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Abstract. Digital transformation is a pathway to improve productivity in the construction sector, but organizational struc-
tures still need more adaptation. There are no fully developed models at the level of factors and evidence between organi-
zational structures and digital transformation. This paper analyzes the impact of digital transformation on organizational
structures within the construction sector, utilizing a semi-structured interview and field inspection methodology to validate
key organizational factors and evidence influencing this process. The research focuses on Colombia’s medium and large
construction companies and aims to validate an integrated conceptual model of digital transformation and organizational
structures. Results indicate that while technological tools have been adopted, the full potential of digital transformation
still needs to be explored. The study highlights the factors and evidence that affect the variables of digital transformation
and organizational structures. While technological tools are essential, they are unlikely to create a long-term competitive
advantage. This research advances the understanding that the integrated implementation of digital transformation and
organizational structures, grounded in validated factors and evidence, can drive enhanced decision-making, reduce inef-

ficiencies, and improve productivity within the construction industry.
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1. Introduction

There is a growing trend toward digitalizing processes in
various industries (Yamamoto, 2020); this phenomenon
is known as Digital Transformation (DT). However, there
are still significant gaps in terms of productivity, as DT
has been different in all industries (Al-Hakim & Lu, 2017).
In the case of the construction sector, there have histor-
ically been lower productivity rates (Olanipekun & Su-
trisna, 2021); this situation is due to a craft-based indus-
try (Crawford & Vogl, 2006), with low innovation (Pellic-
er et al., 2012), stakeholder fragmentation (Succar, 2009;
Samuelson & Stehn, 2022), and re-processes (Li et al.,
2013). These characteristics of the construction industry
commonly cause delays, cost overruns, waste of materials,
variable quality, and high accident rates (Balali et al., 2022;
Wong et al,, 2023).

New methodologies and technologies have been de-
veloped to address the problems of the construction sec-
tor (Forcael et al., 2020), focusing on increasing produc-
tivity and reducing construction errors (Hughes & Thorpe,
2014). For instance, BIM is a project management meth-
odology that is based on digital models for the man-
agement of assets throughout the life cycle of projects
through the collaboration of stakeholders (Succar & Po-
irier, 2020); among its advantages are the reduction of er-
rors, reduction of cost overruns, deadlines adjusted to the
schedule, reduction of waste, among others (Hao et al.,
2020). Recently, Construction 4.0 appears as a trend, con-
sidering the adoption of these new technologies in the
construction sector (Pantazis et al., 2022; Koc et al., 2020);
it includes a very relevant concept such as Cyber-Physical
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Systems (CPS) that aims to integrate the digital and the
built environments (El Jazzar et al., 2021). Furthermore, the
concept of Construction 5.0 is being developed (Yitmen
et al., 2023), which seeks to take advantage of technologi-
cal benefits while considering sustainability, stakeholders’
well-being, and buildings’ resilience (lkudayisi et al., 2023;
Marinelli, 2023).

Moreover, these DT processes have been implement-
ed in the value chain of the construction sector (Tortorella
et al, 2023), focused mainly on technological methodol-
ogies and software available today (Baduge et al., 2022);
nonetheless, there have not yet been significant chang-
es in organizations to adapt to DT (Garcia de Soto et al,
2019) due to limited attention to Organizational Structures
(OS) and organizational culture. Organizational Structures
(OS) are companies’ frameworks that establish the rules,
positions, responsibilities, strategy, and relationships to
meet the organization’s objectives (Bonanomi et al., 2019).
Likewise, the OS will directly relate to the organizational
culture (Janicijevi¢, 2013). If the OS is not aligned with the
culture, it can lead to adverse work climates and a lack of
stakeholder commitment (Hazana Abdullah et al., 2015).
Digital Transformation must be aligned with OS as well as
with organizational culture (Garcia de Soto et al., 2019).

Digital transformation and OS determine how organi-
zations function. Digital Transformation is directly related
to the transformation of the business model (Ismail et al.,
2017), which includes changes in the relationship with in-
ternal and external customers, incentives, improvement of
products and services, and an organizational climate (Mor-
akanyane et al., 2017). For example, if there is an advanced
level of DT, a common data environment is used to ex-
change information with the stakeholders (Succar & Po-
irier, 2020). At the same time, if, for example, OS is flatter
and encourages more collaborative decision-making, bet-
ter job satisfaction rates can be obtained among its em-
ployees (Bonanomi et al., 2019).

Some DT models consider leadership, training, and in-
centives (Gonzaélez et al,, 2022; Pantazis et al.,, 2022). Digi-
tal Transformation models used in the manufacturing in-
dustry highlight the importance of organizational changes
(Elia et al., 2024); variables such as organizational vision,
cultural change, training of people, and collaboration be-
tween companies are estimated (Elia et al., 2024). A BIM
implementation model in emerging countries highlights
the need for people training and knowledge manage-
ment, but organizational changes are mentioned tangen-
tially (Rinchen et al., 2024).

Various frameworks and models have been proposed
for the DT of the construction industry. For instance, Vara-
rean-Cochisa and Crisan (2025) used the context-inter-
vention-mechanism-output (CIMO) framework to review
15 cases presenting the DT process of construction com-
panies. They distinguished major drivers of DT, such as
top management support, organizational culture, and cus-
tomer requirements. Naji et al. (2024) proposed the Digi-
tal Transformation Level of Readiness Framework (DTRLF)
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based on 70 factors that contribute to the DT of the con-
struction industry, grouped into five categories, i.e.,, man-
agement, design, technology, policy, and infrastructure.
Zhu et al. (2024) evaluated DT maturity within construc-
tion companies, proposing an evaluation model based on
the Analytic Hierarchy Process (AHP) and Decision-Mak-
ing Trial and Evaluation Laboratory (DEMATEL) methods.
In their model, the authors emphasized factors, such as
digital strategy, digital business applications, digital tech-
nology capabilities. Nyqvist et al. (2025) applied a multi-
ple case study methodology and a systemic framework to
distinguish DT barriers and drivers in construction industry.
The three key drivers identified are shift to data-driven in-
dustry, targeted technological solutions, and standardiza-
tion and process modification. However, these models and
frameworks do not fully develop the interaction between
DT and OS variables and their relationship with macro-
variables that ensure interconnection within the organi-
zation.

On the other hand, the model introduced by Osorio-
Gomez et al. (2024) shows the interaction of synergistic
processes between DT and OS. This model groups vari-
ables into three sets: Organizational Climate (OC), Inte-
grated Organizational Innovation (IOl), and Information
Exchange (IE). It is chosen as the foundation of this re-
search because it illustrates the relationship between DT
and OS variables, specifically in the construction sector;
nonetheless, it has not yet been developed practically for
organizational implementation. A deeper pragmatic un-
derstanding will contribute to designing more effective
strategies for the integrated implementation of DT aligned
with OS in construction companies. For this reason, the
goals of this research are: (1) to improve the DT and OS
model proposed by Osorio-Gémez et al. (2024) and (2) to
validate the applicability of improved model in construc-
tion companies. The model of reference is explained in de-
tail in Section 2. Section 3 describes research methodol-
ogy, while Section 4 provides results and discussion. Sec-
tion 5 concludes the research.

2. Model of Digital Transformation
and Organizational Structures

The model of DT and OS (Osorio-Goémez et al., 2024) aims
to improve products and services in the construction sec-
tor by implementing DT in operational processes and re-
designing OS within construction companies; this model
will be referred to as the Original Model henceforth (see
Figure 1). Three key macro-variables influence this process:
Organizational Climate (OC), Integrated Organizational In-
novation (IOI), and Information Exchange (IE). These mac-
ro-variables collectively impact improvement of products
and services in the construction sector.

Each macro-variable comprises a series of variables
identified through a literature review. Organizational Cli-
mate (OC) primarily relates to the perception of the com-
pany's work environment, which directly impacts employ-
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Integrated
Organizational
Innovation (101)

Knowledge
management (+)

Cloud services
(+)

Promotion
opportunities
+

Authoritarian
leadership (-)

Assertive
communication (+)

Transformational
leadership (+)

Organizational
climate

Employee
training and
development (+)

Cost reduction
strategy (-)

Collaboration
with other
companies (+)

Data analytics

(+)

Development of
creative process (+)

Information
exchange

Services and products
improvement

Figure 1. Original Model of Digital Transformation and Organizational Structures (adapted from Osorio-Gémez et al., 2024)

ee motivation. Similarly, OC is shaped by leadership styles
and assertive communication. Another key macro-variable
is the 10I, which refers to systematic innovation within the
organization; this concept is not confined to a specific ar-
ea but is implemented across the organization. IOl is in-
fluenced by knowledge management, cloud services, the
avoidance of cost-reduction-focused organizational strate-
gies, and collaboration with other companies; furthermore,
promotion opportunities and employee training and de-
velopment are shared with OC, too.

Finally, IE refers to transferring information within an
organization to enhance decision-making and foster col-
laboration. Digital Transformation significantly influences
IE, as technologies streamline the processes of information
collection, analysis, and communication. The key variables
that impact IE include data analytics, the development of
creative processes, collaboration with other companies,
and employee training and development (these last two
are in common with OC).

3. Research method

The nature of this research is exploratory for validation
purposes (Nilsen et al., 2020) to confirm the Original Mod-
el of DT and OS developed by Osorio-Gémez et al. (2024).
First, a literature review was focused on the factors and ev-

idence influencing each variable. The literature review was
conducted by analyzing scientific articles from databases,
such as Web of Science and Scopus, to identify key fac-
tors and evidence for each variable in the Original Model.
Only factors and evidence with a minimum frequency of
three occurrences in scientific articles were included. Sub-
sequently, these factors and evidence were categorized
within each variable, illustrating their relationship with the
macro-variables, resulting in what is referred from now on
as the Improved Model.

Next, organizations in the construction sector in Co-
lombia were selected to validate the Improved Model; the
selection process is explained below. The chosen validation
method was semi-structured interviews, which were used
to assess the organizational factors and evidence influenc-
ing DT processes and OS in the construction sector. Ad-
ditionally, a field inspection of the Improved Model's fac-
tors was carried out to cross-check the interview results;
this inspection consisted of an in-situ visits to the organi-
zations to check visually that the evidence was in place or
being in use. Finally, after the interviews and field inspec-
tion, the Digital-Organization Transformation (DOT) was
presented. The research process is summarized in Figure 2.
The criteria for sample selection were defined as follows: (1)
the companies included in the study were required to be clas-
sified as medium or large construction firms based on their
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annual revenue (Superintendencia de Sociedades, 2024);
(2) they must have over ten years of industry experience
and be actively engaged in DT processes, regardless of
their current maturity level; and (3) they could encompass
building construction firms as well as companies specializ-
ing in infrastructure design and supervision, thereby offer-
ing a more holistic representation of the value chain within
the construction sector.

The information was collected through in-depth inter-
views with key organizational stakeholders; these inter-
viewees had to be able to access the evidence of best
practices from these organizations, too. The sample size
was determined by saturation (van Rijnsoever, 2016); if
there is homogeneity and richness in the sample, satura-
tion can be obtained between the eighth and twelfth inter-

Table 1. Characterization of the interviewees and organizations
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view (Guest et al., 2006). When saturation is reached, more
interviews provide very little information to the findings
(Oviedo-Haito et al., 2014). This research achieved satura-
tion after nine iterations. These nine interviewees and their
corresponding organizations are described in Table 1. Or-
ganizations are described based on years of experience in
the market, annual revenue (USD), number of direct em-
ployees, and position of the interviewees in that organiza-
tion. It can be observed that the interviewees represented
companies in the building and infrastructure construction
sectors, with 15 to 65 years of experience and annual rev-
enues ranging from USD 15 to 300 million. All companies
are classified as medium or large-sized.

The protocol for this study, as well as the forms used,
were approved by the Ethics Committee at the Universitat
Politécnica de Valéncia. To ensure the impartiality of the
research, the results obtained were anonymized. The in-
terview, based on Woodside (2010), consisted of a semi-
structured questionnaire divided into four sections: (1)
characterization of the interviewee and company, as indi-
cated in Table 1; (2) an in-depth discussion of the organi-
zational performance targeting the macro-variable OC; (3)
a similar approach applied to the macro-variable 10I; and
finally, (4) the organizational performance of the macro-
variable IE was discussed similarly. For the last three sec-
tions, during the interview, each stakeholder was asked to
explore the processes being implemented by each firm in
relation to its variables, factors, and evidence, as well as
the challenges of implementation, along with stakeholder
insights and recommendations for further refining and en-
hancing the Improved Model.

Following the interviews, a field inspection was con-
ducted, where the organizations’ information was validat-
ed through tangible evidence obtained in situ, supporting
the factors and findings previously identified in the litera-
ture review. This tangible evidence was verified based on
organizational procedures, projects, databases, and oth-
er relevant data sources. The collected data was cross-
checked with the information gathered during the semi-
structured interviews.

The data were transcribed, analyzed, organized, and
conceptualized following Charmaz (2006). The concepts

Interviewee Main Activity Cgmpany’s Annual Ir)c{ome Number of Intervi.e.wee’s
Experience (Years) (USD Million) employees Position
E1 Building & Infrastructure Construction 40 300 1200 Engineering Leader
E2 Building Construction 32 70 305 BIM Project Manager
E3 Building & Infrastructure Construction 65 45 157 BIM Project Manager
E4 Building Construction 31 170 700 BIM Project Manager
E5 Building Construction 15 15 30 General Manager
E6 Design and supervision of 15 50 200 Digital Transformation
infrastructure projects Manager

E7 Building Construction 30 30 60 BIM Project Manager
E8 Building & Infrastructure Construction 25 60 260 IT Leader
E9 Building Construction 31 80 300 BIM Project Manager
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identified during the interviews are presented in the next
section to determine whether they represent isolated view-
points or reflect a broader consensus among other orga-
nizations (Charmaz, 2006; Woodside, 2010). Subsequently,
a descriptive statistical analysis of the variables from field
inspection was performed in each of the nine organiza-
tions. This approach enhanced the robustness of the study,
facilitated the collection of new perspectives, and provid-
ed external validation for the findings. Finally, the analysis,
recommendations, and implications of the Digital-Organi-
zation Transformation Model (DOT Model) were presented.

4. Results and discussion

The main goal of this research is to propose a Digital-Or-
ganization Transformation (DOT) Model that relates DT and
OS in a way that can be applied to companies in the con-
struction sector. To fulfil this goal, the first step is to gen-
erate an Improved Model through an in-depth literature
review (Sub-section 4.1). Next, the semi-structured inter-
views and the field inspection (Sub-sections 4.2 and 4.3)
are carried out. Finally, the DOT Model is presented (Sub-
section 4.4).

Table 2. Relationship between OC, variables, factors, and evidence

4.1. Improved model proposal:
Literature review

Based on the scientific articles identified in Web of Sci-
ence and Scopus, factors influencing the variables of the
original model were sought (Osorio-Gémez et al., 2024).
These factors have a theoretical influence on the varia-
bles. However, conducting a field validation of the factors
could be challenging, as they are intrinsic elements of the
organization that determine its functioning but are chal-
lenging to measure. For this reason, tangible evidence was
also sought in literature reviews, including specific proofs,
indicators, or data that demonstrate the existence of the
factors within the organization. It was found that 13 fac-
tors influenced OC, 12 impacted I0I, and 10 affected IE.
Furthermore, at least one piece of evidence was identified
for each factor. This information was subsequently ana-
lyzed and summarized in Tables 2, 3 and 4. These tables
are structured hierarchically in the following way (from left
to right): variables; associated factors and their evidence;
and, lastly, the scientific sources. Based on each macro-
variable, the variables, identified factors, and evidence are
further analyzed, discussed, and categorized in the follow-
ing subsections.

Variables

Factors & Evidence

Sources

= Decentralized decision
— Decision-making protocol
— Leadership assessment

= Efficient communication

Authoritarian leadership (-)
(AL)

— Corporate manual
= Job recognition
— Career plan

— Communications management plan

— Monetary and non-monetary incentives

Aghimien et al. (2023), Alkan
and Tung (2019), Kim and Park
(2020), Pizzolitto et al. (2023),
Zulu et al. (2024)

Promotion opportunities* = Organization chart
(PO)
— Organigram
= Staff turnover
— KPI's staff turnover
— Staff performance metrics

= Employee perception

= Promotion policies

— Roles and responsibilities by position

— Surveys on promotion opportunities

— Promotion and dismissal convention

Ahmady et al. (2016), Frenkel
and Bednall (2016), Mykytas
et al. (2018), Xie and Yang
(2021)

= Collaborative Decisions
— Decision-making protocol
» Corporate values

Transformational leadership
(TL)

= Organization vision

— Organizational communication record

— Graphic pieces (Wallpapers, posters)

Jensen et al. (2018), Klein
(2020), Oberer and Erkollar
(2018), Smuttrasen and Heo
(2020)

Assertive communication m Culture of dissent
(AC)

= Conflict resolution

— Coaching on assertive communication

— Conflict resolution protocol
= |dentification of communication problems
— Collaborative dialogue platform

Brubaker et al. (2014),
Filipeanu and Cananau (2015),
Gultekin et al. (2018)

Note: * — variables shared with IOl and IE.



4.1.1. Organizational Climate (OC)

Organizational Climate is based on the environment that
employees perceive, directly influencing employees’ moti-
vation (Schneider et al., 2013); the variables, factors, and
evidence that influence OC are summarized in Table 2. Em-
ployees feel greater motivation when they feel an essential
part of organizations when they are part of decisions and
are recognized at work (Hooi et al., 2013). This is directly
related to the organizational strategy encouraging the de-
velopment of new capabilities of its employees (Xie & Yang,
2021). Within the vision of the organization, it must pro-
mote a focus on the well-being of its stakeholders (Ingolfs-
son, 2019); its corporate values must be aligned with perma-
nent actions toward the transformation to a more humane
and transformational leadership style (Ernstsen et al., 2021).
In addition, transformational leadership must be commu-
nicated assertively (Filipeanu & Cananau, 2015) since in-
novative cultures are more prone to dissent and respect-
ful dialogue among their employees (Omura et al., 2016).

4.1.2. Integrated Organizational Innovation (10l)

Technology adoption today is not a competitive advantage
as it was a few years ago (Porter, 2001). It is currently a ne-
cessity for the survival of companies in a highly competi-
tive and globalized market (Akintoye et al,, 2012). How-
ever, innovation should not be an isolated element within
the organization but a systematic process that cuts across
the entire organization (Osorio-Gémez et al., 2024) and al-

Table 3. Relationship between |0, variables, factors, and evidence
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lows all its collaborators to be part of innovation processes
(Jackson, 2019). Table 3 provides a detailed representation
of the relationship between 10|, its associated variables,
factors, and evidence. Additionally, there must be a budg-
et from the organizational strategy for investment in tech-
nology and the development of new products and servic-
es because an excessive focus on cost reduction limits the
growth of innovations (Ozorhon et al., 2016). Innovative
ideas must follow a selection and development process to
ensure good use of resources (Chen et al., 2020). Subse-
quently, when ideas are developed, there must be a way
to manage knowledge within the organization (Omotayo,
2015). Hence, an effective transfer of knowledge allows
for improving the flexibility of processes and the train-
ing of employees (Smuttrasen & Heo, 2020). This knowl-
edge transfer must occur agilely in the cloud to be perma-
nently accessible (Redmond et al., 2012). Correspondingly,
cloud processes allow the real-time management of digital
twins to take advantage of information in the life cycle of
construction projects (Ding & Xu, 2014). In the same way,
these processes in the cloud facilitate processes such as
the design and coordination of projects (Adel, 2022). To
avoid the loss of competitiveness, new business models
must emerge in the construction sector that facilitate co-
operation between organizations; for example, there are
digital platforms to enable collaboration between organi-
zations based on IPD (Integrated Project Delivery) for con-
struction projects (Ma et al., 2018).

Variables

Factors & Evidence

Sources

Cloud services
(CS)

= Cloud projects
— BIM models in CDE
— Tracking and control of versions

— Clash detection & resolution
— Accessible digital logs

» Information backup
— Information backup protocol
— Data center or server room

» Designs and coordination in the cloud

Hu et al. (2019), Koeleman
et al. (2019), Sawhney and
Odeh (2020), Shelden et al.
(2020)

Cost reduction strategy (-)
(CRS)

= Investment in technology
— Technology investment plan

— Innovation investment plan
= Financial indicators

= Investment in innovative products/services

— KPI's (ROI, NPV, Payback period)

Agustia et al. (2020),
Koeleman et al. (2019), Liu and
Kong (2021), Schreckling and
Steiger (2017)

Collaboration with other
companies*
(COQ)

m Collaboration registration
— Partnership record

= Joint performance evaluation
— KPI's shared project

m Cost-benefit analysis
— Shared project cost/benefit

Bouguerra et al. (2023), Faris
et al. (2022), Gino (2019),
Oraee et al. (2017)

Knowledge Management
(KM)

= Benchmarking
— Benchmarking periodic report
m Good practices and lessons learned

u Reference framework & Intranet
— KM platform (ERP)
— Best practices guide

— Record of lessons learned (Documents or videos)

Aghimien et al. (2023),
Garcia and Mollaoglu (2020),
Smuttrasen and Heo (2020)

Note: * — variables shared with OC and IE.
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4.1.3. Information Exchange (IE)

Table 4 shows the relationship between El, variables, fac-
tors, and evidence. IE is one of the direct results of BIM
implementation (Matarneh et al., 2019), Augmented Real-
ity (Chung et al,, 2019), Artificial Intelligence (Baduge et al.,
2022; Qu et al,, 2025), Big Data (McAfee & Brynjolfsson,
2012). Furthermore, the accessibility of real-time informa-
tion from BIM allows organizations to improve decision-
making in the design, construction, and operation phases
(Najjar et al., 2022); in the same way, data allows predic-
tion and optimization models to be generated to improve
organizational performance (Barton & Court, 2012). Data
analytics enables organizations to respond quickly to com-
petitors and the market (Dallemule & Davenport, 2017);
however, threats to organizations’ data must be protect-
ed (Mantha & de Soto, 2019). Creative processes empow-
er the implementation of new technologies and process-
es (Weisberg, 2012); it is necessary to generate spaces
to transfer ideas and creativity (Fisher & Barrett, 2019).
An open and comfortable architecture in the organiza-
tion’s infrastructure is required to facilitate communica-
tion and cognitive diversity (Corritore et al., 2020). Em-
ployee training and development are essential for trans-
ferring knowledge between employees; new technologies
only have the expected impact if employees adopt them
in their processes (Rodriguez & Walters, 2017). Finally, or-
ganizational redesign and DT will be constantly improved
if employees are proactive in their implementation (Can-
iéls & Baaten, 2019).

4.2. Improved model through semi-structured
interviews

The Improved Model, obtained in the previous subsection,
is evaluated in construction sector organizations using
semi-structured interviews and field inspection. To validate

Table 4. Relationship between IE, variables, factors, and evidence

the Improved Model, nine organizations were sampled,
representing various key activities within the sector’s val-
ue chain, including the design and supervision of infra-
structure projects as well as building construction. These
organizations have an average of over 30 years of experi-
ence, reflecting a strong foundation in traditional methods
of managing and executing construction projects. Simulta-
neously, they are actively engaged in adapting to contem-
porary DT processes. Given their extensive experience, the
improved model of DT and OS will be assessed through
semi-structured interviews with key organizational stake-
holders. The essential findings from these interviews are
outlined in the subsequent subsections.

4.2.1. Organizational climate
Authoritarian leadership (AL)

Most organizations consulted operate with a hierarchical
decision-making structure (Ahmady et al., 2016), primarily
by top-level management, often without a collaborative
environment. Authoritarian leadership is often prevalent
in environments where control and dominance are cen-
tralized in the leader (Pizzolitto et al., 2023). This leader-
ship style is closely associated with excessive centraliza-
tion of authority, characterized by a hierarchical structure
where decisions are predominantly made at the top, of-
ten relying solely on the leader’s discernment: “There is
a very hierarchical structure, and decisions are made at the
‘top’, basically based on experience” (E1). Furthermore, In-
terviewee E3 explained that the organization lacks a for-
mal decision-making protocol, relying instead on a strate-
gic committee to make decisions for the entire company.
Other interviewees described centralized decision-making
as the prevailing norm. Interviewee E6 reinforced this by
mentioning that most decisions are centralized despite the

Variables Factors & Evidence

Sources

Development of creative
process
(DCP)

= Creation workshops
— Workshop registration

= Architecture
— Collaborative workspaces

= Indicators and registration of new ideas
— Innovation selection protocol

Botella et al. (2019), Fisher
and Barrett (2019), Sokét and
Figurska (2021)

Data analytics
(DA)

= Data quality

= Data visualization
— Dashboards
= Decision-making

— Data Quality Audit Framework

— Data-driven decision protocol

Dallemule and Davenport
(2017), Rialti et al. (2019),
Shelden et al. (2020)

Employee training and
development*
(ET&D)

= Training needs

— Training request registration
= Training record

— Training registration
= Performance assessment

= Satisfaction evaluation
— Satisfaction surveys

— Results of post-training performance surveys

Mehale et al. (2021),
Rodriguez and Walters (2017),
Urbancova et al. (2021)

Note: * — variables shared with OC and IOI.



Authoritarian leadership (AL)

presence of decision-making bands aligned with roles and
responsibilities. Work teams with authoritarian leadership
performed worse than their peers (Pizzolitto et al., 2023).
In contrast, Interviewee E4 highlighted a more collabora-
tive approach within their organization, where managers
and tactical personnel work together effectively (Alkan &
Tung, 2019), supported by a communication culture that
uses tools to track commitments.

Promotion opportunities (PO)

The promotion of opportunities depended mainly on the
size of the organizations; larger organizations had a great-
er predisposition to promotion opportunities, while small-
er organizations had fewer opportunities for promotion
(Frenkel & Bednall, 2016). Interviewee E2 highlighted that
their company follows a protocol where new vacancies are
initially published on the intranet to prioritize internal can-
didates; the vacancy is opened to external applicants if no
suitable internal profile is found. According to Interview-
ee E4, while administrative areas have clearer pathways
for promotion, opportunities within construction sites are
more limited, resulting in higher job turnover (Ayodele
et al., 2020): “There is a higher turnover in construction
sites” (E2). Interviewee E5 observed that implementing new
processes driven by DT has led to significant changes in
roles and responsibilities, necessitating the re-engineering
of key functions (Garcia de Soto et al, 2019): "The semi-
annual evaluation has helped to standardize the profiles of
each position, with the new roles and responsibilities” (E3).

Transformational leadership (TL)

Most organizations prominently display corporate val-
ues across offices, computers, and meetings (Ingdlfsson,
2019). Interviewee E4 states that the company’s vision is
evidenced by the website and wallpapers, which are print-
ed in various areas of the offices. Face-to-face commu-
nication of vision significantly impacts work teams (Jens-
en et al, 2018). Interviewee E7 highlighted that corporate
values are consistently communicated through electron-
ic media and reinforced during meetings. However, a dis-
connect between these values and their practical appli-
cation can arise when face-to-face activities are not con-
ducted adequately within organizations. Similarly, Inter-
viewee E5 aligned with the observations of Jensen et al.
(2018), stating: “People generally don't know the compa-
ny’s vision". In contrast, more personalized initiatives can
favor more transformational leadership (Kim & Park, 2020).
Interviewee E3 highlighted the initiative “Outdoor Day",
where employees gather to strengthen their leadership
skills while sharing and reinforcing the organization'’s cor-
porate values. A shift towards a more collaborative or-
ganizational culture was described by Interviewee E6, who
mentioned adopting a hybrid work model following the
COVID-19 pandemic; however, there are still great chal-
lenges in terms of leadership, as interviewee E5 would af-
firm: “There are still great challenges of leadership in con-
struction”.
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Assertive communication (AC)

Most organizations have established procedures for con-
flict resolution, typically involving a committee that ad-
dresses labor issues. However, decisions remain primar-
ily hierarchical, with most outcomes determined by direct
supervisors within each area (Filipeanu & Cananau, 2015):
“There is resistance to change due to managers who are
not so open to new ideas and technologies" (E9). Some or-
ganizations have implemented initiatives to address these
challenges and improve communication and leadership.
For example, Interviewee E2 highlighted the existence of
a "leadership academy” where sessions on assertive com-
munication are conducted. Similarly, Interviewee E3 ac-
knowledged efforts by the organization to provide coach-
ing sessions to enhance these skills. A primary goal of as-
sertive communication coaching is to identify unrealistic
thoughts that prevent members from an assertive attitude
(Gultekin et al., 2018): “There is a culture of not creating
a ‘fire’ where there is none" (E3). Assertive communication
is directly related to immediate collaborators and clients
(Brubaker et al., 2014). Interviewee E6 discussed the de-
velopment of an anti-corruption policy to guide interac-
tions with clients and subcontractors to prevent bribery
and misunderstandings.

4.2.2. Integrated Organizational Innovation (IOl)
Cloud services (CS)

Depending on the level of implementation of DT in each
organization, cloud services are used more than others.
Organizations with more advanced digital transformation
initiatives already utilize cloud-based platforms for design
and coordination, while others are still transitioning (Begic¢
& Gali¢, 2021): “DT is mainly focused on BIM" (E9). Different
approaches to data management were observed across
organizations. Interviewee E6 mentioned that 30% of their
organization’s projects are managed using Autodesk Con-
struction Cloud (ACC) and Trimble. This perspective was
further supported by Interviewee E4: “"Autodesk Construc-
tion Cloud (ACC) is a fundamental tool for fostering collabo-
ration”. Other data management strategies are employed,
with some firms maintaining proprietary on-site physical
backup systems, including liquid cooling technologies in
specific offices. In contrast, others depend exclusively on
cloud-based storage solutions. Three organizations report-
ed that 30—40% of their projects are in the cloud. At the
same time, the rest still follow more traditional workflows
(Teo et al., 2022): "4D BIM is not used (for cost-benefit rea-
sons), and 5D is already implemented"” (E2).

Cost reduction strategy (CRS)

The economic allocation for innovation and technology in-
vestment in the organizations consulted remains relatively
low, resulting in a more gradual adoption of new technol-
ogies (Oladimeji et al., 2023). Despite this, companies ac-
knowledge the importance of investing in technology and
allocate an annual budget: “The organization seeks efficien-
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cy, not necessarily in costs or times; there is also a focus on
investment in innovation” (E1). Interviewee E4 mentioned
that there is no predefined budget for technology invest-
ments, but requests can be submitted to the organiza-
tion’s directives for approval. Firms with a strong emphasis
on production often strategically deprioritize innovation-
focused initiatives (Pellicer et al., 2012): “Companies are
not used to investing in innovation, and a greater incentive
must be created” (E3). However, approaches to budget-
ing and incentivizing innovation vary. Interviewee E5 ac-
knowledged that no formal incentive scheme exists, but
efforts are underway to develop one alongside DT pro-
cesses. Non-monetary incentives can improve job satisfac-
tion and performance (Hooi et al., 2013): “Sometimes there
is a lack of resources for innovation and more recognition
for people” (E6). Moreover, Interviewee E1 mentioned that
their company has implemented an incentive scheme to
promote innovation, though these incentives are tied to
individual performance KPIs.

Collaboration with other companies (COC)

The organizations primarily work in isolation; each one
oversees its design and execution of construction pro-
jects; however, there are some specific cases where there
are collaborations between companies, but that depends
more on the need of the project than on it being some-
thing cultural in the organization (Al-Hakim & Lu, 2017):
“The organization seeks companies that complement its
know-how, especially in public projects” (E6). Inevitable pro-
tectionism towards sharing data and know-how with other
companies is present in organizations since they are seen
more as “competition” than as "allies” (Gino, 2019): “There
are collaborative projects with other companies, but they
are not in BIM" (E9). Interviewee E2 noted that collabo-
ration within their organization is limited to outsourcing
specific activities, such as design and supervision. Further-
more, the significance of measurement through indicators
in these partnerships was emphasized. As Interviewee E1
stated: "What is not measured does not exist”, underscor-
ing the importance of defining measurable outcomes to
ensure the effectiveness of these collaborations. In oth-
er ways, Interviewee E6 described a more innovative ap-
proach, explaining that their company has a spin-off ded-
icated to developing proprietary software and commer-
cializing these solutions with other companies, fostering
external collaboration through technological innovation.

Knowledge management (KM)

Knowledge management is essential in organizations
(Sokot & Figurska, 2021), and it can be found on the in-
tranet or in an ERP (Enterprise Resource Planning). The in-
formation collected is mainly written documents on how
to carry out construction projects; nevertheless, organiza-
tions recognize that it is difficult to update this informa-
tion (Omotayo, 2015): "It is not easy to change standards;
they are in PDF formats with photos, but they are not so dy-
namic” (E7). Most organizations concentrate their bench-
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marking efforts on sales, with only a partial focus on oth-
er strategic areas, also, challenges arise in preserving the
best practices in the construction field: "/t is more difficult
for engineers in the field to preserve the best practices” (E1).
Interviewee E3 mentioned that their procedures and for-
mats are verified through external audits to ensure contin-
uous improvement, which helps maintain up-to-date doc-
umentation. An organization’s ability to leverage acquired
knowledge is fundamentally rooted in the individual capa-
bilities of its employees (Garcia & Mollaoglu, 2020). Inter-
viewee E8 shared that their organization uses video for-
mats, with recordings limited to 15 minutes, to make best
practices more accessible and easier to understand. Or-
ganizations efforts to share knowledge and promote DT
vary (Yagiz et al., 2017). For example, Interviewee E6 high-
lighted using a company podcast on Spotify, which broad-
casts weekly episodes addressing topics related to DT.

4.2.3. Information exchange
Development of creative process (DCP)

Most organizations recognize that they are still at a very
incipient level of creative processes; most come out of iso-
lated exercises, but not from forming groups or recurrent
meetings that allow their sustainability in the organization-
al culture (Botella et al., 2019). Many offices lack areas ded-
icated to fostering creativity, and holding such meetings
on construction sites is even more challenging: “Innovation
is focused on construction procedures” (E5). Interviewee E6
explained that although creative meetings are infrequent,
their organization uses a "digital log” to document project
progress and provide feedback, focusing on construction
site innovations to enhance project outcomes. Some or-
ganizations have initiatives to promote creativity; never-
theless, they recognize that their spaces and architectural
designs do not facilitate creative processes (Fisher & Bar-
rett, 2019). For instance, Interviewee E3 mentioned a "De-
sign Picnic” hosted by their company outside the offices,
where renowned speakers are invited to discuss topics of
interest. However, these events primarily target manage-
ment levels and do not extend to operational staff: “There
are creative process meetings, but they are isolated and do
not permeate the rest of the organization” (E4).

Data analytics (DA)

The importance of data analytics in the current context of
DT for improving decision-making in organizations is rec-
ognized (Rialti et al., 2019); regardless, a significant part of
the organizations consulted are only in the implementa-
tion process. Data began to be used to control data, espe-
cially in sales, credits, and work progress. However, it still
needs to be articulated well throughout the value chain:
“One of the biggest difficulties has been the unification of
language between areas” (E2). Advanced organizations un-
dergoing transformation also implement data protection
and cybersecurity protocols to regulate access to sensitive
information (Sonkor & Garcia de Soto, 2021). Interviewee
E2 suggested that integrating data analytics with Artificial



Intelligence (Al) could significantly enhance the develop-
ment of tools to improve organizational productivity. This
perspective was supported by Interviewee E8, who stated:
“Dynamic dashboards have been built for management to
encourage data-driven decision-making”, highlighting the
practical application of these technologies in fostering in-
formed decision-making processes. However, Interviewee
E3 highlights a key challenge: data analytics is often con-
ducted in isolated areas, and there is a need for its trans-
versal integration across the organization.

Employee training and development (ET&D)

In general, organizations focus on training, but it depends
on budget availability and the topics of interest to man-
agement (Rodriguez & Walters, 2017): “The training fo-
cuses on the company’s tools and the specific role of each
employee” (E9). Training on BIM, Artificial Intelligence, and
soft skills are the most common topics in the firms. On the
other hand, Interviewee E1 mentioned that their organi-
zation offers an internal training platform complemented
by partnerships with platforms like Coursera. In addition,
Interviewee E6 noted that their organization collaborates
with a MOOC course platform and creates short videos
for training on various topics, such as BIM. Practical ap-
plication-based training has better results in evaluations
(Urbancova et al,, 2021): “Training is done through pilot
projects, allowing employees to learn and apply knowledge
in real-world scenarios” (E6). Interviewee E3 explained that
their organization allocates an annual budget for employ-
ee training, hiring external companies to provide training
on relevant topics.

4.3. Field-based inspection approach
for the improved model

Subsequently, a field inspection was conducted, and each
organization was requested to provide tangible evidence
for each factor of the improved model. This evidence was
assessed using a 3-point Likert scale based on the level of
implementation, indicating: 0 — “Not implemented”, 0.5 —
“Partially implemented”, and 1 — “Fully implemented”. This
evaluation comprehensively assessed each variable and
macro-variable within the Improved Model. In addition,
some evidence of the macro-variables will be discussed.
The main results are presented in Table 5, which includes
the mean (M) values for each macro-variable across the
organizations. Additionally, the table provides the over-
all mean and standard deviation (SD) for all the organiza-
tions evaluated.

Based on the field inspection, evidence was identified
for each macro-variable related to OC. For instance, Or-
ganization 3 received a national award for its exempla-
ry organizational culture, which was recognized for fos-
tering high levels of employee satisfaction. Furthermore,
Organization 4 demonstrated a structured decision-mak-
ing protocol tailored to the organization’s roles. Similarly,
Organization 7 maintained comprehensive records of the
training programs conducted by its human resources de-
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partment. Likewise, Organization 9 offered a training por-
tal managed by an external provider, complemented by
evaluations conducted at the end of each program. Fi-
nally, the documentation from Organization 5 revealed an
ongoing restructuring process within its human manage-
ment department, highlighting efforts to improve organi-
zational efficiency.

Regarding I0I, Organization 1 has implemented an in-
centive scheme with clearly defined conditions for each
employee. Similarly, Organization 2 offers performance-
based bonuses linked to compliance with established per-
formance indicators. Regarding physical infrastructure, Or-
ganization 3 provides amenities such as ping-pong tables
and organizes recreational workshops using LEGO to fos-
ter employee creativity. Moreover, Company 6 has struc-
tured its creative processes around the SCRUM framework,
designating a leader with responsibilities akin to a prod-
uct owner.

Regarding IE, Organization 6 is collecting information
using drones and an loT assistant; nonetheless, it has not
yet implemented more robust data analysis methods for
processing the captured information. For instance, Organi-
zation 1 developed its own BIM-integrated APl to monitor
project site tracking; however, not all projects are currently
integrated into this system. Similarly, Organization 3 has
transitioned 70% of its projects to Autodesk BIM Collabo-
rate Pro, enabling cloud-based design management. Addi-
tionally, Organization 4 has developed a proprietary classi-
fication system specifically designed for information man-
agement. Furthermore, Organization 8 utilizes a central-
ized system that integrates feedback from project sites
and can be accessed conveniently from any smartphone.
In contrast, Organization 7 is still in the early stages of BIM
implementation, as it is conducting its first pilot projects
but has yet to establish standardized processes.

Based on the principal results, the OC emerged as the
macro-variable with the highest overall score among the
organizations (M = 0.76). This was followed by 10I with
a mean of M = 0.65, while IE had the lowest average (M =
0.59). For instance, Organization 3 achieved a high mean
score in OC (M = 0.94); in contrast, Organization 5 had
the lowest mean in this variable (M = 0.39). Regarding
IOl, Organization 2 obtained the highest score (M = 0.89),
whereas Organization 5 recorded the lowest result (M =
0.19). Furthermore, Organization 6 demonstrated a strong
performance in IE with a mean of M = 0.87, while Orga-
nization 7 reported a low mean (M = 0.27) in the same
variable. Additionally, the Improved Model evaluation re-
vealed that no organization had any macro-variable clas-
sified as “fully implemented”, highlighting the significant
challenges associated with implementing digital transfor-
mation in organizations. Some of the organizations with
smaller sizes, such as the 5 and 7, have lower values than
the average of the rest of the organizations; the size and
organizational strategy could directly influence the re-
sources invested in improving the processes in each of
the macro-variables (Oladimeji et al.,, 2023).
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Table 5. General qualification of macro-variables in organizations

- Integrated Information
. Organizational S

Interviewee Climate (OC) Organizational | Exchange
Innovation (I0I) (IE)
E1 0.66 0.73 0.87
E2 0.94 0.89 0.73
E3 0.94 0.84 0.90
E4 0.88 0.76 0.56
E5 0.39 0.19 0.06
E6 0.82 0.74 0.87
E7 0.73 0.35 0.27
E8 0.62 0.48 0.34
E9 0.87 0.87 0.69
Mean (M) 0.76 0.65 0.59
Standard 0.18 0.25 0.30

Deviation (SD)

Table 6 presents the specific results for each variable
across the nine organizations in the sample. The Mean
(M) and Standard Deviation (SD) for all organizations are
displayed on the right side of the table. Among the vari-
ables, Collaboration with Other Companies (COC) exhibits
the lowest mean M = 0.35 and a high standard deviation
SD = 0.38, indicating a limited openness to collaboration
within construction companies and an over-protectionism
of business know-how. Similarly, the Development of Cre-
ative Processes (DCP) also shows low results (M = 0.47),
reflecting a minimal focus on fostering creativity with-
in organizations in the construction sector. Likewise, the
Cost Reduction Strategy (CRS) exhibits a low mean (M =
0.59) and a high standard deviation (SD = 0.39), indicat-
ing a wide dispersion in the results. This can be attributed
to the historical focus of construction firms on efficiency,
which has traditionally prioritized cost-reduction strategies
over investments in innovation. Conversely, Transforma-
tional Leadership (TL) achieves a notably high mean M =
0.83 and SD = 0.15, underscoring its critical importance
for organizations in the construction sector. Nonetheless,

Table 6. Results of field inspection based on factors and evidence

significant challenges remain in effectively implementing
leadership-driven actions within construction teams. Final-
ly, Data Analytics (DA), a variable that reflects the imple-
mentation of DT processes, presents highly dispersed re-
sults, demonstrating the digital gaps between different or-
ganizations (SD = 0.39).

4.4. Digital-organization transformation
(DOT) model contributions

This study presents a Digital-Organization Transformation
(DOT) Model for the integrated implementation of DT and
OS in Figure 3. Although the contributions mainly focus on
the construction sector, some variables could also be an
input for other DT models in various industries. Further-
more, the presented DOT Model has practical implications
for its implementation in organizations in the construction
sector, both for building construction and for supervision,
design, and construction of infrastructure. The productiv-
ity problem in organizations may be unraveled by focus-
ing more on the organizational issue, which has been left
aside by the more common concentration on the techno-
logical tools available for DT.

Building upon the Original Model, which established
macro-variables and variables, the DOT Model offers
a more practical framework for implementation at the pro-
cess level, incorporating organizational factors and tangi-
ble evidence. Moreover, it is a diagnostic tool for assessing
DT and OS within the construction sector. The DOT Model
highlights significant digital gaps among companies in the
construction industry, along with latent needs for inno-
vation, workforce development, greater openness to col-
laboration, and incentive schemes to achieve synergetic
outcomes. This research has contributed to understand-
ing the relationship between evidence, factors, variables,
and macro-variables in DT and OS, as it can be observed
in Figure 3. This approach is expected to carry out orga-
nizational redesign processes and make the most of the
potential of DT, allowing construction sector organizations
to improve their productivity levels.

Construction Firms
Macro-variables Variables M SD
1 2 3 4 5 6 7 8 9

Organizational (AL) (9 033 | 083 | 083 | 083 | 050 | 083 | 083 | 033 | 067 | 066 | 0.22

Climate (PO)* 0.75 0.88 1.00 0.75 0.50 0.88 0.38 0.75 1.00 0.77 0.21

L) 066 | 100 | 1.00 | 083 | 066 | 083 | 100 | 066 | 083 | 083 | 0.15

(AC) 066 | 100 | 100 | 100 | 017 | 083 | 083 | 100 | 1.00 | 083 | 0.28

Integrated (CS) 083 | 100 | 100 | 1.00 | 050 | 1.00 | 033 | 033 | 1.00 | 078 | 0.30

Organizational (CRS) () 100 | 100 | 066 | 083 | 000 | 033 | 000 | 066 | 083 | 059 | 039
Innovation (IOl)

(COC)* 033 | 050 | 066 | 000 | 000 | 100 | 000 | 000 | 066 | 035 | 038

(KM) 050 | 100 | 088 | 1.00 | 000 | 050 | 075 | 075 | 088 | 070 | 032

Information (DCP) 100 | 025 | 075 | 075 | 013 | 1.00 | 000 | 000 | 038 | 047 | 041

Exchange (IE) (DA) 100 | 1.00 | 100 [ 050 | 000 | 075 | 013 | 100 [ 050 | 065 | 039

(ET&D)* 088 | 100 | 088 | 100 | 013 | 075 | 063 | 038 | 088 | 073 | 030

Note: * — variables shared between macro-variables.
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Figure 3. Digital-organization transformation (DOT) model

The most successful organizations in the long term will
need to put more effort into effectively implementing or-
ganizational changes, rather than just relying on techno-
logical tools. As a result, technological tools will be con-
solidated in the medium term and will not be a competi-
tive advantage due to their widespread use in the market.
Likewise, 10l must be a systemic process of the organiza-
tion and not just isolated efforts of areas of the organiza-
tion; this is to permeate the vast majority of the organi-
zation and take advantage of the creative potential of the
stakeholders to improve processes. Additionally, staff de-
velopment is crucial to maintaining updated knowledge
so that the employees themselves develop more organic
improvement processes.

Finally, the DOT Model considers the internal aspects
of organizations to improve products and services, which
must be oriented from the organizational strategy, chang-
ing the processes considering the integrated process of DT
and OS. However, organizations must keep abreast of ex-
ternal changes so as not to lose their competitive advan-
tages. Furthermore, organizations need continuous feed-

back on the perception of their customers from the prod-
ucts and services. At last, new technology must be con-
stantly incorporated into administrative and construction
processes to increase productivity.

5. Conclusions

Implementing new technologies in the construction sec-
tor has been mainly focused on technological tools. How-
ever, the full potential of DT for the industry has yet to be
reached. In this way, it is crucial to adapt organizations to
carry out DT with changes in OS to enhance their syner-
gies.

The main findings show there is still a potential for
improvement in all the organizations sampled. IE and 10l
are macro-variables still developing as DT processes and
organizational maturity levels advance. The interviews and
field inspection support the literature review findings on
the factors and evidence of each variable, making the DOT
Model a tool applicable to any organization in the con-
struction sector that seeks to improve its productivity.
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Nevertheless, the DOT Model has some limitations.
The importance of each variable will depend on the con-
text and each organization. Likewise, new relationships be-
tween variables and factors may exist as more scientific
literature becomes available. Similarly, the results present-
ed were from nine Colombian organizations in a similar
context. It is recommended that similar research be done
in other countries and contexts based on this model to
compare implementation and organizational design levels.
Additionally, the DOT Model considers technological tools
and methodologies transversally to the organization, but
some organizations have isolated implementations.

This research has generated an overview of the con-
struction sector’s DT and OS; nevertheless, the sample of
organizations could be increased. It is expected that this
study will be the beginning of more research on this as-
pect of DT, and the development of a maturity model is
proposed, considering the variables of this model; there is
also the possibility of analyzing the changes in roles/re-
sponsibilities of construction stakeholders considering or-
ganizational changes. Moreover, the external client could
play a crucial role in future developments, as it helps to
understand from an external perspective what aspects
need to be improved in organizations. Finally, this DOT
Model can also be adaptable to sustainability parameters
in projects and organizations since the changes presented
here can lead to improvements in decision-making, a de-
crease in re-processes, increased profitability, less waste,
and an overall improvement in organizational and sectoral
productivity.
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