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ABSTRACT

The construction industry has shown limited advances in innovation and productivity compared
to other sectors, despite its global economic relevance. In response to this scenario, companies
have adopted practices such as Lean Construction (LC) and tools such as the Last Planner
System® (LPS), designed to improve planning and performance in projects. However, the
adoption of the LPS is limited by partial implementation that limits the capacity of the system.
This research arises as an initiative to develop a structured method that allows a systemic
implementation of all the components of the LPS, supported by the Maturity Model (MM) of
the LCI lean IPD focused on LPS and Kaizen events to strengthen the adoption of all the
components of the LPS. The case study of development during 43 weeks in the construction of
the structural shell of the new FIIS-UNI building. During the application of the proposed
method, the eight components of the LPS were developed from the development of 43 Kaizen
events during the application of the proposed method. This article documents the experience of
applying the proposed method and presents a sequential guide of steps to replicate the
experience in another construction project.

KEYWORDS
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INTRODUCTION

LPS implementation in construction companies is essential by its benefits such as: safety,
production predictability, reduction of project duration, efficient cost management and
promotion of team collaboration. For this reason, there is a need to develop formal strategies
for the implementation of LPS; since in the research by Fernandez-Solis et al. (2018), only 59%
of the organizations surveyed had a formalized strategy. In addition, the studies by Lagos (2017)
and Daniel (2017) indicate that the implementation of LPS tends to be short-term, and the most
common applied components include weekly planning, CNC search and PPC measurement.
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This being a partial implementation that prevents the system capacity from reaching its
maximum efficiency.

Pérez (2021) also mentions that the LPS is not being implemented in a holistic manner,
since structured methodologies have not been adopted to facilitate the control and monitoring
of the LPS implementation process, which causes the effectiveness and efficiency of the LPS
to be lower than expected, thus reducing the competitiveness of companies that have recently
adopted this system. Therefore, a method based on the LPS-LCI MM supported by structured
kaizen events is proposed to manage the maturity of the LPS. This is an existing proposal in the
literature that serves as a good starting point for this research.

Based on the research mentioned above, the need arises to develop a structured method that
allows a progressive, measurable, sustainable, complete and specific implementation for the
LPS, this being the main objective of this research since the question of this research is the
following:

How can a structured method that integrates Kaizen events and the LPS-LCI Maturity
Model be implemented to facilitate the progressive development of the maturity of the Last
Planner System®?

This article answers the research question by applying a structured method based on the
methodological structure of the generic method of Ronceros et al. (2024) where the MM LPS-
LCI and the structured Kaizen events are integrated. The proposed method to develop the
maturity of the LPS is a specific application of the generic method of Ronceros et al. (2024).
With a focus on developing the maturity of the LPS in a construction project in Lima - Peru.

LITERATURE REVIEW

According to Fauchier et al. (2013), LPS is considered a key starting point for introducing Lean
culture in organizations. Similarly, Ballard (2000) points out that multiple investigations have
documented successful LPS implementations in a wide variety of projects carried out in various
countries, including the United States, Brazil, Chile, Ecuador, England, Finland, Denmark,
among others.

Porwal et al. (2010) postulated that the development of action plans for the implementation
of LPS entails a set of crucial steps to guarantee success in the adoption and use of LPS. In
addition, a study carried out by Fernandez-Solis et al. (2018), which included a survey directed
to 44 companies that implement LPS, revealed that only 59% of organizations have a
formalized strategy to carry out the implementation of LPS. This percentage illustrates the lack
of a standardized methodology for the incorporation of LPS, even in those companies that bet
on the Lean Construction philosophy. To this end, the Lean Construction Institute (LCI)
presents a MM called LPS—LCI, designed to assess the level of implementation of the Last
Planner System (LPS) in organizations. This model facilitates the assessment of the current
state, and the formulation of action plans aimed at improving the implementation of the LPS,
as highlighted in the research by Pérez (2021).

On the other hand, Lagos (2017) conducted a bibliographic review on the implementation
of the components of the LPS System based on the work of 9 other authors. This analysis
covered a set of more than 100 cases in which the LPS was applied. Among which it was
concluded that the implementation of the LPS has tended to be predominantly short-term.
Daniel (2017) analyzes 57 case studies published by the International Group for Lean
Construction (IGLC) and shows an increase in the adoption of the LPS over time. Their research
identifies an increase in the reported use of several elements of the LPS, although it notes that
the comprehensive implementation of the system remains a challenge for many organizations.
The study highlights that PPC measurement, weekly work planning meetings and non-
compliance reason log (CNC) are the most frequently adopted components according to the
reviewed IGLC documents. This reflects a trend towards partial implementation of the LPS and
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highlights that the orientation of its application has been predominantly focused on short-term
objectives. Likewise, Ronceros et al. (2024) propose a method to facilitate the adoption of LC
in the production management of a construction project. Based on structured Kaizen events to
facilitate the development of LC maturity in production management. This method turns out to
be generic, since it can be used in combination with any MM to develop any approach to the
LC philosophy.

RESEARCH METHODOLOGY

The research method is developed in two stages: (1) Theoretical-Conceptual, which includes
an exploratory literature research and a descriptive research, in which the maturity model
focused on LPS and the continuous improvement method were selected to complement the use
of MM in the adoption of LPS; and (2) Research-Action, which includes the proposed method
and its validation through application in a case study. This is outlined in Figure 1.
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Figure 1: Research methodology

DEVELOPMENT OF THE PROPOSAL

The proposal is based on the integration of the principles of Toyota Kata model by Rother
(2016), Kaizen events by Aoki (2008) and the systematic method for production management
by Ronceros et al. (2024). These approaches are in conjunction with Health and Maturity
Assessment MM by LCI Lean IPD (LCI, 2016). They enable the creation of learning
organizations through experimentation in unpredictable, unknown and complex territories on
the path to adopting the LPS maturity approach in a construction project.

The method proposed in this article is a continuation of the research by Ronceros et al.
(2024), where the diagnostic instrument for maturity is the MM by LCI Lean IPD (LCI, 2016)
and the focus is to facilitate the development of LPS maturity for its progressive adoption in
the production management of a project. Figure 2 shows the general scheme of the proposed
method which is described below:
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Figure 2: Proposed method

FIRST STAGE: UNDERSTANDING THE CHALLENGE

The initial stage of the method aims to understand the challenge that the team has set itself and
the context in which it will be developed. This challenge is presented as an achievable goal in
the short or medium term, linked to daily work and improvement activities. Being a concrete,
measurable and accessible objective, it provides a clear direction with which the members of
an organization identify.

SECOND STAGE: KNOWING THE CURRENT STATE

In this stage, the MM by LCI Lean IPD (LCI, 2016) is used, focusing specifically on the
evaluation instrument for LPS, this is the LPS-LCI as the diagnostic tool to quantify and qualify
the level of adoption of the LPS in a production system.
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THIRD STAGE: DEFINING THE EVOLUTION OBJECTIVE

The third stage seeks to establish an objective to develop maturity in a dimension of the MM
of the LCI Lean IPD (LCI, 2016) as considered by the work team. Production managers must
set realistic and achievable evolution objectives, which must be based on the current state and
in the direction of the challenge posed.

FOURTH STAGE: EXPERIMENTING TOWARDS THE EVOLUTION OBJECTIVE

The experimentation from the current condition to the desired condition is carried out from
structured Kaizen events. Kaizen events are the strategy used when there is not necessarily
support from management or the heads of the organization and when no prior knowledge of the
principles or tools of LC is detected. In this research, the structured Kaizen event was based on
Imai (1986), Sharma & Moody (2003), Shingo (2010), Vivan et al. (2016), and Mufioz (2020).
The structured Kaizen event will consist of five steps that are fed back by the experimentation
of the obstacles encountered and overcome during the path towards the proposed evolution
objective. These five steps are detailed below:

Step 0: Prerequisites and status

In this step, production managers analyze the current maturity status, considering its division
into parts or groups of elements, so that the complexities of each maturity dimension are
reduced to more manageable elements, where improvement opportunities can be identified, and
evolution objectives can be prioritized. This step allows efforts to be concentrated in a single
direction that is aligned with the proposed challenge.

Step 1: Problem Identification

Shingo (2010) argues that an improvement or development of a Kaizen should only be
implemented after the participants have achieved a solid understanding of the identified
problem. Therefore, at this stage tools such as 5S, VSM, LOB and direct consultation with
workers in the production area (Gemba) are incorporated. These techniques allow the problems
detected to be identified, listed and classified, as well as establishing a connection with the 8
types of waste in lean production. In this way, a deep understanding of the problems found in
the production system is achieved.

Step 2: Exploring the problem

This step focuses on carrying out a root cause analysis of the identified problems, following an
order of priority, with the purpose of categorizing their causes. As Shingo (2010) points out,
science is concerned with systematically organizing existing knowledge. This approach can be
applied to solve problems quickly and accurately, eliminating any ambiguity. Likewise, by
classifying and organizing the causes of the problems, it is possible to establish a clear direction.

Step 3: Generating improvement proposals

The first step is to encourage a creative approach, and the brainstorming technique is ideal for
generating innovative ideas in a constraint-free environment. In this context, Shingo (2010)
highlights four key principles: avoiding any criticism of ideas, valuing unconventional
proposals, generating as many ideas as possible and encouraging association between them.
Once the improvement proposals have been formulated, they must be evaluated through three
questions that determine their partial acceptance. If the proposal passes all the filters and is
approved by the production managers, the next step is taken.

Step 4: Feasibility of Implementation

According to Vivan (2016), this stage aims to establish the parameters necessary to implement
the improvements. To do this, a VSM is developed that represents the future state based on the
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improvement proposals defined in step 3. Subsequently, it is essential to define key indicators,
such as productivity, waste of resources, ratios, among others, that will allow describing the
current situation, monitoring the process and evaluating whether the solution generates the
expected benefits.

FIFTH STAGE: EVALUATE THE MATURITY ACHIEVED

The fifth stage of the method aims to evaluate the level of maturity achieved after the
implementation of Kaizen events designed to meet the stated objective. This evaluation will be
carried out using the same maturity model (MM) selected during the second stage.

CASE STUDY

The case study where the proposed method for the adoption of the LPS was applied is a
construction project for a 7-story building with 2 basements, and a construction area of 2000
m2, with a budget of 15.5 million dollars. The execution modality is by direct administration
and the executor is the Investment Executive Unit (UEI) of the National University of
Engineering (UNI) in Lima - Peru, being the UEI an organization where the Lean philosophy
and its tools for project management are not put into practice. The application is carried out
during the execution phase of the structural shell of the new intelligent building of the Faculty
of Industrial and Systems Engineering (FIIS) of the UNI. The objective of the application of
the proposed method is to facilitate the adoption of the LPS in the FIIS-UNI project, since the
structural shell of the basements was already under construction. The initiative to carry out an
implementation during the execution of a project is based on what was suggested by Mossman
(2016), with the LPS implementation framework during the execution of a project.

FIRST STAGE: UNDERSTANDING THE CHALLENGE

In this case, the proposed challenge is the adoption of the LPS to manage the production system
of the structural hull of the FIIS-UNI project. The scope of this adoption seeks for the
components of the LPS-LCI maturity model to reach at least level 2 (learning). That is, all the
components of the LPS-LCI maturity model have to reach level 1 (conscious) in the production
system of the project. This is the direction or true north that will be taken in this case study.

SECOND STAGE: KNOWING THE CURRENT STATE

The organization executing the project is an organization that has been working in a traditional
way with a traditional organizational structure and without traces of knowledge or application
of LC. This conclusion is reached by performing the MM LPS-LCI evaluation test, where the
current state rating can be shown in Figure 3.

THIRD STAGE: DEFINING THE EVOLUTION OBJECTIVE

Based on the current maturity status, improvement opportunities were identified in line with
the proposed challenge. Efforts were focused on the identified improvement opportunities, as
can be seen in Figure 3.
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Figure 3: Maturity assessment and opportunities for improvement

FOURTH STAGE: EXPERIMENTING TOWARDS THE TARGET CONDITION

The LPS adoption process begins by taking advantage of the improvement opportunities
identified in the previous stage of this method. In the case of the FIIS-UNI project, it began
with the “Master Plan” component of the LPS-LCI MM (see Figure 4). Where planning is
adopted by creating team alignment around milestones defined in the master plan, the
participation of the last planners in the macro estimation of the deadlines and the visualization
of the sequence through the BIM model of the structural shell of the project.

Current Condition:
Level 1
“Conscious”

A master schedule exists
for the technical file, but
it is not strictly monitored
for compliance. The
project team does not
use it as a reference to
influence short-term

planning.

Rd Problem 1
|
|
|
I

Problem 2 *ﬁ -

b
N
unknovxl,% zone '\,

-

.-
—

Target Condition:
Level 2
“Learning”

A new schedule is
established considering
-\ milestones, control items
and the projection on a
timeline is done with the

contribution of  the
construction foremen
and the professional

staff of the work.

Figure 4: Experimenting through Kaizen events to reach the target condition
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In the same way as can be seen in Figure 4, it was decided to experiment through Kaizen events
in each of the LPS components. Following the recommendations of Ballard and Tommelein
(2016) regarding the importance of carrying out a holistic implementation of the LPS because
the omission of a part destroys the capacity of the system to fulfill its functions. This is how the
eight measurable components of the LPS were developed according to the MM LPS-LCI,
because the organization does not have prior knowledge of LPS. It began by carrying out
training on the main LPS tools and metrics, to speak a common language and begin to forge a
basic awareness and habits of the system such as starting with weekly plans and anticipation
through the Make Ready tool. In this way, we seek to start the adoption from the most basic
level of the LPS so that the entire team begins to have an awareness of what we should, can,
will do and did in the execution of the project. The first Kaizen event was carried out in the
“Weekly Work Planning” component as shown in Figure 5.

Target Condition

Level 2 (Learning): Foremen discuss their work needs
and learn about each other. They learn fo make
commitments with clearly defined conditions of satisfaction
and learn to report variations from the plan. Plan
development is a habit that is practiced week by week.
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regardless of the previous or subsequent process
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[The construction manager
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meetings  where  the]
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levaluate the performance
of the commitments made
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Week by week,
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lof the percentage of plan
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[and indicators of schedule
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to be

Performance

allowed  workers
encouraged to meet thein
icommitments. A competitive)
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improve or maintain the

planners

land cost performance. project metrics.

Figure 5: Development of a Kaizen event

The development of this Kaizen event allowed the adoption of the maturity characteristics that
qualify for a maturity level 2 in the “Weekly Work Planning” component. The same was done
for each of the LPS components according to the MM LPS-LCI during the 43 weeks of duration
of this application in the FIIS-UNI project.

FIFTH STAGE: EXPERIMENTING TOWARDS THE TARGET CONDITION

After completing the application of 43 Kaizen events aimed at developing the eight components
of the LPS according to the MM LPS-LCI, a new assessment of the maturity achieved was
carried out, finding that the components associated with the LPS managed to meet the challenge
posed in Figure 3. This validated the effectiveness of this method for the development of the
maturity of the LPS in the FIIS-UNI project.

Finally, the case study allows us to document lessons learned during the implementation.
As the planning routines are generated with the production team, these allow them to adopt
critical thinking behaviors and awareness of the Lean tools used for the adoption of the LPS.
They learned to identify jobs that do not add value, the habit of identifying restrictions so that
the production flow does not stop. This is how maturity level 2 (Learning) was achieved in most
of the LPS components.

RESULTS

Table 1 shows the development of LPS component maturity for six of the eight target conditions
exceeded in the project during the application of Kaizen events.
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Table 1: Maturity level of LPS components defined in each condition

Component/ Initial Condition Condition lllustration of the Condition
Condition Achieved Achieved
Level 0: Level 1:
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during short-term
management :
planning.
Level 2: Learning
A master plan and
a milestone
Level 1: schedule were
Conscious developed
Master Thereis only one  reflecting the reality
Planning master schedule of of the execution
the technical file at and times were
the macro level. estimated with the
support of the
foremen and the
BIM model.
Level 0: Level 2: Learning
Unconscious The execution
The projection and  projection is carried
Pull PhaS_e/ estimation of the out through
Collaborative execution was compromise
Planning carried out in struggle and
isolation by the negotiation with the
construction capable and
resident. engineers.
Level 0 Level 2: Learning
Unconscious
L The foremen
The execution is discuss their needs
Weekly Work guided only by the and learn about the
Planning instructions given to

the capable person
by his superior in
charge.

Level O:
Unconscious
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the performance of
the commitments
assumed.

Indicators
and Reports

Production Planning and Control
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CONCLUSIONS

The proposed method employs the LPS-LCI Maturity Assessment as a tool to diagnose the
current state of LPS adoption, identify the characteristics of more advanced levels and establish
a target objective. In addition, Kaizen events allow reaching the desired condition, being the
method proposed in this document a structured guide with a sequence of steps to manage
sequential improvements. This approach facilitates the transfer of knowledge between team
members through actions designed to overcome obstacles, helping to overcome cultural barriers
and achieving an LPS configuration adapted to the project. The article seeks to present and
document the experience gained during the application of this method, which allowed
implementing all LPS components in a construction project without prior knowledge of LPS,
achieving the objective through 43 Kaizen events. Of which only one kaizen event is detailed
in this document for practical purposes.

The proposed method was able to achieve level 3 in one of the LPS components and level
2 in four LPS components. Unlike research such as Daniel (2017) and Lake (2017), where the
LPS was implemented partially, limiting and restricting the full use of its capabilities, this
proposal allowed the organization to implement all the LPS components, maximizing its
potential at the level of maturity achieved.

The application of the tool to assess the health and maturity of the Lean IPD LCI provided
the organization and the project team with a more comprehensive view, going beyond the scope
of the LPS. In addition, this tool contributed to incorporating a lean culture in the organization,
promoting the active participation of the team in the project results and optimizing the
management of the resources necessary for its execution.

It is suggested that future research may update the assessment of the LPS-LCI maturity
model, incorporating new advances related to the LPS and adapting it to the specific
characteristics of the organization where it is planned to be applied. This is especially relevant,
given that the current questionnaire lacks a sufficient level of detail, and its application may be
influenced by the subjectivity of the evaluator. In order to use it, it is necessary to adapt it to
the specific conditions of the organization and the good practices of organizations in the sector
that are more advanced in their adoption. Likewise, it is proposed to use this method as a tool
to implement other key elements of the lean culture within an organization.

In order to implement the proposed method effectively, it is recommended to establish at
least two key roles during the development of the Kaizen event: (1) a role for managing and
promoting the event, responsible for leading and promoting the participation of the project
members (Kaizen Leader), and (2) a role focused on the detailed monitoring and follow-up of
the production system, both in the pre- and post-application stages of the proposed method
(Kaizen Apprentice).
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