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Abstract
Objectives: The purpose of this research is to compare the results of the face-to-face and virtual modes for mixed data 
surveys in the case study of the implementation of a Public Bicycle System (PBS) in Villavicencio, according to a revised 
methodology in other regions of the world such as the United Kingdom, the United States and Australia. Methods/Analysis: 
The methodology in this investigation is composed of Preliminary investigation; Processing of primary information 
and comparison with case studies; Analysis of supply and demand of the PBS; finally comparative analysis of survey 
methodology for characterization of users of a PBS. Findings: Authors find that According to the review of modes for 
conducting surveys (e-mail, postal mail and telephone call) used in three regions of the world, the most used is the virtual 
one. Therefore, it is recommended that, if this method is chosen, it will be supported with face-to-face surveys for these 
populations to disseminate the survey for more than a month and motivate them with some compensation. In addition, it 
is established that the people most willing to use the PBS are those who are currently mobilized in non-motorized ways. 
Application/ Improvements: It is important to know that each PBS must correspond to a specific analysis of the region 
where it is implemented. That it corresponds to a mixed data survey to have a complete characterization of the sample of 
the surveyed population and of the possible users of the Public Bicycle System.

1. Introduction
A system of public or shared bicycles is based on the 
loan or temporary rental of this type of vehicle. It aims 
to promote its urban use in short trips (usually around 
30 minutes), between previously registered persons and 
identified. Bicycles must be taken from a pre-established 
station and returned after its use to the same or another 

station, all within the operating area1. As populations 
grow, traffic congestion increases, the price of fuel rises 
and global awareness of climate change escalates, which 
is why it has become necessary for world leaders to find 
new modes of transport and better adaptation of existing 
modes to mobilize people in an increasingly ecological, 
efficient and economically viable way. A real option is the 
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shared use of bicycles, which is evolving rapidly to adapt 
to the needs of the 21st century2.

Latin America presents an increase in motorization 
due to the growth of the Gross Domestic Product (GDP) 
of the countries of the region. At the same time, there is a 
worrying increase in the use of motorcycles in several cit-
ies in this part of the continent and a consequent loss of 
demand in public and non-motorized transport systems 
(walking and cycling)3. In Colombia there is a success-
ful case with planned operation continuity for 2030 called 
Encicla4, which is the Public Bicycle System (PBS) of 
the Aburra Valley in Antioquia. Other systems as such 
implemented are in the cities of Manizales5,6, Popayán 
and Bogotá, where there has not been such a satisfactory 
operation or where it has had low coverage. Considering 
this, it is important to establish that each PBS must cor-
respond to a specific analysis of the region where it is to 
be implemented, taking into account the social environ-
ment, the financial resource, the route needs of the users 
and the continuity of the administration of the system.

Figure 1. Geographic location of the municipality of 
Villavicencio.

Villavicencio, the municipality in which the case study 
is conducted, is the capital of the department of Meta. It is 
located in the center-eastern region of Colombia (Figure 
1) in the foothills of the eastern cordillera of the Andes, 
at an average altitude of 467 meters above sea level. It has 
a total extension of 1,328 km2. The study area covers the 
urban and rural area of the municipality, within which 
two geographical regions stand out: the first located in the 
west and northwest of the municipality that corresponds 
to the mountainous formation generated by the Eastern 
Cordillera, and the second region is the plain towards 
the east and northeast that is delimited by the Guayuriba 

River7. In recent years, Villavicencio has had a boom in 
the implementation of cyclo-infrastructure, recreation 
campaigns, BMX groups and groups promoting the use 
of bicycles. This has raised the need to propose strategic 
mobility options that involve multimodal use and tour-
ism promotion, such as a PBS.

To characterize and set a dimension to the possible 
number of users of the PBS, and also to recognize the 
Origin−Destination (O-D) that is predominant in the 
mobility dynamics of the municipality, a survey format 
with mixed data was conducted face-to-face and virtu-
ally. These surveys have two classifications according to 
the type of preference: Revealed Preferences (RP) and 
Declared Preferences (DP). RPs expresses the observed 
decisions of individuals based on the main attributes that 
explain the usefulness of different transportation alterna-
tives in real market situations. On the other hand, the DPs 
try to infer the individual preferences for a series of hypo-
thetical situations constructed by the researcher, trying 
to define the characteristics of the alternatives as realisti-
cally as possible8. Because each approach has advantages 
and disadvantages, the combination of both types of data 
(modeling with mixed data) is recommended in order to 
take advantage of its virtues and reduce the disadvantages 
derived from the use of such data sources individually9. 
This survey was carried out face-to-face and virtually to 
the population of the municipality of Villavicencio, Meta, 
obtaining results that allowed to compare other case stud-
ies in which surveys were conducted to users or potential 
users of a Public or Shared Bicycle System.

2. Methodology
The methodology in this investigation is composed of 4 
main phases that are shown in Figure 2: 1. Preliminary 
investigation; 2. Processing of primary information and 
comparison with case studies; 3. Analysis of supply and 
demand of the PBS; and 4. Comparative analysis of survey 
methodology for characterization of users of a PBS.

2.1 Stage 1. Preliminary Investigation
To characterize bicycle sharing, surveys are essential to 
understand who is using the bicycle at that time and the 
other modes of transportation used by potential PBS users. 
In structuring the survey, it is important to recognize the 
current social and cyclical infrastructure characteristics 
of the area. In this case, the previous review of secondary 
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information about public policies to promote bicycle use, 
as well as its collective promoters, the current manage-
ment of road safety for bicycle users and the volumes of 
vehicles in specific stations that took place in the territory 
where the PBS will be implemented must be considered. 
The survey developed for a PBS must take into account 
whether the population has already approached or used 
the concept, as well as taking into account the period of 
time in which the survey is conducted: before, during or 
after the implementation of the PBS. The structuring and 
its processing are fundamental to generate a model that 
characterizes the population where it will be carried out. 
For this, a PBS model from Ningbo, China10  was reviewed, 
as is shown in Figure 3.

Figure 2. Methodology of the investigation in the case study. 

Figure 3. Survey methodology for users of shared bicycles in 
Ningbo, China.

The inputs of this model are independent and 
explanatory variables determined from a survey used to 
collect data on the use and satisfaction of shared bicycles. 
Likewise, the explanatory variables that include the indi-
vidual characteristics, the home characteristics, the travel 
patterns, the built environments and the perception of the 

shared use of bicycles are collected through the survey. In 
the processing, the Bivariate Ordered Provit (BOP) mod-
eling technique was used to identify the significant factors 
that affect bicycle sharing and the degree of satisfaction10. 
A preliminary testing of the survey is an opportunity 
to correct and evaluate the processing before doing it 
in the final population sample. During the pre-test of a 
survey, at least the following questions should be asked: 
Are there instructions to complete the survey clearly? Are 
the questions easy to understand? Do the respondents 
or pollsters understand how to indicate answers? Are 
the answer choices exhaustive? Are the questions poorly 
written or misleading? Are there any missing questions? 
Did the respondents have enough time to complete the 
survey? Are the questions as «neutral» as possible11?  For 
the case study in Villavicencio, the final form was made 
in November 2017, after conducting a previous pilot test. 
The final form and the procedure that includes virtual 
and face-to-face modes correspond to the flow diagram 
of Figure 4.

Figure 4. Methodology of surveys carried out to implement 
a system of shared bicycles in Villavicencio.

2.2 Stage 2. Processing of Primary 
Information and Comparison with Case 
Studies
The georeferencing of Origin−Destination of the surveys 
allows recognizing the dynamics of mobility of the inhab-
itants of the municipality, alongwith the results of the 
Hour of Maximum Demand of the vehicular volumes and 
the modeling of the possible routes of intermodal connec-
tion that the PBS could have. Additionally, a comparison 
is made between the case studies of other SBPs and their 
methodology regarding surveys. Likewise, a compari-
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son of methodologies used throughout the last 10 years 
in some regions of the world in periods before, after and 
during the implementation of the PBS is made, allowing 
comparing and discussing the results of the case study.

2.3 Stage 3. Analysis of Supply and Demand 
of the PBS
The analysis of the demand allows to characterize, accord-
ing to the sample of mixed data surveys, aspects such as 
origins, destinations, perceptions or motivations to use 
the PBS and, in turn, it is the input of data to evaluate 
the supply necessary to determine the number of anchors, 
fleet by station, quantity and location of stations in the 
first stage of the project.

2.4 Stage 4. Comparative Analysis 
of the Survey Methodology for the 
Characterization of the PBS Users
Due to the fact that a mixed data survey was conducted 
in two modes, virtual and face-to-face, variables and les-
sons learned were identified for future surveys focused on 
characterizing possible users of a PBS.

3. Results and Discussion

3.1 Definition of the Sample Size 
For the determination of the minimum number of sur-
veys, the following formula was used to calculate the 
sample12.
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Where:
n = Sample size
N = Population size
σ = standard deviation, considered a constant value of 0,5.
Z = value obtained by trust levels
e = acceptable sample error limit

The population of Villavicencio municipality7 cor-
responds to 452,472 inhabitants, therefore a confidence 
percentage of 95% was chosen, establishing the param-
eters used in Table 1. Taking into account the above, the 
minimum number of surveys to be carried out was 384. 
However, 807 printed surveys and 75 surveys were car-
ried out in virtual format using Google Forms.

Table 1. Parameters for estimating the minimum 
sample

N 452,472
σ 0.5
Z 1.96
e 0.05
n 383.8

3.2 Preparation of the Survey 
Interception surveys are a proven method to collect infor-
mation about the decisions people make in transport and 
how they perceive it, what they think and what they want. 
When it comes to public bicycles and using them, the data 
collected is essential for planners, advocates, public health 
officials, marketing teams and others as they implement 
public bicycle systems or promote bicycle infrastructure; 
design policies and programs; and the potential users of 
the bicycle13. In the case of Villavicencio, the same Survey 
was conducted. The questions asked are presented in 
Figure 5 with the respective order and their discrimina-
tion of revealed and declared preference component. 
The Survey consists of 18 questions with an introductory 
explanation on the public or shared bicycle systems to 
guide the respondent from the beginning of phase II.

Figure 5. Mixed data survey carried out to implement the 
Villavicencio PBS.

3.3 Method for Conducting the Survey 
A review of case studies was carried out for the execution 
of surveys of PBS, as presented in Table 2. The survey for 
users of the PBS in the United Kingdom was developed by 
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Bikeplus with support from the operator of the PBS and the 
local representative of the authority. The survey was designed 
for each specific city and includes a satisfaction survey. These 
were distributed to all users via email between July 12, 2016, 
and September 18, 2016. 891 responses were received from 
17 systems in the United Kingdom14. In Sacramento, West 
Sacramento and Davis the survey was conducted in April 
2016 (before the PBS) and they waited to conduct the survey 
a few months after the launch of the large-scale PBC in 2018 
(after the PBS). From the address database for these areas, 
they randomly selected 5,000 and 2,000 addresses, respec-
tively. The recruitment letter invited residents to participate 
in an online survey and provided the URL for the survey site. 
They offered prospective participants the chance to enter a 
cash prize drawing for ten $100 gift cards if they completed 
the survey on April 30, 2016. The recruitment letter stated 
that only residents over 18 years old could participate in 
the study, and asked the possible participants who did not 
want or could not complete the survey to contact us and 
request a physical copy of it by post with postage paid on 
return. They sent reminder postcards a week after the ini-
tial survey, recruitment letters and extended the deadline to 
participate in the draw until May 12, 2016. As a result, an 
11.5% response rate was achieved for Sacramento, 8% for 
West Sacramento and 20% for Davis, for an overall rate of 
14%. The online survey was scheduled using the Qualtrics 
software. A small number of physical copies of the survey 
were sent and returned by mail15.

The strategic business plan NSW 2021 sets a goal for 
more than double the participation in bicycle use between 
trips of up to 10 km in the Greater Sydney Metropolitan 
Area by the year 2016. To achieve this goal, Roads and 
Maritime Services (RMS) and the Bureau of Transport 

Statistics (BTS) commissioned Sinclair Knight Merz to 
develop a survey method to monitor performance towards 
this goal. The 2011 Sydney Cycling Survey was con-
ducted through Computer-Assisted Telephone Interviews 
(CATI), chosen as the most cost-effective survey method, 
offering the best opportunity to obtain timely data and 
have the greatest control over sampling biases. The survey 
was conducted over a three-week period from November 
14 to December 3, 2011. Telephone interviews were con-
ducted by Market Solutions on behalf of the project team. 
All the interviewers had experience in conducting tele-
phone interviews and had been trained on the objectives 
of the survey before starting field work16.

According to the case studies and feasibility of con-
ducting surveys in Villavicencio, the surveys were carried 
out in two ways, virtual and face-to-face. For the face-to-
face survey, six (6) pollsters were designated, located at 
points of public attraction and areas of multiple activities 
in the municipality with specific hours from November 
20 to November 26, 2017, with a total of 807 valid sur-
veys. At the same time, the Google Forms survey was 
carried out and it was configured in such a way that it 
only allowed one answer per email account to avoid 
duplication of the form, which was disseminated through 
the webpage of the City Hall of Villavicencio during the 
month of November 2017, with a total of 76 forms.

3.4 Characterization of the Surveyed Sample 
According to socioeconomic conditions, in Colombia 
there is a method of stratification of buildings for the col-
lection of public services and identification of purchasing 
power. Therefore, it is an indispensable question to iden-

Table 2. Case studies of modes to conduct surveys

Country orregion United Kingdom United States Australia

Case study United Kingdom’s PBS Sacramento, West 
Sacramento and Davis’ PBS

Sidney Cycling Survey 2011

Mode E-mail E-mail with raffle for 
answering the survey, with 
the option to send the 
answers by postal mail.

Telephone, computer-
assisted (CATI)

Contucting period July 12th, 2016 April 30th, 2016 November 14th, 2011
September 18th 2016 May 12th, 2016 December 3rd, 2011

State of the PBS at the 
moment of conducting 
the survey

Implemented Before implementing the 
system

Does not apply, only cyclist 
user
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tify to which stratum respondents correspond and how 
the sample is distributed according to their purchasing 
power or economic strata. The results of the case study in 
Villavicencio are shown in Figure 6. On the other hand, 
virtual surveys do not guarantee that the population of 
extreme socioeconomic strata responds to the survey, 
unlike the one done face-to-face, which allowed identi-
fying the survey areas where it could be guaranteed that 
people from extreme socio-economic strata (1 and 6, 
Table 3) could be surveyed. 

Table 3. Stratification in Colombia17

Stratum Subsidies percentage (Factor)
1: low – low 0,50 (Subsidies until 50%)
2: low 0,60 (Subsidies until 40%)
3: medium – low 0,85 (Subsidies until 15%)
4: medium 1,00 (no subsidies and no 

contributions)
5: medium-high 1,20 (contributions until 20%)
6: high 1,20 (contributions until 20%)

Figure 6. Virtual and face-to-face surveys according to 
socioeconomic status and gender.

In order to recognize the LGBTI population, the gen-
der «other» was included in the survey as indicated in 
Table 4. The responses according to the gender of men 
and women are proportional in both modes. However, 
participation of those who identified with another gender 
is disproportionately minimal against the others.

3.5 Characterization of the Population of 
Potential PBS Users 
According to the mode of transport currently used by the 
respondent: It is important to recognize which current 

modes of transport would be replaced by the PBS alter-
native transport mode. It is important to recognize that 
respondents in the face-to-face mode who are currently 
traveling by bicycle would choose the PBS that is offered, 
and in the virtual survey, those currently on foot would all 
use the proposed PBS (Figure 7).
Table 4. Surveyed by gender

Gender Face-to face Virtual
Man 431 39
Woman 367 37
Other 9 0

Figure 7. Respondents who would use the PBS according to 
the current mode of transport.

Figure 8. Willingness to pay for the use of the system and 
gender with which the user is identified.

According to the willingness to pay for the use of the 
system and gender with which the respondent is identified: 
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Although the PBS should mostly be subsidized by the 
state, by publicity or with private financing, it is impor-
tant to identify who would be willing to pay for the use of 
the system. It is also recommended to not exceed the cost 
of the public transport fare per daily trip in the system. 
The results are identified in Figure 8.

Bicycle sharing is a disruptive service in the collabora-
tive economy and, like all new services, there is a learning 
curve. But of the 106,055 trips in 2015, only 10,930 (10%) 
incurred a usage fee; of those 10,930 trips, only 2% (224) 
requested a refund, which means that the remaining 8% 
(10,706 trips) intentionally extended their time.

3.6 Characterization of the Conditions Due 
to which the Respondents do not Currently 
use Bicycles
This characterization allows identifying which are the pri-
orities to maintain the users in the future system of public 
bicycles, besides recognizing the current conditions for 
the cyclists (Figure 9).

Figure 9. Reasons for which the respondent do NOT 
currently use bicycles.

In both types of survey (virtual and face-to-face), 
the reasons why users do not currently use bicycles in 
Villavicencio are access, security and others. The reasons 
identified as «others» were: because they do not own a 
bicycle, they do not like it, they cannot do it for health 
reasons or they do not have enough time (Figure 10). The 

reasons why bicycles are used in greater percentage are 
access, comfort and others. The reasons for which bicycles 
were used, identified as “others”, were: sport, recreation, 
pleasure and health care.

Figure 10. Reasons why the respondent is currently using 
bicycles.

4. Conclusions
For PBS surveys before implementation, it is suggested 
that the Survey include questions of declared and revealed 
preference, that is, that it corresponds to a mixed data 
Survey to have a complete characterization of the sample 
of the surveyed population and of the possible users of the 
public bicycle system.

It is important to conduct a pilot survey before con-
ducting the final survey on the population sample. It is 
recommended that the Survey be carried out at the same 
time that its respective numbered format or processing 
method was generated in the face-to-face survey. The vir-
tual survey in the format of Google Forms provides an 
automatic processing of graphics but it is recommended 
to use the database generated by Google Forms and pro-
cess the information according to what one prefers to 
characterize.

According to the review of modes for conducting 
surveys (e-mail, postal mail and telephone call) used in 
three regions of the world, the most used is the virtual 
one. However, in Villavicencio and in most municipalities 
of Colombia, access of the lowest socioeconomic strata 
to the virtual format is difficult and the higher strata are 
interested in accessing it. Therefore, it is recommended 
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that, if this method is chosen, it will be supported with 
face-to-face surveys for these populations to disseminate 
the Survey for more than a month and motivate them 
with some compensation.

Finally, it is established that the people most willing 
to use the PBC are those who are currently mobilized in 
non-motorized ways. However, to have greater environ-
mental benefits, it is suggested to generate campaigns or 
strategies, infrastructure improvements or incentives for 
users of motorized modes to prefer the PBC to a greater 
extent.
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