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ABSTRACT

Over the last 10 years an increasing number of companies have implemented lean construction prac-
tices in an attempt to improve performance in construction projects. Most companies, and also some
researchers, have reported satisfactory results from their implementation. However, there is still a
need to provide more extensive analysis of the empirical evidence available to assess the impact of the
implementation of lean construction. The authors have researched the implementation of the Last
Planner System and other Lean Construction techniques in over one hundred construction projects
over the last five years. They have also developed strategies and support tools for implementation.
This paper analyzes some of the main impacts observed in the studied projects, and some of the les-
sons learned from implementations. The paper discusses difficulties and barriers for implementation,
productivity improvements, variability reduction and effectiveness of implementation strategies. The
paper also provides recommendations for future implementation and research.
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INTRODUCTION

The implementation of lean construction prac-
tices emphasizing the Last Planner System (LPS)
(Ballard and Howell, 1998) and waste reduction
techniques in a large number of projects has pro-
vided empirical evidence that is analyzed in this
paper in order to summarize some of the lessons
learned from the implementation. The paper anal-
ysis is based on data obtained from the authors
own implementation experience and also from
case studies found in the Lean Construction litera-
ture (Koskela 2000, Ballard 2000, Benardes
2001).

The Production Management Center (GEPUC),
from the Catholic University of Chile, promotes
long term research and implementation alliances
among companies to pursue common goals. The
companies undertake their improvement pro-
grams working as a group, around common topics

and with a common work agenda, this allows col-
laborative sharing of problems and solutions to
the individual processes of improvement. The col-
laborative work scheme includes different forms
of interaction among the representatives of the
companies and the GEPUC, all of them seek to
achieve competence in the participants for the
autonomous development of the implementation
under way, once the specific research and imple-
mentation goals have been achieved. Some of the
important activities developed under this scheme
are Periodic Meetings, Workshops, Plenary Ses-
sions and Site Visits by the researchers. Details on
methodological aspects of the implementation
can be found in (Alarcon et al 2002a, 2002b).

A database of 77 Chilean projects, from 12
companies, was used to analyze the impact of the
introduction of the LPS on different aspects of
project performance. The project sample included
39 low rise building projects, 15 high rise building

Strategy and Implementation

387

1 Professor of Civil Engineering, Universidad Católica de Chile, Casilla 306, Correo 22, Santiago, Chile, E-Mail:
lalarcon@ing.puc.cl

2 Manager, Production Management Center, Universidad Católica de Chile, Casilla 306, Correo 22,
3 Researcher, Production Management Center, Universidad Católica de Chile, Casilla 306, Correo 22, Santiago,

Chile, E-Mail: orojo@ing.puc.cl
4 Researcher, Production Management Center, Universidad Católica de Chile, Casilla 306, Correo 22, Santiago,

Chile, E-Mail: rcalderg@ing.puc.cl



projects, 11 heavy industrial projects and 12 light
industrial construction. This information was col-
lected during a research project carried out to
develop implementation strategies for Lean Con-
struction and to measure the impacts of those
strategies. The analysis considered implementa-
tion of projects during a three year period, from
2001 to 2003 (Alarcon et al. 2002a, Calderon
2004). Several measures obtained during imple-
mentation are analyzed in the following para-
graphs and the results are discussed providing
some additional information on the context of the
implementation.

REDUCTION OF VARIABILITY IN
PROJECTS

IMPROVEMENTS IN PERCENT OF PLANNED
ASSIGNMENTS COMPLETED

Figure 1 shows how the average Percent Plan
Complete (PPC) of the projects under investiga-
tion increased over the three year period. These
results can be attributed to a number of reasons. 1)
Learning process: four companies that partici-
pated over the entire period became more experi-
enced in the implementation and experimented
continuous improvement in the PPC indicator.
Particularly, one them increased its average PPC
from 55% in 2001 to 88% in 2003. A second com-
pany increased its average PPC from 50% in 2001
to 76 % in 2003. 2) Experience accumulated by
the GEPUC team: this allowed for quicker and
more effective implementation of new companies
that joined the projects in 2002 and 2003. 3) Sup-

port tools: a number of tools were developed to
support implementation and were quickly adopted
by the companies to ensure a more complete and
effective implementation. The sample of projects
in Figure 1 includes projects with different level
of implementation of the LPS elements, therefore
the conclusions drawn from the data should con-
sider these aspect. 4) Top management
involvement and understanding of the process.

INFLUENCE OF THE LEVEL OF
IMPLEMENTATION ON PROJECT PPC

In an effort to obtain a better understanding of the
impacts of the implementation level, a sub-sample
of 11 Chilean projects (N) and 5 international pro-
jects (I) were examined in more detail (Figure 2).
Most projects in this sub-sample were building
projects, except projects N8, N10 and N11 that
were light industrial projects.

Figure 2 shows projects classified into two
groups, according to the level of implementation
of the LPS elements present in the projects. The
first group consisted of 10 projects with a basic
level of implementation with emphasis on the
weekly work plan and only informal Lookahead
planning. The second group included 6 projects
that had implemented formal Lookahead planning
process and in one case formal workable backlog
and learning processes. The projects were also
ordered according to their average PPC to facili-
tate the analysis. Figure 2 shows that, in general,
projects with a more complete implementation
had a higher PPC than projects with basic imple-
mentation.
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Evolution of PPC in 77 Chilean Projects
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Figure 1: Evolution of PPC in a Three-year period



CAUSES FOR NONCOMPLETION IN PROJECTS

The analysis of causes for noncompletion in the
full sample of projects provides interesting infor-
mation. Initially, during the first year of imple-
mentation the causes for non-compliance were
distributed over a large number of sources where
only the first two, poor planning and field interfer-
ence, were significantly more frequent than the
others. At the end of the third year, the most
important increase was observed in causes associ-
ated with subcontractors where this single item
accounted for 24% of the causes. Poor planning
and field interference also slightly increased their
participation to 15%. The fourth cause, poor plan-
ning of materials, accounted for 10% and was
almost inexistent during the first year. Most of the

other causes decreased their participation during
the third year.

A more detailed analysis was carried out by
grouping projects with higher PPC and projects
with lower PPC, as shown in Figure 3 and Figure
4. In both cases subcontractor delays were the
most important cause for non-completion, how-
ever, in projects with PPC>65% the relative
importance of this cause is twice as much as the
following cause in importance.

A general conclusion is that causes associated
with external agents increased their participation,
probably due to a better control of internal causes
in the projects as they improved PPC. In projects
with high PPC causes associated with the contrac-
tor’s own management become less important in
comparison with causes attributed to subcontrac-
tors. These causes increased in almost 200 %
during the period studied, but the percentage of
contracts given to subcontractors also increased,
explaining part of the effect.

VARIABILITY OF PPC MEASURES

One interesting result from the statistical analysis
was the variability of PPC measures in projects.
Figure 6 shows the relationship between average
PPC and the coefficient of variation of the mea-
sures. These results are similar to those obtained
by Benardes (2001) in a sample of Brazilian pro-
jects. It is clear that when PPC approaches 100%
one should expect a coefficient of variation close
to zero. However, this tendency is also observed
in a range of lower PPC values. These means that
projects with higher planning compliance also
reach more stable PPC performance than projects
with lower planning compliance. The practical
implication is that PPC becomes more predictable
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Figure 2: Impact of Level of Implementation on PPC
Performance
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Figure 3 Evolution of Causes for Noncompletion in Projects



as its value increases, providing a sense of control
to the project team.

THE IMPACT OF IT SUPPORT ON PPC
PERFORMANCE

The poor use of information generated during
implementation of LPS was identified as the main
barrier for a more complete implementation.
Early in the project, the GEPUC team had
attempted to introduce Workplan, a computer
system developed by Choo (Choo et al, 1999) for
LPS implementation. However, the companies
did not feel comfortable using this system for sim-
ilar reasons than those reported by (Choo et al,
2001). To break implementation barriers, the
research team developed a prototype computer
system working closely with the companies in a
continuous interaction with them during system
design. The prototype system, called “Plan Con-
trol” was tested in several projects (Alarcon and
Calderon 2003). The main observed impact of this
tool was a more complete implementation of the
LPS in projects that used “Plan Control.” These
resulted in higher PPC performance for those pro-
jects that used IT support compared with projects
without IT support.

Figure 7 shows two curves of the cumulative
PPC frequency of projects with and without IT
support. The curves can be interpreted as the pro-
ject probability to reach a PPC performance over a
value specified in the horizontal axis. For
instance, a project without IT has a 21% probabil-
ity to reach a PPC value of 80% or more. On the
other hand, a project with IT support has a 39%
probability to reach a PPC value of 80% or more.
In general, projects with IT support have a higher
probability to reach a certain PPC level than pro-
ject without IT support. The data shows that the
probability to reach high PPC values can be dupli-
cated by using IT support for high levels of PPC
performance.

PERFORMANCE IMPROVEMENTS

Performance improvements were measured quan-
titatively and qualitatively in a number of compa-
nies involved in implementation efforts. Figure 8
shows performance improvements reported by 8
different companies. These measures includes
different performance indicators such as man-
power productivity, cost factors, construction
speed, schedule reductions, etc. Productivity
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improvements of up to 86 % have been measured
in individual projects (Alarcon et al 2000).

Many companies had difficulties to accurately
measure performance, however, in almost all the
projects observed there were many perceived ben-
efits from implementation. Qualitative measures
were obtained from surveys and questionnaires
answered by members of the project teams
involved in implementations. Figure 8 shows the
benefits perceived. They cover a wide range of
project management aspects including improve-
ments in management and control, involvement of
middle management, reduction of urgent procure-
ment requests, and reductions in project schedule.

IMPLEMENTATION BARRIERS

Working in a collaborative approach, with differ-
ent training actions, sharing experiences and

information among the companies produces a
number of benefits: development of skills for
implementation, development of a healthy com-
petition among companies that are working
together, fast learning from successes and fail-
ures. For instance, companies that fail in their first
attempts tend to react in a better way in order to
understand the reasons of their failure and to
improve their implementation process. They real-
ize that things are possible because there is always
a project that could do it and they can learn how to
do it better the next time.

Some implementation barriers identified by
GEPUC with regard to the implementation of LPS
and other Lean Construction tools were (Alarcon
et al. 2002):

• Time: the main difficulty in the implementa-
tion, according to the participants, was the
lack of time for implementing new practices
in the projects that were already under way.
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• Training: the second difficulty, in order of
importance in the implementation, was the
lack of training.

• Organization: to respond adequately to the
challenge of implementing the LPS, it was
necessary to create or fortify some organiza-
tional elements.

• Lack of Self-Criticism: the lack of self criti-
cism limited the capacity to learn from errors
since only part of the problems were per-
ceived.

In addition to understanding the barriers per-
ceived during the work, it is also necessary to
respond to some deficiencies of the implementa-
tion on some projects:

• Low understanding of the concepts of LPS
(production units, work flow, screening,
shielding, pulling).

• Low use of the different elements of LPS
(Make ready, formation of Workable Back-
log and taking of actions correctives)

• Inadequate administration of the necessary
information to generate a “learning cycle”
and to take corrective actions.

• Weak communication and transparency
among participants of the production process
(managers, administrators, foremen, etc.).

• Lack of integration of the production chain
(client, suppliers of materials, subcontrac-
tors).

CONCLUSIONS

The analysis of the evidence obtained from imple-
mentation of Lean Construction practices in many
projects analyzed in this paper demonstrate the
effectiveness of the proposed practices and their
multiple benefits:

• The LPS is an effective tool to improve reli-
ability of planning in projects.

• Improvements in PPC are usually accompa-
nied by a more stable and less variable per-
formance of the PPC indicator.

• Improved PPC performance produce a shift
in causes for non-compliance from internal
to external causes.

• IT tools can support a more complete and
standard implementation of the LPS in pro-
jects and increase the probability to achieve
higher PPC performance.

• Performance improvements were observed
in almost all the projects under investigation.
However, performance measurement was a
difficult task for the companies.

• Performance improvement impacts between
7% to 48% were reported by 8 companies
that participated in the implementation pro-
gram.

The experience and the results obtained have lead
to the design of an implementation strategy that
has produced good results. The strategy involves
development of systematic training and research
actions, a proactive interaction with contractor
upper management and project organizations, col-
laboration among companies and a constant
search for new ways to improve the implementa-
tion process.

Working in a collaborative approach, with dif-
ferent training actions, sharing experiences and
information among the companies produces a
number of benefits: development of skills for
implementation, development of a healthy com-
petition among companies that are working
together, fast learning from successes and
failures.
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