
             The International Conference on Emerging Trends in Engineering and Technology (IConETech-2020) 

Faculty of Engineering, The UWI, St. Augustine | June 1st – 5th, 2020 

301 

MODE CHOICE MODELLING OF PARATRANSIT MODES IN TRINIDAD 

Leah Wright1*, Trevor Townsend2  

1,2Faculty of Engineering, The University of the West Indies, Trinidad 
1Email: leahwright05@gmail.com *(Corresponding author) 

2Email: trevor.townsend@sta.uwi.edu 

 

Abstract: The objective of this research was to develop a mode choice model in a 

small island developing states (SIDS), specifically the island of Trinidad. The 

public transportation system of Trinidad is dominated by paratransit modes, which 

have developed out of necessity due to the inadequacy of the state-owned bus 

service. Most modal choice models, calibrated from data in developed countries, 

do not consider the impacts of such para-transit modes in the choice behaviour of 

commuters. This research develops a discrete mode choice model based on the 

revealed preferences of commuters and their subjective assessment of the 

characteristics of the modes. The results from a nested logit model showed that in-

vehicle travel time was a significant factor for the sample, while travel cost, was 

unimportant in the travellers’ mode choice. Large mode-specific constants were 

estimated in the utility equation when compared to the other variables. This 

indicated a bias by individuals toward specific modes. This can be due to the current 

status of the public transportation system. Results highlighted that travellers, 

consider the illegal “PH” Taxis share more similarities to the private vehicle than 

to other public transportation modes. This is a significant result that can dictate the 

development of future policies. This research has shown the importance of 

incorporating paratransit modes in the mode choice models of SIDS. Future work 

should consider integrating latent class variables in the model analysis. 
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1. Introduction 

Small island developing states (SIDS) have unique characteristics that expose them to different 

social, economic and development challenges. This is mainly due to their extremely small size and 

population, insularity, remoteness and limited areas, and natural resources [1, 2]. These 

characteristics have influenced the development of the quality of life in SIDS, especially in the 

field of transportation. Intensely few studies have focused on a better understanding of travel 

behaviour in SIDS. This study develops a mode choice model in the island of Trinidad, a Caribbean 

SIDS utilising revealed preference data based on travellers’ subjective assessment of modal 

characteristics.  

The Republic of Trinidad & Tobago is a twin-island state situated in the Caribbean region. The 

economy is with heavily based on oil & gas, and the country has a relatively high GDP of 

$18,000USD per capita and a population of approximately 1.4 million people. Trinidad, the main 

island, with a total size of 5,128 square kilometres, is the most southern Caribbean island and is a 

few kilometres north of Venezuela. The island is classified into three main regions, North, Central 
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and South Trinidad. A modern highway system connects these regions and a main road system 

that runs parallel to both the East-West and the North-South highways. In addition to this, there 

exists a Priority Bus Route (PBR) that runs along the East-West corridor in the North. The PBR is 

an exclusively high-occupancy vehicle route designed to provide relatively quick commutes for 

public transport passengers. 

Due to its wealth, the country has a high per capita car ownership of over 500 vehicles per 1000 

persons. This has led to significant problems of clogged roads, traffic congestion and long daily 

commutes. To add to the problem, there is considerable importation of used foreign cars into the 

island, making the availability of the private car easier to most persons [3]. 

The most commonly used public transportation modes in the island are the Public Transportation 

Service Corporation (PTSC) Bus, the maxi taxi, the route taxi and the illegally operating PH taxi. 

Excluding the PTSC Bus, the modes listed can be classified as paratransit modes. Paratransit 

modes are informal public transportation modes. They have such characteristics that they lie 

between the conventional public transportation and the private car and provide a service to the 

general public [4-6]. These type of modes have shaped the transportation system and thus, included 

in the analysis. 

The PTSC Bus is the single government-owned mode in the land transportation system. It operates 

mainly full-sized units (fifty-five to sixty-five passengers), although there are some articulated 

units on more heavily trafficked routes as well as smaller buses for rural routes where roadway 

widths are more constrained.  Although it has the lowest fares (it is subsidised by over three 

hundred million TT dollars annually), it is very unpopular, transporting less than five percent of 

transit users [7]. 

The maxi taxi service is a privately owned, paratransit service that is heavily used by travellers. 

Maxi taxis are mini-buses which hold between nine to twenty-five passengers. Though 

unregulated, fares are set by loose associations of maxi taxi owners. Each maxi taxi can only 

operate in one of five regions in the county. They operate like unscheduled buses from established 

stands and on well-known routes within their regions. There are approximately five thousand maxi 

taxis on the island, with an estimated annual ridership of two hundred million passenger trips [7]. 

The route taxi is a privately owned vehicle, usually a sedan or a minivan seating four to eight 

passengers and like the maxi taxi, is shared-ride and does not follow a schedule. The route taxis 

are registered as ‘for hire’ vehicles and carry a license plate with H. Like the maxi taxis; fares are 

set by associations. Though taxis are not limited to any route, most operators work from stands 

and on well-known routes based on their residential location. There are approximately twelve 

thousand, five hundred route taxis with an estimated ridership of one hundred and twenty-five 

million passengers per annum [7]. Modes similar to maxi taxis and route taxis exist in many 

developing countries and SIDS [8, 9]. 

PH taxis, known as ‘pirate taxis’ are not registered for hire but operate without legal sanction. 

Indeed, since they are the same size and carry the same registration designation of “P”, PH taxis 

are physically indistinguishable from private vehicles. They formerly operated in areas not well 

served by legal route taxis and maxi taxis. This mode shares similar characteristics to the route 

taxi; however, because it operates illegally, there is no restriction on the size of vehicles used or 

the routes they penetrate. Additionally, while legitimate taxi drivers require a special permit and a 

background check for criminal activity, PH drivers operate without such a permit. 
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Similarly, vehicles used as legal route taxis have to be inspected annually by the licensing authority 

and carry higher insurance premiums than PH cars. Consequently, since PH cars are operating 

illegally, their passengers are not insured against risk or injury. In recent times, these illegal taxis 

have competed aggressively with the route taxis and maxis and affected the livelihood of those 

operators. 

This study examines the use of various transportation modes and models the choice behaviour of 

commuters in a residential community on the island of Trinidad, a Caribbean SIDS. The remainder 

of this paper discusses more details on the characteristics of Trinidad travellers and the results of 

a mode choice analysis using a multinomial logit (MNL) model and a nested logit (NL) model. 

Finally, a conclusion is given and future research in the direction of SIDS in the travel behaviour 

field. 

2.0 Transportation System Development in Caribbean SIDS 

Though developing countries and SIDS share many characteristics, SIDS have peculiar features 

that limit the length of the journey these modes make, the cost of a single trip, due to things such 

as fuel costs as well as the routes and the type of vehicles used. The geography of SIDS has a 

strong influence on their economy, mobility and transportations. SIDS are generally tiny, remote 

islands that are mountainous [1, 10, 11]. This limited area effects where individuals can live as 

well as the building of infrastructures. Thus, in most rural parts, many persons cannot access 

certain services such as public transportation, making mobility and quality of living very difficult. 

This also puts a restriction on the kind of public transportation modes that can be introduced into 

the island, making way for more unorthodox, unregulated paratransit modes. Also, the deep divide 

between the rich and the poor, with such notable pockets of poverty, in places with such small 

population [11] has influenced the type and quantity of investments into the transportation system, 

where more financing is given to road infrastructures, rather than improving the public 

transportation system.  

Compared to other developing countries, SIDS are generally more economically vulnerable with 

unstable export earnings and high dependence on foreign and international trade [11]. This is 

heavily due to the remoteness and the size of the islands. The vulnerable economic behaviour of 

SIDS implies a strict limit on resources. Thus, projects such as the improvement of public 

transportation services tend to suffer. Therefore, the representation of SIDS in the travel behaviour 

field gives a different perspective on a common issue. 

2.1 Paratransit Modes in Developing Countries and Caribbean SIDS 

In developed countries, ridesharing has become more popular with companies such as Uber and 

Lyft using the programs Uberpool and Lyft line, respectively. Although not usually classified as 

“paratransit”, they allow for multiple passengers to utilise a vehicle as it traverses a route between 

some O-D pair, just like a transit vehicle.  Many practitioners in developed countries are 

incorporating rideshare modes under the umbrella Mobility as a Service (MaaS) in travel behaviour 

analysis [12-16]. Interestingly, this concept of ridesharing as a significant travel service option has 

long been applied in SIDS and developing countries due to the absence of reliable public 

transportation services. This notwithstanding, in Trinidad, the use of a privately owned vehicle as 

a “for hire” vehicle when it is not duly registered as such is illegal. 
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When analysing public transportation in developing countries, paratransit modes are heavily found 

in the systems [17-19]. These modes generally operate in areas where there is a lack of service of 

the traditional, government-managed modes. In fact, in some countries, the paratransit modes 

dominate the public transportation system and are key modes that tackle the ‘first and last mile’ 

issue that develops in certain areas [20, 21].  Although these paratransit modes cater well to those 

public transportation captive travellers and have the potential to improve sustainability, quality of 

service and accessibilities for persons, the lack of regulations and uncontrolled growth of these 

types of modes, causes them to add more problems to the transportation system rather than improve 

it [18, 20, 22]. Better analysis of these modes is needed to understand how they affect persons and 

the policies that should be implemented to improve the system. 

There are generally two types of paratransit modes; non-motorized and motorised. In the 

Caribbean region, the paratransit modes are motorised. Most of the previous studies on paratransit 

modes in developing countries focused on physical and operational characteristics, policy, 

regulation and market structure, their role as feeder services, and paratransit-adaptive 

transportation policies for transition to sustainable systems [22, 23]. 

3. Methods 

To investigate the mode choice of travellers in Trinidad, a revealed preference survey was 

conducted on the island in January 2018, in the North, where the capital is located. A household 

travel behaviour survey was administered in the Trincity area, which lies along the East-West 

corridor of the country. This area was selected for the study because every public transportation 

mode in the choice set is readily available to individuals in this community and for its diverse 

socio-economic and demographic community. However, this was not found to be true. 

The sample size of the survey was 500 individuals. The survey was administered over eight weeks 

and used the techniques advised by the Central Statistical Office of Trinidad. The last birthday 

method was used to select who within the household should complete the questionnaire. Therefore, 

the adult respondent who was chosen to participate in the survey was the individual who most 

recently celebrated their birthday in the household. Though this is a quasi-probability method, it 

has been shown to give high response rates, with minimum mistakes being made by respondents 

when compared to other stratification methods [24]. 

The survey questionnaire asked respondents to indicate their mode choice for the longest trip on 

their work tour. In most public transportation work trips, the individual on average uses two 

different modes [25]. Therefore, it was necessary to determine the primary mode of transportation 

of the respondents. The instrument also asked respondents to state their estimated cost of travel, 

in-vehicle and out-of-vehicle travel times for their chosen mode as well as the modes not chosen. 

The survey thus relied on subjective information from respondents rather than objective data.  This 

is in keeping with the underlying assumption of discrete choice models that consumers make 

decisions based on their perception of the attributes of the choices available rather than the actual 

attributes and that subjective data does vary from objective data [26, 27]. Furthermore, the 

inclusion of unscheduled paratransit modes, where there is also a high incidence of inter-modal 

transfers during a single tour makes objective measurement of individual waiting times 

impractical. 
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3.1 Discrete Choice Models 

Discrete choice models are based on utility theory, where a utility is an index of attractiveness that 

the individual tries to maximise [28]. The utility equation is shown in Eq (1) as; 

𝑈𝑖𝑗 = 𝑉𝑖𝑗 + 𝜀𝑖𝑗                                                                             (1) 

Where: 

𝑈𝑖𝑗= the utility of individual ‘i’ for alternative ‘j’. 

𝑉𝑖𝑗= the systematic component of the utility of alternative ‘j’ for individual ‘i’. 

𝜀𝑖𝑗= The random portion that represents the particular taste of the individual and any measurement 

of observational error by the analysts. 

The type of discrete model is defined by the distribution of the error term. The MNL and the NL 

are the most widely used discrete models for practical analysis of travel behaviour, where the latter 

is a generalisation of the former, that relaxes the independence of irrelevant alternative property 

[29]. The Nested Logit Model was used in this study. 

The utility design process is a necessary part of any discrete choice model. The program 

BIOGEME was used for the model estimation, as this study does not focus on the estimation 

procedure, the emphasis is on the mode type, the parameters and the utility equation. BIOGEME 

is a freeware package designed for the development of research in the context of discrete choice 

models in general, and of Generalized Extreme Value models in particular [30]. It is designed to 

estimate the parameters of various discrete choice models using maximum likelihood estimation. 

The version used in this research was version 2.6, BisonBiogeme.  

Determining the most suitable utility equation for a sample is an iterative process, and requires 

experience and knowledge to be executed efficiently. This process is illustrated in the flow chart 

in Fig 1. 
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Figure 1: Utility Equation Optimisation Flowchart 
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4. Results 

The data collected indicated that approximately eighty-seven percent of the sample used the private 

car in their daily work tours, while twelve percent used public transportation. Additionally, of 

those public transportation users, thirty-eight percent used the maxi taxi as their main mode, 

thirteen used the route taxis, eleven percent used the PH taxi and two percent used the PTSC Bus. 

Thirty-one percent indicated that in one leg of their work tour, they were a passenger in a private 

vehicle, and used a public transportation mode (usually a maxi taxi) in the return home trip. The 

sample was also homogenous with income, where over sixty percent of the sample indicated a 

gross monthly income between ten thousand and twenty-two thousand (TT) dollars, resulting in 

significant representation of the middle class.  

The results highlighted that most respondents worked relatively close to their homes. That is, 

roughly fifty-three percent of the sample lived and worked in the same regional corporation. 

Nonetheless, both groups of travellers had multiple trips in a tour. However, a stop for a public 

transportation user indicated a change in mode, while a stop for a private car user suggested a shift 

in purpose. Public transportation users tend to make 4-trip tours, while private car users generally 

made 2-trip tours. 

4.1 Nested Logit Model and Estimation 

The choice set used for the nested logit model consisted of the private car, maxi taxi, route taxi 

and the PH taxi. The PTSC Bus was excluded from the choice set because of the low response 

rate. The parameters income (Inc), in-vehicle time (IVT), out-of-vehicle time (OVT) and travel 

cost (TC) of the tour were used in the utility equation, shown in Eq (2).  

𝑈𝑗 = 𝛾𝑗 + 𝛾𝑇𝐶𝑇𝐶𝑗 + 𝛾𝐼𝑉𝑇𝐼𝑉𝑇𝑗 + 𝛾𝑂𝑉𝑇𝑂𝑉𝑇𝑗 + 𝛽𝑖𝐼𝑛𝑐                                        (2) 

 

The use of different public transportation modes in the choice set suggests that there would be 

similarities between the modes, and therefore warranted an analysis with an NL model. Various 

NL model structures were analysed. The only stable model developed consisted of two nests; a 

nest with the PH taxi and the private car, and the other with the maxi taxi and route taxi. (see Fig 

2). It should be noted that the NL model is based on the utility equation used in the MNL model. 

The results showed IVT was again significant in the decision making (see Table 1 and Table 2).  

The data from this sample has shown to behave non-normal, therefore, the robust t-test and p-value 

produced much better results than the standard t-test for the nest. In this structure the nesting 

parameter for nest ‘a’ and ‘b’ were 0.43 and 0.45 respectively, as shown in Table 1 and Table 2. 

For the BIOGEME program, the following inequalities shown in Eq 3 and Eq 4 must be satisfied 

in order tobtain conditions required for the nested logit theory; 

𝑁𝑒𝑠𝑡𝑗 ≥ 1                                                                             (3) 

0 ≤
𝜇

𝑁𝑒𝑠𝑡𝑗
≤ 1                                                                           (4) 

Where; 

𝜇 = 1 
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Surprisingly, there was some similarity between the private car and the PH, which is usually 

considered mostly similar to the taxi. This relationship does indicate that the respondents 

considered the PH to have characteristics close to the private car. Though the results for nest ‘b’, 

are not ideal, the results are still favourable enough to be noteworthy, as they are significant for a 

90% confidence interval. 

 

Figure 2: NL Structure 

 

Table 1: Statistical Results for NL Model 

Parameter Name  Value Std Error T test  P- value 

     

In-Vehicle-Time -0.0345 0.00900 -3.83 0.00 

     

Mode Constants     

Private car 0.00 Fixed    

Maxi taxi -4.12 0.509 -8.11 0.00 

PH taxi -3.68 0.790 -4.65 0.00 

Route taxi -4.66 0.562 -8.30  0.00  

     

Null log Likelihood -378.492    

Initial log Likelihood -378.492    

Final Log-Likelihood -32.982    

Likelihood Ratio test 691.012    

Rho square 0.913    

Adjusted Rho Square 0.897    

 

TABLE 2: Statistical Results of the Nested Parameter for the NL Model 



             The International Conference on Emerging Trends in Engineering and Technology (IConETech-2020) 

Faculty of Engineering, The UWI, St. Augustine | June 1st – 5th, 2020 

309 

Parameter Name  
Value Robust Std 

Error 
Robust T-test  P-value 

     

Nest A 2.32 0.464 2.85 0.00 

𝜃𝐴 0.43    

     

Nest B 2.21  1.73 0.08 

𝜃𝐵 0.45    

 

5. Discussion 

As discussed previously, and shown in the results paratransit modes, whether motorised or non-

motorized, generally dominate the public transportation system is SIDS [20, 22] as compared to 

standard, scheduled bus or other government offered transit services. In this study, approximately 

2% of the public transportation users chose PTSC bus as their mode of transportation. This is the 

only government-owned transit mode in the choice set. Most of the public transportation users 

prefer to use either maxi taxis, route taxis. This is mainly influenced by the absence of robust and 

well-functioning bus companies [31-34]. 

 

Furthermore, poor traffic management and a lack of enforcement have allowed paratransit modes 

to grow uncontrolled [32]. It should also be noted that in the subjective data set, most individuals 

did not give a response for the PTSC bus, indicating that the bus was not a practical option in their 

respective choice sets. Thus, for this reason, the PTSC bus was excluded from the analysis. 

 

In this study, there was very high vehicle ownership, where more than 97% of the sample indicated 

having at least one car available in their household. Car ownership has been proved to influence 

travel choice [35, 36]. With this knowledge, it can be assumed that this high car ownership has 

heavily influenced the behaviour of participants in this study. 

 

The collection of travel behaviour data is not typical in Caribbean SIDS. There has been no prior 

study in Trinidad that collected this level of data. Furthermore, the collection of subjective data is 

a new concept for different agencies on the island. Due to this, there was some difficulty in the 

data collection, where some individuals did not give information for all modes in the data set, only 

the next perceivable alternative. This and the homogeneous nature of the data set could be the 

cause of the type of results obtained. Nonetheless, some interesting results were obtained. 

 

The results from the MNL model, indicated that IVT was a significant parameter in the utility 

equation used (as shown in Table 1 and Table 2). This does follow the vast amount of literature on 

travel demand modelling. However, it was unexpected that the remaining parameters (TC, Inc and 

OVT) were not significant. This may have been primarily influenced by the homogenous nature 

of the sample.  

 

The data additionally revealed large mode-specific constants, relative to the other parameters. This 

suggests a bias by the respondents toward the car. This finding does support the various studies on 

SIDS that describe a rapid increase in automobile ownership. MNL model two, without the mode-

specific constants, showed that IVT and Inc behaved as expected by the literature. This further 
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suggests that there are variables that have not been used, that are being captured by the mode-

specific constants. This can be car ownership or the negative connotation with paratransit due to 

their unscheduled and irregular behaviour. Many car users viewed most public transportation 

modes as uncomfortable, inconvenient, and taking longer than the private car for the same journey. 

This is reinforced by MNL model 2, where the mode-specific constants were eliminated, and 

income was then shown to be significant in the mode choice of travellers. 

Conclusion 

There is limited literature on the use of mode choice models in Caribbean SIDS, especially in the 

island of Trinidad. Though the sample was relatively homogeneous concerning the income, mode 

choice and the travel cost of modes, there were some noteworthy results from the data. Models in 

developing countries and SIDS must include an understanding of the population’s perception of 

the quality of the service given by the paratransit modes. This study provides a better understanding 

of how paratransit public transportation modes are viewed in Trinidad, where many persons’ 

decision was governed by the in-vehicle-time of the modes. Thought the use of subjective data is 

not typical in the field, it has shown some interesting results in the study. Many of the respondents 

indicated a negative connotation with the PTSC bus system. The perceived time values of public 

transportation, by private car users was higher than the actual public transportation times, 

especially for the Bus. This suggests that only improving the travel times of the modes may not be 

enough. Change must be supported with information transfer to the commuters, to change their 

perception of the mode and therefore improve ridership of transit modes. 

Furthermore, many respondents used the paratransit modes, over the government-owned PTSC 

Bus and the illegal PH taxi, shared similarities to the private car more than other paratransit modes 

in the choice set. Different variables (e.g. gender, age and comfort) were tried in many different 

models. However, none of them proved significant on this data set. This may be due to the quality 

of the data used. 

 Future research should include a more extensive and diverse sample, more analysis on the 

influence of car ownership on decisions, a cross-nested logit model and including latent choice 

variables in the study. 
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