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Abstract
The construction industry has undergone a significant and radical transformation in its design and
documentation process as it evolved from the days of the drafting board to today’s Building Information
Modeling (BIM) process. At each stop along that journey, gains were made in information density and
exchange. However, for all the progress made thus far, the paradox of designing the 3D in 2D space
remains. This paradox indicates that new visualization technologies are needed to leverage the use of
information in construction. Augmented Reality (AR), a pillar of the fourth industrial revolution, is an
emerging technology that has great potential to transform the construction industry. AR can be described
as an information aggregator that allows the user to passively view displayed information, actively engage
and interact with published content, and collaborate with others in real-time from remote locations. While
AR holds the key to advance the construction industry, no research project has yet comprehensively
investigated the holistic integration of AR in construction. The contribution of this paper to the body of
knowledge is a comprehensive map that establishes a sound framework for specifying the appropriate
integration of AR into the construction phase. The comprehensive map is based on the Task-Technology Fit
theory, where 23 use-cases of AR in the construction phase are identified and outlined as a function of nine
AR capabilities and 14 AR potential benefits. The AR use-cases, capabilities and potential benefits are first
discussed in the paper. Then, two AR applications are explored where the underlying use-cases are
discussed and mapped as a function of their corresponding AR capabilities and potential Benefits. These
AR applications provide an example illustrating the concept behind the comprehensive map. Finally, the
comprehensive map is developed to provide a holistic framework to understand the integration of AR into
the construction phase.
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1. Introduction and background
Construction plays an important role in the prosperity of nations and is expected to grow to a global
expenditure of $15.5 trillion in 2030 [1]. This significant expansion along with the increased complexity and
sophistication of construction projects and rapid advances in emerging technologies has fuelled companies’
interest in innovation as a source of competitive advantage. Researchers argue that technology-enabled
innovations can provide companies significant opportunities to maintain their vitality and competitive edge.
One technology that has gained great interest in recent years is Augmented Reality (AR), one of the nine
pillars of Industry 4.0. AR can be described both as an information aggregator and a data publishing
platform that allows the user to (1) passively view displayed information, (2) actively engage and interact
with published content, and (3) collaborate with others in real time from remote locations [2]. As industrial
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interest in AR has increased in the past decade (in sectors such as gaming, automotive, aerospace, military,
and marketing), the construction industry has begun to follow suit in this area. AR is said to transform the
construction industry and provide companies with a new frontier for gaining competitive advantage.
While previous research studies have investigated opportunities to integrated AR into the construction
phase of a construction project, no research project has yet comprehensively assessed the relationship
between the technology itself, the use-cases to be implemented, and the anticipated benefits. This study
contributes to the body of knowledge by linking the AR capabilities to construction use-cases and
connecting each use-case to the perceived benefits of integrating AR. Inspired from the Task-technology Fit
model introduced by [3] which aims to assess the match between the task and technology characteristics,
this research proposes a comprehensive map that outlines the relationships between the capabilities of
AR, the identified AR use-cases, and the potential perceived benefits associated with AR. While users can
experience AR through Head-Mounted Displays (HMD) or Hand-Held Displays such as mobiles and tablets,
HMD provides the user with more flexibility as they enable hand-free operations [4]. Additionally, a study
conducted by [5] surveyed 128 construction professionals and showed that HMD are becoming more
commonly used in the construction industry. Thus, the comprehensive map presented in this paper is
developed with HMD in mind.
2. Components of the comprehensive map
The comprehensive map has three main components: AR Use-Cases, AR capabilities and AR Potential
Benefits. The following sections will identify and explain each of these three components.
2.1. Augmented reality use-cases in the construction phases
In recognition of the potential of AR in construction, researchers have conducted several reviews of ARrelated efforts in the industry. Numerous efforts have been undertaken to explore AR use-cases and
investigate ways to integrate the technology into construction. Some studies have focused on a certain
phase of the construction lifecycle such as design, pre-construction, construction, and operation and
maintenance [6–9]. Other research endeavours have conducted a comprehensive assessment of AR usecases throughout the project life-cycle – from conceptual planning to decommissioning. This paper builds
on the work of [5,10,11] and presents 23 AR-use cases for the construction phase of a project. The 23 AR
use-cases are outlined alphabetically in the middle column of Fig. 5.
2.2. Augmented reality capabilities
Prior to integrating AR into a use-case (i.e. task), it is important to analyze the extent to which AR can support
this use-case. Davenport (1993) explained that opportunities for supporting a process with Information
technology (IT) fall into nine categories. The opportunities to integrate AR – an emerging and promising
technology in the realm of IT – into a use-case can be also lumped into those nine categories, defining the
capabilities of AR, as explained (in an alphabetical order) below:
C1 Analytical: The analytical capability is related to decision making enhancement and improving information
analysis. In addition to providing real time in-situ information to visualize data [13] AR provides a platform to
visualize and interact with data leading to better user cognition and environment perceptive[14].
C2 Automation: The automation capability is described as reducing human labour through automating different
tasks. AR systems have the ability to automate processes by generating information automatically in real-time
and visualizing it in a real construction working environment [15].
C3 Disintermediating: The disintermediating capability is best described as removing intermediaries from
activities. AR is one of the digital era technologies with an ability to add or remove intermediator processes
[16]. For example, using AR can substitute the processes of manually capturing, storing and analyzing data.
C4 Geographical: The geographical capability is related to coordinating activities and taking decisions across
distances, irrespective of the location of decision makers. AR promotes new types of collaborative interfaces
to enhance face-to-face and remote collaboration [17].
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C5 Informational: The informational capability assists in understanding a process. AR offers opportunities to
display, capture and store information for later analysis [18].
C6 Integrative: The integrative capability is the coordination between tasks and processes. AR can capture and
generate context-rich data that facilitated the coordination between cross-functional teams [19].
C7 Intellectual: The intellectual capability is the capturing and distribution of intellectual assets. AR supports tacit
knowledge exchange, allowing remote expert, for example, to transfer their knowledge through the AR
medium using demonstrations such as graphics, audios, and videos [20].
C8 Sequential: The sequential capability is related to changing the sequence of processes and/or enabling
parallelization. AR systems, enabled with remote collaboration, allow different activities/tasks to be performed
in parallel [15].
C9 Tracking: The tracking capability is related to the close monitoring of process status and objects. AR
superimposes digital models onto the real world, allowing users to track progress [21].
2.3. Augmented Reality Potential Benefits
The wide range of AR use-cases and the evolution of the capabilities of the technology highlight a new era
for the construction industry [9]. The suitability of a technology and the success of its integration are
manifested by its benefits. This study adopted the benefits identified in [5] but excluded two of them:
“Improving the corporate image” and “Improving growth and success by creating new business models”.
The rational for removing these two benefits stems from the fact that this paper focuses on the construction
phase and these two benefits are long-term benefits that impact the organization rather than the
construction site. The 14 AR potential benefits are outlined in the rightmost column of Fig. 5.
3. Examples illustrating the concept of comprehensive map
This section includes some applications of AR on construction sites to illustrate the concept of the
comprehensive map. After an explanation of the applications, the connected capabilities and benefits are
explained.
3.1. AR Application 1: Remote Expert System (RES)
A remote expert system (RES) connects a technician on the construction site with one or more remote
experts sitting in their offices. In a simple version, the person on the construction site has glasses with a
small screen and a small video camera – like Doka’s remote instructor [22]. The remote expert has access
to a live-video stream from the construction site and can give written or voice advices that are transferred
onto the small screen. Two of the authors have previously worked on a more advanced RES that equips the
technician with AR glasses or a tablet and the remove expert with a computer program. Fig. 1 shows this
remote expert system in the left picture. The remote expert program is displayed on the monitor and is
featured with a live-video stream and the option to create markings. The upper left corner reflects the view
of the HMD device of the technician. The application of RES is extended with the use of a camera to the
generation of a 3D environment model (see Fig. 1, right image). The remote expert can switch from the live
view to a 3rd person view, in which the 3D environmental model is shown
Multiple AR use-cases are supported through this AR application, particularly, UC14 (real-time support of
field personnel) and UC16 (remote site inspection). Fig. 2 shows the corresponding AR capabilities and
potential benefits for AR use-case UC14.

Fig. 1. Remote site inspection with Remote Expert System
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Fig. 2. AR capabilities and benefits connected with UC14 (generated using Coggle.it)

3.2. AR Application 2: Doka Verification Buddy with Augmented Reality and Artificial Intelligence
The formwork company Doka is developing a formwork verification buddy for its system formwork Frami
Xlife [22]. This AR system shows the right locations of the clamps, the fixing bolts and the corner connectors
for the formwork (Fig. 3). Additionally, an Artificial Intelligent system checks if any of these connection parts
are missing – a challenging task given that the parts have the same colour as the frame of the formwork.
The system marks the correctly placed parts in green and the missing parts in red, supporting
unexperienced workers when erecting the formwork. The Doka Verification Buddy can, therefore, be used
for detecting errors as well as for training purposes. The system is still in its development stage and is
expected to be developed for HMD.
The Doka verification buddy supports UC8 (on-site inspection). The corresponding capabilities and benefits
for this use case are shown in Fig. 4. It should be noted that while benefits B6 and B10 apply to UC8, they
do not apply to the current version of the Doka verification buddy.

Fig. 3. Doka Verification Buddy: Visualization of augmented work instructions in the field in combination with AI

Fig. 4. AR capabilities and benefits connected with UC8 (generated using Coggle.it)

4. Comprehensive map
The culminating effort of this paper is a comprehensive map (Fig. 5) that outlines the relationships between
23 AR use-cases in the construction phase, the nine different capabilities of AR, and the 14 AR potential
benefits. Fig. 5 shows that while the nine AR capabilities are essential to the integration of the technology
into construction use-cases, Automation (C2), Geographical (C4), and Information (C5) are three capabilities
that are applicable to most of the 23 AR use-cases. Additionally, Enhancing decision-making (B4), Improving
Collaboration and Communication (B6), Improving Productivity (B8), Providing additional resources for problem
solving (B13), and Reducing wastes, defects, and construction rework (B14) are found to be the most frequently
expected benefits.
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Fig. 5: Comprehensive Map

5. Conclusions and further studies
As interest in AR continues to grow in the construction industry, it is important to explore the suitability of
the technology. This study focuses on the opportunities and benefits of integrating AR into the construction
phase of a project. Twenty-three AR use-cases were extracted from the literature, nine AR capabilities were
discussed, and 14 AR potential benefits were identified. Based on the Task-Technology Fit theory, this study
developed a comprehensive map that outlines the relationships between each of the 23 AR use-cases and
their corresponding AR capabilities and perceived benefits. The map revealed that Automation,
Geographical, and Information are the most commonly used AR capabilities during the construction phase.
The results also showed that Enhancing decision-making, Improving Collaboration and Communication,
Improving Productivity, Providing additional resources for problem solving, and Reducing wastes, defects,
and construction rework are the five AR benefits that are frequently perceived to result from the integration
of AR into the construction use-cases. This paper contributes to the AR implementation roadmap by
providing industry practitioners an understanding of the capabilities and benefits for integrating AR into
construction tasks. Further research could expand the scope of work and examine AR use-cases throughout
the lifecycle of a project and their relationships to the AR capabilities and AR potential benefits. Researchers
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could also build on the comprehensive map presented in this study and develop prototypes to validate the
outlined relationships.
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