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ANOTE FROM THE CONFERENCE CHAIR

While our IGLC community was trying to catch up with how the reshaping of the
manufacturing by the advent of the “fourth industrial revolution” or industry 4.0 would
impact the architecture-engineering-construction (AEC) industry, an even bigger and
unprecedented economic and social disruption caused by the outbreak of the COVID-19
pandemic in 2020, posed new and unimaginable challenges leading to a world that is
going through its biggest transformation in every single aspect of our society in almost a
century.

Countries responded to the COVID-19 pandemic by taking unprecedented steps such as
making large amounts of money available to fund rescue measures such as tax cuts,
extended unemployment benefits, mortgage holidays, and liquidity for small and
medium-sized businesses. And some of the millions of persons that suddenly started
working remotely during the pandemic, have taken the unprecedented opportunity to shift
their lives in a new direction expecting not having to go back to the office again. This has
also shifted the traditional way of working in the AEC industry towards one that enable
the e-office and e-collaboration among project teams.

Back in 2020, the 28th IGLC conference already setup (i.e., auditoriums, catering, hotel
reservations, audiovisual equipment) to be carried out in Cusco, Peru had to be
surprisingly cancelled due to the COVID-19 worldwide lockdown and traveling
restrictions imposed throughout the word in March 2020. Iris Tommelein! and her P2SL
group at UC Berkeley jointly with Emmanuel Danie? from University of Wolverhampton,
raised to the occasion making the IGLC community statement “annual conferences are
the main activity of the IGLC, and their locations rotate amongst the continents” to
become charged with a new meaning, having by the first time a completely online IGLC
conference in 2020. The 28th IGLC online conference organized by the P2SL at Berkeley
replaced the originally planned in person conference to be held in Cusco, Peru in July
2020.

Building on top of the pioneering experience provided by UC Berkeley, this year’s 29th
IGLC full online conference has been entirely organized by the Peruvian university:
“Pontificia Universidad Catolica del Pert” under the leadership of Professors Dr Danny
Murguia and Dr Xavier Brioso, and with the senior advice of Professors Dr Luis Fernando
Alarcon from Catholic University of Chile and Dr Vicente Gonzalez from University of
Auckland.

In this year’s conference, we had 98 papers’ presentations, 9 Summer School
presentations, 2 keynote speakers, and a Gregory Howell Lean Game Session. All the
papers and presentation slides are available online at iglc.net.

With the conviction that we shall emerge from this COVID-19 pandemic with a healthier
respect for the environment and our common humanity, Dr Flores inaugurated the
conference with the keynote presentation: “Trust, emotionality, relationships, and
productivity - some reflections for the construction industry”. And Dr Guilherme Luz
Tortorella provided the closing keynote presentation “Integrating Industry 4.0 into Lean”.

These IGLC29 conference proceedings do not only contain the records of the conference,
but they will carry within themselves the story of the challenges and opportunities brought

! Director, Project Production Systems Laboratory (P2SL) at UC Berkeley
2 Senior Lecturer in Construction Management, University of Wolverhampton
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up by the COVID-19 pandemic to our IGLC community as well as to the broader Lean
Construction community.

Finally, we would like to thank to all the members of the 2020 28th IGLC conference
organizing committee that was not possible to be carried out in person in Cusco, Peru
neither during 2020 nor during 2021, special thanks to Carlos Lepesqueur for his efforts
and leadership on the organization of a conference that did not happen and that we still
hope to happen in the new world of hope that has started to arise.

Lima 14th of July 2021
Leonardo Rischmoller, Conference Chair IGLC29
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ANOTE FROM THE ORGANIZERS

On behalf of the Division of Civil Engineering at the Pontifical Catholic University of
Peru (PUCP) and our research group GETEC, we are delighted to have organized the
IGLC29 with the theme: “Lean Construction in Crisis Times: Responding to the Post-
Pandemic AEC Industry Challenges”. It is even more special to hold this event during the
celebration of the bicentenary of Peru’s proclamation of independence. In the conference
logo, we have included the “parihuana”, an Andean bird of red and white colors that is
said to have inspired Don Jose de San Martin in the design of our flag. This bird’s flight
represents our flag waving in the sky.

Lean Construction arrived in Peru in the mid-90s thanks to the late Dr Virgilio Guio
Castillo, alumni PUCP and a former professor of our department. He was a member of
the IGLC community since its early years. Professor Guio authored the first Lean
Construction research in Peru (published in the IGLC1997) and wrote a seminal book on
construction productivity. His legacy has inspired a generation of practitioners and
academics in the construction industry. 24 years have passed now, and we can say that
Lean Construction is a fundamental element of the Peruvian construction industry,
although more research and implementation is needed to improve maturity and
performance. On the academic side, PUCP’s undergraduate and graduate Civil
Engineering programs include Lean Construction, and their integration with BIM, ICTs
and digital transformation. Organizing the IGLC29 reinforces our commitment to
teaching and researching Construction Management based on value generation, waste
elimination, and the integration of Lean with emerging systems and technologies;
underpinned by respect to people and collaborative planning. This is aligned with our
mission to educate better citizens with solid ethic principles.

This conference would have not been possible without the support of numerous people.
First, we would like to thank PUCP’s Events Team under the leadership of Patricia
Harman. The graphic design, registration, webpage and the logistics was possible thanks
to the hard work of Violeta Antdn. Also, we would like to thank Zofia K. Rybkowski
for organizing the Greg Howell Lean Game Sessions. The game sessions facilitators are
as follows: Ming Shan Ng (Charmaine) and Daniel M. Hall (TVD for digital fabrication);
Ganesh Devkar, Georgie Jacob, Nimish Sharma and Shaurya Bhatnagar (TVD
simulation); Colin Milberg (Batch, Pull, Balance); Iris D. Tommelein (Mistakeproofing);
Rajeswari Obulam (5S Puzzle); and Cynthia Tsao (Parades of Trades®). We would also
like to thank Paz Arroyo and Ergo Pikas for excellently organizing the IGLC PhD
Summer School under the theme “Novelty and Usefulness to Deliver Relevant Lean
Construction Management Research”. We would like to thank our research assistants for
their support in the editorial process. The editorial plagiarism check was possible thanks
to the work of Claudia Calderon-Hernandez. Compiling the proceedings and ensuring the
quality of final papers was possible thanks to the work of Ema Perea. Finally, we would
like to thank Alonso Urbina for drafting the conference program. We hope you enjoy the
conference.

Lima 14th of July 2021
Danny Murguia and Xavier Brioso, Organizing Committee IGLC-29
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PREFACE

The Annual Conference of the International Group for Lean Construction (IGLC), the
main IGLC activity, has run without interruption since its inception in 1993. The IGLC
represents a network of practitioners and academics from architecture, engineering and
construction (AEC) who are passionate about Lean Construction and feel that the AEC
industry has to be radically revamped so that it can respond to the global challenges ahead.
The IGLC goal is to meet customer demands more effectively and to dramatically
enhance the AEC process and product during the delivery of a project. In this regard, the
IGLC has been developing new principles and methods tailored to the AEC industry that
reflect a fundamental transformation in product development and production
management. Originally, the IGLC began a progressive adoption of Lean Production
principles and methods that proved to be very successful in the manufacturing domain.
The IGLC emphasises the development of theory because the paucity of solid production
management theory is an impediment to progress in the AEC industry. Today, Lean
Construction has evolved and matured as a production management theory for
construction in its own right embodying not only management and production aspects,
but also other areas, such as human and social aspects of projects, the synergies between
Lean and Digital Technology (IT), and the relationship between Lean and Sustainability.

The venues for the IGLC conference have alternated between the five continents, even
though last year and this year conferences were organized in online format due to the
pandemic times we are living in. The 29th Annual IGLC Conference was organised by
the Pontificia Universidad Catélica del Perd, with the main theme being "Lean
Construction in Crisis Times: Responding to the Post-Pandemic AEC Industry
Challenges”. This conference will be bringing together a large number of practitioners
and academics who will present their research and industry findings.

One hundred and twelve full papers were initially submitted to the conference.
International experts (academics and practitioners) volunteered their time to review and
assess the submitted papers through a double-blind peer review process. The final
decision on papers’ acceptance was jointly made by the track chairs and the scientific
chairs based on these assessments. Finally, 98 papers were accepted from 23 countries,
which is an excellent outcome for the first online IGLC conference run in Peru (the second
held in this country). The papers have been organised into ten tracks: Contract and Cost
Management; Enabling Lean with Information Technology; Lean Theory; People Culture
and Change; Product Development and Design Management; Production Planning and
Control; Production System Design; Safety, Quality and Green-Lean; Supply Chain
Management and Off-Site Construction, and Learning and Teaching Lean. A summary
of the submitted and accepted papers by track is shown in Table 1.

Table 1. Papers submitted and accepted to IGLC-29.
Papers Papers

Track Submitted  Accepted
Contract and Cost Management 6 5
Enabling Lean with IT 4 3
Lean & BIM 7 6
Lean Theory 10 9

People Culture & Change 26 23



Product Development & Design Management 8 6

Production Planning & Control 18 18
Production System Design 8 5
Safety, Quality & Green-Lean 5 5
Supply Chain Management and Off-Site Construction 7 7
Learning & Teaching Lean 13 11
Total 112 98

This year’s conference considered two categories of papers, research and industry papers.
Note that industry papers represent contributions that follow the general structure of a
research paper but have an emphasis on the practical and industry side of Lean
Construction, such as Lean transformation of construction organisations or
implementation of Lean tools in projects.

Table 2 shows a summary of the accepted papers sorted by country. We would like to
thank the international experts for reviewing these 98 papers. Their efforts helped to
ensure the papers accepted for the conference and incorporated in the proceedings were
of a high standard. We would also like to thank the authors for addressing the reviewers’
comments. This guaranteed that the best possible papers were considered to be published
in this year’s conference.

Table 2. Papers accepted by country to IGLC-29.
Country? Papers Accepted

Brazil 14
Peru 14
United States of America
Finland

United Kingdom
Norway

Germany

Denmark

Chile

Canada

India

Ireland

Luxembourg

New Zealand
Netherlands

South Africa

China

Australia

Lebanon

South Korea

Mexico

Switzerland

Italy

[EEN
[EEN

P P P P P P PFPFPFPDNDMNDNDOWOWWOWWPROO OO0 O

Total
aCountry of the first author's institution
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Finally, we would like to acknowledge the area track chairs for their assistance in the
editorial process and for all their invaluable and hard work “behind the scenes”. The track
chairs are as follows: Yong-Woo Kim (Contract and Cost Management), Olli Seppénen
(Enabling Lean with Information Technology), Carlos Formoso (Lean Theory), James
Smith (People Culture and Change), Dani Dietz (Product Development and Design
Management), Farook Hamzeh (Production Planning and Control), Frode Drevland
(Production System Design), Laura Florez (Safety, Quality and Green-Lean), Emmanuel
Daniel (Supply Chain Management and Off-Site Construction), and Zofia Rybkowski
(Learning and Teaching Lean).

Lima 14th of July 2021
Luis F. Alarcon and Vicente A. Gonzalez, Editors and Scientific Chairs IGLC-29
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DEVELOPMENT OF TARGET COST FOR A
HIGH-PERFORMANCE BUILDING

Atle Engebg?, Olav Torp?, and Ola Ladre?

ABSTRACT

Target costing aims at making both cost and value to drivers for design. Still, few have
studied how this is done in a high-performance building project, where a set of parameters
beyond the typical cost, schedule, and quality parameters are optimised. Here we explore
how a construction project team collaborated to reach the owner's allowable cost during
design using observations and document study. The findings show that the owner should
precisely describe expectations before starting Target Value Design. If not, the owner will
get disengaged or develop suspicion towards provided cost estimates. Furthermore, we
argue that the typical development of expected cost can inhibit a high-performing design
team. The expected cost typically starts at the owner's allowable cost, increases drastically
during design, and has to be substantially reduced. The consequence is that a high-
performing team's mood moves from optimism towards realism and eventually into a
realm where challenges occur. The domain where challenges arise is when the project
team must substantially reduce the expected cost to reach an acceptable level. To remain
high-performing throughout, the project team should avoid a drastic increase in expected
cost in the initial stages.

KEYWORDS

Target cost, Target Value Design, collaboration, team development.

INTRODUCTION

A project delivery method, as defined by Miller et al. (2000), is “a system for organizing
and financing design, construction, operations and maintenance activities that facilitates
the delivery of a goods or service”. Previously, traditional project delivery methods such
as design-bid-build and construction management at risk were a preferred choice for
project owners. The latest years, collaborative project delivery methods with early
contractor involvement (Lloyd-Walker and Walker, 2015; Fischer et al., 2017; Engebg et
al., 2020b; Wondimu et al., 2020) and Target Value Design (TVD) (Ballard and Reiser,
2004; Ballard and Pennanen, 2013; Do et al., 2015) have received increased attention.
Successful application of TVD in construction has been reported (e. g. Ballard and Reiser,
2004; Ballard and Pennanen, 2013; Denerolle, 2013) However, some TVD projects
experience final costs that exceed target costs (Ballard et al., 2015; Tillman et al., 2017).
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Development of Target Cost for a High — Performance Building

For successful application, realistic performance requirements and target cost should be
set before conceptual design (Tanaka, 1990).

In Target Costing, the cost is estimated directly from the owner’s requirements before
design rather than from a design offered to satisfy those requirements (Pennanen and
Ballard 2008). According to (Ballard, 2006; Ballard, 2007), the target cost can equal the
owner's allowable cost set in the project business plan before hiring the contractor, or it
can equal the expected cost defined by the project team. The expected cost would be the
facility's cost, with a determined performance, if provided at current best practice. The
contractor's target cost (target selling price) is often set right below or at the allowable
cost, while if the project team defines the expected cost, the owner often sets the target
cost at the expected cost.

Current best practice refers to a situation where the project team participants set target
costs that are stretch goals and share risk and reward with the owner. If setting target cost
equal to the owner's allowable cost, the project team must assess if the requirements can
be met when taking acceptable risk. The owner can combine a mutually agreed target cost
with risk and reward sharing. Some researchers claim that the target cost should be lower
than the allowable cost for both project alliancing and Integrated Project Delivery (Sakal,
2005; Fischer et al., 2017). Torp (2019) has studied how public agencies in Norway set
cost targets. In Norway, both the Norwegian Public Roads Administration and Statsbygg
(the Norwegian government's principal advisor in construction and property affairs) use
steering targets lower than the allowable cost. The target cost can change during design,
and in some projects, the owner has an option to fund design before making a Go/No Go
decision for the actual construction. Applications of collaborative project delivery
methods with TVD are not much studied in Norway, so this paper answers the following
research questions:

1. How is target cost set on a high-performance building project?
2. How does expected cost develop through the collaborative phase?
3. How can a collaborative delivery method contribute to development of expected cost?

LITERATURE REVIEW

The project delivery method dictates how the project team engages, methods used, and
how different actors get involved. Regardless of the project delivery method, the design
is conducted by a multi-disciplinary team of designers seeking to fulfill the project
owners' requirements. This paper is limited to so-called collaborative project delivery that
seeks to integrate and align the actors in an early stage, i.e., already in the planning phase
(Fischer et al., 2017). This sort of collaboration is challenging as the team assembled is
both multi-disciplinary and inter-organisational. Another distinction is that the planning
phase typically involves a high degree of uncertainty and an equally high degree of
flexibility (Knotten et al., 2017).

THE CONCEPT: TARGET COSTING AND TARGET VALUE DESIGN

The method of target costing stems from Japanese Manufacturing companies and may be
described as a management technique aimed at reducing life-cycle costs of new products,
while ensuring quality, reliability, and other consumer requirements, by examining all
possible ideas for cost reduction at the product planning, research and development, and
the prototyping phases of production (Kato, 1993).

Guilding et al. (2000) refer to Target Costing as a practice that seeks to satisfy a
customer need by setting a reasonable target cost is for that need. Target costing is
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implemented primarily during the development and design phases of the manufacturing
process as a system designed to improve an organization’s services and related processes
through cost optimization (Sobotka et al., 2007). An often-used approach in traditional
Design-build is a fixed-price contract. A more 'innovative' approach is the cost-plus
approach, where the owner pays all of the project's audited costs plus some fee. The fee
may be fixed, an incentive, or an award fee (Griffis and Butler, 1988). A difference
between cost-plus with incentives for cost reduction and target cost is that cost-plus
reduces cost by lowering performance, quality, and profit.

In contrast, design and customer input guides cost reduction in target cost. Cost-plus
can, for example, leads to squeezing of the sub-contractors. Suppose target cost is reduced
below allowable cost by pressing the sub-contractors' overhead, rather than changing the
scope of design or customer input. In that case, this undercuts any motivation for the sub-
contractors to lower the total cost (Nicolini et al., 2000). Instead, the object of target
costing is to identify the production cost of a product so that, when sold, it generates the
desired profit margins (Cooper, 2001). Consequently, the project team should emphasise
proper cost management throughout the whole design process. The process should be
centered around identifying the allowable cost at which the contractor can produce the
product with a predefined and acceptable overhead. Then breaking the target cost down
and have the suppliers find ways to deliver the components at the set target cost while
still making a profit margin (Cooper, 1997; Cooper and Slagmulder, 1999).

Target Value Design (TVD) is a management practice in which the design and
construction are steered towards the project constraints while maximizing customer value
(Ballard, 2011). TVD can be implemented through various project delivery methods, and
research suggests that TDV can be applied to projects of all sizes (Do et al., 2014). TVD
was adopted from Target Costing (TC). Target Value Design focuses on setting targets,
design to targets and builds to targets (Zimina et al., 2012). The allowable cost is a cost
the customer finds acceptable; i.e., they are willing and able to pay that amount and are
assured that they will receive in return what they want. The project owner sets allowable
costs, and the expected cost is estimated several times during design and construction, as
output from the cost model, estimated by the project team.

THE PROCESS: THE RELATIONAL SIDE — INTEGRATED TEAM

This paper concentrates on the design stage, as this phase is crucial for defining the
project's value. Yet how the process is run varies vastly from project to project; for
example, value engineering (VE) revolves around searching for alternative components
that fulfill the component's function by an alternative method. The concept is centered
around function analysis to identify low-cost products without reducing quality but
remove unnecessary costs and improving design through workshops that focus on high-
cost areas concerning the particular design (Palmer et al., 1996).

In collaborative project delivery methods with Early Contractor Involvement (ECI),
the early stages of the project are centered around the notion of integrated design. Work
is organised around multidisciplinary teams, whose members are often co-located to
favour collaboration and innovation (Forgues et al., 2008). A way of organising the design
is by engaging all involved representatives concurrently (Concurrent Engineering) and
where all life cycle stages of the product are considered simultaneously, from the
conceptual stage through to the detailed design stage (Love and Gunasekaran, 1997).

A key element to this approach is that one needs the multidisciplinary team to perform
from an early stage and onward. Tuckman’s model suggests that groups progress through
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four classified stages (Tuckman, 1965). Tuckman later revised his model, adding a fifth
stage called adjourning (Tuckman and Jensen, 1977). The starting point called forming is
constituted by orientation, testing, and establishing dependency. The second stage is
storming, where conflict and polarization around interpersonal issues occur and serve as
resistance to group influence and task requirements. In norming stage, this resistance is
overcome, and the group feeling and cohesiveness develop, new standards evolve, and
new roles are adopted. Lastly, the performing stage is reached in which the interpersonal
structure becomes the tool of task activities. Roles become flexible and functional, and
group energy is channelled into the task (Tuckman, 1965; Tuckman and Jensen, 1977).
To contextualise, teamwork is one of the most critical features in the success of a good
design process and to fulfill the project owners' requirements (Freire and Alarcon, 2002).
Thus, using a framework such as the Tuckman model as a lens to understand how teams
develop during a design process could be valuable in discussing group dynamics in the
context of Target Value Design.

While the model is broadly accepted within various fields, providing a breadth of
application for viewing different practical settings, contemporary sources have noted that
the model does not sufficiently recognise the complexity of group dynamics or the many
specialised areas of group development. Group dynamics also includes leadership,
motivation and rewards, and external factors such as organizational roles, resource
allocation, and external stakeholders' pressure (Bonebright, 2010).

METHODOLOGY

The empirical findings stem from an observational study and a document study of the
design phase, the so-called contract phase 1, of a high-performance building located in
Trondheim, Norway. The findings are merged with insight gained from a thematic
literature review on Target Costing, Target Value Design, and Group Development.

The studied high-performance building is a Zero Emission Building (ZEB)
Laboratory in Norway. This 4 stories high building contains approximately 2000 m?,
where a set of parameters beyond the typical cost, schedule and quality is optimised.
When finished, it will be a full-scale laboratory where the users are exposed to different
temperatures, air qualities, moisture levels, luminosities etc. The first reason for selecting
this high-performance building is that the complexity made it challenging to estimate
expected cost and define cost targets. The second reason is that experiences from
collaborative project delivery methods with TVD are easier to transfer from complex to
non-complex projects than the other way around.

To collect data, the main author observed the weekly full-day ICE-sessions (from
08:30-15:00) where the owner and the contractor-led project team participated for nearly
half a year. The observations were part of a larger research project on collaborative project
delivery methods in construction projects. The data presented in this paper are
observations that resulted in a dataset of more than hundred pages of fieldnotes.

Normally, around twenty people attended the weekly ICE-sessions. The project team
included five participants from the contractor (Project manager, Estimation manager,
Design manager, BIM-coordinator, and one assistant), seven from the owner (Project
manager, Project coordinator, Laboratory-representative, user-representative, and three
ZEB-experts), three from the architect (Head-architect, assistant-architect, and LCA-
Expert), and four from the sub-contractors (HVAC, Automation, Construction, and
Electrician). The project team was informed about the intentions of the observations, and
after a couple of weeks the presence of the observer felt natural.
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Also, the researchers had access to a webserver with project documentation, including
contracts and project specifications. Documents describing the development of expected
cost during the design and from a discourse between the owner and the contractor
regarding how they described Target Value Design were of particular interest. However,
the study did not implement any specific tool for reporting the change in moods of the
project team. Thus, the description of how the team developed through the design phase
represents the perception and analysis of the empirical evidence collected by the
observing researcher.

FINDINGS AND DISCUSSION

We have studied a project that used a two-step model where the first step started with the
owner contracting a contractor together with an architect, consultants, and subcontractors
to a development phase (contract phase 1). The development phase usually has a
preliminary target price and an option for a turnkey contract with a target price in step
two (contract phase 2), provided that the parties manage to develop an adequate project.
The first contract was a Norwegian Standard contract (NS 8402: For consultancy
commissions with remuneration based on actual time taken) supplemented with a
“Partnering Agreement” drafted and signed by all parties involved. The first contract
regulated the schematic design, where the contractor continuously updated the expected
cost. The project team was assembled through a start-up seminar from the contract signing
and subsequently worked together through 22 weekly Integrated Concurrent Engineering
Sessions and workshops.

The case (The ZEB laboratory) was a “high-performance building” (HPB) with a set
of ambitions beyond the typical cost, schedule, and quality parameters. The challenge
was to design a building that fulfilled the particular demands: (1) to achieve ZEB-COM
level (simulated in a 60 years perspective), (2) to have separate control and measurement
systems, one for ordinary operation and one for research, (3) design flexible energy and
climatization systems, (4) design flexible workspaces, (5) build a fagade that enabled
rebuilding and adaption, for example to future climate changes (Time et al., 2019).

How TARGET COST IS SET IN A HIGH-PERFORMANCE BUILDING PROJECT

The project's complexity made the owner opt for a collaborative project delivery method
where key actors' were involvement early on and put together in a high-performance team
that could provide technical solutions and innovations to produce the full-scale laboratory
facility. Through the project delivery method, the owner emphasised relational aspects
instead of just transactional. However, as the owner loosened up transactional regulations,
the need for trust, shared goals, and follow-up by management increased (Engebg et al.,
2020a). The project team started with just the ambitions laid out by the owner and the
predefined allowable cost. The parties had to agree on a schematic design with an
expected cost at- or below the allowable cost to proceed to the second phase. Thus, after
phase 1, the owner had an option (but not an obligation) to procure the project team for
detailed design and construction (contract phase 2) using a Norwegian Standard Design-
Build contract (NS 8407: for design and build contracts).

The allowable cost was set at 127 million NOK by the three funding parties (a
university, a research organisation, and the Norwegian Research Council). Thus,
throughout phase one, the project team evaluated the expected cost against the design.
The challenge was to develop the design, adding value for the customer while at the same
time keeping the expected cost down. The project team developed the design in the ICE
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sessions. The sessions were designed to optimise iteration between the sub-contractors
(technical specialists), the architect, the contractor, and the owner. Typical design
iterations started with the architect presenting the current BIM model before the sub-
contractors gave technical feedback, and the main contractor considered consequences
for the expected cost. After sessions in the plenum, the team continued work in thematic
groups (indoor design, outdoor design, and technical).

How EXPECTED CoOST DEVELOPS THROUGH THE COLLABORATIVE
PHASE

Initially, the ICE-sessions proved to be a suitable means for balancing the design and
managing the expected cost. The sub-contractors, the architect, and the owner
representatives discussed, decided, and changed solutions in the ICE sessions. However,
a transparent estimation of consequences for the expected cost was more challenging to
incorporate. Using the previous ICE-session inputs, the contractor estimated and updated
the expected cost before the next ICE session. This practice led the owner to perceive the
estimation of consequences for expected cost like a "black box" as they only saw the input
(design iteration in an ICE session) and output (updated costs in the next ICE session). In
other words, the owner had little or no insight into the contractor's actual cost-estimation
process, as illustrated in figure 1.

Concept development

Cost-estimation
Figure 1: The cost estimation process seen from the owner perspective.

In theory, this should not be a problem as the participants meet jointly to reveal and revise
their estimates before presenting an itemised list to the complete project team, including
the owner. Although the owner attended those meetings and had access to the books (open
book), it was not transparent how the contractor calculated the numbers and what they
included. Therefore, the owner wanted to review the cost estimate. The contractor's
hourly rates, material prices, and calculated overhead were of particular interest. The
same was valid for the sub-contractors contingencies and overhead and whether the main
contractor had added an overhead. The owner suspected that the contractor added
overhead or contingencies onto the detailed cost items, and overhead included in the
expected cost. The owner meant that the contractors should only include overhead once
and not in "several layers.".

The degree of detail and the accuracy of the expected cost will typically increase as
the schematic design progresses, as decisions are made, and more information is known.
The contractor estimated the expected cost continuously during schematic design, and
stretch-goals were built into the target cost to provide an incentive for cost savings when
the owner and main contractor signed the design and build contract. The owner was
decisive on the ambitions related to ZEB-COM, separate control, measurement systems,
etc., and had to accept a reduced number of total square meters in the building during the
iterations in schematic design. This way, the owner and contractor could agree on a target
cost — as it should be according to TVD — lower than allowable cost (AC).

Figure 2 shows how the estimated expected cost developed through phase 1 of the
case project. At the start of the schematic design, Positivism roamed. As the contractor
started developing the project and assessing all the uncertainties, the expected cost surged
(Expected Cost 1). Viewing the initial stages in the light of Tuckman’s model, we can see
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the expected cost escalate through the forming and storming stages as the team has a
positive attitude and at the same time seeks to avoid conflicts or themes that create
tensions (“positivism roams”). At some point in the collaboration, realism takes hold of
the project team as the project team reached the norming and performing stages. At this
point (expected cost 2), the target cost has further increased because the contractor
changed the estimation technique from rough element calculation to more detailed item
calculation. It was unclear whether the increase in expected cost was caused by too-low
initial pricing of the elements or the project team had added other qualities(too much
emphasise on value-adding during the initial stages of the collaboration). The change in
estimation technique also caused the owner to lose track since the estimates became
detailed and too extensive for outsiders to comprehend. The subsequent cost reduction
led by the owner and contractor seemed to remind the sub-contractors of a process that
focuses on lowering specifications, reducing quality, which undercuts any motivation to
lower the total cost (Nicolini et al., 2000). They felt that the main contractor tried to
squeeze their profits in front of the owner. Therefore, the lowering of expected cost below
allowable cost was an inhibitor to collaboration for the sub-contractors.

Expected Cost 2

Negative
deviation

Expected Cost 1

Target Cost

Allowable
Cost

N L ] .
I
1
1
1
1
1

Positivism roams Realisin hirs Challenges occurs

o .
NS 8402: N\ NS 8407

Contract for i issions with ion on the basis of actual time taken ///}\ Contract for design and build y

Figure 2: Conceptual presentation of the expected cost development.

Towards the end of the first phase, the expected cost travelled downward towards the
allowable cost. The project team had to move away from concentrating on value-adding
in the design towards strict cost-cutting instead. The contractor and the owner agreed
upon a Target Cost that both parties could live with (but neither were utterly content with).
The parties then signed the contract for phase 2 (detailed design & construction). Even
though the owner and contractor agreed on a target cost after cost-cutting, they still
seemed to have different perceptions of what was included and which party was
responsible for the uncertainty. The total overhead included in the target cost was 15 %,
and they added a risk contingency of approximately 1 % to the individual cost items.
Consequently, despite a pleasant first part of the collaboration, the different perceptions
of the target cost may cause problems during phase 2 (challenges occur).

How A COLLABORATIVE DELIVERY METHOD CONTRIBUTES TO
DEVELOPMENT OF EXPECTED COST

Regarding the third research question — about how TVD can contribute to developing
target cost — the owner and main contractor agreed on a target cost developed during the
collaborative schematic design after a halting TVD process. As described in the literature,
a potential downside of traditional design and build contracts is that the design
concentrates on cost reduction by reducing performance, quality, and profit — not with
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design and customer input — and that undercuts any motivation for the subcontractors to
lower the total cost (Nicolini et al., 2000). This cost-cutting by pure reduction of
performance, quality, and profit is unwanted in TVD. Instead, the collaboration should
result in innovative solutions for materials and systems that reduce costs while
maintaining functions according to the owner’s initial specifications. Furthermore,
practicing open-book was supposed to support TVD, but the practice deviated from the
theory. While the project team shared both model updates and cost estimate updates in
the Big Room meetings, the contractor estimated expected costs between the ICE sessions.

Consequently, it became challenging for the owner to evaluate the estimate's basis
and unclear if, for example, the estimates were reduced by lowering performance or as a
result of design or customer input. The owner was given weekly summaries and
spreadsheet overviews, but the owner had to physically access the contractor's computers
located at their headquarter for detailed insight. The owner had been able to access
estimates, neither on the web-hotel nor physically. This lack of transparency might
catalyse the need for reviewing the build-up of the cost estimate. Additionally, the sub-
contractors delivered their estimations to the main contractor, who included them in the
owner's summaries. As documented in a similar case study, unclear descriptions of how
the open book is practiced represent a potential weakness (Larssen et al., 2019).

Lean practitioners on both the owner and contractor sides should be aware that teams
do evolve over time and that this development could affect the target value design process.
However, one lesson is that the actors - to avoid relational challenges - must agree on
both the scope and the target price before they enter the implementation phase.

CONCLUSIONS

This paper reports from the design process (contract phase 1) of a high-performance
building. A contractor-led project team collaborated with the owner to reach a target cost
corresponding to the owner's allowed cost. The team consisted of the main contractor, the
architect, and sub-contractors. The team got a set of ambitions from the owner beyond
the typical cost, schedule, quality parameters, developed design, and the corresponding
expected cost. In phase 2, the owner and main contractor will sign a design and build
contract based on the schematic design and the set target cost.

The development of the expected cost is illustrated in Figure 3. It derailed from the
allowable cost quite early, in a realm of positivism where the actors introduced innovative
technical solutions to add as much value as possible to the high-performance building.
Seeing this in light of how teams develop, we can say that the team went from optimism
(forming and storming) towards realism (norming and performing) when the project team
put a more considerable emphasis on the expected cost. The managers changed from
supporting playfulness towards stressing costs and assessing risks resulting in
disagreements in the team, which corresponds well with the norming stage.

Target Value Design's benefits could have increased in the investigated case if the
owner had communicated the ambitions more precisely. When the project team started to
reduce expected cost 2 to a level corresponding to the owner's allowable cost, the mood
changed from positivism to realism. The owner wanted to review the expected cost, while
the contractor and the sub-contractors had to remove overhead and risk contingencies
they felt entitled to. When the mood changed, the collaboration in the high-performing
team of specialists cooled down.

This paper's contribution is the illustration of how the expected cost and the mood of
the actors developed. More studies are needed to make sure that cost reduction in TVD
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projects is achieved by design and customer input and not by reducing performance,
quality and profit.
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EVALUATION OF LEAN PRINCIPLES IN
BUILDING MAINTENANCE MANAGEMENT

Isabela S. Dragone?, Clarissa N. Biotto?, and Sheyla M. B. Serra®

ABSTRACT

Buildings do not usually receive the necessary maintenance during their use, which may
cause serious accidents. Building maintenance is essential for ensuring the project’s
planned performance, safety, and functionality during the phase of use and occupation,
which are ensured by the maintenance management. However, with the increasing
complexity of buildings, the traditional maintenance management methods have become
outdated. The lean mentality is shown as a viable alternative since it is possible to apply
it in building maintenance through its principles and practices. The research strategy
adopted was the case study carried out in a building maintenance company. A lean
maintenance checklist was created, composed of 46 practices grouped in the five lean
principles, which support identifying the level of lean maintenance deployed in the
activities and processes of building maintenance management adopted by the company.

KEYWORDS

Lean construction, lean maintenance, building maintenance management, construction
industry.

INTRODUCTION

Buildings must have adequate conditions for use, necessary maintenance to prevent
accidents caused by failures or wear of use/operation, and ensure its conservation and
satisfactory performance throughout its useful life (Carlino, 2012).

There are three stages in the life cycle of buildings, as suggested by Lessa and Souza
(2010). The first stage is related to study and to plan activities, such as viability, studies,
and design documentation development. The second encompasses the activities related to
the execution of the construction and assembly of buildings, and the third is the stage of
use, operation, and maintenance.

Akcamete, Akinci and Garrett (2010) point out that the largest share of expenses
within the building’s life cycle occurs in the last stage, representing approximately 60%
of all the costs involved. Furthermore, these authors indicate that corrective maintenance,
which acts after the deterioration mechanism occurs, corresponds to this cost’s more
significant portion. The consequences of the lack of building maintenance, or its
inadequate application, entails risks in its users’ safety, no guarantee of the building
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lifespan, and high repair costs that could be avoided. According to the Brazilian Institute
of Assessments and Engineering Expertise of Sdo Paulo - IBAPE /SP (2015), more than
60% of buildings’ accidents are caused by failures in maintenance and use.

In this context, maintenance management is responsible for planning, controlling, and
executing building maintenance. However, the traditional management methods are no
longer indicated, as they have not followed the evolution of buildings, which tend to have
larger dimensions, especially vertically, besides existing more complex equipment and
technologies that serve an increasing number of users (Abreu, Calado, and Requeijo,
2016). Thus, the importance of having more efficient maintenance has been demonstrated
through recent studies that try to relate lean thinking with maintenance strategies, as claim
Mostafa and Soltan (2014).

The lean philosophy aims to reduce activities or services that do not add value to the
customer (user), and despite its initial development in the industrial environment, it can
be applied in the service sector. Hence, it emerges the focus on lean maintenance, which
still lacks studies on the drivers and barriers of implementation and its benefits for the
building maintenance sector.

Therefore, through a case study, this paper proposes to identify the lean maintenance
management principles and practices used by a company responsible for the building
maintenance and in which conditions they are applied.

LITERATURE REVIEW

BUILDING MAINTENANCE MANAGEMENT

To ensure that the buildings and systems meet their functional capability,requirements
and users’ safety, it is necessary to apply a set of conservation or recovery activities,
called maintenance (ABNT NBR 5674, 2012). It ensures that the building complies with
standards and laws (Abreu, Calado, and Requeijo, 2016). The maintenance system is the
“set of procedures organised to manage maintenance services”. It aims to preserve the
building’s original characteristics and prevent its loss of performance defined in the
design, resulting from the degradation of its systems, elements, and components (NBR
5674 ABNT, 2012).

The usual functions of the building maintenance management are preparation of plans,
procedures, and routines of maintenance, operation of equipment and building facilities,
manage works, documentation of the building and related equipment, human and material
resources, contracts of external service providers, and prepare maintenance budget
ensuring rationalisation and cost control (NBR 5674 ABNT, 2012; Abreu, Calado and
Requeijo, 2016). In addition, the BMM must perform preventive, corrective and routine
maintenance activities (NBR 5674 ABNT, 2012).

LEAN PRINCIPLES AND WASTE IN MAINTENANCE MANAGEMENT

The five lean principles proposed by Jones and Womack (1996) are the same in
maintenance aspects (Davies and Greenough, 2010, Mostafa, Dumrak, and Soltan, 2015).
Moreover, Pinto (2013) describes these five principles from the lean maintenance
perspective as:

1. Identify the value: what the customer expects with maintenance, zero breakdowns,
zero accidents, zero costs, sustained increase in efficiency in operations, among others;

2. Map the value stream: identify which are the steps within maintenance that deliver
value to the customer;
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3. Create a continuous flow of value: improving information, material and people flows
in order to accelerate value creation processes by eliminating waste;

4. Establish pull: perform tasks only when necessary within the management of reserve
materials, supplier management, and communication;

5. Seek perfection: encourage maintenance employees to improve performance with the
adoption of systematic tools and methodologies that promote proactive practices and
attitudes towards maintenance in order to eliminate activities that add time and cost;

Specifics actions should be taken to achieve the lean maintenance principles. For value
definition, the organisational maintenance system must be define, including activities,
planning, team, and training of those involved (Mostafa, Dumrak, and Solta, 2015). In
identifying the value stream, the authors suggest mapping the maintenance value stream
(current state), identifying waste in all activities and processes related to maintenance,
and defining the performance measures of maintenance elements (Mostafa, Dumrak, and
Solta, 2015).

In sequence, to create a continuous flow of value are the analysis of networks and
waste practices, prioritisation of removing these, and documentation of gaps in the current
state of maintenance management. Subsequently, it is recommended to reconfigure the
value stream map (future state) with the selection of best lean practices, followed by the
simulation and execution of lean maintenance that should have its overall effectiveness
evaluated, thus configuring the step of applying the pull logic (Mostafa, Dumrak and Solta,
2015).

Finally, Mostafa, Dumrak, and Soltan (2015) suggest auditing lean maintenance
results, creating standardisation of lean practices and procedures, developing teams and
employees, and expanding lean practices to seek perfection in all processes.

Specifically for the maintenance of buildings, Abreu, Calado, and Requeijo (2016)
propose applying lean philosophy in four phases/pillars based on the elimination of waste
and the principles of continuous improvement (seeking perfection) definition/creation of
value. The proposal of these authors, named Lean Building Maintenance (LBM), can be
seen in

Figure 1.
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Figure 1: Lean Building Maintenance House (adapted from Abreu, Calado, and

Contract and Cost Management 15



Evaluation of Lean Principles in Building Maintenance Management

Requeijo, 2016)

The first phase/pillar of Figure 1 aims to evaluate the organisation’s state and knowledge
to obtain the diagnosis of the most accurate current state possible. The second aims to
identify waste, such as activities that do not add value to the organisation and suggest
improvements. Thus, the actions of the first and second phase of this proposal include the
actions related to the principles “1. Identify value”, “2. Map the value stream”, and “3.
Create a continuous flow” from the previous proposal.

The third stage resembles the stage that addresses the fourth and fifth principles of the
previous proposal, which are, respectively, “4. Establish pull” and “5. Seek perfection”.
In this stage, after applying suggested lean tools and practices, the objective is to expose
the value creation to the organisation by measuring the impact of the implemented
improvements and the elaboration of standardisation of practices.

Finally, the fourth stage/pillar aims to implement a computerised system to support
decision-making and enable a more efficient administration of the volume of information
required to manage activities.

To achieve the objective of each phase, the authors propose tools that are exposed in

Figure 1 in their respective pillars.

THE 8 WASTES IN MAINTENANCE

The wastes within maintenance are proposed by different authors based on the original
wastes defined by Ohno (1997). Within the bibliography, the proposals that most closely
resemble each other are Pinto (2013), Clarke, Mulryan, and Liggan (2010), and Mostafa,
Dumrak, and Soltan (2015). For Pinto (2013), the eight maintenance wastes are:

1. Unproductive work — performing activities that do not add value, such as
unnecessarily performing preventive maintenance tasks or at intervals smaller than
what is necessary;

2. Rework — incorrect performance of tasks that must be redone;

3. Waiting for resources — long periods of inactivity due to the lack of availability of
materials, workforce, equipment, or information to accomplish the task;

4. Poor inventory management — not having or having excess material to perform the
tasks;

5. Excessive transportation — an excessive movement of materials and information due
to the unavailability of documentation and work orders and provision of resources
away from work areas;

6. Waste by movement — loss of time in round trips due to the lack of an appropriate and
unique place for the disposal of materials and documentation that are essential to the
performance of maintenance services;

7. Ineffective data management — a collection of information that is not necessary,
absence of vital data collection or inefficiency in data collection due to the lack of
interconnection of this data with maintenance processes, e.g., with inspections;

8. Under utilisation of resources — an absence of the maximisation of resources is
material or human, being the human exemplified by the non-use of such a skill set.

Clarke, Mulryan, and Liggan (2010) present the “incorrect application of machinery”,
which would be the incorrect operation of tools or choice of operational strategies that
apply unnecessary maintenance services. Mostafa, Dumrak, and Soltan (2015) present in
the “maintenance without the standard”, as the operations are done as quickly as possible,
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without guidelines and standard procedures, eliminating the opportunity to perform a
higher quality repair.

LEAN PRACTICES AND TOOLS

Lean tools represent applying the principles during this philosophy’s implementation
(Mostafa, Dumrak, and Soltan, 2015). Among the various existing tools, those that cover
maintenance activities are: 5S; 5Whys; Total Production Management (TPM); Kaizen;
Poka-Yoke; Kanban; Process Mapping (PM); Computerized Maintenance Management
System (CMMS)/Computer-Aided Maintenance Management (CAMM); Just In Time;
Failure Mode and Effect Analysis (FMEA); standardisation of procedures; Value Stream
Mapping (VSM); Visual Management (Smith, 2004, Davies, Davies and Greenough,
2010, Mostafa, 2015, Abreu, Calado and Requeijo, 2016).

Building Information Model (BIM) can also help organisations manage maintenance
information (Mostafa, Dumrak, and Soltan, 2015). Furthermore, PM differs from VSM
by focusing on individual processes rather than material flows and product-related
information. Also, the future state view of a Process Map is defined in noticeable
improvements and does not consider lean principles such as VSM (Ferro, 2005).

RESEARCH METHOD

The research strategy adopted was the case study in a building maintenance company. It
was developed a lean maintenance checklist for data collection with the study’s
participants.

DATA COLLECTION

The literature review was the basis for structuring the initial data collection tool, mainly
NBR 5674 (ABNT, 2012) and lean principles. It was developed in joint with the
participating company as a research protocol to diagnose their processes and understand
the maintenance activities flow. Furthermore, the protocol inspired the tool for
conducting qualitative exploratory research based on the method proposed by Toledo and
Shiaishi (2009).

The final version of the checklist was divided into three parts: characterisation of the
company and interviewees; identification of procedures, activities, tools, and practices
used in maintenance management through lean maintenance principles (criteria). A set of
best practices has been established for each principle of lean maintenance (criteria) based
on the bibliographic review. This third part of the checklist (Table 1) contains 46 items
to evaluate lean maintenance principles.

It is noteworthy to mention that the data collection was performed remotely through
videoconferencing tools due to the social distance imposed by the Covid-19 pandemic.
The application of the questionnaire had a duration of one and a half hours on average.
The interviewee was the Maintenance Manager of the studied company, and it was not
requested that he knew lean concepts.

DATA ANALYSIS METHOD

The data analysis was based on the method proposed by Saurin and Ferreira (2008), in
which the criteria are analysed individually, qualitative, and quantitatively. Each lean
principle, i.e., criterium, of the checklist had a total score resulted by the sum of each
practices’ scores. The researchers attributed the score according to the lean practice level
in maintenance management (see Table 2).
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Table 1: Checklist for the evaluation of lean maintenance principles in buildings

The use of visual devices is disseminated for

1 Identify the value
1.1 There is a maintenance plan
1.2 The maintenance plan is periodically reviewed
13 There is a standardised protocol/process for supplier
’ management
14 Is there a system for identifying the opinion, need and
’ preferences of the end customer (VoC)
1.5 Pre-site inspections are carried out periodically
16 End customers (users) are oriented on proper use and
' emergencies
Maintenance personnel are trained to learn about the
1.7  philosophy, principles, and basic practices of lean
maintenance
18 There is a computerised system for information
) management
2 Map the value stream
2.1  There is a map of maintenance processes
29 There is a map of the current state of the maintenance
' process
A team draws up the current state map with
2.3 .
representatives from each part of the process
2.4 There are indicators for maintenance management
2.5  There are evaluation and review of the indicators of the
26 Area indicators and metrics are disseminated to all
' employees
27 The use of visual devices is disseminated for the sharing
' of information
28 There is a computerised system for information
) management
3 Create continuous value flow
31 There is a future state map, and action plans to
’ implement it
A team with representatives from each part of the
3.2 process analyses the map of the current state and
elaborates the future state
Structured tools are used for analysis and waste
3.3 solution, such as 5Whys, fishbone diagram, or
brainstorming
3.4 There is an application of 5S or similar programs
35 There is a preference for preventive maintenance rather
' than corrective maintenance
36 There are operation sheets and standard routines to
' guide maintenance activities
3.7 There is a maintenance plan
There are specific locations for depositing materials and
3.8 searching for information, and these favours the

performance of the activities

3.9 information sharing and visualisation of the process
flow from start to finish
310 There is the autonomy of employees to perform their
) duties (no need for verification by the highest positions)
4. Establish pull
a1 There is a computerised system for information
' management
4.2 There are devices to pull process activities
43 There are devices to identify the removal of items from
' the process, such as materials and equipment
If kanban cards are used, the subsequent activity
4.4 removes information from the preceding only in the
quantities and in the necessary time
4.5  There are no large stocks
4.6  Supplier deliveries are pulled rather than pushed
4.7  Suppliers deliver in small batches and often
Devices for pulling material deliveries contain
4.8 information about what is requested when to arrive,
how much, and where it should be stored
4.9  There is an established partnership with suppliers
410 There is an established partnership with outsourced
) services when necessary
5 Seek perfection
5.1 Thereis an evaluation of the indicators of the area
Structured tools are used for analysis and
5.2  troubleshooting, such as PDCA, 5Whys, 5W2H,
fishbone diagram, or brainstorming
5.3  Action plans are drawn up for improvements
54 Senior management is involved with improvement
' programs
55 New implemented practices are expanded to other
' activities/processes
5.6  The improvements made are standardised
57 Employees participate in the development of standards
' to incorporate their experiences into them
58 The goals and indicators of the area are clearly defined
' and communicated to all involved
The goals of the area are clearly and objectively
5.9 unfolded so that continuous improvement actions
contribute to achieving them
Maintenance personnel are trained to learn about the
5.10 philosophy, principles, and basic practices of lean

maintenance

Table 2: Parameters for the evaluation of the lean maintenance practices

Parameters Description of the level of application Score
Does not apply (NA) the practice is not applied due to the company’s characteristics 0,0
Does not exist (NE) the practice is not present in the company 0,0

Very weak application the practice has its use started recently in the company or is practised 25

Weak application (WA)
Strong application (SA)
Very strong application

(VWA)

(VSA)

rarely or for a specific situation
the practice is in use in the company but is applied in a few situations 5,0
the practice is in use in the company and is applied to most situations 7,5

the practice is already fully consolidated in the company and use

10,0
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The following equation gives the scores for each lean maintenance principle: A is the
number of applicable practices; B is the number of very weak application (VWA)
practices; C is the number of weak application (WA) practices; D is the number of strong
application (SA) practices, and E is the number of very strong application (VSA) practices.

B (Bx2,5) + (Cx5,0) + (Dx7,5) + (Ex10,0)
B A

Score

THE CASE STUDY COMPANY

The case study was conducted in a maintenance management company located in S&o
Paulo, Brazil. The company was identified in the Brazilian Association of Facilities’
(ABRAFAC) register. It is a Brazilian firm founded in 1985, which operates in the
industrial maintenance sector, facilities, administration, and logistics, having 35,000
employees in Brazil and Argentina and 300 customers, serving approximately 1500 units
in Brazil and 1 in Argentina.

For each new client, a contract is drawn up according to their needs. For the case study,
the maintenance company had a fixed maintenance team in the clients’ facilities: they
served three industrial buildings of approximately 78,000 sqm and ages from 5 to 25 years.
The team consisted of nine employees: one maintenance supervisor, one planner, two
electricians, one maintenance officer, one maintenance assistant, one refrigeration
mechanic, one painter and one builder. In this case, the builder assists other employees
and performs the inspection of equipment and systems.

RESULTS - COMPANY’S LEAN MAINTENANCE
PRINCIPLES SCORE
The results of the application of the lean principles in building maintenance management

are depicted in Figure 2 there is a score for the practices applied by the maintenance
company. The average score of company for the principles is in chart 6 - Figure 2.

1. Identify Value 2. Map Value Stream 3. Create Flow
11 21 31
10 10 10
1875 12 2875 22 3.0 £ 32
25 25 397 725 33
17 0 13 2.7 0 23 0
38 34
16 14 26 24 17 15
15 25 36
4. Establish Pull 9. Seek Perfection 6. Company's final score
41 51 .
410 ?18 49 510 ?18 59 1. Identify Value 81
49 5 43 5 B > 2. Map Value Stream 19
' 2'8 ' ) 2'8 ) 3. Create Flow 84
48 44 58 54 4. Establish Pull 10
47 45 57 55 5. Seek Perfection 65
46 56 Average 82

Figure 2: Charts 1 to 5 represent the company’s scores in the application of lean
principles. Chart 6 is the average score achieved for each principle.
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In principle “1. Define Value” (note 8.1), the company highlighted the application of a
customer’s satisfaction survey with the periodicity of 6 months, evaluations of corrective
work, which is also a metric for management, in addition to a frequent dialogue with the
unit manager. These actions indicate a concern with the users’ opinions, needs, and
preferences. The first two practices are recorded in a computerised management system.
It was also detected other relevant practices, such as the maintenance plan; standardised
process for suppliers’ management; building inspections; and users’ guidance regarding
the building’s use and operation, including emergencies.

It has also been reported that clients invest in preventive maintenance and others who
focus only on corrective maintenance. Others require verification of all services
performed, making it difficult to flow activities. All these requirements are defined in
advance in the contract and are the basis for the service provider’s maintenance. In
addition, it reveals an identification of the value coming from the contract since all
customer/users’ preferences are defined.

The principle “2. Map the value stream” (score 7.9) regards disseminating indicators
and metrics. The indicators are essential to perform a critical and systemic analysis of the
deployed building maintenance management and help identify waste. The company has
the following indicators: productivity; the percentage of preventive maintenance
execution; the number of orders in “backlog” (orders that were not performed); deviation
scheduled vs executed correctives; and the service lead time per order. The tool suggested
in the literature review, Value Stream Map, is not applied. However, the company uses
the process map, which is disseminated visually by the computerised management system
and accessed by all employees through mobile devices, such as smartphones or tablets.

The maintenance plan for each asset also contains standardised maintenance
procedures. These procedures support creating a continuous flow of value according to
Principle “3. Create Flow” (note 8,4). As a rule, imposed by the contractor, the company
applies the 5S in the office and warehouse. In addition, the computerised system
centralised the maintenance process information, being possible to verify the activities
statuses. Also, employees have the autonomy to carry out their activities, and checks are
required by the supervisor only when it interferes with safety or essential activities to
production.

The principle “4. Establish Pull” reached the maximum score (10.0) since the
computerised management system pulls the process activities, besides having a small
inventory and partnership with suppliers and subcontractors. In addition, the
computerised system records the requested materials by suppliers, their quantities, and
the delivery dates.

The principle “5. Seek perfection” (score 6.8) has the lowest evaluation score. It is
mainly due to employees’ non-participation in the practice’s standardisation and the lack
of training on lean philosophy. However, other practices of this principle have been
implemented, such as the PDCA and the Ishikawa diagram. An example of improvement
was implementing the DDS (Daily Dialogue on Safety), reducing about 99% of accidents.

Due to the lack of training on lean philosophy, the non-participation of employees in
the standardisation of practices, and the presentation of goals focused only on individual
productivity, and it is evident that there is no involvement of all hierarchical levels in the
continuous improvement.

In principles 2 and 5 (Map the value stream and Seek perfection), the deployed process
map and indicators do not consider aspects of lean philosophy, such as waste, which
would lead to continuous improvements.
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In conclusion, it was verified that the company presented high marks for all the
principles of lean maintenance despite not having any specific program of lean. The final
score obtained by the company was impacted by the client preferences established in the
contract, namely, the level of services quality, the types of maintenance to be performed,
level of employees’ autonomy, application of 5S, among other requirements such as
monthly presentations of five improvement proposals.

CONCLUSIONS

Despite the consensus regarding the importance of building maintenance, there are still
many buildings in which it is neglected or misunderstood, resulting in risks to its users’
safety, no guarantee of the lifespan of the building, and high costs that could be avoided.
Maintenance management is responsible for planning, controlling, and executing building
maintenance, ensuring compliance with requirements.

Hence, a case study in a building maintenance and management company was carried
out to evaluate its lean maintenance practices within its client. Results obtained through
the application of a checklist showed that the maintenance management prioritises
preventive and predictive maintenance activities and the application of many lean
practices and tools, reaching grades between 6.8 and 10.0 and an average of 8.2 for the
five lean maintenance principles. Furthermore, the average score was obtained after
applying the checklist prepared with the best practices observed in the literature,
demonstrating that the company can improve based on lean principles and technical
standards for maintenance management.

Several requirements pointed out by NBR 5674 (ABNT, 2012) are framed as good
practices of the lean maintenance principles, which contributed to the excellent average
obtained. As the company is hired to do maintenance management, it became an expert
and started to incorporate some lean practices due to the request and influence of
customers/users in the implementation of contracts. This point of outsourcing the service
can be considered as a positive impact to achieve a high score.

The organisational culture had also impacted positively on the results regarding the
lean practices: the understanding of maintenance and the importance to perform different
maintenance types; the application of 5S; the use of small inventories; the development
of partnerships with suppliers and subcontractors. The isolated application of practices
and tools does not guarantee the application of lean mentality since critical points such as
the involvement of all employees in the improvement processes and the identification of
waste and employees' training on lean were not applied in the case study.

Therefore, the lean mentality can help build maintenance management since it is
implemented strategically, addressing its concepts and not only practices and tools.
However, more important than its implementation is the attention paid to the normative
requirements and recommendations of the bibliography for efficient building
maintenance management.
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THE IMPACT OF BVPIN ATVD BASED
PROJECT DELIVERY

Tobias O. Malvik?!, Bo Terje Kalsaas?, Rouzbeh Shabani?, and Karl Oscar
Sandvik*

ABSTRACT

Best Value Procurement (BVP) and Target Value Delivery (TVD) are registered to be
increasingly applied in construction, and in some cases, also in the same project. The
purpose of our paper is to address these two concepts theoretically and empirically to see
if challenges occur when combining BVP and TVD. We deduce the proposition from a
theoretical analysis: Best Value Procurement (BVP) is inconsistent with the Target Value
Delivery (TVD) approach. We have examined a theoretical-oriented case study of a
Norwegian highway construction project. Data was gathered by document analysis, direct
observation, and semi-structured interviews. One finding was that BVP did not hinder the
client from being a proactive actor and solution enabler in collaboration with the general
contractor team. The study shows a lack of alignment of joint project development with
a BVP and TVD structure. BVP has proved good results in projects using transactional
contracts. However, in projects based on a relational contract, a more direct dialogical
procurement approach may be more productive. The paper contributes to the literature by
pinpointing conceptual and empirical counterproductive differences when combining
BVP and TVD.

KEYWORDS

Best value procurement, Target Value Delivery, contradiction, decision-making.

INTRODUCTION

Best Value Procurement (BVP) is a procurement system based on the principle that the
supplier (the Design-Build contractor and their team) is the expert relative to the client
and thereby better suited to identify and handle project risk (Kashiwagi 2011). Target
Value Delivery (TVD) emphasises the call for Lean Construction processes in target
costing and value engineering. This comprises a management practice that drives the
design and construction to deliver customer values within project constraints using costs
and a value-driven design process instead of calculating the price after the design is
completed, i.e., what value one can get for a given cost (Zimina et al. 2012). Such
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processes include Integrated Concurrent Engineering (ICE) and consensus decision-
making with an orientation towards customer value delivery.

BVP and collaborative approaches have been presented as potential means to deal
with increasingly large and complex projects in Norway (Malvik et al. 2021). However,
there is a lack of a connection between the choice of procurement method and the level
of integration it facilitates in the clarification and execution phase. Therefore, this paper
aims to study the link between BVP and TVD and see if it is fruitful to combine the
concepts.

We first address the method before we outline and discuss the concepts of BVP and
TVD. We end the theoretical section by comparing the two concepts as a basis to create
a research proposition. Then the case study is presented and discussed.

METHOD

This paper combines theory with empirical evidence to challenge and verify the applied
theoretical informed proposition. A literature review and case study with mostly direct
observations, interviews, and document analysis were used to gather information. The
observations mainly were direct, but the researcher also had a participating role on some
occasions. The case study approach was developed based on the method described by Yin
(2018). Different sources lead to triangulation in practices and result in more data
reliability (Gray 2013). The literature review aids in familiarising BVP, TVD,
procurement procedures, delivery methods, and other related concepts and compliments
the interviews from a technical perspective.

In the document analysis, project documents from the case study were reviewed, and
essential information project details extracted. A public highway construction project in
the design development phase was considered for this study.

An interview guide was designed for the interviews. Five main questions were asked
with the guidance of the experienced authors. The interviews were directed by two
authors with over 20 years of experience in the construction industry. Follow-up meetings
were scheduled with interviewees to address any potential information gaps. The
interviews were carried out as semi-structured roleplay exercises by experts in the roles
of client project managers and winning contractors. The interviews each took
approximately two hours. One of the authors has observed the project for almost one year,
being part of its online engineering meetings and ICE sections, where three to five
meetings have been observed weekly.

THEORETICAL BACKGROUND

BEST VALUE PROCUREMENT

BVP was developed by Kashiwagi and his research group at Arizona State University in
the period 1991-2010 (Kashiwagi et al. 2012). The concept is claimed to be a paradigm
change compared to the traditional Design-Bid-Build model. Kashiwagi also denotes the
new approach Performance Information Procurement System (PIPS) regarding the
underpinning of theoretical statements. The statements are denoted deductive logic and
referred to as “Information Measurement Theory”. BVP/PIPS is a licensed technology
from Arizona State University. However, it seems like the environment in the Netherlands
later to a larger extent address Best Value Approach (BVA) or just Best Value (BV) in
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accordance with Kashiwagi’s theory. The difference to BVP is that the execution phase,
and not procurement phase, is in center of the approach®.

BVP/PIPS was introduced into the Netherlands in 2005 by a large general contractor,
Heijmans, and the method was modified to align with European procurement law.
Following the introduction to the Netherlands, the methods have become known as BVP,
at least in Europe (Kashiwagi et al. 2012).

One statement in the deductive logic is that client decisions increase the risk in
construction projects organised as in Design-Bid-Build. In BVP, the basic idea is that the
client should minimise risk in the whole project by selecting a vendor to meet this aim.
Clients undertake risk reduction by choosing the expert vendor with experience to prevent
and minimise risk for both parties. Best value is the best value with the lowest cost
measured against the performance in line with the client’s project goals. BVP is a process
that helps clients choose the expert contractor by feeding necessary information on
contractors’ performances.

The Norwegian Agency for Public and Financial Management (DF@) has produced a
guide with five phases for BVP (DF@ 2021). The studied case relied on the process
described in this guide (Figure 1).

Selection of vendor Signing of contract

l l

> Preparation Tender Evaluation Clarification > Execution >
Figure 1: The BVP process, as described by DF@ (2021).

e The Preparation phase includes the presentation of functional requirements,
primary goals, and pre-qualification.

e In the Tender phase, the selected vendors are preparing their offer using the
required BVP template, and the client is providing the necessary common
exchange of information. The template should include text about achievements, a
risk assessment, and added value. Project objectives and the allowed cost are
decided.

e During the Evaluation phase, all vendors are subject to individual interviews.
After ranging the offer, the best vendor is invited to the Clarification phase.

¢ In the Clarification phase, the best vendor clarifies all risks and describes how to
solve the task.

e During project Execution, engineering and construction are carried out using
weekly risk reports. The expert vendor controls the project and practices
management by risk minimisation.

TARGET VALUE DELIVERY (TVD)

The TVD concept has its roots in target costing, which was introduced in the early 1960s
by companies in Japan. One of those companies referred by Cooper and Slagmulder (1997)
was Toyota. These firms developed two specific cost management techniques to manage
the cost of future products: target costing and value engineering.

Target costing deals with the practice of identifying the target cost of a product by
subtracting the desired profit margin from the expected selling price; designing the

5 Lecture June 15" 2021, in a DF@-seminar, by Sander Groebe, Rijkswaterstaat, Ministerie van
Infrastructuur en Waterstaat. His lecture was titled Best Value at RWS.
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product so that it can be manufactured at the target cost; decomposing the target cost to
component level, and using the target cost at this level as the basis for supplier
negotiations. Value engineering is a multidisciplinary team effort to explore ways to
increase functionality and quality and meet target costs. Functionality is multidimensional
and includes both product and service issues. The objective of value engineering is not to
minimise product cost but to maximise functionality within any target cost constraint.

Ballard (2011) replaced target costing in construction with target value design (TVD).
Until then, target costing had been applied in construction for a considerable time. An
example is the Cathedral Hill Hospital project which received considerable attention since
it began in 2007 (e.g., Zimina et al. 2012). Later, Ballard (2020) argued that Target Value
Delivery should be used instead of Target Value Design. The latter suggests that the
mindset is limited to the design phase, while the former includes the whole delivery
process. Zimina et al. (2012) argued that TVD applied in construction took the relevant
features of target costing to fit the construction context. (Gomes Miron et al. 2015; Ballard
2020) argues that TVD is, like target costing, focused on cost mechanisms but pays more
attention to generating value throughout a project.

A fundamental concept of TVD comes from value engineering and the search for
alternative components, solutions, and functionality in product development. According
to Azari et al. (2014), construction projects are becoming more complex, uncertain, and
pushed to move faster. The authors emphasise the importance of relational contracting
and Early Contractor Involvement (ECI) to cope with this.

In TVD, the owner defines the Allowable Cost (AC), i.e., how much the owner is
willing to pay for the project. Next, the project team determines the Expected Cost (EC)
based on the designed Bill of Quantities (BoQ) and related market prices. If the AC is
greater or equal to the EC, the project can proceed. Then, the owner/client and contractor
agree on a Target Cost (TC) for the project (Johansen et al. 2021). The objective is to
drive down the EC during the project by implementing lean construction processes and
TVD measures to reach the target cost. TVD projects have an incentive structure to
support behaviours in sharing the risks and benefits of cost reduction. It is crucial for the
owner and end-users that the final product’s value is unaffected by the hunt for reduced
work cost. This is why the concept deals with design-to-cost and design to the concrete
project goals, which the client sets.

To cope with this, the TVD project approach highlights the importance of trust,
collaboration, early involvement of contractors, cross-disciplinary problem-solving, and
transparency (Do et al. 2014). Do et al. (2014) indicates from their research that TVD
projects achieve 15-20% lower costs than traditional market bidding projects.

TARGET VALUE DELIVERY (TVD) vs BEST VALUE PROCUREMENT (BVP)

What TVD and BVP have in common is that both approaches have their point of departure
in target cost; however, in BVP, the client budget price or maximum price is denoted.
Value (for the client) in TVD is the maximum value delivered within the constraint of the
target price, not the lowest cost. Value in BVP is conceived in a similar manner but may
be more biased to the cost side. Both TVD and BVP measure value related to the specific
project goals set by the client.

The differences become visible when we ask how value is achieved. In TVD, value is
achieved by collaboration where the client, the designers, and contractors develop and
execute the project together. The different experts join forces in mutual processes and
joint decision making. In BVP, on the other hand, the expert contractor takes care of the
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execution on behalf of both the client and all the vendors in a transparent environment.
Frequent risk reporting is part of this. The vendor takes care of the decisions when they
are contracted. During the BVP Tender phase, there is no space for negotiation.

In the case study, the applied procurement method is BVP, and the TVD execution
model includes an integrated phase of project development, including the client, designers,
and contractors. The execution phase is organised around mutual decision processes and
an open book approach. In other words, we deal with something that appears to be a
contradiction between the procurement method and the development and execution model.

Following this, we have deduced that Best Value Procurement (BVP) is not consistent
with the Target Value Delivery (TVD) approach. The proposition suggests that combining
the concepts of BVP and TVD may lead to conflicting results, which will be addressed in
the empirical analysis.

CASE STUDY

Characteristics of the case that has been investigated are presented in Table 1.

Table 1: Characteristics of the case study.

Case description Highway case
Scope 32 km four-lane highway
Procurement method Best Value Procurement
PDM (project development phase) Integrated collaboration (inspired by IPD) with
TVD and other LC principles
PDM (construction phase) Design-Build with a target price
Contract size $432 million
Planned construction start-finish 2021-2025 So
Position of the interviewees Project managers from the client-side, winning
contractors
Sources of data Five interviews, one year of mainly direct
observation with informal dialogues, document
analysis

The project uses a collaborative Design-Build contract with a target price, outlined in
Table 1. The project delivery method is inspired by Integrated Project Delivery (IPD),
though one significant deviation is that the project uses a two-party agreement rather than
a multi-party agreement. Otherwise, the PDM is like the IPD approach, and Lean
Construction tools, including TVD, are used (Malvik et al. 2020). Figure 2 illustrates the
project life cycle and the focus of the study.

Award Contract for Project
Focus of the study Construction (DB)

A

|}
Procurement Project development — Construction phase Operation phase
BVP Integrated collaboration with TVD DB contract 15 years warranty liability

Figure 2: The project life cycle with the study focus highlighted.
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With project collaboration, a client’s overall objective is to increase the project value;
thus, the client understands TVD as a cornerstone in the collaborative approach. The
client has named their Project Delivery Method (PDM) version “Integrated Collaboration.”
BVP is used as the preferred procurement method for the client. However, data indicate
that the client is not considering the BVP process as more than a procurement procedure,
and the project is therefore only modestly embracing the BVP process after the contract
award. This means that the execution phase, the fifth phase in the theoretical BVP process
(Figure 1), is given little attention in the project execution. Moreover, it is observed that
the general contractor’s project manager has expressed a strong work identity in the
project and possesses an expert role.

In the highway case study examined here, the project development phase for stretches
in the south and north parts are currently in the process of re-zonal planning. Detailed
designs are being produced in the mid-zone, while early work has already started in
defined minor parts. The construction contract for the complete project is expected to be
signed in the middle of 2021. It is a current decisive project weight to close the gap
between the target cost and bill of quantity (BoQ) based on expected cost.

The project’s budget price was developed in three steps. First, the client made an
estimate based on a top-down approach and a primary assumption of the road line during
a corridor investigation. This estimate gave the client’s available project budget. During
BVP, all tendering contractors must agree on conducting the project within the client’s
available funds. The selected contractor confirmed this by signing the contract. This final
target estimation was collectively established in the project development phase. If the
target price rose above the client budget, the project closed, and the client must start the
procurement process again.

The client had established guidelines for their involvement in the design development,
which involved facilitating the process and applying a questioning technique. An example
of this technique is “Which standard have you applied when engineering the local roads?”,
where one process revealed unnecessarily high standards for several secondary roads.
According to the client, this was caused by a misinterpretation in the existing zoning plan
for the highway’s long mid-section. Another example is an ICE meeting that failed to
include primary functions when selecting an alternative road intersection.

The design and engineering company has the lead in the project development phase
and the parallel current detailed design phase for the road project’s midsections. Two full-
time design and engineering managers run the processes, except for cost calculations,
where the general contractor and a subcontractor on road construction are the executives.

Client involvement

Data confirms that the client is actively involved in facilitating the processes to improve
the workflow in design and engineering. The project has organised the most important
decisions of which alternative solutions to select in meetings which are denoted as “ICE”
(Integrated Concurrent Engineering), which relate to VDC (Virtual Design and
Construction) terminology (Fischer et al. 2017). Concurrent Engineering is, however, a
concept that was well-known long before VDC became a buzzword in construction (Love
and Gunasekaran 1997). The denoted ICE meetings do not deal with Concurrent
Engineering in the studied project but with decision-making on a tactical/operative level.
For instance, when deciding on which type of bridge to apply in the crossing of a river.
A “rational” decision-making process is applied (Bazerman and Moore 2009), which
can be outlined as 1, define the problem; 2, identify the criteria; 3, weight the criteria; 4,
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generate alternatives; 5, rate each alternative on each criterion; 6, compute the optimal
solution. In the studied project, the problem is given. The alignment of the road requires,
for example, a road intersection or a bridge. The problem is applied to a developed
standardised set of criteria for the decisions in ICE meetings. This reflects the client’s
goal and value structure on environmental issues, cost, and other factors. Some political
considerations related to the later processing of the zonal plan are included in the decision
criteria set. Each criterion’s weight is standardised in the applied decision model, but the
rating is prepared and proposed by multidisciplinary groups to address the different
customer values. The alternative options are, for the most part, developed by the designers.
The final step of computing the optimal solution takes place in the ICE meeting where
more than 30 people from all parties are gathered, and, based on the prepared material,
the different values are evaluated. Such a meeting typically lasts for two hours or more,
depending on the project complexity.

There are examples from the direct observations where the “best” alternative from the
mutual ICE evaluation was later overruled by the clients. This happened during bridge
type selection for a river crossing in an environment with significant terrain issues and
concerns associated with wildlife and the natural environment. Data indicates that the
client’s primary reason to change the reached decision was that they believed the expert
made the cheapest bridge more complicated than necessary and at a relatively overstated
cost. A second example is the selection of an intersection between the planned new
highway and another national road. The quality of the preparation of the ICE meeting
decision missed out on having the intersection’s primary function as one of the decision
criteria. Hence, it was a good reason to revise the decision; the client took the lead in the
traffic analysis to select a new type of intersection. This decision was later changed again
because of the involvement by the local authority, which was unsatisfied by how the
second choice dealt with local interests. The third alternative to be launched in the zonal
plan is a compromise between the first two.

From the empirical data outlined above, we can see that the general contractor’s expert
role did not entirely hinder the client’s involvement in following client interests on a
relatively detailed level. Limited trust can be interpreted as the reason for client
intervention in the bridge example above. The two examples addressed are, however, not
generalizable in the project.

Cost estimation issues

We have tried to approach the question of “How deep is the collaboration?”. First, it
should be noted as a contextual factor that the client was a lean organisation with limited
resources to go deep into all issues. The designers developed and submitted BoQ and
detailed cost suggestions. The general contractor was responsible for the final cost
estimate based on the maturity level in question. The client did not take part in the
estimation. We can regard this as an example where the general contractor and their team
are considered the experts, as in the BVP framework. An experience from the client
perspective, it is difficult to achieve the necessary transparency in this crucial part of the
TVD process. Transparency is understood as the communication of issues that gives
simple access to decision-relevant information. It is not about keeping information secret.
The lack of crucial information does not allow all forces to pull in the same direction to
benefit the project.

BoQ cost and output estimation are presented in an aggregated format that is difficult
to unpack and identify which elements contribute to its cost. The presentation format is
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not according to the concept of target costing, which distributes the target cost into
elements and the cost numbers for subcontractors. Closing the gap between target cost
and expected cost addresses the most critical contributing elements of cost and gives a
basis for closer inspection and achieve a target cost basis for negotiation with
subcontractors. Based on the client’s questions, the calculations improved because
operational risk and opportunities were identified.

Deviations between project expectations

Our data indicate that the most significant challenge with BVP is found in the interface
between procurement and the collaborative project development phases. The Clarification
phase (Figure 1) does not open for negotiation. Following the framework, the general
contractor’s team explained how they planned to solve the requirements and deliver the
project values to the client team. According to a client respondent, the contractor’s team
expectations were “close, but no cigar” in meeting the client’s project expectations. The
respondent thought they could clarify more when the contract was signed, but then the
project organisation changed pace and proceeded with the development at once.

Moreover, the general contractor team appeared to be locked into the execution model,
which they, with earnest effort, had prepared for the clarification phase. A client
respondent asked rhetorically in an interview, “expert in what — to build roads or the
collaborative processes?” Learning points for the client for future projects of this kind are
that they should be more explicit in how they want to have the processes and that BVP is
not an acceptable procurement method for projects with a joint project development phase.
Negotiations are still necessary at this phase, is the argument.

The client expressed the understanding that “we are the change agent” who should
provide the processes. Regarding the change agent role, it is argued that it is not enough
to gather highly qualified engineers and believe project development will occur. It is not
sufficient for the client to express their wish to apply TVD or Last Planner approaches
and expect every contractor to understand the processes. In these self-critical reflections,
the Norwegian, and perhaps global markets, are not trained to handle collaborative value-
creating processes, which were, and still are, the ambition in this project. The client
addresses the importance of clear responsibility and ownership for the different processes.

DISCUSSION AND CONCLUSION

There is undoubtedly significant space for improvement in the management of the design
and engineering processes regarding applying the principles inspired by Lean
Construction. However, it is incredibly challenging to manage these complex and
iterative processes in a time-compressed context. Nevertheless, the general impression is
that the performance is at least state of the art. This is also indicated by the client, who
has expressed that the project development process in the studied project is superior to
other highway projects in their portfolio. We will address these processes in more detail
in future work.

The general contractor company and its subcontractor participate in the design
development regarding buildability and construction preparation. However, based on the
ideas underpinning collaborative project development and TVD, we expected a more
proactive role from the contractor in the project development phase than was observed.

The project was obliged to apply BVP, and this paper’s proposition addresses how
this might give unproductive confinement in the execution. In the case study, we found
that BVP did not hinder the client in being a proactive actor or a solution enabler in
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collaboration with the general contractor team. However, BVP was not found to enable
deep collaboration. Some of the challenges outlined may have been caused by a lack of
experience and training by client and contractor in collaborative value-creation processes.
That is also the case for the revealed lack of transparency around the BoQ and cost
estimation processes which is crucial to produce adequate decision-oriented information
for joint decision-making to align with target cost and BoQ cost calculations at different
maturity levels as the project development phase proceeds.

The most crucial challenge with BVP for projects with a development phase based on
target cost and value engineering is finding the “best” expert since the procurement
method does not allow for negotiations. Hence, the clarification phase turns out to be a
monologue. From the client’s perspective, it was driven by the limited opportunity to
clarify and contribute to how the TVD-process should be conducted. BVP’s idea of
selecting a Design-Build expert based only on their technical skills contrasts with
promoting a collaborative dialogue with the client during the execution of a TVD process
where soft communication skills would be more productive.

The BVP process is based on the idea that there is an imbalance between client and
contractor, where the contractor is considered the expert. In reality, it might be the case
that the client is superior to the contractor in some domains of expertise. In the
collaborative project approach, the client and contractor are seen as equal partners,
allowing for more client involvement. Still, some of the empirical findings highlighted
suggest that the contractor, seen as the “expert,” felt strong ownership to their “concept”
described in the BVP process and was reluctant to consider any concept change.

On the other hand, the client felt that a lack of openness and clarification of the project
requirements made them accept decisions that, in their eyes, did not sufficiently fulfil the
project requirements. This shows at least two good examples of how the BVP process led
to inefficient use of the TVD practice; impatience to start the work immediately after
contract-signing resulted in a lack of further clarification to agree on optimal and uniform
solutions, and the fact that the contractor is seen as the “expert” in the BVP process did
not act in accordance with the collaborative nature of the TVD practice.

BVP has proved good results in projects using transactional contracts where
limitations and clarification of responsibility and risk between a DB contractor and the
client is crucial (Rivera 2017; Kashiwagi et al. 2019). However, in projects using a
relational contract, a more direct dialogical procurement approach might be more
productive.

The study is limited in external validity, which was not the main aim, but rather as an
example and generalisation in terms of theory. The paper's outcome is a generalisation of
a theoretical proposition believed to be true, which, according to Yin (2018), is a
justification for conducting a single-case study. The reliability is regarded to be satisfied
as it should be quite adequate for other researchers to reach the same result given similar
data and theory.

The paper contributes to the literature by pinpointing conceptual and empirical
counterproductive differences when combining BVP and TVD, which poorly aligned. In
that sense, the proposition and theory are confirmed.
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PROJECT DELIVERY CONTRACT
LANGUAGE, SCHEDULES, AND
COLLABORATION

Thais da C. L. Alves!, Manuel Martinez2, Min Liu3, and Natalie M. Scala*

ABSTRACT

The construction industry has developed a variety of project delivery methods,
contractual arrangements, and scheduling methods in order to facilitate collaboration of
stakeholders to maximize project performance. It is critical to investigate how project
delivery methods and contractual arrangements might influence collaboration during
scheduling practice. Understanding this influence can help managers choose/adapt
available project delivery methods to their needs and develop strategies to enforce
collaboration when they plan for future projects. This research reviewed contractual
language in project delivery methods from the perspective of how those methods
accommodate stakeholders’ collaboration. Twenty-six professionals were also
interviewed to reveal their insights on how contractual arrangements influence
collaborative scheduling practices. Contract clauses were identified and categorized
based on their level of supporting compliance or collaboration. Finally, the results from
the interviews were compared and contrasted with the analysis of contracts for cross
validation. Results show that schedules are commonly used as contractual documents,
and a need exists to improve contractual arrangements to address the lack of application
of collective knowledge to develop, review, and validate schedules for construction
projects regardless of the delivery method used.

KEYWORDS

Collaboration, transactional, relational, language, schedules.

INTRODUCTION

Delivery methods, or delivery systems, are forms of organizing different parties and their
contractual relationships in order to deliver construction projects. Historically, the
delivery of projects was concentrated in the hands of a single entity who worked as the
master builder and was in charge of multiple aspects of the project, including but not
limited to, design, construction, logistics, scheduling, contracting labor, and identifying
the need for specialized trades. This original form of organizing to build projects
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constructed the Egyptian pyramids, the European cathedrals, and the infrastructure and
roads that linked the Roman Empire and Inca civilization.

However, as trades developed and formed guilds and professions became more
specialized from design to construction, the need to organize the work of multiple trades
became a profession of its own and required more time spent on construction management.
The role of the master builder was split into at least that of a designer, a builder, and a
manager; after the Industrial Revolution started in the 18" century and accelerated over
the 19th century, the role of trades unfortunately started being viewed as expendable,
having less and less to do with the overall planning of construction project activities and
more focus on putting work in place (Mulligan and Knutson 2000).

In this environment, the traditional delivery method of having separate entities in
charge of different tasks and parts of the project emerged, giving way to the Design-Bid-
Build (DBB) delivery method, to which other methods are compared against (Sweet et al.
2015). The form is used by different delivery methods to organize project stakeholders,
define their rights and responsibilities, impact how parties work together, and determine
whether they are more or less collaborative, ultimately impacting project performance (EI
Asmar et al. 2013). Previous research has shown that the language in contracts tends to
be more prescriptive, transactional, and devoid of words that allude to collaboration and
related practices in more traditional delivery methods that use dyadic contracts, whereas
the language is more relational and collaborative in delivery methods with multi-party
contracts (Willis and Alves 2019).

This study builds on previous research about contract language and centers its
investigation on the development and implementation of schedules. The research
objective is to study how the language in different project delivery methods and
contractual arrangements influence scheduling practice and collaboration among
stakeholders. The authors documented reports from practice, collected via interviews,
and contractual language for different delivery methods, using a review of available
contracts. The working hypothesis of this study is that more traditional delivery methods
based on dyadic contractual relationships in general provide few to no opportunities or
incentives for people to collaborate, whereas more collaborative and multi-party contracts
have more specific language calling for the development of collaborative schedules. This
paper is structured with a literature review that informed the research and discussion of
results, followed by the research method, the analysis of results, and conclusions.

DELIVERY METHODS, SCHEDULE PRACTICES, AND HOW
THEY ADDRESS COLLABORATION

This section presents an overview of delivery methods as they relate to this study,
focusing both on the methods used in contract analysis that were also discussed by
interviewees and on common schedule practices.

DELIVERY METHODS

The focus of this study centers on the first four delivery methods described below and
three more that were mentioned during the interviews. A brief description of each is
provided to support the discussion presented (Sweet et al. 2015).

Design-Bid-Build (DBB) represents the traditional delivery method where an owner
initially hires a designer to design the project, later putting the project out for bid once it
is designed, and finally hiring the contractor who usually offers the lowest price to build
the project. While in DBB, the design continues to be developed via submittals after its
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award (Pestana et al. 2012). Designers and builders do not work together and are
separated by the existence of separate contracts with the owner or between the general
contractor and the specialized trades, who are hired sequentially and have no input on the
design and little, if no, input on the project schedule.

Construction Management at Risk (CMAR) is used when the owner retains the
services of the general contractor as a construction manager (CMgr) to manage the project
starting from the design stage and provide advice during the preconstruction phase. Later,
the CMgr hires additional trades to build the job as needed. The CMgr and the designer
might work with additional trades providing support via design-assist contracts, as
described below, and start collaborating on schedule development.

Design-Build (DB) consists of a more collaborative delivery method; the DB, and
more recently the progressive DB, brings the architect and the general contractor together
on a single contract at the start, when they are awarded the project as a team. In some
cases, the DB team might choose to have trade partners working with them from the
inception of the project; this will depend on how the request for proposals is structured
by the owner. This will set the tone in terms of how much collaboration will happen
between the parties involved from the start of the project. Moreover, DB contracts usually
spell out specific methods to support schedule collaboration (Willis and Alves 2019).

Integrated Project Delivery (IPD) is the more recent of the delivery methods
discussed here. IPD projects rely on multi-party contracts where the owner and the parties
involved are signatories of a single contract and share risks and rewards. The agreement
spells out commercial and organizational terms, which are present in contracts for other
delivery methods, as well as the operating terms. The operating terms in IPD contracts
are based on Lean Construction methods, tools, and tenets as espoused in the IGLC and
professional literature promoted by industry organizations (Darrington et al. 2009, LCI
2021). Thus, schedule collaboration is present from the project’s inception.

Construction Management (CM) is commonly employed in an environment where
the owner holds multiple prime contracts and hires a construction manager to oversee
activities. The CMgr in this case represents the owner but is not at risk for the project’s
performance.

Engineer-Procure-Construct (EPC) are often used in the oil and gas, chemical, and
petrochemical industries and somewhat resemble the organization of the DB method. This
might be because a single entity, with a diverse skillset to perform multiple tasks, is in
charge of engineering the project, procuring its components, and building it or building
via alliances between different companies like in DB.

Design-Assist (DA) involves specialized organizations providing expertise on an as-
needed basis as the design is developed. Designers and contractors hired on a DA-basis
might not be part of the team that will ultimately build the project. They provide solutions
that might end up being built by others.

While other delivery methods and variations of the ones presented herein are available,
the scope of this study is limited to these methods which are prevalent in the construction
industry in the United States where the study was developed.

SCHEDULE PRACTICES

Considering the delivery methods discussed and how their organization and related
contractual relationships impact collaboration, the way schedules and their development
are treated varies across the methods reviewed.
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Given the prevalence of DBB in construction in the United States and around the
world, methods and tools that support the mechanisms outlined in DBB contracts have
been at the forefront of construction engineering management (CEM) research for 70+
years, with the critical path method (CPM) extensively required in contracts as the method
of choice to generate schedules, dominating this body of knowledge and practice (Olivieri
et al. 2019). Exceptions considering the use of line of balance to schedule projects like
the Empire State Building (Willis and Friedman 1998) as well as other efforts to bring it
to the forefront of scheduling construction projects in the mid- to late 20" century are also
found. The longstanding CEM literature on schedule development and management is
packed with the development of algorithms to support generation of schedules, the use of
schedules to address claims, and the definition of metrics to manage schedules (e.g.,
earned value method).

The IGLC community started offering alternatives to the use of CPM schedules to
manage construction projects starting from the early 1990s, based on the seminal work of
Glenn Ballard and Greg Howell with the Last Planner System (LPS) (Howell and Ballard
1994, Ballard 2000), and later of others building on LPS-related work (Gonzalez et al.
2009; Viana et al. 2011; Hamzeh et al. 2015), line of balance (Kemmer et al. 2008), and
takt planning (Frandson et al. 2013), to name a few. The line of work adopted by the
IGLC community is very much centered on the idea promoted by the LPS that
construction projects are socio-technical systems and need to be treated as such where the
social part, involving interactions between project participants and their engagement, is
as important as the technical solutions they are developing (Ballard and Tommelein 2016).

RESEARCH METHOD

This section describes how the study unfolded, including the details of the interview
process and the analysis of contracts.

INTERVIEWS

Interviews of one or two industry practitioners at a time were usually conducted using
Zoom or WebEx, with a few face-to-face ones, by researchers who documented
statements provided by the interviewees. Three principal investigators were involved in
the study, along with two graduate students. One of the researchers participated in all
interviews, and at least two of these five researchers were present on any interview call.
The transcripts would later be provided to the interviewees for review and validationas
well as to allow them to provide additional comments if they had any. Out of a longer list
of questions included in the interview, the following two are discussed in this paper: (1)
What type of contract/delivery method was used between different stakeholders — owner,
contractors, managers, subcontractors? (e.g., design-build, design-bid-build, construction
manager at risk); and (2) Can you indicate any contractual arrangements and/or
requirements that might influence how planning for this project is carried out? (e.g.,
LEED certification of the project, use of pull planning sessions, use of target value design
during the design phase, and specific cost targets shared during construction.). Interviews
were conducted from August 2019 through February 2020. In total, 26 professionals were
interviewed in 24 interviews. Interviewees had a combined 604 years of experience, with
a minimum of 5 years and a maximum of 50 years, and included owners (11), contractors
(7), consultants (6), specialty contractor (1), and supplier (1). The interviews, which also
included additional questions about schedule collaboration, lasted from 30 to 70 minutes.

36 Proceedings IGLC29, 14-17 July 2021, Lima, Peru



Thais da C. L. Alves, Manuel Martinez, Min Liu, and Natalie M. Scala

CONTRACT ANALYSIS

The authors’ interest in reviewing contracts to explain how schedules are addressed and
developed in different delivery methods started with a comment by a practitioner
regarding some contractual rules regarding schedules which stifle collaboration: some
owners give contractors two weeks to provide and commit to a full schedule once the
award is made and that leaves little time for them to collaboratively develop schedules
when trade partners are not yet on board. With that in mind, the authors analyzed a group
of contracts, previously collected by the first author and her students, and singled out the
schedule-related clauses.

Once the clauses were identified, they were categorized as schedule-related clauses
supporting one of the three purposes: compliance either in terms of (1) supporting owner
requirements, (2) supporting government requirements, or (3) supporting collaboration.
Clauses that supported compliance were further categorized as contractual
responsibilities and obligations related to providing a schedule for the purposes of time
and progress (master schedule), payment (schedule of values), submittals (design),
services (consultant’s work), materials and equipment (procurement), and dispute
resolution processes. The analysis is grounded on a collaborative scheduling maturity
model (CIl 2021) which, amongst other areas, considers three levels of maturity when
addressing the development and implementation of collaborative schedules. An excerpt
of the model is shown in Table 1.

Table 1: Maturity Levels and Questions Considered During the Analysis (CIl 2021)

Question Maturity Level
Bronze Silver Gold
Schedule To define contractual To define contractual To enable strong project
created expectations & expectations & management communication and
primarily... responsibilities but not used.  responsibilities but was not collaboration throughout project
used by entire project team.
team.
Stakeholders Were not involved early Were involved early Were appropriate and involved
enough or considered in enough but not all early enough in creating the
schedule creation. appropriate and necessary. schedule.
There were... Little to no use of scheduling Use of additional Frequent updates of the schedule
tools and methods utilized tools/methods to support across the project; living,
company wide (beyond collaboration during integrated document with
scheduling software, ex. schedule development. appropriate tools and methods
P6). used (ex. LPS, BIM, 4D, AWP

Takt Planning).

A total of 10 DBB, 9 CM/CMAR, 9 DB, and 10 IPD contracts (agreements) and related
documents (e.g., general conditions, appendixes) were analyzed. The root “schedul” was
searched in all contracts, and results were organized in Excel spreadsheets. The
hypothesis defined for this part of the study was that schedules and the scheduling task
are treated in static and prescriptive ways by less collaborative delivery methods and in
more dynamic ways by collaborative delivery methods.

RESULTS

This section presents the results obtained from the interviews and contract analysis,
previously described, and concludes with a cross-analysis of the two approaches used.
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INTERVIEWS

Table 2 indicates the different delivery methods employed in the projects which were
used by the interviewees for the interviews; the absense of IPD projects is noted. It should
be noted that the first line lists the most common mentions made by interviewees, whereas
the other lines include additional comments made about the various forms in which the
projects they worked on were delivered. The third comment is insightful as the
interviewee points to the importance of working to impart changes on alternative delivery
methods that are more prevalent as a means to change the industry. As shown in Table 2,
owners adopt different arrangements to procure and award contracts and that impacts how
teams are assembled and work together. Delivery methods are also less defined than
usually documented in the literature and adapted to cater to the needs of different projects
and owner organizations.

Table 2: Delivery Methods, Contract Types, and Some Variations Used for the Projects
Discussed During the Interviews
Delivery Methods (As Reported)

Design-Bid-Build, Design-Build, Construction Management at Risk, “pure” Construction Management Design-Assist,
Engineering-Procure-Construct.

Engineering and construction firms invoice the owner for the work completed. Invoicing based on hourly rate+profit.
Cost plus work is defined in work packages and then build.

Most are Design Build and CM at risk. DB is responsible for a little less than 40% in a dollar basis of all non-
residential construction in the United States, and CM at risk is around that too. Try not to focus on IPD only to get
the desired collaborative behaviors because that’s not where the change will occur most quickly.

Oil and gas, LNG plants, and offshore platforms — Lump Sum. Now it is more global projects, including chemical
plants, refineries, and long pipelines; cost reimbursable projects. In reality the owner works mostly with EPC,
sometimes EP and the C separate, and the owner does some procurement for long lead items. In a few cases they
do engineering internally.

EP-C. They have an engineering and procurement contractor and a separate reimbursable contract for the
contractor.

The owner acts as program manager and contracts out to contractors directly. Also has 18 internal crews. Contract

out installation. The owner holds four design contracts with four firms. Use blanket contracts valid for 3 years and bid

every three years. Scorecard used to weight items related to quality, safety record, cost, previous projects, and use
best value.

Alliance engineers and alliance contractors. The engineers had one contract, and the builders had a separate
contract.

Owner has a construction management group, also involved from the beginning. Estimating and project controls in-
house.

Considering the diverse types of methods used by the interviewees to deliver projects,
Table 3 summarizes some of the answers given in terms of any contractual arrangements
that might have influenced how they planned the project and developed their schedules,
linking them to the levels outlined in Table 1 (maturity model excerpt). Interviewees’
comments were edited to shorten long passages as they described arrangements but reflect
their experiences and perceptions regarding the topic of collaborative schedules. Not all
interviewees answered this question in its entirety, and some did not know the details of
the contracts in place. Some noteworthy comments address the fact that people do not
know how to work collaboratively to develop schedules, owners do not care about how
the project will get built, use of schedules with differing levels of enforcement depending
on the contract payment type (i.e., lump sum/fixed price, reimbursable), and vague or
completely absent languange regarding schedules and milestones. On the bright side,
some interviewees pointed to specific language being added to their contracts requiring
the development of collaborative schedules.
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Table 3: Examples of Contractual Arrangements Described in the Interviews

Purpose

/Maturity
Level

Example

(related delivery method(s) used as reference by interviewees indicated in
parenthesis)

Collaboration
/Gold

Owner
Requirements
/Gold

Collaboration
/Silver

Collaboration
/Silver

Owner
Requirements
[Silver

Owner
Requirements
/Bronze

Owner
Requirements
/Bronze

Owner
Requirements
/Bronze

Owner
Requirements
[Silver

Owner
Requirements
/Bronze

Owner
Requirements
/Bronze

The contract delivery is design-build which requires a certain level of collaboration. They have
pull-planner/LPS verbiage which is something that he introduced in the contracts they have in
<location>. Generically, contract says something like: the team members have to allocate two
hours per week for pull planning. Even so, the foremen’s meeting is centered around planning
and identifying road-blocks. During the meetings they look at the plan “did you make it or not”?
The scheduler or whoever is taking notes then captures the reasons for non-completion and
adds to a report. (Design-Build)

They have some standard legal language added to the subcontractors’ documents to follow how
they plan. Sometimes they indicate the software and equipment requirements (e.g. iPads) to
make things work. (Design-build with some variations; DB for the most part, mostly variations

with collaborative contracts like IPDs)

40-50% of the projects have some kind of language requiring LPS practices in the contract,
some very minor language. Two of their clients are including wording in contracts in terms of
just-in-time deliveries, participation of foremen in weekly work plans, and the number of hours
required for participation. Some contracts require that specific people participate in the weekly
work plan. (Primarily CM at Risk and pure CM)

There is an addendum in the trade partners’ contracts with the GC which requires the trade

partners to participate in and support collaborative planning meetings at medium- and short-term

levels. Not at the long term, because these are not IPD projects. Trade partners were
complaining of having to do too much work by attending these meetings; now this is required in
contracts. (For the most part CM at Risk)

Advanced work packaging was mandated. Prioritize certain systems in certain dates, and the
owner was pretty harsh if these were not met. (EPC)

Surprising how few projects put anything in contracts regarding collaborative schedules and how

few projects talk about collaborative scheduling formally in the project. Lots of teams doing
progressive design build, but out of 10 teams they had one team doing it right for collaboration
and 2-3 were nibbling on it. People don’t know how to work differently, collaboratively. (Primarily
design-build, but also DBB, and CM at Risk)

For any owner that requires a detailed CPM schedule in the beginning of the project, 30,000-

40,000 activities very detailed with attached dates that will not materialize. Why plan with that

level of detail? It is insane. If it is a DB team and they don’t have all trades engaged, they can

put the overall sequence of work together but not get into too much detail. Have a CM and an

architect in the room to establish an environment of collaboration. (Most are Design Build and
CM at risk)

A lot of projects require the P6 schedule, and they want a contractual schedule. The owner
doesn’t really care how you'll get it done and let you think about the means and methods.
(Design-Build)

In the past, they had some schedule language that was vague and didn’t mean much. The
owner could not hold anyone accountable, and they have reviewed it. They focused on refining
planning and scheduling language in contracts to outline need for hours and estimates, really
making sure contractors are holding to change order process that can get earned value
information needed on weekly basis. [...] The contractors know they have a level of expectation
from the schedule department, and in the documentations, they state the expectations that the
contractor has to participate. In the letter of intent or bridge funding, the needs are outlined in
these documents. (EPC)

Weaker area, they do not really build schedules or put milestones in their purchase orders.
There are planned execution levels, and contractors are penalized if they are not completing
activities per plans. Contractors are required to develop and provide the schedule weekly. No
milestones are put in the contracts; the only lever is that they baseline an expected execution
index, i.e., number of activities completed divided by number of activities planned. (CM Multi-

prime — Owner as primary manager)

Did not have anything in the contract; there was an incentive-based contract based on cost. In
this case, there was already confidence that the GC would give the best schedule. (Design-
Build)
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CONTRACT ANALYSIS

The clauses investigated mostly fell onto the lowest tier (bronze) of the maturity model
displayed in Table 1, with a focus on compliance, and little to no mention of collaborative
efforts or additional tools and methods to support the scheduling effort. These clauses
were found in all analyzed delivery methods, as all contracts have commercial terms
which use the schedule as a reference for multiple types of responsibilities and obligations,
indicated in the categorization previously mentioned. Examples of content in such clauses
include:

e The contractor shall prepare/present/review the <progress, payment, submittal,
inspection, etc.> schedule to the owner.

e The contractor/architect shall review <progress, payment, submittal, inspection,
etc.> schedule for compliance/conformance.

e Mentions of the schedule milestones and phases plus related obligations about the
development of work, payments, inspections, and/or excused/inexcusable days.

Clauses that supported collaboration could have fallen in any of the previous designations
for compliance, but they had one main difference: the clauses clearly called for
collaboration with other project participants to provide input to develop schedules beyond
simply complying with the requirement of turning in documents as a requirement or an
obligation. The clauses would fall towards the Silver and Gold categories of the maturity
model presented in Table 1. The schedule would be developed in a more participatory
environment including at a minimum the owner, the architect, and the general contractor,
with different tools and methods to support its development in a more dynamic type of
environment. In this case, the schedule is not recognized solely as a compliance document
(static); instead it evolves as participants join the project and give input to its constant
development (dynamic). Some examples that illustrate these clauses include mentions to:

e Parties shall jointly develop the schedule, the target cost, project goals, and
definitions.

e The core group shall engage in <specific tasks> and meet regularly.

e The team shall employ pull planning to develop the schedule, collaboratively
developing weekly work plans that are used to track progress.

e Constructability and work structuring are part of the process of collaboratively
designing the project and planning its execution (which impacts work packages
and the flow of activities in the schedules).

e Activities and processes from multiple stakeholders are included in the schedule
and submitted for review, validation, and approval by the core group.

The contracts for DB and IPD projects displayed a higher frequency of clauses that called
for collaborative schedule development, whereas these clauses were virtually absent in
the DBB contracts and somewhat present in the CM/CMAR contracts. DB and IPD
contracts are also specific in terms of what additional methods and tools are to be used to
promote schedule collaboration.

CROSS-ANALYSIS AND DISCUSSION

Results from the interviews (Table 3), when compared and contrasted with the analysis
of contracts, offer some insights in terms of the relationship between delivery methods,
schedule development, and collaboration. The analysis of contracts offers support to the
hypothesis that schedules and the scheduling task are treated in somewhat static and
prescriptive ways by less collaborative delivery methods and in more dynamic ways by
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collaborative delivery methods, as defined by the maturity model excerpt shared in Table
1. However, when the interview results are considered, interviewees shared a wide range
of possibilities (categorized in different maturity levels) related to schedule development,
regardless of the delivery methods used as reference for the interviews. Moreover, some
interviewees indicated awareness of contractual clauses and how they support the
development of collaborative schedules, whereas others pointed out to additional work to
be done in this area. Some contracts, as reported, appeared to be entirely silent about
schedule collaboration.

In general terms, based on the contract analysis, schedules are still very much viewed
as documents that need to be produced and submitted to the owner in order to address
compliance to the contract and serve as a baseline for progress and payment monitoring.
Additionally, opportunities are missed when contracts are mostly focused on project
management and do not explicitly call for the use of collaborative practices to develop
and execute schedules in practice to also support production management (Olivieri et al.
2019). The lack of use of the collective knowledge and experience of teams to develop,
review, and validate schedules is lost and remains an area that needs to be addressed in
modern construction projects.

CONCLUSIONS

This study interviewed practitioners and reviewed contracts associated with project
delivery methods to understand how the language associated with these methods might
help to facilitate schedule collaboration among stakeholders. Interviewees indicated a
broad range of ways (categorized in different maturity levels) in which contracts for
different delivery methods address or are silent in terms of how to promote collaboration
as schedules are developed. Within this group, there was no clear indication that, for
instance, DB projects had more specific language about schedule collaboration.
Conversely, the contract analysis revealed that DB and IPD projects did in fact display a
higher frequency of clauses that called for collaborative schedule development, whereas
these clauses were virtually absent in the DBB contracts and somewhat present in the
CM/CMAR contracts. This contrast between what was observed during the interviews
and the contract analysis might indicate that participants have the freedom to decide how
to develop and implement their schedules on a more ad-hoc fashion, which might or might
not lead to collaborative work. The authors are not advocating for any specific language
related to schedule collaboration to be added to the contracts. However, leaving this area
silent, or not providing grounds to encourage collaboration, might continue to contribute
to the use of schedules as compliance documents with their development by isolated
professionals without the support of the collective knowledge available in projects.
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SHIFTING THE FOCUS OF DISCUSSION:
FROM COST (UNDER)ESTIMATION TO
COST REDUCTION

Lauri Koskela® and Glenn Ballard?

ABSTRACT

In the last five years, two fierce academic debates have emerged in connection to cost
planning in infrastructure projects — a domain which usually is not known as raising
passions. The topic debated is alleged — or recommended — underestimation of project
costs. Flyvbjerg has promoted the view that cost overruns in transport infrastructure
projects are caused by initial cost underestimation, due intentional strategic
misrepresentation on the part of project promoters. Love and his co-authors have attacked
on Flyvbjerg’s views, claiming that such cost overruns are primarily caused by natural,
evolutionary scope changes. In turn, Flyvbjerg has objected the earlier suggestion of
Hirschman to underestimate project costs, for getting the project started and for
unleashing the creativity needed achieve the budget. Both debates have created several
rounds of papers.

In this presentation, we contend that in these debates, the focus is partially misplaced,
and the conceptualisation of cost planning too narrow. We argue that the primary focus
of cost management should be on cost reduction, rather than on cost estimation. We
contend that cost formation is a process controlled by man: costs inflate if they are
allowed to do so; costs are reduced with will, effort and apt conceptual and
methodological knowledge.

For justifying this argument, it is helpful to consider the underlying inferences in cost
management. Deduction of total costs from the costs of components is a common
inference in cost management. Induction of cost estimates from prior cost data is likewise
very common. Reasoning backwards, in terms of regressive or abductive reasoning, is
also used. Regressive reasoning answers to the question: How much can we get when
using a given sum of money? Abductive reasoning answers to the question: How can we
creatively reduce the costs?

The common conceptualization of cost management as cost estimation leads to a
situation where deduction and induction are given a privileged or exclusive role as types
of reasoning, thus overlooking regressive and abductive reasoning. We recommend
applying regressive and abductive reasoning actively as means towards controlling and
reducing costs.

KEYWORDS

Cost estimation, cost management, inference types.

1 Professor, School of Art, Design and Architecture, University of Huddersfield, UK,
l.koskela@hud.ac.uk, orcid.org/0000-0003-4449-2281

2 Research Associate, Project Production Systems Laboratory, University of California, Berkeley, CA
94720-1712, USA, gballard@berkeley.edu, orcid.org/0000-0002-0948-8861

Contract and Cost Management 43


https://doi.org/10.24928/2021/0177
http://iglc.net/
mailto:l.koskela@hud.ac.uk
https://orcid.org/0000-0003-4449-2281
mailto:gballard@berkeley.edu
https://orcid.org/0000-0002-0948-8861

Shifting the Focus of Discussion: From Cost (Under)estimation to Cost Reduction

INTRODUCTION

Since the seminal paper (Flyvbjerg, Holm and Buhl 2002), Flyvbjerg has contended, in a
stream of publications, that in transport infrastructure projects, costs are underestimated
due to strategic misrepresentation, in simple terms, lying. Recently, Love and Ahiaga-
Dagbui (2018) forcefully attacked the views by Flyvbjerg and his collaborators,
comparing them to fake news. This criticism addresses several technical aspects of the
empirical study by Flyvbjerg and his colleagues, and, most importantly, the claim that
cost underestimation can best be explained by strategic misrepresentation. In turn, Love
and Ahiaga-Dagbui (2018) forward an explanation related to evolutionary scope changes
for cost underestimation.

In turn, Flyvbjerg (2016) recently critically discussed the idea of a Hiding Hand,
originally proposed by Hirschman (1967). The Hiding Hand refers to underestimating a
project’s cost or difficulties for inducing creative action. For Flyvbjerg, this equates to
actively recommending the very root cause for cost overruns, on which he has been trying
to shed critical light.

These debates are useful, not only for creating the possibility of clarifying the topics
of disagreements, but also as they lay bare strands of theoretical arguments in mainstream
cost management. We contend that there are considerable gaps in the arguments by the
parties. Namely, although the explanations of the parties refer to phenomena that certainly
exist in connection to transportation (and other) projects, more important explanations are
missing. Our main argument, inspired by Ohno (2012), is that cost formation should be
seen as a process controlled by man — human agency plays a role in cost management,
which thus should be classified as a technical science. This implies that cost reduction
should be seen as the main task of cost management, rather than cost estimation. For
justifying these arguments, we discuss the underlying inferences in cost management:
deduction, induction, abduction and regression.

The paper is structured as follows. The next section presents a short summary of the
two debates as well as our critical evaluation of them. Subsequently, a theoretical view
of cost management, when understood as a technical discipline, and in terms of reasoning,
is presented. Based on this wider conceptualization, cost management is discussed and
new avenues for it are proposed. A section on conclusions completes the paper.

THE TWO DEBATES

In the following, the basic arguments on project failure of the parties in the two debates
are briefly outlined, along with countermeasures suggested.

THE DEBATE BETWEEN FLYVBJERG AND LOVE

According to Flyvbjerg et al. (2018), “[t]he root cause of cost overrun is human bias,
psychological and political”. This bias, called planning fallacy, manifests itself either
through delusion, in the form of optimism bias, or through deception, in the form of
strategic misrepresentation or lying. As the primary countermeasure to these root causes
of cost overruns, Flyvbjerg (2008) offers reference class forecasting (making cost
estimates based on the costs of similar recent projects).

In turn, Love pinpoints changing conditions, requirements, and scope as the reasons
for cost overruns (Love & al. 2019). Basically, he proposes better cost estimating as a
solution to the cost overrun problem, and mentions BIM as a promising tool in this regard.
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THE DEBATE ON HIRSCHMAN’S VIEWS

Based on his studies on development projects, Hirschman (1967) suggests
underestimating a project’s cost or difficulties (or overestimating benefits) for inducing
creative action. For him, underestimating is the solution in view of the uncontrollability
of the necessary creativity in the realization of the project, and a means for getting projects
started. He explains the rationale behind the concept of Hiding Hand as follows
(Hirschman 1967):

We may be dealing here with a general principle of action. Creativity always
comes as a surprise to us; therefore we can never count on it and we dare not
believe in it until it has happened. In other words, we would not consciously
engage upon tasks whose success clearly requires that creativity be
forthcoming. Hence, the only way in which we can bring our creative
resources fully into play is by misjudging the nature of the task, by presenting
it to ourselves as more routine, simple, undemanding of genuine creativity
than it will turn out to be. Or, put differently: since we necessarily
underestimate our creativity it is desirable that we underestimate to a roughly
similar extent the difficulties of the tasks we face, so as to be tricked by these
two offsetting underestimates into undertaking tasks which we can, but
otherwise would not dare, tackle.

These suggestions by Hirschman are of course diametrically opposed to the views of
Flyvbjerg. Based on an empirical, quantitative analysis, Flyvbjerg (2016) claims that
Hirschman’s Hiding Hand can be identified only in a fifth of projects, the rest rather
having cost overruns and benefit shortfalls, and strongly rejects the notion of the Hiding
Hand (see also (Flyvbjerg & Sunstein 2016, Flyvbjerg 2018b). In turn, Flyvbjerg’s claims
have triggered several papers defending Hirschman (e.g. lka 2018, Lepenies 2018,
Kreiner 2020).

CRITICAL EVALUATION

We contend that in the discussion between Love and Flyvbjerg, there is a fundamental
misconception around cost management. Namely, there is the failure to acknowledge the
role of human agency in cost management. One important aspect of human agency is
revealed in the saying by Ohno (2012): “Costs do not exist to be calculated. Costs exist
to be reduced.” Just calculating or predicting costs implies a natural science approach to
the phenomena causing costs: they are out there and we as external observers examine
them. This is the attitude of a quantity surveyor or an economist to cost. The former
profession emerged to safeguard clients from unscrupulous builders, and quantity
surveyors’ viewpoint has been external to the construction process from the outset. The
economist looks at production as a black box, and by force is outside that.

The other attitude, subscribed by Ohno, is the engineering (or technical) attitude: costs
are both starting points and outcomes from our designing and planning and controlling.
We can influence them. Note that this attitude embraces the natural science approach to
costs: we still need to predict costs.

What would then a technical approach to cost management be in the case of projects?
An infrastructure project consists of design and construction stages; project costs show
partially different characteristics in these two stages. In the design stage, costs depend on
the efforts of designers to take the budgeted costs to be a starting point of design and to
go creatively (through abduction) beyond the solutions that are well-known. Both

Contract and Cost Management 45



Shifting the Focus of Discussion: From Cost (Under)estimation to Cost Reduction

Flyvbjerg and Love seem to fail to account for such deliberate efforts towards cost
reduction. In the construction stage, there are avoidable and unavoidable costs; the
amount of avoidable costs (cost for waste®) is dependent on appropriate leadership as well
as managerial effort and effective managerial methods. Again, both Flyvbjerg and Love
largely fail to account for avoidable costs.

Regarding then Hirschman, he accepts the role of human agency (and thus the
technical attitude), especially in the sense of creativity, but views that it is incontrollable
and is only triggered when the situation needs that. We consider this to be a too narrow
and constraining view on creativity.

For justifying and expanding our arguments for the sake of cost management as a
technical discipline, it is helpful to consider the major ways of controlling and reducing
costs, as well their underlying inferences.

COST MANAGEMENT AS COST REDUCTION: THE
METHODS TO CONTROL AND REDUCE COSTS
What then does this technical approach to costs embrace (besides cost prediction that of

course remains to be a necessary step)? There are at least four methods to control and
reduce costs:

e Steering design and construction towards allowed costs.
e Encouraging, in design and construction, more intense search of the best solutions.
e Encouraging creativity for finding novel, less costly options.
e Applying waste reduction for diminished costs.
These four methods are explained in the following.

STEERING

The question is about taking the cost target to be a requirement in design, rather than an
outcome. Surely, in almost all design, there is an element of steering towards acceptable
costs, but traditionally the decision cycle has been too long to be effective, leading to (t0o)
late attempts of cost reduction.

MORE INTENSE SEARCH

A second viewpoint is based on considerations related to economics. The axiomatic
assumption in economics is that economic actors are optimizing in their decisions.
However, as advanced by Simon (1990), this is an unrealistic assumption, for several
reasons, especially because of bounded rationality and search costs for finding the
optimum; in practice people “satisfice”, select a satisfactory option. Thus, a gap (usually)
remains between the selected option and the optimal option (should it be possible to
determine it). It may be possible to narrow down this gap, and thus the question is about
avoidable costs.

3 Accuracy of cost estimates is not the main topic of this paper. However, it is appropriate to state in
passing that cost predictions are inaccurate also because there is a failure to predict the amount of waste
costs, especially when the mainstream approach denies their existence (except in gregarious cases) and
has no or little understanding on what is causing waste and how to reduce waste. The occurrence of
waste is often emergent and varies from project to project. Flyvbjerg and Love fail to orderly
conceptualize the phenomenon of waste.
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ENCOURAGING CREATIVITY

A third viewpoint is related to creativity. Through creativity, novel (in the situation)
solutions, possibly providing cost advantages, can be achieved.

REDUCING WASTE

The occurrence of waste is ubiquitous and significant in construction. In this situation,
related avoidable costs provide a major source of cost reduction opportunities.

DIsSCcuUSSION

The fundamental misconception of cost management as a natural science discipline leads
to a situation where prediction of costs is given the dominant or exclusive role, and the
ways of controlling and reducing costs are sidelined. In practice, predicting, controlling
and reducing costs are realized through different types of inferences, and for the sake of
a complete analysis, it is necessary to discuss them.

INFERENCES USED IN COST MANAGEMENT

For identifying the dominant inferences used in cost management, it is appropriate to start
from the typical information needs occurring in relation to costs. These can be expressed
through questions. We contend that for a client there are three questions of immediate
interest in relation to cost:

1. Given a scope or design, how much will it cost?
2. Given a cost (or price), what will I get?
3. Given a difference between the estimated cost and the cost that can be afforded,
how can the project be realized?
Note that there is an additional, fourth question in the background:
1. Given recent realized costs, which cost data should I use for my project?

In the field of pedagogy, it is common to distinguish inferential questions from other
question types (Zucker et al. 2010). The criterion of an inferential question is that an
inference is needed for responding to it. All the mentioned four questions are inferential,
and remarkably, a particular inference type is respectively employed:

1. This is a deductive inference, proceeding forward, from number of things and
activities and their unit costs (or prices) to total costs.

2. Regressive inferences are opposite to deductive inferences, they proceed
backwards. A client may assess that a business case allows a certain amount of
money to be used for a construction project. How many square meters and at
which quality level can then be afforded?

3. In turn, abductive inferences are creative. Their starting point is a problem
seemingly without a solution. However, a creative abduction provides an insight
that solves the problem. This kind of situation emerges, say, if the cost of an
existing product needs to be reduced by 20 % due to competitive pressures.

4. Inductive inferences are used for determining the unit costs in cost management.
These inferences are based on observation of costs in the relevant marketplaces.

In the following, these inference types, as they occur in cost management, are examined
in more detail.
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DEDUCTIVE INFERENCES

Deduction can be defined as follows (Baker 2017): “A deduction is any sequence of
statements each of which is derived from some initial set of statements (the premises) or
from a prior statement in the sequence.” Deduction equals thus reasoning forward.

A deductive inference in construction cost management is typically of the form: The
building will incorporate x tonnes of steel, with a price y per tonne, thus the total cost of
steel will be xy. A deductive inference is thus used for prediction of the cost.

What is thus critical is (1) that all causes of costs (materials, activities, overheads)
have been correctly identified and determined (in product and work breakdown structure)
regarding their numerical value, and (2) that the unit cost is correct (with no systematic
bias). Unfortunately, there are potential problems regarding both critical issues.

Regarding “all causes of costs”, there are several reasons why some causes are not
identified or known in early stages of a project. The tendency of scope creep has been
discussed in the literature (Kuprenas & Nasr 2003). During the project, new activities
may emerge as necessary, or activities turn out to be more difficult that assumed.
However, perhaps a dominating question may be that a part of cost is caused by non-
necessary activities (or materials, etc.), leading thus to avoidable cost. The prediction of
the widely varying occurrence of waste is in practice impossible.

The correctness of the unit cost is discussed below.

REGRESSIVE INFERENCES

Regressive inferences are similar to deductive inferences in being based on causality, but
proceed in opposite direction, backward from outcomes to causes, while deduction
proceeds forward, from causes to outcomes. Besides direction, there is another essential
difference: the deductive inference is objective, each cause by necessity produces its pre-
determined outcome. Instead, as several causes may produce the same outcome, a
regressive inference is often selective, that is, there is a subjective selection among
different known causes.

Regressive inferences are the main ingredient of design (Pikas 2019), and through
them, the means-ends chain from requirements to the smallest element designed is created.
From the viewpoint of cost management, regressive inferences are thus related to steering
towards cost targets, and to extending the range of options for the sake of improved
decisions (that is, pushing to the optimum in terms what is generally known, rather than
creating new alternatives) - Empirical research shows that experienced designers tend to
gravitate towards solution conjectures related to their prior experience (Cross 2004).

Regressive inferences, being counterparts to deductive inferences in opposite
direction, have the same critical issues as the latter.

A further function for regressive inferences is in finding the root cause for waste.

ABDUCTIVE INFERENCES

Abduction was defined by the American philosopher and scientist Peirce (1934) as the
only type of inference that produces new ideas. Although abduction has mostly been
addressed in the context of scientific inventions, it has also been recognised as a key
inference in design (Koskela, Paavola & Kroll 2018). In the design (or planning) context,
an abductive inference leads to a solution that goes beyond being habitual or being
selected, purportedly as the best, among existing, generally known options. Rather, an
abductive solution shows novelty in the context. In the context of cost management, an
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abductive inference does not seek to predict or estimate a cost of a thing or process, but
rather to find a thing or process with such novelty that it can be realized with reduced cost.

INDUCTIVE INFERENCES

A classical definition of induction is as follows by Hume (Ambrose 1947): “instances of
which we have had no experience resemble those of which we have had experience”. A
typical inductive inference in cost management is as follows: Something has cost in the
past, in same circumstances, X, let us assume that this will be the case in the future. - Also
predicted inflation may be an induction.

Inductions on cost may be on different levels, from elemental level (cost of a type of
material or work) to the project level. At the elemental level, there are commercial
databases on average cost of different types of material and work, based on induction. At
the project level, the question is about reference class cost prediction (Flyvbjerg 2008).

However, there is a major problem in relation to cost induction. Namely, any observed
cost (per unit) may have a share of avoidable cost but its amount is usually not visible.
For example, Koskenvesa & al. (2010) report that the Finnish productivity data for
different types of construction work, as presented in a national, continuously updated
database, contain a considerable share of waste time, which then migrates, as accepted
waste, into schedules, task durations, contracts and cost estimations.

RELATION OF INFERENCE TYPES TO THE DIFFERENT METHODS OF
TECHNICAL APPROACH TO COST MANAGEMENT

Now, we are in the position of presenting an overview on the inference types used by
each method of the technical approach to cost management (Table 1): regressive and

abductive inferences are in the central position, while deductive and inductive inferences
are used as supporting types of reasoning (except in cost prediction).

Table 1. Methods and their inference types in the technical approach to cost

management.
Method in the technical approach Primary inference types Secondary inference types
to cost management
Cost prediction Deductive and inductive
inferences
Steering Regressive inferences Deductive and inductive inferences
Better decision-making Regressive and deductive Inductive inferences
inferences
Creativity Abductive inferences Deductive and inductive inferences
Waste elimination Regressive inferences (for finding Deductive and inductive inferences

the root causes for waste)

HOW TO GET THE TECHNICAL APPROACH TO COST
MANAGEMENT REALIZED?

Up to recent times, the fragmented and siloed organizing of construction projects made it
difficult to use the technical approach to cost management. Along with influences from
other sectors, organizational innovations and maturation of digitised construction, new
related practices and methods have emerged, such as Target Value Design (TVD), Set-
based Design, Choosing by Advantages, etc., which can be used as part of cost
management in the technical sense. In view of space limitations, only the two central
inferences in the technical approach to cost management are commented in the following.
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REGRESSIVE INFERENCES

Regression in steering to targets may seem straightforward, but actually already
conceptual estimating/target setting prior to design requires a careful and systematic
approach. One possibility is to identify different functions to be performed in the building,
and to use prior statistical data (cost per function) for setting the target cost. A simple
variant of this is the unit method (Kirkham 2014), where one functional unit is used for
costing (say beds in a hospital ward). Another option is provided by the method described
in (Pennanen, Ballard & Haahtela 2011), which is based on a software structured to
transform the voice of the customer into a constructable Building Information Model.
This BIM constructs all the quantities and costs of the building components before the
design starts, basing on the client's needs. However, it has no visual read-out because the
intention is to allow designers to be constrained only by functionalities, capacities and
target cost, and to otherwise have free rein to deliver architectural and other soft qualities.

Furthermore, regression can reveal the need for abduction when conflicts between
design criteria must be resolved, because otherwise the project purpose is unachieveable.
A weaker sense of "must be resolved" also exists when project objectives that are not
essential to its fundamental purpose can only delivered through invention (Ballard, et al.,
2020).

All in all, our knowledge on the current state and developments opportunities of
regression is still scant.

ABDUCTIVE INFERENCES

Abduction may be the most powerful type of inference. However, the challenge is that it
cannot be conducted in a deliberate manner — there is hardly a recipe for abduction.
Nevertheless, researchers have come up with factors which are encouraging or
discouraging creativity — and thus abduction (the two first columns in Table 2).

Table 2. Factors influencing creativity and corresponding features in TVD

Factor influencing
creativity

Corresponding feature in the TVD

Explanation of the factor practice

Making progress in meaningful work leads to
intrinsic motivation and further to creativity
(Amabile & Pratt 2016).

The progress towards the target cost is

Progress principle prominently visible.

Intrinsic and extrinsic
motivators

Work environment

Collaboration and
discussion

Affect

Intrinsic motivation is conducive to creativity;
controlling extrinsic motivation is detrimental to
creativity but informational and enabling
extrinsic motivation can be conducive (Amabile
& Pratt 2016).

Clear organizational goals, value placed on
innovation, sufficient time, clear project goals
and autonomy in how to meet project goals, etc.
are related to creativity (Amabile & Pratt 2016).

Participative decision-making, collaboration
(Amabile & Pratt 2016) and discussion (Koskela
& Kroll 2019) stimulate creativity.

Positive relation between affect and creativity:
positive mood leads to higher levels of creativity
(Amabile & Pratt 2016).

Intrinsic motivation is provided through
progress, and such extrinsic motivators
as the gain/pain sharing mechanism
and the clear targets may act in a
synergistic manner.

Many of the stated work environment
factors may exist in an TVD
environment. Especially, cost
reductions are expected to occur over
the project duration, and thus there is
sufficient time.

Both wide collaboration and one-to-one
discussions are encouraged.

Applied methods, like Last Planner,
lead to positive mood (Arroyo & Lang
2018).

Further, in Table 2 it is examined how abductive inferences are being supported in the
practices related to TVD. Even if creativity aspects as such have not been a starting point
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in the development of the TVD approach, an initial analysis shows the approach is
surprisingly compatible with the suggestions of creativity research.

There are two creativity factors which are especially interesting from the viewpoint
cost management, namely the influence of available time and collaboration. Amabile,
Hadley and Kramer (2002) contend, based on extensive empirical studies, that time
pressure discourages creativity (however less if the employees feel a sense of mission).
Instead, one-to-one collaborations support creativity according to these authors. The role
of verbalization, discussion and debate was found also by Koskela and Kroll (2020) as
important underlying factors for abduction.

However, our knowledge on the current state and development opportunities of
abduction in construction cost management, as well as more generally in construction
management, is very modest, and thus there are fertile topics for research on offer.

CONCLUSIONS

The common natural science conceptualization of cost management, subscribed by
Flyvbjerg and Love, leads to a situation where deduction and induction are given a
privileged or exclusive role as types of reasoning in dealing with costs, thus overlooking
regressive and abductive reasoning. In Hirschman’s project management concept,
creativity through abductive reasoning is acknowledged, but it is considered
uncontrollable and not actively managed. We recommend applying regressive and
abductive reasoning actively and systematically as means towards controlling and
reducing costs. Also, we suggest that the mentioned forms of reasoning in construction
cost management invite for fertile opportunities for descriptive and prescriptive research.
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LEAN CONSTRUCTION IN A SERIOUS
GAME USING A MULTIPLAYER VIRTUAL
REALITY ENVIRONMENT
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ABSTRACT

Whereas Lean Construction is a state-of-the-art practice in construction, associated
simulation games in academic or professional education still rely on manual data input
and analysis. Proposed is a digital learning platform that teaches the concept of lean
construction using an active, hands-on serious gaming environment involving multiple
players simultaneously in virtual reality. The novelty is to share rapid feedback with the
participants while playing the game. Findings through testing demonstrate they benefit
from the run-time data analysis and more effectively understand lean principles to
eliminate waste, allow collaboration, and optimize quality in the value-added building
chain.

KEYWORDS

Lean, education and training, multiplayer virtual reality, runtime data, serious gaming.

INTRODUCTION

Labor productivity in the construction sector has seen little growth over the past decades
(Barbosa et al., 2017). To direct necessary change, many possible avenues exist. One is
labor productivity-increasing measures. Several other directions range from more
effective collaboration among project partners and new contracting options to project-
level actions, e.g. using emerging technology that optimizes construction operations.

For years, leading construction companies have identified waste in human capital as
a prime reason for low productivity in construction. For this specific purpose, simulation
games are used to educate project personnel with better results than traditional lectures
(Herrera et al., 2019). For example, lean construction principles can be learned in
simulating the real-world experience in form of a hypothetical scenario in a serious game
(defined as a purpose other than just fun).

While lean construction simulation games assist in the task of aligning the individual
project personnel to teams well, for several reasons, they have not become part of a
general best practice developed for the construction industry (ClI, 1997). One main
reason is, playing such simulation games is a resource-intensive task. It: (a) requires often
one or a group of experienced lean expert/s with adequate training skills to convey the
learning goals and measure accordingly the team’s progress; (b) involves typically large
scale physical models, which are difficult to set up on the day of training and transport;
(c) requires quite some maintenance to replenish individual pieces that are being
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Lean Construction in a Serious Game using a Multiplayer Virtual Reality Environment

consumed during the playing, and (d) demand sometimes extensive travel from the
trainer(s) or the model to perhaps even foreign countries. In brief, the overall investment
in custom-made physical simulation models and their accompanying instructional
material easily reaches 10,000€ or more. The demand for such models and trainers within
an organization can exceed their availability or be too rare to justify the investment. This
a reason why lean construction training is often offered by consultants. Not surprisingly,
simulation games in lean construction have evolved over time. Benefiting from industry
experience, academia has constantly pioneered their next versions.

This is the case here. The proposed concept envisions resolving some of the
shortcomings. This paper (1) introduces lean construction principles, (2) reflects upon the
use of simulation games in lean construction training, (3) provides the state-of-the-art
specifically in multiplayer virtual reality (VR) and serious gaming environments, (4)
introduces the design of the developed serious game in multiplayer VR, (5) shows early
implementation and results, and (6) gives an outlook and the remaining crucial challenges.

BACKGROUND

LEAN CONSTRUCTION PRINCIPLES

Lean in construction was examined as early as 1992. Koskela (1992 and 2000) developed
the Transformation-Flow-Value (TFV) theory and Seven Flows, saying that construction
can be conceptualized with the transformation of resources and the creation of systematic
value and continuous flow of materials and people. Lean production control theories have
been emerging for the construction sector since then (von Heyl and Teizer, 2017).

One of the goals of applying lean to construction is to fully understand the dynamics
of production, the effects of dependencies, and the variation that occurs along the supply
and assembly chains for each project. Because the scope of the projects differs from every
project, lean construction uses two major criteria (Aziz and Hafez, 2013): Planning: The
defining criteria for success and producing strategies for achieving the end goal; control:
The ability to control events so that they conform to the plan and also trigger learning and
re-planning. This research seeks to reduce waste. Several lean principles can be applied.

The Flow principle is one of the core elements of Lean Thinking. Flow depends
heavily on the quality management of activities. Avoiding rework related to quality
deficiencies is essential for assuring that the flow of products is as planned. Another key
factor within the flow is the visual transparency of work. Research has shown that visual
controls in job sites observed a straight correlation between transparency and efficiency.

The Perfection principle is more of a focus on the learning aspect of Lean. One note
of Lean Thinking is the continuous learning and improvement of techniques and methods.
Therefore, establishing a systematic procedure to constantly learn and improve the
standardisation of work is key by using quality systems and focusing on the characteristics
that affect product performance (Cheng et al., 2012).

LEAN THINKING USING SIMULATION GAMES

Although Lean Thinking intended practical benefits, efficient training tools for lean
construction are still emerging. In these, however, it is often humans that gather and assess
data during the training event. Humans again are needed to interpret the results and
transfer information to valuable knowledge that is finally applied in collaborative learning
experiences. The chance for instructor/s to manipulate information in such settings is high.

Example: At least two rounds are played in simulation games. The first round does
not and the second round follows lean principles. The performance of the participants in
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both is often compared. The assessment criteria seem strict: total playtime by minutes and
seconds (recorded by a manual stopwatch), the number of completed sections (often
rooms) by the entire team, the progress made by individual trade, and their number of
defects created. While the participants are divided into carrying out trade-specific work
tasks, each represents the trade they identify with the most, for example, being a:
carpenter, plumber, or electrician. The instructor/s determine any of the potential quality
issues based on a-priori set knowledge (previous events) at the end of each play round.

Existing simulation games are often criticized to lack realism, e.g., with construction
being depicted by paper airplanes or in miniature format with alternative materials such
as marbles or Lego (von Heyl 2015). Dallasega et al. (2020) implement VR in a
simulation game, but the segment is still not realistic as the task of building Lego is just
transferred to a virtual environment. Furthermore, most games lack data collection as this
is handled manually by observers. This can potentially lead to biased data or few data
being collected.

While quality issues are often not argued (the serious gaming environment is quite
relaxed), as experienced in several runs of academic as well as professional simulation
games, instructor/s often give participants the opportunity to take short breaks in the
second round. While the clock is then stopped, the participants can re-assess and modify
their performance just-in-time. This opportunity, however, is not given to the (same)
participants in the first round. This causes two issues: (a) time recordings are not
comparable and (b) lessons learned from playing the same simulation game twice (it
would be too difficult to have a second, but different model available) improves naturally
the performance criteria (participants’ learning curve).

Therefore, it is believed that simulation games are tailored towards an expected
outcome. Errors occur when the instructor/s presents quantitative data that actually should
compare the participants’ performance in both rounds objectively. However, it does not.

TRACKING METHODS FOR LEAN PURPOSES

Numerous promising methods exist that link technology to lean construction
implementation as well as training. For example, Building Information Modeling (BIM)-
based scheduling has been tied to scheduling (4D) in lean construction. Sacks et al. (2009
and 2010), in particular, and others (Mollasalehi, 2018; Singhal et. al., 2018; Fosse et al.,
2017; Tillmann and Sargent, 2016; Dave et al., 2011, Teizer et al., 2017a) have shown
from the earliest concepts to now applications in industry. Other studies (Cheng et al.,
2010; Costin et al., 2015; von Heyl and Teizer, 2017; Teizer et al. 2017b; Li et al., 2017)
have taken a further step and started integrating technology as an additional enabler for
harmonizing the meaningful data sets which exist or can be generated within each of the
three silos: BIM, Internet of Things, and Lean Construction. One could call this
integration a ‘Digital Twin’ today, where continuous gathering of performed data on
construction sites replenishes as-planned data. By doing so, it results in rapid, objective
information that enables control over a project’s progress, systematic analysis and
forecasting, and communication for informed decision making among collaboratively
working teams across all trades. However, while this has become possible in real life,
higher education or training environments lack such use of technology.

A critical component for digitalizing simulation games in lean construction is the
possibility of seamless data recording. This includes but is not limited to locating
construction workers inside of a work environment (in real life) or participants in a lean
construction simulation game (here: virtual). While a large body of work in the research
literature exists on indoor location tracking — even in combination with BIM (Neges et
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al., 2017; Teizer et al. 2007; von Heyl and Demir, 2019), little of it can be used in lean
construction simulation games (Teizer et al., 2020). None can be applied in multiplayer
virtual learning environments meant for lean construction (Teizer et al., 2019; Golovina
et al., 2019), because players typically traverse in virtuality only.

USE OF VIRTUAL REALITY IN CONSTRUCTION

Over the past years, the construction industry has increasingly adopted VR solutions
(Zhang, et al., 2020). The solutions vary in use, for example, safety training (Golovina et
al., 2019; Wolf et al. 2019; Bukri et al., 2020, Solberg et al., 2020), workspace planning
(Getuli et al., 2020), and project walkthroughs (Du et al., 2018). Since construction
provides a collaborative environment, a virtual environment that imitates it would allow
for better immersion and an experience more true to the construction environment. This
could be achieved through a multiplayer virtual environment, which would enable a more
realistic setting when compared to the real construction site.

VR is achieved through the implementation of computer technology. A range of
commercially available systems have been created for this purpose such as headsets,
treadmills, gloves, and controllers (even with forced feedback). These systems allow for
the creation of an illusion of reality, which is interactive. Immersive VR technologies,
therefore, enable a user to enter a simulated environment with related activities.

In construction, this is usually a construction site scenario based on real-life situations.
Michalos et al. (2018) proposed a method that enhances the design of workplaces and
supports decision-making processes, through the collection and analysis of the position
tracking of a worker. This is facilitated by an immersive realistic VR-simulated
environment in which a worker can perform regular tasks. Using this data, the worker’s
movement and actions can be optimised, thus reducing costs and time concerning the
actual physical implementation of the work (Getuli et al., 2020). Delgado et al. (2020)
have studied the current research within Augmented Reality (AR) and VR for architecture,
engineering, and construction. They have concluded that the adoption level of both AR
and VR remains low within the construction sector.

MULTIPLAYER ENVIRONMENTS IN VR

This paper presents a multiplayer environment, meaning an environment where multiple
people can be present at once. Multiplayer environments have not yet been fully explored
within a construction VR environment. Only a few papers fully utilize the possibilities
the multiplayer environment presents, i.e. Du et al. (2018) who utilize the multiplayer
feature in walkthroughs for communication between the designer, contractor, and owner,
and Zhao et al. (2020) who research manufacturing simulation with multiplayer
functionality. Furthermore, in the scene created by Zhao et al. (2020), the participants do
not occupy the same workspace but have dedicated spaces for themselves.

The research related to construction has not yet utilized use-time data collection which
is possible to capture through VR as seen in other experiences (Golovina et al., 2019;
Solberg et al., 2020). Furthermore, they do not explore multiplayer VR for collaborative
work as the work on a construction site usually will be (incl. a site with multiple trades).

ROLE OF MULTIPLAYER VIRTUAL REALITY

While no multiplayer VR environments exist that are tailored for a lean construction
simulation game, our vision is a hands-on learning in a classroom-style setting that
enables active learning. This would follow (not replace) other existing, traditional
learning styles, i.e., frontal teaching lectures using presentation slides or small, but very
efficient game-plays (e.g., “airplane game”). By today, quite a few well-implemented
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efforts that teach the lean principles using such methods have entered higher education
and consulting (Table 1). Many yet do not address parts of the aforementioned issues.
While they are called lean simulation games, they follow the objectives of serious games.

Table 1: Examples of lean construction simulation games and categories they address

Category Building Automated data Lean  Virtual
Information collection and principles* reality
Game Modeling processing

Lean construction simulation game(s)** X
Leapcon (Sacks et al., 2007) X
RBL-PHP (Li et al., 2018) X) X X
BIM-loT-LC (Teizer et al., 2020) X) X X
Multiplayer Serious Game for Lean Construction X X X

* Addressing some of the corresponding lean principles: planning and control, standardization, pull production, wastes,
kaizen, site organization, quality, and safety.

** Numerous variations of simulation games exist that are being used in construction or consulting organizations (with a
focus on commercial building, manufacturing, and infrastructure).

METHOD

Multiple solutions exist both for multiplayer VR hardware- and software setup. There are
several commercially available options for the headset a user wears to experience a VR
scene, the controllers a user needs to traverse or interact with objects in a VR scene, and
the computers themselves to power and process the setup. Furthermore, several solutions
are present for designing and creating a VR game, and even for how to enable multiple
participants to be in the same VR environment at once. All is a non-trivial effort, often
compared to movie sets in the filming industry (Wolf et al. 2019). The full setup that was
created in iterative development stages is seen in Figure 1.
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Figure 1: Multiplayer virtual environment for a serious game in lean training

DESIGN OF SCENARIO

The design includes two scenes (Figures 2a and 2¢): A ‘messy’ scene, which does not
follow lean initiatives, and a ‘lean’ scene where lean initiatives have been incorporated.
Both are similar in layout, and at closer look small (but effectful for a participant)
differences appear. In the first scene where lean initiatives are not present, the participants
are confronted with several problems: (1) They have not been given a location sequence
to follow, (2) they have not been instructed in the specific work, only what their task is,
and (3) the workstations are not cleaned from obstructions. In the second scene lean
initiatives are presented. A location sequence is given, all participants have training for
their task, and according to Lean 5S principles all workstations are free from obstructions.
Each round is designed to last under 30 minutes for reasons of learning effectiveness.
Each scene has three workstations and one panel area with a board used for
instructions Figure 2b. When participants join the game, they are placed in the central
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part of the selected scene, in front of the (lean) instructions board. There it is possible to
see both instructions for the tasks for the 3 trades (carpenter, plumber, and electrician)
and their live work status. Latter is shown via cubes placed according to the workstation
the trade is currently working in. The carpenter has to place 6 drywall sheets in 4 different
sizes (Figure 3a-d). The plumber has to place 4 different pieces of pipes, 1 sink, and 1
toilet. The electrician has to place 2 lamps and 2 wires of the same kind. All the objects
are part of automatic data collection which is used for the analysis of the game.

Flgure 2 @ Workstatlon in ‘messy’ state, (b) board with instructions (mcl dlsplay
which workstation a trade occupies at a given time; assembly sequence of parts; small
desk with 3 cubes indicating that trades are in a waiting position; bucket that trades use

to throw their cube in after they completed all work tasks; the inlet image shows the live
status of the display during a scene play), and (c) a workstation in its ‘lean’ state

Figure 3: (a-b) Material sorted, (c-d) correctly installed by trades, (e-g) examples of
observed quality issues, e.g. gaps in installed drywall sheets, misaligned pipe fitting,
and lamp installation missing

HARDWARE SETUP

The research was conducted using two different types of VR headsets to display the
possibility of cross-brand usability. The setup included two HTC Vive Pro Eye headsets
(of which the eye-tracking functionality was not used) and one Oculus Quest 2 headset.
The controllers being used were standard controllers shipped with the headsets and both
the HTC Vive headsets were connected to two base stations respectively. All headsets
were connected to computers, which were used as engines for running the game.

SOFTWARE SETUP

For the game engine, there are several options, amongst others Unity3D and Unreal
Engine. Unity3D (version 2019.4.8f1) was used for the project and all scripts that enabled
the game to run were written in C# as this is one of the two programming languages that
Unity3D supports. For movement and interactions, the XR Interaction Toolkit (Unity,
2020) was used for the framework. This allowed for cross-brand experiences, which was
necessary, because of the two different brands of headsets being used.

PUN 2 from Photon (Photon, 2020) is used as the integration that allows for the
development of multiplayer experiences (the server connecting Clients A, B, and C). With
Unity, the host will have complete control over the game, i.e. when he leaves the scene,
the game will end. With Photon, the host is only seen as another client. This allows for
greater performance, as fewer steps are required to transfer data between the clients.
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This setup is especially useful as this allows participants to connect from anywhere
and will work on networks that have restrictions regarding peer-to-peer connectivity.
Furthermore, this setup allows for easy setup if the experiment is conducted in a different
location, as it is not reliant on the IP addresses and without the need for reconfiguration.

DATA COLLECTION

For the experiences in VR, automatic data collection has been set up. This allows for
quantitative analysis of the runs and makes it possible to see potential optimizations,
which in the end could allow users to optimize the workflow on real construction projects.
The data collection happens when interactions with objects happen. All interactions are
recorded in a CSV file. The contents are shown in Table 2.

Table 2: Data types and their meaning

Datatype Timestamp Object Location Action Trade
Description Time of action Object Location of Type of action  Who interacted
[hh:mm:ss] interacted with interaction [Pick-up, [Carpenter, Plumber,
[e.g., sink, pipe] [WS1 to 3] Place] Electrician]
RESULTS

Similar to simulation games for lean construction involving a physical model, two rounds
were played to be able to display the impact of lean when compared to experiencing a
workplace without lean initiatives. The automatic data recording is being used in both
scenes to be able to compare them afterward.

The first round took the 3 participants 12 minutes and 16 seconds to complete. They
combined had 29 occasions of multiple material handlings, which refers to the number of
times a participant had to handle an object more than needed. An example, is dropping
material and picking it back up again, or relocating it to its final installation point. Even
with the 29 steps of rework, there still were 5 quality issues observed during the first
round. These were found upon inspecting the data that relates to quality issues (incorrectly
placed objects trigger a counter). This later was verified by analysing additional video
footage of cameras installed throughout the scene and the participants’ field-of-view
recordings. Examples of these quality issues can be seen in Figure 3e-g.

The second round took 6 min and 56 sec to complete and had 11 occasions of multiple
material handling (62% decrease) and ended up with only 1 quality issue (80% decrease).
This already shows an improvement between the two scenarios. Because of the automatic
data collection, it is possible to look at data for every workspace and thereby examine
why the lean round was significantly faster. Figure 4 shows the comparison.
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Figure 4: Location-based schedule of ‘messy’ (dashed) vs. ‘lean’ scene (solid lines)

8}

Workstation [no.]

The ‘lean’ version (solid lines) is faster than the non-lean (‘messy’) version (dashed lines).
Overall, the duration is cut roughly into a bit more than half (57%). Another indication is
the slope of the lines. When the slope is steep (vertical lines), the task is done faster. Here,
especially the carpenter and the plumber (orange colour) performed faster. This can be
due to several things, the most significant being the mess that needs to be cleaned before
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starting their work in the ‘messy’ scene. This could also be a reason why the electrician
(green colour) did not have as much improvement as the other two trades, as the slope
difference between the green solid lines and green dashed lines was not as significant as
the other trades. This is because this trade did not need to move objects before starting
the assigned task. Besides the slope, it is also seen that the carpenter went from
workstations 1 to 3 directly instead of following the sequence: 1 to 2, and then to 3. This
made the plumber wait after workspace 1 and thereby delaying the whole team.

The ‘lean’ scene was played as the last. This meant that all participants were already
experienced in this environment, which also could affect the performance of the second
round, both in terms of the time of completion but also in terms of quality as described
earlier. Eventually, multiple different environments with various tasks will remedy such
issues, or additional participants not used to either scene will be used for more objective
comparison. These limitations can be uplifted, but should not diminish the benefits the
developed serious game using a multiplayer virtual reality environment generated and
once results are compared to existing simulation games used in lean construction training.

CONCLUSION

This research successfully developed a serious virtual reality (VR) multiplayer game to
teach lean construction. The preliminary findings show high potential for use-time data
collection for a thorough analysis of several lean principles, such as the flow principle
and the perfection principle. The results also show how a VR experience can be used to
teach lean principles in a more realistic environment than board or other lean simulation
games and that it can help in decision-making processes by the use of data collection and
analysis. The developed tool is more sensitive to the overall investment, and also allows
for teaching these principles while participants are apart, e.g., under Covid-19 restrictions.
The study is one of the first attempts to examine multiplayer environments for
construction. It has shown potential for improvement. For example, giving participants
with little to no prior VR experience additional training or distinguishing the layout and
tasks in the two rounds more. Future versions would also benefit from implementing
additional lean principles (e.g., the pull principle where a warehouse functions as the
central hub for the material). For data collection, it should be showcased if participants
were helping each other with tasks. Their trajectory tracking should be recorded to further
optimize the workflow through data analysis and presentation between the two game
scenes. Using a larger sample size and video footage recorded of the participants outside
of VR would allow for better data analysis, incl. which impact emotional reactions and
mistakes of participants have when learning with VR. While a study of VR sickness was
not part of the research scope, its limitation should be investigated in a future study. The
same counts for protecting the participants’ privacy rights. The individual analysis would
then allow personalized feedback for their performance, as it is a training environment.
This game currently is limited to ten participants that join the server application. More
tasks could be added and modelled in Unity3D to allow for more realistic workflows
typical in construction. This, however, requires additional VR headsets and computers,
which come at higher expenses. The investment may return value for other AEC purposes.
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LPS IMPLEMENTATION USING PHYSICAL
AND DIGITAL VISUAL MANAGEMENT-
BASED TOOLS: A CASE STUDY IN
LUXEMBOURG

Duan Hua! and Thomas Schwartz?

ABSTRACT

The Work described in this paper presents the results of a lean construction research
project. The objective was to evaluate the impact of Visual Management-based tools to
improve Last Planner® System implementation in Luxembourg. To drive this project, a
Design Science Research methodology has been used on two construction sites.

The first step of the research focuses on the use of physical supports to design visual
management-based tools to implement LPS conversations. The results show a very
positive impact as it tackles LPS implementation challenges (collaboration between
trades, skills acquisition, change management) but also show that the workload to manage
LPS conversation is a serious problem.

The second step of the research tackles this workload issue by digitizing the Visual
Management-based tools designed in the first iteration. The results show a huge
improvement for users allowing more efficient meetings, better access to data, improved
use of LPS outputs to communicate between the client and the project management team
and even more flexibility to respect COVID 19 sanitary rules.

The paper concludes with the limit of the digital solution which was used in this
project. As it is not specially dedicated to LPS it lacks the possibility to calculate and
simulate planning and production data.

KEYWORDS

Last Planner® System, digital, visual management, obeya.

INTRODUCTION

The Last Planner® System (LPS) is a method for planning and controlling production
developed by Ballard and Howell (Ballard and Howell 1994) for the construction industry

It aims to reduce variability and uncertainty in the production workflow by planning,
removing constraints and ensuring continuous improvement.

Recent decades have shown that the implementation of LPS is a real issue for
construction companies (Porwal et al. 2010). Several challenges as, partial LPS
implementation (Bhargav, 2015), lack of training (Fernandez, 2018), issue with change
management (Tayeh, 2018) complexity to implement specific discussion, ie make ready
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plan (Ebb, 2018) have been reported without giving real operational solutions for LPS
practitioners. This paper describes two separate instances of LPS implementation from
past and ongoing projects and a presentation of operational tools tackling LPS
implementation challenges. As LPS is closely associated with collaboration (Mosmann,
2015), transparency (Brady, 2014), operation tools based on visual management (Brady,
2014) will be presented and evaluated as they could bring an important support for LPS
implementation by ensuring more structure and facilitate skills acquisition. In addition, it
has been observed that LPS meetings are time consuming (Bassam 2018), to tackle this
challenge, an IT based solution will be presented as it could easily provide extra support
to facilitate LPS implementation. Evaluations of both implementations will be based on
observations and users’ feedbacks.

THE LAST PLANNER® SYSTEM

The Last Planner® System, developed by Ballard and Howell in 1992, focuses
construction project management around planning and production control, rather than on
directing and adjusting production (Daniel et al. 2015). This method improves
collaboration between the different project stakeholders to reach the common goal by
organizing / structuring collaboration around 5 conversations (Mossman 2015) with
specific goals:

e Should: Master Schedule and Phase Schedule

e Can: Make Work Ready Plan

e Do: Weekly Work Plan

e Did: Percentage of Promises Completed and Continuous Improvement

Studies have reported the substantial benefits resulting from the implementation of the
LPS in building construction (Alarcon et al., 2005), which could explain the increasing
demand from construction stakeholders, building project owners and contractors. The
main barriers to LPS implementation are related to a lack of both training (Fernandez,
2018) and time to implement change management, resulting in an insufficient acquisition
of LPS skills from stakeholders. In addition, the complexity of the LPS method and the
fact that meetings are considered a waste of time by most subcontractors in our study can
result in a loss of interest from participants, drastically reducing the level of collaboration
and the added value of the LPS method. This sometimes results in LPS ultimately being
abandoned.

RESEARCH METHOD

Khan 2014, indicates that Design Science Research (DSR) can support the development
of valid and reliable knowledge that can be used to create lean solutions to practical
problems in the construction industry.

As already done by several lean construction publications, we used a Design Science
Research (DSR)methodology both to develop new artefacts to solve issues we faced
during our LPS implementation and to contribute to the theory of the LPS (Lukka, 2003).

The Design Science Research methodology (DSR) (Peffers, 2007) adopted for this
research required the first five steps to be implemented in order to develop an LPS
physical environment with ‘paper artefacts’ that tackles the problem we faced during past
LPS implementations. We’ve used the DSRM method in a specific manner; we did not
perform several iterations on the same problem. To provide practical results we carried
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out one iteration tackling a challenge based on literature review and a second one
discovered during the evaluation phase of the first iteration. After the design, the
implementation and the evaluation of our demonstrator on the field. The first iteration
showed good results for the dynamics of the collaboration, but other additional practical
problems appeared. We decided to solve those issues with an IT solution and a second
iteration (Fig 1) on a different construction project. Those two iterations will be presented
in this paper

Iteration 1

Problem Solution Design and Tests and
Identification objectives development evaluation
LPS Discussion Improve all LPS Co design with Interview

Efficiency and phase Management
order implementation Team

with users

Iteration 2

Problem Solution Design and Tests and
Identification objectives development evaluation
Lack of Improve Co design with Interview
efficiency with efficiency Management with users
LP$ phy;ical with IT Team

Figurel Double iteration DSR Scheme

For each iteration, a first explanation on the context and the tools used will be done, then
the identification of the practical problems and their impact on the LPS implementation
and finally the solution developed and its evaluation on the field.

FIRST ITERATION

The first iteration of our research was requested by a building owner wanting to
implement the Last Planner® System for a €10 million project that included all building
trades. The project stakeholders had no experience with LPS. The project manager was
highly experienced in using the classic method based on directing and adjusting
(Cybernetic model). All subcontractors and the project manager were trained in LPS
concepts and conversations, in the weekly meeting routine, and were trained to use the
different physical tools supporting LPS implementation. Several evaluations were
planned with the teams to adjust the process and tools according to user needs.

PROBLEM IDENTIFICATION AND MOTIVATION: LPS DISCUSSION
EFFICIENCY AND ORDER

We decided to tackle two practical problems identified during past LPS implementations
that were related to one or more LPS implementation challenges already identified in the
literature. Mixing LPS discussions leading to partial implementation (Bhargav,2015) and
improve Make Ready Discussion (Ebb 2018).

FIRST ISSUE ADDRESSED: MIXING LPS DISCUSSIONS

It has been observed that most LPS projects were characterized by a lack of training, and
a lack of time to manage change. As a result, although users invest time in LPS, they still
have a “This is how I ‘ve always done it” attitude, which results in managing LPS
conversations in the wrong chronological order and mixing their objectives, thus leading
to partial LPS implementation. As an example, contractors and subcontractors have the
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tendency to start the Make Work Ready Plan too early, extracting data directly from the
Master Schedule before working on the Phase Schedule. Without robust information like
detailed planning, work sequence or the agreement between subcontractors about
consecutive tasks handoffs, investing time in preparing task soundness is highly
unproductive, as non-priority tasks will be addressed, and work started too early will have
to be done again. Furthermore, these digressions result in a global loss of efficiency,
longer meetings that do not produce what is expected, a loss of interest in LPS as the
objectives are not achieved, and the risk of giving up on LPS.

Solution Objective

Compensate lack of training, lack of implementation time available by improving the
guiding capacity of supporting tools and improving the “learning by doing” effect
provided by visual management (Tezel et al.2009)

Design and Development

The main element in this proposal for supporting LPS implementation was to guide users
with a dedicated physical tool for each LPS conversation. Therefore, sticky note boards
have been used to support the Master Schedule (MP) and Phase Schedule (PS) (Fig.2),
Make Work Ready plan (MR) and Weekly Work Plan (WWP).

Each tool was designed to fit with each LPS conversation and its objectives with a
specific time horizon (monthly for the MP, weekly for the PS and daily for the WWP)
and a specific level of information granularity. This helped subcontractors to focus their
exchanges during meetings, helped the LPS facilitator to avoid digression, and avoided
describing a task in too much detail too early on or planning and preparing a task too late.

k. i i
Figure 2: Master Schedule & Phase Schedule

Tests and Evaluation

According to observations during meetings and interviews with users, the implementation
of a specific visual management-based tool for each conversation enabled the project
team to improve its productivity and collaboration during LPS meetings and reduce
meeting length by focusing only on the LPS conversation objectives. It also provided a
structured routine to manage LPS meetings, and improved stakeholders’ involvement and
their ability to take responsibility, as well as their autonomy to fuel the meetings with
data. The different tools supporting each LPS conversation and their specific design
helped users to acquire LPS skills, which resulted in more discipline during the meetings.
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SECOND IssUE ADDRESSED: IMPROVE THE MAKE READY CONVERSATION

The second issue was the implementation of the Make Ready conversation as it induces
the most important change (Ebbs, 2018) Indeed, for construction stakeholders, solving
problems and removing constraints are common activities in a construction project. These
used to be accomplished in an individual fire-fighting dynamic rather than in a planned
and collaborative way as recommended in the LPS method. It is common to use Excel
sheets (Figure 3) to identify and monitor constraints by providing key information like
task description, localizations, comments, deadlines for removing the constraints, time
horizon, and the person responsible for the constraint removal. However, we found that a
simple list was not enough to help people collaborate in identifying constraints and
monitoring constraint removal as it is difficult to identify work priorities and task
“soundness”’(Mossman 2015) issues according to the production horizon.

Task Operationalisati Informati Re Ready

- - . ) Validated | Auhthoriza- . i
N°| Task Description Zoning Remark week| Date |Responsible|  Plans ol G HR materials | Equipment space  |v/N
ans ion

130| Masonry Joints for prefab wall Stairs 35 |29-aug| Asco v v v

128| Masonry Wall boiler room Lv+2 39 |24-sept| AsCO \ v v v v \ v \4

Concreting Elevator Inspection Inpection Hatch
112 | Masonry Roof 36 [05-sept| Asco v v v v
hatch Protection

127|Masonry[  Closing wall roiler Room v+2 36 [09-sept| ASCO \ v v

Finalizing Coincreting disposal
144 | Masonry room Basement-3 39 [24-sept| Asco v v % v

Figure 3: Make Ready

Solution Objective

Improve the Make Ready implementation and Collaboration, Support Constraint removal
with visual management control.

Design and Development

A design has been completed with project members to integrate visual management
functions to simplify data display (Tezel et al 2009) and ensure learning by doing. This
solution was based on a kanban board (Figure 4) to represent task soundness according
to different constraint categories (Ballard and Tommelein 2016). Using visual control,
this view enables the quick identification of priority tasks with a low level of soundness
and short production horizon.

A

Soundness

Figure 4: Visual Management-based Make Ready tool Linked to Weekly Work Plan
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Tests and Evaluation

This tool helped improve the Make Ready conversation by using collective intelligence,
and the combined experiences of all trades to define and deal with constraints according
to shared resources (space and coactivity, crane time...), settle handoffs between trades,
and define options and alternative ways of fulfilling tasks and improving commitment
before production.

The final point was the time gain for project managers, as shared planning between
several managers and autonomous subcontractors helped the project managers improve
their added value by allowing them to focus their workload on anticipating problems and
improving collaborative decision-making, rather than firefighting and solving
administrative issues.

GENERAL EVALUATION

Despite the solutions implemented bringing huge benefits for LPS implementation,
several problems were pointed out. The main problem was the time required to produce
and update the different views for each conversation. Indeed, planning charts were filled
with hundreds of sticky notes that needed to be written out and moved by hand one-by-
one. In addition, all views needed to be updated by hand from Master Schedule to
production plan and vice versa. The question of accessibility was also noted. In practice,
physical boards are only accessible in the construction office containers. Furthermore, the
use of the planning charts for reporting was complicated as photos were not always
exploitable; handwriting also caused some readability issues. All these elements are
serious hindrances for LPS implementation and led us to a second iteration with another
construction project and a new team. Those challenges will be tackled in the second
iteration.

SECOND ITERATION

Another collaboration project was defined with a general contractor wanting to
implement LPS with physical and digital tools on several construction sites. This section
will focus on the implementation of a digital visual management-based solution for a
project entailing the renovation of an existing building in Luxembourg city centre.
Although the project manager had a little experience in the LPS method, the construction
manager and his assistant had no experience in LPS before the beginning of the project.

To support the skills acquisition of the project team, several training sessions were
planned to transfer LPS concepts, tools and routines, alongside time dedicated to
implementation support and coaching for the construction manager and the assistant, who
was identified as the future LPS facilitator.

SOFTWARE SELECTION

Our Company selected software to support our work on visual management-based tools
to improve LPS implementation according to our past experiences that led us to identify
key issues.

PROBLEM IDENTIFICATION

Several problems were identified during our first iteration and were solved during this
second iteration:

e Reduce time wasted
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e Improve information availability
e Synchronize all LPS views
e Gain space in construction office containers

ReDuUCE TIME WASTED:

Whether for the Master Schedule or Phase Schedule, the initialization of this views
requires testing several ways of representing information and formalizing different
construction scenarios. Using physical boards for this can take a lot of time due to the
number of sticky notes to handwrite and to move. It is sometimes the cause of a chart that
no longer represents the reality in the field.

Solution Objective
Improve data production during meetings.

Design and Development
The software enables the users to:

e Copyl/paste sticky notes that, after few weeks of work, are often the same or just
a variation of old sticky notes.

e Adjust planning with the drag-and-drop function.
¢ Duplicate entire boards or sequences of work to create alternative scenarios.
e Copy data from a low-detail planning to a higher-detail one.

IMPROVE INFORMATION AVAILABILITY:

Each meeting requires the planning views to be updated based on considering the actual
progress of work, changes requested by the client and provisional planning adjustments
to respect milestones. Provisional planning updates must be part of the meeting minutes
to allow each trade to prepare the next meeting with constraint identification, resource
availability, etc. Taking pictures of plannings and send them is not ideal, therefore this
solution request additional work to formalize the adjustments made during the meeting.
This administrative Works takes time for the lean facilitator to complete, which creates a
problem as he/she has less time to prepare and follow up the next meeting.

Solution Objective
Improve use of administrative time between meetings for all stakeholders.

Design and Development

The software enables users to export planning charts in a digital format, the project
manager to share global planning charts with the client or the client’s project manager,
and enables specific data to be shared with subcontractors, architects or engineers by
sorting data so that it is assigned to a specific user. Furthermore, online access and user
access management facilitate the access to planning charts for all stakeholders and allows
subcontractors to update their work in the field with an app.

SYNCHRONIZE ALL LPS VIEWS :

Splitting planning information between several boards is one way to facilitate the
structure of LPS conversations and avoid mixing discussions during meetings. However,
being able to see / understand the impact of a change in a short-term plan over a more
long-term view is crucial to respecting the final deadline. With physical boards displaying

Enabling Lean with Information Technology 71



LPS Implementation using physical and digital Visual Management-based tools: A case Study in
Luxembourg

those LPS views, this link is only made by people, which brings more complexity in terms
of ensuring coherence between high-level planning and short-term planning. More
importantly, updating the Master Schedule with updated data from the field is a complex
exercise. This information flow needs to be explicitly defined in the LPS. (Bhargav et al.
2015).

Solution Objective
Improve coherence between LPS conversation and its dedicated tools.

Design and Development

Synchronized and encapsulated sticky note functions enable the synchronization between
views and the visualization of a correct level of information according to the LPS
conversation. As an example, activities from the Phase Schedule (Figure 5) are described
as more detailed tasks in the shorter-term planning horizon, the Look Ahead Plan. Those
tasks are then used to facilitate the last planner’s commitment in the Weekly Work Plan
and are finally archived as soon as tasks are completed and validated (Figure 5). A visual
signal is displayed on the Master Schedule every time a synchronized task is moved on
the Phase Schedule and vice versa to invite the user to check the impact of a modification
in the shorter or longer term.

Archived tasks

Filantes

Figure 5: Phase Schedule to Look Ahead Plan to Weekly Wo}k Plan

GAIN SPACE IN CONSTRUCTION OFFICE CONTAINERS

Using visual management requires a large surface to display information. Depending on
the project complexity, a large wall area is required; even if the use of removal panels is
possible, the area available to display visual devices is sometimes critical and has a
recurring cost. In some cases, these recurring rental costs for extra construction office
containers are a hindrance to visual management deployment. Also, to respect COVID-
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19 sanitary measures, it is more complex to organize meetings using common supports
and using sticky notes can be tricky.

Solution Proposed
Improve flexibility and LPS Implementation in the construction office containers.

Design and Development

Each specific view related to an LPS conversation can be displayed on a large touchscreen
(+65”) which allows the reduction of the space requirement. It has been observed that the
rental cost of the touchscreen was equivalent to the rental of an extra office. In addition,
sometimes the number of office containers is limited.

Another important function is the online multi-user access. The software enables the
different subcontractors to contribute to the same document during online meetings with
their own IT device, ensuring the respect of COVID-19 sanitary measures and that
meetings can be held remotely when mandatory.

GENERAL TESTS AND EVALUATION

According to the interviews with team members, the use of the software greatly improved
efficiency both during and between meetings for all stakeholders. As many stakeholders,
especially subcontractors, usually consider meeting a waste of time, gaining time during
LPS meetings was a huge game-changer for LPS adoption, helping users to become more
autonomous in LPS planning completion.

Furthermore, it provides the ability to instantly communicate planning charts with the
client’s project manager after a meeting in order to share focused data. The limits of this
kind of software, which is not especially designed for the last planner, is that the LPS
facilitator must be experienced and be able to design views for LPS conversations.

CONCLUSION AND PERSPECTIVES

LPS implementation has often been observed as limited because of the low skills
acquisition path from the LPS teams and incomplete or incorrect implementation. The
reasons for this are a lack of training and time to implement change in an ongoing project,
leading to a low return on investment for LPS meetings.

To respect LPS conversations, according to stakeholders feedbacks, it is confirmed
that visual management-based tools are the perfect fit to transpose LPS structures and
objectives, in order to improve learning by doing and collaboration, simplify LPS work
and reduce the duration of LPS meetings. Nevertheless, LPS physical boards can be a
serious hindrance to LPS implementation because of the workload related to sticky note
management, the limited of the boards and the space required to hang physical boards.

Those limits can be removed with IT solutions. Therefore, IT associated with visual
management is a perfect solution for improving LPS implementation. A highly adaptative
software will support experienced LPS users in transposing their LPS routine digitally
whereas non-experienced users will continue to need support and coaching from LPS
experts.

However, IT solutions require more time and even more change management, it will
also induce an initial investment and generates a theft issue because of the use of a touch
screen.

Our next research will focus on more data-automatic analyses to provide more added
value in the generation of scenarios and automatic Percentage of Promises Complete, as
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well as continuous improvement reporting. We will also focus on the change management
process as a lot of construction stakeholders are still technology and change resistant.
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A FRAMEWORK FOR IMPLEMENTING THE
LAST PLANNER® SYSTEM IN A VIRTUAL
ENVIRONMENT

Diana Salhab?, Karim Noueihed?, Ahed Fayek?, Farook Hamzeh*, and Ritu Ahuja®

ABSTRACT

The Last Planner® system (LPS) has witnessed a major shift in implementation at the
onset of Coronavirus disease 19 (COVID-19). Governed by maintaining social distancing
and many other safety restrictions, some construction practices including LPS
implementation are now taking place in the virtual environment. However, potential
challenges and enablers of implementing LPS in such an environment are yet to be
investigated. This paper presents a framework based on lean philosophy and aims at
successful implementation of LPS in a virtual environment. The framework calls for
embracing a strong lean culture in the virtual work environment. The study also seeks to
outline the challenges and enablers of this implementation. The framework was tested on
a construction project through an expert panel. Results show that the framework is
promising, and that although COVID-19 inflicted many challenges, it also had some
positive impacts on LPS implementation. The framework will help practitioners and
managers adopt a systematic approach from initiation to implementation of LPS in a
virtual environment.

KEYWORDS

Last Planner® System (LPS), challenges, enablers, COVID-19, virtual environment.

INTRODUCTION

The Last Planner® System (LPS) is a production planning and control system aimed at
reducing variation and uncertainty in construction works (Hamzeh et. al, 2012). However,
the global pandemic Coronavirus disease 19 (COVID-19 infectious disease) that surfaced
in 2019 was not accounted for in any production system; and it was first perceived as an
external condition for construction projects. This pandemic imposed hurdles on various
aspects of businesses including the construction industry. Furthermore, the rapid spread
of the virus and the unfamiliarity with its transmission mechanisms induced officials to
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A Framework for Implementing the Last Planner® System in a Virtual Environment

issue restrictions such as limited person to person contact (Parr et. al, 2021). This led to
the online communication platforms replacing the face-to-face meetings.

Knowing that the human workforce is at the base of designing and making in
construction projects, the construction industry is facing many challenges to adapt to the
new work conditions imposed by the current circumstances. Indeed, construction projects
are achieved by the collaborative efforts of engineers, general contractors and trades,
managers, workers, foreman, suppliers, etc. Particularly, the pillars of the LPS are
planning work in greater details, developing the plans with the people who will perform
the work, identifying and removing constraints ahead of time, making reliable promises,
and learning from failures (Hamzeh et. al, 2012). Proper implementation of the
aforementioned pillars has been successful on many projects. However, governed by
maintaining social distancing, current LPS practices are yet to be explored. Many research
studies addressed the challenges and enablers of implementing LPS in normal conditions.
Nonetheless, no research study has been found to tackle the issue of implementing the
LPS in a virtual environment. This study presents a framework to guide practitioners and
companies in implementing LPS in a virtual environment based on lean philosophy. It
also employs an expert panel questionnaire to assess the enablers and challenges currently
faced by a company following a similar framework.

LITERATURE REVIEW

Various aspects of lean practices are tackled heavily in the literature, especially LPS.
Challenges and enablers of implementing LPS are discussed by many researchers. Table
1 below summarizes challenges discussed by some researchers.

Furthermore, the literature highlights many endeavours that complement LPS
implementation in the industry. Several researchers have proposed frameworks that target
successful implementation of LPS. These frameworks act as guidelines that highlight
critical factors for effective implementation and how to address them. Daniel and Pasquire
(2017) developed the LPS-PCA approach for effective implementation of LPS on
construction projects. The approach does not describe the LPS implementation
methodology, but rather serves as a guide for clients, main contractors, or subcontractors
to help identify and remove constraints that were proved to obstruct LPS success. Hamzeh
(2011) conducted an action-based research on three construction projects implementing
the LPS. The author came up with a framework describing 11 guiding principles for
successful and sustainable implementation of LPS.

Nevertheless, the discussion about LPS frameworks and implementations is limited
to implementation in casual conditions. Casual conditions refer to the absence of a
pandemic that imposed restrictions on face-to-face meetings and overall business
practices. Still there are some studies that addressed the impact of COVID-19 pandemic
on the overall construction industry. For instance, according to a study conducted by
Assaad and El-adaway (2021a), COVID-19 has affected four main areas within the
construction projects: (1) workforce, (2) project and workplace concerns, (3) procurement
and supply chain, and (4) contractual, legal, and insurance processes. Furthermore, due
to the COVID-19 infection, the workers’ absence from the site witnessed an increase
(Franzese, 2020) and so did the provisional suspension of on-site work because of the 14
days quarantine (Piro, 2020). Moreover, there was a decrease in the overall project
productivity and labor productivity due to widespread pandemic infections (Assaad and
El-adaway, 2021b).
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Consequently, this study presents a framework for successful implementation of LPS
in a virtual environment given the current conditions and addresses the challenges faced
by practitioners.

Table 1 Literature Review on Challenges to LPS Implementation

Researcher Challenges to LPS Implementation

Viana et. al (2010) Difficulty in adapting to the new culture
Incompatible personnel qualifications
Long time spent on planning issues
Incomplete information
High interdependence between different processes

Ballard et. al (2007) Strong resistance to change
Lack of leadership
Lack of commitment from upper management
Lack of active support due to top-down management

Hamzeh et. al (2016) Different levels of understanding of Lean Construction philosophy
Repetition of failures
Non-collaborative development of the master schedule

Porwal et. al (2010) Lack of training
Lack of leadership
Failure of management commitment/organizational climate
Organizational inertia & resistance to change
Stakeholder support
Contracting and legal issues/contractual structure

METHODOLOGY

The research methodology adopted is Design Science Research. This methodology
includes three main phases: problem identification, solution design, and evaluation
(Offerman et. al, 2009). This study tackles the problem of implementing LPS in a virtual
environment. The literature identified and classified general challenges of implementing
LPS. However, no study has been found to tackle the challenges and enablers of
implementing LPS in a virtual environment. As for the solution design, a framework that
targets these challenges to achievement of full potential of LPS is developed. Lastly, the
evaluation is performed through the assessment of enablers and challenges of
implementing a similar framework. This is done by interviewing an expert panel of
practitioners working on different construction projects. The practitioners work at the
same company where they apply LPS in the current situation governed by safety
restrictions on many aspects due to COVID-19. The company, which operates in the field
of general contracting, selected a software that facilitates LPS implementation and is
currently involved in six projects. The following section presents the suggested
framework.
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SUGGESTED FRAMEWORK

The challenges faced when implementing LPS may still be faced in a virtual environment.
COVID-19 is a warning for people to rethink the current management methods and have
the urgency to adopt a new workstyle that aims at improving productivity and reducing
the impacts of possible contingency. Therefore, the suggested framework reintroduces
different aspects of lean philosophy to pave the way for successful implementation of
LPS. This framework is inspired by the framework developed by Hamzeh (2011); the
framework was used as a starting point and amended as per the authors’ research on the
challenges of applying LPS in a virtual environment. Since LPS is based on collaboration
and communication between different project stakeholders, the new framework facilitates
LPS implementation catering to well-known challenges from previous experiences and
the imposed novel challenges. The steps for implementing the framework are as follows.

1- Top Management Buy-in: The first step is of paramount importance; it is about
the top-down management devoting a strong buy-in for the lean principles within its
vision and embracing a lean culture. A lean culture implies one where everybody is
encouraged to contribute to improvements in a collaborative environment. AlSehaimi et
al. (2009) classified top management support as a critical success factor of LPS
implementation; and it acts as a prerequisite for the following steps. They have the highest
influence of change in the organization’s systems and people. Managers usually resist
abandoning the traditional practices they have adopted for years, and this is normal. Also,
some will come with preconceived beliefs that a new system will not work. Accordingly,
a mentality shift within the work environment should be achieved; it is challenging but
not impossible. Presenting the advantages of lean construction through a small pilot study
and more importantly showing that it works is a good strategy to achieve the shift.

2- Mid Management and Last Planners Buy-in: The second step is also of great
importance. After the top management firmly believes in the need for LPS, they will
encourage and convince the rest of the team (mid managers and last planners) to
implement the method. It is expected to experience ramp up time adapting to the new
system and moving people out of their comfort zone. However, providing a training where
people are walked through the rational and the advantages of applying lean and last
planner system eases this phase. In brief, the top management shall not push the system
on the people, but rather highlight the effectiveness and the need of such a system. This
will also build trust within the organization and enhance collaboration.

3- Creating a Cross Functional Team: “Work groups are the focal point for solving
problems.” (Liker, 2004). Creating a cross-functional team that brings together people
from various trades and disciplines and investing in such a team is essential. Most of the
improvements a company achieves could come from its people since they are the ones
involved in various aspects and operations of the job. The team should have autonomy
and freedom to suggest LPS implementation ideas. It is essential to have a lean expert on
the team at this point to guide and oversee the whole process.

4- Providing LPS Training: The basis of the company’s management approach
needs to be one that integrates social systems with technical systems through training
exceptional people (Liker, 2004). The lean expert should give a thorough and practical
training on the principles and tools of LPS. It is crucial to build the discussion on the
importance of embracing the long-term philosophy behind the lean culture, even at the
expense of short-term financial goals; lean is way more than just tools and techniques
(Liker, 2004). The training is a critical step in the overall process, it should not be pushed
and forced on the team. The last planners should be highly involved as they will be the
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ones who will utilize the LPS tool mostly. Several online communication platforms that
allow screen sharing can be used to achieve this. This way, the expert providing the
training can share their screen with all participants. Furthermore, virtual lean simulations
are becoming a popular approach for educating people more about different lean aspects.

5- Mapping the Planning Process Using Value Stream Mapping (VSM): After
training the team, members will have a better idea of the current practices and can
contribute towards process improvements more effectively. There might exist great but
undiscovered opportunities for improvements in the operations of a company; using a
simple visual mapping tool such as VSM assists in uncovering such opportunities. It
allows pinpointing deficiencies and wastes in the current operations and stimulates
participants to think of effective alternative solutions using a common language.
Therefore, the current planning process should be mapped by the team where they give
feedback on how to improve the process based on their experience. This exercise can also
be done using commercial applications that allow users to draw charts and diagrams
seamlessly. This is equivalent to the teams meeting in a room and mapping everything
with sticky notes. All participants can contribute through adding the improvement ideas
they have using such online tools.

6- Investigating Available Software: Although meeting in one room became
unfeasible due to safety restrictions, the project participants can still conduct weekly work
plans and other LPS requirements through an online software. Many software support
LPS implementation; the software should serve the team in achieving their needs and
should have a simple interface. Essential features should include managing weekly work
plans (WWP) and PPC, constraints, and coordination between trades. The last planners
should still be able to link the front-end planning (master schedule) with production
planning (look-ahead and WWP) using the software or else the PPC would not be a
reliable indicator of the project performance (Hamzeh et. al, 2012). It is recommended to
have software companies present their product and explain its features to the whole team;
and the team could ask for any clarification they have in mind. To make a decision, the
team should give feedback on the pros and cons of each software with respect to how well
the software fits their needs.

7- Choosing by Advantage (CBA) a Software: The evaluation technique to pick the
software is CBA which is a subjective and collaborative decision-making technique.
Several potential software alternatives should be initially specified. The team must decide
on the factors they are interested in such as the ability to integrate with Primavera P6,
daily coordination, task duration flexibility, etc. The process could be done using simple
tools such as a spreadsheet. This will help the team come to a united decision on what fits
them best. At this point, a technical expert from the software company chosen should join
the team for the implementation of the software and adjust it as per what the team needs
and not necessarily pushing what the software does.

8- Providing Training on the Software: The software will be the tool the last
planners use to effectively implement the LPS. The software should not be a burden on
the last planners because it is critical for them to have a new system supporting their work
rather than hindering it. It is highly recommended to have a representative from the
software company and have flexibility to adjust according to last planners’ need when
possible.

9- Preparing a Dashboard with Various Metrics: Although PPC is the most used
metric in practice, there are many metrics that are essential and complement PPC. There
is a significant gap between near-term planning and long-term planning (Hamzeh et al.,
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2019). A dashboard will serve as a tool to continuously monitor performance and uncover
hidden problems on site. Also, it is as a proactive tool that will help projects stay on track.

10- Implementing a Pilot Study on a New Project/Project Phase: The
implementation of LPS is easier and more effective when it is implemented at an early start
of a project (AlSehaimi et al., 2009). This will help the team to set the foundations right
and improve as they progress. People tend to be convinced more when they see tangible
results. As mentioned earlier, seeing the advantages of the lean system and understanding
that it works make the project participants aspire to adopt lean.

11- Developing a Standard Work Methodology: The team should be able to come
up with a standardized work pattern on how things should be done (frequency of
meetings, look-ahead planning window, daily huddles, etc.). The team should adopt the
method and improve it as work progresses; they could go back to the mapping process to
re-adjust it as per the needs if necessary. It is essential for the team to develop a checklist
in each meeting to ensure that the objectives of the meetings are met. Also, it is important
that all participants contribute during the online meetings.

12- Developing a Plan for Sustaining LPS: Having a plan for sustaining the LPS
system and other lean practices is substantial. Failure to do so will impair all the efforts
exerted in securing a lean environment for the current and future projects. LPS is
sustained whenever the teams and the company realize the benefits and not just learn
about them. Hamzeh (2009) stated that it is important to have a positive experience during
initial LPS implementation. This is a significant factor for sustaining LPS since the last
planners would pick up the pace on how to implement LPS and realize the benefits of it.
Another contributing factor in this step is the top management. Sustaining LPS requires
investing in tools such as the software, training workshops, experts... It also requires the
company to embed LPS standards into the work methods and to have first run studies and
trials to assess inefficiencies in the system.

The process aims at helping people challenge the status-quo and expand their
knowledge. The human factor is highlighted in each step of the process and should be the
driving factor of LPS implementation in any environment. If performed correctly, this
will potentially increase the responsiveness of the organization which is a fundamental
organizational trait in these turbulent times that the industry is passing through. The
process is summarized in Figure 1.
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APPLICATION OF FRAMEWORK RESULTS

A set of 14 questions related to implementation of LPS is prepared based on extensive
literature review. These questions are addressed to three superintendents working on
different projects but are from the same general contracting company. The 4" person
represents an electrical trade company working with the contracting company.

Table 2: Expert Panel Questionnaire

Question Sup. 1 Sup. 2 Sup. 3 Trade
Partner
1-What is the level of Very High Very High High High

engagement in the weekly
planning meeting in a virtual
environment?

2-What is the level of Neither High Neither Neither high
transparency between trades high nor high nor nor low.
in a virtual environment? low. low.
3-What trust level you have High High High High

that the preceding trades will
finish as promised?

4-How much do you rate Very Satisfied Satisfied Satisfied
team satisfaction in a virtual satisfied
environment?
5-What is the level of High High High High

cooperation between the
different trades within the
virtual environment?

6-What is your level of Very High ~ Very High. Very High Very High
awareness about the It is easier
progress of different trades in to see the
a virtual environment? progress

7-1t was difficult to move to Disagree Agree; but Disagree Disagree
online communication got easier

platforms.
8-The software used is Agree Strongly Agree Strongly
comprehensive for LPS agree agree

implementation and it covers
all aspects of LPS.

9-The software can Agree Strongly Agree Strongly
document failure reasons agree agree
10-Metrics used are enough  Agree. PPC Neither Agree Agree
for proper project controlina  is enough agree nor
virtual environment. disagree
11-LPS was implemented Agree Agree Agree Agree
correctly.

The questions are aimed at understanding the practices, challenges, and enablers of
implementing LPS in the current virtual environment. The first 11 questions are on a
Likert scale; some have answers ranging from strongly disagree to strongly agree and
others from very low/dissatisfied to very high/satisfied. These questions are summarized
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in Table 2. The rest of the questions are open-ended and discussed afterwards. Finally, to
get input on the challenges from an upper management perspective, one of the company’s
senior managers was interviewed. The interview results are summarized at the end of this
section. Note that the interviews were done with each person independently so that no
one participant would influence the opinion of other participants.

12-How can you improve the LPS implementation and increase trust and
transparency in your opinion in a virtual environment?

All superintendents endorse the idea that more practice is needed to improve the LPS
implementation. This includes training and practice on effective use of online
communication platforms and active engagement of all participants during meetings. The
superintendents emphasized the importance of buy-in from trades, which would increase
the transparency between them. This is realized through proper training, assigning the
right responsibilities to the right people, having accountability, and trusting others’ work.

13-What do you think can be done to get culture lean in a virtual environment?

Although it is recurring, the concept of training seems to be a part of the solution to
many issues; and this sheds light on its importance. The experts emphasized the
importance of project participants getting together as a team to learn more about LPS and
lean construction in general. Through proper training, the participants will embrace the
lean way of thinking. Consequently, this creates a clearer visibility about the status of the
project and the proactive management needed to properly steer the work. Empowering
the participants with a good understanding of the advantages of LPS and lean concepts
has proven to be a very useful approach, said the experts.

14-What is the main challenge you are facing in implementing LPS in the virtual
environment?

All superintendents state that the main challenges include having a positive buy-in
from the trades, but this applies also to implementing LPS in normal conditions. The main
challenge for all superintendents was the absence of face-to-face interaction between
team members which is essential for establishing and maintaining trust and high morale.

The manager had a different view on the challenges of LPS implementation. The
interview focused on the impact of moving into a virtual environment from a management
perspective. He asserted the importance of face-to-face interaction in learning more about
the team members and building trust in each one of them. Having said so, the lack of
physical interaction constitutes the major issue in moving to online communication
platforms. Additionally, as a manger, he highlighted the challenge of keeping the trades
engaged and winning their buy-in and belief in the effectiveness of LPS. According to
him, this requires senses other than verbiage; the body language and tactile factor is a
prerequisite for the buy in. Moreover, he highlighted the effectiveness of using a software
to steer parts of the project and adopting it as a tool to build transparency within teams.
The software serves as a tool to highlight areas of improvement and real-time progress
for all the last planners and managers. However, he believes that the software cannot be
used to manage the whole aspects of the project. Being physically on site is inevitable for
building trust among the teams. For these reasons, current restrictions make it difficult to
achieve this buy-in, build the necessary trust, and implement LPS effectively on projects.

DISCUSSION

From a last planner’s perspective, it could be noted that the virtual environment embraced
LPS practices because the survey results show that people are encouraged to work on the
LPS software, and they want to adopt LPS. However, from a management perspective,
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the challenges are more critical to deal with. This framework is promising in terms of
fostering a successful LPS implementation. One drawback resulting from the shift to
online communication platforms was spending time adapting to new technologies, but
still it was not a major obstacle due to the fast-learning curve. Furthermore, sometimes
people tend to be less engaged in online meetings where they get easily distracted away
from their devices. Having the option to turn off the video and the microphone makes it
easier to adopt such a behavior. On the other hand, contractors or stakeholders who are
engaged in many projects found it way more effective to complete all their meetings
online instead of wasting time commuting, moving from one site to another, and getting
stuck in traffic. This does not eliminate the importance of conducting face-to-face
meetings whenever possible.

This framework aims at spreading a culture of learning and cooperation, and it focuses
on providing various types of training. Most importantly, the framework addresses the
issue of maintaining physical separation, which has never been perceived an option for
implementing LPS before COVID-19 hit. Moreover, the platform provides visual control
over who fulfilled their promises, which in turn enforces commitment. Note that the
company chose the specific LPS software based on its features that are compatible with
the company’s needs and capabilities, the participants’ skills, and the project complexity.

CONCLUSIONS

The global COVID-19 pandemic modified the usual ways of running different businesses
including construction projects, and it was not accounted for in any production system.
Various restrictions arose as a response to the pandemic, encompassing mainly limited
physical contact. This led to a shift in communication approaches from traditional-
physical meetings to online communication platforms. Aside from the challenges that
LPS implementation faces during normal conditions, its implementation holds the
potential of new challenges after the newly emerged restrictions. This study aims at
providing a framework for successful implementation of LPS in a virtual environment
and seeks to assess the challenges and enablers of such implementation. The framework
focuses on getting a strong buy-in for the lean system from all participants, providing
LPS training, mapping the current process, choosing a suitable software to implement
LPS, and implementing a pilot study along with other steps. The framework places great
importance on providing a lean culture; one where each participant is valued as an
effective member and is encouraged to contribute to improvements within the company.
Evaluation of this framework was performed through an expert panel questionnaire with
five practitioners applying a similar framework. The results showed that the practitioners
found it effective switching from analogue mode to a virtual mode given that they adopted
a similar approach explained in the framework. The challenges overcame were
communication, collaboration, and technical challenges. However, from a management
point of view, the main challenge that was still there is the absence of physical interaction
which affected trust and buy-in; these are critical for proper management. Embracing a
lean culture and facing these challenges with a lean mindset turned these challenges into
opportunities; this was shown in the results of the interviews with the superintendents.
The limitation of the study is that only five practitioners are interviewed. It is
recommended for future studies to interview further practitioners from various trades and
explore additional aspects of the virtual implementation.

Enabling Lean with Information Technology 83



A Framework for Implementing the Last Planner® System in a Virtual Environment

REFERENCES

AlSehaimi, A. O., Tzortzopoulos, P., and Koskela, L. (2009). Last planner system:
Experiences from pilot implementation in the Middle East.

Assaad, R., and El-adaway, I. H. (2021a). “Guidelines for Responding to COVID-19
Pandemic: Best Practices, Impacts, and Future Research Directions.” J. Manage.
Eng., 37(3) 06021001.

Assaad, R., and El-adaway, I. H. (2021b). “Impact of Dynamic Workforce and Workplace
Variables on the Productivity of the Construction Industry: New Gross Construction
Productivity Indicator.” J. Manage. Eng., 37(1) 04020092.

Ballard, G., Kim, Y.W., Jang, JJW., and Liu, M. (2007). “Road Map for Lean
Implementation at the Project Level”, Research Report, Construction Industry
Institute, The Univ. of Texas at Austin, Texas, USA, 426.

Daniel, E. 1., and Pasquire, C. (2017). “Last Planner System Path Clearing Approach
(LPS-PCA): an approach to guide; clients, main contractors and subcontractors in the
implementation of the LPS.”

Franzese, N. P. 2020. “Potential Impacts of the Coronavirus Pandemic on Construction
Projects.” Accessed February 20, 2021.
https://www.natlawreview.com/article/potential-impacts-coronavirus-pandemic-
construction-projects.

Hamzeh, F.R. (2011, July). “The lean journey: implementing the last planner system in
construction.” In Proc., 19th Annual Conf. of the International Group for Lean
Construction, IGLC, 13-15.

Hamzeh, F. (2009). “Improving Construction Workflow - The Role of Production
Planning and Control.” PhD Diss., Civil and Envir., Univ. of California, Berkeley.
Hamzeh, F., Ballard, G., and Tommelein, I. D. (2012). “Rethinking Look-ahead Planning

to Optimize Construction Workflow.” Lean Constr. J.

Hamzeh, F., Kallassy, J., Lahoud, M., & Azar, R. (2016). The first extensive
implementation of lean and LPS in Lebanon: results and reflections. In Proceedings
of the 24th annual conference of the international group for lean construction, Boston,
EE. UU.

Liker, J. K. (2004). Toyota way: 14 management principles from the world's greatest
manufacturer. McGraw-Hill Education.

Offermann, P., Levina, O., Schonherr, M., and Bub, U. (2009, May). “Outline of a Design
Science Research Process.” In Proc. 4th International Conf. on Design Science
Research in Information Systems and Technology, 1-11.

Parr, S., Wolshon, B., Murray-Tuite, P., and Lomax, T. (2021). “Multistate Assessment
of Roadway Travel, Social Separation, and COVID-19 Cases.” J. Transport. Eng.,
Part A: Systems, 147(5) 04021012.

Piro, J. (2020). “COVID-19 impact on the construction market.” Accesses February 20,
2021. https://www.gilbaneco.com/wp-content/uploads/COVID-19-Impact-To-
Construction-March-2020-HQ.pdf.

Porwal, V., Fernandez-Solis, J., Lavy, S., and Rybkowski, Z. K. (2010, July). “Last
planner system implementation challenges.” In Proc., 18th Annual Conf. of the
International Group for Lean Construction, IGLC, 548-54.

Viana, D.D., Mota, B., Formoso, C.T., Echeveste, M., Piexoto, M., and Rodrigues, C.L.
(2010). “A Survey on the Last Planner System: Impacts and Difficulties for
Implementation in Brazilian Companies”, In Proc., the 18th Annual Conf. of the
International Group for Lean Construction, IGLC, 497- 507.

84 Proceedings IGLC29, 14-17 July 2021, Lima, Peru


https://www.natlawreview.com/article/potential-impacts-coronavirus-pandemic-construction-projects
https://www.natlawreview.com/article/potential-impacts-coronavirus-pandemic-construction-projects
https://www.gilbaneco.com/wp-content/uploads/COVID-19-Impact-To-Construction-March-2020-HQ.pdf
https://www.gilbaneco.com/wp-content/uploads/COVID-19-Impact-To-Construction-March-2020-HQ.pdf

LEAN AND BIM



[PAGE INTENTIONALLY LEFT BLANK]



McHugh, K., Patel, V., and Dave, B. (2021). “Role of a Digital Last Planner® System to Ensuring Safe
and Productive Workforce and Workflow in COVID-19 Pandemic.” Proc. 29" Annual Conference of the
International Group for Lean Construction (IGLC29), Alarcon, L.F. and Gonzalez, V.A. (eds.), Lima, Peru,
pp. 87-96, doi.org/10.24928/2021/0102, online at iglc.net.

ROLE OF A DIGITAL LAST PLANNER®
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PRODUCTIVE WORKFORCE AND

WORKFLOW IN COVID-19 PANDEMIC
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ABSTRACT

To cope with the dynamics of production, construction managers spend a significant
amount of time organising the workforce, managing logistics and controlling the flow.
Underestimating the process of workforce allocation and management could lead to
serious productivity, safety, logistics, and coordination problems. To exacerbate this
situation, the onset of the global Covid-19 pandemic has created a situation where
unorganised workforce allocation and tracking could increase the health and safety risk
for the project. The Last Planner® System (LPS) advocates and incorporates processes to
sustain flow suggested in Lean Production theory. Hence, the complex job of creating the
workforce-flow can potentially be simplified through the LPS proactive planning during
lookahead discussions. The paper captures a case study where the same safety and
productivity issues were heavily encountered in a project involving multiple trades (15+)
and having hundreds of workers struggling in the pandemic situation. Implementing
design Science approach, the team has discovered a digital workflow management system
that exhibits significant improvement in coordination, control over productivity wastage
and safe working environment.

This research utilised a digital LPS powered by real-time cloud-based system, capable
of actively tracking the agreed workforce boosting productivity whilst keeping the
workforce safe and secure.

KEYWORDS

Workforce flow planning, digital, Last Planner® System, production planning and
tracking.

INTRODUCTION

BACKGROUND

Safety and safe working environments are an undivided part of construction projects, yet
safety management practices are often treated as separate and isolated entity in
construction management (Zhang et al., 2015). Project characteristics, and complexity

1 Associate Director, Mace Technology, Ireland, Kevin.McHugh@macegroup.com, orcid.org/0000-
0002-6017-4585

2 Customer Success Manager, VisiLean India Pvt. Ltd, India, viranj.patel@visilean.com,
orcid.org/0000-0002-0886-874X

8 CEO, VisiLean Ltd, Finland, bhargav@Uvisilean.com, orcid.org/0000-0003-4228-506X

Lean and BIM 87


https://doi.org/10.24928/2021/0102
http://iglc.net/
mailto:Kevin.McHugh@macegroup.com
https://orcid.org/0000-0002-6017-4585
https://orcid.org/0000-0002-6017-4585
mailto:viranj.patel@visilean.com
https://orcid.org/0000-0002-0886-874X
mailto:bhargav@visilean.com
https://orcid.org/0000-0003-4228-506X

Role of a Digital Last Planner® System to Ensuring Safe and Productive Workforce and Workflow in
COVID-19 Pandemic

has a significant impact on the logistics and system inhabitants. As the project complexity
increases, the inherent risks with high levels of change and uncertainty are raised
significantly in the project (Trinh & Feng, 2020). With these uncontrolled dynamics of
project systems, the safety hazards become inherent in the project and hence resist the
flow of project delivery and productivity inevitably (Sacks et al., 2005). The overall
damage to the sector is more than it has been realised only in terms of cost and delays
amongst all the stakeholders (Lingard & Rowlinson, 2005).

Over the period, countless efforts have been recorded to address the jobsite safety with
people or technology (Emuze & Smallwood, 2013). In the recent development,
researchers are pushing sensor-based networking systems, computer vison, Unmanned
Aerial Vehicle (UAV) and Machine Learning technologies to aid the safety assurance on
construction sites (Chen et al., 2019; Fang et al., 2020; Poh et al., 2018; Seo et al., 2015;
Tixier et al., 2016; Yang et al., 2020; Zhang et al., 2013). Though the detection process
of the safety hazards is getting efficient, the overall development is evidently going into
reactive type of safety management rather than the proactive one (Teizer et al., 2010). It
emerges that there is a serious need to have a balanced review of safety management that
involves people, process, product, and technology combined.

This paper initially discusses the perception of safety and how it has been connected
to the production management followed by the state of the art for the same. Additionally,
the state of safety due to COVID-19 pandemic has also been realised through the paper
that bring about the dire need of inventing an integrated workplace safety practices which
is supported by digital LPS. A case-study has been presented to capture the effectiveness
and efficiency of such resilient approach.

LITERATURE REVIEW

RELATION BETWEEN PRODUCTION MANAGEMENT AND SAFETY

The cognitive engineering paradigm in the research of safe working clearly states that the
way groups of individuals interact with the work system has a definite impact on the
safety (P. T. Mitropoulos, 2012). Hence, the way the production system is designed
certainly has its implication on the overall safe working environment (Aslesen et al.,
2013).

Since being suggested by several authors since the 90’s, the majority of studies have
investigated the integration of safety into production planning framework (Emuze &
Smallwood, 2013). Though the full-scale realisation and implementation for the same is
yet to be percolated through the roots of production planning (P. T. Mitropoulos, 2012)
and evidently very few researchers have captured the real-life implementation and
benefits for this (Emuze & Smallwood, 2013).

Many of the authors including (Ciribini & Rigamonti, 1999) and (Kartam, 1995) for
instance, discussed the introduction of safety measures into construction plans, using
CPM or line of balance planning techniques. The CPM approach has proven quite
ineffective, since it is a top-down approach that does not take into consideration reality
(Koskela et al., 2014). On the other hand, collaboration focused Lean thinking suggests
that the efforts undertaken to implement occupational safety and health at jobsite can be
an excellent starting point to identify waste and have positive impacts for controlling the
disruptions in flow (Sacks et al., 2005). Hence, the tools and techniques supported by lean
concepts and principles have clear synergy and advantage of making a production
management system integrated into safe working practices. For instance, (Saurin et al.,
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2002) has provided safety planning and control model (SPC) where the production
practices are injected within the production long/short term planning and control.

STATE OF THE ART IN THE WORKFORCE SAFETY

New tools and systems that incorporate safety protocols in the planning practices are
coming to fore in recent years. For example, an investigation from Denmark (Thomassen
et al., 2003) highlighted that crews using the LPS reported 45 percent fewer accidents
compared to traditional management systems. The primary reason behind the decrease in
accident prone safety practices has been derived from the LPS’ uncompromising attitude
towards high-quality work and emphasis on cyclic-collaboration activities (P.
Mitropoulos et al., 2005). Consequently, the working conditions and workflows are
fortified and the element of unpredictability in tasks which are responsible for hazardous
situations, interruptions in flow and improvised processes are reduced. Nevertheless,
reducing task unpredictability is only one step on the way to a safer construction site.
Also important is issue management and evolving/empowering the team to successfully
recognize, swiftly raise, share, cope with & recover from hazardous situations and errors.
(Aslesen et al., 2013) infer to the question yet to be answered: how we can integrate the
function of error or safety management into practical production control and management.

Apart from LPS, line of balance has gained popularity in terms of maintaining the
flow and promoting the safety for production. The location-based planning and line of
balance combined approach is supportive for controlling process flow and operation flow
simultaneously (Grau et al., 2019). The major focus here is the maintaining the flow of
workforce in such a way that the safety hazards can be minimised in alignment with the
process flow. Though the process-oriented safety planning appears rather effective, the
implementation of the same has always been challenging with traditional approaches
(Awada et al., 2016). However, combined with digitally enabled spatial awareness
technologies that includes Building Information Modelling (BIM) and cloud computing,
the performance of these tools in terms of managing safety can exponentially be increased
(Zhang et al., 2013, 2015).

PROBLEM STATEMENT

The onset of the COVID-19 pandemic has forced production environments (especially
in the construction domain) to become more sensitive regarding the safe working
environment (Stiles et al., 2021; Wu & Wang, 2020).The arrival of the pandemic resulted
in all industrial and social activities being temporarily suspended. To successfully reopen
societal and industry social distancing measures had to be implemented to safeguard the
population from disease transmission. These imposed regulations have evidently posed
major disruption in the production systems by restricting team’s collaboration capabilities
and production workflows. More specifically, office teams are now forced to work
remotely which has hampered active communication resulting into coordination issues
ultimately affecting the production planning. Whereas the ground teams and their
numbers are strictly limited making them struggle to achieve their productivity goals. The
situation demands a system where the production disruption can be kept minimum.

RESEARCH METHODOLOGY

The researchers were involved in developing and managing the project LPS and the
development of the existing digital LPS. The advent of the pandemic required another
iteration for the LPS. Design science research method was used to develop the hybrid
digital LPS that channels the safe and remote collaboration requirements through
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production management. In the case of such complex projects, on top of safety planning
a unique spatial awareness is needed to proactively determine the safety hazards on the
jobsite. In order to figure out the efficiency and effectiveness of the developed solution,
pre and post covid safety and production planning situations have been analysed the
presented. Overall, the case study encapsulates a model workforce planning for safe and
proactive production planning and management practices that has been deployed
implicitly the digital LPS.

CASE-STUDY

BACKGROUND

The study was carried out on a hyperscale data centre construction project. The project is
an 86,000 square meter structure consisting of 8 single storey data halls and an
administration building. The project commenced early in 2019 and is expected to be
completed mid-2022. The project team has matured in lean production practices and had
successfully implemented the same on similar data-centre projects.

During the early first quarter of 2020, the production team has been operating almost
46,264 operative hours and roughly 895 workforces at the site.

WHEN THE PANDEMIC HIT THE SITE

In March 2020 when the production was reaching its peak, all social and industrial activity
was suspended by government to reduce spread of Covid-19. After getting site-based
activities suspended with only works continuing related to design and procurement. Later,
when the sites were re-opened, there were many regulatory restrictions which had been
introduced causing listed challenges:

e Planning, Managing, controlling number of workforces in defined area and
timeframe.

e Production coordination and discussions became more difficult due to remote
working and work safety distancing.

e Ensuring the volume of work is getting delivered and simultaneously avoiding the
safety risks.

FINDING THE SOLUTION

The team had taken up this challenge to build even more resilient and safe system of work
to operate during a pandemic. This included introducing new way of visualising and
analysing workforces, remote working where possible for site-based support management,
additional shift patterns were introduced, and labour maximum occupancy levels were
introduced on the project the maintain social distancing on the project.

In order to counter the collaboration challenges, the redeployed LPS was fully
digitised which allows the teams to continue to prepare and manage the production plans
despite the fragmentation of teams to mitigate Covid-19. Project based collaborative
planning sessions were moved to digital meeting platforms (Microsoft™ Teams) which
provided the collaborative space to work. This allowed remote working teams to come
together to manage and sequence tasks. This was initially used to manage off site
documentation and design work while on site activities were suspended.

As part of the return-to-work strategy the project needed to demonstrate how activities
could be planned and executed while respecting social distancing. Labour management
and forecasting was an important part of the return-to-work strategy. To manage this,
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maximum room occupancies were determined based on room areas to highlight allowable
access to work areas. This was a further consideration for work planning process.
Therefore, for tasks to be approved in the Last Planners sessions, information required
was: Planned workforce, Location, Health & safety (Distancing Method statement etc.),
Quality (Tech sub, checklist inspection schedule), Quantity and Duration.

The construction team had already deployed a digital LPS system called Visilean. The
Visilean team worked with the project team to solve the post covid safety challenge. In
order to achieve this, new interfaces were developed in VisiLean to a) input number of
planned workers in each location, b) input maximum number of workers who can be
accommodated in each location while maintaining minimum safe distance, c) report
number of actual workers working at each location by using the app and d) visualise and
report the total number of workers at each location. Tasks now had to be assigned the
properties to allow them to be sequenced and scheduled in the look ahead meetings. There
was a requirement to increase the reliance on visual management to connect remote teams.
This resulted in a workforce management dashboard and BIM model viewer adaption of
the software to allow teams to communicate and quantify resources and outputs with
declared tasks. This provided clarity for teams to support effective communication.

PRODUCTION PLANNING

Production planning is a collaborative weekly process where meetings are held in
collaborative ‘Big Room’. This approach was replicated virtually to co-ordinate weekly
work plans. These plans were developed on a digital platform where teams managed and
co-ordinated their works (Figure 1). Preparations for the weekly workplans co-ordination
meeting were held in advance and each work.
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Figure 1: Digital weekly work plan

It was now needed to identify measure and control productivity while working remotely.
This was done by preparing a continuity project in Visilean (Figure 2). Trade contractors
were tasked to prepare and submit a 6 week look ahead for the remote working period.
This resulted in more than 800 tasks being generated in the look ahead period. This
assisted the team's ability to co-ordinate and manage project deliverables remotely. The
teams were able to conduct package specific work plan reviews, weekly co-ordination
meetings and ‘Daily Activity Briefing’s’ (DAB’s) catch up with the trade contractors
while working remotely. Collaborating digitally facilitated teams to communicate and
engage positively. Labour allocations were assigned based on progress updates to ensure
work was available for the assigned resources. There was a focus on sequencing activities
correctly to remove bottlenecks & ensure operatives can safely work together in an area.
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Figure 2: Digital pull plan session

With this structure in place the production management crew were able to maintain
effective communication with the operation teams and work collectively to deliver value
to the client. The teams were also able to demonstrate this by sharing the planned and
actual production.

Production Control

The requirement to manage the production control system digitally was now essential to
manage the development and delivery of weekly work plans. It was evident that during
covid-19, the production process would need to be amended. to help forecast labour
allocations. There was also an increased importance of resource forecasting and
management. There was a requirement to measure planned and actual daily workforce
and a requirement to control how they were deployed.

An amended project plan was developed to operate during the pandemic. This plan
was resourced based on maximum project occupancy levels and was divided into shifts
to mitigate bottlenecks and maintain productivity to achieve existing project milestones.

The resource loading of plans was required to plan works in each project area (Figure
3). All rooms were assigned a maximum allowable personnel capacity based on its floor
area. This assisted the sequencing of works, where the teams could identify if they can
complete the works in the original timeframe or introduce mitigation methods. Plans were
communicated and controlled using DAB’s meeting that were held on the floorplate and
hosted online to allow increased engagement and transparency. Tasks were updated daily
with actual resource numbers assigned to tasks to ensure works have been accounted for.
The workforce could then be managed efficiently by project supervisor and that no
overcrowding of work areas occurred.

This led to a greater emphasis for the creation of weekly work plans. The previous
study (McHugh et al., 2019) identified areas for improvement using PPC as a tool for
measuring reliability the focus was on constraint removal & accurately sizing work for
weekly outputs. There was also an increased focus on the quantities of work declared to
allow to improve the predictability of completed sections of work. At the DAB’s meetings,
the activities were declared by the supervisors and updated on the platform using the
mobile application in the field to ensure all activities were identified. All work should
have safety, design, logistics and personnel constraints removed before committing to
weekly tasks. This facilitated supervisors to focus on site co-ordination which improved
the quality of commitments a highlighted the interdependencies of trades in the field.

The use of the digital platform assisted the resource to be sequencing which improved
the detail in the look ahead to process. Trade contractors could work on their look ahead
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plans with full visibility of current constrains and current look ahead plans. Trade
contractors could then issue their look ahead plans in line with preceding works which
could highlight risks and opportunities to the construction delivery programme. This level
of preparation of look ahead planning, constraint analysis and quantified weekly work
plans that were created in a digital platform was a rich source of information. This enabled
teams to gather fully informed and prepared for weekly co-ordination meetings. This
provided a greater level of detail for discussion to allow teams to manage a large volume
of tasks in the weekly meeting.

The digitised LPS provided a greater connection between all levels of site
management and operatives. The ability of trade contractors to manage their tasks and
resources improved this connection. Risks were easily highlighted and mitigating works
could be co-ordinated to manage at risks areas. Opportunities for improvement could be
managed by bringing forward design coordination, procurement of materials and
mobilising resources to match the improved production rates.

Daily Limit
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5.00.M.12 ELECTRICAL ROOM | Tasks 2 o o & & & & 0
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Figure 3: Workforce room occupancy management dashboard.

Figure 4: Digital workflow for managing the production environment.

The use of the mobile application (Figure 4) that provided greater control from the trade
supervisors to manage works in the field. This also supported supervisors to identify
works which were not fully identified in current weekly work plans that could be added
to improve the detail of future submitted weekly work plans. The use of the mobile app
in the field improved the accuracy of reporting and improved the quality of the
collaboration which was based on the latest information from the field. The Dab’s
discussions were more informed and the high activity areas could be broken down into
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more manageable work zones. Management could then provide the support needed to
maintain progress & ensure targeted areas were open for production free of constraints.

DiIsCusSION

The daily workforce check-in at the DAB’s is an essential component of the LPS. Trade
contractors can confirm activities are in progress and highlight risks and opportunities
related to their tasks. This provides an opportunity for improving the trade-to-trade
handovers and increasing the quality of planned assignments. The quality of the
information assigned to each activity facilitated greater coordination between project
teams. Resources could be managed where social distancing could be achieved and
improved interaction between trades improved the sequencing of subsequent works.

Digitising the weekly planning provided greater transparency between teams which
increased the engagement with the production control system All trades had access to
each other’s plans and could review and discuss planned works and highlight
dependencies and risks to each other. This provided greater information and allowed
contractors to communicate effectively. This improved quality of information provided a
safer working environment. The development and focus of labour resource reporting was
identified as key constraint for operating during a pandemic. The authors developed a
workforce management function in the existing digital LPS.

This update has established strong basis of discussion that has elevated safety
discussion from operational to tactical level proceedings. Moreover, Production level
safety discussions are now percolating to the ground level team in form of mandatory
(digitally) prerequisites that cannot be missed reducing the scope of ambiguity.

OUTLINING THE FUTURE STATE

More and more projects will adapt lean construction techniques to improve project
productivity and hance would be needing safe ways of effective collaboration. Ultimately,
the ability to plan safety, collaborate, react, and manage production plans in the pandemic
situation by more advance mediums i.e., using a combination of sensory and imagery data
has become more vital to increase the spatial and situational awareness. In a nutshell, the
objective is to reinforce the collaborations systems and channels with by enabling safe
working planning and control platforms where teams can plan, assess, and ensure the
safety proactively. By providing a strong link between fragmented project teams a greater
awareness and understanding can be developed where teams can be more productive and
increase the safety and quality of construction tasks.

CONCLUSION

The LPS has proven to be robust and provided a basis for improving the production
control system for managing a construction project during the pandemic. A new
constraint was recognised where personnel had to maintain safe working distance. Access
and logistical measures were also put in place to increase the control of personnel and
materials. The digitisation of the LPS allowed teams to fully integrate despite further
fragmentation. Teams were no longer permitted to gather in a ‘big room’ to collaborate
and socially interact with each other, or to come together at the workplace and interact at
daily activity briefings. Digitising the LPS supported the team's ability to interact
remotely and provided the social aspect that was reduced through social distancing by
sharing all information on one platform, enhancing communication and collaboration.
Digitising the LPS fully integrated project teams and improved the quality of the
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interactions. This can be further developed in a post pandemic world & add real value to
construction production processes.

The digitised LPS will be used in future post pandemic operations. The greater
connectivity between site & office-based personnel increased engagement with the LPS.
Greater team visibility improved the quality of the WWP’s. This improved the size &
sequencing of planned works. This has provided a greater safety, quality, and more
efficient assignments. An average 1100 operative working a cumulative of 57,000
operative hours recorded are being managed collaboratively using the Digital LPS.
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THE ROLE OF COMMON DATA
ENVIRONMENTS AS ENABLER FOR
RELIABE DIGITAL LEAN CONSTRUCTION
MANAGEMENT

Christoph Paul Schimanski?, Gabriele Pasetti Monizza?, and Dominik T. Matt3

ABSTRACT

Collaboration has always been a core element of Lean Construction. However, the current
pandemic is changing the way collaborative environments can be created. Moving away
from face-to-face discussions, concepts are needed that allow people to collaborate
without meeting in person. Lean Construction methods implemented with digital
technologies are a possible way to achieve this. Digital technologies in the built
environment sector rely often on the Building Information Modelling (BIM) process.
When information is managed and exchanged in a BIM process, Common Data
Environments (CDE) as central information hubs come into play. How Lean concepts can
make use of a standardized CDE workflow to access reliable information needed, e.g. for
construction process planning, is yet to be addressed by the scientific community.

This paper outlines a concept for using CDE workflows together with a digital variant
of the Last Planner® System that has been devised from a Design Science Research
initiative. We hypothesize that this concept allows for achieving similar positive
collaboration effects in remote planning sessions as in physical ones. First findings from
a mock-up implementation of this concept in a Focus Group environment are presented
and discussed in this paper.

KEYWORDS

Common data environment, BIM, Last Planner® System, lean construction, information
management.

INTRODUCTION AND RELATED WORK

The current COVID-19 pandemic hinders people from meeting each other in person. This
has surely an impact on how people collaborate with each other, which affects the global
construction industry (CI) on a global scale. The CI is an industry, in which many
different stakeholders need to collaborate to deliver projects. Improving collaboration is
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one important principle of Lean Construction Management (LCM) to increase
productivity. Weak productivity has been reported for years in the construction industry
(Dallasega et al. 2013; Matt et al. 2013). Ideas based on “Lean Thinking” aim at
improving this status quo (Aziz and Hafez 2013). In addition to the deficient organization
of how people work together, a poor degree of digitalization is often referred to as the
main driver for weak productivity in the construction industry (Gbadamosi et al. 2019).

Whilst LCM focuses on improving how people work together, the process of Building
Information Modeling (BIM) is considered the core of digitalization in the construction
industry (EUBIM Task Group 2017). BIM can be defined as a process for creating,
collecting and distributing information over the life cycle of a building (NBS 2016).

LCM and BIM are not independent (Bhatla and Leite 2012), but can even positively
influence each other (Khan and Tzortzopoulos 2014). This also applies to workflow
stabilization and production control in construction processes. In fact, information
management, which is key to project delivery when BIM is used (ISO 19650-1 2018), is
considered as crucial for successful production management (Von Heyl and Teizer 2017).

Digitalization can empower collaboration and teamwork across large distances all
over the world. This has been demonstrated not least by the current pandemic, in which
people have been forced to switch to home office models and digital co-working concepts
very rapidly. The possibility of remote co-working through digitalization while
preserving the positive effects of team collaboration does also play an important role for
Lean Construction: More and more concepts to improve design and construction
processes based on Lean philosophy, which are well-proven umpteen times in an "analog"
implementation, such as the Last Planner® System (LPS) (Ballard 2000a), or Takt
Planning (Haghsheno et al. 2016), are being implemented into software systems (usually
cloud-based). Examples of such systems include LCM Digital® (Demir et al. 2019),
VisiLean® (Dave et al. 2011) or BeaM! (Schimanski et al. 2020). This paper aims to
address the question whether remotely applied Lean concepts through digital tools differ
from non-digital application.

It is not uncommon for digital Lean Construction tools to be connected to the BIM
approach. Linking BIM models to Lean Construction methods does intuitively make
sense, since information inherently available in BIM models are often input parameters
for applying these methods (e.g., material quantities for estimating activity durations
within the pull planning sessions of the LPS). Moreover, in the literature there are also
frequently cited references that emphasize the positive synergies of Lean and BIM (Sacks
et al. 2010).

PROBLEM STATEMENT

The BIM-based and digital implementation of Lean methods such as the Last Planner®
System opens up the possibility of holding collaborative planning sessions online via
cloud systems and thus also across large distances. To this end, IT tools such as the BeaM!
software prototype are already being put forward. The BeaM! prototype enables pull
planning tailored for the LPS on digital touchboards. One of the challenges of BIM-
supported pull planning of construction processes is that it must be always clearly
identifiable which planning basis is being referred to. This means that it must always be
unambiguously and reliably clear what state the information in the BIM model has and
hence, what it may and may not be used for.

For this purpose, so-called Common Data Environments (CDE) are used in BIM
projects. Preidel et al. (2017) define a CDE as a "central space for collecting, managing,
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evaluating and sharing information” and describe its importance for BlIM-based
collaboration processes. International standards differentiate between (i) the CDE
workflow to account for the process perspective and (ii) CDE solutions that can be
technological providers of the before mentioned “central space” (Kemp 2020). The CDE
workflow may be implemented by multiple CDE solutions. The extent to which these
considerations can be relevant for digital Lean Construction applications has not yet been
addressed in the literature. The role of CDEs for applying BIM-supported Lean concepts
is one of the issues being addressed in this paper.

Since this paper presents a concept for remote pull planning meetings via video
conferencing tools, this study also investigates to what extent this technical medium
impacts the human perception on efficiency in pull planning sessions. Efficiency here
means how smoothly and thoroughly the digital, remote pull planning is carried out
compared to a traditional in-situ pull planning.

RESEARCH METHODOLOGY

A prescriptive concept for digital, BIM-based and remote Lean Construction involving
the BeaM! Production Management System is presented in this study (BeaM! is
introduced in a separate section below). The development of BeaM! itself is part of a
larger research project following the Design Science Research (DRS) approach and not
within the scope of this paper. However, contributing to the evaluation of BeaM! in terms
of practicability and in the face of the current pandemic situation, this paper examines the
aspect of collaborative pull planning (as an essential element of BeaM!) from the point
of view of remote applicability. The aim is to investigate whether a remotely applied,
digital pull planning differs from a non-digital one. For this purpose, the Focus Group
methodology is used. Focus Groups consist of rather few selected participants who are
brought together to discuss and reveal novel perspectives on developments in early stages
(Ereiba et al. 2004). Focus groups are usually guided by a moderator and prepared
questions.

According to the DSR evaluation framework by Brocke and Sonnenberg (2012),
Focus Groups provide for a valid method to evaluate the current development stage of
BeaM! as a so-called "ex ante evaluation”, since the final prototype has not yet been
entirely constructed.

CONCEPT PROPOSAL

INFORMATION MANAGEMENT IN BIM PROJECTS

The I1SO 19650 series is an international standard describing requirements and principles
for information management in the built environment sector. When information
management according to 1SO 19650 is required in BIM projects, the utilization of a so-
called Common Data Environment (CDE) for information exchange is recommended. In
the CDE workflow, a so-called information container passes through various states,
which are suggested in ISO 19650 as Work-in-Progress (WIP), Shared, Published and
Archived states. In addition, each information container should be assigned a "suitability"
so that each stakeholder involved in the design process can clearly determine at any time
for what the information may be used for. It is thus intuitively understandable that only
published information containers — saying only complete, checked, reviewed, approved
and finally authorized information - with suitability for construction should be used for
construction execution. Even if in practice we are still a way off from this ideal, the CDE
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workflow can help to always reveal in a reliable and transparent way which design bases
were used for construction or which design deliverables and approvals for execution are
still missing.

BEAM! PRODUCTION MANAGEMENT SYSTEM

BeaM! is a Production Management System that conceptually takes up the Last Planner®
System, adapts it and expands it to include aspects of BIM, agile project management
according to Scrum as well as cost management. However, the integration of the LPS
with BIM is the main focus on a conceptual level. The term “BeaM!” refers to both the
conceptual considerations for a novel Production Management System and an IT-
prototype that implements this Production Management System into a piece of software.
The conceptual foundations for BeaM! are described in Schimanski et al. (2020). In
principle, BeaM! aims at fully digitalizing the LPS process steps and supporting them by
BIM. As an example, pull planning sessions for phase or look-ahead planning take place
in front of a digital touchboard instead of at brown paper in the construction container.
Another example is that quantity information for the determination of process and
operation durations can be derived automatically from the linked BIM model objects,
which are stored on a cloud-based model-server making use of open APIs.

In the current pandemic, this digital version represents a promising opportunity to
conduct a full-fledged LPS involving all relevant Last Planners from distance using the
nowadays well established video conferencing systems such as MS Teams®, Zoom® or
Skype® (Wiederhold 2020). However, especially in planning meetings where the
participants are not physically present in the same room, it is necessary that the planning
basis, which in this case consists of the BIM models, is reliable and that each participant
is clearly aware of the state and suitability of the information within the model. For this
purpose, we propose to link a CDE workflow to the BeaM! Production Management
System to foster remote application.

The prototypical implementation of BeaM! in an IT system is based on an architecture,
where the process planning tool acts as a stand-alone web-application interacting with
BIM models that are stored on a cloud-based model server. For the latter, the open source
BIMserver.org project is used, where all Industry Foundation Classes (IFC) entities are
available as Java classes (Beetz et al. 2010). The BlMserver itself represents a platform
that could fulfill the requirements for a CDE solution (Preidel et al. 2017). The BeaM!
process planning tool can retrieve quantity information of linked BIM objects. Linking
does take place within in the BeaM! user interface.

The proposed concept for a resilient and I1ISO 19650 compliant digital Lean
Construction Management (exemplified by a part of BeaM! as Production Management
System and BIMserver as a CDE solution) is implemented and evaluated in a mock-up
digital pull planning session. We chose pull planning, since it comprises the key-
component of BeaM! for phase and lookahead planning.

CDE-BEAM! WORKFLOW AND MOCK-UP IMPLEMENTATION
The CDE-BeaM! workflow is shown in Figure 1.
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Figure 1: CDE-BeaM! Workflow

In line with the CDE workflow according to 1SO 19650, the BIM models pass through
various states until they finally reach the state of published and suitability for execution.
The information up to this status flows through various quality gates (e.g. clash control
of all involved discipline models).. All BIM models are exchanged in the vendor-neutral
IFC file format. Only objects of BIM models in the state published with suitability for
execution are used for pull planning within the BeaM! web application.

To conduct pull planning remotely, a video conference meeting via the Zoom®
platform is hosted by the BeaM!-Knight, who comprises the moderating role in the BeaM!
Production Management System. The participating Last Planners are invited to this
conference via email link. The BeaM!-Knight shares his/her screen so that all participants
see the same scene of the pull planning process at the same time. All participants have
their microphones permanently switched on. Then, the activities and necessary
discussions among the Last Planners for the planning of a phase or a process by means of
pull planning can start: The Last Planners one by one request control of the screen. The
BeaM! Knight provides the permission and only one Last Planner at a time can create
new sticky notes and arrange them on the digital planning board. In this way, the process
continues iteratively through the trades until a coordinated phase plan or look-ahead plan
has been created and agreed on.

This concept was implemented with one Focus Group in a mock-up process planning
scenario. The Focus Group consisted of a total of 5 participants working in the
construction sector who took on the role of Last Planners. All of whom were either
already familiar with the “traditional” application of LPS or received a training
beforehand. The participants' task was to create a phase plan for the construction phase
of a single-family house using the pull planning module of the BeaM! software prototype,
following the phase scheduling rules as postulated by Ballard (2000b). The planning
session was moderated by the BeaM!-Knight. The role of the BeaM!-Knight in this mock-
up implementation was taken on by the first author of this paper. Figure 2 shows a
screenshot taken during the phase planning in the Focus Group.
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Figure 2: Screenshot taken during Focus Group mock-up Implementation

EVALUATION AND PRELIMINARY FINDINGS

The focus of evaluation in this paper is not the BeaM!-tool itself in terms of its
applicability or potential benefit in practice (this will be addressed in a separate
publication). This paper primarily aims at evaluating the usability of the BeaM!-tool while
considering CDE workflow for enabling Lean Construction from a distance as presented
in Figure 1. Consequently, the focus was laid on the pull planning aspects of the LPS and
the questions directed to the participants were mainly addressing the perceived
differences between digital and non-digital implementation as well as information
reliability. The questions to the participants of the Focus Group during and after the
session were formulated as:

e Were the type/quality of discussions in the digital pull planning sessions
comparable to traditional sessions?

e Could hand-offs and prerequisites between trades appropriately be addressed?

e Were you able to gather all the information you needed?

e Were you able to share everything you wanted to share?

e Have you felt any limitations/improvements in communication?

¢ Did the CDE workflow increase confidence in the reliability of the design basis?
e Was the used video-conferencing system adequate?

e What did you like, what did you not like during the planning sessions?

e Could the digital, BIM-based LPS process completely replace the traditional one,
what is missing to get there?

e Did this session tire you more than a face-to-face session would?

The questions were raised in the form of casual discussions in line with the
recommendations of conducting Focus Groups in construction management research by
Ereiba et al. (2004). No transcription of what was said to capture the group discussion
was made, but a video recording of the session was taken. The feedback of the participants
can be summarized to the statement that the digital conduction of pull planning following
the proposed concept was generally well possible. The participants confirmed that
elementary principles in the virtual remote session did not differ from the traditional way.
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This was especially confirmed for crucial points such as asking for hand-offs relevant to
one's own activity or transmitting one's own relevant information for the overall process.

However, it was found that on the one hand the online discussion in this setup was not
quite as free, spontaneous, and intuitive, since only one Last Planner at a time could
receive control over the screen. On the other hand, this forced the planning to take place
in a more disciplined manner compared to the traditional way in which all Last Planners
pin their sticky notes on the brown paper in an uncoordinated and simultaneous fashion.
As a limitation in communication, it was reported that the always switched-on
microphone meant that sometimes one did not capture who said what. Further, it was
mentioned that the remote control of the shared screen was associated with minimal
delays in cursor movements when arranging sticky notes, which somewhat disrupted the
flow while using the application.

Confidence in the reliability of the information in the BIM model provided by the
CDE workflow was generally rated as high. The used hardware and the proposed
workflow were also assessed as positive, except for the above-mentioned limitation
(cursor delay). What the participants liked about this session was the possibility to
conduct a pull planning session very spontaneously and independent of location, as well
as the digital availability of information, so that, for example, no one had to transfer
information from paper-based sticky notes to an Excel spreadsheet afterwards. An
increased fatigue compared to physical pull planning sessions could not be observed at
the scheduled duration of one hour. For longer sessions, however, this was assessed as
being indeed possible.

A complete replacement of physical pull planning sessions was not advocated by the
participants, since some points could have been discussed even more naturally and
directly in face-to-face discussions on-site or in construction containers. This was
explained, among other things, by the fact that an ambience close to the construction site
is generally considered to be inspiring for construction related planning activities.
Nevertheless, the — in this study not-tested - variant of conducting pull planning in a
physical environment but using digital touchboards and the BeaM! IT-tool instead of
paper-based tools was evaluated as promising by all participants.

DISCUSSION & CONCLUSION

The findings of the Focus Group show that remote collaborative planning can be a useful
addition or even alternative to the preferred physical sessions. The complete replacement
was rejected, because the means of video-conferencing could not transport all subliminal
and interpersonal elements of personal discussions. One fact contributing to this
circumstance, namely that only one user can operate the digital planning board at a time,
could be mitigated in the future by more sophisticated IT-systems that allow parallel
working in real time, as e.g. proposed by Atencio et al. (2019).

On the methodological side, it has been shown that the new style of “digital”
discussion gives the moderator, in this case the BeaM!-Knight, an even more important
role in coordinating the planning session appropriately. To this end, a high degree of
methodological competence and interpersonal sensitivity are required to maintain a
fruitful discussion. The emphasis on a moderating role for the application of BeaM! is
also important in comparison to other existing BIM-Lean software systems mentioned in
the introduction. In particular, BeaM! is designed to entirely mimic the "traditional” pull
planning in a digital way. Therefore, digital sticky notes exist that can be freely moved
on a canvas. Quantity information can be retrieved from linked BIM objects. This
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functionality, which can speed up e.g. the estimation of operation durations, certainly
needs guidance for the Last Planners by in first applications.

Regarding the conjunction of Lean Construction techniques with a CDE workflow in
line with 1ISO 19650, the participants stated an increased trust in reliability and suitability
of the BIM information.

In overall conclusion, it can be stated that this paper’s findings indicate that parts of
collaborative planning sessions within Lean Construction methods could be conducted
completely digitally and remotely, without having a significant negative impact on the
quality of the planning outcome. Surely, even in pandemic times with very restrictive
lockdown periods, the physical presence of workers on construction sites is necessary to
deliver projects. However, if the presented concept can help to ensure that production
planning meetings can take place virtually with no-quality losses, then the number of
meetings with high density of people in small rooms on construction sites (such as in
construction containers) can be greatly reduced. With this, also the risk of infections on
construction sites is reduced, since the indispensable physical presence of workers can
usually be distributed over a larger (open-air) area.
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ABSTRACT

There have been important advances regarding the synergies between Building
Information Modeling (BIM) — as part of Virtual Design and Construction (VDC) — and
Lean Construction. However, the literature does not fully explore the nature of these
synergies nor the conceptual reasons behind them. This better understanding of these
synergies would allow the Architecture, Engineering and Construction (AEC) industry to
achieve better Lean and VDC implementations and would provide a stepping-stone for
the academia to continue building on these synergies. This article presents a thorough
literature review based on leading international journals, conference proceedings and
books, to explore the synergies between Lean Construction and VDC, including BIM
(product), process and organization modeling. As part of this review, the article tests
mechanisms about interaction mechanisms, previously mentioned in the literature. The
findings indicate that using the entire VDC framework, the positive interactions between
Lean and VDC increased significantly with respect to the same analysis restricted to the
interaction between Lean and BIM. Identifying these new interactions and interaction
mechanisms can help the AEC industry take a more holistic approach and generate
improvements in every project phase.
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Lean construction, collaboration, BIM, VDC, synergy.
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Understanding the Interaction Between Virtual Design, Construction and Lean Construction

INTRODUCTION

The major challenges facing the architecture, engineering, and construction (AEC)
industry have created a new way of working, forcing companies to use new
methodologies such as virtual design and construction (VDC) (Kunz and Fischer 2020).
VDC is perceived as an approach that will help the AEC industry achieve better results
by increasing the value of projects, reducing their costs, improving productivity, and
creating other positive results (Lee et al. 2020). In a similar way, the Lean Construction
philosophy can be used as a conceptual framework for VDC implementation because the
impacts of VDC can be directly associated with Lean Construction principles (Alarcon et
al. 2013). In view of this development, there is a growing need to make VDC users aware
of Lean Construction principles, as well as a need to make Lean Construction users aware
of the benefits of VDC (Mandujano 2019).

There have been important advances regarding the synergies between building
information modeling (BIM), as part of virtual design and construction (VDC) and Lean
Construction (Kunz and Fischer 2020; Mandujano 2017; Mandujano et al. 2016). Despite
these advances, previous studies have been focused primarily on product modeling and
Lean Construction synergies, leaving aside the process and organizational components.
It is therefore important to understand a) the full extent of the synergies between VDC,
including BIM (product), process and organization modeling, and Lean Construction; b)
the nature of these synergies (i.e., how strong or weak, direct or indirect, etc.); and c) the
reasons and conceptual explanations of why these synergies exist.

The remainder of this paper is structured as follows. Section 1 explains the difference
between VDC and BIM. Section 2 reports the state of the art of VDC and Lean
Construction. Section 3 presents the study’s research method. Section 4 develops the
interactions matrix. These new interactions complete the matrix proposed by Sacks et al.
(2010) but also helps analyze the current VDC implementation from a Lean perspective
and can help identify new VDC and Lean adoption strategies. Section 5 tests the four
mechanisms proposed by Dave et al. (2013). Section 6 identifies the key gaps in the
literature. Finally, in section 7 the conclusions and the implications for further research
are outlined.

BACKGROUND

The literature is ambiguous about the differences between VDC and BIM. As a result,
some companies have sold BIM as simply a software platform, setting aside the core of
the methodology: collaborative work (Mandujano 2017). In this paper, we continue
define VDC as mentioned by Kunz and Fischer (2011): “The use of integrated multi-
disciplinary performance models of design-construction projects to support explicit and
public business objectives”. Building Information Models (BIM) represent the
form/scope of the product, which is a crucial but a partial representation of both the total
perspective of a project and the information about a project represented in the VDC
framework and a POP model (Alarcon et al. 2013). In this paper, we continue to define
BIM as mentioned by Eastman et al. (2018): ““A digital database of a particular building
that contains information about its objects .

At the outset, it seems that the definition of BIM is slightly narrower and focuses on
the production of a 3D virtual model that represents the physical reality, hence excluding
the process element. On the other hand, VDC seems to focus on the overarching process,
and takes BIM (or 3D modeling) as one of the tools and goes on to include 4D production,
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organizational and process modeling tools, and collaborative techniques as part of the
approach. However, the authors would rather like to argue that this broader or inclusive
definition is a somewhat modern development and the origins of the concept have deeper
technological underpinnings. The authors would like to suggest that while the academia
and industry have now realized the value of including people (organizational) and process
aspects, there is a need to ensure that the chosen process model is based on sound
foundation and has a potential to improve the core functions of the industry.

VDC involves much more than simply implementing new software; it is a new way
of working (Mandujano et al. 2015). This requires a move away from traditional
workflow, with all parties sharing and effectively working on a common pool of
information (Mandujano et al. 2016). Lean implementation involves three components:
product, organization and process (Kunz and Fischer 2011). The philosophy and culture
of Lean and VDC principles have great synergies and share many main ideas (Alarcon et
al. 2013). VDC eliminates waste but also improves workflow for many actors, even those
who do not use VDC directly (Eastman et al. 2018). VDC encourages and provides a path
for the sharing of information among the stakeholders. Although each approach can be
carried out independently, to reach a higher potential, it is necessary to consider the
culture, philosophy, and technology jointly. This makes the potential for VDC and Lean
implementation greater than the sum of their parts, consequently improving project
performance (Alarcon et al. 2013).

METHOD

The relevant articles published during the period from 2000 to 2020 were identified
through a systematic search of many electronic databases. In order to limit this broad
scope, we performed a keyword search in top journals as well databases and conference
proceedings. The search was conducted using three keywords: BIM, VDC, and Lean.
These keywords were chosen because we aimed to identify essential components of
current literature reviews between VDC and Lean. The studies were divided according to
their various methodologies: surveys/interviews, case studies, literature reviews, and
implementation guides. The literature on VDC implementation covered many important
aspects, including — but not limited to — its benefits and obstacles, synergies between Lean
and VDC, its current status, implementation strategies, and the impacts of VDC in the
AEC industry (Alarcon et al. 2013). A total of 300 articles that were reviewed in English
and contained the selected keywords in their text or abstracts were retrieved through the
database searches. Then, the abstracts of the retrieved articles were reviewed to determine
whether they met these review’s inclusion criteria. The inclusion criteria included
systematic integrated literature reviews that (a) used and described systematic search
methods, (b) were relevant to VDC and Lean practices, and (c) included new interactions
between VDC and Lean. Through this process, 250 articles were selected based on their
abstracts. Then, the full text of all 250 articles was reviewed to determine whether they
met the inclusion criteria. Finally, a total of 196 articles were selected and included in this
literature review. The majority of these articles are from the Center for Integrated Facility
Engineering (CIFE), Automation in Construction, and the Journal of Construction
Engineering and Management. A substantial difference in the number of published
articles can be observed between 2000 and 2020 (Figure 1). The authors found few
articles published between 2000 and 2005. The greatest number of articles was published
between the years 2020-2016.
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Figure 1: Distribution of research articles.

RESULTS

Using the information mentioned above, a matrix was developed (Table 1) showing 405
interactions between VDC and Lean, some of which, in one way or another, have been
mentioned by Sacks et al. (2010) (including those referred to as ‘not found yet’ — the full
list of interactions can be accessed at: www.maroconsulting.mx). The numbers within
tables 1-2 represent types of interaction and if the same type of interaction was found in
two papers it was counted once). We focused mostly on those VDC features most
mentioned in our literature review to create the tables and matrix: Table 1 shows the
frequency of occurrence of each interaction. The Lean principles were chosen based on
Koskela (1992) and Sacks et al. (2010). The types of waste that VDC-Lean interaction
could reduce and also the Lean techniques that the industry could apply in order to
improve VDC adoption (Koskela 1992) were considered. The columns show the total
occurrence for each VDC feature, and the rows show the totals for the lean principles.
We can see that online communication product/ process (M) is the VDC feature most
mentioned in our literature review. Followed by construction planning/ 4D modeling.
Also, reduce time (d) and transparency (h) are the most mentioned lean principles allowed
by VDC. The interactions more mentioned were: visualization of the design - reduce time,
and online communication production/ process - reduce time. It is important to understand
the relationship between Lean and VDC.

Dave et al. (2013) have presented four mechanisms to analyze how Lean and BIM
relate to each other. In order to test these mechanisms, they were associated with the
evidence from practice and/or research presented in the literature. We proposed that VDC
allows for more interactions with Lean:

a) VDC contributes directly to Lean goals.
b) VDC enables Lean processes and contributes indirectly to Lean goals.

c) Auxiliary information systems, enabled by VDC, contribute directly and
indirectly to Lean goals.

d) Lean processes facilitate the introduction of VDC.

Table 2 shows the frequency of the mechanisms vs. the frequency found in the literature
carried on in our methodology about VDC. The hypothesis that, “BIM contributes directly
to Lean goals.” had the highest frequency within the analysis, followed by mechanisms
2, 3, and 4. In the fourth column, the hypothesis that, “VDC contributes directly to Lean
goals” occurred with the highest frequency, followed by mechanisms b, ¢, and d. The
results suggest that to achieve more synergies between Lean Construction and VDC,
including BIM (product), process and organizational modeling, it is necessary to use the
entire VDC framework. This allows more positive interactions between lean and VDC,
versus a similar situation that only includes an interaction between Lean Construction and
BIM.

110 Proceedings IGLC29, 14-17 July 2021, Lima, Peru



Maria Guadalupe Mandujano Rodriguez, Luis Fernando Alarcon Cardenas,
Bhargav A. Dave, Claudio Mourgues, and Lauri Koskela

Table 1: Frequency of interactions
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xS |Oox | x @ o T » e s} m= o o | 0> a o
ID a b c d e f g h i j k | m n o
VDC/FEATURES POP Total
VISUALIZATION OF THE | X )
A | DEsioN 11 10 | 20 - 8 6 4 25 9 13 6 1 4 7 6
PRODUCTION OF | X
B | CONSTRUCTION 15* 9 19 | 24* | o 6 9 12 9 8 5 2 3 4 10
DOCUMENTS 144
ANALYSIS OF DESIGN| X
C | oPTIONS 8 9 5 9 4 3 | 4 7 3 3 2 1 2 7 4 7
SUPPLY CHAIN X
D | MANAGEMENT 4 2 3 7 3 2 2 2 3 1 2 1 2 24
g | DESIGN CHECKING X 7 4 9 9 4 3 2 9 4 3 2 1 1 1 2 o
F__ | CODE REVIEWS X 1 3 1 1 3 1 1 14
G__ | FORENSIC ANALYSIS X 1 2 1 1 1 4 10
b | FACILITIES MANAGEMENT X 5 1 5 3 3 L 5 5 3 5 1 1 1 1 1 o
QUANTITY TAKEOFF AND X
I |COST ESTIMATING/ 5D 4 5 6 14 3 2 2 4 2 2 1 1 1 1 1
MODELING 49
CONSTRUCTION X
3| PLANNING / 4D MODELING 16 7 13 | 27 | 12 | 10 | 10 23 10 7 8 3 3 8 9
ORGANIZATIONAL X
K | MODELING 3 3 5 1 1 2 3 2 2 1 2 1 3 4 33
BUILDING PERFORMANCE X | X
L | ANALYSIS 5 2 2 7 3 3 3 9 3 4 2 4 2 2 2 53
ONLINE COMMUNICATION X
M | PRODUCT/PROCESS 8 5 12 9 6 5 22 6 11 6 2 5 14 24
Total 83 56 | 94 61 | 44 | 47 129 55 57 36 | 20 | 24 48 66

Note: Considering space limitations to access to the full list, please visit: www.maroconsulting.mx. Numbers with * symbol represent negative interactions.
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Table 2: VDC features vs. Lean principles

Hypothesis Hypothesis description BIM VDC
number
1,a ... contributes directly to 328 686
Lean goals.
2,b ... enables Lean 310 653

1,a

processes, which
contributes indirectly to
Lean goals.

Auxiliary information 306 580
systems, enabled by... ,

contribute directly and
indirectly to Lean goals.

Lean processes facilitate 253 468
the adoption and use of...

... contributes directly to 328 686
Lean goals.

DISCUSSION

This research distinguished between VDC and BIM. This step was crucial because in
order to begin, it was necessary to clarify this ambiguity. Although significant advances
have been made with regard to the synergies between BIM and Lean, there was a gap in
extending these interactions throughout the VDC methodology (including BIM (product),
process and organization modeling). After clarifying both concepts, 405 interactions
between VDC and Lean were identified. These allow for the development of new VDC
implementation strategies and also provide a broader picture that allows for the
construction industry to implement more holistic and substantial improvements in every
project phase. The new interactions found in the literature can help to complete the matrix
proposed by Sacks et al. (2010) and create new implementation paths.

Some of the evidence found in this research includes:

112

Co-locating the design and detailing teams such that detailers worked side-by-side,
allowed them to construct designs virtually and resolve conflicts and issues
immediately, further facilitating highly integrated project Delivery (e.g., Big
Room).

Extended networks that increase collaboration among firms are more effective at
implementing models across organizations.

4D improves efficiency and safety. It can help identify bottlenecks, improve flow,
and verify and validate process information.

5D models, which connect 3D models to a database for quantity take-off, support
location-based planning and scheduling. These types of models make it easier to
visualize quantities and integrate them into schedules and cash flows.

With hyperlinks to drawings and documents, the way of obtaining information is
standardized. The variability is reduced when you have direct links to the
documents you need.
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e As trust within any multi-organizational value network is considered crucial to
collaboration, it is argued that companies trusting each other are more likely to
share information in order to identify and manage inefficiencies and reduce costs.

e Multi-skilled resources: flexibility, process integration Optimization modeling
algorithm - SIMAN code Off-site construction plant.

Our research showed that without the VDC framework, these interactions would be
achieved to a lesser extent. This finding was supported by the previously discussed
mechanisms (Table 2). The interactions most mentioned in the literature and practice were:

e Co-locating Visualization of the Design— Reduce Time (Ad);

e Online Communication Product/Process— Reduce Time (Md);

e Construction Planning/4D Modeling — Reduce Time (Jd);

e Visualization of the Design— Transparency (Ah);

e Online Communication Product/Process— Cultivate an Extended Network (Mo)
e Construction Planning/4D Modeling — Transparency (Jh);

e Production of Construction Documents — Reduce Time (Bd);

e Online Communication Product/Process— Transparency (Mh)

In fact, we can mention that the interactions listed above have a strong and direct impact
between them. First, with the use of VDC the process as a whole becomes more efficient.
The “Production of Construction Documents” becomes automatic, this allows to “Reduce
Time” when documents are delivered (EEE). The use of “Construction Planning/4D
Modeling” and “Cost Estimation/5D Modeling” help to reduce time and add value to
projects. Moreover, the use of “Construction Planning/4D Modeling” improves the
“Transparency” and “Reduce Time” in the project. Since the “4D Modeling” enables the
visualization of the sequence of the project all issues are identify prior construction. This
results in cost and time saving on site because of effective planning. VDC is a
methodology based on technology, a clear example of this is the interactions “Online
Communication Product/Process” — “Cultivate an Extended Network™ and “Online
Communication Product/Process” — “Reduce Time” and — “Transparency”. The use of
tools, such as iRoom onsite, plasma screen monitors, iPADs and or Tablet PC's loaded
with the latest VDC model, allows for coordination and communication between all
stakeholders. This level of visualization is high because it is close to the actual and most
updated model version and is available to different levels of the hierarchy especially for
onsite workers.

We cannot neglect the negative interactions found “where the use of VDC inhibits
implementation of a lean principle (Sacks et al. 2010)”.

e Production of Construction Documents — Reduce Non-Value Activities (Ba);
e Production of Construction Documents — Reduce Time (Bd);

e Production of Construction Documents — Simplicity (Be);

e Analysis of Design Options — Flexibility (Cf); and

e Analysis of Design Options — Standardize (Cg).

The negative interactions can be interpreted in several ways. While VDC allows a range
of benefits throughout the entire project, the negative interactions are the result of keep
seeing VDC just as a technology putting aside the collaborative view (processes and
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persons). An example of this is the interaction “Production of Construction Documents”
and “Reduce Non-Value Adding Activities”. In many cases, the models that are sent from
one entity to another contain many inconsistencies. Such inconsistencies create extra
work during the production documents.

One key result is the interaction between “Production of Construction Documents”
and “Reduce Time”. As mentioned before this interaction has a strong and direct impact,
but when there is an abuse of the ease with which drawings can be generated can lead to
more versions of drawings and as a consequence an increase time of processing. This
result encourages caution when producing construction documents or analyzing design
options. The ease with which “Production of Construction Documents” can be detailed
creates a negative interaction with “Simplicity”. Too much detail in the construction
documents increases complexity rather than simplicity. Finally, the interaction of
“Analysis of Design Options” and “Flexibility” and “Standardize” are a clear example of
the need to incorporate Lean throughout all VDC practice. Mandujano et al. (2016) found
several types of waste within current VDC practice and suggested that if teams use Lean
methods and focus on elimination of these types of waste (i.e., non-value added
processing, motion (excess), inventory (excess), waiting and overproduction), teams can
improve VDC practices dramatically and also suggests the use of protocols for sharing
models, BIM libraries, meeting protocols or quality protocols in order to remove waste
within VDC practice and, in our case, enhance or reverse the negative interactions.

CONCLUSION

This study contributes to provide a better understanding of the impact of simultaneous
implementation of Lean Construction principles along with the VDC approach on various
stages of construction projects. Identifying the interrelationship of lean principles with
uses and actions performed through VDC provides a broader picture that allows the AEC
industry to take a more holistic approach, which can help to obtain substantial
improvements in every project phase, by increasing the effectiveness of the methods
through a better alignment with relevant lean principles. The distinction between BIM
and VDC definitions is also an important step in developing a better understanding of the
methods and their associated management principles. By making this distinction clear, a
significant number of new interactions between Lean Principles and VDC were found in
the literature that can help to complete previous studies available in the literature and
create new implementation paths in the future. Our research showed that without the VDC
framework, these interactions would be achieved to a lesser extent. In order to support
this, we tested the interaction mechanisms, previously mentioned in the literature. Future
research should direct attention toward understanding the nature of these interactions in
further detail and increasing the frequency of interactions between VDC and Lean. As
previously mentioned, although VDC or Lean Principles initiatives can be carried out
independently in order to reach a higher potential of these improvement efforts, it is
necessary to consider the important synergies that their interactions offer. Only in this
way companies and projects can take full advantage of all the benefits that VDC and Lean
offer. Much remains to be done in the area of VDC and Lean, the AEC industry is
constantly changing, and needs are becoming greater.
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LEAN CONTRIBUTIONS TO BIM
PROCESSES: THE CASE OF CLASH
MANAGEMENT IN HIGHWAYS DESIGN

Barbara Pedo?, Algan Tezel?, Lauri Koskela®, Andrew Whitelock-Wainwright?,
Daniel Lenagan®, and Quynh Anh Nguyen®

ABSTRACT

Managing design is still considered a challenge and few design and construction
companies apply Lean and BIM in an integrated manner to support it. The interactions of
Lean and BIM have been explored for more than 10 years. Despite this, most of the
practical and theoretical discussions have focused on BIM capabilities' and features'
contributions to Lean goals and techniques. Therefore, this paper aims to explore and
discuss Lean contributions to BIM processes, which is still missing in the analysed
context. Initial findings of an ongoing research project on exploring Lean and BIM
synergies in the UK are presented. The investigation adopts case study as its research
strategy, while exploring the potential implementation of Lean into the BIM-based clash
management in highways design. The paper contributes to knowledge by determining
how Lean could reduce waste and increase value of a clash detection and resolution
process. The results indicate that Lean can contribute to the BIM processes, beyond the
BIM capabilities and features, to support BIM process improvements. The wide range of
intervention opportunities in BIM processes from a Lean perspective needs further
investigation for Lean to have a firmer place in BIM discussions.

KEYWORDS

Lean and BIM, clash management, process, design management, waste.

INTRODUCTION

Lean production is a managerial philosophy, i.e. a combination of principles, tools and
techniques, that emerged in the manufacturing sector and has been applied and adapted
to construction since the 90s. It has been pointed out as an important approach to increase
stakeholders’ value, as well as to eliminate activities that do not add value (Womack et
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al. 1991); sharing the same principles with Lean construction, which is the reflection of
Lean production on the construction industry. On the other hand, Building Information
Modeling (BIM) is described as a process to design, construction and facilitity
management, which can involve all project stakeholders (Hamdi and Leite 2012). Being
the digital replica of a built asset, it is becoming a key product and process to support
information management in project management in order to improve the project life cycle.

The literature has pointed out numerous synergies between BIM and Lean since 2010,
enabling the industry to focus on the life cycle value (Dave et al. 2013; Sacks et al. 2010;
Tzortzopoulos et al. 2020), even though they emerged as separate initiatives. According
to Dave et al. (2013), there are four major mechanisms for how Lean and BIM interact:
(i) BIM contributes to Lean goals, (ii)) BIM enables Lean processes, (iii) auxiliary
information systems, enabled by BIM, contribute to Lean, and (iv) Lean processes
facilitate the introduction of BIM. However, investigations mostly focus on BIM’s and
auxiliary information systems’ contributions to Lean techniques, and goals, which have
been widely recognised in the literature and practice. For the design phase, the main focus
of the current discussions is on how to solve specific design problems through the use of
BIM based tools, such as clash detection, and how to facilitate the realisation of some
Lean goals (Tzortzopoulos et al. 2020), not giving due regard to how Lean can contribute
to BIM processes.

This paper reports findings of an ongoing Knowledge Transfer Partnership (KTP)
with an infrastructure design and consultancy company, aiming to explore the integration
of Lean and BIM. The aim of the paper is to investigate Lean contributions to BIM
processes, over an illustrating case about clash management in highways design. BIM-
related processes are still fragmented and wasteful, characterising the practical
justification of the research, thus Lean can offer solutions. However, there are not enough
investigations on Lean’s contributions to BIM processes in the literature and practice, and
this needs to be expanded. The synergetic interactions between Lean and BIM have been
observed to exist, but at the moment, the highways sector does not seem to utilise them
much, and in any case not in a systematic manner. Software issues have in the past
prevented the adoption of Lean techniques for clash detection in Highways, an issue that
does not exist in other disciplines such as Buildings. Also, related research has mostly
focused on building projects, and it is not known whether the interactions would be the
same in highway projects.

SYNERGIES OF LEAN AND BIM

The impacts of Lean and BIM are deep on their own when considering their separate
applications; however, in addition to their parallel development, they also have
synergistic impacts when implemented in integration (Sacks et al. 2010). Sacks et al.
(2010) identified 52 positive interactions out of total 56 interactions between Lean and
BIM. Significant positive interactions include: (i) reduction in design and construction
work variability; (ii) reduction in design and construction cycle-times; and (iii) improved
information flows and stakeholder engagement through visualisation of the product and
process. By identifying those synergies, Sacks at al (2010) and Hamdi and Leite (2012)
argue that the full potential of BIM and Lean can only be achieved through integrated
approaches.

From the BIM to Lean aspect, it is important to highlight the opportunity and the need
for information technologies to support Lean production management workflows
(Tzortzopoulos et al. 2020), e.g. focusing on computer-assisted optimisation of process

Lean and BIM 117



Lean contributions to BIM processes: the case of clash management in highways design

(Schimanski et al. 2019). The use of BIM allows certain activities, which do not add value
to the product and the process, to be automated or eliminated (Tezel and Aziz 2017).

The use of BIM as a way to enable effective Lean practices has been massively
documented; however, the use of Lean for achieving improved levels of BIM adoption
and processes has not been adequately explored (Mahalingam et al. 2015). This
perspective outlines how Lean can support the implementation and continuous
improvement of BIM. Practices such as colocation of stakeholders or implementation of
big rooms for collaborative discussions and visualisation have been suggested as
approaches to support BIM implementation through an improved coordination (Dave et
al. 2013; Eastman et al. 2008).

Moreover, Lean has a potential to improve BIM processes and the literature has
revealed new implementation opportunities in that regard. Uusitalo et al (2019) and
Bhatla and Leite (2012) highlighted a lack of clarity on how to connect the different BIM
concepts, e.g. level of detail, with Lean tools, such as the Last Planner® System (LPS),
in order to develop correct and useful models. The use of the LPS as a BIM enabler has
been also investigated by Mahalingam et al. (2015), who argue that more work can be
developed in order to understand how other Lean tools can improve the information
transfer within BIM-based projects. Process map and value stream analysis can impact
the transparency of the processes (Klotz et al. 2008), and can also benefit BIM process
improvements. BIM not only enables Lean goals, but it can also be enabled by Lean
adoptions, such as collaboration and continuous improvement.

CLASH MANAGEMENT

Akponeware and Adamu (2017) highlighted that the detection of clashes has fascinated
researchers for decades; however, the phase and time to detect a clash have progressively
changed from a reactive activity, i.e. on-site activity, to a proactive activity in the
preconstruction design phase. The clash detection or interference checking process refers
to the practice of identifying clashes in a federated BIM model, which can be defined as
waste in the production system (Tommelein and Gholami 2012). It is one of the many
quality checks conducted by the design team before they release the product (Chahrour
et al. 2021), and it is a “necessary non-value adding activity”. Design conflicts must be
made visible, characterised, and have root causes identified, as a way to improve
efficiencies and reduce wastes (Tommelein and Gholami 2012). Nevertheless, clash
detection tools still generate huge amounts of irrelevant conflicts, which require time and
resources to solve (Hartmann 2010).

The clash detection and resolution process involves identifying the conflicts in a 3D
BIM environment, which is obtained by performing pair-wise comparison checks
between a set of elements or disciplines (Radke et al. 2009). According to the 1SO 19650-
1 (2018), issues can be spatial, e.g. elements and services in the same space, or functional,
e.g. materials not compatible with the regulations. Spatial clashes can be classified as
“hard”, two objects are in the same space, “soft”, one object overlaps the operating or
maintenance space of another object, or “time”, two objects are in the same place at the
same time.

Coordination and clash detection improvements are included in the key reasons for
BIM implementations (Akponeware and Adamu 2017); however, there are few
investigations in clash management, apparently due to the mistaken idea that it is a simple
and automated process. Few studies explored clash detection considering the process and
investigating the root causes of clashes in building information models. Chahrour et al.
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(2021) proposed a clash categorisation, considering the change impact and dependency
on the stakeholders involved. Tommelein and Gholami (2012) identified the causes for
hard and soft clashes, e.g. failing of design rules and design error. Thus, there is still a
gap in the formalisation of the clash detection and resolution process, as most
investigations focus on software tools instead of the process elements i.e. activity flows,
required resources and underlying purposes, to support coordination.

RESEARCH METHOD

The paper presents the initial findings of an ongoing research project through a case study.
The case study research method is typically chosen when the (i) type of research question
posed is why and how, (ii) the investigator has no control over events, and (iii) there is a
high degree of focus on contemporary events (Yin 2003). An empirical case study was
carried out with an infrastructure design and consultancy company (company A) based in
the UK. This investigation consisted of a critical analysis of the BIM processes at the
company from a Lean perspective, aiming to understand how Lean principles and tools
can be adopted to enable BIM use. Company A operates in the highways design and
construction sector. The company was selected due to their willingness to participate in
this research project, and also because it had previously adopted Lean and BIM practices
to support design development and management. However, the Lean and BIM integrated
implementation within the company was fragmented, lacked co-ordination and was still
immature.

The scope of the analysis is restricted to one of highway design project, and thus the
generalisability of the conclusions is limited. However, the clash detection and resolution
process analysed in this paper was similar to the processes adopted in other projects
within the company. The study was conducted in three stages: (i) understanding of the
problem and the company’s design processes, (ii) development and analysis of the clash
detection and resolution process map in collaboration with company stakeholders, and
(iii) analysis and reflection on the Lean contributions to the BIM processes. The main
sources of evidence were: (i) workshops to refine the highways alignment and to develop
the clash detection and resolution process in collaboration with the design and BIM leads
(i.e. BIM managers and coordinators), and (ii) analysis of the existing design coordination
documents (e.g. clash analysis report, clash resolution action plan, and lessons learned
document), and existing process maps (e.g. overall and discipline-specific processes map).
The workshops also enabled the discussions regarding improvement opportunities, whilst
the document analysis supported the examination and evaluation of the current state and
triggered suggestions for future state.

CASE STUDY ON CLASH MANAGEMENT - COMPANY A

DESCRIPTION OF THE CURRENT STATE

The starting point of this investigation was the understanding of the company’s design
process through three different levels of analysis: (i) overall process map of key design
disciplines (level 1), (ii) discipline-specific processes connecting the stakeholders
involved, i.e. highways alignment (level 2), and (iii) BIM sub-processes, detailing a
process that required more attention, i.e. clash detection and resolution (level 3). Figure
1 shows the complexity associated with the design process and subprocesses. The
highways discipline-specific process (level 2) was refined from previous developments
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and the clash detection and resolution process (level 3) was developed in the framework
of this research through the workshops, not existing prior to this study.

The development of a specific highways scheme, which was part of a wider
programme of schemes to improve connections in the UK, was used to conduct the clash
management investigation through a retrospective analysis with the company staff. The
clash management information was simplified for this paper, due to data confidentiality.
In this work, clash management, i.e. detection and resolution, is described as an
interactive process between the design and the BIM team in order to identify, classify,
and resolve conflicts to achieve a minimum number of clashes. Navisworks was one of
the main tools used to detect the clashes. A clash was defined by the company as spatial
(hard and soft) or functional, following the 1ISO 19650 (2018) definitions.

The discussions with the company employees through the workshops showed that the
teams carried out the clash management through an informal process, with no clear
definition of responsibilities and sequence of activities. The key clash detection and
resolution activities identified through workshops and document analysis are described
as (Figure 1 — Level 3): (1) define and communicate the federation strategy, (2) generate
models and prepare the disciplines for federation, (3) prepare the federated model and
federate the discipline models, (4) perform clash detection on the federated model, (5)
report the clashes and analyse issues detected, (6) publish the federated model, (7)
organise and undertake regular design coordination meetings, (8) resolve issues detected
by the clash detection, update and share the updated models, (9) update the clash register
and issue a report (if required). Activities 2 and 8 were carried out by the design team,
whereas the others were mostly related to the BIM team or in the interface between those
stakeholders. The project analysis ran about 20 clash detection cycles.

= e— e E— - I Process Map Level 1: key design disciplines
- Process Map Level 2: discipline-specific
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Clash detection cycle: project specific intervals
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Figure 1. Company design process with different levels. The numbers in the boxes of the
Process Map Level 3 refer to the clash detection and resolution activities carried out by the BIM
(grey) and design (blue) teams.

The company adopted a silo-based approach to develop the discipline models before any
federated model was created and any coordination was performed. The software used to
undertake the design was also relatively new, also contributing to a huge inventory of
clashes at the beginning of the clash detection process in the detail design stage.
Approximately 8500 clashes were detected at the beginning of the process (Figure 2
shows the evolution of the number of clashes in the detail design stage). This approach
has similar characteristics as the process of conflict identification in the pre-BIM era, in
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which drawings (digital or not) were manually compared to each other through an overlap
of discipline drawings.

A clear target had been set by the client to achieve a fully clash-resolved BIM model
before the submission of target price for the construction works. It resulted in the
implementation of a multi-disciplinary management process for the BIM clash resolution.
Key conflicts were discussed and resolved during coordination meetings, where the
clashes identified in the federated model were displayed on a screen and the visualisation
supported the discussion. A clash resolution action plan was also used to support the
design coordination meetings (Figure 3). However, an effective record of clash
occurrence was rarely developed, making it difficult to learn from the previous experience.
Clash resolution action plans were reviewed and updated on a weekly or fortnightly basis

and reported back to the client.
(1)
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Figure 2: Evolution of the number of clashes. Figure 3: Clash resolution action plan.

ANALYSIS AND EVALUATION OF THE CURRENT STATE

The clash management activities were considered by the company as necessary non-value
adding activities to coordinate all disciplines and to eliminate model conflicts, or even
waste in the design process, especially when the activities relied on manual and time-
consuming activities. There is no robust recording of efforts spent on the clash detection
and resolution process. Approximately 27 BIM and design team members were involved
in the process, including the clash owners (design leads), designers, BIM manager and
coordinator, and design manager. However, the company staff pointed out that the
workload related to BIM works had been underestimated due to lack of previous
experience, and the resource requirement was significantly higher than the estimated.

The use of a federated BIM model enabled effective decision-making to solve
conflicts with less rework, mostly due to the ability to visualise a consolidated model.
Thus, the BIM process enabled collaborative decision-making among a multi-disciplinary
design team. There was also an early involvement of the contractor in the process,
including their support in the definition of the construction tolerances for clash detection.
The high number of clashes required very close management to gain the client’s
confidence.

The key root causes for the inventory identified by the BIM leads were associated
with (i) expected or intentional clashes, which can be resolved on site with minimal
impact (allowable clashes that will support the construction stage) and can be related to
the way the design was modelled (type 1), (ii) design modelling errors which should be
removed prior to construction stage, also related to the way it was modelled and the level
of detail required (type Il), (iii) minor errors of coordination between different disciplines
(type 1), and (iv) similar clashes that had not been grouped according to the disciplines
at the beginning of the process (type 1V). Due to the urgency associated with the design
process, no root causes were analysed through a structured approach, even if the company
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has adopted a clash resolution action plan (Table 1). As a consequence, no actions were
taken to prevent issues from recurring through a lessons learned exercise.

A clash-free federated model was required by the client contractually; however, it was
labelled by the BIM leads as “unachievable”. Construction tolerances were agreed with
the construction company, considering 25% of the clashes were deliberately transferred
to the construction company in order to communicate and raise awareness about specific
conflicts (clash type 1), e.g. safety barrier foundations and utilities were intentionally
clashed, as a result of the way they were modelled, to inform the contractor of the location
and to avoid placing the posts. The high number of clashes did not provide a realistic
picture of the design maturity, so instead of reporting the number of clashes in BIM, the
team could have reported the number of issues in BIM (e.g., resolving one issue could
resolve hundreds of clashes), focusing on the design process and reducing the reliance on
software. Also, due to technical issues, there was a need to repeatedly re-approve
previously approved clashes following model updates.

SUGGESTIONS FOR THE FUTURE STATE

The clash detection and resolution activities should be performed systematically to
maintain the accuracy of information and automate the activities that do not add value. It
is fundamental that the company stakeholders understand where process inefficiencies
are, so they are able to measure the value of BIM and Lean improvements. The
formalisation through the process mapping exercise and analysis of the current process
highlighted opportunities for improvements. Identifying improvements has enabled the
company stakeholders to be conscious that even a simple activity, such as the definition
of the federation strategy, and clash analysis and report, will require protocols for data
structuring. The key activities of a clash detection and resolution process and identified
improvement opportunities are presented in Figure 4 and Table 1.

Clash detection cycle: project specific intervals
No

]
3 > 4E5¢Fr6 8 ¥ End |
< pgoang-o

Figure 4: Improvement opportunities identified. The explosions represent the improvement
opportunities and are further described in Table 1(second column). The numbers in the blue and
grey boxes refer to the same activities as described in Figure 1 and Table 1 (first column).

The improvement opportunities were identified in collaboration with company members
through workshops, as well as document analysis. The key improvement opportunities
were refined during stage three, through analysis and reflection on the Lean contributions
to the BIM processes. The key improvement opportunities are associated with the process
itself, the structure and transfer of information, and the standardisation and automation of
time-consuming activities. The use of process mapping technique (1.c in Table 1) can
support the definition of clash management activities sequence, identifying how the
information moves from one stage to another, also defining clash detection and resolution
frequency and cycles for each project. It can increase the transparency and process
visibility (Klotz et al. 2008).

The early definition of standards of clash detection prerequisites, tolerances, and
methods (1.b), e.g. templates and guides, have the potential to support the definition of
criteria for clashes, and to define standardised set of rules per clash detection software in
early stages, grouping clashes appropriately and avoiding rework. The early identification
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of client requirements (1.a) can also be achieved through a clear definition in the BIM
Execution Plan (BEP) at the start of the project, e.g. providing an early definition of clash
detection levels of detail and tolerances required by the client.

Table 1: Key clash detection and resolution activities and potential improvement opportunities.

Key activities Potential improvement opportunities

1.a Early identification of client requirements within a clear definition of the BIM
Execution Plan (BEP) at the start of the project.

1.  Define and communicate the 1.b Develop standards, e.g. templates and guides, to support the definition of clash
federation strategy (defined by the detection prerequisites, tolerances, and methods.

BIM execution plan) 1.c Use process mapping technique to increase transparency, defining clearly how

the information moves from one stage to another, also clearly defining the clash
detection and resolution frequency and cycles.

2. Generate models and prepare 2.a One-piece flow to handle the clashes one-by-one as they are detected.
disciplines for federation (design 2.b Mistake proofing to support BIM models’ compliance, consistency and accuracy,
team) avoiding element omission or duplication.

3. Prepare federated model and
federate discipline models

4. Perform clash detection on 4.a Improved process standardisation and automated approach for manual and
federated model repetitive clash detection activities, e.g. grouping or filtering the clashes.

5.a Flow management and control approach, digital visual management and A3
reporting can be adopted to improve clash management through automated systems,
5. Report the clashes and analyse defining an interactive way to find, report and analyse the clashes and to improve
issues detected transparency.
5.b Systematic waste analysis through root cause analysis and clear definition of a
clash classification criteria, identifying and reporting issues instead of clashes.

6. Publish the federated model

7.  Organise and undertake regular
design coordination meetings

8. Resolve issues detected by clash
detection, update and share
updated models (design team)

8.a Continuous improvement to facilitate the exchange of lessons learnt between
projects, using Lean problem-solving techniques.

9. Update clash register and issue a
report (if required)

In this study, the Lean ideal of one-piece flow (2.a) was identified as a potential approach
to support the improvement of clash management, as a way to handle the clashes one-by-
one as they are detected, avoiding a huge inventory of conflicts and eradicating the clashes
as soon as possible. This approach would require the adoption of a federated model in
which different disciplines can work on different parts of the model simultaneously
without generating clashes, using a common data environment solution, which follows
three states (work in progress, shared, and published) to manage the information (British
Standards Institution [ISO] 2018). A mistake proofing approach (2.b) can potentially
support BIM models compliance, consistency and accuracy through automation during
design development, avoiding element duplication or omission, and drawing attention
when the issues occur. It can support a clash avoidance process, in which an effort to
avoid coordination issues exist during the design process.

There was an over-reliance on the technology for resolving the conflicts and some
negligence when it comes to investigating the process itself to improve it. Thus, identify
and report issues instead of clashes can potentially encourage people to focus on their
design effort and reduce the reliance on software in that regard, in order to avoid clashes
in the first place. A further improvement opportunity identified is associated with the
occurrence of repetitive manual operations to input data in a clash register and analyse it.
It was estimated that 30% of time can be saved through automation and standardisation
of clash detection activities (4.a), e.g. automatic grouping of clashes. For instance,
systematic generation of information is the anticipated improvement from the automation
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of the clash register, in which information can be visually displayed and effectively
support clash analysis through a greater information transparency (5.a). Actions could be
taken by identifying the root cause of the most common issues through a systematic waste
analysis (5.b). The use of Lean problem-solving and continuous improvement techniques
can facilitate the exchange of lessons learned between projects (8.a).

FINAL CONSIDERATIONS

The formalisation and standardisation of BIM processes can increase the transparency of
the process, as described by Klotz et al. (2008), making the improvement opportunities
and wastes apparent. Clash detection and resolution is an important and justified process
in a Lean project delivery (Tommelein and Gholami 2012). The main improvement areas
identified are related to the early identification of requirements for clash managenent,
process standardisation, automation of time-consuming activities, information
transparency with Visual Management, systematic waste analysis and continuous
improvement.

The investigation also emphasised federation strategy as an essential fundament at the
beginning of the design process. It should consider (i) the clash detection prerequisites,
tolerances, rules, and methods; (ii) frequency of cycles; and (iii) how the resolution of
clashes will be carried out, considering the stakeholders, actions, and root causes. The
key root causes identified in this exploration represent a first step in the improvement of
the existing taxonomies (Chahrour et al. 2021; Tommelein and Gholami 2012). Also, the
identification of “intentional clashes” in practice is worth mentioning and calls for further
investigation. In addition, it is important to highlight that there is still an excessive trust
in technology for resolving the clashes and some disregard in improving the process itself.
A lack of process-focus is evident from the study.

The findings indicate that Lean can contribute to BIM processes, beyond BIM
capabilities and features (see Figure 5), supporting BIM process improvements. Until
BIM and Lean (particularly considering Lean support for BIM) are implemented jointly
as a standard practice in the sector, researchers and practitioners are encouraged to
disseminate lessons learned and case studies, demonstrating how Lean techniques can
improve BIM processes and providing evidence for higher quality outputs. For the Lean
community to have a firmer place in the BIM community and discussions, and to be able
to claim a mutual synergy between Lean and BIM, the wide range of intervention
opportunities in BIM processes from a Lean perspective should be investigated further
through a more systematic approach.

BIM features and
capabilities

Lean goals and
techniques

BIM

strong connection
© b processes

7 weak connection

Figure 5: Lean goals and techniques contributions to BIM processes.
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BIM AND VISUAL PROGRAMMING
LANGUAGE SUPPORTING PROJECT
CONSTRUCTABILITY

Yan Mota Veras de Carvalho!, Luiz Carlos Magalhédes Olimpio?, Matheus Gomes
Limas®, Mariana Monteiro Xavier Lima*, and José de Paula Barros Neto®

ABSTRACT

Construction projects need to consider the multiplicity of constructive aspects on its
development process via predefined parameters. Constructability is a concept that
comprehends these features, and has a direct relationship with time, cost, and quality
criteria. However, it is often neglected due the difficulty in measuring its indicators during
project design process. Additionally, the indicators measurement is usually laborious,
resulting in waste of resources during design stage. Recognizing this scenario, this
research proposes a practical tool for designers and integrated with a design software.
One of the steps of the model is the identification of project performance indicator’s
regarding its constructability. Following is the development of a programmable routine,
created on Dynamo, used for the data collection from the BIM model. The indicators are
updated in real time, granting project constructability evaluation during the modelling
process. The alghorithm developed allows users to propose solutions that are almost
impossible when using only a modeling software and that would require many operations.
Some limitations that were identified are: the developed routines may not support
unforeseen variations and since the model was built with a visual programming tool
(Dynamo), it may have to undergo some adaptations for correct efficiency in other tools.

KEYWORDS

Constructability, visual programming, product development, lean construction.

INTRODUCTION

The design and execution processes in the construction industry are complex and
fragmented (Vrijhoef and Koskela 2005). These two main disciplines are isolated in the
traditional construction (Zhang et al. 2016). As a result, the designer makes decisions that
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directly impact on variables not previously covered, such as constructability, durability
and client suitability whose consequences are suboptimal solutions and a great number of
design and construction rework. (Alarcon and Mardones 1998).

Furthermore, the consideration of the constructive aspects in the design stage delivers
significant benefits to cost, time, quality and safety in the quality of the construction
process. In this context, emerges the importance of indicators. They are quantifiable
representation of these aspects, giving support to the decision-making (Lantelme, 1994).

There are proposals and recommendations to quantify the efficiency of the design
stage (Mascaro, 1985). However, evaluating projects in a quantitative way requires effort
and time. The construction project simulation in a virtual environment by the combination
of Building Information Modeling (BIM) and constructability concepts contributes to
accomplish objectives in terms of time, cost and quality (Nascimento et al. 2017).

The use of BIM in the design process facilitates the development of automated
verification of real-time model information and trade-offs can be more easily assessed,
such as energy, functionality, aesthetics, and constructability through a fast and reliable
process of using parameters and spatial relations between elements (Zhang et al. 2016).
In this way, it is possible to predict the performance of the construction and assist decision
making in the design phase. These processes can be transformed into programmable
routines, allowing the evaluation of alternatives and project indicators (Nembrini,
Samberger and Labelle, 2014). Currently, computational advancements, both at software
and hardware levels, have enabled access to tools that automate the collection and
processing of data for design evaluation (Lima, 2016).

Visual Programming Languages (VPL) are formal languages, based on images,
defined by graphic objects consisting of nodes and connections (Singer and Borrmann,
2015). The VPLs are easily interpreted and understood because they comprise a visual
logical arrangement, without the need of advanced knowledge in a given textual language.
In the context of BIM, VPLs have become progressively important in dealing with
geometric modelling processes (Kensek, 2015), thus, automating the information
collection of a BIM model and the calculation of these indicators.

In the search for understanding constructive factors on contruction, organizations and
scholars have discussed its concept. For CIRIA (1983) the constructability would be the
dimension in which the design of a building supports the facility of construction,
considering requirements of the concluded building. The meaning involves the
integration of knowledge and constructive experience during the conception, planning,
design and execution phases of the construction, aiming at simplifying the constructive
operations through the awareness of the constructive technology to be adopted in the
project (Mydin et al., 2011).

The goal of constructability is to improve the efficiency of construction processes by
developing designs that consider execution aspects (Hon, Gairns, and Wilson, 1988). It
benefits the cost, productivity and quality of the work (Dantas Filho, Angelim, Guedes,
Silveira and Barros Neto, 2016). This is achieved by the increase of productivity,
reduction of rework, intensive work, and satisfaction of stakeholders hence the
constructive rationalization by improving construction process (Anquino and Melhado,
2002).

This procedure can be done by changing attributes in any of the designs, as in a
structural design, for instance, which can promote a layout solution that results in less
congestion in execution with higher tolerances and lower armour densities (Mydin et al.,
2011). The degree of project simplification; the extent of the standardization adopted in
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the company; the executive sequence and interdependence between activities;
accessibility to workspaces; and communication between project and work are some
factors that can influence the constructability (Oliveira, Lantelme and Formoso, 1995).

Performance measurement systems are especially important in the construction
industry (Bassioni., 2004). The first step starts with the selection of indicators. Indicators
may have the role of clarify the performance of an organization, act in the control of a
process, set goals, and act on motivating workers (Folan and Browne, 2005). Indicators
are widely used in the measurement construction productivity, which is directly related
to the constructive aspects of the projects. Being design-based, it is appropriate that the
measurement of construction performance be concentrated in the design performances
(Pekuri et al., 2011).

Spatial information is required for constructability analysis, where complex
computations are obtained with the use of easily extracted data from the BIM model
(Khemlani, 2004). Therefore, the BIM model facilitates design tests and activity
sequencing to achieve better constructability (Zhang et al., 2016). However, the BIM
design tools currently available do not provide model verifications tools. To solve this
problem, an application can be developed ont this plataform, providing ease for a designer
to validate this model according to the target rules (Zhang et al., 2013).

Model checkers based on automated rules include Revit, Navisworks, Solibri Model
Checker (SMC), Express Data Manager (EDM) and FORNAX (Uhm et al., 2015). In
these approaches the rules are implemented by software developers as procedural code
embedded in the building code verification system (Eastman et al., 2009). The
development of checking systems based on VVPL is an approach that is being frequently
used. Myers (1990), based on a survey of 50 visual programming languages, showed that
a more visual style of programming can be easier to understand for non-programmers or
novice programmers (Architects and Engineers normally fit into these categories).

In the context of BIM, VPLs have become progressively important to deal with
geometric modeling processes, and several authors have researched the use of some type
of VPL at some stage of their rule checking process. Ji and Leite (2018) applied VVPL for
checking crane plans and updating models. Khan et al. (2019) proposed a set of rule based
alghoritms to asses excavation safety and generate protections. Ghannad et al (2019) uses
VPL to propose a modularized structure for check BIM models compliance. Preidel and
Borrmann (2016) introduce the Visual Code Checking Language (VCCL), which uses a
graphical notation in order to represent the rules of a code.

This research proposes a tool that uses Visual Programming Language to create
routines that extract data to calculate constructability metrics and evaluate building
projects before the execution phase.

METHODOLOGY

The development of the project's constructability assessment tool was performed in five
stages, presented in Figure 1. The first two stages of the model, that consists in the
problem state and the literature review was presented in the introduction of this paper.
The next three stages are described in the next sections.

Problem State Literature Metrics & Development of Application of
) Review Indicators Algorithms the Model

Figure 1: Model Stages
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METRICS AND INDICATORS

Starting from a broad search in the literature, a group of indicators which show relation
with the principles of constructability were selected. The set of metrics represents the
standardization of the project, the simplification of the parties, the interdependence
between activities, and ease of access. As the indicators meet more than one of these
principles, the categorization was performed by the system they comprise. The next step
was the filtering processes, which take into account the projects’ capability to use
quantitative data that can be automated with the information available and its geometric
elements information.

DEVELOPMENT OF ALGORITHM

A frame that allowed the automation of calculations using the model data was developed
with the Autodesk® Revit (2020) and its interface with Dynamo (2.3). The choice of
Autodesk® Revit was based on the researchers' familiarity and due Dynamo is the most
frequent solution for this software. Next, a parametric approach analysis was established.
That was done by prioritizing the evaluation of the parameters and information present in
the elements of the model.

This approach leaded to a wider analysis since it demands lower computational cost.
In order to make the calculation script as simple as possible, its main tasks were to read
the model to collect data, then manipulate and use it to calculate the metrics and a
compilation process into a worksheet, where the results were graphically displayed.

The final algorithm was implemented in the Dynamo Player, an interface within the
Revit that allows the use of scripts without requiring VPL knowledge. This makes the
proposed tool accessible to all types of users. It also allows calculations to be performed
iteratively with user modifications, which can instantly assess the impact of changes.

APPLICATION OF THE MODEL

The projects that were analyzed have different geometric characteristics, and necessary
information for the calculation of the indicators in key families and elements, justifying
its selection. The first project (Figure 2) was a residential high standard building of a
single tower with two garage floors, 15 typical floors and 1 roof. It has three apartments
per floor, with approximately 90 m2 each. The second project analyzed (Figure 3) had
two towers with 22 floors each and 4 apartments per floor. Only one of the towers was
selected, having apartments with 95mz2.

Figure 2: Project 1 Floor Plant Figure 3: Project 2 Floor Plant
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RESULTS

METRICS

The selection of metrics resulted in 11 items that support the measurement of the
constructability of the project. These are presented in Table 1.

Table 1. Selected Constructability Metrics

Name/Reference

Equation

Description

ARCHITECTURAL

It represents the inverse relation of the geometric

Compactness Index Vi * Farea Farea:floor area  complexity of the perimeter of the pavement. The further
1 Lantelme (1994) Cl=2%—— . . :
M 5 (2010 Fp Fp: floor perimeter  from a square (0.84), the lower the index, and the lower
ascaro ( ) the constructability
Wet Area Index
Oliveira, Lantelme _ . Wet areas require more services due to waterproofing,
2 and Formoso (1995) WAl = Wa/Farea Wa:wet Area testing and use of ceramics in masonry.
Narloch (2015)
Wall Density Wha: wall . . .
L _ . -~ The purpose of this metric is to verify the degree of
3 Oliveira, Lantelme WD = Farea/Wha horizontal projection optimization of the floor subdivisions
and Formoso (1995) area
.Fagade Index Fearea: Facade The vertical planes of the facades are more difficult and
4 Oliveira, Lantelme FI = Farea/Fcarea area of the typical ~ SXPeNsive to build. The indicator reveals the proportion of
and Formoso (1995) fl P facades in relation to the typical floor plane of the
Narloch (2015) oor building.
. Wwvarea: vertical
Frame Density walls area Windows and doors frames require more services and
5 Oliveira, Lantelme e DE = Farea/Wvarea Farea: Frames area increase constructive complexity
Formoso (1995) .
(doors and windows)
Frame Standard Index bf r:ﬁglns]selsm tlar The greater diversity of frames affects the complexity of
6 Oliveira, Lantelme e FS = Dfr/Frq Fra: Frames the project, the purchase, the planning and the execution
Formoso (1995) rq- e operation.
quantity
STRUCTURAL
Columns Density CPa: Columns
7 Index CDi = Cpa/C Projection Area Columns restrict movement in the worksite and increase
Jarkas (2010) = tpa/tq CAQ: Columns foundation distribution.
Adjusted Quantity
Se Bl/Farea <0.45 (1) if
not (2) This metri ts the efficiency of the project. Th
Beams Density Index (1)BDi = Bl/(0.45 * Bl: Beams Length 1S metric represents the erficiency or the project. The
8 Jarkas (2010) Farea) or Farea: Floor Area lower this value, the smaller the complexity of shapes and
. ' concreting services, also reducing interferences.
(2)BDi = 2 — Bl/(0.45 *
Farea)
Columns Standard Dcéaﬁ;nms"ar This metric considers the complexity in the individuality
9 Index CSi=DC/CQ CO: Col of structural types, through the ratio of different pillars in
Jarkas (2010) Q: Columns their cross sections and the total number of pillars.
Quantity
DB: Dissimilar This metric measures the complexity in the individuality
10 Beams Standard Index BSi = DB/BQ -Beams of structural types, through the ratio of quantities of
Jarkas (2010) i=DB/ . . different beams in their cross sections and the total
BQ: Beams Quantity number of beams.
. Niccimi This metric calculates the complexity in the individuality
1 Floor Standard Index FSi = E DE: I:les:?"ar of structural types, through the relation of quantities of
Jarkas (2010) b= FQ .. different slabs in their cross sections and the total number
FQ: Floors Quantity of slabs.
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SCRIPT STRATEGIES
The structure developed results into a set of scripts (Figure 2), described next:

e Parameter collection routine: The node "Categories" is used to select the category
of interest, and it feeds the node "All Elements of Category" that collects all the
elements of the chosen category. It then source the "GetParameterValueByName™
node which also needs the textual specification of the parameter to return a list of
its values. This routine collects instance parameters, and if necessary it collects
type parameters by the "ElementType" node applied first.

e Filter script: From the filtered list, it connects to a check node that returns a list
of Booleans, along with the filtered list that feeds the "List.FilterByBoolMask"
node which returns two new lists, one for the true and the other for the false tests.

e Sum and Count Script: The "Math.Sum™ node receives a list of values and returns
the cumulative sum. The "List.Count" node counts the number of values in a list.

e Conditional Script: The "If" node allows testing by condition, it needs to be fed
with a test containing a boolean and the answers for a true and false function.

e Calculation Script: the implementation of specific equations through the "Code
Block" node. It was used to calculate the indexes fed by the selected parameters.

e Export Script: The indexes values feeds the "List Create" node that binds them to
a list, which is connected to the "Data.ExportExcel” node. To write the list to an
Excel spreadsheet, it is necessary to supply the node with a row and column
number, the name of the worksheet, the path of the file on the system, and a
Boolean to allow the data to be overwritten. The program also allows to export
via .csv file, implemented in the script.

- —_—

T -

s (=

42 e p—

;@ = == - L

J%;U% | — ]

%é [ Sheet
— =T Extraction

Figure 4: Scripts on Dynamo
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APPLICATION

The application of the script presented in Figure 2 in the two projects resulted in the values
of the constructability indexes found in Table 2. This table shows the direction in which
the optimization takes place in the column named optimization. Then, when the arrow
points upwards, it indicates that the higher the indicator for the project, the closer to the
ideal this characteristic is. While when pointing downwards, it is closer to the ideal when
the value is lower. Although the two projects present similar characteristics like the area,
general dimensions and quality standard, the structural and architectural solutions are
very particular, which could generate different constructability indicators.

By analyzing the solutions adopted in the design and the calculated metrics, it was
possible to evaluate if the results match coherently with the logic of the equations
proposed by authors in Table 1. Thus, the functionality of the script and its practicality
was verified through automating the collection of information and calculations.

Starting from the first indicator, it was apparent that the first project Compactness
Index, despite having a rectangular shape, has a higher value than the second project. This
Is because the second project has several recesses, obtaining a large perimeter. As
presented by Mascar6 (2010) both projects are far from the optimal value (0.84) that
represents the shape of a square. This may adversely impact the cost and constructability
of both projects, but factors such as constructive methods and builder experience should
be taken into account.

The index of facades is related to compactness, and comprises the area of external
walls on floor area. Thus, the first project has a proportionally smaller perimeter than the
second, in turn, has more compartments, increasing the density of vertical planes. Both
of these pieces of information were confirmed by a visual analysis of the models.

The wet area index of the first project was higher than the second. This is only due to
the greater proportion of balconies in project 1. This index relates to the wet area, which
implies services such as waterproofing, wich confered less constructability to project 1.

The indexes related to frames showed very different results. Project 1 has more
frames per wall area, which decreases the constructability, but its frames vary less, which
increases the constructability, compared to project 2. Therefore, the first project is better
suited to the principle of standardization of design, while the second is better at
simplifying the parts.

The structure indicators presented a considerable difference between the projects.
Project 2 presented symmetry in the vertical direction and the structural solution adopted
is more compact than that of project 1, which has no symmetry. In addition, the typology
of the slabs of the projects were different: in the first, solid, and ribbed slabs in the second.

Considering the Structure, Project 2 presented good results in the Standard Indexes
by having greater symmetry, reducing variations in the sections of the structural elements.
The Density Indexes showed that the columns present less dissimilar values than the
beams; this is due to the similarity of vertical loading. Project 1 has larger spans, adopting
pre-stressed beams, which affected their structural indexes negatively. During the project
design phase of Project 2, it could be assumed that the structure constructability was
considered more important, while in Project 1 the shape of the building was more
influential.
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Table 2: Tool application results

N Index Optimization Project 1 Project 2 Difference %
Architecture
1 Compactness 1 0,55 0,51 0,05 8,4%
2 Wet Area 1 0,22 0,14 0,08 36,8%
3 Wall Density 1 0,10 0,12 -0,01 -14,3%
4 Facade Indicator 1 1,02 1,10 -0,08 -8,1%
5 Frame Density 1 0,20 0,15 0,05 25,8%
6 Frame Standard 1 0,26 0,18 0,09 33,3%
Structure

7  Columns Density 1 0,30 0,23 0,07 23,0%
8 Beams Density 1 0,83 0,54 0,29 35,2%
9 Columns Standard 1 0,65 0,27 0,37 57,9%
10 Beams Standard ! 0,29 0,13 0,16 55,5%
11 Floor Standard i} 0,29 0,15 0,14 47,5%

CONCLUSION

As presented during the proposition, the collection and calculation procedures were
performed with low effort, in a short period of time and the programming of the routine
occurred in a fluid and fast way, proving the smoothness in its development. This feature
allows users to propose solutions that are almost impossible when using only a modeling
software and that would require many operations, without the ability to automate such
processes. The interface warns of errors in the script, easing its construction, and
promoting reliability to the execution.

It is verified that the designers must create the models considering the information
necessary for the collection of data, following the standard to be adopted by the script. As
an example, the area of wet floor was collected from the parameter of the floor with
waterproofing, thus, for the extraction the models must have this information available in
this parameter. It is recommended that designers promote the standardization of
information allocation in models. Improving the programming, it is possible to develop
flexible routines, with intelligent structures that identify in which parameters the desired
information was allocated.

For this study, 11 indicators were chosen in scientific researches. These indicators
have a relation with constructive aspects, in which the control of them should contribute
to the improvement of the construction performance. However, the effects of the project
constructability on the construction depend on several variables. It is advised that the
designer should use a performance system incorporating this indicator, and promote the
monitoring of the effects considering the criteria of the construction company, ensuring
reliable results that take into account the specificities of the scenario. If properly validated,
the construction company can create its own indicators that could be implemented in a
script.

The proposal is shown as an easy-to-use tool for measuring indicators dynamically,
assisting designers in project decisions due to the instant updating of values. The adoption
of the tool in the construction should promote a necessary approximation between aspects
of design and construction, reducing the communication deficiencies of these two
disciplines, which generate executions with lower performances in terms of cost, time,
quality and rework.

Some limitations were identified during the research. It is noteworthy the fact that the
developed routines are governed by the initial definitions, and may not support
unforeseen variations. The model was tested with a visual programming tool (Dynamo),
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and may have to undergo some adaptations for correct efficiency in other tools. Another
difficulty is the need to use modeling standards to guarantee conformity in the model data.
The possible use of a standardized library, with an object classification system, could be
used to overcome this barrier.

Notwithstanding the low control in the literature review, the indicators have practical
support and are directly related to the constructability. Additionally, the papers selected
from which the indicators were extracted are from researchers with multiple studies
applied in the respective area of their indicators. Although, is recognized a possibility of
improving and expanding the research to meet other indicators, as well as proposing a
general indicator comprising key indicators.

As a future research, it is suggested to measure the effects of the script application
during a project, collecting information from the design and construction stages, electrical
and plumbing data and understand how its implementation influences the design process.
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LEAN AND BIM INTERACTION IN A HIGH
RISE BUILDING

Frank Chuquin?, Cristhian Chuquin?, and Romina Saire®

ABSTRACT

Lean Design has been spreading its use in the AEC industry along with the emergence of
Building Information Modelling (BIM).Those two methodologies; Lean and BIM are
being implemented first independently and then together. as new means to deliver more
efficient projects.

This paper researches some tools of Lean and BIM that permit a positive interaction
by focusing on a case study related to a high rise building for residential use. Those tools
are; from Lean Construction, set based design and value stream mapping. From BIM were
used a 3D model and Integrated Concurrent Engineering (ICE) sessions. Also, the paper
describes the interaction between those tools in the design phase and its impact in the
construction stage.

KEYWORDS

Lean design, BIM, set based design, value stream, ice session.

INTRODUCTION

The construction industry in general is categorized as low productivity and riddled with
inefficiencies. The construction sector is seen as one of the industries in which it uses
intensive labor resources that open the doors to innovation and the implementation of new
methodologies. According to Ghio V.(2000) in Lima the productivity levels were 27.9%
of productive work, 36.3% of contributory work and 35.9% of non-contributory work.
Later, in 2005 Morales N. and Galeas J. (2006) found this number slightly different: 30.4%
of productive works, 44.2% of contributory works and 25.4% of non-contributory works.
Then, the emergence of Lean Construction and Building Information Modeling as two
innovative methodologies to address issues (productivity, inefficiencies) was gaining
more adopters in the AEC industry on a global scale.

Lean concepts have been applied in the construction arena since the early 90s. Lean
Construction is a new manner to deliver projects and a different manner of management.
According to Koskela (2000), Lean Construction is “a way to design production systems
to minimize waste of materials, time, and effort in order to generate the maximum
possible amount of value”. In Peru, Lean ‘Construction was implemented first in the
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operation phase by using Last Planner® System (LPS), but little by little the Peruvian
AEC community started implementing Lean Project Delivery System (LPDS) and in
particular Lean Design through the use of different tools such as set based design, target
value design and value stream mapping in the design phase.

In Peru, BIM started its implementation in 2010 and according to Murguia (2017) it
was found that 24.5% of Peruvian projects implement BIM. Nevertheless, it is useful to
keep in mind that not only technology is the necessary element in order to reach a
successful implementation, but also processes, organizations and people. Also, Eastman
et al.(2008) points out that BIM impacts the role and process of design in three different
manners: the way conceptual design can be performed, the use of BIM for design and
analysis of building systems and finally its use in developing construction-level
information. In particular, the use of 3D models as a manner to influence conceptual
design is also a way to improve visualization between different stakeholders.

Each of one, Lean Design and Building Information Modeling can be implemented
independently as it was at the outset of using one of them. Sacks et al.(2010) states that
Lean is “a conceptual approach to project and construction management and BIM is a
transformative innovation technology”. Nevertheless, the synergy that can be created by
implementing both of them in the same project has been analyzed in different researches.
Zhang et al.(2017) states that the interaction of BIM with Lean Design establishes better
communication in the work team. Consequently the quality of coordination and efficiency
in project design is increased. . Moreover, based on a study of the interaction between
Lean Design and BIM in 64 projects, Herrera et al.(2021) concluded that the tool with the
most interaction and positive impact on Lean design processes is the BIM tool "Integrated
concurrent session™.

LITERATURE REVIEW

LEAN CONSTRUCTION

It is a methodology based on the application of the principles of the Toyota production
systems as it was stated by Sacks et al. (2010). Lean looks for the reduction of waste and
variability while increasing value to the customer linked to a continuous improvement in
each process. But nothing all the above can be reached if there is a lack of commitment
and accountability. Moreover, Lean construction put at the center the respect for people
which for Seed et al. (2018) play a pivotal role in the implementation of Lean
Construction.

LEAN DESIGN

It is part of the Lean Project Delivery System (LPDS) which comprises five stages. Lean
Design comes after project definition and before lean supply, lean assembly and use. Lean
design comprises three processes: design concepts, process design and product design.
LPDS aims to create a strong relationship between the roles of designers and builders.

SET BASED DESIGN

It is a tool of Lean Design in which the objective is to generate sets, different alternatives
or solutions in order to evaluate them and to choose the most optimal according to the
conditions of satisfaction or criteria. According to Hill et al. (2016) multiple options must
be explored with the aim to choose an informed decision at the right time considering the
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last responsible moment. Each set of alternatives must be investigated and it is imperative
to collect important information in order to support a decision.

VALUE STREAM MAPPING

This tool permits to map the generation of value, waste and countermeasures when it is
analyzed in a particular process. According to Seed et al.(2018) “a value stream mapping
includes both material and information flows, decision points, handoffs and interaction
between systems". This tool encourages teams to evaluate the entire value stream by
evaluating the value of each step and optimize the entire process through value stream
mapping. This tool gives the opportunity of understanding the actual state of the process,
this requires the input of all participants in the process.

BUILDING INFORMATION MODELLING (BIM)

According to the National Building information Modeling Standard (NBIMS), BIM is
“an improved planning, design, construction, operation, and maintenance process using a
standardized machine-readable information model for each facility, new or old, which
contains all appropriate information created or gathered about that facility in a format
useable by all throughout its lifecycle”. Moreover, Eastman et al. (2008) defines BIM as
“a modelling technology and associated set of processes to produce, communicate, and
analyze building models”. Those building models (digital representation through
parametric objects) are composed by components that contain data in a consistent, non
redundant,and coordinated manner.

INTEGRATED CONCURRENT SESSION (ICE)

Eastman et al. (2008) pointed out that ICE session is a collaborative work that involves
different stakeholders such as: design team, engineering-technical specialists and
consultants. The same authors states that ICE is “a special integration event consisting of
three elements: product and project performance metrics, BIM + simulation, and process
design. Itis a problem-solving technique that looks for speeding up solutions considering
different points of view.This design reviews are set in an I-room where stakeholders
discuss aspects of the design on large screens. Moreover, by including ICE sessions in
the design schedule when important decisions are made, it is possible to accelerate the
evaluation of different alternatives.

PROBLEM

It is unknown to what extent those interactions between Lean principles and BIM
functionalities create relevant positive or negative interactions that can be clearly
understandable in terms of benefits and cost for practitioners in the AEC industry.
According to Sacks et al.(2010) there are 56 interactions between Lean principles and
BIM functionalities that could be analyzed in detail.

HYPOTHESIS

Four Lean and BIM tools (set based design, value stream mapping, a 3D model, and
integrated concurrent sessions) were implemented with the hypothesis that these tools
would provide a positive interaction since they would address problems earlier and
facilitate the reduction of restrictions (i.e. less requests for information and fewer claims)
in the construction phase.
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METHODOLOGY

The approach of this research is divided in two stages: design and construction. Figure 1
shows the steps and components in each stage. In the design process it is planned to
implement four tools: value stream mapping, set based design, 3D model and ICE
sessions. Then, training is necessary for those stakeholders who are unfamiliar with these
tools.

At the end of the design process a qualitative analysis is done through surveys to the
stakeholders involved. Also, a quantitative analysis about the results reached with the four
tools at the design stage is made, each interaction is analyzed. There were two interactions
analyzed: a) value stream mapping and ICE sessions and b) set based design and 3D
model.

In the construction stage, two types of information are collected: requests of
information and claims. That information is categorized and the ones which are linked to
design is described in detail and a quantitative analysis is made using two metrics: a)
number of RFI (related to design and b) claims (related to design).

The research period took from the design phase until the handover of the infrastructure
to the final client. Then, the exact time frame for the design phase was 6 months and 12
months for the construction phase, so we data collection took 18 months.

LEAN DESIGN
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MAPPING

REQUEST FOR
INFORMATION
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DESIGN COSNTRUCTION
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Figure 1: methodology implemented

RESULTS

1. VSM AND ICE SESSIONS

The involvement of each of the participants (architect, structural engineer, electrical
engineer and plumbing engineer) were relevant for the construction of the entire value
stream mapping.. It is important to highlight that as part of the flow process it was
incorporated ICE sessions as part of the mapping.

The VSM permits to analyze each step in the flow. One result was that stakeholders
paid close attention to one section of the entire VSM. This section is the one that shows
more interaction between architects and structural engineers at the beginning of the design
process. Figure 2 shows this interaction. In this first section, it is important to get the
preliminary design in accordance with the pre dimensioning of different structural
elements. It must be highlighted how the work of each other interacts and how they are
involved in an ICE session. Different aspects are addressed in this ICE session such as:
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height of the beams, thickness of the slabs as well as lengths and thickness of shear walls
and columns. This stage finalizes with the approval of the preliminary design
(predimenionsing) and an architecture update.

Al Prepare A2.Pre- A3.ICE A4.Confirma
Initial dimensioning session -tion of pre
docyments: slabs, beams, . Y. |dimensioning A5 Architecture
architectural walls and —
. — — — updated
drawings columns
15 days 12 days 0.5 day 1 day
O/ O/ O/ e/
Total Value=28.5
15 days 12 days 0.5 day 1 day days
1 day 2 days 2 days Total Nonvalue=5
days

Figure 2: Actual VSM-section 1.

In this first section, the total time of value activities is 28.5 days and the total time of non
value activities is 5 days. Four opportunities for improvement were detected. OP1: 2
business days takes to arrange an ICE session. OP2: the proposal from the structural
engineer about pre-dimensioning is assessed by the architect in 2 business days. OP3: pre
dimensioning takes 12 business days by structural engineer. OP4: architect takes 15
business days in preparing preliminary architectural designs and to have ready the
geotechnical study.

Once the actual state is graphed in Figure 2 and stakeholders understand the value
chains. A realistic and future scenario is discussed and Figure 3 shows the corresponding
value stream mapping of the analyzed section.

Al.Prepare A2.Pre- A3.ICE A4.Confirma
Initial dimensioning session -tion of pre
d ts: labs, b di ioni :
ocuments slabs, beams, imensioning A5 Architecture
architectural walls and —|
) — — L updated
drawings columns
13 days 10 days 0.5 day 1 day
QO QO O QO
Total Value=24.5
13 days 10 days 0.5 day 1 day days
1 day 1 day 1 day Total Nonvalue=3
days

Figure 3: New and committed VSM-Section 1.

The design team was committed to this new value stream mapping (Figure 3) and they
finally met the times. In this VSM, the total value time of the value activities is 24.5 days,
which means a 14% reduction compared to the former VSM (Figure 2). The reduction in
duration of activity 1 (A1) and activity 2 (A2) was the cause of that time saving. Moreover,
the total time of non value activities is 3 days, which means a reduction of 40% compared
to the former VSM.

There was a second section of the VSM that was analyzed in an ICE session. This
second section starts with the updated architecture (the output in section 1) which triggers
the following structural design processes: slab design, seismic analysis, beams design,
shear wall design, columns design and foundation design. In this flow process an ICE

140 Proceedings IGLC29, 14-17 July 2021, Lima, Peru



Frank Chuquin, Cristhian Chuquin, and Romina Saire

session is scheduled. This section deals with issues such as: clash detection and value
engineering.

At the end of the design process a survey was done to those stakeholders involved in
the implementation of these two tools (VSM and ICE), 70% of participants mentioned
that those tools were useful for their work and they are keen on applying them in future
projects. Also, 90% of people pointed out that training was the most critical factor for
success.

2.SET BASED DESIGN AND 3D MODEL

As part of the implementation of lean design tools, set based design was used. There were
three different alternatives for the foundation of the building. This happened because
adequate bearing capacity of the soil is reached at a great depth. The alternatives were:

Option 1: It is to use a mixture of simple spread footing with strap footing with the
disadvantage that the length of the vertical elements (columns and shear walls) have to
increase in order to make it possible for footings to reach the ground with enough bearing
capacity.

Option 2: Itis to implement micro piles as foundation in order to reach the appropriate
soil with enough bearing capacity.

Option 3: it is to include a semi-basement floor. By adding a floor the level of the last
basement is lowered. This inclusion decreases the length of columns and shear walls.
Then, the foundation is located in a soil with appropriate bearing capacity.

A 3D model (Figure 4) helps stakeholders to deeply understand the implications of
each alternative.

/7 SOTANO 2
\1,/

Figure 4: 3d model (left) and lower basement (right)

Those three alternatives were analyzed in terms of costs, benefits and duration (time of
execution). Table 1 shows the different options and the criteria taken into account for the
selection one.

Table 1: Comparison between different options

Category Option 1 Option 2 Option 3
Cost $ 53,731 41,791 150,775
Benefits $ 0 0 104,000
Net Cost -53,731 -41,791 -46,775
Duration (days) 14 21 21
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Finally, the stakeholders involved found that the third alternative could give an advantage
over the others. This is because, in this option, there is the opportunity to generate two
new apartments for selling (the row of benefits in the table 1). Then, the third option was
selected because it gives a net cost better than option 1, which means a 12.9% reduction
in cost. Even though option 3 costs 10.7% more than option 2, this opportunity to have
more area to sell (two new apartments) outweigh option 2 from the business point of view
of the decision makers.

At the end of the design process a survey was done to those stakeholders involved in
the implementation of these two tools (SBD and 3D model BIM), 50% of participants
mentioned that those tools were useful for their work and they are keen on applying them
in future projects. Also, 100% of people pointed out that training and technology were
the most critical factor for success.

3. REQUEST FOR INFORMATION AT CONSTRUCTION PHASE

Once the design had finished, the construction phase started and during this period some
requests for information (RFI) were generated by the contractor for different
circumstances and moments. Then, those RFI were collected and analyzed. Four types of
categories were considered: scope change, queries, design issues, and clashes.The
description of each one is:

Scope changes: An instruction from the owner about changes in the scope generates
doubts in the contractor. Then, an RFI was issued for details.

Queries: The contractor issued an RFI because it needed clarification or it was difficult
to understand the specification by any member of the contractor’s team.

Design issues: An error in the design and/or specifications was found by the contractor
and a RFI was issued in order to solve the problem.

Clashes: The designs of different specialities showed inconsistencies and
incompatibilities. Then, an RFI was issued.

The following Table 2 shows the quantity and percentage for each category of RFI
for the case presented in this paper (project 1) and historical data from a previous project
(project 2).

Table 2: RFI by category for project 1 and project 2
Project 1 (Lean and BIM Project 2 (withouth Lean and

interaction) BIM implementation)
Category Quantity Percentage Quantity Percentage

Scope 47 27% 52 23%
change

Queries 56 32% 62 27%

Design issues 17 10% 32 14%

Clashes 54 31% 81 36%

Total 174 100% 227 100%

As it is shown in table 2, there are 174 RFI in total in project 1 which means 23.3% of
reduction from project 2 . The ones that are design related are the categories: design issues
and clashes that represent 10% and 31% respectively in project 1. Those two categories
sum up 71 RFI in total which represents 37.1% of reduction from project 2.
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An analysis of the claims presented by the contractor in this case study (project 1) was
made. Table 3 shows quantities and costs of those claims.

Table 3: Claims by category for project 1.

Category Claims Claims Claims Cost  Claims Cost
Quantity Percentage $ Percentage
Scope change 20 22% 26.124 295
Queries 22 50% 15.386 17%
Design issues 45 24% 47.982 53%
Clashes 3 3% 1.186 1%
TOTAL 90 100% 90.679 100%

As it is shown in table 3, there are 90 claims in total in the case study (project 1). The
ones that are design related are the categories: design issues and clashes that represent
24% and 3% respectively. Those two categories sum up 48 claims. Nevertheless, in terms
of cost those two categories represent 54% of the total claims cost.

DISCUSSION

The results show a positive interaction between those four tools implemented in the
design stage. Participants found useful tools such as VSM and Ice sessions because they
had the opportunity to see the changes that occurred in the design process by reducing the
total time of value and non value activities.

In the case of SBD and a 3D model there are less people interested in replicating the
experience. A plausible explanation is related to the demand for knowledge in technology
that is necessary in this interaction and the resistance to change by senior engineers with
more than 20 years of experience in the industry. The design teams had 60% of
participants with a seniority level.

A critical factor pointed by participants in the survey at the end of the design stage
was training and technology. Workshops were done not only for staff personnel, but also
for engineers of other companies (structural, electrical and plumbing engineer) that
integrated the design team.

About the results at the end of the construction stage, they show a reduction in the
number of RFI in the case study compared to project 2, which follows a traditional
approach (without lean and bim). Even though this reduction is 37.1%, it is still not
significant. On top of that, the total cost of claims associated with design represents 54%
of the total cost. An explanation of those results at the end of the construction stage could
be the fact that the company is starting with the implementation of lean and bim tools in
their projects and it is expected to gain more experience applying the tools in next projects.

CONCLUSIONS

The Lean and BIM tools used in the design stage support the interaction found by Sacks
et al. (2010). In particular all four tools (VSM, SBD, 3D model and ICE session)
demonstrate the existence of the positive interaction between the lean principle: “decide
by consensus, consider all options” and the BIM functionality “visualization of form”.
Nevertheless, the findings in this case study suggest another new interaction between the
lean principle “focus on concept selection” with the BIM functionality “visualization of
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form”. This interaction is not registered in the matrix shown by Sacks et al. (2010). In this
new positive interaction, set based design and a 3D model plays a pivotal role because a
better understanding of different design alternatives early in the design phase can be
reached if a model is shown to the decision makers.

Also, a change management strategy is necessary for getting better results. This
strategy must include training sessions for the design team. This is because training is a
critical factor for design improvement and for maintaining changes in the organization.

As a limitation of the paper, it will be necessary to collect more data from case studies
in order to enrich the knowledge in this area.
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DEFINING LEAN CONSTRUCTION
CAPABILITY FROM AN AMBIDEXTROUS
PERSPECTIVE

Yanging Fang! and Emmanuel Itodo Daniel?

ABSTRACT

Lean construction (LC) is widely used to eliminate waste in the construction industry.
However, research on LC capability is lagging relative to other works in the LC field. By
exploring relevant literature on the rigid and flexible characteristics of LC, this study
proposes for the first time that LC capability is an ambidextrous capability from a
paradoxical lens. The investigation reveals that the concept of LC capability has no clear
definition and puts forward the view that LC capability is an ambidextrous capability.
The study established that LC ambidextrous capability is a paradox which consist of two
dimensions—namely LC exploitative capability and LC exploratory capability. LC
ambidextrous capability emphasizes striving for a balance between the two capabilities.
This study contributes to current knowledge and future application of organizational
ambidexterity theory to LC capability development. Regarding contribution to practice,
this research would enable LC project practitioners to understand the paradoxical tensions
in LC projects, and to how to deal with them. Additionally, this study brings new insight
and opens a new debate on how LC ambidextrous capability could develop in the
construction field.

KEYWORDS

Lean construction, ambidextrous capability, paradox, exploitation, exploration.

INTRODUCTION

The construction industry is thought to be riddled with waste and loss of value (Formoso
et al., 2015). The concept of lean construction (LC), which was proposed on the basis of
lean production theory, is widely used to reduce construction waste (Koskela, 1992). The
lean approach is implemented to achieve the rigid targets of projects, such as schedule,
quality and cost (Ballard, 1999). In this study, the rigid features of LC refer to the strict
requirements for cost reduction, inventory reduction and on-time product delivery that
stem from project constraints. Subsequently, several methods and tools have been used
to support LC. Just in time (JIT) is a representative tool of lean management, and it
reflects the rigidity of the lean approach’s requirements on time points and strict
requirements on inventory (Liker, 2004). However, the flexibility of LC, which is defined
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Defining Lean Construction Capability from an Ambidextrous Perspective

in this study as the characteristics to adjust and adapt to the changing environment, has
not received equal attention. With construction projects becoming larger and more
complex and the construction environment becoming more dynamic and uncertain,
increasing attention has been paid to the adaptive capability or positive response of a
project to uncertainty (Ballard & Tommelein, 2012). From the perspective of complex
systems, some variability may be beneficial to the survival of a system (Saurin & Rooke,
2020), which also reflects LC’s adaptation or response to the complex environment. For
instance, buffers are designed in a project to prevent the impact of variability and resource
starvation (Hopp & Spearman, 1996). Flexible capability strategies can sometimes be the
most valid means to cope with construction variability and contribute to project
performance by providing sufficient capability to protect resources from excessive
consumption (Horman, 2001). However, the impact of LC capability on project
performance is also worthy of further study.

Some studies have shown the rigid and flexible features in LC (Owen et al., 2006).
However, these achievements cannot fully explain the whole nature of LC capability.
Rigidity and flexibility—a pair of contradictory and symbiotic characteristics of LC—are
termed ‘LC ambidexterity’ in this study. For a better appreciation and understanding of
the application of lean in project organisation, lean capability should be viewed as
ambidexterity from a paradoxical lens. This view brings in new insight on how to
holistically view the impact of LC methodologies in project organisation.

Thus, this research aims to explore the ambidextrous characteristics of LC capability.
The following questions are addressed: What is the current understanding of the two
characteristics of LC? Are there underlying theories that could explain the relationship
between these two characteristics? Can a better understanding of LC ambidextrous
capability benefit their application in construction?

The method used in this investigation is a critical literature review. The structure of
this paper is as follows. Firstly, a description of the rigidity and flexibility of LC and the
understanding of the relationship between the two characteristics in the existing literature
is provided, and the standpoint of the LC characteristics in this study is clarified. Secondly,
an explanation is given for the theoretical foundation of the viewpoints put forward in
this study, and the concept of LC ambidextrous capability is defined. Next, the different
applications of LC ambidextrous capability in construction are discussed, and factors that
promote the balanced development of LC ambidextrous capability are explained. The
paper ends with conclusions and contribution.

CURRENT UNDERSTANDING OF THE RIGIDITY AND
FLEXIBILITY OF LEAN CONSTRUCTION

In the field of manufacturing, discussions have emerged about some ambidextrous
elements in lean and its antecedents. For example, Toyota’s lean manufacturing system
is an example of a ‘coordination capability’ to achieve a high level of alignment between
its production resources or design elements (Fujimoto, 2014). The tension between
rational planning and evolutionary adaptation were also emphasised by Fujimoto (2007).
The famous Deming Circle contains two attitudes towards variability. Reduce variability
through continuous improvement, and cope with variability through continuously
improving technology. According to Deming, it is not enough to aim at customer
satisfaction on the production line. Rather, it is necessary to go beyond short-term goals,
keep learning and take service improvement as the permanent goal (Deming, 1982).
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In the LC field, these two characteristics of LC stem from the main understandings
regarding variability in current literature. Variability is very common in construction
projects and should be managed effectively (Thomas et al., 2002). It is defined as ‘the
fact or quality of being variable in some respect; tendency towards, capacity for, variation
or change’ (Oxford English Dictionary, 2020).

One mainstream view is that all variability should be reduced or eliminated. Based on
statistical quality theory and queuing theory, efforts should be made to reduce the
variability in significant product characteristics and the temporary variability of
production flow (Sacks et al., 2009). There are many discussions on reducing variability.
Koskela (2000) proposed that reducing variability within flow processes should be an
intrinsic goal. The LPS™ and the location-based management system are designed to
decrease waste, increase productivity and shield construction activities from variability
(Seppénen et al., 2010).

Another mainstream view is that not all variabilities should be eliminated. For
example, people want buildings to look different (Tommelein, 2015), which requires the
system to have the flexibility to adapt to different needs. For another example, the
mismatches between supply and demand leads to variability, which is sometimes offset
by a combination of buffers (Hamzeh, 2007). Proper buffering can make the project more
JIT (Tommelein & Weissenberger, 1999). In this case, variability leads to more flexible
solutions to changing circumstances, which is more conducive to the survival and
development of the system.

The two different understandings of variability lead to the rigid and flexible treatment
of variability presented in this study. The implication of this treatment is that the concept
of LC capability should not only focus on achieving the rigid target alone but should also
factor in the flexible characteristics equally because both contribute to the successful
delivery of the project. Although the views of Fujimoto and Deming included the
elements of the two characteristics of LC, the weakness of their theoretical foundation
has led to a lack of attention to the equal treatment of the two characteristics. This research
aims to introduce ambidexterity theory into the LC field and provide a theoretical
explanation for the two characteristics of LC.

THEORETICAL EXPLANATION

PARADOXICAL THINKING

According to Smith and Lewis (2011, p. 86), a paradox is defined as a series of
‘contradictory yet interrelated elements that exist simultaneously and persist over time’.
These elements contain potential tensions and react to embrace these tensions
simultaneously (Smith & Lewis, 2011). Dilemma and paradox are sometimes
interchanged in conventional use, but there is an important difference between the two
concepts. In a dilemma, choices are made after weighing the pros and cons, while the
significance of paradox is that such a choice should not be made. The value obtained from
paradoxical thinking comes from this duality (Storey & Salaman, 2009). Paradoxical
tensions may exist in various forms at different levels; they may be unique at each level,
or a paradox exists simultaneously at all levels, or the tension of paradoxes nested and
concatenated at one level gives rise to new tensions at another (Smith & Lewis, 2011).
Lean projects are temporary production systems designed to maximise value and
minimise waste while delivering products (Ballard & Howell, 2003). Still, some
paradoxes remain in LC projects and might be reinforced by lean. For example, one
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paradox is JIT and buffers. Zero inventory is an ideal state. From the raw material to the
delivery of the final product to the customer, interruptions will inevitably occur.
Therefore, there must be some necessary inventory or buffer (Liker, 2004). A small
inventory buffer may be suitable for construction to keep up with installation, but
preparing a large buffer comes at a cost. Proper buffering can make the project more JIT
(Tommelein & Weissenberger, 1999). Should we eliminate all buffers? JIT seems to
reinforce paradoxical tensions. Another paradox that may be stressed by the lean approach
is the paradoxical tension of standard operating procedures versus customised crafted
solutions (Eaton et al., 2015). Lean thinking emphasises standardised work. Projects
require rigorous standardised procedures to provide repeatable solutions, but when
innovative or unexpected project tasks arise, customised crafted solutions are urgently
needed, which may result in the dysfunction of standardisation policies (Eaton et al.,
2015).

As a paradox is an intrinsic characteristic and dynamic factor of organisations, we
need paradoxical thinking to manage paradoxical tensions. Managing paradox does not
mean eliminating the paradox but rather tapping its incentive potential. Creatively
capturing the two extremes, such as innovation and efficiency, is considered an effective
means to manage paradox (Eisenhardt, 2000).

ORGANISATIONAL AMBIDEXTERITY THEORY

The concept of ambidexterity was first proposed by Duncan in 1976. It was argued that
the management of the ‘dual structure’ is the core of the ambidexterity concept
(Birkinshaw & Gibson, 2004). Although no unified definition of ambidextrous capability
exists, at the organisational level, ambidexterity is generally considered to be a pair of
contradictory and symbiotic paradoxical capabilities for organisations to perform
different and often competing strategic actions at the same time (Simsek et al., 2009). The
most widely used definition is the interpretation of ambidexterity by March (1991),
namely exploration and exploitation.

Early research often claimed that ambidexterity is a competitive relationship (Simsek
et al., 2009), and the discussion mostly centred on the opposition and conflict between
exploratory and exploitative activities. However, the co-existence of exploration and
exploitation in the same organisation is achieved by establishing mechanisms for the
separation of time and space (Eriksson, 2013). Sequential ambidexterity refers to the
temporal separation of exploration and exploitation activities in different sequences while
structural ambidexterity emphasises the separation of business units for exploration and
exploitation activities (Simsek et al., 2009). In the perspectives of opposition and conflict,
the interdependent relationship between exploration and exploitation is ignored. In the
context of a highly dynamic environment, sequential and structural ambidexterity has
become more and more cumbersome and incapable of responding flexibly to the impact
of external environment changes. Birkinshaw and Gibson (2004) put forward the concept
of contextual ambidexterity, which is considered to represent a complementary process.
Structural ambidexterity is achieved through activities that focus on alignment and
adaptability when completed in separate teams or units while contextual ambidexterity is
achieved when individuals allocate their time between adaptability-focused and
alignment-focused behaviours (Birkinshaw & Gibson, 2004). Contextual ambidexterity
requires the organisation to realise both exploitation and exploration internally and
simultaneously and that exploitation and exploration are inseparable, interdependent,
mutually integrated and embedded to generate synergy, not just a simple presentation in

150 Proceedings IGLC29, 14-17 July 2021, Lima, Peru



Yanging Fang and Emmanuel Daniel

the organisation (Raisch, 2008). The emergence of contextual ambidexterity takes the
paradoxical lens, emphasising that the success of the overall organisation depends on
simultaneous exploration and exploitation (Smith & Lewis, 2011). Smith and Tushman
(2005) called for the realisation of ambidexterity through, paradoxical thinking.
Andriopoulos and Lewis (2009) analysed how paradoxical thinking can promote a
virtuous circle of ambidexterity. A paradoxical solution is to seek ambidexterity or
ambidextrous organisation form that simultaneously creates tight and loosely coupled
organisational structures (Storey & Salaman, 2009).

DEFINITIONAL ISSUES OF LC CAPABILITY

DEFINITION OF LC AMBIDEXTROUS CAPABILITY

As revealed by the paradoxical tensions faced by LC project organisations, contextual
ambidexterity is required for project organisations to have a better paradoxical solution.
Contextual ambidexterity does not mean the separation of structures or sequence; instead,
it emphasises striving for a balance between the two capabilities by attempting to allocate
time between the activities of the two complementary capabilities (Birkinshaw & Gibson,
2004). LC capability includes both the ability to achieve the rigid goals of the project and
the ability to respond flexibly to the uncertainty of the project, instead of discarding one
of the two. It has the characteristics of contextual ambidextrous capability. In this study,
LC ambidextrous capability is defined as follows:

LC capability is the capability that an organisation or individual has to achieve LC
goals and an ambidextrous capability to solve both conflicting and interdependent
problems. It embodies the philosophy, principles and methods of LC and is
dedicated to solving the paradoxical tensions in an LC project.

LC ambidextrous capability represents two capabilities that deal with opposing
characteristics. Based on this duality, LC ambidextrous capability should be a two-
dimensional construct.

LEAN CONSTRUCTION CAPABILITY DIMENSIONS

Just as Fujimoto put forward the perspective of rational planning and evolutionary
adaptation, rational planning focuses on efficiency and cost, which are a reflection of rigid
capability, while evolutionary adaptation is a process of gradually building capability
through experiment and trial and error learning, which is a reflection of flexible
characteristics. As the ability to ensure the production schedule is not enough, the ability
to produce quickly to order is equally important. It is not enough to achieve short-term
benefits because only continuous learning and improvement can ensure the high
performance of the production system and achieve the long-term goals (Fujimoto, 2007;
Deming, 1982). The views of Fujimoto and Deming have the same underlying structure
as what March said concerning ambidextrous dimensions.

According to March (1991), exploitative activities are always connected with the
elements of refinement, implementation, selection and efficiency, whereas exploratory
activities are always associated with the elements of search, variability, discovery and
experimentation. The activities of organisational ambidextrous learning, innovation and
adaptability refer to the same underlying constructs of exploration and exploitation but
with different labels in different contexts (Raisch & Birkinshaw, 2008). Referring to
March’s (1991) ambidextrous dimensions, we divide LC capability into two dimensions:
LC exploitative capability and LC exploratory capability.
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The LC exploitative capability dimension

LC exploitative capability is a rigid capability that tends to eliminate all variabilities to
achieve continuous flow, standardisation, modularisation and the ideal state of pursuing
zero inventory. Unlike tolerance for variation, it refers to maintaining the consistency and
efficiency of results. This capability pays more attention to the use of existing technology
and knowledge in the organisation to obtain current benefits.

The LC exploratory capability dimension

LC exploratory capability is a flexible capability that tends to eliminate the waste caused
by the inability to cope with variability. This kind of capability is derived from possessing
multi-skilled resources and supplying them in plenty to be capable of moving between
functions, absorbing fluctuations of demand while promising the sustainability of the
system operation (Horman, 2001). LC exploratory capability also focuses on employee
participation, tolerates variation, encourages employee trial and error and focuses on a
culture of continuous improvement.

THE DYNAMIC BALANCE OF THE TwO DIMENSIONS

In a project life cycle, LC exploitative capability and LC exploratory capability are not
permanent, and the two dimensions have dynamic capability characteristics. LC
ambidextrous capability is presented as contextual ambidexterity. Requirements for
project consistency, short-term efficiency and benefits and project constraints are the
driving factors for LC exploitative capability while personalised needs, long-term
benefits and continuous improvement are the driving factors for LC exploratory
capability.

Under the driving force, the growth of LC exploratory capability can promote a culture
of continuous improvement, promote long-term cooperation between suppliers and
promote the accumulation of social capital, which is conducive to obtaining long-term
benefits to achieve the continuous growth of LC exploitative capability (Eriksson, 2013).
The growth of LC exploitative capability can enable short-term goals to be achieved
continuously and obtain considerable benefits. It is the necessary economic guarantee for
the development of LC exploratory capability, and it is the foundation for the better
development of new technologies and products that meet the personalised needs of
customers (Eriksson, 2013; March, 1991). The two capabilities exist at the same time and
complement each other, thereby forming a virtuous circle, which promotes the LC
ambidextrous capability to reach a dynamic balance.

DISCUSSION

This section further discusses how the application of LC ambidextrous capabilities would
benefit construction projects and which elements promote the balanced development of
LC ambidextrous capability.

APPLICATION OF LC AMBIDEXTROUS CAPABILITY

The application of LC ambidextrous capabilities to resolve paradoxical situations has
been demonstrated in the use of some lean tools. For example, the JIT method of lean,
addresses the paradox of quality and efficiency (Storey & Salaman, 2009). Total quality
management realises both customer-oriented and process-oriented requirements, thereby
shortening cycle time and saving cost while improving customer satisfaction (Koskela et
al., 2019). Deming Circle focuses on quality and efficiency through continuous
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improvement. A mass customisation strategy is designed to provide a variety of products
for capturing customer needs while meeting the cost and lead time of mass production
(Tillmann & Formoso, 2008). Other than focusing on the application of a certain tool to
solve certain local problems in production management, LC ambidextrous capability can
gradually be developed to more rich fields, such as the project organisational area. For
example, LC ambidextrous capability can be used to resolve problems caused by the
separation of the design and construction phases of a project and balance the contradiction
between the interests of the individual and of all parties. Eriksson (2013) discussed the
performance of structural ambidexterity, sequential ambidexterity and contextual
ambidexterity in solving problems existing in the construction project organisation.
Sequential or structural separation, such as focusing more on exploration in the early
stages of a project and on exploitation at the end of a project during implementation, is
more suitable for stable environments. The structural solutions to the problems caused by
the separation of design and construction are insufficient, but contextual ambidexterity
provides viable solutions to better balance those problems (Eriksson 2013).

LC AMBIDEXTERITY PROMOTION FACTORS

Gibson and Birkinshaw (2004) stated that a successful organisation should balance hard
elements, such as disciplines, and stretch with soft elements, such as trust and support, in
the organisational context. This section exemplifies and discusses below three factors that
promote LC ambidextrous capability, because these factors can promote the dynamic
balance of rigidity (exploitative) and flexibility (exploratory) of LC capability.

Commitment and cooperation: A better commitment network promotes mutual trust,
information transparency and knowledge sharing among members as well as creates a
better atmosphere of innovation to better promote the improvement of LC exploratory
capability. The trust relationship continues to accumulate with the commitment network
and close cooperation (Viana et al., 2011), and LC exploitative capability and LC
exploratory capability promote and improve each other to achieve a dynamic balance. A
common approach is the integrated project delivery collaboration model. Integration of
lean and building information model concepts can also promote communication and
collaboration (Sacks et al., 2009). LPS™ enables a short feedback circle of planning and
corresponding, requires team members to make a solid commitment and encourages the
acceptance of diverse perspectives in making decisions to avoid greater losses (Saurin &
Rooke, 2020).

Considering the project organisation as a production system: The system view is a
more holistic and integrated view, such as the Lean Project Delivery System™ (LPDS™),
Ballard (2008) emphasised the interdependence between functions and the integration of
information and resources. The LPS™ is an important system tool that emphasises the
authorisation of employees to plan and arrange specific tasks. However, planning
activities also include buffering of work activities and focusing on overall efficiency
rather than local efficiency. Functional resonance analysis is a method that can model
variability propagation in LC (Saurin, 2016), thereby better predicting uncertainty and
making up for the lack of flexibility from a systematic perspective in the plan. These
system methods enable the short-term goals of a project to be effectively achieved,
helping improve the LC exploitative capability. At the same time, the system view helps
exploratory quality management practices focus on overall costs rather than local costs.
It also focuses on learning feedback, buffer management, resilience engineering and
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sustainability that will help improve LC exploratory capability. LC exploitative capability
and exploratory capability complement each other to achieve a dynamic balance.

A culture that values organisational learning and continuous improvement:
Learning organisations can respond to new challenges more quickly and flexibly
(Jiménez-Jiménez & Sanz-Valle, 2011). Disciplines and standards are used to guide the
project to perform specific tasks, but standardisation is not a fixed implementation or a
fixed layer. The standardisation of the LC project organisation is the basis for continuous
improvement and a tool for empowering employees to achieve better innovation based
on standards. The standardised process is a powerful guarantee to eliminate variability
and improve product quality (Liker, 2004). It developed the LC exploitative capability.
Organisational learning and continuous improvement are conducive to project members
to continue exploring and innovating based on the implementation of standard operating
procedures and the elimination of outdated and rigid standard processes. The two
complement each other, and standardisation and continuous improvement are mutually
reinforcing.

CONCLUSIONS AND FUTURE RESEARCH

This research explores the ambidextrous characteristics of LC capability by reviewing the
literature in the fields of LC, organisational ambidexterity and paradox in order to identify
what LC ambidextrous capability is and how it benefits LC. The research finds that the
rigidity and flexibility of LC stem from the main understandings of variability in current
literature. The investigation reveals that the concept of LC capability has no clear
definition, and it puts forward the view that LC capability is an ambidextrous capability.
The study establishes that LC ambidextrous capability is a paradox consisting of two
dimensions, namely LC exploitative capability and LC exploratory capability, which
breaks the traditional view that LC capability is biased toward exploitation or exploration.
The study argues that the exploitative and exploratory capabilities of LC are
interdependent and should be achieved in a dynamic balance.

This study contributes to the current knowledge and future application of
organisational ambidexterity theory to LC capability development. Different
contradictory situations arise during the execution of a project. For example, should the
focus be on efficiency or innovation? Should it be on short-term performance or long-
term performance? Although Fujimoto, Deming and others already have some ideas that
take the rigidity and flexibility of LC into consideration, they have not given the
theoretical explanation behind the specific phenomenon. Given the lack of theoretical
foundations, the understanding of the two characteristics may be insufficient and the
project paradoxes may not be properly handled. Through the introduction of
organisational ambidextrous theory, the definition of LC capability is clarified. This study
provides theoretical guidance for practitioners to understand the ambidextrous
characteristics of LC capability, clarifies why it is necessary to balance the relationship
between LC exploitation capability and LC exploration capability and identifies the
factors that promote the balance of LC ambidextrous capability.

This study brings new insight and opens a new debate on how LC ambidextrous
capability could develop in the construction field. More applications at the organisation
level need to be explored in future research, and the organisational characteristics that are
most conducive to the balanced development of LC ambidextrous capability require
further study using live real-life case studies. This research direction would be the future
focus of the authors.
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WHAT A WASTE OF TIME

Sgren Wandahl?, Hasse H. Neve?, and Jon Lerche®

ABSTRACT

The elimination of waste is a core focus of lean construction. Reducing waste will
increase work efficiency. For several years it has been debated how flow and the
efficiency of processes can be measured. Kalsaas, Koskela, and others conclude that in
order to operationalize workflow measures, it must be disconnected from productivity
and throughput measures and instead focus on work efficiency. However, an extensive
and valid baseline of work time efficiency is missing in the community. The
establishment of such becomes the objective of this research.

The method is an extensive litterateur review that identified 474 case studies of time
waste measures from the 1970s until today. This sample is analyzed in different ways,
among others showing that the average direct work time is 43.6%.

The results show that the sample contains considerable uncertainty, which is mainly
due to an inconsistent understanding of direct work, indirect work, and waste work in the
many different studies. Besides, the results show no statistically significant difference
between the performance of varying trades or between countries.

The construction industry can use this research as a baseline for the current direct
work level and apply this as a benchmark in a continuous improvement process.

KEYWORDS

Waste, time, work sampling, productivity.

INTRODUCTION

The construction industry is continuously searching for ways to improve, be more
competitive, and generate a higher margin for shareholders and lower costs for customers.
In a competitive construction environment, decreasing costs to increase market
competitiveness and profits is a common goal among all construction companies. Of all
the factors which influence project profits, on-site labor costs are among the most
influential (Gouett et al. 2011; Moselhi and Khan 2012). On-site labor costs can be
positively and negatively influenced by modern methods of construction, seeking designs
and solutions that require fewer labor hours, or implementing production planning and
control methods that improve efficiency. In lean construction, efficiency is pursued by
removing waste and enhancing flow.

The elimination of waste is a core focus of lean production and construction; see, for
example, Koskela (2000). There are seven types of waste in the lean literature:
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overproduction, defects, unnecessary inventory, inappropriate processing, excessive
transportation, waiting, and unnecessary motion (Ohno 1988). Making-do has later been
added as an eighth type of waste (Koskela 2004).

Concerning lean construction, the flow concept was first introduced in the Koskela
(1992) seminal work towards a new theory of production in construction. The flow
concept's consolidation was achieved with the TFV theory of production in construction
(Koskela 2000). Today flow in lean construction is applied with the seven preconditions
(Koskela 1999) in the making ready process of the Last Planner System.

Combing flow thinking and waste reduction will result in increased efficiency.
Efficiency refers to executing a defined activity with the least possible amount of
resources. Unfortunately, construction is challenged in terms of efficiency, as we have
many flows and many workers from different trades working in a dynamic environment.
Some even argue that construction is inherently wasteful, and as construction is labor-
intensive, waste and time usage are central topics in the quest for efficient construction.
Already in the first IGLC conference back in 1993, this was in focus as Alarcén, L. F.
(1993) presented conceptual ideas of modeling waste and time. To measure waste and
time usage has been in focus continually in IGLC.

IGLC PAPERS ON WASTE AND TIME

Waste and time management are two central concepts of lean, thus also popular topics at
the IGLC conferences. Currently, the iglc.net conference database contains 1,781 IGLC
conference papers. When searching for ‘time” and ‘waste’ in title, keyword, and author,
the result is 573 and 417, respectively. This equals that almost 1/3 of all IGLC papers
have the word ‘time’ in the title and/or in the keywords. When narrowing the search down
to the title only, 52 papers has the word ‘time’ and 54 papers the word ‘waste’ in the
headline. A brief review of IGLC papers addressing time and waste reveals the most
important topics, and most cited works seem to be takt time planning. Frandson et al.
(2013) was the second earliest published IGLC paper on takt time and now the most cited
takt time paper from IGLC with more than 120 citations. In the following years, takt time
was in focus. It was conceptually compared and differentiated from LPS (e.g., Emdanat
et al. 2016; Frandson et al. 2014) and location-based scheduling (e.g., Frandson et al.
2015; Seppanen et al. 2010). In the recent 3 IGLC conferences, 20 papers on takt time
have been published. Around the millennium, Just-in-time was a focal point, where
among others, two conceptual papers, each with more than 100 citations, made it clear
how JIT should be seen as an integral part of lean construction (Tommelein and Li 1999;
Tommelein and Weissenberger 1999).

Several papers have embossed the fundamental understanding of construction as a
production system in terms of time usage and time waste. Kalsaas (2010) investigated
time waste, both theoretically and empirically. He discussed the relationship of time waste
towards the 8 categories of waste (Koskela 2004) and found through case studies that
time waste only constitutes around 7% of work time. This was followed by a case study
in 2013 calculating waste time to 35% (Kalsaas 2013). In IGLC, this work was referred
to as measuring workflow and comprised several IGLC publications (Bglviken and
Kalsaas 2011; Kalsaas 2012; Kalsaas and Bolviken 2010). However, an extensive and
trustworthy review of wasted work time in construction is missing.

Turning the focus to waste, the three most cited IGLC papers on waste are all
published around the millennium by well-established Lean Construction researchers
Koskela (2004), Formoso et al. (1999), Polat and Ballard (2004). In addition to these,
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Kalsaas is also very active in researching waste in construction, with 8 publications (e.g.,
Balviken and Kalsaas 2011; Kalsaas 2010; Kalsaas 2013). Out of the 54 papers on waste,
the most common topic is waste as a concept, where authors explore Ohno’s (1988)
concept of waste in the construction context (Koskela et al. 2013). Among others, this
resulted in Bglviken et al.'s (2014) Taxonomy of waste in construction. Over time, this
exploration has resulted in Koskela (2004) identifying a 8" waste type of construction,
called Making-do. Making-do as a waste refers to a situation where a task is started
without all its standard inputs, or the execution of a task is continued although the
availability of at least one standard input has ceased (Koskela 2004). In more recent years,
several researchers have followed up and further explored making-do (Fireman and
Formoso 2013; Fireman and Saurin 2020; Neve and Wandahl 2018), and making-do is
now widely recognized as a lead waste type.

Other trends of waste research within IGLC are identifying the sources of waste (e.g.,
Polat and Ballard 2004; Viana et al. 2012) and waste in relation to design processes and
social context (Koskela et al. 2013; Macomber and Howell 2004). Finally, Kalsaas has
conducted seminal work on waste in relation to time, productivity, and efficiency, which
will be further explored in the next chapter.

MEASURING TIME WASTE IN CONSTRUCTION

In 2010 Kalsaas and Bolviken (2010) wrote "...the current lack of an accepted method
for measuring flow in project-based production...” which was the starting point for
understanding, defining, and measuring flow or lack of it, i.e., time waste, in construction.
Flow is a chain of events without interruptions and closely related to motion, not only of
material, but in relation to all preconditions defined by Koskela (2000).

Kalsaas (2010) pointed out that time must be added to the understanding, as
“excessive transportation, waiting and unnecessary motion all contain obvious aspects
that can be measured in terms of time.” Kalsaas conducted, therefore, a small literature
study on waste time and collected empirical data through what he called ‘the boss method’
to conclude on the amount of value-adding worktime (VAW) and non-value-adding
worktime (NVAW). VAW and NVAW refer back to Ohno’s work (1988, page 138). The
conclusion was that 49% of the time was value-adding. However, as we will later show,
both the literature study and the empirical method had limited validity at that time.

Bglviken and Kalsaas (2011) recognized a year later themselves the need for a more
valid method for measuring waste time. Thus, they review a number of direct and indirect
measurement methods, even though they recognize “...zhat not all that counts can be
counted... On the other hand, we believe that in some cases, measurement can represent
an important contribution towards providing a better factual foundation for our
improvement work.” We strongly agree with this epistemological view. At the same IGLC
conference, Kalsaas (2011) concludes on the method selection that a suitable method for
measuring workflow should mainly be based on VAW, i.e., the work sampling method.

In Kalsaas (2012), the purpose was to identify the causes for time waste in relation to
Koskela’s 7 flows, Koskela’s 8" flow, and rework in general. The conclusion was that in
order to operationalize workflow measures, it must be disconnected from productivity
and throughput measures and instead focus on work intensity. In further work, Kalsaas
points out that the premise is that flow cannot be understood without an understanding of
waste and vice versa (Kalsaas 2013). Also, and perhaps more important, flow, and thus
waste, should be measured during the entire production time from start in the morning to
end in the afternoon, however excluding regulated breaks. Kalsaas (2013) divides the
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time into VAW and NVAW, where the NVAW has several subcategories like indirect
work, planning, HSE, waiting, personal time, rework, etc. This division is very similar to
Work Sampling, as presented in, e.g. (Neve and Wandahl 2018; Neve et al. 2020).

WORK SAMPLING

The work sampling (WS) method has been used since the 1970s to collect data on the
amount of value-adding worktime, which is called Direct Work (DW) in the WS method
(Gong et al. 2011). The WS method is quantitative and uses direct observations to obtain
data on how craftsmen use their work time. The main topic of the published WS studies
has throughout time been on how construction can be improved with regards to efficiency,
Construction Labor Productivity (CLP), and in the end, construction cost and time.
Looking at some of the early work on WS by Thomas (1981), he provides relevant
insights on how a WS study can be planned and how the data can be analyzed.

The WS method quantifies how much time craftsmen use on DW and NVAW time.
The method is based on direct observations quantified by categorizing them into suitable
categories describing the work in focus. The time between each single observation must
be randomized in order to avoid cyclic data. All WS studies apply a DW category.
However, when it comes to the NVAW category, the picture is more blurred. Some
studies categorize all none-DW time as NVAW, while other studies have a more detailed
view of NVAW, including a number of subcategories. Generally speaking, NVAW time
can in WS be divided into Indirect Work (IW) and Waste Work (WW), resulting in Work
Sampling having three categories of time DW, IW, and WW. DW’s relation to
productivity has been debated throughout time, as DW directly influences the
denominator and indirectly the numerator of the productivity equation. Recent studies do,
though, concluded that DW is statistically significantly correlated to construction labor
productivity on activity, project, and national level (Araujo et al. 2020; Neve et al. 2020).

RESEARCH AIM

This research aimed to conduct an extensive review to collect the largest sample of DW
values in construction ever published. This sample should constitute a valid baseline of
DW in construction, which could be applied for benchmark purposes, outline future
direction in research, and guide industry in their quest of increasing efficiency of
construction.

METHODS

The main method of this research is an extensive literature review. Several search
strategies were combined. Firstly relevant search strings were developed based on
pertinent search terms appropriate for the topic, i.e., Work Sampling, Activity Analysis,
Waste, Productivity, Direct Work, and Efficiency. The search term was combined with
domain terms like construction, building, and construction industry to focus the search
on construction. The different search string combinations were applied to three different
databases: Google Scholar, ASCE database, and the IGLC paper database. The IGLC
paper database was chosen to include the most domain-specific papers and research
discourse in the community. The ASCE database was included, as it is clear that
Construction Labor Productivity has been a popular research topic for many of the journal
papers. Finally, Google Scholar was applied as the largest open-access database. To sort
the findings, a number of inclusion and exclusion criteria were applied. Only construction
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work was to be included. Only papers that clearly presented a DW value were included.
Multiple publications of the same study were excluded.

This resulted in an initial pile of research papers included in the review. These papers
were used to identify further papers by: 1) Examining papers that cited these papers. This
was done based on Google Scholar. 2) Reviewing references of each paper to identify
possible further literature. 3) Using identified authors to look for additional papers on the
same topic from the same authors.

All identified papers were entered into a spreadsheet, including information about
authors, year of study, country, DW value, IW and WW values if available, and
information about the work observed. The sample was then crosschecked to remove
doublets and reviewed to ensure that a DW value from a study was not included twice or
more due to multiple publishing sources of the same study. After that, the sample was
ready for analysis.

RESULTS

Previous DW findings were identified in 72 pieces of literature with a total of 474 DW
values (N) from WS studies. The literature identified is distributed geographically as
follows: North America n=300; Europe N=73; Asia/Australia N=48; Africa N=40; South
America N=13. Due to the IGLC page limitation of 10 pages, including references for
submission, all the references (72) are omitted.

The 474 entries large sample is without equal the largest ever presented in a Work
Sampling literature review. Descriptive statistics are applied to examine the sample,
whereafter implications for the IGLC society as well as for the industry are discussed.

A histogram is created for the sample, and this is visually compared with a normal
distribution with mean (u) and standard deviation (o) from the sample itself, cf. figure 1.
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Figure 1. Histogram of n=474 DW values from previous findings, and a fitted normal

distribution function with p=43.6% and 6=16.5%

Firstly, the sample is described by mean p=43.6%, standard deviation 6=16.5%, and
mode m=41%. The large standard deviation indicates large discrepancies in the sample,
and it needs to be corrected for outliers before further statistical analysis. The problem is
an inconsistent understanding of the work sampling categories, cf. the introduction
chapter. Some of the studies have only measured DW (N=233), while others have
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measured both DW, IW, and WW (N=241). The problem is that some researchers
consider IDW to be part of DW, while others consider IDW to be part of WW. That is
why we in the sample can find unrealistic high DW values of, e.g., 98%. These outliers
should be taken into account when analyzing and concluding on the sample.

Visually, the histogram (figure 1) fits very well with the normal distribution function,
thus the sample seems to be valid and gaussian as expected. The histogram shows us that
the most likely bin is bin 39%-43% representing 12% (count=59) of the sample. Bins in
the interval [24% ; 58%] counts 330 data points, thus constitute 70% of the sample, which
Is very close to a z-score of 1. Next, the sample is described as a function of time to
investigate any statistically significant developments. This is depicted in figure 2.
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Figure 2. Development over time of n=474 DW values from previous findings. The
linear trendline has R?=0.033.

As seen on the scatter plot in figure 2, there is a weak visual indication of DW's decrease
over time. However, the linear regression model has a very weak coefficient of
determination R?=0.033. Even if outliners are removed from the sample by limiting the
sample to only include data points in the interval p + ¢ (z-score =1), a linear regression
model would still have a weak coefficient of determination R?=0.062. Thus there is no
significant development in DW over time, as time is not a predictor variable for DW.

Geographically, the samples are distributed over 23 different countries from all
continents except Antarctica. Few countries have a large enough sample size to be valid.
Only four countries have a sample size of +20 and are based on more than one study.
USA (N=238) has a mean of n=39.8% and oc=11.7%. Canada (N=63) has a mean of
u=47.3% and 6=16.7%. Denmark (N=25) has a mean of u=33.1% and 6=11.0%. Norway
(N=20) has a mean of u=58.6% and 6=11.2%. Norway stands out with a larger mean than
the other countries, and the Canadian samples have a larger standard deviation than the
other countries. Generally speaking, the DW baseline is in the range of 30-40% + 10%.
There is no indication that the country should be a predictive variable for DW.

Many of the studies do not precisely inform what kind of work was observed in the
Work Sampling study, or the study includes several trades not separated. These are from
now on called unspecified. Table 1 shows DW values divided by type of trade work.

As shown in table 1, 291 out of 474 DW values have not precisely defined the
observed kind of trade. The remaining 183 DW values are fairly distributed between
seven generic types of trade work. The standard deviation is relatively high for all the
named trades, thus one cannot conclude that the trade is correlated with the effectiveness
of the work. Therefore, the type of work is not a predictor variable for DW.
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Table 1. WS studies grouped by kind of trade with more than 10 samples per trade and
based on more than one source of research (N=474).

Trade Sample (N) Mean (p) Std. dev. (o)
Brick & Tiles 27 46.2% 13.2%
Carpenter 26 43.9% 15.7%
Civil 10 31.2% 9.6%
Concrete 48 38.8% 19.0%
Electrical 22 47.4% 16.5%
HVAC 25 32.0% 16.1%
Steel 25 41.3% 20.4%
Unspecified or mixed 291 45.9% 15.6%
DISCUSSION

The result showed a baseline where direct work constitutes 43.6% of the work time. The
review also showed that there was some discrepancy in the categories. Several unalike
categorizations have been applied in the different studies. Some studies apply only the
DW category. Others use three categories, namely DW, IW, and WW. Some consider IW
as a part of DW, and so continues the inconsistency. Two important learnings should be
drawn from this. Firstly, the current baseline of p= 43.6% contains a relatively
considerable uncertainty, which is also reflected in 6=16.5%. Secondly, the application
of work sampling and other methods of measuring wasted work time needs a more unified
guideline and application. The following taxonomy is recommended Direct Work (DW)
= Producing. Indirect Work (IW) = Talking, Preparing, and Transporting. Waste Work
(WW) = Walking, Waiting, and Gone.

Returning to the question of whether the indirect work (talking, preparation, and
transportation) should be considered waste or value-adding. Many practitioners have
argued that it should be regarded as value-adding, as one cannot imaging a construction
project without transportation, preparation, and talk for coordination. This is needed to
complete the tasks, they argue. On the other hand, Lean theory argues that activity either
adds value (transforms) or is considered waste. The distinction between DW and W
depends on the perspective that is considered. If you observe a site cleaning crew,
cleaning is DW. If you observe an HVAC crew do cleaning, it is IW. Imagine two
identical tasks A and B, but with a different distribution of the work time, as illustrated
in figure 3.

Task A and B have the same amount of walking, waiting, and gone, but task A has
more production time and less talking, preparation, and transportation than task B. Which
task do you think will be completed first, task A or B? The answer can only be that task
A will complete faster than task B. Thus, in order to be efficient, it is now clear that we
need to minimize time spend on IW (talk, preparation, and transportation). Of course, the
same count for the Waste Work, which also needs to be reduced.

The conclusion and also the recommendation of this research are therefore clear. 1)
We should apply Work Sampling to get a data-driven approach and to measure our waste
time. 2) Work Sgampling must include categories of DW, IW, and WW. 3) We must aim
to have as much DW as possible. Moreover, WS should be used to identify waste and
NVAW.
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Figure 3. Two identical painting tasks, but with two different distributions of work time.

This review contributes to the Body-of-Knowledge with a large and significant baseline
of DW. Practitioners can apply this baseline for benchmarking purposes by using the
sample's cumulative distribution function, as illustrated in figure 4. As pointed out, the
sample includes different use of Work Sampling taxonomy, which challenges the validity
of this study. Adding to this is the fact that direct work can include both re-work and
making-do. Very few of the studies in the sample relate critically to this. Academic and
practitioner should though use this study carefully for generalizing purpose, whereas WS
as method to improve a single project is with high validity.
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Figure 4. Cumulative Distribution Function of the DW sample (n=474).
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The final part of the discussion is the connection between DW and CLP. For a starting
point, one could argue that DW and CLP are not alike and not connected. CLP is an
indicator of how much output is generated per resource use. DW and Work Sampling is
one the contrary an indicator for efficiency and not directly linked to the output. Are there
then no connections between DW and CLP? Indeed there is. The more efficient you are,
i.e., the higher percentage of Direct Work, the less resource you need to produce.
Resource usage is the denominator in the CLP formula; thus, the higher DW, the less
resource, the higher is the productivity. This is logic!.

Nonetheless, this logic has rarely been quantified and proven in research. Recent
studies do, though, concluded that DW s statistically significantly correlated to
construction labor productivity on activity, project, and national level (Araujo et al. 2020;
Neve et al. 2020; Siriwardana et al. 2017).
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CONCLUSION

This research aimed to conduct an extensive review to collect the largest sample of DW
values in construction ever published and constitute a valid baseline of DW in
construction, which could be applied for benchmark purposes. The research succeeded
by identifying 474 case studies of DW measures origin from 72 different publications.
The sample was confirmed to be a normal distribution with a mean DW value of 43.6%,
with a standard deviation of 16.5%. An effect of these results is the outline of some
recommendations for the lean construction community regards waste work time and
construction site efficiency. The first recommendation is to apply a more stringent
taxonomy for data collection in work sampling, including three categories, Direct Work,
Indirect Work, and Waste Work. The second recommendation is to apply work sampling
as much as possible to enhance a data-driven approach to flow optimization. Third and
final recommendation is that the optimization should focus mainly on direct work and
aim to increase this as much as possible, as indirect work has to be considered waste in
the purest definition of lean.
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BROUGHT BY DEGREES: A FOCUS ON THE
CURRENT INDICATORS OF LEAN
‘SMARTNESS’ IN SMART CITIES

Dave Collins!, Agnar Johansen?, Bo Terje Kalsaas®, Alenka Temeljotov-Salaj*, and
Mohammed Hamdy?®

ABSTRACT

The purpose of this paper is to look at the indicators to which a city can be considered to
be a smart city based upon the degree it meets specific indicators within the categories of
‘Social Smartness’, ‘Technological Smartness’ and ‘Environmental Smartness’. The data
collection for this paper was conducted through desk research in academic and non-
academic articles and publications that focus on smart cities and their associated
indicators. This study found out common factors based upon the indicators studied.
‘Social Smartness’ had a focus on the quality of life, civic engagement and wellbeing.
‘Technological Smartness’ was centric on flexible technology, well utilised and defined
applied technology and data. ‘Environmental Smartness’ was focused on optimisation,
waste management and sustainable thinking. This study offers possibilities to advance
Lean thinking by looking at indicators to attribute a degree of ‘Smartness’ to cities which
in turn will optimise the development and operation of a Smart City and Smart Districts.

KEYWORDS

Lean thinking, smart cities, smart cities indicators, social indicators, sustainability.

SMARTNESS IN SMART CITIES

With three-quarters of the world expected to be living in denser urban areas by 2050
(Alawadhi et al., 2012, p.40), it is vital to focus studies on sustainability, welfare and
resource management on the experience within the world's cities. Historically, cities were
protective entities for trade and growth with their primary needs being to protect their
citizens from invaders, promote trade and ensure the people had enough sources to
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Brought by Degrees: A Focus on the Current Indicators of Lean ‘Smartness’ in Smart Cities

survive. In many respects (except the first point), these needs remain mostly unchanged.
Lean was first coined by Krafcik (1988) addressing Toyota’s production system. “The
machine that changed the world” by Womack et al. (1990) was significant for the
development of lean practices in western countries. A central contribution was also “Lean
thinking. Banish waste and create wealth in your corporation” (Womack and Jones, 1996)
and the “Toyota Way” (Liker, 2003).

In the 1990s Lean was brought into construction and the built environment (Koskela,
2000; Ballard, 2000). The ideas surrounding it with regards to reducing waste, increase
flow and fostering productivity have existed since the beginning of the development of
cities. A city is naturally not a whole entity in itself but is a scalable one with differing
needs and considerations at the urban planning level, community level, building level and
citizen level. This sustainability ambition is supported by radical and challenging goals,
with the European Commission setting the goal of 100 Smart Cities in Europe by 2030
(EC, 2020, p.4). A goal as ambitious as this does not just require a robust definition of
what constitutes a Smart City, but also benchmarks, indicators and holistic thinking. This
thinking also has to be found at the district and neighbourhood level to understand the
differences and bespokeness of smart initiatives. Whilst a study focusing on the indicators
of what constitutes a smart city is not new, there is a deficit in terms of how this can be
applied to ‘indicators of smartness’ as opposed to a more binary discussion on whether
simply a city is smart or not. To cite an example, Castelnovo et al. (2016) state that a city
can be smart depending on the degree to which it blends ICT, and smart governance
(Castelnovo et al., 2016, p.735). Whilst this can be considered to be more of a binary
absolute in terms of field compatibility, others offer similar binary outcomes but at
different levels of the city. The European Commission (EC) for example has developed
the ‘Smart Readiness Indicator’ to establish whether a building could be considered smart
or not (Castevolo et al., 2016). Whilst these indicators are less binary than those
mentioned by Castelovo et al. (2016) they are at the building and not the city level. An
increasingly developing field and concept that attempt to tackle these issues on multiples
levels are that of Smart Cities. A challenge for scholars in this aspect (as is the case for
other fields at a similar level of development) is that Smart Cities encompass many fields
within it (such as urban planning, architecture, social sciences and facilities management)
as well as suffer from the complications associated with it lacking a universally accepted
definition. An increased focus on ‘Smartness’ in the context of cities is becoming of
increasing importance and relevance in modern development. This in turn places stresses
on existing infrastructure as we scramble to find ways to ensure the safety of citizens, as
well as ensure adequate access to safe water, food and energy. With this in mind, Lean
thinking may be fruitful in terms of applying this to smart cities, especially when it comes
to the processes of transforming the existing built environment to smart cities in a value-
creating perspective. While the mainstream Lean construction researcher for the most part
address production and customer value creation (e.g. Koskela, 2000; and Ballard, 2000),
Herscovici (2018) take it further to smart cities and argues that Lean thinking encourages
the quest for excellence by constantly re-evaluating and improving infrastructure whilst
ensuring stakeholder value maximisation and removing unevenness and waste, with will
foster Smart Cities growth but ensuring that new and existing processes operate under
this model (Herscovici, 2018, pp.321-322). Our stand is the values we find in the smart
city concept will benefit from organising the processes of transforming and maintain
existing neighbourhoods and cities to be smarter. The two concepts fit well regarding
principles (Skaar et al., 2020) like respect for people (Liker 2004), involvement (Ballard,
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2000), learning (Kalsaas, 2012), relational contracts and Target Value Design (Zimina et
al., 2012). In this paper, we will look at existing indicators of how smart a city can be,
show if aspects of a city are smart, but also the indicators of ‘smartness’ a city can be
considered to possess.

In this study we will address the following research questions:

e Research Question 1 - What are current indicators exist to gauge whether a city
IS smart?

e Research Question 2 - How can these indicators be applied to demonstrate
smartness within a city?

Firstly, this paper will look into the methodological approach before moving onto theory
regarding defining a smart city in the context of this paper, as well as indicators. The
theoretical framework for this paper also orientates itself towards the principles, before
moving onto the indicator of Smart Cities. The paper is then structured by dividing the
indicators between the categories of ‘Social’, ‘Technological’, ‘Environmental’
smartness. These categories were chosen due to the links between the common
sustainability framework of the ‘triple bottom line’ as well as technological aspects that
are more commonly understood in existing smart cities definitions The paper will then
move on to provide a conceptual framework as to how this can be applied to give smart
cities indicators of ‘smartness’.

METHODOLOGY AND RESEARCH DESIGN

This paper is a literature review consisting of desk research conducted on literature from
academic and non-academic sources. This literature review was compiled as part of the
research project Citizens a Pilots in Smart Cities (CaPs).

Data Collection and Analysis

Literature was primarily sourced through Google Scholar in the case of academic
literature, and Google in the case of non-academic literature, with the disciplines of
project management, smart cities, urban planning and sustainability being the primary
focuses for inclusion. The specific papers chosen for inclusion here were selected due to
their status in respected peer-review journals and citation level as well as their publication
from worldwide respected institutions such as the United Nations. This approach was
taken concerning the fact that a new definition of ‘Smartness in smart cities’ is not
possible in a paper of this length, however, there is significant scope to offer the beginning
of a framework by which one could be developed in a further publication. The indicators
were then organised under the categories of ‘Socially Smart’, ‘Technologically Smart’
and ‘Environmentally Smart’. The categories were chosen as a set that was a hybrid of
the triple bottom line of sustainability (‘economic’, ‘social’ and ‘environmental’
sustainability) combined with the Deakin and Al Waer’s (2011) ‘Three Factors’ of what
defines a smart city, which will be outlined in the next chapter. These three categories
also act as a theoretical framework for the outcomes of the literature search and were
sourced from a variety of publications (Deakin et al., 2011, p.141), (Joshi et al., 2016),
(UN, 2017).

How TO ANALYSE THE SMARTNESS OF CITIES?

In this section, we will briefly out some definitions frameworks that will relevant for a
contextual understanding of the findings in this paper.
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Definition of Smart Cities

Whilst the study of smart cities is becoming increasingly established a discipline, it still
suffers from the challenge associated with not having a universally accepted definition.
For this study, the definition by Deakin and Al Waer (2011) have been used According
to the authors, a smart city can be considered smart if it contains four factors. Firstly, the
implementation of an extensive range of digital and electronic technologies in cities and
their communities. Secondly, the usage of information technology to change the lives and
work of people living in these areas. Thirdly, implementing a wider spread of the use of
these technologies and others at the government level. And finally, using technology to
bring people together to innovate and enhance knowledge (Deakin et al., 2011, p.141). In
terms of a definition that reflects indicators more associated with sustainability, CityKeys
published a report in 2017 in cooperation with the EU Commission and Horizon 2020
outline their definition. This definition follows the triple bottom line of sustainability of
social, economic and environmental sustainability. In terms of what constitutes a Smart
City, they state that it must improve the quality of life for its inhabitants (including
commuters, students and visitors) (social), improve resource efficiency to decrease
pressure in the environment (environmental), a green economy focused on innovation
(economic) and develop local democracy and governance (social) (Bosch et al., 2017, p7).

Indicators

It is also important moving to understand what constitutes an indicator in the context of
this paper. According to the Collins English dictionary, an indicator can be considered to
be a “measurement or value which gives you an idea of what something is like” (Collins,
2021). Whilst this definition does not come from a scientific publication, it is relevant to
this study in the sense that the authors consider an indicator to demonstrate whether a
concept (such as a smart city) is what it claims to be by evaluating it against commonly
accepted factors or processes that are the link to a broad definition of it. Aside from what
an indicator is in a more literal sense, there are also different kinds of indicator that are
placed in different areas of a process or system. Referring once again to CityKeys, their
typology consists of ‘Input Indicators’ that refer to the resources needed for
implementation of an activity, ‘Process Indicators’ to indicate whether an activity took
place, ‘Output Indicators’ that add more detail concerning the product, ‘Outcome
Indicators’ that refer to measuring the intermediate results generated by the outcome, and
‘Impact Indicators’ that measure the quality and long term results of the program (Bosch
etal., 2017, p. 15).

INDICATORS OF SMARTNESS — THE FINDINGS

Socially Smart

Social indicators for the Smartness of cities is prevalent in both academic and industry
literature. If a Smart City can be considered to be an investment in social capital to an
extent (Purnomo et al., 2016, p.161), then social indicators are entrenched in a conceptual
Smart Cities framework. Many such indicators can be found in academic literature.
Purnomo et al. (2016) in their systematic literature review on Smart Cities discovered
several social indicators. They categorised these indicators into six main sections, with
generally 3 levels of more specific sub-indicators. In terms of relevant social indicators
relevant to this section, they can consider being ‘Smart Living’ and ‘Smart People’.
‘Smart Living’ contains the subcategories of ‘Social security and safety, ‘Housing Quality’
and ‘Public Transport System’. The category of ‘Smart People’ contains the categories
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of ‘Education System and Facilities’ and ‘Creativity’ (Purnomo et al., 2016, p. 163). An
interesting observation of these indicators is that many of the aspects of ‘Smart Living’
could be considered to straddle both social and structural smartness categories, which
further shows the challenges associated with looking for binary indicators. Malek et al.
(2021) have also looked at socially-focused indicators, however from a more formalised
citizen-centric perspective. The outcomes of their review reveal indicators that are almost
as much do with civic governance as they are with social smartness. Their indicators are
‘Focus on citizens’ needs, not just technology’, ‘Decision through consensus with citizens
‘, ‘Learn from users/citizens’, ‘Power needs to be delegated’, ‘Freedom to participate’,
‘Volunteers needed’, ‘Build good relationships’ and ‘mutual trust’ (Malek et al., 2021,
p.10). When comparing the different indicators of both authors, it is indicative of social
smartness being not just about respecting and improving social welfare in smart cities,
but also ensuring that citizens engagement in this is well defined and applied. The
European Commission are an example of a non-academic actor that has considered the
social aspects of smart cities and has developed indicators for them. Whilst less specific
and detailed than those found in the previous citation from academia, they describe their
indicators in the form of 8 criteria of smart cities preparedness levels. Amongst these 8
are two socially relevant ones consisting of ‘citizen engagement and ‘social models’. AS
with academic authors previously, this focuses both on a combination of wellbeing in a
city and being civically accountable through citizen participation. The European Union
have also considered these aspects but from a slightly different perspective of social
innovation. In a 2012 report the Urbach section of the EU stated that can be achieved by
three focuses — ‘Social Demand Innovations’ (responding to social demands that haven’t
been traditionally addressed by the market of existing institutions), ‘Societal Challenge’
(innovations for a society by integrating social, environmental and environmental
aspects), and ‘Systemic Change’ (encompassing the other two and achieving it through
organisational development and the relationship between institutions and stakeholders)
(‘“SMART CITIES Citizen Innovation in Smart Cities, 2012. p.6). Unlike previous
indicators, these social innovation categories are clearer on their links to sustainability
whilst still encompassing the themes of previous indicators.

Technologically Smart

When considering what constitutes a Smart City, many a core attribute is that of
technological implementation in the wider cityscape. The leap in technology in cities as
well as the devices themselves have seen considerable significant advancement in recent
years, with visualisation mechanism, sensors, virtual reality, augmented reality and
artificial intelligence all playing a part (Jamei, 2005). With this in mind, it is crucial to
understand the incorporation of technological smartness. This is recognised by Borsekova
et al. (2018), who states that for a city to be ‘smart’ it should utilise technological capital
(as well as human and collective capital) for the enhancement and development of the
urban environment (Borsekova et al., 2018, p. 18).

In terms of indicators found in academic literature, there numerous aspects that can
b