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Abstract

:

Construction is a complex activity, characterized by high levels of capital investment, relatively long delivery durations, multitudinous risks and uncertainties, as well as requiring the integration of multiple skills delivering a huge volume of tasks and processes. All of these must be coordinated carefully if time, cost, and quality constraints are to be met. At the same time, construction is renowned for performing poorly regarding sustainability metrics. Construction activity generates high volumes of waste, requires vast amounts of resources and materials, while consuming a significant proportion of total energy generated. Digitalization of the construction workplace and construction activities has the potential of improving construction performance both in terms of business results as well as sustainability outcomes. This is because, to put it simply, reduced energy usage, for example, impacts economic and “green” performance, simultaneously. Firms tinkering with digitalization, however, do not always achieve the hoped-for outcomes. The challenge faced is that a digital transition of construction firms must be carried out at a strategic level—requiring a comprehensive change management protocol. What then does a digital strategy entail? This study puts forward an argument for the combined economic and sustainability dividends to be had from digitizing construction firm activities. It outlines the requirements for achieving digitalization. The elements of a comprehensive digitalization strategy are cataloged, while the various approaches to developing a digitalization strategy are discussed. This study offers practitioners a useful framework by which to consider their own firm-level efforts at digitalization transition.
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1. Introduction


The construction industry is one of the largest sectors of the global economy [1]. On a global scale, construction-related spending accounts for 13%, and the total annual revenue of the sector is estimated to be around $10 trillion, predicted to be up to $14 trillion by 2025 [1]. The construction industry has also one of the greatest economic spillover effects, namely, it represents an additional economic benefit of $2.86 for every $1 of construction Gross Domestic Product (GDP) [2]. As a result, even a slight improvement in the sector will carry huge positive implications for the national economy [2,3].



Despite its significance, the construction industry is still struggling with a wide range of problems: high construction costs; unsatisfactory project performance [4]; poor site safety records; low construction productivity; a lack of creativity and innovation; and above all poor sustainability outcomes [3,5,6,7]. Several developments offer the potential of mitigating these pitfalls, of which, the most promising is industry reform through digitalization [5,8,9]. Digitalization benefits any industry in various ways: greater convenience, lower prices, variety of choice, better information, enhanced sustainability, and the profitability of existing business models and investments [10,11]. Better business models, cost reduction, improved quality of communications, enhanced customer satisfaction, and so forth are other advantages of digital technologies. Indeed, these are interrelated where improvements across any economic, social and environmental outcomes collectively contribute to a more sustainable construction industry [12,13,14,15]. Given these potentials, digitalization has emerged as instrumental in driving sector change [16]. Traditional resistance to efforts at making construction more sustainable has been that it costs too much. However, the evidence shows that the potential added value of digitalization could be around $25 billion annually in the years 2017–2027, in Australia alone, while at the same time improving sustainability outcomes [8].



Digitalization can be simply defined as the use of digital technologies to change business models to increase revenue and value-producing opportunities for companies and businesses; the term refers to the process of moving to a digital business [17,18]. Digitalization is largely seen as a powerful intervention into the core business of companies and is associated with organization-wide modernization efforts affecting all structures, systems, and processes within companies [18,19]. Similarly, sustainability is widely defined as meeting the needs of the present without compromising the ability of future generations to meet their future needs. In practical terms, this breaks down into three mutually inclusive “bottom-line” measures. Present economic outcomes must be improved in ways that do not undermine future economic growth; present use of resources must be undertaken in ways that do not degrade the environment of the future; and social justice must be pursued such that nobody is left excluded, disadvantaged, or otherwise denied from an equitable share of accrued societal gains.



This paper argues that in order to successfully absorb the economic and sustainability benefits of digitalization into construction companies, appropriate digitalization adoption strategies must be proactively adopted. Thus, the factors and steps required in order to implant a successful digitalization strategy are here outlined. To this end, this paper begins by identifying the driving forces compelling the digitalization of construction firms. Next, the role of digitalization strategies along with the various approaches to digitalization available to construction companies are discussed. The paper concludes by describing the required steps for the development of a construction company-specific digitalization strategy able to meet economic and sustainability performance improvement outcomes simultaneously.




2. The Digital Transformation of the Construction Industry


Innovations comprise a wide range of transformative systems, from lean concepts through to information and communications technologies [20]. These innovations are enablers that reduce industrial process emissions and energy consumption from manufacturing construction components, to construction, operations, and building decommissioning. Their underlying intelligent operating platforms and automated solutions have the potential to optimize task outcomes, and in so doing greatly limit the otherwise adverse effects of traditional systems and processes regarding greenhouse gas emissions, pollution, and indeed even on potentially exploitative or hazardous work practices [21].



Construction companies seek remedial solutions to these issues [22], as a result of which, the field observes an increasing shift towards the use of digital technologies in the construction industry [23]. Evidence shows that they can benefit from various technological innovations in delivering projects [23]. Technological innovations can overcome a wide range of challenges that affect the construction industry, including cost overruns, rework, low project performance, poor safety records, substandard quality and undesired productivity [16]. And digital technologies offer solutions. These include vast capabilities offered by the Internet of Things (IoT) [24,25]; unmanned aerial vehicles (UAVs) [26,27]; 3D printing [28,29]; augmented reality (AR) [30,31]; virtual reality (VR) [32,33,34]; mixed reality (MR) [35,36]; Building Information Modeling (BIM) [37,38,39,40,41,42,43,44,45]; Artificial Intelligence (AI); and intelligent decision support systems (DSS) [46,47,48,49]. At the organization level, digital engineering (DE) is proposed to complement the limitations of BIM beyond the boundaries of projects. So too, digital platforms for material procurement; robots; digital marketing; and digital tools for administration purposes, have profound positive impacts on the business front of companies [16,50].



There are many real-life examples and success stories of using various digital system in construction projects. Standing at the forefront of digitalization, there is compelling evidence for the advantages and benefits of using BIM in dealing with the complexities of multidisciplinary teams, identifying clashes, and reducing rework in and large-sized projects from around the globe, from Australia to Norway [51,52]. A coalescence of BIM and blockchain is proven effective in enhancing the effectiveness of managing financial transactions, enabling modern procurement methods, increase profit and cost savings [53]. In view of the full range of benefits, the construction sector has also embraced the use of UAVs in laying out sites; conducting remote and hazardous observations and surveying; risk-free site inspections; and safety monitoring [23,26]. Recently, the construction industry is observing a shift to the adoption of AI, with many benefits documented in the literature [20]. With AI, sophisticated algorithms are trained to learn from big data, and apply the acquired knowledge in revolutionizing industry practice, and improve productivity [54].



Although digitalization improves a wide range of construction business aspects that also ultimately produce better sustainable outcomes [50], digitalization adoption is fraught with challenges. Chief among these is that construction companies may need to consider changing almost every aspect of their business to achieve “digital transformation.” Digital transformation is defined as “a process that aims to improve an entity by triggering significant changes to its properties through combinations of information, computing, communication, and connectivity technologies.” [55] Digital transformation can be achieved in construction companies by focusing on five key activities, as illustrated in [50].



In the construction context, implementation of a digital technology relies heavily on various types of information: enough knowledge about the company such as the firm’s structure, type of work, and the characteristics of human resources [56]. As illustrated in Figure 1, the digitalization of a construction firm is synonymous with successful digital transformation. This, in turn, requires the completion of five key activities, as described below:




	
Integration of digital technologies into existing systems to exchange information among all construction market contributors.



	
Improve business procedures with the aim of smoother exchange of data and information, control of products, and managing methods.



	
Modification of organizational structures and human resources with the aim of choosing skillful workforces according to the digital transformation needs.



	
Ensure that digital transformation is supported by all the staff and business contributors.



	
Digital transformation investments must be assessed according to both financial and economic activities, not just economic ones.








Achieving the aims and objectives of each of these pillars requires the development of a robust strategy, as discussed next.




3. The Need for a Digital Transformation Strategy


The digitalization of an existing firm is much more difficult than the establishment of a new digital company [22]. Hence, there is a need to develop a suitable strategy as a solution for construction companies to identify the main objectives, roadmaps, relevant actions, and methods of assessment [19]. This strategy transforms several essential elements and dimensions of business, including customer experience, business procedures, operations, stakeholders, and networks [57]. A company without a digital transformation strategy completes some isolated and small-sized projects, with little effect, where much-needed resources are wasted [19].



Several definitions for a digital transformation strategy exist in the literature [58,59], yet no universal consensus has been reached to define it [60]. Simply, a digital transformation strategy is defined as the comprehensive vision of a firm in its move towards digitalization. To achieve this vision, a digital transformation strategy should include strategic measures; it should describe goals and tools for services, products, and value creation for a company/organization too [19]. Besides, adjustment of digital technologies’ impacts and the nature of merging with internal firm’s procedures and external firm’s interfaces must be defined as essential elements of a digital transformation strategy.



Construction companies face many problems in developing a digital transformation strategy, mostly due to the novelty and complication of digitalization processes [61]. Familiarity with various dimensions of digital transformation and procedures of developing a successful digital transformation strategy are prerequisites, as discussed next.




4. Challenges in Developing Such a Strategy


The importance of digital transformation for companies, organizations, industries, and firms has resulted in the creation of a growing body of knowledge. However, recent studies suffer from a lack of a holistic approach to developing digital transformation strategies [62], where most existing studies represent a limited number of relevant factors and dimensions of digitalization. Bharadwaj, El Sawy, Pavlou, and Venkatraman [58], as will be discussed in great detail later on in the chapter, introduced four factors for providing a framework towards a digital transformation strategy for an organization: value creation, scope, scale, and speed of digital transformation. The speed of digital transformation is defined based on four factors: speed of product launching, speed of decision making, speed of supply chain orchestration, and speed of network formation and adaptation. Dimensions of a model for the development of a digital transformation strategy as provided by Matt, et al. [63] are the utilization of technology, structural changes, financial perspectives, and changes in value creation which can be defined as the effects of digital transformation on the companies’ value chains due to the use of innovative technologies. These four items were believed to form a framework that informs companies in analyzing their existing capabilities, culminating in the development of a digital transformation strategy, as an ongoing procedure. Holotiuk and Beimborn [61] also developed a framework with eight dimensions: sales and customer experience; culture and leadership; abilities and human resources (HR) qualifications; forethought and vision; data and information technology (IT); functions; partners; and 40 critical success factors. Gimpel, et al. [64] proposed a framework of action fields following interviews with the chief digital officers from fifty organizations. This framework comprises six action fields: clients, value creation, functions, data, organization, and transformation management, in order to offer guidelines to engage in digital transformation.



Few studies have explored the development of a process for a digital transformation strategy. According to Schallmo, et al. [65], the integration of six steps results in the development of a digital transformation strategy. These are strategic principles, choices, forecasting, external and internal strategic analysis, and strategy formulization. Pflaum and Gölzer [66], also represent a four-stage process framework to facilitate the digital transformation of a firm, through the combination of top-down and bottom-up approaches. the steps are the business strategy step, knowledge creation, knowledge application, and the procedure of making decisions. However, they did not study the position of digital transformation strategy among the three levels of corporate, business, or functional strategies. As for finding the position of the digital transformation strategy, Lipsmeier, Kühn, Joppen, and Dumitrescu [19] argue that digital transformation strategy should be addressed at the corporate level. Hence, the digitalization of all business units should be aligned with the general strategic direction. The authors also conducted a process model for developing a digital transformation strategy as well as introducing the main factors of a digital transformation strategy. Albukhitan [67] also introduced a process for the development of a strategy by analyzing potential challenges that digital transformation attempts face, in the form of a process in six steps. Steps entailed identifying the vision, firms’ digital transformation capability, customers and workforce experience, and analyzing and choosing alternative solutions, creating action plans, providing the required infrastructure and skilled human resources.



The construction industry is innately complex; it is project-based, unique in terms of high demand and supply variability [68]. Moreover, squeezed profit margins due to different forms of delays and accidents bring other challenges [69], where construction practitioners suffer from improper communication and issues with accountability [70]. In light of these challenges, providing a strategy to direct and inform the digitalization journey is of utmost importance, however, there are few studies that offer a strategy for digitalization for the construction industry. Among these, Stoyanova [71] provides suggestions for enhancing the likelihood of success in the digital transformation of construction firms. Koscheyev, Rapgof, and Vinogradova [50] introduce various dimensions of digital transformation. Ernstsen, et al. [72] represent three visions of efficient construction, user-data-driven built environment, and value-driven computational design for the digital transformation of construction firms in the UK.




5. Considerations in Formulating a Digital Transformation Strategy


Several studies have attempted to define the key dimensions of digital transformation, as the elements which need to be defined early in the process [58,63,73]. These are discussed next.



The scope of a digital business strategy includes references to products, business actions, and the functions of running a company. The scope of a digital business strategy defines the relationships between digital elements and companies, industries, IT infrastructures, and the external environment. Furthermore, it can help to facilitate the assessing of various impacts of digital technology on firms’ business strategy [58].



The scale of a digital business strategy is used as a profitability driver. There are four ways that the scale of a digital business strategy can benefit a company: fast scale up or down according to dynamic market conditions, change of scale based on big data, rapid scale due to network effects, and better scale through alliances and partnership—sharing assets with other companies [58].



The speed of a digital business strategy has an important role in digital business management, recognized as an important item that can benefit firms in terms of strategic management. Speed should be considered through the speed of product launching, speed of making decisions, speed of supply chain arrangement, speed of network formation, and adaptation [58].



The utilization of technology refers to the attitude of the company to the innovative technology, and the capability of a firm to benefit from it [63].



Changes in value creation often occur with the application of innovative technologies. The digital business strategy brings increased value through information, multisided business models, coordinated business models in a network, and control of digital industry architecture [58,63].



As for structural changes, the application of digital activities results in improving products and services; however, they often need advanced technological skills and expose companies to various risks due to lack of experience in a new domain. Hence, utilization of various technologies and different forms of value creation require substantial structural changes to provide a sound basis for new activities. Structural changes consist of changes in a company’s organizational arrangement, especially efforts to diffuse innovative digital function into all corporate elements [63].



Financial perspectives are needed to achieve all other dimensions. Companies that suffer from financial pressures may face difficulties in finding external financial ways to support digital transformation. Hence, companies need to consider digital transformation strategies alongside their resources and funding capacities [63].




6. Approaches to Defining a Digital Transformation Strategy


Two major approaches are suggested for digital transformation, comprising of top-down and bottom-up. The former, also referred to as strategy-driven, includes changes to the business model by using modernizers. This is a long-term approach that focuses on changing the existing value chain, value proposition, and revenue modeling. The bottom-up approach, or technology-driven approach, focuses on small or medium-sized changes in companies through using technology-driven tools and techniques. The objective of this approach is to drive slow improvements in productivity, employees’ responsibility, and better customer experience and satisfaction [71]. The bottom-up approach is, however, inadequate for developing a successful digital transformation strategy, given the overarching impacts of digitalization on companies’ fundamental components such as organizational structure, competencies, organizational procedures, and working culture. The bottom-up approach might have a detrimental impact on a company such as a productivity dip. The strategy-driven or top-down approach avoids such negative impacts and accelerates transformation. Nevertheless, developing a digital transformation strategy with a purely top-down approach is prone to some risks. These include increasing the likelihood of defining unrealistic objectives, scant attention to existing procedures, structures, initiatives, and a lack of buy-in from employees. The combination of these two approaches dominated by the bottom-up approach is suggested in the literature to tackle the problems facing digital transformation and speed up the process of digitalization [19,66].



Another important factor is the position of a digital transformation strategy among three levels of corporate, business, and functional levels, as illustrated in Figure 2.



Corporate strategy corresponds to managing business units and the entire portfolio. The position of digital transformation strategy in relation to the corporate strategy can be considered in three different positions, including independent, being a part of it, or having the same weight as that of corporate strategy [65]. Most companies tend to develop their digital transformation strategy as a subsection of their corporate strategy [59]. With this, the strategy should be noted as an important consideration pertinent to the position of digital transformation. That is, digital transformation strategy should be defined at the corporate level and all other digitalization tools of business units should be aligned with the corporate strategy [19].




7. The Process of Developing a Digital Transformation Strategy


The development of a digital transformation strategy starts with defining a strategic direction according to digital guiding principles. This involves five components: digital vision, digital mission, digital policies, digital targets, and digital terms [19]. The first step is the definition of a strategic business vision for the proposed digital organization [66,67]. The strategic vision should consider long-term goals and short-term resources [67]. A digital vision can aim at the digital transformation of products and services or at value creation or both [19]. Vision should also involve business tools and digital use cases, based on business strategies and goals [66]. The vision for the digital transformation of construction firms has three dimensions, as follows [72]:




	
Efficient construction focuses on expediting the construction procedure and enhancing efficiency. This can be achieved by concentrating on perspectives such as off-site construction, AI, BIM, lean construction, standardization, modularization, automation of design tasks, and alliancing business models.



	
A user-data-driven built environment focuses on gathering real data, for instance, by IoT systems in the built environment. This vision requires the use of big data, IoT-based asset management, VR and 3D design, AR and maintenance, IoT-based energy utilization, sustainability, and health, and comfort of users.



	
Value-driven computational design focuses on simulating various digital design alternatives and changing the design to satisfy various design criteria and clients’ priorities within the construction procedure. This vision can be earned by concentrating on “digital fabrication on-site, gig economy, design simulations, blockchain, bespoke semi-automation, data-driven companies, distributed off-site production, and digital twin of the city.”








The mission, pertinent to the digital transformation, however, seeks to find the reasons for the involvement of a company in digitalization; where digital policies propose regulations related to digital elements of a company such as digital management, digital initiative, data usage, information technology (IT), and safety, as well as the implementation of the digitalization process. Digital targets are initially described as qualitative values taken from digital vision, mission, and digital policies. In order to achieve the consistent realization of all these within a company, primary digital terms should be introduced [19].



After the identification of digital guiding principles, the next step is the assessment of the existing conditions of an organization in terms of digital transformation. To this end, systems, tools, and software applications should be assessed to evaluate their capabilities in fulfilling current and future requirements. The outcome of this step can facilitate decision-makers to understand which technologies, tools, and processes need to be improved [69]. Major tools for the assessment include market analysis and digital maturity assessment tools. Market analysis is of paramount importance. This tool provides the company with an up-to-date strategy [67]. A digital maturity tool should be provided to assess the framework of the IT infrastructure, organization, workforce, culture, partnering, technology, and functions, etc. in five levels of “unaware, conceptual, defined, integrated, and transformed” [66,67].



Subsequently, new systems and functions for facilitating employee jobs and clients’ experiences should be provided. This can be achieved through proper use-cases of employees and new experiences for customers through digital technologies and platforms [67]. Use-cases should be prioritized and then implemented according to the allocated ranks [66].



A good tool for the structuring of required digital action plans—each functional area—is called “digital target” (Figure 3), which includes four factors. These are (1) digital vision which is a main objective of a functional area; (2) digital use-cases, which are digital tools for each working area; (3) strategic objectives, which should be determined in light of digitalization and aligns with digital guiding principles; (4) digital focus topics, extracted based on digital use cases, and work for communicating among functional areas and synchronizing primary actions in light of digitalization. Consequently, cross-functional topics are obtained according to the digital focus topics for each functional area. Cross-functional topics are extracted by the combination of digital focus topics, leading to determining the principal digitalization topics for the business unit. The qualitative goals are defined as cross-functional topics and then can be changed into quantitative values [19].



Knowledge creation is another step, which involves the modeling of all necessary data for possible problems related to use cases. The next step is knowledge application, in which, knowledge obtained from previous steps is analyzed by AI to forecast solutions for each use case [66]. Choosing the best solution that addresses digital objectives and people’s experiences needs to be assessed according to their capabilities by a tool such as a comparison matrix of solutions [67].



The decision-making process is the last step, in which, the method of integration among knowledge-driven solutions and organizational decision processes is obtained (specification) [66]. Later, all of the digital objectives, solutions, and technologies are merged to form an action plan [67]. Vision, road map, and frameworks are also modified to be closer to the vision of a digital company [66].



It should be mentioned that firms need skilled staff members along the way towards digital transformation. These competent employees should work under the supervision of someone who possesses transformation leadership skills [63]. Therefore, preparation of the skillful human resources, with expertise in digital change management, is an important step for digital transformation [67].




8. Conclusions


Construction represents a significant proportion of the economy in both developing and developed nations. Yet, the profitability of construction firms, generally, remains below par when compared with other sectors within an economy. Moreover, construction activity is a major source of energy consumption, greenhouse gas emissions, and waste generation. Competitiveness and sustainability, therefore, are two key challenges the construction industry must face worldwide. Fortunately, there is a way forward and that is through the digitalization of the industry at the firm level. The other good news is that the efficiency gains to be had through the digitalization of construction firms can be expected to repair the poor sustainability record of the industry, as it currently operates. Specifically, cost reductions, efficiency gains, and better returns on assets that digitalization promises would be achieved through reduced energy consumption, better resource and material utilizations, and stronger control of waste, pollution, and carbon emissions.



However, meaningful digital transformation cannot be successfully realized without a strong commitment to such change. This means more is required than the frequently observed manner in which firms attempt to transition to a digitized business model; that is, employing IT experts to run introduced digitalization software on new hardware platforms, while also persisting with traditional forms of operations. Running parallel construction management practices within a firm—older analog systems and new digitized systems—has not been shown to be an effective means of evolving firms to full digitalization. What is needed is genuine change management. For that to be realized, a clear digitalization transition strategy must be formulated and implemented.



This study has documented the way forward in this regard. The need for change is argued. The quest for digitalization is shown to require firm-level digital transformation. The dimensions of a digital strategy are presented. Finally, the various approaches to embracing a digital transformation strategy are discussed. It is hoped that this paper will provide practitioners intent on making the transition to digitalization with a guiding framework for making the changes.
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Figure 1. Digitalization and digital transformation activities. 
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Figure 2. Strategy levels (adapter from Lipsmeier, Kühn, Joppen, and Dumitrescu [19]). 
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Figure 3. Digital target picture (adapted from Lipsmeier, Kühn, Joppen, and Dumitrescu [19]). 
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