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Abstract:

Construction methods have barely changed since the last industrial revolution, but new project
requirements are subject to change every day. Including sustainability and new technologies that
produce user and environmentally-friendly projects are now requirements in almost every country. Big
Data (BD) is mainly characterised by improving the decision-making process through data analysis.
Adopting BD in the construction industry is expected to positively impact efficiency in design and
construction activities. However, it requires a change in the industry's culture and the adoption of digital
approaches to be fully implemented. This paper addresses the key drivers for the adoption of BD in the
construction industry of the Dominican Republic. Qualitative research was implemented to explore the
topic due to the scarce information available. Twenty-one semi-structured interviews were analysed
using thematic analysis. In some cases, the participants provided their point of view based on their
experience with similar technologies such as BIM and loT. The data analysis identified nine critical
drivers, classified as internal and external. The internal drivers are knowledge of BD benefits to the
organisation, impact on competitiveness, technology awareness, solution to company needs,
organisation’s technology-driven culture and client requirements. Similarly, the internal drivers are
industry motivation, regulatory framework, and technology change adaptability. This paper sheds light
on the motivations behind adopting BD and helps to understand the industry's needs. It also delivers
evidence on the need for improved training for present and future professionals focused on developing
digital skills.

Key Words (From ICE List): Big Data, Construction, Drivers

List of Notations

BD — Big Data

BDA — Big Data Analysis/Analytics
BIM - Building Information Modelling
DR — Dominican Republic

GIS — Geographic Information System

Introduction

The construction industry lacks modernization, and delivery methods have barely changed since the
industrial revolution, unlike the company’s and users’ needs of users, which are constantly evolving
(Silverio-Fernandez et al., 2019). Simultaneously, new technologies emerge that could satisfy these
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companies' and stakeholders' needs. Still, for the industry to keep up with this development, it requires

a change in its culture and to evolve into a technologically oriented one. At the same time, the production
of unstructured digital information grows exponentially within the industry (Oussous et al., 2018; Ismail
et al., 2018 and Burger, 2019).

Big Data (BD) specialises in extracting insights from vast amounts of digital information. This technology
is considered the future of the construction practice since it can manage the large amount of mostly
unstructured data produced daily in construction projects and improve processes such as decision-
making and project delivery (Vellante, 2021). BD can also deliver tangible benefits that help meet
sustainability-related project requirements, such as waste reduction, energy efficiency, risk reduction
and resource management. Industry-wide implementation could solve the need for sustainable
development and environmental conservation since the industry is majorly responsible as one of the

main characters in resource and energy consumption.

Similar studies, such as those by Yu, Liang et al. (2020) and Konanahalli, Oyedele et al. (2018), focus
on exploring the implementation of BD in construction project management and facility management,
respectively. The drivers identified in these studies were Availability of BD Technologies, Organization
Structure and Culture, Stakeholder Management and Collaboration, Availability of BD Facilities, Impact
on Competitiveness, Reduce Business Risks, Maximise Asset and Equipment Performance and
Enhance Customer-Oriented Services. These drivers represent a good starting point for BD in the
industry; however, they focus only on specific industry areas. In both cases, the results are
representative of developed countries with well-established investment and control structures. In
contrast, this study seeks to provide a general idea that explores the motivation of the industry to adopt
BD and a representation of how other less-structured countries can benefit from this and reach the

industry-wide implementation of the technology.

In general, there needs to be more evidence of the adoption of BD in developing countries. In a recent
study named "Measuring the Big Data Readiness of Developing Countries - index development and its
application to Africa", Joubert et al. (2021) explored the willingness of developing countries to exploit
the potential of BD, where he established that islands and coastal nations of the African continent show
greater readiness to adopt BD. Furthermore, in the specific case of the Caribbean region (Abdulkadri

and Evans, 2016) explain that apart from some studies carried out in Haiti after the 2010 earthquake
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and subsequent cholera outbreak, at the time, there was no evidence of documented cases where the

technology is implemented in the Caribbean region.

One of the main steps in recognising a path for an industry-wide implementation of new technologies is
understanding the motivation behind its adoption. Identifying the key drivers of BD implementation in
the construction industry in these early stages could provide a better understanding of the impact of the
technology not only at the level of construction projects but also at the level of organisations and
industry. Therefore, this paper aims to explore and identify the critical drivers for adopting BD in the

construction industry of the Dominican Republic.

BD integration is becoming a determining factor for industries that wish to meet the present and future
needs of their users and society, which could be replicated in the construction industry. But a more
technologically oriented approach is necessary to achieve fundamental change in the industry's culture.
Therefore, to comprehend the motivation behind the adoption of such technologies, this research aims
to identify the key drivers for the adoption of BD in the construction industry of the Dominican Republic
(DR) and subsequently explore and understand the components that could lead to the successful
adoption of BD Technology in the construction sector. First, the theoretical background of the research
will be presented where all involved factors such as Big Data, Construction, Drivers, and the DR as a
case study will be discussed, followed by the methodology explaining the research scope and gap as
the data analysis. The results of this analysis are presented in the subsequent sections, followed by

conclusions and recommendations.

Theoretical Background

Big Data (BD) is a well-established technology in industries such as retail and banking. At the same
time is considered new in other industries, such as health and construction, which depends a lot on the
ability of the sector to identify and implement new technologies. The most widely accepted definition of
BD emerged around 2015 and described it as cumulous data so big that it exceeds the capacity of
traditional tools for its analysis (Miloslavskaya & Tolstoy, 2016). This dataset also possesses some
specific characteristics better known as the four "Vs" of BD. The first "V" refers to volume exceeding
traditional analysis tools' capacity. The second "V" refers to velocity, which indicates the processing or
transmission speed of the data. The third "V" represents variety, which refers to different formats in the

datasets and can be presented in a structured or unstructured form. The fourth and final "V" represents
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veracity, which defends the precept that the data to be analysed must be truthful, accurate and

representative to extract real value from it (Bilal et al., 2016). In time many more characteristics, such
as variability and visualisation, have been recognised by the literature. However, the above features
can be identified as common factors between the different sources (Wu et al., 2016). Although Big Data
is the name given to the dataset, this term has been popularly assigned to analysing and extracting
value from this database. Therefore, when we talk about Big Data (BD) implementation, we are referring

to the action of performing Big Data Analysis (BDA).

2.1 Big Data as the future of the Construction Industry

On the one hand, Big Data is being widely implemented in retail, banking, and healthcare (Tabesh et
al., 2019; Chen et al., 2020). These trades share a technologically driven approach, powered by the
large amounts of data they handle and from where they have been able to extract benefits through
initially traditional data analysis and, in more recent history, analysis of BD. And while it is true that
these industries have been leading BD integration, Wang et al. (2019) recognise that there is no ideal
path to ensure successful technology adoption and that every technology has its unique characteristics
and various factors that affect its successful implementation. On the other hand, industries such as
manufacturing and construction, which present a more traditional approach, lagged in using data

analytics for their businesses (Silverio-Fernandez et al., 2019).

Approximately 90% of the data generated in the construction industry is presented in varied formats or
unstructured ways. These countless formats can come from GIS-embedded devices, BIM models,
meters and smart devices, photos and videos taken on-site, topographic information, and all digital
documents related to the management and design of construction projects (Xu et al., 2020; Bilal et al.,
2016; Oudjehane et al., 2017). And it is precisely this characteristic of handling unstructured databases

that makes BD so attractive to the construction industry.
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Although the application of BD in construction is in its early stages, it has already been used in practice.

The figure below (Figure 1) shows some examples of recent BD applications in construction projects.

Big Data

Applications in the

Construction
Industry

Predict Cost - by combining autodesk model viewing functionality with Je Dunn cost
estimating system a real-time cost prediction tool was obtained called Lens, which
provides real-time, data driven predictive modeling.

Mitigate Risk - by analyzing productivity of key resources such as labor and
equipment, big data solutions can inform the project team of potential delays,
possible fatigue, and overall project time and cost overruns.

Improve plant and equipment productivity — Sensors are used on modern
construction sites for gathering plant and machinery data to drive productivity
improvements.

Maintain a healthy and safe workforce — In addition to sensor-driven data providing
crucial insights into the productivity and efficiency of plant and equipment, sensors
can monitor environmental conditions that affect workplace safety, but biometric
sensors within the wearable can monitor the health of the workers. A happy
workforce is a productive workforce.

Figure 1: Big Data Applications in the Construction Industry

Sources: Marr, 2016 and Vellante, 2021

In the same way, as the technology is better known and integrated into the industry, a more extensive

application of technology is expected to impact areas like the ones presented in the figure below (Figure

2).

(" Y4 )

Real-time Predict
project project
updates outcomes

\_ A\ /
4 N/ )
Better

decision Digital twin
making

- A\ J

Figure 2: Future Applications of Big Data in Construction

Source: Adapted from Carlstrom, 2020
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2.2 Drivers for Adopting BD

The motivation behind implementing new technologies may vary from organisation to organisation, but
within all the reasons these could have, common factors or key drivers can be found. Identifying these
factors can potentially facilitate the adoption of a new technology that, like BD, is still developing slowly
(printed paper). After identifying the possible impact BD can produce in the construction industry, it is
necessary to motivate organisations to adopt the technology, thus accelerating the development

process of these new tools.

The key drivers behind the adoption of BD in the construction industry have been identified as relative
advantage perception and compatibility by Maroufkhani et al. (2020), high revenue expectations
(Raguseo, 2018), new opportunities offered by emerging tools, software, and gadgets (Wang et al.,
2020), a solution to the need of managing high volumes of data (Body & Crawford, 2012; Caesarius,
2017; Cheng et al., 2020), a solution to the need for transparency (Khurshid et al., 2019). Moreover,
(Madanayake and Egbu, 2019) recognised that BD "would support data-driven decision-making for
competitive advantage", also mentioning the "value creation potential from analysis of big data in the
construction sector". Also, in waste management, BD was identified as the solution to the need to
understand waste generation, which drives the adoption of the technology (Lu, 2019; Xu et al., 2020;
Lu et al., 2021). Similarly, the drivers identified in other construction-related fields, such as transport,
were the improvement in the efficiency of transport management systems powered by the analysis of
real-time data and the improvement of safety and sustainable conditions within the transport systems

(Li et al., 2019; Neilson et al., 2019).

2.3 The Dominican Republic as a case study

The Dominican Republic (DR) is a country where construction is one of the main economic activities.
Moreover, DR is one of the leading economies of Latin America and the Caribbean Region, which was
recognized by the world bank (The World Bank, 2021) as one of the few countries in the world to present
economic growth in 2020 under the effects of the COVID-19 pandemic. Therefore, the results obtained
by this research can be considered representative not only of this country but also of those that share

similar practices.
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2.4 Scope of the research and gap

One of the main steps in recognizing a path for an industry-wide implementation of new technologies is
understanding the motivation behind its adoption. Identifying the key drivers of BD implementation in
the construction industry in these early stages could provide a better understanding of the impact of the
technology not only at the level of construction projects but also at the level of organisations and
industry. Therefore, this paper aims to explore and identify the key drivers for adopting BD in the

construction industry of the Dominican Republic.

Despite the considerable increase of literary sources that address the subject of BD in the construction,
there was no evidence found of documents that reflect a path for successful implementation.
Remarkably, there is a lack of data tackling the drivers for implementing BD. Therefore, to compare the
outcomes of this research's primary data analysis, background research was performed to explore and
identify the motivation behind individual cases of BD implementation within construction (Xiao and
Watson, 2019). This background research was conducted within the Science Direct, and Google
Scholar databases and an overlook within the general google search system to identify possible sources

from magazine articles or government reports.

After inquiring about the general knowledge of participants on the BD subject, the following step was to
explore the key drivers that could promote the implementation of BD in the industry, which is the scope
of this study. By identifying the key drivers for the adoption of BD in the construction industry of the
Dominican Republic, this study creates a knowledge base within an area of scarce data that could
improve the understanding of the technology and its benefits, as well as motivate more companies to

implement the technology.

Methodology

This section describes the methodology employed to carry out this study, from the design of the
interviews, the sampling process, the data collection performed in the Dominican Republic and finally,
the analysis processes. As mentioned above, BD is still considered an emerging technology within the
construction field. Although many sources can be found today exploring the subject, none have directly

focused on exploring or identifying a path that leads to its implementation or the elements that could
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study is based on the principle of data availability presented by Kumar (2014).

Table 1: Demographic Information of Interviewees

Company Years of Interview

Profession Position Size Experience Code
Civil Engineer BIM Coordinator Medium 7 N
Architect BIM Manager Medium 5 12
Civil Engineer Project Manager Large 7 13
Architect Construction Superintendent Large 15 14
Civil Engineer Senior Planning and Control Engineer Medium 7 15
Civil Engineer Engineering and Projects Coordinator Medium 7 16
Civil Engineer Logistics and Material Supply Manager Medium 7 17
Civil Engineer Chief Executive Officer (CEO) Large 35 18
Civil Engineer BIM Construction and Management Manager Medium 6 19
Civil Engineer Senior Project Planning Engineer Large 6 110
Civil Engineer Senior Project Cost Controller Large 7 1M1
Civil Engineer Project Quality Manager Medium 5 N2
Architect Senior Project Designer Medium 15 113
Civil Engineer Vice-President of Operations Large 10 114
Civil Engineer Senior Project Manager Large 24 115
Civil Engineer Planification and Control Manager Medium 15 116
Civil Engineer Senior Project Manager Large 17 117
Civil Engineer Project Superintendent Medium 17 118
Civil Engineer Senior Project Manager Medium 11 119
Civil Engineer Engineering and Projects Coordinator Medium 14 120
Civil Engineer Senior Project Manager Medium 22 121

The Table 1 above summarises the research choices of this study. Here, the decisions made around

the definition of the study methodology are presented, starting from the general philosophical worldview

to the particular technique used to analyse the data.

In summary, 21 semi-structured interviews were performed in Santo Domingo, Dominican Republic,
between October 2019 and March 2020. The interviews were directed to decision-making
representatives of medium and large companies in the construction market of the Dominican Repubilic,
which exposed what, in their opinion, are the determining factors behind the implementation of BD. In
some cases, the opinion of the participants was based on their experience with similar technologies,
such as BIM and IoT, due to the scarce knowledge they possessed on BD. This study is classified as
exploratory since it investigates the elements that could lead the construction industry of the Dominican
Republic to adopt BD, of which very little is known and which, in turn, caused an inclination for the

qualitative method, which allows satisfying this type of unknowns. As part of a broader research, this
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study followed a pragmatic philosophy that aims at identifying a path for the successful adoption of the

technology. Moreover, following an inductive approach allowed identifying the elements that would drive

BD in the construction.

The interviews were conducted face to face in Santo Domingo since all major construction organisations
in the country have a base of operations there. Furthermore, the interviews were conducted, transcribed
and translated by the same person to preserve the integrity and intent of the participants and avoid

mistakes due to misinterpretation.

3.1 Design of the interviews

The semi-structured interviews were designed first to establish or assess the level of knowledge
possessed of BD and subsequently define the determining factors for implementation, starting with
identifying the key drivers behind adopting BD, which is being explored in this study. This method was
selected for data collection based on its suitability to achieve the objective, the need for in-depth,
comparable, and reliable data and the exploratory nature of the research (Silverio-Fernandez et al.,
2020). These conditions pointed to semi-structured interviews as the most convenient tool (Cohen and
Crabtree, 2006). Moreover, the general nature of the research, which demanded the accumulation of
rich and relevant data where participants could share their thoughts and points of view, also indicated

semi-structured interviews as the most suitable to harvest the data (DeJonckheere and Vaughn 2019).

In the first instance, the interviewees were asked to describe the key drivers that have powered the
adoption of BD in the construction industry as a way of introducing the subject and establishing a
general understanding. Then the participants were asked to describe the key drivers that have powered
the adoption of Big Data in their organisation. Trying this way to migrate from general to particular, and
thus understanding both the motivation behind the adoption in their companies as well as the standard

drivers between all organisations in the industry.

3.2 Selection of sample and data collection

The selection of the sample or possible participants of the study was established considering two main
factors: the company size and the position of the participants within that company. The consideration
of these factors mentioned above is based on the literature, which indicates that the company's size

influences its ability to invest in and implement new technologies. According to Ngo et al. (2020) and
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Maroufkhani et al. (2020), the probability of investing in new technologies increases proportionally with

the organisation’s size. Likewise, interviewing people who participate in decision-making within the
company ensures an accurate knowledge of the process of adopting new technologies and opens the
possibility of actual implementation in the participant organisations. Consequently, the sampling method
in which criteria are established for selecting the sample is known as non-probabilistic (McCombes,

2019).

Based on the above, large and medium-sized companies with an undoubted presence in the
construction market in the Dominican Republic were selected to be invited to participate in this study.
Moreover, the organisation’s representatives should be involved in their decision-making process to

identify the key drivers they could promote the adoption of BD.

The filtering of participating organisations was made based on the official classification of companies
or commercial entities according to their size provided by the "General Law of Commercial Companies
and Individual Limited Liability Companies" of the Dominican Republic (Congreso Nacional de la

Republica Dominicana, 2008). This classification is summarised in the following figure (Figure 3).

Micro Small Medium Large

* Between 1-15 * Between16-60 » Between 61-200 * More than 200
employees. employees. employees. employees.

* Less than * Between * Between * More than
RD$3,000,000.00 in RD$3,000,000.01 — RD$12,000,000.01 - RD$40,000,000.00 in
active capital. 12,000,000.00 in active 40,000,000.00 in active active capital.

* Less than capital. capital. * More than
RD$6,000,000.00 in * Between * Between RD$150,000,000.00 in
annual revenue. RD$6,000,000.01 — RD$40,000,000.01 — annual revenue.

40,000,000.00 in 150,000,000.00 in
annual revenue. annual revenue.

Figure 3: Classification of companies in the Dominican Republic based on the number of employees,
capital and revenue.

Source: Law 488-08 (National Congress of the Dominican Republic, 2008).

The saturation phenomenon was employed to determine the total amount of interviews required for the
investigation; this factor demarcates when the interviews do not provide any new knowledge (Latham,
2020). Literature shows that for qualitative research, the number of interviews should be between 15-
20 participants since this allows the exchange of more reliable information Crouch and McKenzie,

(2006). In this research, the saturation phenomenon was reached in interview number 21. The

10
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interviews were analysed at the same time as the collection. This approach allowed for "real-time"

saturation assessment of identifying when no new codes emerged in the data indicating saturation was

reached.

In order to produce reliable data, a rigorous quality assurance protocol (QAP) was followed before,
during and after data collection and analysis processes. The following measures were put in place to

ensure the quality of the data presented in this study:

o Normalisation protocol for data collection: All interviews were recorded by the same person
using the same device, the data was subsequently transcribed and translated in a period not
exceeding one week.

o Consistency in data formats and measurement standards: All interviews were collected via
audio recording and subsequently transcribed into a PDF document; this document was
uploaded into the software NVivo for theme identification during analysis.

o Standard data handling and analysis procedures: All data has been handled per the
provisions of the information and consent sheet presented to the participants prior to the

interviews, which in turn is covered by the current regulation of the Data Protection Act 2018.

The data collection process was performed between October 2019 and March 2020 and was captured
using voice recordings. The recordings lasted approximately between 9 and 22 minutes and were made

in Spanish, the official language of the Dominican Republic.

The participant selection process was divided into four stages. During stage |, 78 construction
organisations were contacted via email, explaining the study and its aim and enquiring about their
willingness to participate. Stage Il consisted of classifying the organisations according to the answer
provided, where 19 expressed a definite desire to participate, fifteen (15) responded with non-definitive
interest, and four (4) companies were unwilling to participate. Stage Ill represents the companies to
whom all the information related to the study was sent and where another confirmation was requested
to schedule the interview appointment. Twenty-six (26) companies responded with an affirmative
answer, one (1) with maybe, and the other seven (7) decided not to participate. Finally, Stage IV

represents the scheduled interviews, of which twenty-one (21) were conducted.

11
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3.3 Analysis

The data analysis method performed in this study was thematic analysis, which is well suited for the
analysis of interview transcripts and, more particularly, for this study since it allows the identification of
"common themes — topics, ideas and patterns of meaning that come up repeatedly" (Caufield, 2019).
This analysis process consists of 6 steps and is deductively oriented since "coding and theme
development are directed by existing concepts or ideas" (Braun et al., 2019). The stages of the thematic

analysis, according to Braun (2019), are presented in the following figure (Figure 4).

Familiarization

Writing up Coding

Defining and
naming themes

Generating
themes

Reviewing
themes

Figure 4: Phases in doing reflexive thematic analysis.

Source: Adapted from Braun et. al., 2019

Also, in preparation for the analysis, the process depicted in the "Guide for Qualitative Data Analysis"
by John Creswell in 2013, where the ideal strategy to prepare the interviews for analysis is explained

(Figure 5), was followed, emphasizing the first three preparatory steps before coding.

Coding of Generation of

Transcripts Themes

Figure 5: Creswell’s Data Analysis Process described in “Guide for Qualitative Data Analysis”.

Source: “Guide for Qualitative Data Analysis” Creswell, 2013.

12
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In the first stage of transcribing the interviews, another feature was added, the translation from the

original Spanish language of the interviews to English. In the same way, coding and generating themes
were performed using the NVivo 12 program, a specialized program for qualitative research analysis

(McNiff, 2016).

Repeated reviews of interviews and codes produced an insightful understanding of the elements
(Martinez et al., 2021) identified by the interviewees as the motivation behind the adoption of new
technologies. It was followed by identifying and extracting the Key Drivers for implementing BD and

similar technologies.

Key Drivers for Adoption of the Big Data Concept in the Construction Industry

This section presents the main factors that could influence the adoption of new technologies, such as
Big Data in the construction industry identified by the interviewees, the following figure (Figure 6) shows
the key drivers identified in this study. The results presented below have been generally classified under
two themes, internal and external, based on the origin of the drivers concerning the interviewee's

organisation.

( )
Key Drivers for Adopting Big Data in the Construction Industry of the DR
N\ (
Internal Drivers External Drivers
( N\
Knowledge of BD " Companyts . Technology
%e%e; g; taoti ltjf:}e Coan;gﬁﬁt/ggess L?/;::rgﬂggg Col?\?)lz :1';/) rl:lt:eds T;?EJEEEQIOI:I ReqSilllee:::-lt ents N:g?iszgcym EZ?#S:S% A Eg;ggi?ity
| VAN J

Figure 6: Key Drivers for Adopting Big Data in the Construction Industry of the DR

Source: Primary Data Analysis

4.1 Internal Drivers

The drivers discussed below represent the interviewees' opinions about the factors that, from within the

organisation, would influence the adoption of BD.
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4.1.1  Knowledge of BD Benefits to the Organization

A determining element in implementing new technologies is that decision-makers understand the
benefits of the technology (Silverio-Fernandez et al., 2019). This could ease the adoption of the latest

technology so that there are realistic expectations about the results that can be obtained from it.

Following this line, 114 explains in the comment below why he considers that the knowledge of the

benefits is a critical driver for the implementation of DB:

"I believe that the key thing is to make the industry know the benefits and impact that Big Data could
have on their organisations and revenue. | think that most decision-makers tend to keep doing the
same things that they know work for them rather than exploring new things that they could apply to
their practices. So, if they don't know what it is or how they can benefit from it, | doubt that any

industry-wide implementation will occur”. 114

Also:

"Well, it should offer a clear benefit to the industry or companies willing to implement it, its cost

should be affordable, and it should be easy to understand”. 118

Similarly, when asked about the key drivers for implementing BD in his company, interviewee 118
recognizes that knowledge of specific benefits is a determining factor for adopting BD. Following this
line, many sources, such as Neilson et al. (2019), Li et al. (2019) and Maroufkhani et al. (2020),
recognise the need to have specific knowledge of the results to be obtained that motivates them to

create change in their institutions, a concept with which 12 agrees when it expresses the following:

“[...] | think that for us to implement something like that, we should be able to identify the benefits
and how it would fit in this company or how we would use it. It should have some type of international

backing. | mean that the international community recognises its value”. 12

The positive experience of other companies that have already adopted the technology is also
considered an essential aspect of promoting implementation, as expressed by interviewee 117 in the

comment below.

“[...] well, I don't know, it could be anything from the popularisation of a company where it has been

implemented, and that shows positives results, or it doesn't have to be a company if you come across
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a project where this type of technology was implemented, and you find that that project has some

advantages when compare to other similar projects that didn't have the technology then that would
be a good precedent or motivator for the adoption in the industry, and along with other companies
with the same type of projects, or who knows, maybe some will adventure to apply it to many different

projects to see if they end up with the same advantages”. 117

Moreover, the possibility of exploring results obtained by other companies through detailed case studies
where the technology has been successfully implemented would benefit the implementation of the
technology, and even more so when this example comes from the same country or where similar

conditions of the industry are found (Silverio-Fernandez et al., 2019).

Conclusively, Knowing the benefits the organization would obtain from implementing BD is a
determining factor for its adoption. Even more so, if there are practical examples of describing in detail
the experience of other companies that, under similar conditions, have applied this technology and

obtained benefits.

4.1.2 Impact on Competitiveness

Another leading factor identified was the impact of adopting BD on competitiveness or the ability to
deliver better value over other companies that offer similar services. Interviewee 116 identified
competitiveness as a need of his organization and considered it a good decision to adopt technologies
that could improve their practices. The previous consideration is supported by Madanayake and Egbu,
2019 since it indicates that BD improves competitive advantage by supporting data-driven decision-

making.

"l think that the need to be competitive and that anything that has the capacity of improving the

processes that we do as a company is worth looking at". 116

Following the same line when asked about the key factors that could promote the adoption of BD in his
organization, Interviewee 17 also recognizes competitiveness as a necessity. It also identified the

adoption of BD as a response to satisfy this need with the following comment:

"[...], basically, | believe it would be the need of maintaining international standards and

competitiveness". 17
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Undoubtedly, the recognition of BD adoption as the solution to achieving and maintaining

competitiveness in construction organisations can be considered a critical driver for implementing the
technology since, nowadays, competitiveness has become an essential factor of organisational

development.

Moreover, profit is another essential factor for organisations. As an objective, it differentiates businesses
from other "non-profit" organisations. The expectation of an increase in profit can motivate or promote
the adoption of new technologies such as BD (Raguseo, 2018). In this line, participants agree that a
determining element for the adoption of BD in the construction industry is the possibility of receiving an

increase in the profit of their organisations, as evidenced by their comments below:

"[...]and | would also have to say profit. | mean, this whole industry thrives because of the profit that
it generates, so a good incentive for the industry to implement a new practice or technology would

be that said practice or technology produce an increment in their profit". 15

Also:

"Well, | believe we have a technology-driven culture in the company. Also, the need for efficiency

and transparency and the optimization of profit is what comes to mind right now". 110

Undoubtedly, the promise of an increase in the companies' profit is crucial for implementing any
technology, an aspect that BD certainly covers directly and indirectly by improving the decision-making
process and resource management. Also, reducing costs by improving areas such as waste

management and energy consumption will significantly reduce the project cost.

4.1.3 Technology Awareness
Technology awareness refers to the ability to comprehend and recognize the value that new technology
can provide the business. It also involves keeping up to date with the evolution of the technology
(Silverio-Fernandez et al., 2019). The fact that this technology is considered new in the construction
industry raises questions about not only the concept but also its characteristics, benefits and the steps

for its implementation. In this regard, Interviewee 116 commented:

"[...] | would say generalisation of the term, that more and more people come in contact with it and

understand it, and also, that they learn how to apply it and how to benefit from it". 116
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Also:

"Well, | think it is basically that the people involved in the industry need to know the concept and

how its adoption could benefit their companies. Yeah, | think that is the most important thing". 115

These previous comments indicate that there must be an accurate and deep understanding of the
technology for it to be adopted within the industry. Moreover, Interviewee 12 commented on the fact that
because of the way the world today works, the accumulation of digital data exists, and it grows

exponentially without interruption, with construction organisations being no exception in this.

"[...] to raise awareness of the existence of it and that we all generate BD in the world that we are

developing, then, what benefits we can extract from it". 12

In summary, the fact that decision-makers need to understand how the technology works, how it can
be implemented, what benefits they can expect from it and so on, are determining factors for the
implementation and future adoption of BD in the construction industry. This shows the need to educate
present and future professionals about emerging technologies that, like BD, are expected to alter the

course of the industry.

4.1.4  Solution to Company Needs
Company needs are the goals or objectives the business must achieve to function, generate profit, or
deliver the company's mission (Kupersmith et al., 2013). These needs may vary from one organization

to another and may change in time depending on the direction in which the company evolves.

In agreement with this, interviewee 17 identified the satisfaction of company needs as one essential
element for BD adoption, meaning that this technology must be capable of providing solutions such as
process efficiency, time, or cost reduction, which, according to Kupersmith et al. (2013) corresponds to

capacity needs or the provision of new services which correspond to improvement needs.

"The adoption of new technologies in this company has always been driven by the need for
streamline construction and administrative processes, reducing time waste and managing

resources". |7

In addition, when asked about the key drivers that would allow the adoption of BD in the construction

industry, Interviewee 13 identified some specific needs that this technology would solve.
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"[...] the need of managing the information, the need of accessing the information". 12

The ability of a technology such as BD to solve the needs of companies will depend on each company's
specific objectives and requirements. The literature supports the trend where BD is identified as a
solution to the need to manage ever-increasing volumes of data generated by construction projects
(Body & Crawford, 2012; Caesarius, 2017 and Cheng et al., 2020) or the need for transparency
(Khurshid et al., 2019), or because of its complexity, this technology can help to understand waste

generation within the industry (Lu, 2019; Xu et al., 2020 and Lu et al., 2021).

4.1.5 Company's Technological Cultural Orientation
Company culture is commonly used to describe a series of elements, aspects or opinions that define a
company and its employees. It can manifest in the decision-making process or the interaction with other
companies or clients (Doyle, 2020). In this case, the interviewees identified the company's culture of
staying at the forefront of new technologies or technological orientation as the main factor in adopting
BD. Several authors, such as Tabesh et al. (2019) and Chen et al. (2020), agree that adopting BD is
more accessible in industries or companies that are digitally driven. On this aspect, the interviewees

agree by commenting on the following:

"Well, | believe we have a technology-driven culture in the company. Also, the need for efficiency

and transparency and the optimization of profit is what comes to my mind right now". 110

Also:

"l believe that more than strategies for us, what motivates us to invest and adopt any new technology
is the culture of the company, the belief that offering something different and more advance than

others will give us advantages that the clients can clearly identify". 114

Another participant also recognizes the role of the company's leadership and influence on culture and
the successful implementation of BD, to which Burmeister et al. (2015) agree by expressing that a
company with a leadership inclined towards innovation is more likely to invest and work towards the
adoption of new technologies, the fact that Interviewee 11 identifies as a base requirement or critical

driver for implementation in his comment:
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"It has to be from top to down, it has to be a mentality of the company, if the owners, if the manager,

doesn't have that mentality of improvement it's gonna be really difficult, it's gonna be really tough to

implement new software, new technologies and use of BD" |1

The organisation’s culture and, more specifically, the technological orientation play a vital role in
implementing BD. It has not only been proven that the probabilities of implementation grow with the
ability of companies to disburse themselves in the digital environment but also the influence of the

adoption and promotion of this culture by the decision-makers and leaders of the company.

4.2 External Drivers

In the same way, this theme captured participants' opinions about the factors from outside of the
organisations that could impact or influence the adoption of BD. The external drivers are industry
motivation, regulatory framework, technology change adaptability and client requirement. These

external drivers will be discussed below.

4.2.1  Industry Motivation
When asked about the elements that will support adopting BD, participants identified industry motivation
as critical due to its ability to compel companies to adopt certain practices such as BD. Once a company
achieves added value because of the implementation of new technology, the industry is usually
responsible for spreading and promoting this practice awaiting similar results (Madanayake and Egbu,
2019). In the following comment Interviewee, 119 expressed his agreeance with this by commenting on

the following:

"In our case, it was the industry, every time we went to take training overseas, and we found that
BIM was the method being adopted by more and more companies. Many already witness the positive
results of their adoption. In some countries, it is already a government requirement, which indicates
that this may be the course that the world industry is taking [...], so the same can happen for BD
then, once we start hearing about how other companies have adopted this technology, other

organisations to follow suit looking to gain same benefits". 119

Similarly, Interviewee 120 expressed his agreement with the next statement:
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"We keep tabs on the industry developments and identify the thing that could work for what we do.

We also evaluate the cost of investment because it is not always possible to buy everything you

need to implement a new technology". 120

Participants agreed that looking at the industry as a point of reference to determine what they could
implement in their organisations is a common practice. Once they identified an added value in adopting
a new technology, it was a matter of assessing the feasibility of the adoption since it is not always
possible to follow or adopt every new practice or technology that comes into play in the construction

industry.

4.2.2 Regulatory Framework
Regulatory framework refers to any official policy or regulation approved by the government to regulate
an activity. In some cases, it can issue a regulation requiring the adoption of practice or technology that
can satisfy some need or with the ability to provide benefits that are aligned with the objectives of the
institution, such as data management or transparency. Phrases like "Government has always been
shaped by advances in technology" by Shepheard (2019) demonstrate the close relationship between
governments and technological advances, which are translated into regulations that, in many cases,
determine the advances of industries towards the adoption of technologies. When asked about key
drivers for implementing BD, participants identified government regulations as a defining factor, even
putting as an example the adoption of BIM, which, under regulation, must be adopted for public projects

in the United Kingdom (NBS, 2020). Regarding this theme, interviewee 111 expressed the following:

"Well, since we haven't implemented BD, | can say that the drivers for adoption of implementing any
new technology in this company are, most of the time, government regulations, [...] in order to attract

clients [...]". 111

Also, Interviewee I5 made a brief comment identifying the government involvement in the adoption of

new technologies within the industry with the following comment:

"[...] and norms and regulation for the construction-oriented parts of the Government". 15
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The recognition of regulation as a key driver for implementing BD evidences the need for external

pressure and a regulatory body that keeps up to date with new technological developments in the

industry.

4.2.3 Technology Change Adaptability
Technology Change adaptability is the technology's ability to integrate into a company, how easy it is
to comprehend, compatibility with existing programs, and the ease with which staff can understand it
and master its use. The participants identified this factor as a key driver since it depends on this that
companies can fully implement the technology and take advantage of its potential. For example,

interviewee 112 expressed the following:

"[...] Also, how easy the technology can be implemented in the company if it's compatible with

existing software's or adaptable". 112

Also:

"[...] 1 think that for us to implement something like that, we should be able to identify the benefits,

and how it would fit in this company or how we would use it, [...]". 115

The more adaptable or compatible a technology is, the easier will be its implementation within the
company processes (Maroufkhani et al., 2020), for this is necessary that the industry or companies
possess clear procedures explaining both the concept and benefit of the technology and the steps

required for its adoption.

4.2.4  Client Requirements
Client requirements are powerful elements that can force change within companies. In some specific
cases where the client is an institution or government, these may require adopting methods or
technologies that are beneficial for the delivery of the project. An example of this is the implementation
of BIM in England with the launch in 2011 of the "Government Construction Strategy". This strategy
required in the following years the inclusion of the technology in all government construction projects
by 2016 (UK Construction Media, 2018). Since then, and thanks to this requirement, 73% of
construction companies employed this technology in 2020 (NBS, 2020). In this regard, both
interviewees 19 and 121 identified the client requirement as a critical factor for adopting BD, as evidenced

by their following comments:
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"I would have to say, customer requirements [...] | honestly don’t see a company investing in

something like this unless it is facing external pressure from its clients". 19

And:

"l would have to say, the demand from the market, maybe the clients could ask you to use it, if they

know about it and understand that its use can be beneficial to them, [...]". 121

In summary, it is clear that when a client presents a requirement for a project, the company is compelled

to adapt its practices or delivery method and do what is necessary to meet this demand.

Discussion

Adopting BD as a core element of the construction practice will enable the industry to evolve in line with
users' needs (Vellante, 2021). The construction-related data produced by the industry grows
exponentially every year. Since almost 95% of it is unstructured, BD is the ideal technology for its
management, thus providing the benefits of technology such as data-driven decision-making,

resources, time and money-saving, process efficiency and prediction of outcomes (Carlstrom, 2020).

This paper addresses the gap in understanding the factors that will promote industry-wide adoption of
this technology. The exploration of the key drivers for implementing Big Data in construction will help
the industry set objectives and embrace measures that will allow them to adopt this technology and
take advantage of its benefits. The study was carried out by asking decision-makers about their opinion
on what would be determinant for implementing BD in the industry, specifically in their organisations.
Based on their knowledge and experience, the participants identified nine key drivers divided into two
groups, internal and external, according to whether the motivation came from within or outside the

organization.

The internal key drivers or determining factors that would influence the adoption of BD from within the
organization are Knowledge of BD benefits to the organization, impact on competitiveness, technology
awareness, solution of company needs, company's technological cultural orientation, and profit
expectation. Likewise, the external drivers or factors that would influence the adoption of BD from
outside of the organization are industry motivation, regulatory framework, technology change

adaptability, and client requirements.
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Some of the drivers identified by the participants coincided with the literature, such as an increase in

the company's revenue, identified in Raguseo (2018). Benefit awareness and solution to company
needs in Madanayake and Egbu (2019). The company's technological orientation allows them to take
advantage of new opportunities offered by emerging tools, software, and gadgets, as identified by Wang
et al. (2020). Adaptability or compatibility of the technology identified by Maroufkhani et al. (2020). On
the other hand, participants identified some new drivers, such as client requirements, industry
motivation and regulatory framework, which consist primarily of external agents that can influence their

use.

Identifying these key drivers also brought out a series of needs that must be addressed to fully
assimilate BD as part of the construction practices. These requirements include practical examples
detailing the experience of other companies with the technology, education and popularization of the
technology and its benefits and characteristics, and the solution that it can provide to the needs of
companies. Also, external factors, such as industry and the international market, can exert pressure on

implementing new technologies, so knowledge about it must be homogeneous.

In general, this study will benefit the construction industry of the Dominican Republic and its
stakeholders, including organisations, decision-makers, employees, and policymakers, by improving
the awareness of the drivers that push for the adoption of BD within the construction industry from the
perspective of the Dominican Republic. This improvement will allow decision-makers to understand the
motivation behind this BD push better and ensure efficient and successful BD adoption in the context
of the construction industry. In practice, it will assist top management and decision-makers to practically

frame and build a roadmap towards adopting BD technology.

The findings of this research will allow readers to understand the impact that adopting a technology like
BD can have on construction companies while exploring its potential. It will also provide information for
decision-makers on the direction the industry is taking and prepare them to make the necessary

changes to their organisations.

Conclusions
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The construction industry has started recognising the potential of implementing Big Data. Still, it also

faces the problem that it needs to make a leap towards modernization, leaving traditional practices
behind to achieve its inclusion within construction practices.

It has been shown that BD positively impacts processes such as decision-making and how projects are
delivered, reducing costs and expenses and helping to manage resources, both personnel and
materials.

The exploration of key drivers to implement BD in the construction industry of the Dominican Republic,
provides present and future professionals with the tools to identify what things you can implement in
the present that can facilitate the adoption of the technology once it becomes commercial within the

industry.

The critical drivers identified by the participants were classified into internal and external according to
the origin of the influence related to the organisations. Internal Key Drivers were knowledge of BD
benefits to the organization, impact on competitiveness, technology awareness, solution of company
needs, company's technological cultural orientation, and profit expectation. At the same time, the
external key drivers or factors that would influence the adoption of BD from outside the organization
were industry motivation, regulatory framework, technology change adaptability and client

requirements.

This research has identified the factors that influence the adoption of technologies not only from within
but also the influence of external factors such as industry and governments that can shape the future
of construction practices, either with innovative examples or requirements.

Both the government and educational institutions need to explore and identify the practices that could
positively impact the industry in the future so that they can provide the necessary knowledge, thus
allowing present and future professionals to adopt these practices or at least possess the required

knowledge to understand how it works.
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