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Abstract 
In a context of rising awareness for environmental concerns and promotion policies targeting non-

motorized travel as a sustainable mobility solution, the bicycle has increasingly become an 

attractive transport mode in cities. However, accessibility to opportunities for people who cycle is 

not necessarily the same across socioeconomically different population segments, and it tends to 

be further constrained by high costs associated with the travel distance through the road network. 

This research examines equality in the accessibility to employment and education among cycle-

user adults in Bogotá. Using 968 reported bicycle trips with these travel purposes in the 2015 

Bogotá Household Travel Survey, we estimate a potential accessibility indicator and horizontal 

and vertical equality indicators. First, we identify three clusters through the K-prototypes method 

to classify bicycle commuters based on trip and socioeconomic characteristics, and second, we 

calculate potential accessibility using GIS-based trip distance decay functions, which is later 

assessed through equality indices such as Lorenz Curves, Gini index and Palma Ratio. Results 

show marked differences in potential accessibility to work and study opportunities between and 

within clusters, where up to 90% of the analyzed population of a cyclists' cluster has access to 30% 

of the job and study opportunities, indicating social and spatial inequalities produced by the urban 

structure and individual and household characteristics of regular cyclists. Results can guide in the 

implementation of accurate transport policies towards more equitable and sustainable transport in 

cities that are experiencing increases in bicycle ridership. 

 

Keywords: Urban cycling; potential accessibility; bicycle accessibility; cluster analysis; equality; 

Bogotá.  
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1 Introduction 

This paper identifies statistically different cyclist groups, their individual and travel behavior 

characteristics to evaluate the distribution of cycling accessibility to work and education 

opportunities in segregated urban areas. The empirical context of this analysis is Bogotá, 

Colombia's capital and a recurrent case study in recent literature addressing social and spatial 

inequalities in urban transport, and a paradigmatic case of urban transport and infrastructure 

policies in the Global South. This paper contributes to current debates at the global and local scale 

related to sustainable urban mobility transitions, planning for accessibility and distributional 

effects of active mobility. 

Cycling is gaining ground as a feasible alternative for urban mobility in cities across the 

world. Factors associated with rapid cycling uptake are its sustainable and affordable nature, 

particularly for short and middle distances. Advocates of cycling-as-commuting present it as a 

money-saving and healthy alternative to avoid traffic congestion (Handy et al., 2014; Pucher et 

al., 2010; Sallis et al., 2004), which brings overall economic benefits and positive externalities to 

society (Blondiau et al., 2016). Local governments are increasingly promoting cycling in their 

communities, aligning themselves with global interest in meeting the Sustainable Development 

Goals (SDG). Focusing on SDG's 3, 10, and 11, equal access to safe and reliable forms of transport 

is a crucial element for healthy, equality and accessible cities. Since traveling poses a means to 

reach basic needs and economic benefits, the transport system and mode planning should 

encourage this transport equality. Recent bicycle promotion in cities is often limited to the 

provision of cycling infrastructure with no specific policies targeting equality among cyclists.  
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In Latin American cities, where social disadvantages play a significant role in determining 

travel costs -especially for low-income populations-, bicycle ridership has grown rapidly (Rios et 

al., 2015). In this context, understanding the distribution of access to opportunities across urban 

geographies and social groups within the cyclist population is relevant for policy and decision-

making. Unpacking who uses the bicycle and how its use leads to different degrees of accessibility 

is central in addressing the distributional effects of the adoption of active travel by different 

socioeconomic groups. 

Research in Global South cities regarding accessibility distribution among cyclists is 

relatively underdeveloped. Previous works examining bicycle accessibility have either focused on 

cycling as a feeder to public transport (Ortegon-Sanchez and Oviedo Hernandez, 2016) or have 

not engaged explicitly with its policy dimension. This is illustrated by the assessment of spatial 

equality for non-motorized modes by Arranz-Lopez et al. (2019). Moreover, there is a small but 

growing number of studies applying gravity-based accessibility measures for cyclists (McNeil, 

2011; Pritchard et al., 2019; Saghapour et al., 2017). Existing literature has not fully addressed the 

distribution of accessibility to mandatory destinations by bicycle in socially unequal contexts and 

its implications for urban transport planning.  

To differentiate accessibility distribution across population groups, research has relied 

frequently on clustering methods  (Anable, 2005; De Vos et al., 2016; Grisé and El-Geneidy, 2017; 

Huang et al., 2009; Pritchard et al., 2014). Despite such precedents, cluster configuration using k-

prototypes applied to accessibility analysis is a recent innovation. It is common to identify income 

segmentation within cyclist clusters since travel behavior and socioeconomic characteristics (in 

particular income) have previously been found as controlling variables in the clustering process 

(Ahmed et al., 2017). Arranz-López et al. (2018) developed a k-modes clustering model to evaluate 
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social exclusion risks associated with non-motorized retail trips, finding differences in age and 

car/bicycle access between four groups in Zaragoza. Pritchard et al. (2019) identified seven 

statistically different clusters within Sao Paulo cyclists with the main differences being income 

range and job access (or distance to opportunities) following a geographic clustering methodology. 

The methodology enabled reaching conclusions such as that accessibility to jobs when riding a 

bike to public transport stations is better in middle and high-income populations. 

To assess inequalities in accessibility distribution, studies have focused on motorized 

transport modes, assessing inequalities via metrics such as Lorenz curves (Abley et al., 2010; 

Delbosc and Currie, 2011; Grengs, 2015; Guzman et al., 2017; Guzman and Oviedo, 2018), while 

others have deployed Gini indices and Palma ratios as ways to quantify the distribution of the 

positive and negative effects of transport (Ben-Elia and Benenson, 2019; Cao and Hickman, 2019; 

Lope and Dolgun, 2020; Oviedo and Guzman, 2020; Welch and Mishra, 2013). Research in 

transport has adopted such methodologies as a recognition that accessibility and the externalities 

of urban mobility systems are not uniformly distributed across society, placing specific groups at 

a disadvantage (Kaplan et al., 2014; Ohnmacht et al., 2009; Pereira et al., 2017). In Latin America, 

a practice-oriented example suggested concepts, indicators, and strategies aiming to position the 

bicycle as a vehicle to increase urban equality in cities in the region (Rodríguez et al., 2017). 

However, such indicators have not yet been tested in empirical settings in the region to date. In 

this context, quantifying and interrogating accessibility-related inequalities for the bicycle -a 

transport mode essential for sustainable and inclusive urban mobility- becomes a timely subject 

for research. We build on recent debates on transport and inequalities and consolidated methods 

and metrics to address the research questions: is bicycle accessibility to job/study equally 

distributed among cyclists in Bogotá?  
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This paper contributes to current debates around the bicycle and the growing social and 

political interest around it. It calls for the need to understand how cycling accessibility is 

distributed in contexts where policies and public investments in sustainable transport have sought 

to increase the number of bicycle commuters. Our research highlights some of the social and 

economic constraints faced by different population segments for perceiving the bicycle's benefits 

as a transport mode. The study of cycling accessibility and its implications on equality are relevant 

issues to address in cities where its use and practical and ideological relevance continue to grow. 

2 Case study: Bogotá 

Bogotá has approximately 7.8 million inhabitants and an urban area of 380 km2 according 

to estimates from 2015. Bogotá holds a close functional relationship with Soacha, a neighboring 

municipality with circa 511,000 inhabitants located on the southern edge of Bogotá. This urban 

area has a segregated urban structure stemming from an unevenly distributed high population 

density, where low-income residents are far away from jobs and high-education places (Guzman 

and Bocarejo, 2017), as shown in Figure 1. Opportunities (i.e., jobs and high-education places) 

match with areas of intense commercial activity and are primarily concentrated around the east 

edge of the city, where most vertical urban development has taken place. Bogotá's high-capacity 

public transport, the Bus Rapid Transit (BRT) system, TransMilenio, connects high populated 

areas with the east section of the city where most opportunities are located. 
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Figure 1 Population, jobs, and study places density in Bogotá and Soacha 

 

Residential areas in Colombia are classified into six different socioeconomic categories 

numbered from one to six that attempt to reflect characteristics of housing and its surrounding 

environment, dividing the city into homogeneous physical and economic areas. Such classification 

is locally known as socioeconomic strata (SES). SES 1 corresponds to housing units of poor quality 

and lower-income population, and SES 6 to the highest living conditions and characteristics of the 

built environment. In Bogotá, the low-income population (low SES) is concentrated in the urban 

periphery, while the high-income population (high SES) is located on the eastern border, where 

economic opportunities are concentrated. In Soacha, most of the population is classified as low-

SES. This distribution of population and economic activities reflects the monocentric land-use 

patterns in the city, leading to markedly different travel times between socioeconomic groups in 

public and private motorized modes and producing substantial inequalities in accessibility 

(Guzman et al., 2017). SES levels and household income are positively correlated in Bogotá, with 
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SES 1 matching households with the lowest income and SES 6 matching the highest average 

income (Cantillo-García et al., 2019). 

According to the 2015 Household Travel Survey (HTS) of Bogotá, bicycle trips are mostly 

short (45% are less than 15 minutes long) and are mostly associated with travel purposes such as 

work and study (71.2 %). Moreover, Bogotá has experienced a sustained increase in the number 

of urban cyclists since the late 1990s and early 2000s (Rios et al., 2015; Rosas-Satizábal and 

Rodriguez-Valencia, 2019). The mode share of bicycles in the city changed from 0.6% of all 

transport modes in 1996 to 4.5% in the 2015 HTS. A more recent survey applied in 2017 estimated 

a mode share of 6.5% for the bicycle (DANE, 2017). 

This increase in cycling uptake can be related to, among many other factors, policies 

targeting cycling infrastructure investment since 1998, which have consolidated a cycling network 

of 232 km in 2001, which has increased to 540 km in 2019. Bogotá boasts the most extensive 

network of dedicated cycling infrastructure in Latin America (Rios et al., 2015). Figure 2 shows 

the main road network and the configuration of cycling infrastructure in 2015. Bogotá's cycling 

infrastructure can be loosely classified in off-street bike-paths (347 km, of which almost 300 km 

are sharing space with pedestrians on sidewalks) and on-street bike infrastructure (101 km). 

Cycling infrastructure in other municipalities and the main routes connecting these with Bogotá 

are not included in Figure 2. 
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Figure 2 Bogotá cycling infrastructure in 2015 by typology 

3 Methodology 

This section describes data and methods used to estimate clustering, accessibility, and equality 

metrics applied to cyclists in Bogotá and Soacha. Available data of a sample of bicycle trips from 

the HTS for work or study purposes was analyzed and clustered. We use bicycle travel network 

distance as a proxy of cyclists' travel impedance related to individual trips. The clustering 

methodology to classify cyclists into statistically different groups is explained, followed by the 
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process of estimating the impedance function for each group. Finally, we describe and discuss the 

appropriateness and relevance of inequality indicators used for assessing accessibility between 

clusters. 

3.1 Dataset 

A sample of 28,213 households from Bogotá's HTS 2015 includes information about travel 

patterns and socioeconomic characteristics of respondents. From this data, 147,251 trips on 

working days were gathered, out of which 9,260 were made by bicycle. Due to limitations of the 

dataset about spatial representativeness and socioeconomic information, the survey sample was 

analyzed without considering expansion factors. In addition to bicycle trips in Bogotá, trips with 

Soacha as origin or destination were also included given its overall social, functional, and spatial 

relationships with Bogotá (Oviedo Hernandez and Dávila, 2016). The sample of trips was further 

reduced to home-based trips having work or study as travel purposes, resulting in 968 

observations. All these trips have as origin and destination available HTS georeferenced points 

within the Bogotá and Soacha limits, which together comprise the main supply of job and study 

opportunities in the region. 

Information on job location was obtained from the Chamber of Commerce of Bogotá. 

23,473 blocks with at least one job position were rasterized into 100x100 m cells. Hence, the 

number of opportunities for workplaces is the number of active jobs in the cell corresponding to 

the individual's reported destination. Elementary schools were not considered as potential 

destinations since only 1.6% of bicycle trips were made by people aged 18 or less. Opportunities 

for high education correspond to the number of enrolled students in the second semester of 2015 

at each institution. To this end, the estimations consider 155 geolocations of 109 high education 
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institutions that were processed in the same way as jobs using data from a Ministry of Education 

report for Bogotá. 

3.2 Bicycle travel distance 

To have an objective estimation of impedance, measured as a function of travel distances 

for the HTS sample, we used origin and destination trip coordinates georeferenced for bicycle 

trips. Although individual self-reported travel time was available (the survey asked them to report 

the nearest trip time in 5-min time intervals), we prefer to use travel distance due to the inaccurate 

human perception of time (Rietveld, 2002). 

Accordingly, it was assumed that cyclists would prefer the shortest route to reach their 

destinations for mandatory trips, given limited available time for diversions (Broach et al., 2012). 

Therefore, bicycle trip distances were calculated, giving precedence to the city's main roads when 

assigning the route to an OD pair, considering that 60% of cycling infrastructure is located 

alongside such road network. Distances were calculated using the Network Analyst extension of 

ArcGIS, considering a direction and turn unrestricted cyclable network composed by major, 

secondary, and local traffic roads, the dedicated cycling infrastructure network in 2015 (392 km), 

and pedestrian bridges. Absence of direction and turn restrictions are based on several 

characteristics of the city's infrastructure: all bike-paths were bidirectional by 2015, cyclists could 

use sidewalks to circulate for short distances, ramp pedestrian bridges allow them to cross wide 

avenues and complex intersections, leading to short-distance left-turns. 

3.3 Cluster analysis  

Clustering individuals seek to segment modelling processes and better interpret results, and it 

characterizes a diverse group of individuals. Clustering allows identifying a reduced number of 

units of analysis with maximized statistical similarities within groups and dissimilarities between 
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them. Also, statistical clustering methods allow researchers to estimate independent configuration 

of clusters relying only on data (Kaufman and Rousseeuw, 1990). Clustering individuals has been 

applied in transport studies to analyze specific groups users of non-motorized modes in relation to 

their mobility, access and experiences of public space, including mental health (Ahmed et al., 

2017; Arranz-López et al., 2019; Huang et al., 2009; Huertas et al., 2020; Li et al., 2013; Pritchard 

et al., 2019; Salon, 2016). 

To achieve more comprehensive accessibility results and equality analyses, we classified 

the data using both numerical (trip distance, vehicles per household1, household size, age) and 

categorical (SES, gender, job role, education level, driver license) variables describing individual, 

trip and household characteristics. K-prototypes clustering methodology was used to process both 

types of variables simultaneously when grouping the sample. This method combines K-means 

clustering minimizing the sum of square dissimilarities of numerical variables associated with 

individuals within the same cluster while maximizing similarities of categorical variables. Using 

R statistical software, the 968 bicycle trips were clustered using the K-prototypes methodology 

from the "clustMixType" package (Szepannek, 2018). A detailed description of the clustering 

methodology implemented is shown in Figure 3. 

 
1 Car and motorcycle. 
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Figure 3 Clustering methodology 

3.4 Potential accessibility model 

We propose a potential accessibility formulation, estimating a negative exponential decay 

function. This distribution captures the behavior and propensity to travel as the distance to specific 

destinations increases or decreases (Iacono et al., 2010). Since this study aims to assess 

accessibility for mandatory trips, we use a potential measure from origin to destination (all 

available jobs and education slots, regardless if an individual is reaching it or not). The 

accessibility value formulation is shown in Equation (1), based on Guzmán et al. (2017). 

𝐴!" = ∑ 𝑂# ∗ 𝑒$%!&"#'
#()     (1) 
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𝐴!"= accessibility of home-based trip origin i of cluster k 

𝑂$  = job and study opportunities in 100x100m raster cell at destination j 

𝛽"= decay parameter of cyclists in cluster k  

𝑋!# 	= impedance (network distance) between origin i and destination j 

The decay parameter calibrated for each statistically different cluster allows to quantify 

perceived travel constraints related to each group's interaction with cycling for transport and is a 

sensitive variable influencing accessibility levels. The accessibility of an individual from cluster k 

living at an origin i is proportional to the number of opportunities in a nearby destination j and the 

spatial interaction between i and j. The latter formulation captures both transport and land use 

characteristics and assesses the effects of different policies on accessibility to jobs and study places 

within the cyclist population. The model transforms travel distance as a proxy for impedance into 

a measurable number of reachable opportunities and, as the decay parameters are clustered, it takes 

into account information such as gender, education level, income level, occupation, and household 

characteristics.  

3.5 Inequality evaluation 

Inequality indicators were used to identify disparities in potential accessibility by 

comparing the relative accessibility values of identified clusters. Lorenz curves and Gini indices, 

where 0 stands for perfect equality (i.e., all individuals have the same accessibility levels) and 1 

corresponds to perfect inequality (i.e. one individual holds all the accessibility while the rest has 

no accessibility), were estimated for each cluster and the total sample of cyclists, seeking to 

compare the potential accessibility distribution between clusters and the overall cyclist sample. As 

argued in the introduction, this approach is consistent with recent research exploring the 

quantification of disparities between groups sharing differences of income (Ben-Elia and 
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Benenson, 2019; Cao and Hickman, 2019; Lope and Dolgun, 2020; Oviedo and Guzman, 2020; 

Welch and Mishra, 2013). The equality metrics selected for this paper are complementary, 

reflecting different degrees and scales of inequality. While Lorenz curves enable a disaggregated 

understanding of the effects of differences across socioeconomic, geographical, and transport-

driven distributions, Gini indices serve as an indication of the overall degree of inequality in 

accessibility. These estimations are further complemented by the use of Palma ratio, which focuses 

on the differences between the bottom of the distribution and those at the top, highlighting not 

only the quantitative differences between rich and poor, but providing evidence on its moral 

dimension of justice (Pereira et al., 2017). Using Palma's formulation of the ratio between the top 

10% of the income distribution to the bottom 40%, the estimation gives a measurable and 

comparable value to the marked socio-spatial segregation of urban structures in Latin America, 

which place wealthier populations in a literal better position to access opportunities and 

accumulate further wealth. 

These indicators also serve to describe horizontal equality -or the even distribution of 

resources to all members of society-, and vertical equality -which targets socially disadvantaged 

groups- which can both inform policies and instruments (Delbosc and Currie, 2011). These scale-

independent indicators are easy to interpret and have powerful implications for decision-making 

and project evaluations with a social focus.  

4 Results 

Table 1 shows descriptive statistics of the sample of individuals who reported at least one bicycle 

trip for any purpose. Given the lack of specific information on household income, SES was used 

as a proxy. Then, we classified those cyclists living in SES 1 and 2 as low-SES; 3 and 4 for middle-
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SES, and 5 and 6 for the high-SES group. The sample has predominantly men of the low-SES 

group. However, the sample shows an increasing number of middle and high-SES groups that are 

also using the bicycle to commute (28%). Most of these middle and high-SES cyclists seem to 

respond to high congestion levels and poor quality of service of public transport (Garcia-Suarez et 

al., 2018). Cyclists' households consist mostly of three or four people, and less than 5% have access 

to at least one car or motorcycle. In general, a high proportion of cyclists who work are employees, 

followed by independent workers. 

Table 1 Cyclists' sample household and individual descriptive statistics 

Household information  Individual information 
  n %   n % 
Household size   Gender   
 1 240 5.3  Women 1,165 25.8 
 2 545 12.1  Men 3,348 74.2 
 3 1,056 23.4 Age   
 4 1,304 28.9  <18 74 1.6 
 5 847 18.8  18-34 1,077 23.9 
 >6 521 11.5  35-55 2,150 47.6 
Socioeconomic strata (SES)    >55 1,212 26.9 
 1 (Low SES) 387 8.6 Main activity   
 2 (Low SES) 2,839 62.9  Work 3,378 74.9 
 3 (Middle SES) 1,129 25.0  Study 143 3.2 
 4 (Middle SES) 140 3.1  Retired 258 5.7 
 5 (High SES) 11 0.2  Looking for a job 105 2.3 
 6 (High SES) 7 0.2  Other (housewife. unemployed) 629 13.9 
Cars in household   Role in job   
 0 4,272 94.7  Boss 40 0.9 
 1 230 5.1  Independent 1,231 27.3 
 2 10 0.2  Employee 2,131 47.2 
 >2 1 0.0  Domestic worker 31 0.7 
Motorcycles in household    Other (casual laborer. farm worker) 1,080 23.9 
 0 4,326 95.9 Education level   
 1 173 3.8  None 80 1.8 
 2 11 0.2  Kindergarten 564 12.5 
 >2 3 0.1  Primary school 1,738 38.5 
Bicycles in household    Middle school 1,504 33.3 
 1 3,432 76.0  Professional 524 11.6 
 2 664 14.7  Postgraduate 103 2.3 
 3 247 5.5 Driver's license   
 4 110 2.4  No license 3,027 67.1 
 >4 60 1.3  Car license 1,046 23.2 
     Motorcycle license 233 5.2 
     Other (bus/truck license) 207 4.6 
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4.1 Clustering and cyclists' segmentation analysis 

After implementing the K-prototypes clustering method, three groups were obtained. Out of the 

nine variables used (Figure 3), three variables controlled cluster formation: gender, SES, and 

vehicles per household. Clustering silhouette widths account for an average of 0.65 indicating an 

accurate statistical cluster configuration. Based on the estimations, the resulting clusters are 

middle-low SES men (cluster 1), low-SES men (cluster 2), and women (cluster 3). All clusters are 

similar in terms of trip distances and age distribution. Descriptive statistics at the cluster level and 

t-tests between cluster variables are shown in Table 2. Figure 4 shows the trip origins and 

destinations for each identified cluster. 
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Figure 4 Cluster trip origins and destinations 

Results for other travelers suggest this categorization is only representative among cyclists. In 

other modes, the composition of the sample enables the inclusion of other representative groups 

not reflected in our analysis. Due to the limitations of the dataset and the novelty in relation to the 

study of cyclist accessibility as opposed to the focus on motorized travel in previous research (see 

Guzman et al. (2018)), findings are centered on accessibility in this user group. 
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Table 2 Cluster descriptive statistics 

      

Cluster 1 
Middle-low 

SES men   

Cluster 2 
Low SES 

men   
Cluster 3 
Women   

C1 vs C2 
t-test 

C1 vs 
C3 t-test 

C2 vs 
C3 t-test 

Cluster info                         
    Cluster size 417   395   202         

    Avg silhouette width 0.46   0.55   0.69         
Trip and household variables for 
clustering Mean St.D.   Mean St.D.   Mean St.D.   p-valuea p-valuea p-valuea 
  Trip characteristics                         
    Trip distance [km] 7.0 7.1   7.7 6.2   7.8 6.0   0.133 0.138 0.834 
    Average speed [km/h] 9.2 -   8.8 -   9.1 -         
  Vehicles in household                         
    Cars 0.14 0.38   0.01 0.07   0.02 0.16   0.000*** 0.000*** 0.089 
    Motorcycles 0.08 0.32   0.01 0.05   0.03 0.17   0.000*** 0.007** 0.027 
  Household size                         
    People in household 3.82 1.37   3.25 1.49   3.61 1.26   0.000*** 0.070 0.001*** 
Socioeconomic variables for 
clustering n %   n %   n %   p-value p-value p-value 

  
Household socioeconomic 
strata                   0.000*** 0.000*** 0.475 

    Low SES 186 44.6   272 68.9   128 63.4         
    Middle SES 175 42.0   110 27.9   67 33.2         
    High SES 56 13.4   13 3.3   7 3.5         
  Age                   0.000*** 0.772 0.023 
    <18 9 2.2   0 0.0   9 4.5         
    18-34 65 15.6   108 27.3   34 16.8         
    35-55 210 50.4   192 48.5   93 46.0         
    >55 133 31.9   96 24.2   66 32.7         
  Gender                   0.058 0.000*** 0.000*** 
    Male 395 94.3   386 97.7   2 1.0         
    Female 22 5.7   9 2.3   200 99.0         
  Job role                         
    Employee 262 62.8   252 63.8   161 79.7   0.000*** 0.004** 0.000*** 
    Independent 155 37.2   128 32.4   40 19.8   0.154 0.000*** 0.002** 
    Employer/Boss 0 0.0   15 3.8   1 0.5   0.000*** 0.318 0.001*** 
  Education level                         
    None 5 1.2   2 0.5   6 3.0   0.106 0.340 0.049 
    Kindergarten 19 4.6   47 11.9   29 14.4   0.000*** 0.001*** 0.504 
    Primary school 125 30.0   157 39.7   82 40.6   0.003* 0.009** 0.842 
    High school 134 32.1   130 32.9   68 33.7   0.877 0.497 0.584 
    Professional 134 32.1   59 14.9   17 8.4   0.000*** 0.000*** 0.005** 
    Post-graduate 0 0.0   0 0.0   0 0.0   NA NA NA 
  Driver's license                         
    No license 89 21.3   388 98.2   192 95.0   0.000*** 0.000*** 0.046 
    Car license 253 60.7   4 1.0   4 2.0   0.000*** 0.000*** 0.691 
    Motorcycle license 36 8.6   2 0.5   0 0.0   0.000*** 0.000*** 0.158 

    
Other (bus/truck 
license) 39 9.4   1 0.3   6 3.0   0.000*** 0.005** 0.009** 

 Significance level: *** 0.1%, ** 1%, and * 5% 
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Cluster 1 includes cyclists from predominantly low (44.6%) and middle-SES levels 

(42.0%). Cyclists in this cluster commute 7.0 km on average, 1.2 km less than the city's average 

for bicycle trips (8.2 km). Cluster 1 includes cyclists who are mostly independent workers and do 

not have a defined work schedule. Cluster 2 are cyclists living in low-SES residential areas and 

travelling an average distance of 7.7 km. This group is comprised mainly of low-income residents 

with a high-school education. This cluster includes workers 18 years old and above, who are 

predominantly employees. Cluster 3 represents women who have similar socioeconomic and trip 

characteristics to men of Cluster 2, and who do not show significant differences in terms of 

availability of vehicles in the household, driver's license, and level of education. Roughly 95% of 

individuals from both Cluster 1 and 2 do not have a driver's license and have low motorization 

rates (<0.03 veh/household). This constrains people from the clusters from commuting by private 

motorized modes, suggesting they may be captive cyclists. Cluster 3 shows an over-representation 

of women of low-SES, which suggests a much larger number of women who cycle from lower 

SES households than men. Women travel on average 7.8 km and are predominantly employees 

that completed high school. 

Cluster 1 may be considered as 'rational cyclists' because they have more access than the 

other two clusters to private vehicles. Nearly 60.7% of individuals in Cluster 1 have a car driver's 

license and 8.6% of them have a motorcycle driving license. This group chooses to commute by 

bicycle despite having the choice of using private motorized modes, evidencing clear travel 

behavior differences between men from cluster 1 and cluster 2. 

Figure 5 shows the average travel distance for each cluster. These values were calculated 

using an inverse distance weighting method which interpolates values of points scattered in the 

territory. Blank spaces within the limits of the study area indicate a lack of data. Cyclists from 
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Cluster 1 have a more homogeneous spatial distribution concerning travel distance, while 

commuter cyclists from Cluster 2 (low-SES men) tend to live in the periphery, making trips above 

8 km, similar to Cluster 3 (women). Most cyclists in Cluster 2 are in areas with high population 

density, which correlates with the low-SES population. Destinations are homogeneously 

distributed in the city for all three clusters, with a slightly higher concentration in the city center, 

explaining the high distance values for people living in the west and southern areas. 

 

Figure 5 Average bicycle travel distance by cluster 

Besides SES and education level, significant differences between clusters are primarily 

associated with travel frequency and access to cycling infrastructure. Table 3 shows travel 

frequency, inter-modality with public transport, and access to cycling infrastructure access across 

clusters.  
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Table 3 Travel behavior and location characteristics of cyclists in clusters 

    

Cluster 1 
Middle-low 

SES men   

Cluster 2 
Low-SES 

men   
Cluster 3 
Women   

C1 vs C2 
t-test 

C1 vs C3 
t-test 

C2 vs C3 
t-test 

    Mean St.D.   Mean St.D.   Mean St.D.   p-value 
Travel frequency                         

  
Total daily bicycle trips (all 
purposes) 2.22 0.81   2.17 0.67   2.12 0.51   0.041* 0.139 0.84 

    n %   n %   n %   p-value a 
Intermodal trip                         

  
Used public transport on the 
same trip 10 2.5   7 1.8   3 1.5   0.692 0.545 0.791 

  Otherwise 407 97.5   388 98.2   199 98.5         
Cycling infrastructure access                         

  

Household is within 500-
meter buffer  
of a cycling infrastructure 

312 74.5   246 61.8   125 61.3   0.000*** 0.000*** 0.797 

  Otherwise 105 25.5   149 38.2   77 38.7         

Significance level: *** 0.1%, ** 1%, and * 5% 
 

Cyclists from Cluster 1 have a statistically higher average bicycle trip frequency compared 

to Cluster 2. People classified in Cluster 1 have statistically higher access to cycling infrastructure 

than those in clusters 2 and 3. Furthermore, there are no differences between clusters related to 

reaching public transport by bicycle. Clusters 2 and 3 have the lowest access to cycling 

infrastructure (using a 500 m buffer from the household). This represents an issue concerning the 

disproportion of cycling and public transport infrastructure in low-SES areas where there is a 

higher potential of use due to low motorization rates (Ortegon-Sanchez and Oviedo Hernandez, 

2016), as is shown in Table 3. 

4.2 Cyclists' accessibility 

Table 4 shows decay parameters for each cluster with their goodness-of-fit indicators. These 

parameters were calibrated for each cluster using 800 m-intervals as they presented the best fit for 

the exponential distribution function. The 𝛽" parameter in Eq. (1) for each k cluster is significant 

at 99% confidence level. Cluster 3 has the highest negative coefficient, accounting for greater 
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sensitivity to travel distance. This is partly explained by the predominant peripheral residential 

location of individuals and high travel distances, as shown in Figure 5. Also, the differences in the 

decay factor of Cluster 3 compared to the other two clusters are in line with statistical differences 

between men and women associated with environmental and infrastructure-related characteristics 

when riding a bicycle (Abasahl et al., 2018). Differences in coefficients between clusters 1 and 2 

indicate that wealthier men have lower negative decay factors showing less sensitivity to travel 

distance than men living in lower SES. This formulation is a powerful resource to estimate the 

disposition of population groups to spend time for reaching desired opportunities. 

Table 4 Distance decay function and average accessibility by cluster 

  Distance decay function models   
Potential accessibility to work and study 

regarding the total average   Beta coef. t-statistic p-value F-statistic Adj R2   
Cluster 1 
Middle-low SES 
men 

-0.281 -8.280 0.000*** 68.565 0.538   126.0% 

Cluster 2 
Low-SES men 

-0.343 -9.182 0.000*** 84.317 0.630   65.7% 

Cluster 3 
Women 

-0.408 -6.034 0.000*** 36.411 0.463   106.7% 

Significance level: *** 0.1%, ** 1%, and * 5%     

Table 4 also shows the ratio between each cluster's total potential accessibility and the total 

cyclist population average. Results show that there is an uneven distribution in access to 

opportunities between cyclists. Cluster 1 has 1.26 times the average cyclist accessibility, while 

Cluster 2 (i.e., low-SES men) stands for only 65.7% of the average accessibility. Despite Cluster 

3 having the highest negative distance decay coefficient, it has slightly higher accessibility than 

the overall average (106.7%). 

Figure 6 shows the spatial distribution of accessibility to work and study places by cluster. 

Accessibility for Cluster 1 is higher in the high-concentration zones of jobs and high-education 

places, and clusters 2 and 3 have lower accessibility values and are located farther from the 

opportunities. Although the lowest accessibility levels correspond to Cluster 2, this cluster has 
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better geographical coverage of low accessibility values (<25) than Cluster 3. Women present two 

points of high accessibility values near the BRT network, suggesting good potential for intermodal 

trips reaching the city center. Cycling captivity among individuals in clusters 2 and 3 forces them 

to travel slightly longer distances, obtaining low concentrations of relative accessibility in areas 

farther away from where opportunities are concentrated. For example, accessibility values in 

Soacha Bogotá are less than 25 for all three clusters, revealing vast differences in accessibility 

between those who commute by bicycle living out and inside Bogotá limits. 

 

Figure 6 Average accessibility to work and study places by cluster 

Distributions of accessibility values by cluster are shown in Figure 7. The overall 

accessibility distribution suggests that Cluster 1 has, on average, higher accessibility than the other 

two clusters, partly given short distances travelled. Despite Cluster 3 having the lowest average 

accessibility value, results suggest higher relative accessibility compared to the overall average 

than Cluster 2 due to the presence of individuals with very high accessibility values in the group 

(i.e., outliers that are identified spatially as black points in Figure 6 and numerically in Figure 7).  
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Figure 7 Accessibility values by cluster 

Providing access to safe cycle paths among the low-SES population may have positive 

outcomes in accessibility measures and reduce accessibility gaps between user profiles. This is 

conditioned to improving trip conditions (i.e., road safety) for low-SES cyclists (Houde et al., 

2018; Tucker and Manaugh, 2018), particularly women (Grudgings et al., 2018; Mackintosh and 

Norcliffe, 2007). 

4.3 Cycling inequality 

Lorenz curves were calculated for the entire sample and each cluster, comparing the proportion of 

cyclists and the proportion of accessibility. Figure 8 (left) shows a poor distribution of 

accessibility, which is encapsulated by a Gini index for the entire cyclist population of 0.718. 

Figure 8 (right) shows potential accessibility distributed by cluster. Clusters 1 and 2 have a similar 

distribution in accessibility compared to Cluster 3. As Clusters 1 and 2 intersect at the 78% of 

cyclists' threshold, there are no clear differences in accessibility distribution between the two 

groups (with very similar Gini indices of 0.678 and 0.671, respectively). Cluster 3 has a higher 
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Gini index (0.811), suggesting a more unequal accessibility distribution for women who use the 

bicycle, with 90% of the population potentially accessing only 30% of the opportunities. 

 

Figure 8 Lorenz curves of the total sample of cyclists (left) and by cluster (right) 

The analysis of inequality in accessibility sheds light on gaps between cyclists with 

different socioeconomic characteristics. Half of the cyclist population has access to less than 10% 

of the opportunities. Such gaps between clusters have been previously found to be influenced by 

factors such as household location and vehicle access (both cars and bicycles) (Arranz-López et 

al., 2018; Pritchard et al., 2019). Travel impedance is larger for women than for men, and the 

distribution of accessibility among Cluster 3 is highly unequal. Overall, the results suggesting a 

poor accessibility distribution among cyclists, and that this inequality is amplified when 

considering differences in gender between cycling commuters. 

Residence location, vehicle ownership, and gender are therefore explanatory factors in 

accessibility inequalities in cycling. The Palma ratio is 30.0, indicating that the top 10% cyclists 

with the higher accessibility concentrate approximately 30 times more access to opportunities than 

the bottom 40% of cyclists. This ratio is highly controlled by residential location since almost 90% 

of cyclists live in a 100x100 m area with a job and study offer a density of 2,000 opportunities/km2. 
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The clear differences in accessibility explain why accessibility values are predominantly higher 

near the city center only for Cluster 1. 

5 Discussion 

The methodology in this article is replicable in contexts where databases on bicycle trips and 

socioeconomic information at the individual and household level are available. The K-prototypes 

clustering methodology provides an additional perspective on the profiles and social identities of 

different types of cyclists in a given context. 

Results of accessibility by clusters make visible inequalities between cyclist groups. The 

clustering data process streamlines the definition of cyclists' profiles and how these influence their 

ability to reach income-generating opportunities. Clustering enables researchers to incorporate the 

effects of differences in social identities (e.g. gender), spatial inequalities (e.g. residence location), 

and socioeconomic determinants (e.g. vehicle access) in the distribution of accessibility. 

Methodologically, this implies a contribution to applied accessibility studies in similar settings as 

it enables statistically valid classifications of standard datasets for assessments of inequalities.  

 Although travel distances in Bogotá are relatively short (between 7 and 8 km), its 

centralized urban structure in relation to the location of employment and education opportunities 

in less than 20% of the urban area implies disproportionately longer travel distances for low-

income citizens compared to wealthier groups. Such conditions are endemic of many cities in the 

Global South and lead to marked spatial and socioeconomic divides, which translate into transport 

disadvantage and systematic exclusion. Long average travel distances for the low-income 

population are clear examples of urban conditions in which walking becomes an unfeasible 

alternative for reaching essential opportunities for increasing economic capital, which also 
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suggests that the categories found for cyclists do not necessarily apply to other transport mode 

users, including walking commuters. 

Disproportionate differences in accessibility to job and study places are strongly correlated 

with high levels of inequality for the bicycle when compared to motorized modes as suggested by 

previous research in the same context (Guzman et al., 2017). In an environment where low-income 

people are excluded from the economic activities by high transport costs, results suggest limited 

potential for the bicycle to address problems of accessibility on its own. Findings also suggest that 

women, who travel less on average by bicycle and have lower cycling infrastructure access than 

middle-low SES men, having also lower accessibility to opportunities. This implies gender 

disparities in the ability of men and women to benefit from the bicycle as a transport mode when 

traveling in the city. The analysis by cluster confirms that, as with road infrastructure and public 

transport provision, there is a disproportionate concentration of cycling infrastructure in wealthier 

and highly attractive areas of the city in line with the logic of spatial inequality in the provision of 

transport infrastructure suggested by earlier studies (Oviedo Hernandez and Dávila, 2016). Such 

disparities in access to infrastructure for safe and convenient travel by bicycle may also help 

explain the similarities in the Gini index estimations for Clusters 1 and 2, suggesting a significant 

role of infrastructure, or lack thereof in reproducing accessibility inequalities. 

6 Conclusions 

Our research contributes to a growing body of literature on non-motorized accessibility 

analyses constrained by conceptual, methodological and empirical issues. Small sample sizes and 

lack of bicycle-specific information in household travel surveys are relevant limitations for cycling 

research. Distributional analyses are relevant in this regard as they add a social dimension to the 
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analysis of cycling beyond conventional sustainability and health arguments and serve as a case 

for improving information regarding travel behavior of cyclists and its main drivers. Despite 

limitations in the sample, we identified clusters marked by differences of class and gender, which 

suggest the need to explore other social identities (e.g. ethnicity) to inform better decision-making 

and research in cycling. Our findings support the argument that social inclusion through the bicycle 

(Rodríguez et al., 2017) is possible since data collection mechanisms are implemented, and 

communication channels are improved to better-understand this population and launch strategies 

to improve their access to opportunities. 

Evidence in this paper provides strong arguments to explore further the potential of the 

built environment and urban structures in cities such as Bogotá in reproducing accessibility 

inequalities. There is a need for more diverse accessibility measures that incorporate competition 

factors and controls for vehicle availability of individuals, which could unearth implications for 

reaching opportunities by bicycle vis a vis motorized accessibility to the same opportunities. 

Disparities in accessibility within the same population using an affordable and cost-

effective choice such as the bicycle invites to explore alternatives for improving bicycle 

accessibility. For instance, investments in bicycle parking facilities in public transport stations can 

improve accessibility and inclusion in the economic activities of low-income residents. New city-

scale programs oriented to promote bicycle use targeting mainly school children have the potential 

to increase cycling in the medium and long term and reduce the accessibility and uptake gaps 

between genders and income levels evidenced in the research.  

Our evidence supports the need for more equality-centered policies such as cross-subsidies, 

targeted infrastructure provision, and support for bicycle purchases in areas of social and physical 

disadvantage. The use of accessibility as a policy target can help to question traditional criteria for 
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public investment and policy delivery in cities such as Bogotá, improving the distributional effects 

of cycling policies.  
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