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ABSTRACT

This theoretical study encompasses the role of digitalization in visual management (VM)
applied in construction projects to increase the situational awareness (SA) of construction
workers and crews. A literature review on VM, SA and self-managed crews shows that
the level of digitalization in the construction industry is low when compared to other
industries, that information silos are a common practice and that the decision-making
processes depend largely on the construction manager role, causing a bottleneck of
information and repeated time waste. As more digitalization enters construction sites and
the amount and quality of available data increases, appropriate use of this data can bring
meaningful improvement to construction site management. The study shows that using
updated and real-time data for VM devices can increase information flow among
construction workers and crews, increasing SA throughout the construction project. This
can enable the construction crews to be more autonomous and self-managed, resulting in
decentralized decision-making processes to solve task-related problems. Further steps for
empirical research are suggested.
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INTRODUCTION

The production phase of a construction project is a complex process that encompasses
many simultaneous sub-processes and activities. It often lacks transparency and
centralizes information, resulting in decision-making bottlenecks (Dave et al. 2008;
Akinci 2014). The construction industry has adapted different approaches from the
manufacturing industry and army forces to tackle these problems, such as the Toyota
Production System (TPS), lean management approaches, visual management (VM) and
situational awareness (SA). Nevertheless, the adoption of these approaches is scattered
throughout the industry, and case studies usually focus on the implementation of one
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concept at a time (Tezel et al. 2016; Thomas et al. 2014; Gheisari et al. 2010), resulting
in a deficiency of connection among concepts and how they can relate and impact
construction work when implemented together.

VM as a part of lean thinking has been an important management approach to increase
information distribution, bring more transparency to the construction site and enable pull
production approaches with more simple and targeted communication devices (Koskela
et al. 2018). The adoption of traditional VM brings benefits that have been measured in
different case studies (Tezel et al. 2013, 2016). On the other hand, case studies also
detected problems: the information available is often outdated and outside of workers’
reach (Tezel et al. 2011). The result is that it is difficult for the construction crews to be
self-managed or make decisions, which centralizes the decision-making process with the
project manager role, even for task-related matters.

These problems are also a direct result of the fact that the construction industry
presents very low levels of digitalization when compared to other industries. For example,
in the German construction industry, only 6% of the players reported incorporating
planning through building information modelling (BIM) during the design phase of
construction projects (Berger 2016). The level is even lower during the production phase,
in which digital tools have not been implemented at a significant level on construction
sites and communication between the office and field is often done on paper (McKensey
2016).

It is often during the production phase when the dynamicity and complexity of
construction operations stand out. In a construction setting, change is seen more as a rule
than as an exception (Kim et al. 2003). Changes during the production phase of
construction projects happen due to changes in design, supply chain effects, weather
conditions or unexpected operation delays (Sawhney et al. 2003). Construction crews
need to be responsive and make decisions at the right time to be able to adapt to the
occurring changes. Thus, decentralizing the decision-making during the production phase
is important to manage the changes that are part of the construction process.

To decentralize the decision-making process, it is necessary that construction crews
on site be equipped with the most updated information, available in timely manner and
with easy access. In other words, the crews must have information that increases their
perception of the current situation to comprehend how the scenario changes when taking
an action (Endsley 1995).

New technologies are enabling a larger volume of data collection and also increasing
the quality of data (Dave et al. 2008) that can be available for construction crews,
providing real-time information about the construction sites. It is possible now to collect
data from construction sites through 3D laser scanning and photogrammetry (Pica et al.
2019), indoor positioning systems (IPS; Olivieri et al. 2017; Dror 2018; Dror et al. 2019;
Zhao et al. 2019), Internet of Things (IoT) applications (Dave et al. 2015) and real-time
images captured by drones and helmet cameras (Pirkl et al. 2016). This assortment of data
can lead to a more autonomous construction crew and can be translated into meaningful
information that will increase their awareness of the construction site and current
production status.

One way to make the data available to crews during the production phase of
construction projects is through the digitalization of VM devices with different functions
within the framework devised by Galsworth (2005): order, standards, measures, controls
and guarantees. This would bring together different concepts used in the construction
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industry that have their origins in the manufacturing industry and military operations,
such as VM, SA and self-managed crews.

In order to explore the connections and align the understanding of concepts, the
following sections present the literature review of the concepts related to VM, SA and
self-managed crews. The literature review is followed by a synthesis of how digitalized
VM can empower self-managed crews, a discussion on the relationship among these
concepts and an analysis of their interdependence. The increasing technologies available
on smart phones and their popularity have made it possible to include them as a tool to
bring digitalization to construction sites. The use of cell phone applications as a means of
communication on the construction site is rising, and the role of cell phone applications
and their fit as VM tools is discussed under the topic of digitalization of construction. The
paper focuses on the lack of information about material, equipment, other crews and
planning available to construction workers and how the new technologies for data
collection of construction projects can close this gap.

LITERATURE REVIEW
VISUAL MANAGEMENT

The sense of vision mediates 80%—85% of human perception, learning, cognition and
activities (Ripley et al. 2010). Relying on vision during the execution of tasks was noticed
by humans even before research confirmed its importance, and industry practitioners,
even with individual efforts, have tried to make the workplace more visual. These efforts
have been formally reported in the manufacturing industry for more than 30 years,
especially coming from the Japanese car industry (Sugimori et al. 1977; Shingo 1989).

One of the definitions of VM is to provide information in a visual manner to those
who are executing the task in a way that the information can be retrieved at a glance and
immediately be transferred to the task execution (Greif 1991). VM aims to facilitate the
execution of tasks by providing a quick and correct understanding of the task (Greif 1991;
Galsworth 1997). Applying VM devices to signal, limit and guarantee (Shingo 1989) the
correct execution of the right task at the right moment, and transforms the workplace and
the task execution itself into an activity that is self-explanatory, self-ordered, self-
regulated, and facilitates continuous improvement (Galsworth 1997).

The use of the early stages of VM can be tracked to the beginning of the twentieth
century, when the Gantt chart was used for production control in 1917 (Moris 1994). The
reported good results in the adoption of different VM devices in the manufacturing
industry (Sugimori et al. 1977; Shingo 1989; Galsworth 1997) encouraged researchers
and practitioners from the construction industry to adapt and transfer VM knowledge to
construction projects (e.g., Koskela 1992; Formoso 2002; Tezel 2009; Koskela et al.
2018).

The use of VM devices like Kanban, Poka-yoke and Andon systems to solve
construction problems due to a lack of flow understanding and reduced process
transparency due to physical borders (walls and piles of materials) has been widely
studied; several studies have reported successful results (e.g., Tezel et al. 2010; Biotto et
al. 2014; Bascoul et al. 2017; Brandalise et al. 2018).

The different functions of VM in a workplace, such as transparency, job facilitation,
job training, discipline, continuous improvement, management by facts, simplification
and unification and creating shared ownership (Tezel, 2009) addressed during the
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production phase are the most common communication and information distribution
problems of construction projects.

Nevertheless, implementation of VM is not a practice largely adopted by the
construction industry, and when it is, it often reflects individual efforts from construction
managers to improve the quality and distribution of information on construction sites
rather than a company effort or practice (Tezel 2011). The information displayed is often
outdated and physically distant from where the tasks are executed, and the
implementation of VM in construction sites faces the challenge that the site is under
constant change (Valente et al. 2019).

SITUATIONAL AWARENESS

With its origin in military operations, situational awareness (SA) is defined as “the
perception of the elements in the environment within a volume of time and space, the
comprehension of their meaning and the projection of their status in the near future”
(Endsley 1995). SA presents three hierarchical phases: perception of elements in the
current situation, comprehension of the current situation and projection of future status.

In many construction projects, none of the involved managers and workers has an
adequate level of information to know the current project situation, and thus does not
understand what is happening and where, which makes it impossible to make any
projection of the future status when taking an action (Dave et al. 2008; Akinci, 2014).
Information about the production phase of construction projects such as activities status,
logistic problems, lack of materials and equipment is usually not available, and when it is
available is based on weekly meetings and status reports that are often subjective
(Seppianen 2009).

The majority of the research in the field is related to military and emergency
operations, and besides the potential use of SA in construction projects, the research and
practical applications are still scarce and tend to explore only safety aspects (Oloufa et al.
2003; Gheisari et al. 2010). The scarcity of research on the topic is also reflected within
the lean community. Using the search engine at the International Group for Lean
Construction (IGLC) website to search through all published papers at the 27 international
conferences, it is possible to find only three published papers mentioning the term
situational awareness (Koskela et al. 2016; Dror et al. 2019; Reinbold et al. 2019).
Among the current research development linking SA with construction projects is the
introduction of the term sifuation picture, which indicates the level of accessible
workflow data to be stored, refined and distributed, and the development of a conceptual
model of construction information management to achieve situation picture (Kérkkéinen
et al. 2019).

It is possible to correlate the lack of awareness about the project and task status with
a very low level of process transparency, interruptions in work flow and wastes of time
searching for decision-making information. Increasing SA during the production phase
has the potential to allow better and more proactive decisions about control actions from
both the project managers and workers.

Due to the increasing volume and quality of data being collected at construction sites
through emerging technologies such as drones, sensors and cameras, it will be possible to
make sense of these data and distribute them to the different roles during the production
phase, providing a better awareness to the actors and also stimulating their autonomy in
the decision-making process.
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SELF-MANAGED CREWS

To tackle high market competition, the manufacturing industry has applied many different
practices such as lean management and visual management. One management practice is
related to people management and is known as self-managed teams. The definition of
self-managed teams is teams whose members manage themselves, assign jobs, plan and
schedule work, make production- or service-related decisions and take action on problems
(Wellins et al. 1990). This definition is also applied to the term autonomous crews.

The adoption of self-managed teams by the manufacturing industry was widely tested
during the 1990s, and positive results reported in extensive research account for better
productivity (Cohen et al. 1994; Wellins et al. 1990), higher job satisfaction (Cohen et al.
1994; Cordery et al., 1991) and increased commitment (Cordery et al. 1991). Providing
the teams with the necessary information through different communication channels,
including VM, and empowering them to take action not only showed results through
improved productivity but also decentralized decision-making, resulting in more dynamic
production unities (Cohen et al. 1994; Wellins et al. 1990).

Once again, the construction industry noticed the potential of management techniques
from the manufacturing industry to solve the problems of centralization and information
silos. By the end of the 1990s, research about leadership and team building in the
construction industry was ongoing (Spatz 1999, 2000). Koskela (1992) stressed the
importance of worker involvement for the successful implementation of lean principles.
In this report, the term applied is self-directed teams, which implies proactive workers
who are able to manage their tasks and are empowered to make decisions and introduce
processes improvements.

Nevertheless, even with positive results, the research and practice on the topic is in
very initial stages, and studies continue to highlight the centralized nature of the
construction industry and the silos that characterize its information management (Dave et
al. 2008; Tezel et al. 2016; Koskela et al. 2018). Once again, aiming to assess the research
development inside the lean community, the search engine of the IGLC website was used
to search through all published papers at the 27 international conferences. It was possible
to find only two published papers mentioning the term self~managed (Abdelhamid et al.
2009; Desai at al. 2012) and three papers using the term autonomous crews (Buch et al.
2005, Miranda Filho et al. 2007; Desai et al. 2012); one of the papers (Desai et al. 2012)
is returned in both searches.

When a problem or change happens during the execution of a task in the production
of a construction project, the team involved in that task does not always have immediate
access to the construction manager, nor do they have enough information to make the
decisions; this leads to the improvisation of a solution that can enable the work to
continue. There is no awareness of the impact of the improvisation in production, and
often the impacts will be evident during the next weekly meeting. Meanwhile, the cascade
effect has already impacted other tasks (Koskela 2004; Fireman et al. 2013).

SYNTHESIS: DIGITALIZED VM TO EMPOWER SELF-
MANAGED CREWS

Self-managed crews are able to make decisions about the development of their tasks when
they have SA about the construction project, which means that the information about

materials, tools and other crews is available, and they are able to understand the impact
of their decisions in the planned tasks (Cohen et al. 1994; Wellins et al. 1990). Visual
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management aims to provide information to construction workers applying visual means,
making information available at a glance and maintaining relevant information provided
to the crews at all times (Greif 1991; Galsworth 1997).

With new technologies available to collect data on construction sites and enabling the
data to be collected in real time, the adoption of digitalized VM devices exposing this
information to those involved in construction projects, such as crews and management, is
necessary to increase information flow and enable decision-making based on updated
information.

Following, two use cases are presented to exemplify how the concepts of self-
managed crews and the use of digitalized VM are related. One case is from the perspective
of workers and one is from the perspective of the site management, to provide a better
understanding of how digitalized VM displaying data about activity status, location of
people, materials and equipment that are collected and made available in real time can
enable more self-managed crews and diminish the ‘making-do’ waste on construction
sites.

Use case 1: In a construction project of a multi-storey building, during the phase of
internal finishes, the crews’ view of the production flow is interrupted by physical barriers
such as walls, corridors and different floors. One of the crews working on tiling is
planning to work on a certain floor. Without going to the floor and inspecting the work
location, they cannot know if the material and tools are in place, nor if there is another
crew working in the same place. With positioning sensors placed on the tools, materials
and workers, geographic coordinates can be collected and then transformed into
information, as floor number and floor area of equipment location, that could be displayed
on a digital screen at the floor entrance. That could be used for visual order, and the tiling
crew will be able to visualize if the tools and materials are in place and if the location is
in use by another crew.

With information such as the aforementioned available to workers, they would be able
to prepare the necessary tools and materials before starting the task, avoiding the waste
of time searching for tools or the interruption of the task development due to lack of
materials. In addition, they would be able to avoid negative interferences caused by too
many crews working in the same location.

Use case 2: Using the same hypothetical situation described above of the multi-storey
building and the tiling crew, the site management will only be aware of the activity status
when the tiling crew reports it, or on a daily hub, on a weekly report or if a site supervisor
goes to the location and inspects it. Using a static camera to capture the room where the
tiling is happening, it is possible to transform the image data into information about the
work progress. This could be available to the management in the same type of digital
screen used for the workers, making the information available in real time and eliminating
the movement waste of going to the location to update the activity status information.

The collection of data about construction sites is increasing with the use of
technologies as positioning sensors. Capturing both static and dynamic images has the
potential to return the collected data to the construction sites as VM information and
improve the production work flows and the level of SA of both working crews and
management.

DISCUSSION

Self-managed crews would be of great benefit during the production phase of construction
projects, as this phase is characterized by its dynamism and often requires fast and
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responsive decision-making. Self-managed or autonomous crews are not a common
feature during the production phase of construction projects, and one of the reasons for
this is the lack of real-time information about the production and the availability of this
information.

Throughout this phase, information about production progress is often collected
manually to create status reports that are outdated, somewhat subjective and shared with
the production teams during weekly (or even less frequent) meetings (Kérkkéinen et al.
2019; Seppénen 2009). This often results in a team waiting for a site manager’s response
to a daily task problem, causing cascade effects to many other tasks and teams.
Approaches such as daily meetings and VM devices are applied to solve the lack of
information, but the adoption is not observed consistently in construction projects.

Self-managed teams are only a possibility when the correct information is easy to
access, updated and increases the overall SA of the teams involved in the production.
During the production phase there are many challenges to increasing process transparency
and the visualization and understanding of activity flows. With the continuous physical
changes in the building itself, physical barriers such as walls and equipment can become
interruptions in the collection, distribution and visualization of information.VM presents
different tools to facilitate the execution of tasks applying visual information located
where it is needed in production areas (Galsworth 1997). It distributes the information,
increases process transparency and supports the visualization of flow in construction
projects (Formoso 2002; Tezel et al. 2011).

The adoption of VM during the production phase increases the team’s SA even when
simple tools are applied, such as drawings with chalk on the walls to locate the electrical
boxes. Nevertheless, the increasing use of new technologies, such as drones, tracking
materials and workers with sensors, are allowing real-time data collection about the
production process, and the availability of this data can increase processes transparency
and the production flows can become more visible.

It is possible to find some development of cell phone applications targeting
information sharing with production teams, but it is necessary to discuss here if they can
be considered a VM device. So far, there is no literature directly linking VM in
construction sites and the use of cell phone applications by workers. VM tools should be
always visible in the workplace (Galsworth, 1997), and relevant information should be
available at a glance (Greif, 1991). Cell phone applications do not fulfil these
requirements because they require active searching for information rather than exposing
the workers to relevant information at all times. It is necessary for workers to have their
cell phone in their hand, unlock the screen of the device if needed and actively search for
the application. Considering that more than one type of information is available, the
worker will have to then search for the exact information needed. Listing the basic actions
of taking the cell phone in hand, unlock the screen and searching for the application and
the information, four active actions are required from the worker before reaching the
information needed. Based on the active actions required by the worker to reach the
information, we argue that this type of application cannot be considered a VM tool.

There is potential in digitalizing some VM tools to increase the real-time data shared
and, in this way, increase the SA of those involved in production and empower teams to
make decisions and become more autonomous.

The adoption of VM devices is often challenged by the display of outdated
information and information that is misplaced (Tezel et al. 2011). Transforming the data
collected with the support of new technologies into information that can be displayed
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through digital VM devices on construction sites will enable the information about the
activity status, location of crews and equipment and production flow to be collected and
shared in real time. Information availability will increase both the workers’ and the
management’s awareness about the production phase.

CONCLUSIONS

Self-managed crews are only possible if updated information about the production
activity status, logistics and location of other crews, materials and equipment is shared
and they have SA about what is happening currently at the construction site and how their
decisions affect other tasks and the project as a whole. VM is already applied at
construction sites aiming to increase transparency and improve information sharing.
However, VM applications reported so far have been manually updated without using the
latest technologies related to digital SA.

The adoption of cell phone applications to share information at the construction site
has an important role in information distribution; nevertheless, they cannot be considered
a VM device since they require active information seeking. Digitalized VM devices could
potentially include, for example, screens with information that is updated automatically
located in strategic places, such as at floor entrances, displaying information about the
tasks under development, crews and materials available on that floor.

New technological developments related to automated data collection are increasing
the volume and quality of data collected and have the potential to facilitate information
sharing, increasing the SA of those involved in the production phase. Better SA can enable
a more extensive use of self-managed teams. Overall, it can be concluded that the use of
digital VM devices to display the data collected from construction sites in real time can
be the missing link to bring information to construction site workers, enabling them to be
more autonomous in their tasks.

There is room for further research in the area of the need for digitalized VM devices
and how they impact the production phase, as well as on the decision-making process of
workers and the range of information required to enable crew autonomy. Future research
on the usability of digital information by construction workers can support the
understanding of which information should be displayed and how.
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