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Abstract: Technological devices are becoming more and more integrated in the management and
control of traffic in big cities. The population perceives the benefits provided by these systems, and,
therefore, citizens usually have a favorable opinion of them. However, emerging countries, which
have fewer available infrastructures, could present a certain lack of trust. The objective of this work
is to detect the level of knowledge and predisposition towards the use of new technologies in the
transportation field of the Dominican Republic. For this study, the National Survey on Mobility was
administered to a sample of Dominican citizens, proportional to the ONE census and to sex, age and
province. The knowledge of ITS topics, as well as the use of mobile applications for mobility, are
scarce; however, there was a significant increase that can be observed in only one year. Moreover,
technology is, in general, positively assessed for what concerns the improvement of the traffic field,
even though there is a lack of predisposition to provide one’s personal data, which is necessary
for these devices. The process of technological development in the country must be backed up by
laws that protect the citizens’ privacy. Thus, technologies that can improve road safety, mobility and
sustainability can be implemented in the country.

Keywords: ITS systems; sustainability; road safety; mobility in traffic

1. Introduction

The massive development of transport systems in cities has implied an increase in
the infrastructural requirements needed for their operation, in addition to the changes in
the order of urban areas and transportation modes [1,2]. In this sense, in many cities some
efficient mechanisms for the control of traffic and mobility have been implemented, thus
avoiding traffic jams and increasing sustainability [3,4].

Technology has experienced exponential growth during recent years, with devices and
applications being created for the specific utility of citizens [5]. The use of electronic devices
and information/communication technologies (ICTs) is currently completely integrated
within the transport field in most countries, being part of the process of sustainable urban-
ization [6]. The comforts they offer to users range from road searching and indications
through GPS systems to mobile apps that manage public transportation [7], and even to the
most advanced systems of autonomous driving [8]. In this sense, the Internet of Vehicles
(IoV) will bring great benefits, since each vehicle will be continuously connected with other
vehicles, the infrastructure, the cloud, pedestrians and cyclists, as well as other road ele-
ments [9], allowing vehicles to detect and anticipate road hazards, thus avoiding possible
traffic accidents. Efforts are being made towards this goal, although full connectivity is
technologically complicated given the problems caused by the amount of simultaneous
information, vehicle density, or the delay of emergency cooperative control messages,
which hinder the reliability and scalability of wireless transmissions [10,11].
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It has not been long since the term Smart City made its first appearance; it can be
defined as territories with a high capacity for learning and innovation, which results
from the creativity of their population, their institutions of knowledge creation, and their
digital infrastructure for communication and knowledge management [12]. The idea of
a Smart City is the fusion of some other, and older, urban policies, such as digital cities,
green cities or smart mobility [13]. In this field, intelligent transport systems (ITS) have
implied a rise in the development of new technological proposals applied to the world of
transportation [14,15]. The possibility of using this technology to create vehicular networks
particularly stands out, meaning the possibility of communication between vehicles and
infrastructures in order to provide very diverse services [16].

To some extent, all countries in the world have made an effort to include this type of
device as a way to solve road problems [17]. In particular, the United States, China and
Germany are some of the countries that have incorporated smart traffic lights networks,
automatic channeled tolls, integral management of highways and tunnels, and intelligent
devices for the transportation of passengers, among other mechanisms [18].

However, does the population really perceive this phenomenon as an advance or an
improvement in traffic? Do they perceive problems in having to provide personal data
in the use and application of some of these systems? In this sense, there is variability
depending on the integration of these devices. Therefore, countries that have incorporated
sustainable urban mobility policies within the development and implementation of mul-
tiple technologies usually have a favorable opinion of these systems, since they perceive
their potential benefits [19].

On the other hand, the situation in emerging countries is certainly different. In these
places, the socioeconomic situation does not allow for the investment of many resources
in these systems [20]. In this way, the lack of devices for the improvement of traffic and
mobility, together with the low use of those available by the population, such as in the case
of mobile apps, leads to a certain reticence or lack of trust towards the incorporation of
new ITS systems [21,22].

During recent decades, the acceptance of technology by the population has been
approached from different theoretical perspectives, with two of them standing out [23]. On
the one hand, the Technology Acceptance Model (TAM), proposed by Davis (1989) [24],
aims to explain human behavior related to the intention to perform a behavior as the
primary determinant of the use of technologies. Perceived ease of use and perceived
usefulness are the main determinants of technology use, exerting their influence through
attitude towards use, which, in turn, influences the intention to use [25]. On the other hand,
the Theory of Planned Behavior (TPB) by Schifter and Ajzen (1985) [26] suggests that the
intention to behave could be, indeed, the best predictor of behavior, with attitude and
subjective norm as antecedent factors. This theory adds an important element which is the
perceived behavioral control factor, which refers to the individual’s perceptions about the
presence or absence of resources or opportunities necessary to develop the behavior in
question [27].

Applying it to the area of traffic technology, the TAM and TPB models show the
importance of a positive attitude and appreciation on the part of users towards electronic
devices and ITS systems in order to increase the possibilities of use. Therefore, before
implementing this technology in emerging countries, where its current penetration is
minimal, it is advisable to evaluate the degree of knowledge and acceptance of these
systems by their citizens.

1.1. The Situation of Emerging Latin American Countries in the Road Traffic and Mobility Sector

Latin American cities have severe congestion and road safety problems that are defined
by the dynamics of transportation use. In the past, private vehicles were mainly cars, but
in recent years motorcycles have increased exponentially as a common means of transport
in countries such as Colombia, Venezuela, and Brazil, among others [28].
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The factors that have triggered this situation are diverse. On the one hand, the low
cost of acquisition and maintenance of motorcycles is key given the limited economic
resources of most of the inhabitants of Latin American countries [29]. On the other hand,
the importance of motorcycles for work performance is highlighted in the expansion of
motorcycle cabs or “motoconchos”. These two-wheeled vehicles are used for popular
transportation in suburban areas and have become one of the most common ways of
getting around in these countries [30].

In addition, the services offered by collective means of transport are very deficient.
The reliability, accessibility, and fares of public transport do not meet the needs of citizens.
This means that in cities such as Santo Domingo, in the Dominican Republic, the subway
and OMSA buses (Metropolitan Office of Public Bus Services of the country) only transport
10% of the population that uses public transport [31]. One explanation for this is that these
means of transportation are not capable of satisfying the demand required by the centers
of passenger concentration [32]. For this reason, the bulk of collective transport trips are
concentrated in public cars (private vehicles used for passenger transport), “guaguas”
buses, and motorcycle cabs. All of them, in general, do not have established stops but pick
up passengers at the points where they wait, causing traffic congestion [31]. In addition,
the fleets are smaller in capacity and very old [33].

All these factors generate a situation of road insecurity and problems in traffic mobility
that could be alleviated with an improvement in transport dynamics, accompanied by
progressive incorporation of technologies, applications, and ITS systems to support traffic
and travel management.

1.2. Objectives

Currently, the Dominican Republic displays issues related to accidents and mobility
that affect traffic jams and the levels of pollution in the country [34]. This issue could, in
part, be reduced through the importation of certain ITS systems. Therefore, the present
research has as its objective clarifying the extent of the use of new technology in the field of
transportation in the Dominican Republic, as well as the level of knowledge and approval
of other systems and devices that could be implemented in the country during the next
years. The National Institute of Transit and Land Transportation (INTRANT), created
in 2017, has developed efforts and initiatives in terms of traffic management, planning,
and education that have an impact on the perception of the situation of the country by
its citizens. For this reason, the use and valuation of technology by Dominicans in the
field of traffic in 2018 and 2019 will be analyzed, anticipating a significant increase in both
elements, given the governmental efforts made during these years.

2. Materials and Methods
2.1. Participants

The sample included 1112 (in 2018) and 1272 (in 2019) citizens of the Dominican
Republic. The sample distribution was proportional to the population, according to the
ONE census (National Statistical Office), by age (older than 18), gender, habitat and
province (Table 1). To obtain the necessary representativeness, the minimum sample size
should be about n = 680 individuals, if we assume a level of confidence of 99%, a maximum
margin of error of 5% (α = 0.05) and a beta (β) of 0.20, which allows for 80% power.
The sampling characteristics were similar to those employed by other previous empirical
research in the field of traffic and road safety using surveys as a self-report assessment
instrument [35–37] (some key limitations typical for these designs are discussed at the
end of this paper). Participants took part in the survey voluntarily and anonymously. All
personal data were managed in compliance with the existing laws on data protection and
following the ethical guidelines.



Electronics 2021, 10, 1208 4 of 13

Table 1. Sociodemographic characteristics.

2018 2019

n % n %

Sex
Man 585 52.6% 636 50%

Woman 527 47.4% 636 50%
Total 1112 100% 1272 100%

Age

18–24 216 19.4% 266 20.6%
25–34 288 25.9% 317 24.7%
35–49 333 29.9% 366 29.0%
50–64 183 16.5% 221 17.5%
>65 92 8.3% 102 8.1%

Total 1112 100% 1272 100%

Marital status

Single 495 44.5% 437 34.2%
Married/free union 548 49.3 706 55.6%
Divorced/separated 37 3.3% 83 6.6%

Widow/widower 32 2.9% 46 3.7%
Total 1112 100.0% 1272 100%

Job situation

Unemployed 238 21.4% 458 41.6%
Retired 30 2.7% 41 3.7%

Full-time job 215 19.3% 213 19.3%
Part-time job 581 52.2% 390 35.4%

Total 1112 100% 1102 100%

Do you usually drive?
Yes 402 36.2% 476 37.3%
No 710 63.8% 796 62.7%

Total 1112 100% 1272 100%

2.2. Design, Procedure and Instruments

The data were gathered through the National Survey on Mobility of the Dominican
Republic during the years 2018 and 2019 [38,39]. Some of the topics included in the ques-
tionnaire were public transportation, knowledge of institutions and traffic laws, private
transportation, mobility by bike, mobility on foot, ITS systems, and measures, among
which the variables considered in this research can be found.

The survey was carried out through in-person interviews. The data gathering process
was performed using a CAPI system (computer assisted interviews), in recorded and
geo-referenced tablets, so that the interview time, as well as recording mistakes, would
be minimized.

In order to achieve the proposed objectives, the following variables were taken
into account:

• On ITS systems, information was obtained through questions such as: “Do you know
what ITS systems are? Do you know what Smart Cities are? Do you know what Smart
Mobility is? Do you know what Contactless Cards are?”. Each question had one
option (yes/no) answer. The assessment of these systems was performed through
a Likert scale ranging from 0 to 10. This same Likert scale was also used for the
following questions: “To what extent do you consider that technology can be useful
for the improvement of traffic? To what extent would you agree to provide your data
for this purpose?”. In addition to assessing the priority of different potential services,
the question “In what field do you feel their incorporation should be prioritized?” was
assessed through one option answer (highways, urban areas, interurban areas, and
depends on the service).

• Regarding applications used for the trip, information was obtained with an open
answer: “Do you use apps for your movements, or displacements?” with one option
for an answer (yes/no); “Which ones?” with an open answer; “To what extent could
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apps foster the use of public transportation?” and “To what extent could they improve
traffic and mobility in the country?”, with a Likert scale from 0 to 10.

• Sociodemographic variables and driving data: sex, age group, habitat, do you
usually drive?

2.3. Data Processing

For this study, descriptive analyses were carried out with the objective of describing
and characterizing the level of knowledge of the ITS systems held by Dominican citizens.
ANOVA and chi square tests were performed as well, in order to find out the evolution
of the variables through time, between the administration of both surveys, as well as to
establish possible statistical relations among the analyzed variables. Once the data were
obtained, pertinent statistical analyses were carried out using © IBM SPSS (Statistical
Package for Social Sciences), version 26.0.

2.4. Ethics

Before performing the study, the Ethics Committee of Research in Social Science in
Health of the University of Valencia was consulted, which confirmed the research’s compli-
ance with the general ethical standards and certified its accordance with the Declaration
of Helsinki (IRB approval number: HE0001251019). Participants provided their consent
before taking part in the research, after the staff had given them a thorough explanation of
the research purpose and all the previous considerations.

3. Results

Dominicans, in general, have no knowledge of intelligent transportation (ITS). In the
year 2018, only 5% of them stated that they have some knowledge on the topic, while, in
the following year, this percentage rose to 8.2%. Despite this low general knowledge, the
increase was significant (Table 2).

Table 2. Level of knowledge of intelligent transportation systems (ITS) systems.

2018 2019

% n % n Chi2 p Phi

Do you know ITS systems? Yes 5.0% 56 8.2% 103
Chi2(1) = 9.304 0.002 −0.063No 95.0% 1056 91.8% 1157

Smart Cities (3%) and smart mobility (4.7%), assessed in the year 2018, presented
lower indexes. On the other hand, the 2019 National Survey included questions related
to Contactless Cards, where only 4.4% of the population knew what they were, 3.9% of
which actually owned one. Their assessment of this system was M ≈ 9 (SD = 1.66) in a
[0–10] scale.

After these first generic questions, the participants received an explanation about
what these concepts were, so that they could answer the subsequent questions with
enough information.

In this sense, Dominicans consider that technology would be quite useful for improv-
ing traffic and mobility in the country, having significantly improved their perception in
2019 compared with the previous year (Table 3).
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Table 3. Level of perception of the usefulness of technologies in the improvement of traffic.

2018 2019

X SD n X SD n ANOVA p

To what extent do you consider technology
useful for the improvement of traffic? 7.34 2.46 1112 7.94 2.97 1272 F(1,2370) = 28.872 <0.001

In the National Survey on Mobility carried out in 2018, the level of acceptance
showed by citizens towards a possible implantation of some ITS systems was analyzed
in greater depth. The degree of agreement with their incorporation was relatively good
(M = 6.68; SD = 2.46), but very few people were willing to provide their data for this
purpose (M = 3.32; SD = 2.49). On the other hand, the field in which they believed their
incorporation was the most urgent was in highways (52.5%), followed by urban areas
(14.1%) and interurban areas (13.9%), while 17.1% think it depends on the specific service.
Figure 1 shows the services which were perceived as the most prioritized ones (in terms of
ITS systems) by Dominican citizens.
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Figure 1. Priority of the use of intelligent transportation systems (ITS) according to
Dominican citizens.

Regarding the application of these services for mobility, during both years their use
was relatively scarce, even though there was a significant increase in 2019 in comparison
with the previous year (Table 4). Figure 2 shows the most used apps, among which those
related to navigation, maps and routes particularly stand out.

Table 4. Level of use of applications for mobility.

2018 2019

% n % n Chi2 p Phi

Do you use Apps for your
movements/displacements?

Yes 10.9% 121 16.9% 213
Chi2(1) = 17.715 <0.001 0.086No 89.1% 991 83.1% 1047
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Moreover, generally speaking, Dominicans partially agree with the idea of apps
fostering the use of public transportation and improving traffic and mobility in the country
(Table 5).

Table 5. Level of perception of apps for the improvement of traffic elements.

2018 2019

X SD n X SD n ANOVA p

Fomentation of public transportation 7.12 2.63 1112 7.54 3.03 1272 F(1,2370) = 12.791 <0.001
Improvement of traffic and mobility 7.24 2.66 1112 7.74 3.13 1272 F(1,2370) = 17.015 <0.001

4. Discussion

The importance of new technological devices for the improvement of mobility, road
safety and sustainability of cities is clear [40]. Intelligent transport systems (ITS) represent a
support mechanism for citizens and for public institutions in the attempt to alleviate issues
such as traffic jams in urban and interurban public transportation; they also collaborate
in the reduction in delays in journeys, they help to detect and prevent accidents, and
they contribute to reducing acoustic pollution in urban areas and the consumption of
non-renewable resources, as well as the generation of waste [41,42].

In this sense, the TAM and TPB theoretical models show the need for the target
population of these devices and systems to have a good predisposition towards their use.
Thus, in behavioral change, it is essential to take into account variables such as attitude
towards the device, perceived usefulness, ease of use, or the individual’s perceptions about
the presence of the necessary resources to develop the behavior [24,26]. In this way, the
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intention to use the device will benefit if society starts from positive beliefs and a positive
evaluation of the product.

This is evident in practice, if it is considered that citizens residing in places where the
use of these systems is habitual usually present a certain knowledge and positive evaluation
of them. Thus, 60% of inhabitants of urban zones think that an intelligent city is a synonym
of sustainability and better services, and more than 30% of citizens are willing to pay more
for certain cervices, if they are linked to some ITS system, because they understand that
their quality would be more satisfactory [43]. Therefore, in the process of implementing
ITS systems in the field of traffic in emerging countries, the first step is to make them
known and explain their usefulness to the population. This is the best way to increase their
levels of acceptance and involvement [44]. This will lead to a favorable and predisposed
environment for these devices, which will generate a greater intention to use them [23].

In this sense, it is expected that the knowledge of concepts such as Smart Cities or ITS
systems will be low in the Dominican Republic, since there is a huge digital gap in what
concerns information and communication (TIC) technologies, in comparison with other
countries. Digital gaps are an inescapable reality in the country, with social and economic
consequences affecting social groups with fewer possibilities to access and use ICTs, mainly
due to the existing Internet gap [45].

Even though there is no generalized inclusion of these technologies in emerging
countries such as the Dominican Republic yet, the data of the present study show a positive
tendency towards the use of the available technological services. During the past few years,
Latin American countries have increased their technological development, even though
they are still far from the levels of implementation seen in Western Europe or in North
America [46].

Information technology is a key aspect in the understanding of Smart Cities, which, in
the end, represent the connection between the Internet of Things (IoT), cloud computation
and big data [47]. Therefore, they are systems and processes which require the gathering
and processing of huge amounts of data [48].

In this sense, the present research also shows that there is a certain lack of trust regard-
ing the need to provide personal data. This is a habitual feeling concerning technological
devices and the Internet, especially in users who are just being introduced to these services
and devices [49]. This phenomenon also occurs, to a lesser extent, in countries where
information technology and the Internet are already inseparable from citizens, since they
have already gone through a process of habituation [50].

Anyhow, having a certain level of trust in ITS systems is essential for their use [51].
Therefore, citizens must demand policies that protect their privacy [52]. In this sense, it has
been found that the majority of the population would agree with governments regulating
the activities of big technology companies, because they fear for their personal data [53].
Indeed, the more digital devices have been implemented in countries, the more there
has been a need for developing specific laws to set limits and restrict the collection of
citizens’ personal data, in order to protect their fundamental right to privacy [54]. The
Law on Cybersecurity of the Chinese Popular Republic [55] or the General Data Protection
Regulation of the European Union [56] are just two examples of laws that have been
globally implemented during the past few years [57]. Thus, this element should be taken
into account in emerging countries aiming at implementing these types of technologies
during the upcoming years.

On the other hand, despite the tendency to positively assess the usefulness of mobile
apps to manage public transportation and mobility in the country, and the fact that there
is an increase in their use, what is certain is that the use of apps is still scarce. What
factors are influencing this phenomenon? To begin with, we must highlight the extent of
the use of mobile devices in the country. It is true that the Dominican Republic, together
with Colombia, is the Latin American country that has experienced the highest growth
in the use of digital networks and internet during the past few years, despite their high
economic cost [58]. The National Statistics Office highlighted that, in 2005, 44.3% of Do-
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minicans had access to a cellphone, while ten years later this percentage increased up to
88.8% [59,60]. Currently, it can be said that all Dominicans have access to the Internet from
their cellphones, with young people especially standing out [61]. This circumstance is espe-
cially relevant for a possible implementation of ITS systems in the country, since apart from
enhancing key issues of transport (e.g., efficiency, safety and sustainability), it also increases
individuals’ familiarity with similar devices, including all those related to information and
communication technologies, or ICTs [62,63] However, the mere increase in the degree of
exposition to technologies could not be interpreted, in any case, as a reliable warranty of
its acceptance [63,64], suggesting that greater efforts are needed to transmit confidence
in electronic devices, as well as to emphasize their relevance in improving mobility and
reducing road accidents. Road safety education and communication campaigns will be key
tools for this purpose [65].

Among those who use apps for their movements, the most used ones are related to
maps and navigation. The National Institute of Traffic and Land Transportation (INTRANT)
has proposed the creation of an app for the management of public transportation that could
allow users to recharge their transport passes and to consult the vehicles’ routes, among
other functions [66]. However, its development and activation were finally paralyzed.
It is, of course, complicated to combine all elements concerning public transportation
in the Dominican Republic in one app, considering its particularities. The majority of
displacements using collective transportation rely on buses and moto-taxis, which do not
usually have established stops, instead picking up passengers wherever they wait [31].
Therefore, since there are no fixed routes, it is quite difficult to find an app that may help
users to manage these modes.

Moreover, this transport dynamic represents a severe problem for the country’s mobil-
ity, since it leads to huge jams in urban zones, with all the associated individual and social
issues they involve [32]. The metro and OMSA buses, which are only available in urban
zones such as Santo Domingo, do present a better structure concerning stops and routes, in
addition to being better evaluated by users [33]. However, they are much less used, due to
economic and inter-connection reasons of transport modes [31].

In conclusion, Dominican society will benefit from a change in this transportation
dynamic, which could be connected to and empowered by the use of ITS systems and
applications in traffic management, mobility and public transportation. There are several
elements that indicate this: (1) the current problems related to traffic mobility in the
Dominican Republic; (2) the positive opinion of the citizens about the help that technology
and ITS systems could bring to this area; and (3) the improvement that these systems have
brought in other countries.

Limitations and Future Research

Although the study design and its representativeness were founded on a careful study
of the population settings, and the sample was proportional to the ONE census in terms of
sex, age, population, and province of residence (counting with a sample size much larger
than the minimum required), this study is not exempt from potential bias and shortcomings
affecting its outcomes. Firstly, it is worth mentioning the possibility of having sampling
bias, i.e., affecting the selection process and making some individuals systematically more
likely to be invited to partake than others. For instance, certain population segments less
prone to be highly familiar with technologies could be underrepresented (e.g., among
older adults, their degrees of knowledge or interaction with ITCs were not considered as
selection criteria), meaning that their group outcomes could be biased, or some segments
undercovered. Therefore, generalizing the study data to the general public could be done
only in consideration of these potential shortcomings [67,68]. In addition, we performed in-
person interviews, and even though respondents were carefully informed beforehand about
the rigorously anonymous character of the information they provided, some respondents
might have been influenced by common method variance (e.g., participants potentially
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overestimating their acceptance of technology because they perceive it as being socially
desirable), that are frequent in this type of setting [69].

Additionally, although it could be seen as an extensive term at first glance, the time
difference between the two implementations of the survey was only one year. This was a
period of many changes in the traffic and mobility sector in the Dominican Republic, and in
fact, the present study demonstrates a positive evolution of the citizens in their knowledge
and evaluation of the elements analyzed. However, future research is needed to analyze in
depth the changes that may occur over the years in this field.

One aspect that could enrich the present research is to obtain the views of govern-
ment officials, of different transportation agencies and private sectors related to transit,
mobility, and road safety in order to understand their opinion about future expectations,
possible technological obstacles, and financing problems in their countries, regarding the
implementation of intelligent transportation systems.

5. Conclusions

More and more countries are investing in the development and implementation of
intelligent transport systems (ITS), because they acknowledge their positive consequences
on road safety, mobility and sustainability in cities [40]. Within each country’s specific
dynamics of transportation, information technologies can also help to improve their man-
agement. However, governmental authorities should take into account the fact that, among
these improvements, they should include policies protecting their citizens’ privacy and
reducing the initial lack of trust that these may have.

The present study offers a first-hand approximation with regard to the general state
in the Dominican Republic of the knowledge and acceptance of ITS systems and traffic-
management applications. It is important to analyze each country’s situation, and its
citizens’ opinions, in order to optimize the available resources, so that they can be truly
helpful to the population’s transport habits.
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