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Abstract. The increasing dissemination of the Building Information Modelling
(BIM) approach must not overshadow the fact that many firms are still far from
BIM, and are in fact just starting out on the road to adopting information
technologies. This paper presents an ethnographic action research study con-
ducted with an industrial partner that decided to implement information tech-
nologies on its construction sites, with a strong preference for home-made
applications. The results suggest that firms lack the internal expertise to effec-
tively conduct such development work. Thus, the passage of needs expressed by
the firm towards the development of the application is particularly difficult
and the pivotal role of the researcher was crucial in the success of the
project. Multiple iterations and versions were necessary before achieving the
expected goals.
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1 Introduction

In the last decades, the construction industry has undergone a digital transition, man-
ifested in particular by the growing role of information technology (IT) in practices
[1-3]. In this context, the BIM approach appears to occupy an important place, and
several works have shown its added value and its uses at different stages of a con-
struction project [4]. Several studies have also shown that BIM is increasingly being
disseminated in architectural, engineering and construction firms, and that the point of
no return has been reached [5, 6]. However, this reality should not overshadow the fact
that several firms are still far from BIM, and are in fact just beginning their adoption of
information technologies [2]. The situation with general contractors and subcontractors
is more challenging because the adoption of IT in the office must be accompanied by a
similar adoption of mobile technologies on construction sites, in order to optimize
information exchange between the office and the construction site [7].

Experiences reported in the literature show that the adoption of mobile technologies
on-site can be more difficult, and poses significant challenges, due to the peculiarities
and particular requirements of construction site work. Thus, the research on the subject
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is often based on generic solutions [8, 9], and is limited to the study of related issues
[10, 11], the link with BIM and the ability of site actors to adapt their work processes to
these tools [12—15], and the study of perceived added value [16-20]. Very few studies
[14] have explored the issue using a participatory approach to identify the real needs of
firms, their ability to meet their own needs with their in-house resources, and the issues
associated with their decisions. The research presented in this article took place at the
premises of an industrial partner which decided to implement information technologies
on its construction sites, with a strong preference for home-made applications. The
objective of the research is to understand the internal dynamics allowing proceeding
from the initial situation of the firm and the needs expressed, towards a solution
adapted to the realities of its construction sites.

The article is organized into four main parts. The first part presents related works.
The second part introduces the methodology. The third part presents the context and the
main results. The fourth part concludes the paper and presents the future works.

2 Related Works

2.1 Information Technology in the Construction Industry

Two main flows appear in the production chain of a construction activity, as proposed
by Sunke [21]: the flow of material and the flow of information, with strong interac-
tions between the two. These flows correspond to the two major sub-processes iden-
tified by Bjork [22], namely, the information sub-process and the hardware sub-
process. The material sub-process is the more tangible of the two, but needs the
information sub-process, since, along with material and energy, information is the third
fundamental component of sociotechnical systems [23]. Information Technology
(IT) can be defined as “the use of electronic machines and programs for the processing,
storage, transfer and presentation of information” [22]. The formats commonly used to
represent information in construction are text documents, 2D and 3D drawings,
schedules in bar chart and other formats, various diagrams and charts, tables, etc. The
solutions to construction project problems are highly dependent on the experience and
judgment of professionals and involve uncertainties. These barriers to applying IT in
architecture, engineering and construction (AEC) lead to a challenging and interesting
problem when it comes to producing an inventory of the use and the impact of IT on
the industry.

Debate on the subject focuses on the premise that while demand actually exists,
current technology-based solutions proposed to the industry are not adapted enough to
support current needs [17, 24]. According to Bowden et al. [17], those involved in the
development of such systems tend to focus on what is technically exciting and on what
presents great challenges, rather than on the real needs and issues facing construction
companies. Several other factors could also be raised as contributing to delays in the
use of information technology; these factors can in fact be considered as barriers to
adoption. Based on Bowden et al. [17], we can summarise the factors as follows: lack
of leadership, resistance to change, fragmentation of the industry, difficulty of use and
lack of internal competencies.
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2.2  Mobile Computing for Construction Sites

According to Rebolj and Menzel (2004), because of its specific characteristics, the
architecture, engineering, construction (AEC) industry is a very good field for the
implementation of mobile computing. They defined mobile computing through three
main components: (1) computers usable while being in motion, excluding conventional
notebooks; (2) networks with enough bandwidth accessible while in motion; (3) mobile
applications to support personalisation and context sensitivity [25]. Mobile information
technology then includes “tablet PCs and all kinds of pocket computers [...] and
wearable computers” [25], aims to enable workers to “to roam seamlessly with com-
puting and communication functionalities in an uninterrupted way” [9]. Its deployment
has been enabled in different industries by the development of “affordable mobile
technologies”, making it common for mobile users to “capture, store and reuse
information” [17]. Rebolj and Menzel (2004) argued that mobile computing is not just
another information technology, but a very important factor in construction, with the
potential “to increase the effective use of IT in an integrated and holistic way” [10].
Indeed, mobile computing can “extend the boundary of information systems from site
offices to actual work sites and ensure real-time data flow to and from construction
work sites” [10].

Nowadays, technology has evolved dramatically, and most of the preceding issues
are no longer as pertinent. Mobile cloud computing has considerably increased mobile
device computing resources [26]. It combines cloud-based storage and application
processing services to improve compute-intensive applications and off-device storage
on mobile devices. This computing can implement multiple strategies of augmentation
(storage, screen, energy, application processing) in order to alleviate the resource
limitations of traditional mobile computing systems [26, 27]. It can thus significantly
reduce the cost of mobile application development and execution, while greatly
extending the resources and the services provided [28]. Abolfazli et al. (2014) proposed
a comparison between cloud-based computing and traditional resources, showing that
cloud-based systems ensure higher computational power, elasticity, user experience,
reliability, security and safety. Many recent research works have explored the question
of the use of mobile computing on construction sites. Some of them have studied the
use of mobile apps on construction sites, focusing on the added value brought to
construction projects [16-18, 20], or on extending the uses of BIM on construction
sites, using mobile cloud computing [13-15].

3 Research Approach

Action research is a research approach based on the belief that it is by acting first and
foremost that scientific data can be collected [29]. is a method that prioritises practice
and collaboration between practitioners and researchers throughout the project process.
However, it does not necessarily offer tools and techniques to allow a good under-
standing of the process. Ethnographic research proposes these tools and techniques for
research. It was developed by anthropologists for the study of human culture, but in
recent decades, it has been used as an instrument of observation for the implementation



Author Proof

4 E. St-Pierre et al.

of technologies in systems. Ethnographic action research focuses on understanding the
actions, thoughts and feelings of professionals, throughout their work day. This makes
it possible to implement customised systems that are tailored to meet their real needs,
using the ethnographic action research approach as proposed by Hartmann et al.
(2009). This type of research must draw information from several sources, such as
existing and completed forms, interviews, observations, reports, etc. To be possible, it
requires a good integration of the researcher into the project team. After all the
information is gathered, it will be possible to determine and design a platform adapted
to the needs. With ethnographic action research, it is important to always be able to
compare results with the initially identified needs [30].

In this research, we use the ethnographic action research principle explained above.
Observations, internal documentation reviews and interviews are conducted in order to
understand the business context and to identify the needs. The appropriate solutions are
then proposed according to these needs, and implemented in a pilot project, to evaluate
the proposals. The choice of the device was conducted in 3 steps. First, a list of
requirements was established, based on the previously identified need. In the light of
these requirements, the researcher prepared a shortlist of devices that potentially meet
the needs. Working with the internal developers, additional criteria were then used to
preselect the most appropriate devices. Finally, discussions with upper management
and the operational workers led to the choice of one device.

4 Main Results

4.1 The Context

The industrial partner is a steel structure company that has been operating in the field
for 40 years. It manufactures and installs steel frames, and in some cases, can offer
design services. When fully operational, the firm employs close to 150 people.
Although cell phones and e-mails are widely used in the firm for communication, paper
is still present, and is the most used tool for management by project managers. This is
also the reality for the many projects carried out by the company, which therefore leads
to significant information duplication. Indeed, the use of paper is still a necessity as it
allows forepersons and superintendents to do their work, including the management of
incoming information from forepersons and clients (drawings, training plans, health
and safety sheets, daily reports, inspection sheets, additional worksheets, etc.). The
most illustrative example of the importance of paper and the duplication of information
is related to management of the overtime worksheets. Once the overtime worksheets
have been completed by the superintendent or the coordinator at the end of the day, the
superintendent must sign them and send them to the client for approval and signature.
After signing, he must scan and email them to the project manager. Then, he must place
them in an envelope which will be mailed to the central office which keeps the original
copies in dedicated folders. Whenever things have to be verified by the project manager
before the client’s signature, the process time is significantly extended.
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Following the study of the internal documentation, observations of real-life expe-
riences in the field, and interviews with stakeholders, the most important needs were
identified in order to understand the current processes of the company and the review of
the literature; these needs were related to information sharing and communication,
access to information and simplification of existing processes, the mobility and the
durability of tools, and increased productivity. More specific needs, such as those
relating to the technology choice (hardware and software), helped to better guide the
final decision and meet the needs of the company. Particular attention was paid to the
work environment and the harsh construction site conditions. The selected hardware
then had to meet the durability, strength and versatility requirements, in addition to
more conventional requirements such as known operating system, and storage capacity.

4.2 Choosing the Mobile Device and Designing the Application

Ten tablets were selected and compared. The comparison elements are presented in
Appendix A. Only three technologies most corresponding to the identified needs were
chosen. The first was from Dell, the Latitude 7212 Rugged Extreme tablet. It meets all
the needs presented above. However, it comes with a high price tag. The second is the
FZ-G1 tablet, from Panasonic. Like the first tablet, it also meets all identified needs and
has a slightly high price. The third one is the ET50/55 tablet from Zebra. Of the three
products, it presents the most advantageous price for what it can offer as characteristics.
The final choice was the Dell Latitude 7212 Rugged Extreme. The reason was simply a
matter of availability. The Panasonic is more difficult to obtain and a contact at Dell
facilitated communications. The final price for the technology was $3500 Canadian
dollars, including a scanner module and an interchangeable battery.

The design of the application was the part that required the most effort as compared
to the other aspects of the project. As a result, not all of the originally planned func-
tionalities were included in the final solution. Four functionalities were initially selected
in relation to the current context and needs: the daily job site report, time sheets for
workers, overtime worksheets, and access to PDF drawings. The application was
designed in three complementary and iterative phases, namely, Balsamiq mock-ups; a
first development phase, with QT Creator; and a second design phase, with Delphi. The
project team evaluated the results of the first version of the platform designed using QT
Creator, and was not happy with the results. This first interface was then abandoned.
A second attempt was made with QT Creator, using QML, a derivative of HTML that
allows for more mobile-friendly applications. However, only one person in the team
had knowledge of this language. This made for a difficult and time-consuming
development (with QML), and once again, the decision was made to abandon the
application created with QT Creator. After the failure of the first versions of the
application, created with QT Creator, a decision was made to use the program with
which most of the company’s platforms are made, namely, Delphi. The team has
advanced knowledge of Delphi, and as a result, the development of the platform could
be faster. In addition, in order to have a stable application in a timely fashion, it was
decided to limit the scope of the project to the daily site report requirements.
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4.3 The Final Version of the Application

The development of the final version of the application was done based on the UML
class diagram presented in Fig. 1. When the application is launched, the main menu is
displayed. Using the three-line symbol on the top left corner, the user can navigate
through the different pages of the application. Back on the team composition page,
several teams can be created simply by selecting the names of the people who will
compose the teams, proceeding by column. These teams will be retained in memory, so
the user can quickly enter the team associated with an activity in the daily report.
A person can also be removed from or added to an activity in the daily report. It was
decided to compose teams in this fashion because the company’s site employee
database can easily be linked to the application. Consequently, when new employees

are added to the human resources database, it is automatically updated.
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When a report is created, it automatically appears in the opening menu of the daily
reports. Here, the date of the report is shown, along with the number of total hours
worked for the day, the report status and the user who created it. The report can be
modified or deleted. When entering the daily report interface, the first thing the user
sees is the main menu. All reports are shown and options are provided to create a new
report, or to edit or delete a selected one. The user can also navigate through time to see
past reports.

Figure 2 shows how the site report interface is organised. Section marked 1 in
Fig. 2 allows the user to enter the date and the time. Here, the user can also obtain
information about the weather, since it can have a significant impact on the team’s
performance. Section 2 summarises the activities conducted during the work day. Each
activity must be entered as a separate item in the application. Workers and hours can be
associated to activities. On the far right, a summary of activities is found, along with
associated hours. Section 3 allows the workers to author the daily report, including the
daily activities and the worked hours. This allows having the right people and the right
hours for the overtime worksheets (extra work). In addition, the job of each worker is
indicated, as well as whether a bonus is attached to the work performed (e.g., for the
group leaders). Section 4 allows the user to log all the equipment that was used during
the day. This section is important for extra work, to indicate the duration of a piece of
equipment usage.

Dbt

Fig. 2. Daily site report interface

5 Conclusion and Future Works

The research reported in the present paper provides a new perspective of the difficulties
construction firms can face as they move to implement information technologies on their
construction sites. It is very interesting to see how, despite the fact that many stable
commercial applications exist, some firms prefer to rely on in-house competencies to
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develop their own applications. The study shows that developing such applications can
be particularly challenging, with the need to have multiple iterations and failures before
achieving the expected goals. In the case studied in this research, the initial needs
evolved considerably throughout the application development and evaluation process.
Finally, the project had to focus on only a part of the initial needs and to postpone the
others for future work.

Future works will present the evaluation process of the technology and the feed-

backs from the site team.
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