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Abstract This study provides a critical review of the
concepts of Agile, Lean, Scrum, and Last Planner® System
(LPS). A comparative analysis is conducted between LPS
and Scrum to expand LPS by considering Scrum’s best
practices. Eight dimensions, namely, 1) origins, 2) main
purpose, 3) overall system/framework process, 4) tools or
artifacts maintained by the team, 5) team composition and
main roles, 6) regular events or team meetings, 7) metrics/
dashboards, and 8) approach to learning, are evaluated.
After analyzing side by side the eight dimensions, it was
found that many aspects from Scrum already exist in LPS
in the same or similar form. However, the authors identify
four main elements from Scrum that can be leveraged to
improve the LPS benchmark, such as considering the
Scrum “Increment” concept into LPS, having a clear
definition of roles and responsibilities, or adding an
equivalent to a Scrum Master to have a designated “rule
keeper” in LPS. These opportunities to be considered in
new LPS benchmarks need to be tested and validated with
real applications. To the best of the authors’ knowledge,
this work is the first to comprehensively compare Scrum
(Agile) and LPS (Lean) and could be seen as a contribution
toward the evolution of the Last Planner System for the
academic and industrial environments.
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1 Introduction

Traditionally, the architecture, engineering, and construc-
tion (AEC) industry uses waterfall contractual models and
methods for project management. Contractual models,
such as design-bid-build, design-build, construction man-
agement at risk, or a combination of them, are common
means to define the stakeholders’ relationships (Sanvido
and Konchar, 1999) along the project lifecycle (e.g.,
design, construction, and handover to the owner). In these
models, the owner generally hires an architect (or a
contractor with design capabilities) to define the building
design and specifications. As the design progresses,
additional stakeholders are brought into the project based
on discrete bidding processes for different trades and
specialties. Traditional project management methods, such
as work breakdown structure, critical path method,
precedence diagramming method (PDM), and earned
value analysis, are also used indistinctly to plan and
track a project’s progress. Although PDM is perhaps the
most common way to conduct project scheduling (Hajdu,
2018), it presents some limitations, such as the assumption
of linearity and the logic connections used, usually at the
endpoints of tasks (Hajdu et al., 2017). In all cases, these
methods require thorough upfront planning and a certain
degree of predictability to be effective. Ideally, the project
scope, targets, budget, and risks should be soundly defined
at the project conception to avoid deviations. However,
such a level of predictability is rarely achieved in
construction projects (Garcia de Soto et al., 2017).
Arguably, these types of contracts and management
methods are well suited to fit the linear nature of AEC
projects. However, the transition of the AEC industry
toward more integrated forms of project delivery and
technological advances in the modern built environment
challenges the traditional way of planning and managing
projects. Facility owners, designers, contractors, and
subcontractors are increasingly realizing that collaboration
from early design through project handover is the
cornerstone to deliver high-performing facilities (AIA,
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2007; Fischer et al., 2017). Furthermore, the evolution of
the industry toward Construction 4.0 (Garcia de Soto et al.,
2019), smart buildings, Building Information Modeling
(BIM) (Sacks et al., 2010), and the Internet of Things adds
another layer of complexity to the project delivery process
because it requires interfaces with product, software, and
service development. This situation also raises the issues of
cybersecurity (Fisk, 2012; Boyes, 2013; Mantha and
Garcia de Soto, 2019; Parn and Edwards, 2019). Thus,
the traditional methods used to plan and control the
delivery of modern infrastructure should be updated.
Teams need to use the best collaboration systems and
tools to ensure that the facility conforms to customer
requirements while meeting project cost, time, and
sustainability targets.

Due to the widespread adoption of BIM, many
researches (Sacks et al., 2010; Hamdi and Leite, 2012;
Oskouie et al., 2012; Dave et al., 2013) have investigated
the synergies between Lean and BIM and developed
applications to integrate them and improve the productivity
of construction projects by applying both approaches
concurrently. Examples of tools developed include the
Lean Enterprise Web-based Information System (LEWIS)
(Sriprasert and Dawood, 2003), the VisiLean tool (Dave
et al,, 2011), and the KanBIM Workflow Management
System (Sacks et al., 2013). Heigermoser et al. (2019)
developed a prototype tool to integrate the Last Planner®
System (LPS)" workflow using BIM and provide planning
visualization and evaluation features, which are particu-
larly related to the short-term planning and learning phases
in the LPS.

In the early 1990s, LPS emerged under the umbrella of
Lean Construction as an alternative to traditional planning
and production control systems (Ballard, 2000). Since
then, several case studies have been conducted and have
provided valuable inputs to improve the original LPS
framework. As part of the evolution of LPS, understanding
how LPS can be adapted to support teams to collaborate
within a more dynamic environment for delivering modern
infrastructure is important. In the latest LPS process
benchmark, Ballard and Tommelein (2016) proposed
analyzing Scrum to explore what elements of this Agile
framework can be used to improve LPS. Scrum has been
primarily used in the information systems and manufactur-
ing industry; however, except for a handful of exceptions
(Lia et al., 2014; Demir and Theis, 2016; Kalsaas et al.,
2016; Streule et al., 2016; Ormefio Zender and Garcia de
Soto, 2020), the potential of Scrum in the AEC industry
has not yet been fully explored.

The current study builds upon Ballard and Tommelein
(2016)’s request for research and contributes to the existing
literature by conducting an exhaustive analysis and
comparison of LPS and Scrum. Through the literature
review, the authors analyze different dimensions of LPS

1) Last Planner® is a registered trademark of Lean Construction Institute.

and Scrum to highlight their similarities and differences. In
this way, elements from Scrum that can be potentially used
to improve LPS can be found. The paper is structured as
follows. The authors analyze and describe the main
principles of Lean-LPS and Agile-Scrum, followed by a
review of the literature that reports their use in the AEC
industry. Thereafter, LPS and Scum are compared side by
side on the basis of eight different dimensions (e.g., team
composition, roles and responsibilities, meetings/events,
metrics). On the basis of this comparison, the authors
discuss similarities and differences to discover Scrum
elements that can be used to improve LPS. The authors
provide insights for future research on the basis of the areas
for improvement.

1.1 Lean and Agile overview

Lean refers to a theory that aims to increase the value for
the customer while conserving resources and minimizing
waste. The principles of Lean emerged after World War 11
when Taiichi Ohno led Toyota to build a great quantity and
variety of cars with less labor, capital, and inventory
(Krafcik, 1988). This mechanism became known as the
Toyota Production System (Womack et al., 1990).
Although Lean theory initially focused on the automobile
manufacturing industry, it has since been applied in
numerous other industries. In the early 1990s, Koskela
(1992; 2000) argued that several Lean production
principles and methods could be adopted in the construc-
tion industry. He proposed a production theory for
construction by combining three complementary views,
namely, transformation, flow, and value, and argued that all
should be considered simultaneously. Under the transfor-
mation view, production systems are broken down into
activities, and performance is gauged on the basis of how
well each activity is performed independent of the others.
Under the flow view, production systems are perceived as a
series of interconnected processes in which raw materials
gradually move from one process to another to become
finished products for the customer. Performance also
considers this interconnectedness of activities and buffers.
Under the value view, the objective is to achieve the
maximum possible value for the customer. The customer is
thus integrated into the production system. Koskela’s work
set the theoretical foundations of Lean Construction
(Ballard and Howell, 2003a).

Agile refers to a set of iterative, incremental, and value-
oriented development methods that are rooted in the
Manifesto for Agile Software Development (Beck et al.,
2001). On the basis of the “principles”, Agile
methodologies seek early delivery of value through
frequent iterations supported by cross-functional and
self-organized teams. Agile emerges in the information
systems industry as a response to the many drawbacks
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experienced by practitioners in applying traditional project
management methods (e.g., waterfall) to software devel-
opment (Abbas et al., 2008). Traditional approaches seek
to anticipate and freeze requirements for managing the
project time, cost, and quality, while Agile welcomes
change and uses it as an opportunity to enhance the value
delivered to the customer (Highsmith and Cockburn,
2001). Several concepts embedded in Agile date back to
the 1970s (Royce, 1970). However, the formalization of
the Manifesto by leaders in the information systems
industry triggered the spread of Agile Project Management
ideas, even beyond software development domains
(Sanchez and Nagi, 2001; Ciric et al., 2018).

1.2 Lean and Agile in the construction industry

When compared to Lean, Agile has not been significantly
investigated in the construction industry. Owen and
Koskela explored the applicability of Agile in construction
and identified potential benefits in its use during pre-design
and design phases of AEC projects (Owen and Koskela,
2006; Owen et al., 2006). Barlow (1998) explored the use
of an Agile system during the conceptualization phase of a
housebuilding project. He found that the Agile system can
react faster to changing customer requirements than the
traditional approaches for project management. In a similar
context, Naim et al. (1999) explored the Agile and Lean
systems by using the “leagility” concept in the UK
housebuilding industry. Lessing et al. (2005) also reported
a case study in the housebuilding industry. The authors
found that this industry is well suited and better than other
construction sub-sectors for Agile implementation. Other
studies have explored the use of Agile in offsite
construction (Mostafa et al., 2016) and in combination
with BIM (Lu et al., 2011).

Under the Lean Construction umbrella, LPS is the most
commonly used method in the AEC industry. Several case
studies have reported the positive effects on planning
reliability, workflow predictability, and production perfor-
mance (Tommelein and Ballard, 1997; Ballard and Howell,
1998; Ballard et al., 2009). In the Agile arena, the most
commonly used framework is Scrum. Scrum has been
widely implemented in software and hardware develop-
ment but not yet fully explored in the construction industry.
Only a few studies have reported Scrum implementation in
the AEC industry, and most of them do not consider
leveraging potential synergies with LPS.

The next sections build upon previous research on the
LPS and Scrum in the AEC context to analyze and
compare them side by side. The ultimate purpose is to find
opportunities for improvement to the LPS benchmark and
thus address the need for the research proposed by Ballard
and Tommelein (2016). Finding synergies between LPS

and Scrum has the potential to derive a project manage-
ment approach capable of supporting teams in collaborat-
ing to deliver modern infrastructure.

2 Research methodology

The methodology for this research is based on a thorough
literature review. The authors searched relevant publica-
tions related to the principles and applications of Agile,
Lean, LPS, and Scrum. The primary source for the
literature review was the core collection of Web of Science
(WoS) from 1990 to 2019. The Lean Construction
Journal® (LCJ) and the proceedings of the International
Group for Lean Construction™ (IGLC) are not part of the
WoS database. Thus, the authors also went through the
repositories for LCJ and IGLC to obtain relevant
publications.

The terms used to identify relevant publications in WoS
were as follows: LPS, Last Planner System, Lean Project
Management, Agile Project Management, Scrum, Simila-
rities/Comparison between Lean and Agile, Comparison
between LPS and Scrum, History of Lean, History of
Agile, Use of Agile in Construction Industry, and Use of
Lean in Construction Industry. After the search, articles
were analyzed to elaborate on the description of the
relevant concepts serving as the foundation to compare
LPS and Scrum. In the case of LPS, the search was filtered
using the following categories: Engineering Civil, Con-
struction Building Technology, Engineering Industrial, and
Engineering Manufacturing. Similarly, for Scrum, the
search was filtered using the following categories:
Computer Science Software Engineering, Computer
Science Theory Methods, Engineering Electrical Electro-
nics, Computer Science Information Systems, Computer
Science Interdisciplinary Applications, Computer Science
Arttificial Intelligence, and Management. The publications
on Lean were refined using the categories of Engineering
Industrial, Engineering Multidisciplinary, Engineering
Manufacturing, Engineering Mechanical, Engineering
Civil, and Construction Building Technology. The refine-
ment of categories for Agile was the same as that for
Scrum. Since there were not many publications related to
the comparison between Agile and Lean, no further
refinement was made for those. The overall process is
summarized in Fig. 1.

The literature review revealed the volume of publica-
tions for the different topics considering all the sources
used (i.e., WoS, LCJ, and IGLC). As expected, the number
of publications related to Lean and Agile topics in the
categories specified is significant. From 2015 to 2019, the
average number of publications per year was 762 for Lean
and 918 for Agile. Manuscripts in the field of Scrum were

1) Publications available online from 2004 to 2019 (2006 did not have any publication).

2) Publications available online from 1996 to 2019.
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Fig. 1 Flowchart for the literature review process.

higher than those for LPS, with an average of 125 and 21
publications per year, respectively, from 2015 to 2019. The
number of publications focusing on the comparison of
Agile and Lean was very limited, with an average of 4
publications per year from 2015 to 2019. The authors
could not find any publication comparing LPS and Scrum.
Figure 2 shows the number of publications versus the

publication year for the topics of Last Planner System
(LPS), Scrum, Lean, Agile, and Agile vs. Lean from 1990
to 2019. The right y-axis corresponds to the number of
publications in the topics of LPS and Agile vs. Lean. These
manuscripts have been separated for clarity due to the
relatively lower number of publications when compared
with the other topics.
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To facilitate the comparative analysis, the authors
defined eight different dimensions: 1) origins, 2) main
purpose, 3) overall system/framework process, 4) tools or
artifacts maintained by the team, 5) team composition and
main roles, 6) regular events or team meetings, 7) metrics/
dashboards, and 8) approach to learning.

2.1 Last Planner System

LPS is a comprehensive and integrated system for planning
and production control. The first draft of LPS was
introduced by Ballard and Howell in the early 1990s,
and it was tailored to the AEC industry based on Lean
production principles (Ballard et al., 1996; Ballard and
Howell, 1998; Ballard, 2000).

The different components, functions, and related
processes of the LPS are summarized in Fig. 3. The
system consists of five levels of planning. In the master
schedule at the top level, the team defines the main
milestones early in the project. These milestones set the
pace of progress according to the defined project targets. In
phase scheduling, the team uses pull planning to further
detail the sequencing of the main portions of the project,
and the primary project stakeholders agree on the
conditions of satisfaction for different handoffs among
milestones. Pull planning is a method to collaboratively
define the project plan involving those responsible for
performing the work (as opposed to one person estimating
the project duration). This part includes planning backward
from the target completion date milestone by milestone and
defining tasks, sequence, and condition of satisfaction for
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work release. In the master and phase scheduling levels of
planning, the team formulates what “should” be done.
Both planning levels are updated as needed on the basis of
the project progress.

Lookahead planning focuses on sequencing and sizing
the work that “can” be done. For this purpose, the team
develops a lookahead plan, which is usually in a 6-week
time window (depending on project complexity). This plan
is used to identify and remove activity constraints. In the
lookahead plan, the team also refines task descriptions and
breaks them down into manageable pieces to facilitate the
design of operations. In commitment planning, the team
collaboratively develops the Weekly Work Plan (WWP) by
committing to the tasks that “will” be done during a given
week. Reliable promising is a key concept in LPS, where
the task requester and performer must be clear about what
has to be done and delivered. The last level of planning
focuses on learning from what the team “did”. This part is
performed by analyzing the main reasons of plan failures
and defining countermeasures accordingly.

The only fixed role in LPS is the one assigned to “last
planners”. In general, the last planners are experienced
team members who have knowledge about how to
optimally perform the work being planned. This group
includes different specialists, frontline supervisors, and
craftworkers. Everybody that can contribute to improving
reliability in planning and production design can play a
“last planner” role. This group includes team members
with different types of expertise, such as material or
equipment sourcing, safety, quality, and logistics. The “last
planner” role is played by different team members

Planning level Function Process view
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durations and overlaps schisdf;{e
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Fig. 3 Overview of the LPS planning levels and related process (adapted with permission from Ballard (2000)).
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depending on the type and progress of the project. For
example, during the design phase, the last planners are
typically architectural and engineering specialists. During
the construction phase, the last planners are typically
foremen and trade superintendents or supervisors (Ballard
and Tommelein, 2016).

LPS has four main metrics to gauge planning system
performance: Percent Plan Complete (PPC), Tasks Made
Ready (TMR), Tasks Anticipated (TA), and Frequency of
plan failures. PPC measures workflow reliability, which is
computed by contrasting the tasks done against those that
were planned in the WWP. TMR measures the team’s
capacity to identify and remove constraints in the
lookahead plan and thus make tasks ready for execution.
Its computing is similar to that of PPC but is only done
earlier by comparing the WWP against an earlier week in
the lookahead planning. TA measures the team’s ability to
anticipate tasks that will be committed, such as 4 or 5
weeks in the future (Hamzeh and Aridi, 2013; Ballard and
Tommelein, 2016). The Frequency of plan failures metric
seeks to track the causes for tasks not done in the WWP.
The reasons of plan failures are clustered into categories
(e.g., weather, design, equipment, materials). As plan
failures occur, the team can compute their relative
frequency, which provides insights about the potential
root cause for problems. For instance, a high frequency in
the equipment category provides the team insights to
reveal root causes and define countermeasures (Ballard and
Tommelein, 2016).

Applications of LPS

Several case studies have assessed the outcomes of LPS
implementation in different project contexts. Considerable
literature is available in the proceedings of the IGLC.
Predominantly, articles highlight positive correlations
between improved workflow reliability resulting from
LPS implementation and an increase in production
productivity (Gonzalez et al., 2008; Liu and Ballard,
2008; Liu et al., 2011). A cluster of case studies has
provided evidence of positive correlations on safety,
quality, and cost performance. However, additional data
are needed to support these correlations (Ballard and
Tommelein, 2016).

Some researchers have also reported on LPS challenges
and drawbacks. El Samad et al. (2017) argued that most
projects use only the PPC to assess LPS performance. This
approach results in a misleading overview of the overall
project planning and production performance. When
entering the WWP, the PPC metric assumes that all
activities are equally relevant to project progress, which is
not always the case in practice. Dave et al. (2015)
highlighted several LPS implementation issues related to
partial LPS implementation, such as only using the
commitment planning level, disconnection among differ-
ent planning levels, lack of collaborative involvement of
“last planners”, ambiguity in planning roles and respon-

sibilities, and difficulties in tracking and monitoring
metrics. The authors concluded that the full potential of
the LPS is rarely achieved because of partial implementa-
tion. Deficient LPS implementations may naturally affect
some of the positive correlations reported on LPS.

LPS has also been explored during the design phase of
projects. Ballard et al. (2009) acknowledged the differ-
ences between designing and construction phases and
recommended that some LPS adaptations are required to
cope with the increased uncertainty, speed, and complexity
inherent to the iterative design process. Case studies about
LPS used during design have reported increased planning
reliability and reduced workflow variability. LPS imple-
mentation in design remains behind the level of maturity it
has achieved in the construction phase; thus, further
research is required to close the gap (Koskela et al., 1997,
Ballard, 2000; Hamzeh et al., 2009; Tiwari and Sarathy,
2012; Khan and Tzortzopoulos, 2015).

Lean Construction researchers and practitioners have
regularly collaborated to strengthen LPS theoretical
foundations and support its implementation in real-life
contexts. They have investigated and developed LPS
benchmarks and consolidated the main findings,
challenges, and opportunities for improvement to foster
LPS implementation and enlighten future research (Ballard
and Tommelein, 2016).

2.2 Scrum

Scrum is an Agile process framework used to manage
complex product development projects where unpredict-
ability is exacerbated due to uncertainty in requirements
and technology. The ultimate purpose of Scrum is to
support project teams on delivering products with the
highest possible value. Scrum is founded on empirical
process control theory using an iterative and incremental
approach to optimize predictability and manage project
risks (Schwaber and Beedle, 2001; Cervone, 2011). The
term Scrum appeared for the first time in a paper by
Takeuchi and Nonaka (1986). In 1995, the Scrum frame-
work was formalized by Sutherland and Schwaber in an
information systems conference (Schwaber and Beedle,
2001).

Figure 4 depicts the Scrum framework. The framework
consists of Scrum roles, Scrum artifacts, and Scrum events.
The three Scrum roles are the Product Owner, the
Development Team, and the Scrum Master. The Product
Owner is typically a single person responsible for
maximizing the value of the product and the work of the
Development Team. The Development Team is a cross-
functional, self-organizing team responsible for doing the
actual work to develop the product. The Scrum Master
ensures that everyone in the Development Team under-
stands the theory, practices, and rules of Scrum. The Scrum
Master is also responsible for removing obstacles that may
affect the progress of the Development Team (Schwaber
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Fig. 4 Scrum process and related elements (adapted with permission from Streule et al. (2016)).

and Sutherland, 2013).

Scrum artifacts are the Product Backlog and the Sprint
Backlog. The Product Backlog, owned by the Product
Owner, is a prioritized list of everything that may be
needed in the product. The Sprint Backlog is the set of the
Product Backlog items that have been selected by the
Development Team for a given Sprint, along with a plan to
achieve the Sprint Goal (Rubin, 2012; Schwaber and
Sutherland, 2013).

Scrum events are the Sprint, the Sprint Planning
meeting, the Mutual Commitment, the Sprint Review,
and the Sprint Retrospective meeting. The Sprint is a time
window of one month or less in which the team sets the
target to deliver a product increment. The Scrum team
plans for the work to be done in the Sprint Planning
meeting on the basis of the defined product increment. The
Mutual Commitment is a commitment made by the
Product Owner not to change the Sprint Goal and by the
Development Team to complete the Sprint Goal by the
deadline set by the team (Rubin, 2012). During the Sprint,
the team performs Daily Scrum meetings. In this short 15-
min event, the team members discuss the work that has
been done since the last Daily Scrum and the work that will
be done until the next Daily Scrum. They share
information to keep everybody on the same page and
identify potential road blockers. At the end of a defined
Sprint, the team reviews the tasks “done” along with the
remaining Product Backlog items, and they revise and
update the Product Backlog if required. It is important to
note that the Development Team defines what is required
for something to be labeled “done”, and all the members
must understand and agree upon the definition of “done”.

After the Sprint is completed, the team gets together in the
Sprint Retrospective meeting to learn from the Sprint
experience; thus, learnings and opportunities for improve-
ments can be embraced and implemented in the next Sprint
(Schwaber and Sutherland, 2013).

Scrum includes several metrics to track project progress
and performance. The most important one is team velocity.
Velocity is a metric that is used to track the amount of
Product Backlog effort that a team completes in a Sprint.
The team gauges the effort required in terms of story
points. Story points represent a combination of the amount
of effort involved in developing the feature, the complexity
of developing it, the risk inherent in it, and, most
important, the value delivered to the customer. This is an
alternative to the traditional measure effort in terms of time
related to tasks. In story points, the raw value assigned to
tasks is not as relevant as the relative value among them
(Cohn, 2005). For example, a task that doubles another in
terms of complexity, risk, and value delivered should be
assigned double story points when compared with its
counterpart (e.g., 1 vs. 2, or 7 vs. 14, or 5 vs. 10). Planning
poker (Grenning, 2002) is a popular and reliable method
that Scrum teams use to collaboratively derive reliable
story point estimates. Scrum teams favor using story points
due to technological uncertainty related to projects. The
functionality needed for the product may be known, but the
level of effort required to deliver it may vary according to
the realization of the technology that happens within the
same project. The value to the project is then easier to
measure than the resources needed to deliver the required
functionality.

Several metrics and visualization methods are derived
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from the story points and commitments made by the team.
The Task Board is used to show the Sprint execution
progress by categorizing tasks as “to do”, “in progress”,
and “completed”. The Sprint Burndown Chart is a visual
representation of the amount of effort that is still required
to complete the Sprint (Rubin, 2012). All these metrics and
visualization methods are consolidated and shared through
the “Information Radiator”.

Applications of Scrum

Scrum is widely used for software development projects.
In this context, Cardozo et al. (2010) reviewed existing
literature to search for scientific evidence about outcomes
after the implementation of Scrum. From 274 articles, the
authors selected 28 for further analysis, which offered
strong evidence that Scrum may have a positive correlation
with software development productivity according to their
research methodology. The authors reported “incidental
benefits” in customer satisfaction, product and process
quality, team motivation, and cost reduction. Similarly,
Caballero et al. (2011) analyzed the Scrum productivity
effects on a small software development enterprise. After
the man-hours spent in software development, cycle times,
and software code quality were analyzed, the authors
reported productivity gains without affecting the quality of
the final software product.

Scrum is also used in manufacturing. “Extreme
manufacturing”, a term coined by Joe Justice and his
Wikispeed team, uses a combination of Scrum and Lean
principles to build car prototypes. Extreme manufacturing
gained popularity after the Wikispeed team at the
Progressive Insurance X Prize competition in 2010 and
at the Detroit Auto Show in 2011 (Kupp et al., 2015). This
approach has been successfully used by multinational
companies, such as Boeing and General Motors (Kupp
et al., 2015).

Along with the growing interest in Scrum application,
several drawbacks have also been identified. Most of the
successful cases are based on small co-located teams.
However, research has revealed several challenges when
implementing Scrum at a large scale. Hossain et al. (2009)
emphasized that decentralized global software teams
struggle to cope with the frequency of team meetings
involved in the Scrum framework. As a result, the team
must look for workarounds to synchronize people working
in different time zones. This situation affects rapid team
feedback, which is fundamental in the Scrum framework
and demands additional project management tools to track
the progress of work for the decentralized team members.
In other cases, teams tend to focus on following the process
and “checking the boxes” instead of concentrating on
booster creativity in delivering value to the customer
(Cohn, 2014).

According to the authors’ experience in implementing
Scrum in global manufacturing firms, it is very common to
see teams forcing the Scrum framework to fit into rigid

organizational structures. Large firms exploring Scrum
have neither Scrum roles nor adequate decision-making
schemes to facilitate Scrum implementation. This derives
in several “hybrid” Scrum approaches that deviate from the
original framework and rules. These hybrid Scrum
approaches are even observed in large software firms
(Iamandi et al., 2015). Although the authors acknowledge
that this situation may also derive from an inadequate
Scrum introduction approach, the ultimate consequence is
that documented case studies are difficult to compare.
Thus, the quality of the data for deriving conclusions is
affected.

Only a few case studies have documented the use of
Scrum in the construction industry. Lia et al. (2014)
combined ideas from LPS, Scrum, and Critical Chain to
increase predictability in the delivery of complex engi-
neering projects. Kalsaas et al. (2016) proposed Scrum to
establish short milestones and iterations to proactively
address changes occurring during the design phase. Demir
and Theis (2016) proposed a combination of Scrum in an
Agile design model to increase coordination, interface
management, collaboration, and transparency during the
project design. The case study by Streule et al. (2016)
investigated the implementation of Scrum during the
project definition, profitability optimization, and cost
optimization phases. The authors reported that the project
team valued Scrum because it enabled them to learn more
about topics beyond their expertise and understand the
reasons for various actions taken in the project. Some
disadvantages addressed by the project participants include
the lack of a distinct project leader and the delays due to the
voting issues when making decisions. Ormefio Zender and
Garcia de Soto (2020) applied Scrum in the rehabilitation
of a commercial building. Due to the high uncertainty
related to the project and the lack of information available,
it was an ideal scenario to implement an Agile method.
Their study showed that Scrum provided flexibility to
address changes (induced by the client or by the
uncertainty of the context in which the project was
developed) during the rehabilitation work. They also
found that Scrum provided good risk control, allowed the
project team to complete all the rehabilitation work within
a tight schedule, and improved the general satisfaction of
the stakeholders involved. However, the overall Scrum
implementation in the AEC industry is far behind in terms
of maturity compared with software and hardware
development. Most studies to date are exploratory. Except
for Lia et al. (2014), Scrum is evaluated in isolation, and
potential synergies with a well-recognized system in the
AEC as LPS are not explored or leveraged.

2.3 Comparison between LPS and Scrum
On the basis of the analysis of the LPS and Scrum

literature, the authors compare them in terms of eight
different dimensions, namely, 1) origins, 2) main purpose,
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3) overall system/framework process, 4) tools or artifacts
maintained by the team, 5) team composition and main
roles, 6) regular events or team meetings, 7) metrics/
dashboards, and 8) approach to learning. A summary of the
comparison is provided in Table 1 and is further expanded
in this section. This comparison is the baseline to discuss
potential Scrum elements that can be used to improve LPS
in Section 3.

(1) Origins: LPS was developed for the AEC industry,
and it is rooted in Lean Production principles. LPS
applications started in the construction phases but
incrementally evolved toward design phases of construc-
tion projects. Early Scrum concepts emerged from the
manufacturing industry (Takeuchi and Nonaka, 1986).
Later, the Scrum framework was refined and tailored to the
software industry. After the popularity of Scrum increased,
it found its way back to the manufacturing industry.

Table 1 Summary of the comparison between LPS and Scrum
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(2) Main purpose: LPS and Scrum aim to increase the
value delivered to the customer.

(3) Overall system/framework process: LPS and
Scrum use different planning levels to refine and
coordinate the activities necessary to deliver the project/
product. Activities are defined at a high level, sized, and
further detailed as the team screens them through the
different planning levels by using the corresponding tools
and artifacts. Both methods rely on team members’ inputs
to collaboratively define the completion of activities on the
basis of the reliable promising/commitment concepts. LPS
and Scrum also emphasize systematic learning to improve
team performance.

(4) Tools or artifacts maintained by the team: In the
LPS, the master and phase schedule represent what the
team “should” deliver, that is, the milestones and phases
necessary to realize the end product (Ballard and Howell,

Dimension LPS

Scrum

1. Origins o In the construction industry

o In the manufacturing and software industry

2. Main purpose

3. Overall system/framework process

4. Tools or artifacts maintained by
the team

5. Team composition and main roles

6. Regular events or team meetings

7. Metrics/Dashboards

8. Approach to learning

o Based on Lean production principles

o Increase value for the customer while reducing waste

e All activities necessary to complete the project are
broken down and refined through the different
planning levels

e Proactive identification and removal of activity
constraints

e Sequencing and sizing of work based on reliable
promising to improve workflow derive in the WWP

o Analysis of plan failures for continuous
improvement

e Master schedule
e Phase schedule

o Lookahead plan

o Workable backlog
o WWP

e “Last planners” who are knowledgeable team
members providing inputs about how to optimally
perform the work (e.g., construction specialists,
frontline supervisors, craftsmen)

e Number not specified

e Planning meetings (cadence not strictly defined for
different planning levels)

o WWP (planning and review)

o Daily huddles

e PPC

e TMR

o TA

e Frequency of plan failures

e Visual controls to consolidate and share project
information

e Analysis of Frequency of plan failures
e 5 Whys, Plan—Do—Check—Act, Detect—Correct—
Analyze—Prevent

o Aligned to the Manifesto for Agile Software Development

e Deliver products of the highest possible value for the
customer

e Everything needed to deliver the product (requirements)
is managed, refined, and prioritized in the Product
Backlog

e Team commits to work on specific Product Backlog items
deriving the Sprint plan

o The team works to deliver product increments iteratively

e Analysis of Sprint experiences for continuous
improvement

e Release plan

e Product Backlog
e Sprint Backlog
e Increment

e Product Owner

e Development Team

e Scrum Master

e Recommendation of less than nine team members

e Envisioning (Product Planning)

e Scrum Release Planning

o Sprint Planning (cadence according to Sprint duration for
every Sprint)

e Sprint Review

e Sprint Retrospective

e Daily Scrum

e Velocity

o Task Board

e Sprint Burnup Chart

o Sprint Burndown Chart

e Information Radiators to consolidate and share project
information

e Sprint Retrospective
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2003b). In Scrum terminology, this “should” corresponds
to everything that is necessary to deliver the product (in
terms of requirements). Therefore, the master and phase
schedules in the LPS serve a similar purpose as the Scrum
Product Backlog.

The proactive identification and removal of activity
constraint function in the lookahead plan in the LPS are
also fulfilled in the Scrum Product Backlog. The Scrum
Product Backlog contains activities with different levels of
detail that the Scrum team continuously refines until they
can reasonably be “done” within the Sprint time-box. This
corresponds to the workable backlog of activities that are
ready to be discussed by the team and incorporated in the
WWP and Sprint Backlog. Therefore, the LPS WWP is
fulfilled in the Scrum Sprint Backlog because both items
contain the work the team plans to complete during a week/
Sprint.

The Scrum Increment concept is not covered in the LPS.
An Increment is the sum of all the Product Backlog items
completed during a Sprint and the value of the increments
of all previous Sprints (Schwaber and Sutherland, 2013).
Arguably, in LPS, an Increment may be a useful concept
during the design phase, where specialists can define the
completion of the design of a given building area in the
course of a week. However, the concept is less applicable
at the construction phase because the majority of
construction work (e.g., a reinforced concrete wall or
room) takes longer than a week and involves several
trades. Thus, an Increment may be unachievable in a week
(or Sprint).

(5) Team composition and main roles: LPS and Scrum
emphasize team collaboration in the system/framework.
The key elements for both methods include team members’
inputs to plan and perform the work. On the one hand, no
fixed role is defined in LPS, and the process relies on the
“last planner”. On the other hand, the Scrum framework
description clearly defines three main roles and assigns
responsibilities for maintaining Scrum artifacts. For
instance, the Scrum team collaborates in refining the
Product Backlog, but the ultimate responsibility of its
content and organization lies with the Product Owner.
Likewise, the Development Team is responsible for
managing the Sprint Backlog.

In LPS, the last planner acts as the system implementa-
tion facilitator. This facilitator changes over the course of
the project. For example, during design, the last planner
can be a senior architect. Later, during construction, the
last planner can be a project manager or senior planner. In
Scrum, the framework facilitator process lies in the Scrum
Master. The Scrum Master also ensures that the team
applies the Scrum framework, practices, and rules
consistently throughout the entire project. In LPS, the
“system or rule keeper” role may be adopted by one of the
last planners. However, this role is not explicitly described
in the system.

In terms of team size, LPS does not define or

recommend a specific number of team members. In
Scrum, the team should be ‘“small enough to remain
nimble and large enough to complete significant work
within a Sprint” (Schwaber and Sutherland, 2013). A small
team may lack the skills and resources to function
correctly. A large team (more than nine) requires great
coordination to manage an empirical process.

(6) Regular events or team meetings: LPS and Scrum
have relatively similar events. Planning events to derive
the LPS master and phase schedule are equivalent to the
Scrum Product Planning and Release Planning. In the
Scrum Product Planning, the team envisions the main
product features and defines the delivery sequence in the
Release Plan. The WWP planning and review in the LPS
are equivalent to the Sprint planning and review in Scrum.
The root cause analysis process in the WWP is equivalent
to Scrum Retrospective. Here, LPS and Scrum teams seek
to capture learning for improving the planning and
execution of upcoming work. LPS and Scrum also have
daily events (e.g., Daily huddles) for rapid team feedback.

(7) Metrics/Dashboards: LPS and Scrum use several
metrics to track project progress and performance. Both
methods also encourage the use of visual controls and
dashboards to consolidate relevant project information and
ensure its transparency to project stakeholders.

The main difference lies in the way metrics are
calculated. In LPS, a task is the key unit to derive most
metrics. Accordingly, the ways the team sizes and screens
activities through the different planning levels have
significant effects on the final metrics’ values. Arguably,
LPS team members have less influence on further
weighting activities. By contrast, Scrum teams dedicate
more time to collaboratively define and weigh tasks on the
basis of an amalgam of experience, complexity, risk, and
value delivered to customers.

(8) Approach to learning: In LPS, the team analyzes
the Frequency of plan failures to address the root cause of
issues and adopt corresponding countermeasures. LPS
recommends the use of methods, such as 5 Whys, Plan—
Do—Check—Act (PDCA), and Detect—Correct—Analyze—
Prevent (DCAP), to systematically anticipate, react, and
learn from breakdowns. Similarly, in Scrum, the team uses
Sprint Retrospective to inspect how the last Sprint
performed in terms of analysis of people, processes, and
tools. On this basis, the team creates a plan to improve the
way the team works. In LPS and Scrum, learning is also
embraced in rapid team feedback derived from the work
that is performed, and the team can make adaptations to the
work on the basis of that feedback.

3 Discussion and recommendations

The authors discuss what Scrum elements can be poten-
tially used to improve the LPS on the basis of the eight
dimensions. Table 2 summarizes the recommendations.
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Table 2 Summary of the main recommendation for Scrum elements to be implemented in LPS

Dimension

Main difference

Recommendation for LPS

Origins Not applicable

Main purpose Not applicable
Overall system/framework process

Tools or artifacts maintained by the team

Team composition and main roles

Regular events or team meetings
Metrics/Dashboards

Approach to learning

Scrum Increment concept not addressed in the LPS

Scrum offers a robust description of roles and
responsibilities

Scrum teams are arguably self-organized

Scrum uses story points based on customer value

No significant difference —

Explore the use of the concept of Scrum Increment
during design

Improve role description
Add a Scrum Master

Explore working with decentralized teams and Scaled Agile

Explore the use of story points in LPS metrics

No significant difference —

1) Tools or artifacts maintained by the team: Explore the
use of Scrum Increment concept in design

A Scrum Increment is a product functionality that is
developed by the team during each Sprint. Increment is
defined as “potentially shippable or of use to the Product
Owner’s stakeholders” (Sutherland and Schwaber, 2007).
This concept is not explicitly covered in the LPS.

At the construction phase, the LPS team works in the
Weekly Work Plan (Sprint), but at the end of the week, they
do not necessarily release a “usable” slice of the product
(building). Buildings or infrastructure projects are complex
products that can hardly be used before they are fully
completed. Although the team can define a “usable
increment”, this work will likely take a couple of weeks
(or Sprints) to complete. Accordingly, the Increment
concept may hardly be applicable during a project
construction phase. However, the Increment may have
potential applicability during the design phase of the
project. Here, an Increment can be a finalized portion of the
project design that can be “usable” to release other
activities in the project that depends on the finalization of
the design. The LPS team then should think about the
design work as a series of small increments toward the end-
design-product and formalize the conditions of satisfaction
to consider an increment as “released”.

2) Team composition and main roles: Improve role
description and add Scrum Master

A documented challenge in the implementation of LPS
is the ambiguity in roles and responsibilities (Dave et al.,
2015). The term “last planner” aims to emphasize
collaboration in the planning process to have the inputs
from people that know how to do the work efficiently.
However, this concept seems to be misleading to teams
implementing LPS. In many cases, one last planner ends
up carrying the load of LPS implementation at the different
planning levels, and this situation leads to partial
applications of the system. By contrast, the Scrum
framework defines roles and responsibilities, and who in
the team is responsible for the different tools/artifacts used.
LPS may benefit from using Scrum as a benchmark to

define roles and responsibilities.

The Scrum Master role as a “rule keeper” is also not
explicitly covered in the LPS. As per the authors’
experience in LPS implementation, this role is always
taken by a team member with previous experience in the
implementation of the LPS. In other cases, some external
consultants are brought to the team. In any case, having
someone in the team to look into the implementation of the
LPS may facilitate and guarantee the system’s implemen-
tation.

3) Regular events or team meetings: Explore working
with decentralized teams and Scaled Agile

In LPS, there is a defined structure for organizing the
work. Upon sound and well-defined tasks screened
through the different planning levels, the last planners
decide what “made ready” tasks should be carried out in
each week (Koskela and Howell, 2002). Arguably, the
structure to organize the work in Scrum teams is more self-
organized than that in the LPS. The Development Team
decides what tasks to do in interaction with the rest of the
team and stakeholders on the basis of the changing
customer requirements. This structure allows the Scrum
team to have the flexibility to embrace change as they
move in project completion.

The self-organization aspect in Scrum works well in co-
located small teams, but it becomes counterproductive as
the team grows. Practitioners have developed concepts,
such as Scaling Scrum, wherein the original framework is
adjusted to fit into large and decentralized teams, to
overcome the challenges of implementing Scrum in a large
setup (Schwaber, 2007). Scale Scrum implementation is
not as mature as the original framework, and several
challenges still prevail (Paasivaara and Lassenius, 2011;
2016). However, the aspects of Scale Scrum frameworks
(e.g., Large-Scale Scrum (LeSS) (Larman and Vodde,
2010)) that can be leveraged to improve LPS are worth
being explored, which can contribute to realizing LPS
adaptations to fit offsite teams working in decentralized
AEC projects (Ballard and Tommelein, 2016). A balance
between centralization and decentralization on the ways
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team operates should be achieved to enable the usability of
the framework when implemented in AEC projects.

4) Metrics/Dashboards: Use of story points

The Scrum concept of story points is not explicitly
covered in the LPS. LPS uses percentages to calculate
metrics, but its relative significance is not adequately
weighted. By contrast, Scrum teams have several guide-
lines to help teams estimate the effort of their task on the
basis of a mixture of parameters, such as personal
experience, complexity, risk, and the value for the
customer (e.g., planning poker). Scrum bases its metrics
in the relative weight of tasks. This approach allows the
Development Team to track project progress on the basis of
the value delivered to the customer instead of focusing on
the number of internal resources. These metrics can be
explored in more detail to analyze how they can be
incorporated into LPS to improve the way the team
measures themselves against project progress and also in
terms of the value delivered to the customer.

4 Conclusions and directions for future
research

The AEC industry is evolving toward integrated forms of
project delivery, and engineering of modern infrastructure
is becoming increasingly complex, which requires a re-
evaluation and adaptation of traditional AEC practices.
Looking into what other industries are doing and learning
from their experiences can also help those in the AEC
industry seeking improved ways to deliver modern
infrastructure. In this article, LPS and Scrum are compared
to find what elements of Scrum can potentially be used to
improve the current LPS benchmark.

In general, LPS and Scrum share several principles
related to the way the teams collaborate to organize the
work and increase the value delivered to the customer.
After analyzing LPS and Scrum’s origins, purpose, system/
framework processes, tools/artifacts, team composition,
roles, events, meetings, metrics, and approach to learning
side by side, the authors identified the following four main
elements from Scrum that can be leveraged to improve the
LPS benchmark.

1) Implement the concept of Scrum Increment into LPS,
particularly when using LPS in the design phase. This may
contribute to coping with the increased uncertainty, speed,
and complexity inherent to the iterative design process.

2) Use Scrum as a benchmark for the LPS process
description to clearly define roles and responsibilities.
Having an equivalent to a Scrum Master as designated
“rule keeper” in LPS could contribute to addressing some
LPS challenges related to ambiguity in planning roles and
responsibilities while ensuring consistency and continuity
in the implementation of LPS across the different phases of
construction projects.

3) Research beyond the basic Scrum framework and

exploration of concepts, such as Scale Scrum, to see how
LPS can benefit from these expanded applications. This
may help in finding ways to incorporate offsite or remote
teams into the LPS.

4) Explore the use of the Scrum story points into
existing LPS metrics. This can complement current LPS
metrics in terms of consistency and correlation to the
overall team and project performance.

It is important to note that Scrum has been used mainly
in the information systems industry, which differs from the
construction industry in terms of project scope, workforce,
resources, and risk, to name a few. Therefore, embedding
Scrum practices into the LPS requires transferring the
concepts considering project contexts. The recommenda-
tions proposed here should be further explored and tested
in real projects to evaluate their value. Researchers in the
information systems industry may also be interested in
investigating the transfer of LPS practices into Scrum or in
IT projects.
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