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Visual Management of Daily
Construction Site Space Use

Audrey M. Bascoul't, Iris D. Tommelein*t and Danielle Douthett?t

" Project Production Systems Laboratory, Civil and Environmental Engineering Department, University of California, Berkeley,
Berkeley, CA, United States, ? Independent Researcher, United States

Space is a construction resource not to be overlooked during project scheduling,
production planning, and control. When space use over time is not planned,
trades may get stacked in areas of the jobsite that are labor intensive, which may
hamper productivity and cause safety concerns. Augmenting traditional scheduling
representations, spatiotemporal modeling in construction considers both space and
time to depict ongoing construction work. This paper presents a simple space
scheduling program called LoSite that helps workers involved in doing the work visualize
the work schedule, facilitates production control, and fosters transparency in daily
coordination of work space among trades. LoSite was implemented in Microsoft Excel.
The researchers prototyped, deployed, and tested the space scheduling program to
visualize construction work being done during the interiors phase of an open-space
office building. Successes of the program as well as limitations to its full adoption by
the team are discussed in this paper. LoSite delivers proof-of-concept that space-
use visualization, even on a large-scale project, can be accomplished effectively using
software that is readily available and familiar to many people.

Keywords: lean construction, visual management, daily space use, space scheduling, contractor coordination

INTRODUCTION

Construction projects are being delivered at ever-increasing speeds. To shorten project durations,
various scheduling methods including the Critical Path Method (CPM) encourage splitting
activities, so that they can be done in parallel, and increasing manpower and their supporting
resources. Informed by traditional schedule representations (e.g., Gantt charts with precedence
relationships), those methods tend to result in more trades and more workers sharing the same
limited work space on site. This increase in density of workers, leading to congestion and possibly
resulting in trade stacking, must be thoughtfully managed so as to not pose production challenges,
including quality and safety challenges. To address this management challenge, we developed a
spatiotemporal computer model called LoSite (where Lo refers to “Location”). LoSite helps project
teams visualize work being done, trade-by-trade and location-by-location.

This paper is structured as follows. We first expand on the existing literature in areas that
are foundational to the presented work. One section refers to the literature that describes the
lean practice called Visual Management (VM) in order to situate the research that led to the
development of LoSite. The following two sections refer to the literature that describes the use
of schedule representations and space use. The Section “Research Methodology” summarizes how
we approached the development of LoSite. The follow-on section describes the project for which
LoSite was developed, namely the interiors phase of a 40,000 m? more-or-less open office space.
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Section “Design of Computer Program to Visualize Daily Space
Use” details the LoSite program. We illustrate the use of
the program with examples from the project. Section “Field
Use and Assessment” expands on the technical specifics of
the LoSite computer program to visualize space use. Section
“Discussion” reflects on LoSite’s implementation, highlights key
lessons learned, and gives direction for future research. Finally,
Section “Conclusion” wraps up what was learned from this
proof-of-concept study.

VISUAL MANAGEMENT (VM)

The development of the LoSite program was a study of the
use of Visual Management (VM) in construction. VM promotes
systemic thinking aimed at increasing the performance of an
organization by stimulating human senses (Greif, 1991; Liff and
Posey, 2004; Tezel and Koskela, 2009). Different classifications
of VM practices and devices exist. For example, Galsworth
(1997) classified visual devices based on the effect they have
on people as (1) visual indicator, (2) visual signal, (3) visual
control, or (4) visual guarantee. Tezel et al. (2009) identified nine
visual management functions: (1) transparency, (2) discipline,
(3) continuous improvement, (4) job facilitation, (5) on-the-job
training, (6) creating shared ownership, (7) management by facts,
(8) simplification and unification, and (9) visual controls. The
LoSite program belongs to the visual control category, which
appears in both classifications (also see Wikipedia, 2019).

VM is practiced in a variety of industry sectors including
manufacturing, healthcare, and transportation. It is foundational
in the Toyota Production System (TPS) and applies to all
work done by the company, including both new product
development as well as manufacturing, as illustrated in the House
of Toyota (e.g., Figure 3-3 in Liker, 2004). Liker and Meier
(2005) noted: “We cannot stress enough the importance to make
it visual.” The TPS and lean production systems in general
use many interrelated VM methods. Examples are: shadow
boards, 5S, andon, mistakeproofing (poke yoke), and Kanban.
In the development of standards, visual controls help to: (1)
create alignment from the entire organization on the agreed-to
standards, and (2) enable workers and supervisors to recognize
deviations from these standards. In turn, once standards are
consistently met, the organization can then raise them as part of
its continuous improvement cycle.

While VM has been practiced for decades in various industry
sectors, its uptake in construction has been slow (Formoso
et al, 2002). Of course, graphical displays of construction
plans, schedules, etc. have been in use for the longest time
to serve various purposes. An essential aspect of VM is that
it is deliberate in pursuing the purpose of making it easy
for everyone to quickly recognize and comprehend what is
being communicated. Accordingly, VM helps organizations to
increase shared understanding and effective decisionmaking,
and in turn improve their performance. By coupling ease of
visual observation to immediate action-taking, it contributes to
fostering systemic thinking with rapid feedback loops, of the kind
practiced for example in in Lean construction.

Only more recently has VM been gaining increased attention
in construction (Tezel et al., 2010; Brady, 2014; Valente et al,,
2019). A number of VM tools are now available for use on
jobsites. Some of these use Information and Communication
Technologies (Dave et al., 2016) while others are low-tech, such
as the deck of mistakeproofing cards developed based the work
of Tommelein and Demirkesen (2018, Appendix IV). Aiming
to develop a holistic VM approach for construction, Valente
et al. (2019) created a model for designing VM systems. They
translated the model into a metaphor of an iceberg, involving four
steps, three of which are “non-visual work,” namely (1) observe
the process, (2) analyze user needs, (3) integrate in process
routine, and the last step is “visual work,” namely (4) define visual
device attributes. We followed these steps to develop LoSite.

The next section offers examples of time- and space
representations used in construction. These examples and others
described in the literature served as points of departure for our
development of a different means to communicate time-space
needs on a construction jobsite using VM.

TIME AND SPACE REPRESENTATIONS
USED IN CONSTRUCTION
MANAGEMENT

Time- and space uses in construction have been documented in
stand-alone, segregated models of time (schedules) and models of
space (site layout and logistic plans), but gradually have become
more integrated with one another.

Time and space have been depicted in construction schedules
in many different ways, with some representations being more
graphical than others. Kenley and Seppdnen (2009) developed
a typology of models. Examples include: a table with activity
names, start- and end dates; a Gantt chart possibly also
showing sequential relationships between activities; a Line of
Balance diagram; or a takt plan (Frandson et al., 2015). These
representations all display schedule-related data using different
types of abstraction of space and time, that are chosen based on
the purpose and audiences they are to serve (e.g., Kenley, 2004).

Schedule representations to some degree reflect what planning
or scheduling approach is used on a project; “to some
degree” because not all process details can be gleaned from a
representation. One example is Gantt charts, which nowadays
typically reflect the use of CPM (supported by commercial
software such as Primavera P6 and Microsoft Project). A Gantt
chart is a horizontal bar chart where each bar represents an
activity and the length of the bar is proportional to the duration
of the activity. Activities are listed one below the other, possibly
grouped hierarchically. Bars may be connected by means of
arrows to show dependencies governing the sequencing of
activities, though the arrows tend to be generic and do not
indicate any rationale for the sequencing. A different color for
the bar may be used to highlight critical-path activities, activities
belonging to a specific trade, etc. Milestones and embellishments
may be added to this depiction. Despite being widely used, Gantt
charts are rather limited in regard to how they represent space.
At best, an activity’s individual description (e.g., “Place concrete
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in area A”) or a vertical grouping of several activities mention
where on site the work will be done. Gantt charts fail at capturing
spatial work flows of trades and materials (Birrell, 1987; Koskela,
2000). They are not well-suited for production planning, that is,
planning at the level of detail needed to coordinate and execute
work on a day-to-day or an even shorter-term basis.

Another example is Line-of-Balance (LoB) diagrams (e.g.,
Harris and Ioannou, 1998) (supported by commercial software
such as VICO and TILOS), which indicate the use of location-
based production planning (e.g., Kenley and Seppénen, 2006).
A LoB diagram is a two-dimensional (2D) graph where each
activity is represented by a segment described in terms of
space on one axis [abstracted to a scalar variable, i.e., it is 1-
dimensional (1D)] and time on the other. Segments may be
connected by arrows to show precedence relationships. The slope
of the segment depicts progress in one-dimensional space over
time (a production rate) of the trade that performs the activity.
Accordingly, this depiction of space-time requires data about
the trade’s production rates tied to the location of their work.
Notwithstanding the fact that the LoB thus conveys a kind of flow
of work, people, or resources on site across areas, its graphical
representation of space in 1D lacks specifics needed to serve
well as a communication tool for superintendents and trades to
coordinate their daily space use.

Space is, of course, inherently 3-dimensional (3D) but in
use is also more varied than time is. For example, Riley and
Sanvido (1995) distinguished many different types of spaces on
construction projects: (1) layout area, (2) unloading area, (3)
material path, (4) staging area, (5) personnel path, (6) storing
area, (7) prefabrication area, (8) work area, (9) program and
equipment area, (10) debris path, (11) hazard area, (12) protected
area. Any or all of these space types are worthy of being modeled
in 2D or 3D, depending on the purpose and objective pursued.
This paper focuses on representing work areas to help coordinate
the work of trade specialists on a day-by-day basis.

Time-space conflicts in work areas occur when concurrent
activities have overlapping space requirements. Time-space
conflicts (e.g., trade stacking) challenge all project teams. They
negatively impact production, productivity, quality, and safety.
They fuel adversarial relationships on site that can escalate and
result in construction claims.

Different approaches exist to reduce if not eliminate
occurrences of time-space conflicts. Among them are (1) layout
planning and (2) space scheduling, with a fine boundary
separating the two. Both space scheduling and layout planning
are complex due to the nature of space itself: it is not cogently
modeled by a scalar variable (Tommelein and Zouein, 1992)
as is the case for resources such as materials, machines, and
people. The boundary between space scheduling and layout
planning is defined by the type of relationship that is established
to model and manage space use and the schedule. In layout
planning, the relationship between space requirements and
the activity schedule is unidirectional: space requirements
stem from the schedule (Tommelein and Zouein, 1992). In
contrast, space scheduling consists of “allocating space to
resources governed by a construction schedule, and conversely,
changing the schedule when space availability is inadequate”

(Tommelein and Zouein, 1993). That is, the relationship between
space requirements and the activity schedule is bidirectional:
space requirements influence the schedule and vice versa
(Tommelein and Zouein, 1992). The VM tool presented in
this paper uses as input schedule data and helps to visualize
layout plans. This visualization may help people spot space-time
conflicts, possibly triggering the need for follow-on action such
as reassigning space or rescheduling activities at another time.

While computer-based 2D space modeling programs like
AutoCAD, vector graphics, and 3D wireframes already were
used in the 1980s to plan construction work, it is not until
the rapid increase in computer power and advancements in
computer graphics, combined with a decrease in the cost
of hardware, leading to the advent of building information
modeling (BIM) in the mid-1990s that spatiotemporal modeling
became commonplace in construction. A chronological sample
of the literature might include: Tommelein (1991), Thabet and
Beliveau (1994), Cheng and O’Connor (1996), McKinney et al.
(1996), Akinci and Fischer (2000), Cheng and Yang (2001),
Akinci et al. (2002), Guo (2002), Sriprasert and Dawood (2003),
Hosny (2013), Hosny et al. (2013), Kim et al. (2013), Liu
et al. (2015), Fischer et al. (2018), and Francis (2019). It is not
our intent to review here what is now a substantial body of
literature on this subject, addressing issues of representation,
model functionality and model use in pursuit of optimization.

Many models have since been developed based on nD
BIM, with “n” referring to three dimensions of space, one
dimension of time, one dimension for cost, and any number of
additional dimensions to capture data to suit facility management
or other representation needs. Such models can be of great
sophistication. However, because their development and use
still appear to require the involvement of BIM specialists
and because they tend to not be integrated systematically
with the schedule as it gets updated, they are not as widely
used and thus not as useful as they could be. In fact, the
project of study for our action research (described later)
had been modeled with Digital Project and Revit and a
sophisticated LOD350 BIM model existed. This notwithstanding,
that BIM model was not used to schedule daily or weekly
construction work. Recognizing this reality and striving to
build a practical VM tool as an alternative, our experiment
was to try out using software that “everyone knows,” namely
Microsoft Excel, as the basis for creating a 2D spatiotemporal
model for field use that would lend itself to immediate action
in terms of helping to coordinate the daily space use of
trades working on site and allowing for rapid updating as the
project progressed.

Researchers have developed layout planning and space
scheduling programs for use in construction for many years now,
while gradually increasing the number of dimensions with which
to model space as computer hardware and software technology
made doing so feasible and practical. Nevertheless, modeling
space in more dimensions does not necessarily result in a better
system. The VM question we addressed was: How much of space
to show for the model to be fit-for-purpose? With this question
in mind, we defined the purpose to be straightforward, namely:
visualize daily site space use so that everyone can spot potential

Frontiers in Built Environment | www.frontiersin.org

September 2020 | Volume 6 | Article 139


https://www.frontiersin.org/journals/built-environment
https://www.frontiersin.org/
https://www.frontiersin.org/journals/built-environment#articles

Bascoul et al.

Visual Management of Daily Site Space Use

trade stacking and identify open space where work could take
place, and take corrective action where and when appropriate.
The LoSite program was designed to provide support mainly
for layout planning, that is, to help direct crews to work areas
and to visualize who would be working where on any given day.
Inevitably in so-doing, space-time conflicts would be detected.
This resulted in the team going back to the project schedule
to identify activities that were planned at the time and location
where the conflict existed, and the team would then manually
assess where to relocate work or which activity to reschedule.

RESEARCH METHODOLOGY

We followed a research methodology based on the Plan Do Check
Act (PDCA) cycle (Figure 1) to design and implement the LoSite
computer program. We loosely refer to it as action research
because the first author was embedded with the project team
while conducting her research. However, the research focused on
LoSite need identification, development, functionality, and use,
rather than on studying people and organizational changes that
might have stemmed from using the tool. Lewin (1946) defined

action research as “a way of generating knowledge about a social
system while, at the same time, attempting to change it.” Action
research falls under the umbrella of design science methodology
(Jarvinen, 2007). Design science (e.g., Hevner et al., 2004; Gregor
and Hevner, 2013) concerns itself with designing and making
artifacts to fulfill a purpose, testing and validating that those
artifacts indeed serve the intended purpose and do not have
unintended consequences, and then improving them as needed.
Baskerville (1999) presented action research as including five
steps, which more-or-less match those illustrated in Figure 1:

1. Diagnose the situation and define the
research problem.

Plan the action.

Implement the action plan.

Evaluate the outcomes.

Learn by repeating these steps.

existing

Vi »

The third author of this paper was the project executive for the
general contractor (GC) on the project. The first author worked
as a field engineer on site, the first 7 months full-time and the
next 3 months for 2 days per week. This gave her the opportunity
to attend weekly subcontractor meetings, observe work on site

N Report £
g Findings
2
<
s __Define the Issue
Observe
Re-engage 'y & Collect Data
ae with Ve
w Real World
< Report Setting/  —
= Findi Plan
7 Indings ituation  Analyze and Action/
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Real World
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7
FIGURE 1 | Action research cycle (image from www.brighthub.com, redrawn by Iris D. Tommelein and reprinted with permission from Carly Stockwell).
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daily, and directly interact with trades and superintendents. The
next sections describe how she used action research to develop
and implement the spatiotemporal model with two objectives in
mind: (1) to avoid trade stacking and (2) to identify areas where
no-one was working so that trades could be spatially re-allocated
to work in those areas (Bascoul and Tommelein, 2017).

PROJECT DESCRIPTION

Project Overview
The project, located on the San Francisco Peninsula, included
demolishing existing buildings and then constructing a 40,000 m?
(430,000 ft?) open-space office building. The office building
consisted of three levels: a parking level, a first level, and a green
roof. The project broke ground in October 2013. Construction
took around 16 months. The owner started to occupy the building
in Spring 2015. The first author joined the GC’s project team in
June 2014 and conducted her research on site until March 2015.
The design of the interior of the first level resembles an
immense warehouse composed of: (1) an open space also called
“the Big Room” in which employees can work collaboratively,
and (2) about 100 clusters of rooms (called “pods”) scattered
throughout the open space. Each cluster comprises between 2 and
10 rooms and is more-or-less unique. This uniqueness of product
features contributed to the complexity of managing this project.

Project Location Breakdown Structure
To manage of project of this physical size and complexity,
the space and associated work had to be managed in a
more piecemeal fashion. In fact, several Location Breakdown
Structures (LBS) were used (although the team did not use that
specific term). A LBS is a hierarchical spatial decomposition
of construction work space, with the decomposition being
developed to suit a specific purpose and informed by how work
on the project is structured. To suit different purposes, one would
expect the use of different LBSs. For example, the LBS for a
high-rise building project to manage the interior build-out work
may be tied to floor levels, which constitute a decomposition of
the work space by elevation to plan and track how work will
flow from one level up to the next one. Logically, the work
structuring effort that leads to defining a LBS must account, phase
by phase, for patterns of work flow (e.g., Riley and Sanvido, 1995),
logistics requirements, etc. Different stakeholders are likely to
have different preferences for one LBS or another, based on how
they view the world.

On this project, two LBSs were used and their use varied
by project phase.

1. The architect developed a LBS to produce the 2D floor
plans and elevations of their design model, dividing the
floor into five areas of approximately the same size. This
met the needs of the practical problem: What to fit on
which piece of paper (or on what page in a computer file)
for display and printing purposes? However, the resulting
LBS may have little if anything to do with production in the
course of construction.

2. The design documents also depicted a LBS with four
zones separated by seismic joints, thus catering more
to the project engineers view on the project. These
zones did inform the choice of construction methods, as
well as batching and sequencing of activities. The BIM
implementation team used this zone-LBS. In addition, the
project’s contract documents required trades to submit
their 3D model per this zone-LBS.

3. The GC developed their master schedule based on LBS (2)
to plan the structural concrete work, an activity early in the
schedule. Therefore, LoSite used this zone-LBS.

4. Not surprisingly, another LBS rationale could apply to the
open space for finishes work (after structural concrete).
That LBS would not necessarily have to be the same as
(1) nor (2). The GC and the interiors team liked using the
architect’s area-LBS because it divided the floor into five
parts of approximately the same size, i.e., it appeared to
define manageable chunks of work.

A potential reason for the co-existence of these two LBSs in
one phase of work - a form of self-inflicted project complexity -
is that, the building being mostly horizontal and geometrically
irregular, a simple decomposition of the space to serve all
purposes was not apparent. The practical consequence was that
the interiors team’s juggling of two LBSs, the zone-LBS and the
area-LBS, created confusion among trades, project engineers, and
other personnel on- and off-site.

5. However, this area-LBS (as did the zone-LBS) defined areas
that contained a combination of collaborative open spaces,
some clusters, and some mezzanines with additional rooms
and stairs. Arguably, neither one LBS, whether based on
zones or areas, cogently distinguished work spaces so as to
help manage the trades’ work space requirements. Neither
one therefore was sufficient to manage the production
schedule and the trades’ space needs on a day-to-day basis,
which is why we developed LoSite.

Production Planning on the Project
The first author joined the project team when concrete rough-
in work was underway and stayed on site through the end of
the next phase, the finishes phase. By the time the finishes phase
started, the team recognized that challenges were arising in terms
of managing equipment location and travel time, of deciding
on materials logistics, and especially of clearly communicating
to everyone involved who was to be working where and when.
People were getting dis-oriented when moving about in the
project’s single-floor open work space with pods scattered in
various locations. Pods were numbered but all too much looked
alike. This was a very different type of work space, compared
to what workers may have been used to when working floor by
floor in a multi-story building. The spatiotemporal challenges on
this project would only increase as manpower was building up,
peaking at about 650-700 people on site per day, with everyone
working in an area of about 40,000 m?.

The GC used Primavera (P6) to create the schedule of
this project while intending to have that schedule serve many
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different purposes: (1) meet the contract requirements, (2)
manage production, and (3) implement project controls. The
GC created the master schedule in the preconstruction phase to
study alternative execution strategies and assess their feasibility,
and consulted at that time with all the major trades to get
their scheduling input. The GC then used that CPM schedule
not only to track project progress for contractual purposes but
also to track on-site production. In our opinion, it is difficult
if not impossible to serve all these purposes using essentially a
single representation.

Nevertheless, the GC screened activities in the 3-week
lookahead schedule created in P6, and updated that schedule on a
weekly basis. Based on that schedule and feedback received from
trades, trades were assigned tasks for the upcoming week. The GC
assigned a work area to each task based on its superintendents’
and project managers tacit knowledge, and then distributed
the 3-week rolling schedule to all trades concerned in weekly
meetings. In the schedule, the GC further grouped activities
in the lookahead schedule per cluster. For example, the lower
half of Figure 2 shows cluster 1.93 that comprised six small
conference rooms and three cozy rooms. Additionally, a typical
activity line included: a location (aka. a cluster number), the
activity name, its duration, start date, and finish date. Examples of
activities included in the lookahead schedule were: “Frame walls
and ceilings,” “Wall/ceiling rough in and backing,” “Pre-test and
state inspection,” which was the finest level of granularity at which
activities were described.

An important fact in relation to the design of LoSite is that
activity line-entries in the P6 schedule did not reference the
name of the trade to which the activity was assigned. The GC
saw no need to populate the P6 schedule with any of the trades’
company names, because the description of each activity in their
schedule already referred to a certain scope of work, and all
trades should know their scope of work and the corresponding
P6 activities. When developing a schedule especially for a large
complex project, omitting reference to the trade involved in any
given activity is common, but this omission has consequences
for the ease with which that schedule can be used in production
planning and control.

Because references to trades were not explicitly shown activity
by activity, the schedule could not be filtered by trade prior
to its distribution in weekly meetings. As mentioned, the full

3-week rolling schedule (i.e., covering all on-going work in all
areas of the entire project) was handed out to the trades every
week, and the large number of tasks made it difficult for the
trades to: (1) calculate and plan for the manpower they needed
for the following week, and (2) relay instructions to their own
crews on what work to do and where to do it. If trades had
difficulties planning for their own crew sizes, then how could they
commit to weekly work plans? In addition, hiccups in schedule
communication were experienced on site: how could the GC rule
in favor of one trade or another when two or more had to work
in the same location at the same time? Not surprisingly, trades
had difficulties anticipating and visualizing space handoffs with
the preceding and the following trades. They also were concerned
with sharing work spaces with other trades in areas with large
work density (aka. clusters of rooms), where congestion appeared
to be inevitable if too little attention was paid to space scheduling.
Furthermore, progress control was difficult on the GC’s side
as superintendents had no practical means to check every day
whether trades had allocated enough resources to complete the
work they were assigned.

As a result, the GC’s superintendents and the trades expressed
the need for a better way to jointly develop and manage
the schedule. Therefore, the conditions of satisfaction for the
countermeasure, were for the researchers to make a schedule
that would (1) be visual so as to foster transparency in daily
coordination of the work space among trades, (2) be easy to use
and time-effective, and that would not (3) require major training
(4) rely on significant preparation work.

This completed one step in the action research process namely
“Step 1: Diagnose the existing situation and define the research
problem.” The researchers then set out to achieve this according
to “Step 2: Plan the action,” by designing and programming a
space use visualization program called LoSite, as described next.

DESIGN OF COMPUTER PROGRAM TO
VISUALIZE DAILY SPACE USE

Objective for LoSite Development

The LoSite program was designed to better communicate the
schedule to the trades than what could be communicated using
a full 3-week rolling schedule extracted from P6. Concerns and

Activity Name Original | Start Finish
Duration

2912 Install hoistway piping / Wiring 4 06-Nov-14A 14-Nov-14 A

2913 Insatll cab finishes 3 12-Nov-14A 14-Nov-14 A

2914 Pre test & state inspection 5 15-Dec-14 19-Dec-14
1.93 (6 small, 3 cozy) 96 20-Aug-14A 06-Jan-15

2916 Frame Walls and Ceilings 4 20-Aug-14A 21-Aug-14 A

2917 Wall / Ceiling Rough-ins & Backing 3 21-Aug-14A 26-Aug-14 A

2918 Inspection 1 17-Sep-14A 17-Sep-14A

FIGURE 2 | Example of line items in the 3-week rolling lookahead schedule.
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requests raised by trades indicated that the program should
help them: (1) identify where they had work to complete for
a given day, (2) plan for the manpower they needed for the
following week, and (3) identify space-time conflicts resulting
from over-allocation of space. While trades had been identified
as the main customers to the program, the GC also significantly
benefited from using it.

Software Platform Selection and

Implementation

Anecdotal evidence based on the authors’ first-hand industry
experience and observation of superintendents’ use of software,
indicates that Excel is widely used to manage field work on a
day-to-day basis. When asked about the reason for choosing
Excel, the response is that the interface is familiar and easy-
to-use. Interestingly, Excel still has much of the look-and-
feel of the program as it was 10, 20, or even 30 years ago
even though, of course, the software has evolved significantly
and major programming advances continue to be embedded
as newer versions come onto the market. The researchers
chose to develop LoSite as an Excel workbook for three
reasons: (1) its availability on all computers, (2) its wide
adoption by construction practitioners, and (3) the familiarity
of the researchers with the Visual Basic for Applications
(VBA) programming language from Microsoft. Accordingly,
we wrote the LoSite program in VBA wusing Microsoft
Excel 2014.

Figure 3 outlines the steps [1] to [7] a user must take to
generate visual maps from the P6 schedule using LoSite; they
are expanded on later in the paper. The LoSite program includes
eight main spreadsheets: five spreadsheets contain the interiors
2D drawing of each area (A to E), one spreadsheet serves as user-
friendly interface to the program, and two spreadsheets contain
the data exported from P6 and imported into LoSite. In addition
to those eight, other spreadsheets are used as intermediary steps
to manipulate the data.

Figures 4, 5 depict samples of the files generated during Step
[2] shown in Figure 3.

Besides programming Excel macros in VBA, additional
preparatory work was needed in Excel to enable Step [6] shown in
Figure 3. In the five spreadsheets representing the areas (A to E),
each group of cells is named after its location on the floor plan.
Because each cell’s name matches with the location name entered
in the schedule, the program can identify which activity has to be
performed in this cell. To enable the rendering shown in Figure 6,
the researchers added to each areas corresponding spreadsheet
the floor plan as an image with a transparency filter.

During step [7], the program reads each line of the copied
schedule. For each line, it checks whether or not the activity
is occurring on the date the program user entered as the date
for which to create a map. If so, the program identifies the
corresponding trade and associated color code using a dictionary
of keywords. The researchers developed this dictionary, that
maps each trade to a list of keywords, so that they could
“mine” the description of each activity in the P6 schedule and

[1] Create and update [2] Export schedule

schedule from P6 into Excel
format (.xls)
P6 P6

Export creates two files:

® “whscodes” with list of
unique identifiers (WBScode)
mapped against locations of
names (e.g., Pod 08)

o “tasks” with WBScode,
activity name, status, start
date, end date, and irade
(location is not included)

[3] Copy and paste .xls
export into LoSite tab
“TASKS” and “wbscode”

[4] Click on Macro
“STEP 1: Import New

3| Schedule into Excel.” |-

LoSite LoSite

LoSite

e cleans formal of data
exported from P6

® adds the location to each
activity in the spreadsheet
“tasks” using a LOOKUP
Junction using the
spreadsheet “wbscodes”

[5] Click on Macro
“STEP 2: New Schedule is Imported.
Update this workbook.”

A 4

LoSite

[6] Click on Macro
“STEP 3: Color up an area.”

LoSite

[7] Select area {A, B, C, D, or E}
to color up and enter date

Y

LoSite

LoSite

® removes activities for open space, mezzanine,
exterior, elc.

o identifies the trade for each activity by using
a dictionary that maps each trade to a list of
keywords (information nol in P6 schedule)

FIGURE 3 | LoSite program design flowchart.

(8]

Colored maps

Frontiers in Built Environment | www.frontiersin.org

September 2020 | Volume 6 | Article 139


https://www.frontiersin.org/journals/built-environment
https://www.frontiersin.org/
https://www.frontiersin.org/journals/built-environment#articles

Bascoul et al.

Visual Management of Daily Site Space Use

4 A B |

1 |WBS Code |~ |wBS Name [~]
719| FBWC.2.2.7.2.7.3.2.7.3.3 1.64 (2cozy, 2small, 1war,1¢s
720 FBWC.2.2.7.2.7.3.2.7.34 1.64.03 and 1.64.04 Restroom
721] FBWC.2.2.7.2.7.3.2.7.3.5 1.63.03 IDF
722 FBWC.2.2.7.2.7.3.2.7.3.6 1.63 (1 small, 1 medium, 1 wa
723: FBWC.2.2.7.2.7.3.2.7.3.7 1.62 (2 cozy)
724_ FBWC.2.2.7.2.7.3.2.7.3.8 1.61 (4 cozy)
725 FBWC.2.2.7.2.7.3.2.7.3.9 1.60 Mezzanine 5/ Library5/
726 FBWC.2.2.7.2.7.3.2.7.3.9.2 Mezzanine 5 - Duct in wall

727 FBWC.2.2.7.2.7.3.2.7.3.9.1 Mezzanine 5

728 FBWC.2.2.7.2.7.3.2.7.3.9.2 Library 5

729 FBWC.2.2.7.2.7.3.2.7.3.9.2 Elevators (P7)

730 FBWC.2.2.7.2.7.3.2.7.3.10 1.58 (M team Conf.)

731 FBWC.2.2.7.2.7.3.2.7.3.101 1.02 (M team Conf.)
FBWC.2.2.7.2.7.3.2.7.3.11 1.58 Salad Café/Janitors close

FIGURE 4 | Sample of a WBScode spreadsheet exported from P6.

more-or-less automatically figure out what trade was involved.
For example, the dictionary used the keywords “HM door” and
“HM frame” to identify the subcontractor installing hollow metal
frames and hollow metal doors respectively. The identification
and selection of the keywords to uniquely identify subcontractors
took trial and error. For example, the word “doors” alone could
not be used to identify a subcontractor since two subcontractors
were installing doors. With the trade identified for an activity, the
program reads the activity location as written in the schedule, and
colors up the corresponding range of cells that has a matching
name. The program also colors up the corresponding name of the
trade in the legend, which is divided into four main categories:
(1) MEP trades, (2) Finishes, (3) Specialties and Equipment,
(4) Miscellaneous. The program repeats this loop for each row
of the schedule.

When two trades are scheduled to work in the same location,
the program displays a four-direction arrow icon on the map. The
color of the arrow corresponds to the color of the second trade
sharing the space, the first trade being indicated by the color of
the cells. The program also displays the arrow icon in the legend
next to the second trade that shares the space. In this way, LoSite
indicates where trades will be sharing space, but it provides no

means to resolve space conflicts. The resolution of space conflicts
is left to the people in charge of the construction schedule. When
they adjust the schedule, LoSite can import the updated schedule
data and depict a new map.

To summarize, the knowledge required to develop the LoSite
program included: (1) Programming knowledge in VBA, (2)
Familiarity with the project trades and their corresponding
activities to develop the dictionary of trade keywords, and (3)
Familiarity with the jobsite in order to name Excel cells after the
corresponding location name as found in the P6 schedule.

User Experience

The researchers added an interface to the LoSite Excel workbook
to make the program easy to use. This section elaborates on
Figure 3, which described the steps taken to generate the daily
space schedule. The first two steps [1] and [2] are necessary
when updating the schedule. Otherwise, the user experience
starts at step [3].

[1] and [2]: Create the schedule and export the data from P6
for import into LoSite.

[3], [4], and [5]: Update the LoSite workbook (Figure 7).

[6] and [7]: Select the area to color-up (Figure 8). The user
can either generate the daily space schedule for a single area with
a given date, or generate the daily space schedule for all areas
for a given date.

[7]: Enter the date for schedule generation, and enter the date
for the last schedule update (Figure 9).

Output

Following research “Step 2: Plan the action,” which included
designing the LoSite program, came “Step 3: Implement the
action plan.” Figure 6 shows the output of LoSite (Step [8] in
Figure 3) for a particular instance of Area A on December 1,
2014 as indicated in the top right corner. On that date, seven
trades (colors: yellow, salmon, green, red, orange, blue, magenta)
were scheduled to work in the different conference rooms and
intermediate distribution frame (IDF) rooms. More trades may
have been scheduled to work in the open space (since the open
space was excluded from the program). In pods 08, 14, and 16,
two trades were assigned the same space as indicated by the four-
direction arrow overlaying the pods. Conversely, no trade had

2 |Activity ID Activity Status WBS Code Activity Name (*)Start (*)Finish (*)Resources
3526|A14870 Completed FBWC.2.24.24.224.25 SetElectrical Switchgear 10/6/2014 8:00:00 AM 10/10/2014 5:00:00 PM
3527|A14880 Completed FBWC.2.24.24.2.2425 Terminate Electrical 10/13/2014 8:00:00 AM 10/17/2014 5:00:00 PM
3528|A14830 NotStarted  FBWC.2.2.6.2.6.2.2.6.2.2.2. Install MEP Trim needed for FA 1/2/2015 8:00:00 AM 1/6/2015 5:00:00 PM
3529|A3752 Not Started  FBWC(.2.2.6.2.6.2.2.6.2.2.3. Paint 12/30/2014 8:00:00 AM 12/30/2014 5:00:00 PM
3530|A3754 Not Started  FBWC.2.2.6.2.6.2.2.6.2.2.3. Install MEP trim needed for FA 12/31/2014 8:00:00 AM 12/31/2014 5:00:00 PM
3531|A2653 Not Started  FBWC(.2.2.6.2.6.2.2.6.2.2.2. Paint 12/31/2014 8:00:00 AM 12/31/2014 5:00:00 PM
3532|A14500 Not Started  FBWC.2.2.6.2.6.2.2.6.2.2.2. Install MEP Trim needed for FA 1/2/2015 8:00:00 AM 1/2/2015 5:00:00 PM
3533|A14910 Not Started  FBWC.2.2.6.2.6.4.2.6.4.2.3. Paint Ceiling 12/19/2014 8:00:00 AM 12/19/2014 5:00:00 PM
3534|A14920 Not Started  FBWC.2.2.6.2.6.4.2.6.4.2.3. Install MEP Trim needed for FA 12/19/2014 8:00:00 AM 12/19/2014 5:00:00 PM
3535/ A14525 Not Started  FBWC.2.2.3.5.2.3.5.2.2.3.5. Install Stringers / Landings (Full) 12/11/2014 8:00:00 AM 12/17/2014 5:00:00 PM
3536|A14930 NotStarted  FBWC.2.2.7.2.7.1.2.7.1.13 Final 2 coats epoxy floor 11/26/2014 8:00:00 AM 12/1/2014 5:00:00 PM
3537|A14940 Not Started  FBWC.2.2.7.2.7.1.2.7.1.9 Finish Framing 12/3/2014 8:00:00 AM 12/8/2014 5:00:00 PM
3538|A14870 Not Started = FBWC.2.2.7.2.7.3.2.7.3.16 Floor Paint 12/2/2014 8:00:00 AM 12/3/2014 5:00:00 PM

FIGURE 5 | Sample of a “Tasks” spreadsheet exported from P6.
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Work Being Performed on 12/1/2014 8:00:00 AM LEGEND
ONLY ACTIVITIES RELATED TO
PODS ARE REPRESENTED. FOR
EXAMPLE: OVERHEAD-, WORK
STATION-, PLENUM-,
MEZANINE-, UBRARY-
LOCATED ACTIVITIES WILL NOT
BE REPRESENTED IN THIS MAP.
l THIS 15 NOT A SUBSTITUTE FOR
THE SCHEOULE
rass .., 150 | FORREFERENCE ONLY. |
QUESTIONS?
Send a0 emai 0
ST
[ =T e —— |
ot e LA
’»-a-to-}w Cered b
Work Being Performed o
12/1/2014 8:00:00 AM
FIGURE 6 | Output of LoSite for Area A.
been assigned to work in pods 30, 42, 15 and the “Hawker” area conflicts on a case by case basis after the generation of the
(kitchen area) on this day. The visual representation in Figure 6 maps and before handing the maps to the trades.
can inform the following actions: 5. The project manager and the superintendent can assess

whether they should assign a trade to work in the
remaining uncolored areas (aka. unassigned work areas),
based on backlog and other input.
. Trades working in the open space area can be made aware
of other trades occupying the site.
7. The superintendent can walk the site and use LoSite as
a visual control for production planning and ensure that
trades have dispatched manpower where needed.

1. The seven trades can use the map to coordinate and
dispatch their crews. 6

2. The seven trades can use the map to relay to their respective
teams the manpower, materials, tools and equipment
needed for the day, so that they can come fully prepared
to complete all work as planned.

3. The four trades being assigned to work in the same space
are informed of the time-space conflict prior to dispatching While LoSite was designed with the specific goal of informing
their crews. They can work out an agreement on who will ~ actions 1-3, the program also brought additional benefits
be working where among themselves or, if needed, they can  with actions 4-7.
escalate the issue to the GC.

4. The project manager and superintendent can revise the
schedule in order to avoid that trades share the same FIELD USE AND ASSESSMENT
confined space (on the same day) (four instances).

A preferred output is a map showing no 4-direction arrows.  In the research process, the next step is “Step 4: Evaluate
On the project, the GC analyzed and eliminated time-space  the outcomes.” Over the course of several weeks on site, the
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A B Cc D E F G H 1 ]

LEVEL i[:lE

WELCOME

WHAT WOULD YOU LIKE TO DO?

STEP1: ImportNew Schedule into Excel

STEP2: New schedule is imported. Update this
Workbook.

STEP3: Color Up an Area

NAME FILE of MAPS POPULATED
AND SAVE AS PDF

EXPERIENCING A PROBLEM?

FIGURE 7 | User interface of the daily space schedule generation program for steps [4], [5], and [6].

researchers generated daily space use maps every Monday
for the current week, and made them available to the 5
superintendents and 22 foremen (1 per trade) on their iPad
tablets. LoSite met the conditions of satisfaction that had been
articulated. However, the time available for evaluating LoSite
was relatively short. As mentioned, LoSite had been developed

([ |
UserForm5

X

I want to color up the following:

" AREAE
" AREAD
" AREAC
| (" AREAB

" AREA A

(¢ All Areas

OK

FIGURE 8 | LoSite window for area selection in step [7].

to help direct a workforce that peaked at around 650-700
people on site per day working in an area of 40,000 m?
during the finishes phase of construction. When that phase
neared completion, the production focus transitioned to the
approximately 2-months long inspections phase, with project
completion targeted for late February, early March, and owner
move-in to start right after. The need for spatiotemporal planning
diminished in the inspections phase because the density of
workers on site reduced significantly. As a result, LoSite was
viewed as not being so useful anymore. With management
staffing tapering off as well, no one on the project staff took
ownership of LoSite when the researcher was no longer available
to support its use.

Discussion with the trades and the superintendents to validate
the capabilities and usefulness of LoSite revealed some challenges:
(1) the open space area was not colored-up in LoSite so the
program did not provide the functionality it did for the clusters
(see aforementioned list of seven actions), and (2) the name of
the activity to perform in a room was not indicated on the maps.
These would not be hard to overcome in future software releases.

The first challenge stressed the importance of defining a LBS
that facilitates production planning in all areas of the project, as
well as the importance of allocating a clearly demarcated area to
each activity in the schedule. This was not done for the open
space. It was large and this made it (seemingly) acceptable to
have multiple activities take place it in concurrently. Logistically,
this was not a problem since the open space was large enough
in each zone to allow multiple trades to work concurrently and
not interfere with one another. However, temporary facilities
(such as scaffolding for ceiling work) and materials staging did
create obstructions. Moreover, because of its size and lacking
demarcated zones, project progress was more difficult to assess
in this area.

The second challenge was brought up by the GC even though
the GC was initially not the intended beneficiary of the use of
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r B A
UserForm1 @

Enter date (mm/dd/yyyy)

I Schedule Imported on (mm/dd/yyyy)

|

Color up all zones

FIGURE 9 | LoSite window for date input in step [7].

LoSite. Yet, the GC used LoSite for different purposes: (1) check
the quality of the schedule, (2) schedule backlog activities in
unassigned rooms, and (3) track resource commitments from
trades. Regarding (1) and (2), when a room was not colored-
up on a given day, no activity had been scheduled to take
place there. It either meant that the schedule was incorrect (i.e.,
an activity had been overlooked, a finish-to-start relationship
omitted, etc.) or that a backlog activity could be assigned.
Regarding (3), superintendents were using the colored maps to
check that trades were actually working in all of their assigned
rooms on a given day.

DISCUSSION

LoSite proved in concept that Excel could be used for
daily site space management. Its use in practice showed
that space use visualization can benefit both the trades and
the GC. For the trades, understanding the work schedule is
critical to plan for manpower. On large projects, this process
is facilitated when the quantity of the work is conveyed
location-by-location, in area quantities. Manpower depends
on how scattered the work is that is to be done on the
project site, which was also captured in the maps. For the
GC, space use visualization helped to facilitate production
control, avoid time space conflicts, and catch mistakes in
the schedule. Because LoSite could not capture space use in
areas that were not precisely delimited (see uncolored space
in Figure 6), it emphasized the importance of the LBS for
production control. Ill-defined work areas were a symptom of
lack of work flow coordination from the GC. It also enabled
superintendents to track resource commitments from trades. For
the GC and the trades, LoSite fostered transparency in daily
coordination of work space.

A key lesson learned in the development and use of LoSite
is that, despite using software that is familiar, users must of
course see value in using it and have time to embrace the process

itself too. Not only BIM or sophisticated scheduling tools but
also simple tools need people to embrace them. It is possible
that, if the LoSite output had been marketed better to the trades
(e.g., printouts posted around the site to facilitate discussions
about time-space conflicts) and also to everyone involved in
the inspection phase, trades and management might have been
more vocal about wanting to see its use continue. This lesson
has informed our follow-on research, pursued according to the
last step of the research process: “Step 5: Learn by repeating
these steps.”

In follow-on research, we have taken the use of simple
tools for spatiotemporal modeling using Excel one step further
than we did with LoSite. We reconceptualized our thinking
about spatiotemporal modeling based on the recognition that
what matters in trade coordination is how much time each
trade spends in what area to do their work, a concept for
which we coined the term “work density” (Tommelein, 2017).
Work density is informed by data that may be modeled
in a BIM (e.g., quantities and locations of products to be
installed in situ, and temporary facilities, if modeled) but
amalgamates the specifics of many other throttles that drive
production in construction and tend to not be included in
a BIM. Work density is expressed in unit of time per unit
of area and helps decide how to divide site space into work
zones. This method for zoning site space is very different
from what is done when using the LoB. We developed the
work density method to support takt planning using Excel for
VM (Singh et al., 2020) and using mathematical optimization
(Jabbari et al, 2020). We see value in developing more
sophisticated models to support established approaches for
spatiotemporal modeling (as many researchers do), as well as
in rethinking the purpose and objectives to be achieved with
such models.

CONCLUSION

Due to an increase in both project complexity and speed,
scheduling the details of space use over time is increasingly
necessary to facilitate production planning and project execution.
Seeing the details helps people understand the work schedule,
facilitates production control, and fosters transparency in daily
coordination of work space among trades. It is done by means
of work structuring and definition of Location Breakdown
Structures for each phase of work.

Informed by the effectiveness of visual management (VM) in
other domains, the researchers developed LoSite, a simple Excel
program that helps people visualize daily construction site space
use. The researchers prototyped, deployed, and tested the space
scheduling program to visualize work being done during the
interiors phase of a commercial office building.

Visual controls are designed to make problems, abnormalities,
or deviations from standards visible to everyone. When these
deviations are visible and apparent to all, action can be taken to
immediately correct them. LoSite is a visual control tool designed
for the GC and trades to spot space-time conflicts on a day-to-
day basis so that these conflicts could be addressed right away.
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In addition to the work density modeling and optimization
already mentioned in the discussion section, further research
is in order to assess the benefits of space use visualization on
space hand-off reliability. As space use visualization facilitates
the trades making commitments to complete activities in
well-defined areas, doing so creates a win-win situation for
everyone on the project.
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