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Abstract The digitalization of the architecture, engineering, and construction
(AEC) industry leads to new forms of process through which buildings are designed,
constructed, and operated, and to new forms of organization through which pro-
fessionals work and interact. Certain activities of the conventional building process
disappear, while others appear, distribution of work is reviewed, and new relation-
ships, roles, and responsibilities emerge. Although many architecture and engineer-
ing (A/E) firms claim that they have already undertaken a digital transformation, there
is still little awareness of the new forms of process and organization associated with
digitalization. This lack of knowledge about the process-oriented and organizational
changes makes it difficult to establish a work environment within and between firms
that is conducive to digital innovation. Given the above considerations, the main
objective of this research project has been to understand the process-oriented and
organizational changes that the adoption of digital technologies bring on, as well as
the new forms of process and organization associated with the digital transformation
of architectural and engineering firms. To achieve this, a case-study analysis of two
A/E firms—one in Italy and one in Canada—has been performed.

1 Introduction

Productivity growth in the architecture, engineering, and construction (AEC) indus-
try has stagnated globally in recent decades (Barbosa et al. 2017). The AEC industry
has not been able to keep pace with the overall economic productivity growth. A
recent report by McKinsey (Remes et al. 2018) finds a positive correlation between
the productivity growth of an industry and its degree of digitalization. However,
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Fig. 1 Correlation between productivity growth and digitization index across industries in Europe:
highlighted in the red box the construction industry (Remes et al. 2018)

according to the McKinsey ‘digitization index’, construction is among the least dig-
itized sectors in the world: it comes second to last in the United States—right after
the agriculture and hunting industry—and last in Europe (see Fig. 1).

Italy and Canada have not been an exception to this trend (Remes et al. 2018).
Italy ranks behind other nations in digitalization,1 ranking 15th out of 21 nations2—
and behind countries such as Finland, Netherlands, and Ireland—in a recent study
about building information modeling (BIM) adoption (Kassem and Succar 2017).
According to the same study, Canada performs slightly better, ranking 11th. To inves-
tigate the level of BIM diffusion, this study overlays three BIM fields (technology,
process, and policy) with as many BIM capability stages (modeling, collaboration,
and integration) to generate nine diffusion areas3 (Succar and Kassem 2017). The
results show an irregular distribution of the diffusion rates across the 21 countries
analyzed (see Fig. 2). For example, in the Netherlands, the United Kingdom, China,
Finland, and South Korea, the diffusion is quite balanced across the nine diffusion
areas. On the contrary, Italy and Canada, like Malaysia, Mexico, Russia, Spain,
Switzerland, Qatar, and the UAE, show unbalanced diffusion rates. Additionally,
some diffusion areas are missing in these countries. This is the case, for example,

1By ‘digitalization’, we mean the transformation of processes, organizational settings, and project
delivery methods that need to be coupled with the adoption of digital technologies in order to gain
the full benefits of the digitalization of the architecture, engineering, and construction industry.
2USA. United Kingdom, UAE, Switzerland, Spain, South Korea, Russia, Qatar, Portugal, New
Zealand,Netherlands,Mexico,Malaysia, Italy, Ireland,HongKong, Finland, China, Canada, Brazil,
Australia.
3Modeling technologies,modeling processes,modeling policies, collaboration technologies, collab-
oration processes, collaboration policies, integration technologies, integration processes, integration
policies.
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Fig. 2 Rates of the nine diffusion areas of BIM adoption across the 21 countries analyzed:
highlighted in the red boxes Italy and Canada (Kassem and Succar 2017)

of the diffusion area ‘integration policies’ in Italy. Furthermore, Italy shows a sig-
nificant difference between the technologies-related diffusion rates (colored in blue,
purple, and light blue in Fig. 1) and the ‘processes’ and ‘policies’ ones. Canada shows
a similar trend, but it is not missing any diffusion area. Kassem and Succar (2017)
argue that a country with either an unbalanced distribution or missing diffusion area
would possibly face different adoption challenges compared to a country with all the
nine areas established and well distributed. Overall, this study shows the predomi-
nance of the ‘modeling technologies’ and ‘modeling processes’ diffusion areas,while
minor rates are associated with ‘collaboration/integration processes’ and ‘collabo-
ration/integration policies’. These results point out the industry’s tendency to focus
more on the adoption of digital technologies and the related modeling processes, and
less on the collaboration and integration processes and policies required to gain the
full benefits of digitalization.

Besides the poor understanding of the collaboration and integration processes
required to support digital innovation, also the organizational changes associated
with digitalization are not understood fully yet. On the contrary, a recent report by
the Boston Consulting Group (2016) argues the importance to couple organizational
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changes with process-oriented ones in order to leverage the full benefits of digi-
talization. When processes and technologies mature digitally, organizations should
change accordingly and move toward networked organizational forms that are more
conducive to collaboration and integration within and between firms (Picon 2016).
Regarding the multidimensional nature of the changes brought on by digitalization,
Poirier et al. (2015) proposes a conceptual framework, which is organized into three
fields of change: technology, process, and organization. Author’s belief is that the
digital transformation requires a balanced distribution and management of changes
in technology, process, and organizational setting. Furthermore, she underlines the
importance of coupling these fields of change with a full understanding of the context
of change, as well as the stage of implementation.

Starting from these considerations and aware of the significant effort already
devoted from both researchers and practitioners on digital technologies and the
related modeling processes, the overall objective of this research project has
been rather to understand the process-oriented and organizational changes that
the adoption of digital technologies bring on within architectural and engineering
firms. To reach this overall objective, the project has focused on two distinct, but
complementary levels (specific objectives):

1. The process-oriented changes that the adoption of digital technologies bring
on within architectural and engineering firms and the new forms of process
facilitating the achievement of the full benefits of digitalization;

2. The organizational changes that the adoption of digital technologies bring on
within architectural and engineering firms and the new forms of organization
facilitating the achievement of the full benefits of digitalization.

2 Research Approach

To achieve this, the research project has employed a mixed-method case-study
approach. Case studies are a suitable methodology for explanatory research as they
can help to answer the ‘how’ and ‘why’ questions related to a topic, especially when
an in-depth analysis and observation is performed (Burawoy 1998; Eisenhardt 1989).
The case-study selection for the purpose of this study included one architectural and
engineering firm headquartered in Italy (<250 employees) and one in Canada (≥250
employees). The following reasons can justify the choice of an Italian and a Canadian
firm:

• Both the Italian and theCanadianAEC industries cannot be considered firstmovers
in digitalization. They shall rather be understood as evolving contexts still in
transition;
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• Both the Italian4 and the Canadian5 industries’ workforce are mainly composed
of small and medium firms (European Builders Confederation; Industry Canada
2014; Leung et al. 2008).

For clarity purposes, itmust be underlined that this study has analyzed the two case
studies distinctly and separately. Each of the case study focused on one of the two
fields of change associatedwith digitalization: one case study on the process-oriented
changes and the other one on the organizational ones. Specifically, in the analysis
of the Italian firm, the multimethod approach adopted to perform the experimental
research has meant investigating the process-oriented changes in practice through
mixed-methods of data collection: observation, unstructured interviews, and process
mapping. In the case of the Canadian firm, observation, surveys, and social network
analysis (SNA) (Chinowsky et al. 2008, 2012; Zheng et al. 2016) have been rather
used as methods to identify how digital transformation affects the organizational
setting.

In both the case studies, the process of data collection, data analysis, and data
representation has beenperformedby focusing on three different, but complementary,
states of change:

1. ‘As-is’ state. This step included data collection, analysis, and representation of
the conventional design process and existing organizational structure;

2. ‘Transition’ state. This phase included data collection, analysis, and representa-
tion of the design process and organizational structure in place at the time of the
first adoption of digital technologies;

3. ‘To-be’ state. This step included data collection, analysis, and representation of
the envisioned digital design process and organizational structure to be achieved
in order to gain the full benefits of digitalization.

One difference between the two case studies is that the analysis of the Italian
firm has been performed at the project level. This has meant collecting, analyzing,
and representing the changes of the design process implemented in the context of a
project. The analysis of the Canadian firm has been rather performed at the company
level. This has meant collecting, analyzing, and representing the changes of the
organization itself and not in the context of a project.

4Italian small andmedium enterprises (SMEs) account for 80% of the total share of nominal GDP in
the construction industry. Small businesses only make up 70% of the Italian construction industry’s
workforce (European Builders Confederation).
5In 2012, small (between 5 and 99 employees) and micro (less than 5 employees) businesses made
up 99.0% of the Canadian construction industry’s workforce and accounted for 72.7% of the total
share of nominal GDP in the Canadian construction industry (Leung et al. 2008).



180 C. Talamo and M.M. Bonanomi

2.1 Case-Study Analysis: Process-Oriented Changes
in the Italian Firm

First, the ‘as-is’ state of the design process has been defined through an in-depth
document analysis: the firm’s quality management system (QMS) in particular has
been used as the primary data source. Secondly, the ‘transition’ state of the design
process has been studied through observation, interviews, document analysis, and
process mapping of a BIM pilot project implemented by the Italian firm. Lastly,
the ‘to-be’ state of the design process has been envisioned through the review of
the literature and international standards about BIM and digital design process. To
conclude, the three states of the design process (‘as-is’, ‘transition’, and ‘to-be’)
have been cross-compared to identify the differences between one another. This last
step has led to identify the process-oriented changes, which the adoption of digital
technologies brought on within the firm, as well as the ones that still need to be
implemented in order to facilitate the achievement of the full benefits of digitalization.

2.2 Case-Study Analysis: Organizational Changes
in the Canadian Firm

The ‘as-is’ state of the firm’s organizational structure has been defined, as first step,
through an in-depth document analysis: the firm’s human resources (HR) database,
which included all the supervisor–employee couples, has been used as the primary
data source. Secondly, the ‘transition’ state of the organizational structure has been
defined by distributing a questionnaire to employees, which asked them to identify
the peers they referred to for advice and help about digital technologies and pro-
cesses. The data gathered have been then analyzed by using social network analysis.
Lastly, the ‘to-be state’ of the organizational structure has been envisioned through
a literature review about the new business models enhancing digital knowledge
management, as well through interviews with the firm’s top management.

3 Findings

3.1 Process-Oriented Changes

Data collection and analysis through the case study of the Italian firm has led to
identification of the process-oriented changes that the adoption of digital technolo-
gies brought on within the firm (see Table 1), as well as the ones still to be imple-
mented in order to gain the full benefits of digitalization (see Table 2). Because of
the multidimensional nature of the changes associated with digitalization, also some
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Table 1 Changes within the Italian firm brought on by digital technologies’ adoption (Employer’s
information requirements; BIM execution plan)

Process Organization Technology

Improved information
exchange between the
architecture (A) and
engineering (E) teams AND
between the A and
‘rendering’ (R) teams

Enlarged marketing and
business opportunities

New hardware, software, and
tools implemented

Improved collaboration
between A and E teams

New roles and
responsibilities

Integrated decision-making
of the A and E teams

BIM skills and capabilities
acquired by A and E teams

Improved consistency of the
A and E deliverables

Reduced coordination effort
(file exchange) between the A
and R teams

Reduced file production by
the A and E teams

Table 2 Changes still to be implemented to gain the full benefits of digitalization

Process Organization Technology

Preliminary agreement with
the client about BIM
requirements (EIR, BEP,
etc.)

BIM skills and capabilities
acquired by all the BU
involved in projects

Set-up of the BIM
environment and related
procedures (graphic standard,
BIM libraries, etc.)

Preliminary definition of
project parties’ roles and
responsibilities

BIM use in all the phases of
the design process

BIM adoption by all the
business units (BU) involved
in a project

Preliminary evaluation of
project parties’ BIM-skills
and competencies

organizational and technological changes have been identified. These findings have
been categorized according to the three primary dimensions of digitalization as pro-
posed by Poirier et al. (2015). According to her model, in fact, key components of
digitalization fall into three categories: process, organization, and technology.
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3.2 Organizational Changes

Data collection and analysis through the case study of the Canadian firm has led to
identification of the organizational changes that the adoption of digital technologies
brought on within the firm, as well as the ones still to be implemented in order to
facilitate the achievement of the full benefits of digitalization.

Specifically, data gathered through the questionnaire distributed to the firm’s
employees has led to identify a multidisciplinary network of professionals acknowl-
edged by other peers as informal ‘go-to’ people for advice and help in digital tech-
nologies and processes. Although these employees were playing a significant role
within the firm since they were helping other colleagues to get their work done,
they were not formally acknowledged by the existing organizational structure (‘as-
is’ state). Therefore, besides the formal roles and responsibilities as defined by the
existing organizational structure, informal roles and relationships for advice and help
in digital technologies and processes were in place too. This was the ‘transition’ state
of the firm’s organizational structure.

Because of the productivity inefficiencies associated with this ‘transition’ state,
an organizational reconfiguration has been proposed to the firm’s top-management
defining a ‘to-be’ state of the organizational structure. This ‘to-be’ state meant the
formal acknowledgment of this informal network of ‘go-to’ people through the cre-
ation of a support group for digital technologies and processes at the firm-level. New
roles, responsibilities, and relationships have been therefore defined.

4 Discussion

To interpret and describe the significance of our findings, we framed the results of our
study according to two out of the three BIM capability stages proposed by Kassem
and Succar (2017) because of the minor distribution rate of the collaboration and
integration processes in comparison to the modeling ones.

4.1 Collaboration

The findings of this study show that there is a need to enhance collaboration between
the owner/client and the project parties starting from the early stages of the design
process. In line with this view, it emerged the need for the owner to be more involved
and active in defining and sharing with the involved parties the project requirements
since the early phases of the process. Additionally, relationships, roles, and respon-
sibilities within and between firms must be clearly defined in order to facilitate the
set-up of a work environment that is conducive to digital innovation and that aim to
enhance a dynamic network of teams.



The Impact of Digitalization on Processes and Organizational … 183

4.2 Integration

Furthermore, there is a need to facilitate and strengthen integration between project
participants in order to improve information exchange and performance simulation
according to different parameters, like embodied energy, and so on.

Additionally, the preliminary assessment of the digital skills and capabilities of
project participants is also a significant topic, which came out from the findings of
this study, and that is recommended in order to avoid time and cost overruns. Lastly,
it also emerged the need to define standards and procedures to be shared internally,
that means within firms, and externally, alias across the supply chain.

5 Final Considerations and Future Directions

The digitalization of the AEC industry is rapidly increasing and shows potential
to improve industry productivity and competitiveness, as well as process efficiency
and products’ quality. Researchers and practitioners are already devoting signifi-
cant efforts to promote the adoption of digital technologies. However, a larger and
three-fold focus (technology, process, and organization) is necessary to enable the
achievement of the full benefits of digitalization. Interactions and effects of digital
transformation on processes and organizational models used by most projects and
firms need to be explored. This creates a demand for looking at new forms of process
and organization, and the impact of these on the architecture of work, as well as the
socio-technological context required for facilitating these changes.

To investigate this point, this research used a mixed-method case-study approach,
which included an extended case-study analysis of two different A/E firms: one in
Italy and one in Canada. Specifically, the case study of the Italian firm has meant
understanding in practice the process-oriented changes and the new forms of process
associated with digitalization. The case study of the Canadian firm has been rather
analyzed to identify how the adoption of digital technologies affects the existing orga-
nizational setting and how this one can be reconfigured to facilitate the achievement
of the full benefits of digitalization.

Regarding the process-oriented changes and the new forms of process, the results
indicate that there is a need for implementing collaborative and integrated processes
within and between architectural and engineering firms, in addition to the model-
ing ones associated with the adoption of digital technologies. On the other side,
data collection and analysis about the organizational changes and the new forms
of organization reveal that more dynamic and networked organizational models
should be implemented in order to facilitate digital knowledge creation, diffusion,
and utilization within firms and between firms.

Regarding the future directions of this research topic, both researchers and practi-
tioners involved in the digital transformation of the AEC industry can keep to make
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use of analysis methods for change management and get a valid support from a set
of applied investigations and research activities, such as:

• Collection and analysis of benchmarking data through the analysis of additional
case studies;

• Interpretation of changes associated with the adoption of digital technologies by
deepening investigations on industry best practices;

• Analysis and comparison of strategies for digital transformation in relation to
different markets and diverse contexts (cultural, legal, etc.).
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