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Abstract

Research Question: How do Lean Construction (LC) tools and techniques interact
guantitatively with the project management knowledge areas (PMKAS) in
construction projects?

Purpose: To provide a theoretical framework to quantify the relationship between LC
tools and techniques (LCTTs) with the PMKAs of the PMBOK construction extension
guide, since prior investigations were mostly qualitative.

Research Method: The authors performed an exhaustive literature review of 61
international papers from 2010 to 2020, followed by a quantitative analysis.

Findings: The quantitative analysis revealed that some LCTTs improve several of the
main PMKAs.

Limitations: The authors have selected papers related to building sector projects with a
range of 10 years (from 2010 to 2020). Also, some of the most relevant LCTTs have
been selected (6) and their main benefits have been analyzed.

Implications: The use of the proposed framework will enable construction project
managers and other professionals to understand the benefits of the interaction
between LCTTs through the different PMKAs. From a practical perspective, this
study could allow them to select the most suitable LCTTs for each PMKA
depending on each particular need.
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Introduction

The construction sector has a big impact on our society but compared with other
industries, the productivity is much lower historically (Shaping the Future of
Construction,2016). The high uncertainty in construction projects could be mentioned
as one of the main reasons but there are plenty of reasons that make this industry full
of complexities and therefore hard to manage (Porras Diaz et al., 2014; Shaping the
Future of Construction, 2016).

Over the years, this situation has forced the industry to discover new systems
which could help in having more control and efficiency in construction projects. As a
result, during the *90s, two main approaches appeared. The first one was a guide
created by the Project Management Institute (PMI) called Project Management Book of
Knowledge (PMBOK) (Project Management Institute, 2017). Their aim was to unify some
of the Project Management (PM) lessons learned and they have been updating this guide
since then. In the second one, Professor Koskela (1992) also challenged the Construction
Industry to explore and adopt principles of “Lean Production” in Construction and
introduced the theory of “transformation, flow and value” named ““Lean Construction”
(LC).

Although the situation has been improved with the appearance of some new PM
and LC tools and techniques (LCTTSs), there is still work needed to enhance the
effectiveness of construction PM. Thus, this study provides a theoretical framework for
identifying how some LCTTs could improve PM performance. To achieve this, a
literature review of 61 international papers, from 2010 to 2020, have been
guantitatively analyzed. As a result, Project Managers and Lean practitioners may be
able to quantitatively understand the relationship between LC and PM and the benefits
beyond this partnership. That will allow them to select the best LCTTs considering the
PMKAs that they want to improve.

The following section of this document provides the context for the theoretical
framework proposed as well as an explanation of the PM approaches and the lean
techniques for construction projects. Then, the results of the research methodology are
presented and finally, in the last section, the discussion and conclusions of the results
are explained.

Project management approaches in construction

Although construction projects have traditionally been managed with a predictive
approach based on a well-planned scope, an important number of them normally fail in
cost overruns and delays (Blanco et al., 2020) which is the main part of the renowned
iron triangle in PM (Davis, 2014; M. G, 2018; Nara et al., 2015; Bannerman, 2008 ). With
this scenario, Ballard and Howell (2003) introduced a new approach called Lean Project
Management (LPM) in 2003 and explained how LPM differs from traditional project
management not only in the goals it pursues but also in the structure of its phases and
the relationship between stakeholders.

Due to construction projects being complex and developing in a non-linear
environment, several authors, like professor Koskela, have recommended including
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some agile approaches in construction to better handle the high uncertainty (Alarcén et
al., 2009; Owen et al., 2004; Stracusser, 2015).

Nowadays, projects are even more dynamic and changeable than before in most
cases (Project Management Institute, 2018). This need has motivated the industry to
merge predictive and agile methodologies through a hybrid approach (Lalmi et al.,
2021).

According to PMI’s report pulse of the profession (Project Management Institute,
2018), 47% of the projects still use predictive approaches meanwhile 23% use agile and
23% hybrid, and just 7% other approaches.

PMBOK® Guide (PMBOK Agile, 2017; Project Management Institute, 2017 and 2021)
also recommends that each team choose the approach to use, taking into account both
requirements and technical degree uncertainty as it is shown in Figure 1.

A
2| HYBRID AGILE o
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E _g) ................................................ ..'.°°
e
2 CONSTRUCTION
; PROJECTS
& g \n‘?\ff:...-- .......................................................
3| 2 PREDICTIVE
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Technical Degree of Uncertainty
Figure 1. Uncertainty and Complexity Model inspired by Stacey Complexity model
adapted from the PMBOK Agile Guide (PMBOK Agile, 2017).

The review of the three aforementioned approaches provides the basis to
understand which of them is the most appropriate to apply in the theoretical framework
that has been developed in this research.

Lean Construction tools & techniques

According to the research by Cho et al.(2011), McGraw Hill Construction (2013),
Mossman (2015), and Sarhan et al. (2017), Lean Thinking was established to improve the
construction industry through the following actions:

= Enhance customer and stakeholder satisfaction.
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= Improve quality and safety meanwhile, risks are reduced.

= Increase productivity by reducing wastage (time and cost).

= Improve supplier relationships with better inventory control.

= Better collaboration between stakeholders thanks to full commitment, respect
and accountability.

= Kaizen thinking by continuously improving implementations.

» Reduce variation thanks to higher reliability.

The construction extension to the PMBOK® Guide ((Project Management Institute,
2016)) also explains that it is important in terms of sustainability to adopt Lean
Construction principles that allow for reducing waste of materials, time and effort.

A detailed description of the LCTTs and the criteria to select them has been
developed in the following methodology section.

Research methodology

A literature review has been developed in this research to create the theoretical
framework proposal. To achieve it, 7 different scientific and reliable databases were
examined, in particular: Scopus, Elsevier-Science Direct, Taylor & Francis, Springer
Link, ProQuest, ASCE, and Emerald Insight. Furthermore, some websites specialized in
LC were consulted as the International Group of Lean Construction (IGLC.net) and the
Lean Construction Institute (leanconstruction.org). Finally, some project management
content was checked at the Project Management Institute website (pmi.org).

Due to the number of LCTTs, the authors have selected the six LCTTs with the
highest impact in the field of Building Construction (BC) based on the literature
reviewed in this document (McGraw Hill Construction,2013) and based on publications
by experts ( Ballard, Tommelein, Koskela and Howell, 2018): Last Planner System®
(LPS®), Integrated Project Delivery (IPD), Value Stream Mapping (VSM), Target Value
Design (TVD), Just-In-Time(JIT), and 5S.

To choose the correct articles, the following keywords were searched: ‘Lean
Construction’, ‘pmbok’, ‘Last Planner System’, ‘integrated project delivery’, ‘value
stream mapping’, ‘target value design’, ‘just in time’, ‘5s’, ‘Lean tools’, ‘Lean
techniques’, “‘traditional project management’, ‘lean project management’ and ‘agile
project management’. To make the findings more significant, several combinations of
the above-mentioned keywords have been used.

Considering the keywords and databases mentioned above, the first result of 857
papers was obtained and then, each of these documents was examined in depth. All
those papers which rely on civil works, especially for bridges and roads were
intentionally removed. As a result, a total of 63 international papers from 2000 to 2020
were obtained as Figure 2 shows.
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Figure 2. Classification of references used in this paper according to the year of
publication.

Finally, we have considered the most recent publications (61) from 2010 to 2020 to carry
out the theoretical framework proposed. To link the selected LCTTs to a PM standard,
the PMBOK® Guide (Project Management Institute, 2017 and 2021) has been used as it is
the reference guide for Project Managers worldwide. Besides complying with construction
industry interests, the construction extension of that guide has been used (Project
Management Institute, 2016), as is shown in Table 1. The PMKAs described in Table 1 start
on number four because the first three chapters of the guide are generic PM content.

Table 1. PMBOK® Knowledge areas including the Construction Extension.

KNOWLEDGE AREAS

GUIDE

4. Project INTEGRATION Management

5. Project SCOPE Management

6. Project SCHEDULE Management

7. Project COST Management

8. Project QUALITY Management

9. Project RESOURCE Management

10. Project COMMUNICATION Management

11. Project RISK Management

12. Project PROCUREMENT Management

13. Project STAKEHOLDER Management

Project Management
Body of Knowledge
(PMBOK® Guide 6%
and 7™ edition)

ENVIRONMENTAL Management

14. Project HEALTH, SAFETY, SECURITY and

15. Project FINANCIAL Management

Construction Extension
to the PMBOK® Guide

The Integration between the six LCTTs most applied in Building Construction and
the PMBOK® KA already described in Table 1, has been used to develop the theoretical

framework proposed in this research.
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Results

Sixty-one publications have been reviewed. Table 2 illustrates the references of
those publications and shows the relationship between the LCTTs selected and the
PMKAs of the PMBOK® Construction Guide. Indeed, this table allows an understanding of
how many papers (experts) consider that each LCTT provides an improvement through
the different PMKAs.

Table 2. Relationship between the LCTTs with the PMKAs of the PMBOK®
Construction Guide.

E'EAJﬁDC’EK[gg]"_'STRUCT'ON LPS |IPD |vsM |TvD |JIT |58
4. INTEGRATION o |13 |2 |6 o o
5. SCOPE 21 |11 |9 |9 |4 |5
6. SCHEDULE 20 |11 |4 |7 |6 |6
7. COST 18 [18 |5 |10 |6 |6
8. QUALITY 18 (10 |7 |7 |6 |9
9. RESOURCE 23 |10 |3 |7 |5 |5
10. COMMUNICATION 21 |11 |2 |4 |1 |4
11. RISK 5 (16 |2 |5 |3 |2
12. PROCUREMENT o |16 |3 |7 |2 o
13. STAKEHOLDER 15 |19 |2 |7 |2 |3
14. HS & ENVIRONMENTAL |15 |4 |4 |2 |2 |9
15. FINANCIAL 3 |7 |o |2 |2 Jo
TOTAL 196 [146 |43 |73 |39 |53

With the purpose of designing the theoretical framework, we have compared
quantitatively the impact of LCTTs with the PMKAs of the PMBOK® based on the
bibliographic references previously described.

To properly assess Table 2, a summary chart was created in Table 3. In addition,
the percentage of publications per KAs has been calculated for each LC tool to enrich
the analysis and a color scale that represents the grade of each LCTTs implication has
been included. Red tones mean a low level and green tones refer to a higher level of
benefit, considering the number of papers that mention those advantages.

Table 3 reveals, the interaction of each LCTT with the PMKAs. This table could be
read both from the left to the right and from the top to the bottom.
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Horizontally, it displays the percentage of mentions per PMKAs. With a total of
550 results, the ratios are the following: 5.5% integration, 10.7% scope, 11.5% schedule,
11.5% cost, 10.4% quality, 10.4% resource, 7.8% communication, 7.8% risk, 6.7%
procurement, 8.7% stakeholder, 6.5% HS and 2.5% financial.

Vertically, it shows the impact of each LCTTs through the PMKAs. For example,
LPS has the following results at the PMKAs: 4.59% integration, 10.71% scope, 14.80%
schedule, 9.18% cost, 9.18% quality, 11.73% resource, 10.71% communication, 7.65%
risk, 4.59% procurement, 7.65% stakeholder, 7.65% HS and 1.53% financial.

Table 3. Percentage of each PMKAs for each LC tool and Technique.

PMBOK

CONSTRUCTION TOTAL OF
GUIDE [30]- LSP IPD VSM TVD JIT 5S PMKAS
4. INTEGRATION 4.59% 8.90% | 4.65% | 8.22% 0.00% 0.00% 5.5%
5. SCOPE 10.71% | 7.53% [ 20.93% | 12.33% | 10.26% | 9.43% 10.7%
6. SCHEDULE 14.80% | 7.53% | 9.30% | 9.59% 15.38% | 11.32% | 11.5%
7. COST 9.18% 12.33% | 11.63% | 13.70% | 15.38% | 11.32% | 11.5%
8. QUALITY 9.18% 6.85% | 16.28% | 9.59% 15.38% | 16.98% | 10.4%
9. RESOURCE 11.73% | 6.85% | 6.98% | 9.59% 12.82% | 16.98% | 10.4%
10. 0 0 0 0 0 0 0
COMMUNICATION 10.71% | 7.53% | 4.65% | 5.48% 2.56% 7.55% 7.8%
11. RISK 7.65% 10.96% | 4.65% | 6.85% 7.69% 3.77% 7.8%

12. PROCUREMENT | 4.59% 10.96% | 6.98% | 9.59% 5.13% 0.00% 6.7%
13. STAKEHOLDER | 7.65% 13.01% | 4.65% | 9.59% 5.13% 5.66% 8.7%

éﬁ.\/rRSOﬁMENT 7.65% |2.74% | 9.30% |2.74% |5.13% | 16.98% | 6.5%
15. FINANCIAL 153% | 4.79% |0.00% | 2.74% | 5.13% |0.00% | 2.5%
OTAL 196 | 146 | 43 73 39 53 550

(36%) | (27%) | (8%) | (13%) | (7%) | (10%) | (100%)

Theoretical framework design

The proposed theoretical framework consists of two approaches. The first one
explains for each LCTT studied what are the benefits for each PMKAs and it is described
with detail in Figure 5 in the appendix. It illustrates one graph for each tool in which
the percentage of benefits of using the tools is shown in the external circle and the
PMKAs appear in the internal ring. The PMKA can be identified by its number, defined
previously in Table 1. Thanks to that, Project Managers and Lean practitioners can see
quantitatively that by using for example IPD, the cost management could improve by
12%.

The second part of the theoretical framework is explained in Figure 3. It
represents in a histogram the percentage of the benefit of each LCTT for each PMKAS.
Thanks to that, Project Managers and Lean practitioners can see quantitatively what
LCTTs use, depending on the need of the project. For example, regarding the results of
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this study, the most suitable LCTTs for schedule management would be LPS®, but
improving integration management would be recommended for IPD. The use of one
LCTT with another is not exclusive, so the benefit could increase if the same LCTTs are
used at the same time.

50 i
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35 i |
30 |
25 i
20
15
10 L
: u
0 | |
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&\O$ (,OQ
& 9
© AN
& S
N ©
-
B LAST PLANNER SYSTEM INTEGRATED PROJECT DELIVERY m VALUE STREAM MAPING
TARGET VALUE DESIGN mJUST IN TIME m5S

Figure 3. PMKAs percentage of improvement for each LC tool based on table

Discussion

To our knowledge, the present study analyzes for the first time the interaction
between the LCTTs and the PMKAs.

Table 3 shows how LPS is the LC tool with the highest impact on the PMKAs, with
(36%), followed by IPD (27%) and TVD (13%). On the opposite side, 5S (10%), VSM (8%)
and JIT (7%) are the tools with less impact on the 12 PMKAs.

In addition, Table 3 also shows that the use of the LCTTs analysis improves most of
the PM KAs. Owing to the importance of this finding, a deeper analysis has been
developed for each LC tool considering that 100% are the sum of all PMKAs, each LC tool
has been analyzed with special attention to those PMKAs with the highest impact:

Last Planner System®

LPS was developed by Glenn Ballard and Greg Howell ( Ballard, 2000) with the
intention of having greater production control through a collaborative review of
schedule management. This tool is focused on improving workflow by identifying
restrictions (Ballard, 1999).

Table 3 shows that 36% of the total papers mention that LPS® improve some
PMKAS. The results of this study demonstrates that the highest impact (14.8%) of LPS®
corresponds to schedule management which was the main purpose when LPS® was
created (Ballard, 2000). Although LPS® is applied during schedule management and its
main benefits come from it, it has an important impact on the rest of the management
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areas. For instance, 10% of the benefits of implementing LPS® are associated with the
scope because LPS® clarifies what should be done and the Work Breakdown Structure
(WBS) is reviewed every week. Twelve percent also affect resources because, during the
pull planning session, the means needs are clarified by asking the owner of each task
about how much time, cost, and resources are necessary. As a result of these meetings
face to face, the main project stakeholders work closer to improving communication
management (11%). Also, the schedule is an essential tool for communicating with other
stakeholders.

Integrated Project Delivery

IPD is a project delivery approach based on the collaboration between the main
stakeholders aimed to improve efficiency through the project life cycle, especially
during the phases of design and construction (AlA., 2007).

Considering the results of this research (Table 3), the PMKAs with the highest
benefit from using IPD is the stakeholder management (13%), thanks to the
collaboration previously mentioned throughout the phases of the project. The
traditional construction projects are usually carried out by a huge quantity of different
people, for a short period and with opposite interests. As a result, a lot of problems
appear during the project provoking delays, risks, and cost overruns, among others
(Porras Diaz et al., 2014).

This collaboration is formalized normally by an IPD contract that involves the main
parts (developer, architect/engineers, and main contractor). The main purpose of this
contract is to centralize the objectives of the project by sharing risks and benefits. That
is why, 12% of the benefits belong to cost management, 11% to risk management, and
11% to procurement management.

Value Stream Mapping

VSM is a graphical technique that allows us to identify the activities that do not
add value to the process and then carry out some solutions to eliminate them.

Some papers (Alvarez-Perez et al., 2018; Gunduz et al., 2019; Karningsih et al.,
2018; Lledé et al., 2018; Parfenova et al., 2020; Sarhan et al., 2017; Seth, 2017) have
studied the contribution of VSM in construction projects and have achieved a reduction
of waste and cost in the process flow.

Our results show that the main primacy of using VSM belongs to scope
management (21%). This tool helps Lean practitioners to focus on the activities that
really add value to the customer, and remove those which are just waste. This action
provokes to have an optimized scope and therefore reduces cost and increases quality.
In fact, 12% of the total improvements rely on cost management and 16% on quality
management.

Target Value Design

TVD is a management technique that helps maximize value during the project life
cycle (Zimina et al.,2012). Traditional construction projects normally develop the
design first and then estimate the cost of that project (Alvarez-Perez et al., 2018;
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Ballard , 2012). In TVD the first consideration is the cost that the client foresees and
then the design is adapted to that restriction (De Melo et al.,2016; Do et al., 2014).

In our research, around 14% of the advantages of implementing TVD belong to cost
management because the TVD helps to control cost overruns and 12% corresponds to
scope management since the WBS is more realistic.

Just in time

JIT is a tool commonly used in construction for eliminating waste by receiving
goods only when it is necessary and just the quantity required for that moment
(Malyavin, 2014; Purushothaman et al., 2020). For those reasons, there is usually less
scope to be developed and then the cost and schedule are reduced. In addition that
provokes an optimization of the resources with better quality results. Figure 5 in
appendix shows that those PMKAs represent around 70% of the improvement.

5S

The construction industry makes frequent use of this tool on-site in cases where it
helps to set in order and clean the work area (Prashant et al., 2017; Randhawa et al.,
2017). Although 5S is part of the quality management and represents in our research the
17% of the improvements, there are other PMKAs such as Resource and Health and
safety Management which signify 34% of the benefits of using this tool. The site is a
safer place If most of the materials and means are ordered and the site is cleaned
regularly.

6.5% 25% 5.5%

10,7%
8,7% 14 15 4

13

°™ 1 pMBOK 6 1S%
11 KA

7,8%

10 11,5%

7,8% 9 8

10,4% 10,4%

Figure 4. PMBOK® KA percentage based on Table 3.

Finally, it is worth mentioning the most affected KA of the PMBOK by the LC tools.
Figure 4 shows a small part of Table 3 which is worth detailing. Figure 4 also represents
through percentages, the relationship between the LC tools and techniques analyzed
through the PM KAs of the PMBOK® Construction Guide. According to priority, the cost
and the schedule management (11.5% each) are the PMKA with the highest improvement
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of all the LC tools and techniques studied. Then, the scope management (10.7%), the
quality management (10.4%), the stakeholder management (10.4%), the resource
management (7.8%), the risk management (7.8%), the procurement management (6.7%),
the Health & Safety management (6.5%), the integration management (5.5%) and finally
the financial management (2.5%).

The main finding is that the LCTTs studied in this research provide the highest
benefits in terms of cost, schedule, scope and quality management (44,1%). These
essentially take the main part in the famous Iron Triangle, traditionally considered the
core of PM (Bannerman, 2008; Davis, 2014; M. G et al., 2018; Nara et al., 2015).

Conclusion

In the introduction to this study, the relationship between LC and PM to deal with
the complexity of construction projects has been described. Prior to this study, the
benefits of each have mostly been analyzed from a qualitative point of view.

To our knowledge, this is the first research that presents a theoretical framework
for identifying how much some LCTTs could quantitatively enhance PM performance.
From our perspective it is relevant to understand the interaction between LCTTs and
the PMKAs in construction projects for the following reasons:

1. There is a lack of quantitative analysis about the benefit of using LCTTs
because previously, most of the studies have been qualitative. Based on this,
we could understand the real impact based on data and not only in a
conceptual way.

2. There is a lack of understanding about how the LCTTs affect the PMKAs, which
in turn affect how construction projects could be managed.

Based on this investigation and the analysis developed, was found that the six
LCTTs studied, improve a certain level of the twelve construction PM areas.
Additionally, it has been demonstrated that the individual Lean tools and techniques
were not only affecting specific PM areas but several. For instance, although LPS® is
applied during schedule management and its main benefits come from this, it has an
important positive impact on the rest of the PMKAs, especially in the scope, resource
and communication management. As a result, this study shows that several PM areas
could also be improved at the same time, even when only onelean tool is implemented.

Regarding the PM areas, the most impacted ones by the LC tools studied, are cost,
schedule, scope and quality (44.1%) which traditionally have been called the iron
triangle which is essentially the core of PM and key to project success.

For all of that, this research reinforces the idea already mentioned by the PMBOK®
Agile guide (PMBOK Agile, 2017) and some experts (Alarcén et al., 20; Lalmi et al.,
2021; Owen et al., 2004; Stracusser, 2015) who have recently recommended the use of
a hybrid approach based on a predictive PM approach with some Lean techniques, for
better construction project management performance. Using this, project managers
and lean practitioners could be able to select which lean tools they could use depending
on the PMKAs that they would like to improve.
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Further investigation into the benefits of some other LC tools and techniques that
could potentially make a positive impact on PM performance will help to deepen, and
improve the way that construction projects are currently managed.
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Appendix

Extension of Table 2. Relationship between the LCTTs with the PMKAs of the
PMBOK® Construction Guide.
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Figure 5. PMKAs percentage of improvement for each LC tool based on table 3.
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