
Analysis of the Portal Viaje subjacent Social Network 
growth and efficiency 

Felipe Montes, Steffanía Mosquera, Danilo Ramírez, Roberto C. Jiménez, Roberto 
Zarama. 

Thesis 
Presentation date: June 13, 2014 

 
Abstract 

In the last decades many web applications with a social component have been generated, and 

there are also strong advances in mobility through these networks, but there has not been an 

analysis of what makes these networks more or less efficient. We state a case study of the social 

network related to the Portal Viaje project, an online carpooling scheduler. We gather information 

from the application’s database and then formulate a network that represents the relations 

between the application’s users. We then proceed to analyze the network from a Social Network 

Analisis point of view and its growth, as well as its efficiency. We found some evidence along the 

investigation that points out that, over time, drivers tend to give a lift to the same people 

increasingly exhibing a preferential attachment behaviour, and that a more active and cohesive 

role of passengers leads to a higher efficiency in the network.  

Introduction 

Cities growth has led people to increase their mobility needs [1]. The increase in the number of 

cities habitants is followed by an increase in the car ownership and the demand for transportation 

resources, such as lanes and parking spots. Because these resources are limited, traffic problems 

and inefficiencies emerge.  This, as well as high pollution lead to the degradation of the quality of 

life and waste of non-renewable fossil fuels such as gasoline. [1] 

Nonetheless, cities growth does not only produce bad circumstances, but also innovation and new 

ideas [2]. Bettencourt et al. (2007) compared the number of city habitants with different indicators 

of the city, such as cable length and R&D employment through many decades, concluding that 

high concentrations of population have positive effects on measurements such as patents and the 

creation of wealth. The more innovative a characteristic of a city is, such as new patents, the 

greater the returns as the population of the city grows. 

Consistently, people living in cities have found a possible solution to alleviate mobility problems: 

“car pooling”. This practice proposes that the passenger and the driver agree to share the same 

ride to a given destination. As a result of this, the same amount of persons might be transported in 

fewer cars obtaining saves in gas and lane space [1]. According to the American Automobile 

Association the use of carpooling contributes more to the decrease in air pollution than any state-

imposed policy. Also, carpooling provides social interaction in an increasingly disconnected 

society. [1] 



Carpooling was conceived in the 1940’s during the II World War as a rationing tactic. Afterwards, it 

was used again during 1970’s, due to the 1973 oil embargo towards the United States, time at 

which companies like Chrysler and 3M organized vanpools. During the 1980’s the usage of 

carpooling as a percentage of total trips corresponded to 19.7%, 13.3% during 90’s and 12.2% 

during 2000 [3]. During the last decade, with new information and communication technologies 

carpooling has converted in a popular trend. New carpooling services incorporate user preferences 

like social status, education and age and real time carpooling with online communities that involve 

the use of smart phones and GPS. [1, 3] Several carpooling platforms can be found in the United 

States, Germany, Greece, Great Britain, New Zealand, Belgium, Italy, and Colombia. Internet 

websites and applications help bring people who share the same interests together in order to 

remove barriers from the social interactions. [1, 4, 5, 6].  

Bogotá (Colombia) is a city with around 7’000000 citizens. There are 15’281,976 trips every day, of 

which 2’021,386 (13%) are made in private vehicles and 594,797 (4%) are made by taxi [7]. Trips in 

private vehicles take 37 minutes, while journeys in taxi take 30 minutes. This means that an 

average Bogota citizen that uses car spends 74 minutes a day in transportation, while those who 

use using taxi take an hour [7].  When comparing this data with London, [16] we see that an 

average trip with a distance of 10km would take 14 minutes by car, less than half the time used in 

Bogota, framing a serious mobility issue in Bogota.    

Universidad de los Andes is one of the most important and bigger universities in Colombia, located 

in downtown Bogota, a zone with traffic problems and a TransMilenio station registers around 

50,000 people exiting it every day.   With these issues in mind, the Portal Viaje (PV) project was 

conducted in Universidad de los Andes in order to alleviate the problem.  PV started as a joint 

initiative by the Optimization and applied probability Center (COPA), the Urban and Regional 

Sustainability study group (SUR) and the Economic Development Study Center (CEDE). It consists 

on building a user network of community members, such as students, professors, and 

administrative personal from the University, in order to coordinate car sharing from and to the 

University. The use of this system is promoted by the University, but users must be active in the 

platform publishing their schedules and seeking for a ride. With this web application, the creators 

expect to make users conscious about the efficient use of their vehicles, spreading their 

compromise with the search of mobility alternatives on the city [8]. 

InPV, the driver must specify the date, time, detailed route and expected cash return of each trip 

planned. Once the trip is published, the driver will receive requests made by other users, who wish 

to participate in the ride. The driver can accept or decline any of the requests according to its own 

criteria, as long as the car does not exceed its capacity. When the trip is completed, drivers can 

give a score to each passenger and reciprocally. Likewise, passengers are able to search in the 

published trips and to send requests to any driver’s schedule. Users are also able to customize a 

search, in order to specify importance of 4 key aspects: closeness to their start point, time 

difference, demanded retribution, and historical score given to the driver. Based on these 

parameters, each search result is rated between 0-100, so the user can pick which one(s) to apply 

to [8, 9]. As a result of PV, a social system is constructed.  



Prior research has been carried out to investigate how people are motivated to use carpooling 

systems. For example, there was a study conducted in San Francisco, where the carpooling was 

first implemented, to determine possible drivers of influence for environmentally friendly 

behaviors adoption, like carpooling [5]. Other studies have assessed possible factors affecting 

carpooling in terms of location, organization and promotion [4]. Another study aims to understand 

the effect of having a tight community in carpooling, with Mexican immigrants [6]. Nevertheless, 

either of the previous research quantifies the efficiency of carpooling systems according to the 

growth of the social interactions that occur.  

In that way, in this paper we study the social interaction that occurs in the PV system, and we 

assess the efficiency that each new user in the community generates. In order to do this, we will 

measure how PV evolves along one semester in 2011 and one semester in 2012 in terms of users 

and trips. Additionally, we will observe how new users generate new trips in order to determine 

the growing dynamics of the system. Finally we will assess the efficiency of the system according 

to its growth.  

Methods 

 We collected data concerning the trips in the PV system from the web app servers for two 

semesters (2011-1 and 2012-2). For each semester, we divided the data into 14 weeks, registering 

the effective trips booked using PV, and the new users generating their first trip.  Afterwards, we 

studied how the system evolves regarding users and trips, how they grow and the differences 

between these dynamics. We compared the evolution of users and trips within each semester and 

also between semesters. 

In order to determine individual behaviors that could potentially explain the growth dynamics 

observed, we constructed a directed network of trips and users, where every node is a user that 

has traveled in PV, and every connection is an effective transaction (shared ride). The direction of 

the links represents which user gave the lift to the counterpart user. More precisely, a connection 

     represents a pair of users       where b gave a lift to a, therefore the direction of the 

graph.  Users are represented by nodes, while connections represent trips. The weight of a 

connection is the number of trips two users did together in a time period. In order to observe the 

size and evolution of networks along both semesters, we represented each week of operation of 

PV with a different network.  

In pursuance of studing the behaviour of the individuals in the networks along each semester we 

did a descriptive analysis of the cumulative networks, evaluating the evolution of nodes total 

degree (amount of connections of each user), meaning the number of people a certain user 

traveled with as a passenger or driver. We also studied the connection strength as the number of 

repeated trips for each user. We took both measurements and saw how they evolved along each 

semester. The degree of all users at the end of the observable period is calculated with the well-

known formula stated on [11]: 



            
 

                                                                         

             

 

                                                                       

                                                                                                                

The calculation for connection strength was: 

                                                                                                                  

Where     are incoming conections, or people a driver gave a lift to and      are outgoing 

connections, representing drivers a passenger travels with. Likewise,    represents the wighted 

degree, or the total trips in PV viaje done by a given user.  Subsequently, we examined the 

distribution of the degree and strength connection in the networks, to see if connections are 

evenly distributed or if there is a behavior where the minority of the users holds the majority of 

the connections. We tested if the degree distribution was described by a skewed distribution 

leading to a heterogeneous network.   

We assessed the preferential attachment (PA) hypothesis in both semesters’ networks. In other 

words, we determined if a PV user with a greater number of connections was more likely to have 

even more connections in subsequent weeks, or if there was no relation between degree and the 

possibility of making connections. [13]. In order to test the PA hypothesis we used the Barabasi-

Albert model [12].  

Finally, we evaluated the efficiency of PV growth. According to Bettencourt et. al innovative 

characteristics grow more efficiently as population grows  than not innovative characteristics. [2] 

This is seen through his study in variables such as gasoline stations and length of cables, which 

have decreasing returns. For example, as the population of a city grows, less electric cables per 

person are needed. On the other hand, the more innovative the characteristic is, the greater the 

returns on the growth of the population will be. There was a power law relation between 

indicators and population growth was assessed by Bettencourt et. al fitting equation (4) in large 

data sets of cities in America, Europe and China. 

                                                         (3)  

Where the Y(t) represents characteristics like material resources or measures of social activity; Yo 

is a normalization constant and  N(t) reflects the population at time t. We will run the same model, 

using as population the cumulative users of the PV at every week of both semesters, and as output 

we evaluated trips. This will be done to see how effectively the network generates new trips 

among the network of PV.   

 



Results 

System Growth  

By the end of the 2011-1 semester there were 822 users, represented by nodes, and 3014 rides 

represented by weighted connections and 1926 connections, indicating that 36% of the 

transactions were repcurrent among pairs of users and an average of 3.7 trips per user. For 2011-1 

we observed that the cumulative percentage of users grew faster than the cumulative percentage 

of trips (Figure 1a.). Approximately 80% of the users were already in the system by the 6th week, 

while only 50% of the trips were completed.  After the 6th week of the semester the network was 

already defined userwise, actors relied on the people they had already traveled with, generating 

new trips, but no new users reached the system.  The faster evolution of the network userwise 

also shows PV was well known within the community since the beginning of the semester, 

accumulating a 18.7% of its total amount of users by the first week, starting with 182 trips and 153 

users.  

For 2012 there were 331 nodes and 1208 connections, as well as 1567 trips, showing only 23% of 

the connections were recurrent and an average of 4.7 trips per user. In this semester PV had less 

users than in 2011-1 during the first weeks. For week 1 there was only one driver who gave a lift to 

10 people(Figure 2), and this trend continued with the formation of hubs, or groups of users 

defined by one driver. The role as driver or passenger was well defined, and did not change allong 

the week. For 2012 the number of users evolved almost identically with the number of trips, which 

means that new users arrived all along the semester and new trips and social connections were 

also made all along the semester (Figure 1b). The network evolved not by the execution of new 

trips among the existing users, like in the case of 2011, but by the arrival of new users and their 

first trip. 

Figure 1: Cumulative percentage (Compared to the total at the end of the semester) of trips and 

users for a. 2011 and b. 2012  
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Figure 2: Weekly and cumulative users and trips networks for 2011-2 and 2012-2 

 



Network Structure 

When observing each week of 2011-1 PV network in Figure 2 it is possible to distinguish several 

network hubs in every week network. This result could by supported by the fact that one single 

driver can give a lift to four people, having the possibility of making four connections in one day, 

while passengers can only drive with one person, making a unique possible connection per day. 

This difference in the connection generating capacity of passenger and drivers makes it natural for 

hubs to be defined by drivers. An emergent phenomenon that is also observed is the formation of 

long chainlike structures within each week, that indicates an active role of passengers, traveling 

with more than one driver. This structure reamains throughout the semester, and therefore can 

be evidenced in the cumulative network for all the semester.  

In 2012-2, we observed the creation of the network from a seed node. In the first weeks, the 

network structure is similar to a star, explained by the possibility of drivers to make more than one 

connection per day according to the car capacity. A passive behavior of the passengers is then 

observed in the network of 2012, where fewer passengers travel with a single driver and build a 

network where hubs are not as connected as in the 2011 network. As the networks grows, hubs 

get connected and clusters appear, but in this case there are no chainlike structures like the ones 

observed in 2011. This can be attributed the more active role of drivers as promoters of the PV 

rather than the role of the passengers.  

Degree and connection Strength evolution  

In Figure 3a we observe that for every week of 2011-1 the average total degree of nodes grows at 

a decelerating rate. This trend shows that the majority of the users enter the system at the 

beginning of the semester consistently with the trend observed in Figure 1. The average 

connection strength also grows during the 2011 semester, showing that througout the semester 

users are likely to share rides with the same users.  

For the 2012-2 semester, we observed a different trend, where the growth of the degree is not 

stable, with growths like the one seen in week 3, and stable behaviours, for example in week 10. 

This can be explained by the fact that new users share rides with a few number of users.  It is also 

possible to see that 2012 network has a higher average degree than 2011, which is consistent with 

the higher average of trips per user. In 2012, the weeks in which the trend in degree changes, the 

connection strength shows a stronger alteration. It is possible to see an increasing trend for weeks 

one to three, which means that there is a greater increse in trips than in connections generated; 

indicating people are repeating travel companions. For weeks six to fourteen, connection strength 

grows again, peaking on week 13, when PV system recovers of week 12, which had a decrease in 

its trips, evidenced in figures 1 and 2.   

 

 

 



Through the graphs of connection strength and degree it is possible to identify a gap for years 

2011 and 2012, where 2011 has a lower connection strength and degree. Because the gap for 

connection strength is greater than the one of degree, it is possible to affirm that users in 2012 

repeat more travel companions than users in 2011. This means that passengers in 2012 are more 

likely to repeat drivers than the ones of 2011.  It is only possible to affirm this behaviour from the 

passengers, since they are the only actors in the network with the possibility of generating a 

connection, because drivers cannot contact passengers.  

Figure 3: Degree (a.) and connection strength (b)  for the cumulative network along 2011(blue) 

and 2012 (red)

 

Distribution of the connections 

For semesters 2011-1 and 2012-2, the nodes in, out and total degree distributions both decrease 

linearly on a log-log scale, implying a potential decay (Figure 4).  If we take a look to the 

histograms, it is possible to see that more than one hundred users in both networks have a degree 

of one and there are very few users with high degrees, where the majority of the connections are 

concentrated. This shows that there is a small number of active users that book the majority of the 

trips. This difference in degrees is stronger in 2012 than 2011, consistent with a more active role 

of drivers, making the gap of degrees within users more evident.  

In terms of the total degree, we can see a behavior similar to the in-degree of the nodes. In fact, in 

Fig. 4 we can see that the total vertex degree distribution has a decaying behavior similar to the 

simulated series, suggesting that it follows a power law for the distribution of          with 

     in 2011 and         in 2012.  

 

 

 

 

 



Figure 4: A Log-Log Plot of the in-degree (down-pointing triangle), out-degree (up-pointing 

triangle) and the total degree (squares) for 2011 and 2012  

 

 

Popularity in PV 

With the Barabasi-Albert model from [12] using the in-degree of the network we observe that 

both of the networks show PA (Figure 6). There is a clear trend for nodes with high degree to gain 

new connections as mentioned on [14]. In both networks there is a popularity phenomenon for 

drivers, where the ones that have driven with more people tend to reinforce this behavior along 

time. This is explainable by the possibility of previous passengers to introduce new passengers to 

the drivers they already know.  

Figure 5: The produced Π(k) of applying the Barabasi-Albert model to every new connection 

after m_0=30 for 2011 and 2012 

 

 

Efficiency of PV 

Finally, we will assess the efficiency of the network in creating new trips with a model described by 

Bettencourt et. al  [2], similar to the one shown in equation (3) 



                                                        

Where T(t) represents the cumulative trips done in PV while U(t) is the cummulative amount of 

users in PV at a given week t.  

We obtained βs greater than one, which means that in terms of trip creation, and mobility, the 

network gets more efficient in time, indicating innovation in both systems. This indicates that the 

greater the number of users of PV, the higher returns on trips. In other words, with every new user 

added, more than one trip is created, and this gap grows with the addition of more users. If we 

compare the β of 2011 with the one of 2012, we see that it decreased from year to year. This 

shows that PV was innovating and being efficient in 2011, and it continued with this efficiency for 

2012, but in a smaller degree, approching 1, losing its innovation capacity and approching a system 

of individual maintenance.  This change in the efficiency of PV could be explained by the use of the 

facebook group “Wheels Uniandes” as a new way of publishing and looking for possible drivers. 

This new option would offer the advantage of a more interactive way of communicating such as 

comments and inbox in facebook and the possibility of having more information on whom you will 

be traveling with, like friends in common and photographs. 

Figure 6: Users vs Trips logarithmic Regression 

 

Table 1: Results for User vs Trip Regression 

 

 

Discussion 

0 

1 

2 

3 

4 

5 

6 

7 

8 

9 

4,8 5 5,2 5,4 5,6 5,8 6 6,2 6,4 6,6 6,8 7 

ln
(C

u
m

u
la

ti
ve

 T
ri

p
s)

 

ln(Cumulative Users) 

2011 

0 

1 

2 

3 

4 

5 

6 

7 

8 

1 3 5 7 

ln
( 

C
u

m
u

la
ti

ve
 T

ri
p

s)
 

ln(Cumulative Users) 

 2012 

Year β Driving force R2 

2011 1.71 Creation of information, wealth and 
resources; Individual maintenance 

96.7% 

2012 1.12 Individual maintenance 99.8% 



If we sum up all the analyses made for 2011 and 2012 networks it is possible to reach several 

conclusions on the behavior of each of the individuals in both years.  

For 2011 we observe a network, which in general grows by creating new trips, rather than adding 

new actors to the system. For the 2012, the opposite behavior is observed; new connections are 

created in proportion to new trips.   It is also possible to observe that there is an increasing trend 

in degree and connection strength for 2011 and not 2012, while in 2012 there is a greater 

connection strength and degree than in 2011. A more efficient behavior is shown in the 2011 

network, where it is possible to form several new trips with a rather constant amount of users, as 

opposed to the 2012, where the number of users and trips evolved almost identically.  

In the 2011 network chainlike structures were very usual, showing that users only interacted with 

two other users, creating chains where some users where only connected to the big component of 

the network through one other user. This reflects the more active role of passenger, connecting 

with more than one driver and created a similar structure to the tendrils observed in the 

Wikipedia network studied in [14].  In 2012 drivers can be classified as hubs, with a more active 

role than in 2011,  they show an increase in degree over time, serving as linking points for new 

groups of nodes, but hubs are not as likely to connect with each other, generating inefficiencies at 

this point.  

This makes us conclude that there is a vital role of passengers in making the network efficient in 

terms of trip generating, the more people the passengers reach, the more efficient the network 

gets. Passengers are key actors in connecting the hubs formed by drivers. This phenomenon is also 

possible to analyse from a mereley sociological point of view, where social capital, as mentioned in 

[15] is defined by size and connectivity of a network. In 2011 PV generates more social capital, 

promoting social interaction within the community and leading to a better way of commuting.  

It is also possible to observe that PV for both semesters has a distribution of the degree very 

similar to the one of Wikipedia [14], with a        for 2011 and     for 2011, while the one 

observed in Wikipedia corresponded to      .  Regarding PA, we observe a stronger preferential 

attachment in 2012 than in 2011, accentuating the hetogenity of the network. This phenomenon is 

also observed in the Wikipedia network and reflects the social character of both websites. These 

similarities make us infer that there is a very similar heterogenity in the way portal viaje grows to 

the one observed in Wikipedia. [14] 

Finally, the differences in efficiency are evident when observing the difference in connection 

strength of both years. In 2011, there was lower connection strength than in 2012, with fewer 

passengers repeating the same driver, giving the network the possibility to be more connected 

and profit more of existing users in creating trips. The lack of efficiency of 2012 network is also 

seen by the lower β in table 1, aproaching an individual maintenance driving force that a β 

equivalent to 1 indicates, rather than the creation of information, wealth and resources of βs 

greater than one [2]. 



At this point it is vital to clarify that the study has limitations regarding the size of the sample and 

the time frame, taking into account that the data only gives 14 points, one per week of the 

semester. Consequently, we do not make any assumptions on distributions nor confidence 

intervals. Also, it was very difficult to track all the offers and passengers using PV but ultimately 

not contacting the driver, so only the succesful transactions data was used for this study. 

Analogously, the degree data only covers 2 orders of magnitud, therefore we must clarify that 

finding the power law or using the Barabasi model [12] does not also imply a scale free network.  

Conclusion 

Through the different analyses, statistical and social network, it is possible to see consistency on 

the fact that the 2011 network of PV is more efficient generating new trips than the 2012. It is also 

possible to reach the conclusion, that for 2011 PV presented an innovative solution to alliviate the 

problem of generating trips for faculty members, but for 2012 it lost its innovative characteristic, 

giving rise to less efficiencies through behaviors that could be evidenced through the its subjacent 

social network.  
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