the analysis carried out in this study was initially carried out
for the entire sample of respondents and then for the different categories of users.

2.1. Importance Grid Analysis

The importance grid analysis was developed to categorize service attributes according to
customer needs. IG comes from a different interpretation of Importance Performance Analysis (IPA)
based on the principle that the relationship between performance and importance is causal, i.e., any
change in performance is accompanied by a change in importance. Consequently, the applicability of
the original IPA must be questioned because importance changes when the performance of an
attribute improves [30].
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In scientific research, this analysis technique was introduced by [31], who identified factors of
customer satisfaction by indicating the explicit importance and implicit weights of derived attributes
in a two-dimensional importance grid. In particular, [31] proposes that by combining explicitly and
implicitly derived attribute importance weights in a two dimensioned importance grid three
satisfaction factors can be identified (Figure 1).
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Figure 1. The Importance Grid.

Generally, the explicit importance value is obtained by asking each interviewee to evaluate the
importance of a particular element on the basis of a Likert scale and defining the average value among
all respondents, while the implicit importance consists in obtaining the importance value for each
item as multiple regression, structural equation modeling, or partial correlation. In this study, since
the explicit importance scores were obtained using a Likert scale, it was considered appropriate to
use an optimal scaling regression to evaluate the implicit importance scores. Namely, the optimal
scaling regression performs a quantification of a qualitative variable expressed on an ordinal scale.
In the quantification process, an optimal procedure associates the categories of the variable with
values that have numerical properties and thus can be subjected to quantitative statistical techniques.
In particular, in the case of ordinal variables, the original order of the categories is maintained even
after quantification. There are many statistical techniques that can be considered as optimal scaling.
In this study, we chose the CATREG technique (categorical regression with optimal scaling using
alternating least squares). In the CATREG approach, each value of a variable can be considered as a
category, the categories being labels for nominal variables, rank numbers for ordinal variables, and
values for continuous variables. This technique quantifies categorical variables, including the
response variable, simultaneously optimizing the multiple regression coefficient.

Furthermore, in order to insert the values within the GI, the average declared importance scores
were normalized, so as to always have values between 0 and 1. The mean or median of the weights
of both importances is used to identify the 4 quadrants into which the IG is divided.

In this study, the three-factor theory of [31] has been readapted in order to define the factors that
most influence the choice of road users to walk. As quality of service attributes fall into three
categories, as defined by [31], factors influencing road users' willingness to walk can also be ranked
in the same way using the importance grid. In particular, they are:

1. Basic factors: these are minimum requirements that cause dissatisfaction if not fulfilled but do
not lead to user satisfaction if fulfilled or exceeded. That is, those factors that the user expects to
find, and not finding them would generate dissatisfaction. The user regards the basic factors as
prerequisites, he takes them for granted and therefore does not explicitly demand them.
Therefore, these factors must always be provided.
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2. Performance factors: these factors lead to satisfaction if fulfilled or exceeded and lead to
dissatisfaction if not fulfilled. Performance factors are characterized by a linear relationship
between their presence and the user's willingness to walk. Therefore, the higher the performance
of these factors on the road environment, the greater the user's willingness to walk. They are
divided into important factors and irrelevant factors according to their position in the
Importance grid. Governments must focus their resources on increasing these factors, especially
the important ones.

3. Excitement factors: these are the factors that increase user's willingness to walk if present but do
not reduce user's willingness if they are not present. The excitement factors are those that the
user does not expect and, when they are provided, give rise to a lot of appreciation (the
relationship between fulfillment and satisfaction, in this case, is exponential). Therefore, the
Governments must focus on the performance of these factors only after having guaranteed those
of the performance factors.

2.2. Data collection

Both the direct and indirect measurement of the importance that users attribute to certain aspects
of the street environment on their willingness to walk is based on responses to a specially designed
questionnaire. A questionnaire was specially designed after a careful review of the literature. A total
of 25 attributes were identified to evaluate their influence on users” willingness to walk (Table 1).
According to the hierarchy of walking needs proposed by previous studied [32,33], in this paper, the
walkability attributes were classified into four principal factors relating to pedestrian path: physical
characteristics, comfort, safety and attractiveness.

Table 1. Summary of the aspects that can influence pedestrian mobility included in the questionnaire
and studies investigating them.

Item Reference Literature
Pedestrian infrastructure items relating to the Physical Characteristics
PC)
PC1 Continuity of the sidewalk [34]
PC2 Sidewalk width [35]
PC3 Good condition of the sidewalk surface [36]
PC4 Reduced slope of the path [35,37]
PC5 Absence of driveways [35,37]
Pedestrian infrastructure items relating to the Comfort (C)
C1 Absence of fixed obstacles (trees, poles, etc.) [38,39]
o Absence of obstacles or obstructions (parked vehicles, merchandise from [38,40]
shops, etc.)
C3 Cleaning of the pedestrian path [35]
C4 Presence of protection from atmospheric agents (trees, porches, etc.) [35,41]
C5 Presence of benches or seats [37,42]
C6 Ease of getting to a public transport stop [43]
C7 Good artificial lighting system of the path [37,40]
Pedestrian infrastructure items relating to the Safety (S)
S1 Not excessive width of the carriageway [44]
S2 Low flows of vehicular traffic [40,45]
S3 Presence of speed limits for vehicular flows [45]
S4 Presence of traffic calming measures on the carriageway [46]
S5 Presence of a parking lane adjacent to the pedestrian path [36,44]
S6 Absence of large parking areas [47]
S7 Ease of crossing at intersections [48]

S8 Ease of crossing out of intersections [48,49]



https://doi.org/10.20944/preprints202310.1886.v1

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 30 October 2023

Pedestrian infrastructure items relating to Attractiveness (A)

Al Presence of commercial activities (bars, shops, etc.) [50,51]
A2 High artistic / landscape value of the streetscape [50,52]
A3 Presence of other pedestrians [40,53]
A4 High perception of security [54,55]

The questionnaire was structured on Google Forms and consisted of a set of multiple-choice
questions divided into two sections. The first aimed at collecting personal information, such as
gender, age, employment, means of transport mainly used and number of inhabitants of the place of
residence (5 questions). The second part asked to evaluate the attributes presented in Table 1 (24
questions) For the questions of the second part to the participants were asked to rank the influence
of each attribute on their willingness to walk by using a five-point Likert scale, ranging from 1 (high
unwillingness) to 5 (high willingness).

3. Results

3.1. Sample Description

The online questionnaire has been posted on the DICAr website (the site of the Civil Engineering
and Architecture Department of the University of Catania) and it was advertised through social
media. All responses to the questionnaire were anonymous.

A sample of 562 respondents to the online questionnaire was obtained. In Table 2 the main
sample’s socio-demographic characteristics are reported. Respondents are divided almost equally
between males and females, with a very slight prevalence of males (51,25%) and most of them are
between 21 and 35 years old (41,99%). Only a small part of the respondents (27,76) lives in a big city
(population greater than 50,000).

Table 2. Sample socio-demographic characteristics.

Variable Items Total %
Gender 0: Male 288 51.25
1: Female 274 48.75
0: <20 years 126 22.42
1: 21-35 years 236 41.99

Age

2: 36-65 years 112 19.93
3: >65 years 88 15.66
Place of Residence 0: Less than 20,000 200 35.59
(Number of inhabitants) 1: Between 20,000 and 50,000 206 36.65
2: Greater than 50,000 156 27.76

3.2. Analysis

To determine the statistical significance of the sample, the data set from the online questionnaire
was subjected to a factorial ANOVA test. Table 3 shows the results of the analysis of variance for the
total sample of respondents and for the subgroups in terms of categories of respondents (male/female
and age groups). In all ANOVA tests, the dependent variable is consistently the respondents'
willingness to walk, while the independent variables are the factors that the respondents were asked
to evaluate.

doi:10.20944/preprints202310.1886.v1
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Table 3. ANOVA Test.

Mean Square F p-value
Total 8.333 67.316 0.000
Men 4.548 31.517 0.000
Women 4.313 38.890 0.000
Agel 1.732 8.735 <0.001
Agel 3.957 49.169 0.000
Age2 1.694 8.316 <0.001
Age3 1.977 6.412 <0.001

The results of the ANOVA tests show that all samples are statistically significant (p <0.005), i.e.,
consist of independent observations. This allows to continue the study by performing the analysis for
the total sample as well as for all considered categories of respondents.

The first step in analyzing the data derived from the questionnaire was to evaluate the average
values of explicit importance for each factor, considering first the total sample of respondents and
then the individual categories of respondents. The average importance values obtained in this way
are shown in Tab.4.

Table 4. Average values of explicit importance.

Total Men Women Agel Agel Age2 Age3
PC1 0.701 0.689 0.714 0.659 0.682 0.732 0.773
PC2 0.722 0.712 0.734 0.675 0.686 0.750 0.852
PC3 0.744 0.722 0.766 0.722 0.697 0.790 0.841
PC4 0.513 0.503 0.524 0.464 0.485 0.612 0.534
PC5 0.568 0.578 0.557 0.552 0.551 0.576 0.625
C1 0.680 0.665 0.695 0.631 0.669 0.728 0.716
C2 0.676 0.681 0.672 0.623 0.661 0.674 0.795
C3 0.748 0.726 0.772 0.683 0.739 0.772 0.835
C4 0.754 0.760 0.748 0.734 0.767 0.737 0.773
C5 0.688 0.672 0.704 0.651 0.686 0.710 0.716
Cé 0.739 0.708 0.772 0.675 0.750 0.799 0.727
C7 0.839 0.816 0.863 0.798 0.850 0.853 0.852
S1 0.548 0.536 0.560 0.524 0.536 0.594 0.557
S2 0.736 0.724 0.748 0.710 0.712 0.786 0.773
S3 0.682 0.667 0.699 0.647 0.665 0.723 0.727
S4 0.609 0.613 0.606 0.611 0.595 0.656 0.585
S5 0.593 0.590 0.597 0.583 0.581 0.616 0.614
S6 0.593 0.580 0.606 0.567 0.591 0.620 0.602
S7 0.765 0.745 0.786 0.738 0.748 0.826 0.773
S8 0.731 0.710 0.754 0.714 0.737 0.759 0.705
Al 0.712 0.667 0.759 0.659 0.710 0.746 0.750
A2 0.812 0.790 0.836 0.786 0.824 0.839 0.784
A3 0.681 0.658 0.704 0.635 0.686 0.746 0.648
A4 0.794 0.757 0.832 0.726 0.805 0.817 0.830
Mean 0.693 0.678 0.709 0.657 0.684 0.727 0.724

As described in Section 2.1, the implicit importance was calculated using CATREG-type optimal
scaling regression. In particular, zero-order correlations were considered, i.e., those between the
transformed independent variables and the transformed dependent variable. The implicit
importance values obtained in this way are listed in Table 5.


https://doi.org/10.20944/preprints202310.1886.v1

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 30 October 2023 doi:10.20944/preprints202310.1886.v1

Table 5. Values of implicit importance.

Total Men Women Age0 Agel Age2 Age3
PC1 0.668 0.638 0.721 0.596 0.654 0.494 0.853
PC2 0.518 0.649 0.762 0.314 0.657 0.571 0.901
PC3 0.533 0.489 0.558 0.749 0.413 0.643 0.868
PC4 0.053 0.02 0 0.01 0.02 0.435 0.049
PC5 0.389 0.479 0.303 0.283 0.15 0.325 0.707
C1 0.627 0.378 0.668 0.42 0.649 0.571 0.701
C2 0.405 0.422 0.548 0.391 0.562 0.546 0.833
C3 0.752 0.719 0.787 0.416 0.771 0.626 0.780
C4 0.823 0.806 0.841 0.771 0.854 0.76 0.822
C5 0.405 0.363 0.444 0.48 0.38 0.703 0.782
Ceé 0.818 0.782 0.854 0.731 0.845 0.627 0.714
Cc7 0.907 0.889 0.926 0.832 0.677 0.917 0.881
S1 0.214 0.141 0.247 0.042 0.13 0.327 0.253
S2 0.784 0.756 0.814 0.771 0.73 0.582 0.719
S3 0.72 0.707 0.734 0.442 0.344 0.728 0.828
S4 0.435 042 0.474 0.282 0.285 0.589 0.360
S5 0.445 0.439 0.455 0.305 0.302 0.511 0.517
S6 0.437 0.336 0.459 0.178 0.44 0.509 0.469
S7 0.824 0.796 0.852 0.794 0.81 0.896 0.797
S8 0.455 0.409 0.847 0.729 0.844 0.534 0.425
Al 0.731 0.36 0.818 0.669 0.7 0.589 0.810
A2 0.873 0.847 0.705 0.831 0.891 0.873 0.858
A3 0.393 0.363 0.718 0.597 0.671 0.818 0.530
A4 0.65 0.725 0.82 0.617 0.653 0.801 0.842
Mean 0.577 0.539 0.640 0.510 0.560 0.624 0.679

3.3. Factors classification based on IG

Once the explicit importance and implicit importance values are known, it is possible to classify
the factors that may influence users' decision to walk, identified in Table 1, using Importance Grids
(IG), according to the theory of three factors. The average values of the two importance factors were
used to classify the 4 quadrants of the Importance Grid. The following figures show the Importance
Grids for each user category considered.

Figure 2 shows that about 80% of the factors considered fell into the quadrants representing the
performance factors, with the important performance factors minimally outweighing the
unimportant factors. Among the performance factors, good artificial lighting system of the path (C7)
and the high artistic / landscape value of the streetscape (A2) were the most important for the entire
sample. On the other hand, the least relevant aspect is the reduced slope of the path (PC4). Only 3
aspects are classified as basic factors and 2 are excitement factors.
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The distribution of points on IG reflects a pronounced linear relationship between the explicit
importance and implicit importance scores for all factors. This means that there are no points near
the vertices top left (Excitement Factors) and bottom right (Basic Factors). Therefore, no factor was
perceived as particularly exciting and none was highly expected by users (Basic factors).

Even for the items that characterize the user category "gender", the majority of factors (83%) fall
into the quadrants that represent the “Performance Factors” (Figure 3). Moreover, similar to IG for
the whole sample, there are linear relationships between the explicit and implicit importance scores
for all factors in both graphs. In addition, the absence of points near the outer corners of the quadrants
is noted in both the lower right and upper left.
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Figure 3. Importance Grids for respondent’s gender.
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Figure 4 shows the Importance Grids (IG) for the four items in the "age" category. Respondents
in age group 3 (> 65 years) indicate the highest number of important performance factors and no basic
factors. In addition, the unimportant performance factors for this user category do not follow the
typical linear trend. In other words, this suggests that these users lack a true awareness of the factors
that fall in the lower left quadrant.
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Figure 4. Importance Grids for respondent’s age.

4. Discussion

The following subsections discuss the classifications within the three factors identified as
influential on users' willingness to walk, divided into the four main categories (Physical
Characteristics, Comfort, Safety, and Attractiveness) into which they were categorized.

4.1. Physical Characteristics

From the entirety of the respondents, it appears that the adequate width of the sidewalk and the
good condition of the sidewalk surface are considered as “Basic Factors”. These factors are those that
pedestrians expect to encounter on their routes and therefore do not significantly increase their
willingness to walk. The only factor from the physical characteristics of the sidewalk" category that
has an impact on users' willingness to walk is the continuity of the sidewalk, although it is relatively
close to the average importance scores and has no particular influence. None of the factors in this
category are considered "Excitement factors”, i.e., factors that users do not expect and that, when
present, significantly increase their satisfaction with walking.

When comparing the gender-specific diagrams (Figure 3), it is noticeable that there is no
difference in the judgments of men and women about the physical characteristics of the sidewalk.
The lack of a consistent gender difference in participation in walking for transportation was
previously demonstrated in [56]. However, when analyzing the subgroups of the sample based on
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gender, the only difference compared to the analysis of the entire sample relates to the rating of PC2
(adequate sidewalk width), which serves as a positive influencing factor for both men and women.

Figure 4 shows that the four respondent groups, differentiated by age, assign different
importance to the elements of the Physical Characteristics of the path category. Consistent with [57],
all respondents agree that the longitudinal slope of the path is insignificant. Nevertheless, the first
three age groups (in ascending order of age) also consider PC5, the absence of driveways, to be
unimportant. For the older respondents, however, this factor is a source of excitement. This result is
consistent with the findings of a study by [58], which reported that older pedestrians are more
affected by accidents at driveways. Furthermore, older pedestrians represent the user category for
whom elements related to the physical characteristics of pedestrian paths have the greatest influence
on their willingness to walk.

4.2. Comfort

Of the factors in this category, four out of seven are considered significantly influential on their
willingness to walk by all subgroups of respondents. In addition, for the total sample and the
subgroups represented by women, elderly, and young people aged 21 to 35, C1 (absence of obstacles
on the pedestrian path) is ranked as an excitement factor.

It is noteworthy that older pedestrians do not rank any of the comfort factors as unimportant to
performance and do not consider any as a fundamental factor. For this user category, five of the
comfort factors are considered important to performance and two serve as excitement factors. This
indicates that this user category has the highest needs in terms of pedestrian mobility. This result is
consistent with numerous studies in the literature. [57] concludes that a senior-friendly city should
be characterized primarily by obstacle-free sidewalks with flat, non-slip surfaces, sufficient width,
and well-maintained public benches at regular intervals. While the presence of obstacles or
obstructions on the pedestrian path is considered irrelevant for younger respondents, as they usually
have better physical abilities than older people and can overcome obstacles more easily.

4.3. Safety

Regarding the factors that belong to the Safety category, we note that half of the factors in this
category (51, 54, S5, S6) are considered unimportant by both the total sample and both gender groups
(Figures 2 and 3). Factors that positively influence willingness to walk include ease of crossing at
intersections (S7) and low flows of vehicular traffic (52). Women also consider the convenience of
crossing out of intersections (S8) to be an influential factor. The statement by respondents in this
survey that safety issues have little influence on their willingness to walk seems to contradict
numerous studies that cite pedestrian safety as one of the most important factors for walkability [59].
This can be explained in line with a study by [60], which assumes that the road environment in which
pedestrians experience walking influences their judgments. In the city where this survey was
conducted, the frequency of walking in daily life is low, the road safety culture is poor, and attitudes
that protect or prioritize pedestrians are lacking.

The presence of speed limits for vehicular traffic (53) is considered to be a factor that would
increase the willingness to walk unconsciously, both for the total sample and separately for men and
women. However, this result is not obtained when the age group analyses are considered
individually; only respondents between the ages of 50 and 65 rank S3 as an Excitement Factor (EF).

When looking at the results for age-based subgroups, it is noticeable that there are five factors
that are rated as irrelevant. For younger respondents, S3 is actually considered an unimportant factor.
The presence of speed limits on the roadway adjacent to the pedestrian path is only consciously
viewed as a positive factor influencing willingness to walk by older respondents. Due to their
increased susceptibility to road accidents, older people attribute greater importance and awareness
to such safety measures. In contrast, younger road users (first and second age groups) do not attach
much importance to the presence of legally imposed speed limits on vehicular traffic when they
decide to walk. This observation is significant because it may reflect greater confidence in their ability
to safely cross streets with fast-moving traffic.
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4.4, Attractiveness

The attractiveness of pedestrian paths has a positive influence on respondents’ willingness to
walk for almost all factors. For women and younger people, the presence of other pedestrians (A3) is
a subconscious factor that positively influences their willingness. However, for men and older people,
this factor is considered unimportant. These results can be justified by the fact that women and
younger people associate the presence of other pedestrians with a higher level of safety around
walking.

High perception of security is considered a relevant performance factor by all subgroups in the
sample, which is consistent with many studies in the literature showing that this factor is more
important for women [61,62].

In contrast, older people indicate that the presence of other pedestrians does not influence their
decision to walk, while they consider all other factors related to the attractiveness of the path to be
relevant [7,63]. This may be due to several factors. First, older people may have different priorities
and considerations when it comes to walking. They may place more importance on factors such as
the quality of the path, its maintenance, and amenities such as seating and shade, which directly affect
their comfort and overall walking experience. Second, older people may have more experience and
confidence in navigating pedestrian environments, which could lead them to pay less attention to the
presence of other pedestrians. They may rely on their own judgment and confidence when it comes
to managing potential safety risks because they have developed increased awareness and personal
safety practices over the years. In addition, older people may have a more structured and predictable
daily routine, which means they are less influenced by the variable factor of encountering other
pedestrians along the way. They may have set times for their walks or specific routes they prefer,
which may reduce the importance of the presence of others in their decision-making process.

5. Conclusions

This study is based on the three-factor theory of user satisfaction that contradicts the traditional
view that the relative factors importance is adequately represented as a point estimate. Instead, it
must be evaluated based on user satisfaction.

This theory defines an importance hierarchy: basic factors have to be identified and fulfilled;
they are of utmost relevance if delivered at an unsatisfactory level but do not effect satisfaction if
their performance is high. The opposite is true for excitement factors. Performance factors both
influence satisfaction and dissatisfaction depending on their performance level.

To answer the research questions posed in this study, an online survey was conducted, and the
data collected was processed and presented in an Importance Grid. The main findings of this study
are as follows:

» In the realm of Physical Characteristics, factors such as sidewalk width and surface condition
are considered "Basic Factors." They are expected and don't significantly boost willingness to
walk. However, sidewalk continuity, though not a dominant influence, does affect willingness.
Gender-based differences in judgments are notably absent in this regard.

>  Comfort factors, on the other hand, assume significance. Among them, the absence of obstacles
on pedestrian paths stands out as an excitement factor. This is especially pronounced among
older pedestrians, highlighting their higher mobility needs.

> When it comes to Safety, it's intriguing to note that half of the factors in this category are
perceived as factors of irrelevant importance by both the total sample and gender-based
subgroups. Yet, ease of intersection crossing and low vehicular traffic flow are positively linked
to willingness to walk. The significance of pedestrian safety varies, influenced by the walking
culture and road safety attitudes prevalent in the survey location.

»>  The Attractiveness of pedestrian paths, in general, amplifies willingness to walk. For women
and younger individuals, the presence of other pedestrians contributes positively, as it's
associated with heightened security. Contrarily, this factor is deemed unimportant by men and
older pedestrians, who emphasize the relevance of other attractiveness factors.
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In sum, this study aligns with the three-factor theory of user satisfaction, emphasizing the need
to intervene on the factors that users consider to be of greatest importance to enhance the walking
experience. In particular, the following implications emerge that the urban network manager must
implement: verify that all the basic factors are satisfied, intervene on the relevant performance factors
and satisfy the excitation factors if he still has resources available. The insights are invaluable for
urban planning and pedestrian infrastructure development, especially to cater to the diverse needs
and expectations of pedestrians across different age groups and genders in order to encourage
walking.
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