
 

-1 - 

 

Assessment of LOS at pedestrian streets and qualitative 
factors. A pedestrians’ perception approach 

 
 

O. Lazou1, A. Sakellariou1, S. Basbas1, E. Paschalidis1, I. Politis2 
 

1Department of Rural and Surveying Engineering  
Aristotle University of Thessaloniki, Greece 

E-mail: smpasmpa@auth.gr  
 

2Department of Civil Engineering  
Aristotle University of Thessaloniki, Greece 

E-mail: pol@civil.auth.gr   
 
 

Abstract 
 
The focus of this paper concerns the level of service (LOS) of walking facilities, as perceived by pedestrians. 
This investigation is based on the hypothesis that pedestrians also consider elements of trip quality, apart from 
components relevant to the traditional approach of LOS calculation (e.g. path width, pedestrian flow etc.), for 
their evaluation. This study examines the perceived LOS of two connected pedestrian streets at the Municipality 
of Kalamaria, a suburban area located at the city of Thessaloniki, Greece. The perceived LOS was estimated 
through a questionnaire survey, by taking into consideration the following qualitative factors: attractiveness of 
land use in the wider area, perceived comfort, safety and security, public transport service, parking service, 
traffic flows and delays, disabled people’s facilitation, pedestrians’ and bicycles’ service. The initial analysis 
indicated that all of these factors are related with the perceived LOS to some extent. Moreover, an ordinal 
regression model was developed, for the LOS estimation. The model results identified as the most important 
factors the gender of pedestrians, the age, the frequency of walking, the comfort, the traffic flows and delays as 
well as the disabled people’s facilitation. 
 
Keywords: Level of service (LOS), pedestrian street, pedestrian perception, qualitative factors, ordinal 
regression model 

 
 

Περίληψη 
 
Η παρούσα εργασία επικεντρώνεται στο αντιληπτό, από τους χρήστες, επίπεδο εξυπηρέτησης υποδομών για 
πεζούς. Η διερεύνηση βασίζεται στην υπόθεση ότι οι πεζοί αξιολογούν και ποιοτικά την εκάστοτε υποδομή, 
εκτός από τα στοιχεία που συσχετίζονται με την παραδοσιακό υπολογισμό του επιπέδου εξυπηρέτησης (π.χ. 
πλάτος, ροή πεζών). Η παρούσα εργασία διερευνά το αντιληπτό επίπεδο εξυπηρέτησης ενός συστήματος 
πεζοδρόμων στην Καλαμαριά Θεσσαλονίκης. Το επίπεδο εξυπηρέτησης εξετάστηκε, μέσω έρευνας 
ερωτηματολογίου, ως προς τους ακόλουθους αντιληπτούς ποιοτικούς παράγοντες: ελκυστικότητα των χρήσεων 
γης της ευρύτερης περιοχής, άνεση, ασφάλεια (οδική και προσωπική), αστικές συγκοινωνίες, στάθμευση, 
κυκλοφορία οχημάτων και καθυστερήσεις, εξυπηρέτηση σε Α.με.Α., πεζούς και ποδήλατα. Η αρχική ανάλυση 
έδειξε ότι όλοι οι παραπάνω παράγοντες συσχετίζονται σε κάποιο βαθμό με το αντιληπτό επίπεδο 
εξυπηρέτησης. Επιπλέον, αναπτύχθηκε ένα μοντέλο τακτικής παλινδρόμησης, για τον προσδιορισμό του 
επιπέδου εξυπηρέτησης. Τα αποτελέσματα υποδεικνύουν ως σημαντικούς παράγοντες το φύλο των πεζών, την 
ηλικία, τη συχνότητα πεζής μετακίνησης στην περιοχή, την άνεση, την κυκλοφορία οχημάτων και τις 
αντίστοιχες καθυστερήσεις και τέλος τη διευκόλυνση στα Α.με.Α. 
 
Λέξεις κλειδιά:	Επίπεδο εξυπηρέτησης, υποδομές πεζών, πεζόδρομος, αντίληψη πεζών, ποιοτικοί παράγοντες, 
μοντέλο τακτικής παλινδρόμησης 
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1. Introduction 

Walking is considered as one of the most influential modes of transport, for the promotion of 
urban sustainability. As noted by the European Parliamentary Research Service (2014), 
walking, cycling and public transport, constitute some considerable mobility patterns for the 
improvement of urban sustainability and reduction of the undesirable consequences of 
congestion and increased car use to society, economy and the environment. Towards the same 
direction, the European Commission suggested that local authorities of the Member States 
should implement Sustainable Urban Mobility Plans (SUMPs). SUMPs focus on a more 
humanistic transport planning approach, contrary to the traditional approach, by setting as 
primary objectives quality of life, health, sustainability, environmental quality and shift 
towards sustainable modes of transport. Walking is also related to health improvement 
(WHO, 2014). According to the World Health Organization, physical inactivity results in 
negative impacts to health, while active transport (e.g. walking, cycling) is identified as a 
“win-win” mobility approach for both individual health and environment. Moreover, it was 
found that the potential replacement of short motorized trips with walking would result in 
significant positive impacts to population’s health, especially to those who do not approach 
the recommended physical activity standards (Olabarria et al., 2012). With reference to the 
same authors, the implementation of active transport policies can culminate in significant 
economical profits. Taking all these parameters into consideration, walking represents a 
fundamental element of urban sustainability and thus considerable attention should be paid on 
the design and improvement of walking facilities. 

The assessment of pedestrian facilities is based on the concept of Level-of-Service (LOS) 
methodology (Highway Capacity Manual, 2010). There are several studies in literature 
relevant to the calculation of LOS. The vast majority of these methodologies focus on the on-
road sidewalks rather than the off-road pedestrian facilities. In most cases the LOS is 
calculated considering quantitative attributes. The Highway Capacity Manual 2010 suggests a 
methodology for the LOS calculation of off-road facilities involving the effective walkway 
width, the pedestrian flow rate and the pedestrian density. Additionally, within the context of 
TRB’s National Cooperative Highway Research Program, the Multimodal Level of Service 
Analysis for Urban Streets was developed (2008). In this analysis, the LOS of on-street 
pedestrian facilities is determined considering a set of features including the sidewalk width, 
pedestrian flows, traffic flow, on street parking and other quantitative coefficients. Similarly 
to the aforementioned methodologies, a number of LOS calculation approaches of pedestrian 
facilities can be found (Tanaboriboon and Guyano, 1989; Landis et al., 2001; Christopoulou 
and Pitsiava-Latinopoulou, 2012; Sahani and Bhuyan, 2013; Asadi-Shekari et al., 2013). 
Additionally, Muraleetharan et al. (2004) developed an “overall” LOS model combining the 
LOS as calculated according to the HCM 2000 with the LOS as perceived by pedestrians. A 
contiguous effort was also accomplished by Choi et al. (2013). Apart from the previous, 
methods, Jaskiewicz (2000) suggested an alternative approach for the LOS calculation, 
involving qualitative factors together with physical components. He introduced nine specific 
evaluation measures, namely, enclosure/definition, complexity of path network, building 
articulation, complexity of spaces, transparency, buffer, shade trees, overhangs/awnings/ 
varied roof lines, and physical components/condition. His outcomes indicated that issues as 
comfort and safety should also be considered along with quantitative coefficients. 

As stated above, the determination of LOS can also involve qualitative factors apart from 
quantitative ones. Within this context, a series of studies have been conducted in order to 
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investigate the LOS as perceived by pedestrians. Those studies aim to achieve an overall view 
regarding the LOS, based directly on the perspective of the immediate users of walking 
facilities. With reference to Mori and Tsukaguchi (1986), the wider sidewalks with few 
obstructions and high green ratio are considered as better. One intriguing outcome regarding 
this study is related to the insignificance of pedestrian flow concerning the overall assessment 
of facilities. As mentioned by the authors, this conclusion may reveal a minor effect of 
sidewalks’ congestion to the overall evaluation of them. On the other hand, Hidayat et al. 
(2010) found that pedestrian traffic is the most considerable factor regarding the LOS 
perception. In the same way, according to Tan et al. (2007) pedestrian flow influences 
negatively the overall satisfaction of pedestrians. According to their study, perceived LOS is 
also reduced by vehicular traffic adjacent to pedestrian facilities and bicycle traffic on them. 
Additionally, path width and obstacles occurrence are also influential for the facilities’ 
evaluation. This specific study also indicates a connection of LOS evaluation with 
pedestrians’ gender and age. Similarly to those outcomes, Muraleetharan et al. (2003) also 
identified pedestrian flow rate as the most considerable factor for the evaluation of sidewalks. 
Moreover, their study revealed three more factors, namely, width and separation from 
vehicular traffic, bicycle events and obstructions as influential. These three coefficients are 
found as considerable by Jensen (2008) as well. Width and bicycle events occurrence are also 
noted by Kang et al. (2013) as significant factors for the LOS assessment. An effort to 
determine the walkability of pedestrian facilities in Asian cities, was performed by Leather et 
al. (2011) who found that pedestrians prefer wider and clear footpaths. Walkibility conditions 
in two Greek cities were also assessed by Tsakalidis et al (2014). 

In other studies, the LOS determination is accomplished via a number of qualitative factors, 
as perceived by pedestrians. According to Hidayat et al. (2009) pedestrians’ perspective 
regarding the performance of sidewalks is affected by comfort, vendor’s attraction, safety, 
and movement easiness. Further to the previous study, Hidayat et al. (2010) developed a 
regression model based on pedestrians’ perceptions. The model consists of six explanatory 
variables which represent pedestrians’ perception together with specific observations, namely, 
comfort, accessibility, vendor’s attraction, sidewalk condition, pedestrian volume and 
percentage of contact with vendors. Another qualitative approach was fulfilled by Jena 
(2014). Five factors were examined in this study, more specifically comfort, vendor’s 
attraction, safety, movement easiness and environmental condition. In this study, comfort is 
related to the minimization of physical obstructions and vendors, comfort is connected with 
sidewalks cleanness, and safety is related to perceived danger from vehicular traffic and 
personal security. Additionally, Lopez (2006) also identified some qualitative factors 
regarding pedestrians’ satisfaction. Those factors, cited in descending order, are safety, 
convenience, comfort, system coherence and attractiveness. 

Considering the literature review above, the purpose of the present paper is the investigation 
of some qualitative factors, as perceived by pedestrians, for the evaluation of two specific 
connected pedestrian streets. The examined pedestrian facilities are placed at the Municipality 
of Kalamaria, Thessaloniki, Greece (a segment of Komninon Str. and a segment of 
Metamorfoseos Str.). Apart from this investigation, a before-after examination is 
accomplished due to the latter establishment of the pedestrian street on the Metamorfoseos 
Str. segment. Finally, a modelling approach is accomplished regarding the estimation of LOS, 
as perceived by pedestrians. 
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2. Description of the undertaken research 

The objective of the present paper is the LOS determination of walking facilities, considering 
the perceptions of pedestrians. For the purposes of this investigation a Revealed Preference 
(RP) questionnaire survey took place at two pedestrian streets. As mentioned already, the 
examined pedestrian streets are placed at the Municipality of Kalamaria, Greece and they are 
connected each other. The first of them is an off-road pedestrian facility and extends within a 
part of Komninon Street. The second pedestrian street, which extends along a part of 
Metamorfoseos Street, is adjacent to vehicular traffic and was established in 2013. Before 
this, Metamorfoseos Street was a two-way road for motorized traffic. However, after the 
pedestrianization interventions, the total width for motorized traffic use reduced significantly 
and changed to one-way street. In previous research (Lazou et al., 2014), the width of 
Komninon pedestrian street was determined 9.4m while the width of Metamorfoseos 
pedestrians street was determined 2.8m. 

The survey was conducted between 04/10/2013 and 22/11/2013, during morning hours and 
also during the afternoon open hours of markets. The random sampling method was used for 
the data collection. Finally, 300 questionnaires were considered as valid and used further for 
the analysis; 150 collected on Komninon Street and 150 collected on Metamorfoseos Street 
respectively. (Lazou and Sakellariou, 2014) 

The questionnaire consisted of two major parts; the first was relevant to the social 
characteristics of respondents while the latter was related to their mobility characteristics. It is 
worth highlighting that this second part also included questions with respect to the perception 
of pedestrians. More specifically, pedestrians were asked to evaluate the current qualitative 
conditions of the pedestrian streets and the change of those qualitative factors, after the 
establishment of the Metamorfoseos pedestrian street, and finally, to give and overall A to F 
LOS evaluation. 

3. Descriptive and inferential statistics 

3.1 Descriptive statistics 

The current section gives an overview of the outcomes derived from the descriptive statistical 
analysis. Table 1 presents the results of the descriptive statistics. 

 

Table 1: Descriptive Statistics of the Variables 

 
Variables Description Responds % 

Pedestrian_street Interview place 
Komninon Str. 50,00% 
Metamorfoseos Str. 50,00% 

Gender Gender of  responders 
Female 44,33% 
Male 55,67% 

Age Age of respondents 

18-24 29,33% 
25-39 17,67% 
40-54 20,33% 
55-64 19,33% 
> 65 13,33% 

Frequency Frequency of using the pedestrian street 

1 time/ day 52,67% 
3 times/ week 18,67% 
1 time/ week 13,67% 
1- time/ month 8,00% 
seldom 6,67% 
Other 0,33% 

Attractiveness_cur Perceived attractiveness of land use in the Very good 23,00% 
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wider area of pedestrian streets Good 61,33% 
Average 12,33% 
Problematic 3,33% 

Comfort_cur 
Perceived comfort in the wider area of 
pedestrian streets 

Very good 25,00% 
Good 58,67% 
Average 13,00% 
Problematic 3,33% 

Road_safety_cur 
Perceived road safety in the wider area of 
pedestrian streets 

Very good 17,33% 
Good 65,00% 
Average 14,00% 
Problematic 3,67% 

Personal_safety_cur 
Perceived personal safety in the wider area of 
pedestrian streets 

Very good 27,67% 
Good 58,67% 
Average 11,67% 
Problematic 2,00% 

Public_transport_cur 
Perceived public transport service in the wider 
area of pedestrian streets 

Very good 4,33% 
Good 46,67% 
Average 41,67% 
Problematic 7,33% 

Parking_cur 
Perceived parking service in the wider area of 
pedestrian streets 

Very good 0,67% 
Good 10,00% 
Average 43,00% 
Problematic 46,33% 

Traffic_Delays_cur 
Perceived traffic flow and delays in the wider 
area of pedestrian streets 

Very good 0,67% 
Good 16,67% 
Average 51,33% 
Problematic 31,33% 

Disabled_People_cur 
Perceived disabled people service in the wider 
area of pedestrian streets 

Very good 11,00% 
Good 37,33% 
Average 36,33% 
Problematic 15,33% 

Pedestrians_cur 
Perceived pedestrian service in the wider area 
of pedestrian streets 

Very good 25,00% 
Good 61,67% 
Average 10,67% 
Problematic 2,67% 

Bicycles_cur 
Perceived bicycle service in the wider area of 
pedestrian streets 

Very good 5,67% 
Good 15,33% 
Average 48,33% 
Problematic 30,67% 

Attractiveness_con 
Perceived change to the attractiveness of land 
use in the wider area, after the establishemnt of 
the latter pedestrian street 

Improvement 47,67% 
Unchanged 45,33% 
Decrease 7,00% 

Comfort_con 
Perceived change to the comfort of the wider 
area, after the establishemnt of the latter 
pedestrian street 

Improvement 56,67% 
Unchanged 37,33% 
Decrease 6,00% 

Road_safety_con 
Perceived change to the road safety in the 
wider area, after the establishemnt of the latter 
pedestrian street 

Improvement 42,00% 
Unchanged 52,67% 
Decrease 5,33% 

Personal_safety_con 
Perceived change to the personal safety in the 
wider area, after the establishemnt of the latter 
pedestrian street 

Improvement 41,67% 
Unchanged 54,33% 
Decrease 4,00% 

Public_transport_con 
Perceived change to public transport service in 
the wider area, after the establishemnt of the 
latter pedestrian street 

Improvement 3,33% 
Unchanged 68,33% 
Decrease 28,33% 

Parking_con 
Perceived change to parking service in the 
wider area, after the establishemnt of the latter 
pedestrian street 

Improvement 2,00% 
Unchanged 47,00% 
Decrease 51,00% 

Traffic_Delays_con 
Perceived change to traffic flow and delays in 
the wider area, after the establishemnt of the 
latter pedestrian street 

Improvement 3,00% 
Unchanged 48,33% 
Decrease 48,67% 

Disabled_People_con 
Perceived change to disabled people service in 
the wider area, after the establishemnt of the 
latter pedestrian street 

Improvement 44,33% 
Unchanged 41,67% 
Decrease 14,00% 

Pedestrians_con 
Perceived change to pedestrian service in the 
wider area, after the establishemnt of the latter 
pedestrian street 

Improvement 63,67% 
Unchanged 32,67% 
Decrease 3,67% 

Bicycles_con 
Perceived change to bicycle service in the 
wider area, after the establishemnt of the latter 
pedestrian street 

Improvement 28,00% 
Unchanged 46,00% 
Decrease 26,00% 

LOS Perceived LOS 

LOS A 3,33% 
LOS B 11,00% 
LOS C 35,00% 
LOS D 32,33% 
LOS E 13,33% 
LOS F 5,00% 
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The majority of the sample consisted of men (55.67%). Most of pedestrians (29.33%) were 
aged between 18-24 years old while the smallest proportion is observed for pedestrians aged 
more than 65 years old (13.33%). Additionally, more than half of respondents stated a daily 
use of the pedestrian streets, while the infrequent interviewees represented only a small 
proportion of the total sample. 

Regarding their trip purpose, pedestrians were asked with a multiple response question. The 
final results concerning their trip purposes are depicted in Figure 1. As shown in this Figure, 
the majority of pedestrians use the facilities for recreational and/ or shopping purposes. 

 

 

 

Figure 1: Trip purpose of respondents 

 

Respondents were also asked to evaluate the wider area of pedestrian streets in terms of some 
specific qualitative factors. Those factors were attractiveness of land use, comfort, safety 
(road and personal), public transport service, parking service, traffic flows and delays, 
disabled people service, pedestrian service and finally bicycle service. Table 1 outlines the 
results of their evaluation. In most cases pedestrians rated the area as “Good”. However, they 
mostly identified as “Average” or “Problematic” the issues of parking and traffic delays. 

Moreover, interviewees were asked to evaluate the area after the establishment of the latter 
pedestrian facility, on Metamorfoseos Street. The results of this assessment are also described 
in Table 1. Pedestrians observed an improvement regarding the attractiveness of land use, 
comfort and pedestrians’ service. However, the respondents observed a decrease concerning 
parking and traffic delays. It should be mentioned that parking along Metamorfoseos 
pedestrian street is not permitted. 

Eventually, interviewees stated their opinion regarding the LOS of pedestrian streets. Each 
respondent evaluated from A to F the pedestrian facility where the interview took place. The 

35,67%

19,33%

5,67%

43,33%

10,00%

59,67%

16,00%
4,33% 0,67% 0,67%

64,33%

80,67%

94,33%

56,67%

90,00%

40,33%

84,00%
95,67% 99,33% 99,33%

Yes No
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evaluation was accomplished through a selection among six cards designed by Skepastidou 
(Skepastidou, 2008). Each card included the following details, regarding the LOS:  

 LOS A: Minor pedestrian flow, very large surface available per pedestrian, minimum 
conflicts and obstructions. 

 LOS B: Low pedestrian flow, large surface available per pedestrian, low number of 
conflicts and obstructions. 

 LOS C: Average pedestrian flow, sufficient surface available per pedestrian, few 
conflicts and obstructions 

 LOS D: Relatively high pedestrian flow, less surface available per pedestrian, several 
conflicts and obstructions. 

 LOS E: High pedestrian flow, little surface available per pedestrian, many conflicts 
and obstructions. 

 LOS F: Crowding, queues, waiting time. 
The final results are already presented in Table 1. It is observed that most pedestrians 
perceived LOS C or LOS D. 

      

3.2 Inferential statistics 

Before the development of the “perceived LOS” model, a correlation matrix is calculated in 
order to reveal any possible relations among the variables. The correlation matrix is presented 
in Table 2. For the purposes of the present research, only the most important variables are 
included in the correlation matrix. 

A direct outcome, regarding the LOS, is the high number of the explanatory variables. 
Considering the social characteristics of respondents, LOS is related both to gender (r=-.133, 
p<0.05) and age (r=.157, p<0.01). The results indicate that men and older pedestrians 
perceive a higher LOS. This outcome is in accordance with Tan et al. (2007). More 
specifically, in this study is noted that men are easier to be satisfied due to their different 
psychological diathesis and physical force. Moreover, it is mentioned that elder people are the 
easiest to be satisfied too. Also, within the context of the present analysis, it is observed that 
daily users of the pedestrian streets were less strict regarding their judgment, compared to the 
non frequent ones (r=-.293, p<0.001). 

Regarding the examined qualitative factors, all of them are found to be correlated with the 
perceived LOS. More particularly, the analysis revealed that a better evaluation of those 
factors also results in a higher perceived LOS. The most significant correlations of LOS are 
observed with perceived comfort (r=.441, p<0.001) and perceived pedestrians’ service 
(r=.330, p<0.001). 
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Table 2: Correlation Matrix and Two Tailed Probabilities 

 

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 

G
ender 

A
ge 

F
requency 

A
ttractiveness_cur 

C
om

fort_cur 

R
oad_safety_cur 

P
ersonal_safety_cur 

U
rban_transport_cur 

P
arking_cur 

T
raffic_D

elays_cur 

D
isabled_P

eople_cur 

P
edestrians_cur 

B
icycles_cur 

P
edestrian_street 

L
O

S
 

1 1                             

2 

-,194
** 1                           

3 

,085 

-,153
** 1                         

4 

,219
*** 

-,110 

-,194
** 1                       

5 

,065 

-,024 

-,083 

,391
*** 1                     

6 
,013 

-,058 

-,032 

,152
** 

,418
*** 1                   

7 

,050 

-,185
** 

,060 

,336
*** 

,407
*** 

,541
*** 1                 

8 

,050 

-,022 

-,058 

,133
* 

,136
* 

,190
** 

,147
* 1               

9 

-,034 

,118
* 

-,178
** 

-,020 

,038 

,027 

-,039 

,220
*** 1             

10 

-,012 

,013 

-,043 

,079 

,208
*** 

,144
* 

,139
* 

,289
*** 

,481
*** 1           

11 

-,096 

,011 

-,154
** 

,151
** 

,260
*** 

,293
*** 

,297
*** 

,156
** 

,062 

,063 1         

12 

-,039 

-,136
* 

-,106 

,205
*** 

,384
*** 

,329
*** 

,414
*** 

,199
** 

,025 

,195
** 

,422
*** 1       

13 

,011 

-,150
** 

-,010 

,078 

,178
** 

,116
* 

,181
** 

,028 

-,037 

,008 

,285
*** 

,299
*** 1     

14 

,060 

,159
** 

-,039 

-,182
** 

-,168
** 

-,089 -
236

***

,077 

,327
*** 

,172
** -

311
*** -

242
*** -

274
*** 1   

15 

-,133
* 

,157
** -

293
***

,240
*** 

,441
*** 

,178
** 

,156
** 

,178
** 

,166
** 

,277
*** 

,261
*** 

,330
*** 

,200
*** 

-,105 1 

***. Correlation is significant at the 0.001 level (2-tailed). 
**. Correlation is significant at the 0.01 level (2-tailed). 
*. Correlation is significant at the 0.05 level (2-tailed). 
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4. The LOS model 

4.1 Model estimation 

As mentioned above, this study aims to investigate the influential coefficients for the 
perceived LOS of pedestrian facilities. The inferential statistics analysis already revealed 
significant correlations among the LOS and the examined qualitative factors, as well the 
social characteristics of respondents. The focus of this section is the development of a model, 
for the estimation of LOS for pedestrian facilities, based on the survey data. Within the 
framework of this investigation, a regression model is developed and the “LOS” variable is 
set as the dependent variable. Owing to the ordinal nature of this variable, an ordinal 
regression model is developed. An ordinal regression model is a differentiated version of a 
binary logistic regression model which considers the ordinal coding of the DV (dependent 
variable) as well. The model determines the odds of an event, and all the events that are 
ordered before it, to occur instead of not occurring. Therefore, the odds are expressed as:  

  θj = prob (score ≤ j) / (1 - prob (score ≤ j))      (1) 

Furthermore, the general expression of an applied ordinal regression model is: 

 ln(θj) = αj – βX       (2) 

where θ represents the aforementioned odds and j extends from 1 to the number of categories 
minus 1. The minus symbol is used to indicate that higher values of the explanatory variables 
coefficients correspond to higher scores. The selected independent variables and their 
reference categories are presented in Table 3. 

 

Table 3: Model variables and reference categories 

 

Variable Reference category 
Pedestrian_street Metamorfoseos 
Gender Male 
Age Pedestrians aged 18-24 
Frequency 1 time/ day 

Comfort_cur Problematic 
Traffic_Delays_cur Problematic 
Disabled_People_cur Problematic 

 

Table 4 outlines the predictor variables, included in the model, along with the parameter 
(beta) estimates, the standard error (S.E.), the Wald statistic, the significance level as well as 
the exponential of the beta estimates.  
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Table 4: Parameter Estimates for the LOS model 

 

 
Estimate 

Std. 
Error Wald df Sig. 

95% Confidence 
Interval 

Lower 
Bound 

Upper 
Bound 

Threshold [LOS = 1] -4,470 ,470 90,269 1 ,000 -5,392 -3,548 
[LOS = 2] -3,551 ,452 61,671 1 ,000 -4,438 -2,665 
[LOS = 3] -2,305 ,444 26,946 1 ,000 -3,175 -1,434 
[LOS = 4] -1,050 ,435 5,821 1 ,016 -1,903 -,197 
[LOS = 5] ,097 ,424 ,053 1 ,819 -,734 ,929 

Location [Pedestrian_street=0] ,383 ,151 6,438 1 ,011 ,087 ,678 
[Pedestrian_street=1] 0 . . 0 . . . 
[Gender=0] ,271 ,134 4,076 1 ,043 ,008 ,534 
[Gender=1] 0 . . 0 . . . 
[Age=1] -,443 ,220 4,061 1 ,044 -,874 -,012 
[Age=2] -,501 ,184 7,430 1 ,006 -,862 -,141 
[Age=3] -,070 ,186 ,142 1 ,706 -,434 ,294 
[Age=4] -,170 ,193 ,773 1 ,379 -,548 ,208 
[Age=5] 0 . . 0 . . . 
[Frequency=1] -,174 1,092 ,025 1 ,874 -2,315 1,967 
[Frequency=2] ,935 ,269 12,093 1 ,001 ,408 1,462 
[Frequency=3] ,875 ,250 12,232 1 ,000 ,385 1,366 
[Frequency=4] ,497 ,196 6,418 1 ,011 ,112 ,881 
[Frequency=5] ,163 ,176 ,857 1 ,355 -,182 ,508 
[Frequency=6] 0 . . 0 . . . 
[Comfort_cur=1] -2,301 ,436 27,877 1 ,000 -3,156 -1,447 
[Comfort_cur=2] -2,087 ,417 24,997 1 ,000 -2,905 -1,269 
[Comfort_cur=3] -,965 ,437 4,873 1 ,027 -1,822 -,108 
[Comfort_cur=4] 0 . . 0 . . . 
[Disabled_People_cur=1] -,545 ,271 4,046 1 ,044 -1,076 -,014 
[Disabled_People_cur=2] -,238 ,203 1,373 1 ,241 -,637 ,160 
[Disabled_People_cur=3] -,240 ,204 1,383 1 ,240 -,641 ,160 
[Disabled_People_cur=4] 0 . . 0 . . . 
[TrafficDelays_cur=1] -2,984 ,929 10,316 1 ,001 -4,805 -1,163 
[TrafficDelays_cur=2] -,687 ,202 11,591 1 ,001 -1,083 -,292 
[TrafficDelays_cur=3] -,490 ,152 10,424 1 ,001 -,787 -,193 
[TrafficDelays_cur=4] 0 . . 0 . . . 

 

The model evaluation is accomplished through a series “try and error” tests. The results of the 
tests are presented in Table 5. The Model Fitting information indicate a statistical significant 
improvement, as to whether the explanatory coefficients improve statistical significantly the 
model, compared to a baseline (Intercept only) model that does not contain any independent 
variables. The performed test compares the -2LL (Log Likehodd tests) of the baseline and the 
final model. The result of the p-value (Sig. < 0.001) reveals a statistical reduction of the -2LL 
and thus a significant improvement. Additionally, the Goodness-of-fit tests applied suggest 
that the model is consistent to the data (p-values > 0.05); since the null hypothesis is that the 
fit is good. Additionally, the Nagelkerke R-Square suggests that the final model can explain 
approximately 40.5% of the variance. Finally, the Test of Parallel Lines is statistically 
insignificant (p-value > 0.05) and thus is can be concluded that the relation between the DV 
thresholds and the explanatory variables is the same for all the thresholds. 
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Table 5: Overall Fitting Indices for the LOS model 

 

Model Fitting Information 
Model -2 Log Likelihood Chi-Square df Sig. 
Intercept Only 850,203       
Final 704,496 145,707 20 ,000 

Goodness-of-Fit 
  Chi-Square df Sig.   

Pearson 1215,116 1160 ,127   
Deviance 658,558 1160 1,000   

Pseudo R-Square       
Cox and Snell ,385       
Nagelkerke ,405       
McFadden ,161       

Test of Parallel Linesc 
Model -2 Log Likelihood Chi-Square df Sig. 
Null Hypothesis 704,496       
General 628,307 76,189 80 ,600 

 

4.2 Model interpretation 

The interpretation of ordinal regression models is accomplished with the calculation of the 
odds ratios. Odds ratios are calculated among the statistical significant intervals of response 
variables’ and their reference categories. Table 6 illustrates the final results of the calculated 
odds ratios. 

Table 6: Odds ratios results 

 
Variable Intervals Odds ratio 

Pedestrian_street 
Metamorfoseos 

1,466 Komninon (Reference category) 

Gender 
Male (Reference category) 

1,311 Female 

Age 

55-64 
1,651 18-24 (Reference category) 

> 65 
1,557 18-24 (Reference category) 

Frequency 

1 time/ day (Reference category) 
1,644 1 time/ week 

1 time/ day (Reference category) 
2,4 1 time/ month 

1 time/ day (Reference category) 
2,548 seldom 

Comfort_cur 

comfort_cur_1 
9,988 comfort_cur_4 (Reference category) 

comfort_cur_2 
8,063 comfort_cur_4 (Reference category) 

comfort_cur_3 
2,625 comfort_cur_4 (Reference category) 

Disabled_People_cur 
Disabled_People_cur_1 

1,725 Disabled_People_cur_4 (Reference category) 

Traffic_Delays 

Traffic_Delays_1 
19,771 Traffic_Delays_4 (Reference category) 

Traffic_Delays_2 
1,988 Traffic_Delays_4 (Reference category) 

Traffic_Delays_3 
1,632 Traffic_Delays_4 (Reference category) 
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The odds ratios revealed that the respondents at Komninon Str. were 1.46 times more likely to 
perceive lower scores of LOS than the respondents at Metamorfoseos Str. The correlation 
matrix (Table 2) in Section 3 may provide some indications regarding this outcome. A general 
conclusion is that respondents at Komninon Str. rated lower some qualitative factors, and in 
particular, attractiveness of land use, comfort, personal safety, facilitation to disabled people 
and pedestrians. A hypothesis regarding these results is that the place of the interview might 
was influential to their responses, towards the examined qualitative coefficients. These results 
may also strengthen the assumption that the LOS at Komninon pedestrian street is generally 
perceived as lower.  

Additionally, as mentioned already, females are found to be 1.3 times more likely to rate the 
LOS lower than males. Regarding age, it is observed that the odds for pedestrians aged 
between 18-24 years old are higher than pedestrians aged 55-64 and more than 65 years old, 
in perceiving smaller LOS scores. Similarly, the results indicate that people who walk more 
rarely at the area of the pedestrian streets are more difficult to be satisfied and therefore 
evaluated the LOS stricter.  

Concerning the examined qualitative factors, three of them are included in the model, namely, 
comfort, traffic flows and delays and finally disabled people’s facilitation. At first, 
pedestrians who rated comfort as “Problematic” are 2.6 times more likely to give decreased 
LOS scores compared to pedestrians who rated it as “Average”. Moreover, the odds for 
respondents who perceived comfort as “Problematic” are approximately 8 and 10 times 
higher, than those who rated it “Good” and “Very good” respectively, to give lower LOS 
scores. Another outcome, derived from the odds ratio, is related to the perceived service of the 
pedestrian streets’ area to disabled people. More particularly, pedestrians who rated the 
disabled people’s service as “Problematic” are 1.7 times more likely to give low LOS scores. 
Regarding traffic flows and delays, pedestrians who perceive them as “Problematic” are 
approximately 1,6 and 2 times more likely to rate the LOS worse, than pedestrians who 
perceived them as “Average” and “Good” respectively. Additionally, the odds for pedestrians 
who rated traffic flow and delays as “Problematic” are almost 19.8 times higher, in giving a 
decreased LOS score. 

 

5. Discussion 

This study aimed to investigate the LOS of walking facilities, as perceived by pedestrians. 
Contrary to the majority of relative research, which primarily takes into account elements 
related to pedestrian flows and infrastructure characteristics, the present paper attempted to 
fulfill its purposes by examining a series of qualitative factors. Those factors are 
attractiveness of land use in the wider area of the pedestrian streets, comfort, safety (road and 
personal), public transport service, parking service, traffic flows and delays, disabled people 
service, pedestrian service and finally bicycle service. Within the context of the performed 
analysis, many of the outcomes derived are in accordance with relevant research. For 
instance, it was found that social characteristics of pedestrians such as gender and age can be 
influential regarding the LOS perception. Another interesting outcome is that pedestrians who 
walked at the pedestrian streets more frequently, also perceived higher scores, compared to 
the infrequent ones. A plausible assumption for this conclusion is the increased familiarity 
that habitual users may develop, regarding the infrastructure characteristics and potential 
interactions with others or obstacles, compared to those who walk there seldom.  
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Concerning the examined qualitative factors, it was found that all of them are related to some 
extent with the LOS. Thus, higher evaluation of those factors also resulted in higher LOS 
scores. This outcome is consistent with literature and reveals that apart from infrastructure 
characteristics (e.g. width) and flows, pedestrians also consider elements of quality for their 
evaluation. The final model for the LOS estimation included both qualitative factors and 
coefficients related to the social characteristics of pedestrians. The latter are namely, gender, 
age and frequency of walking. Regarding the qualitative factors, the selected ones were 
comfort, disabled people facilitation and traffic flows and delays in the area around. As noted 
in literature, comfort is related to the cleanness of walking facilities from obstructions and is a 
significant coefficient of the perceived LOS. Additionally, vehicular traffic is in general 
connected with the reduction of the perceived LOS. Taking this perspective, it is reasonable 
that pedestrians who perceive the vehicular traffic, in the wider area, as problematic will also 
perceive reduced LOS rates. Eventually, the influence of disabled people to the overall LOS 
perception is an intriguing aspect that may need further investigation. 

In conclusion, the next step of this study could be initially the expansion of the existing 
collected data. The data can be collected with surveys at other similar pedestrians facilities, 
sidewalks etc. An increased number of available observations from different areas of the city 
may be able to culminate in a more comprehensive and reliable approach of the LOS 
estimation. Additionally, this data could be combined with elements as pedestrian flows, 
paths’ widths, land use etc. for the development of an integrated pedestrian LOS model. 
Models of this type may assist in the design of infrastructure or the management of the 
existing, considering traditional planning with users’ point of view simultaneously. 
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