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Preface

The Spanish Association of Project Management and Engineering is pleased to
issue this volume. It compiles a selection of the best papers presented at the 18th
International Congress on Project Management and Engineering held in Alcafiiz
(Teruel). They are a good sample of the state of the art in the fields of project
management and project engineering.

After having organized an annual Congress—first at the national and then at the
international level—with an array of universities over the last 18 years, by the end
of 2008, the AEIPRO Directive Board decided to introduce a two-step procedure to
evaluate the papers presented. First, the Scientific Committee assess all the papers
presented to select the approved ones to the Congress. After the conclusion and
taking into account the chairman reports of the session, a second assessment is
performed by a reduced Scientific Committee. We hope that the fruit of this pro-
cess, this volume, contributes to the improvement of project engineering research
and enhance the transfer of results to the job of project engineers and project
managers.

The Spanish Association of Project Management and Engineering (Asociacion
Espaiiola de Direccion e Ingenieria de Proyectos—AFEIPRO) is a nonprofit orga-
nization founded in 1992. It is an entity for the professionalization of project
management and engineering with the following goals: to facilitate the association
of scientists and professionals within the project management and engineering
areas; to serve as a tool for improving communication and cooperation among these
professionals; to improve experts’ knowledge in the different fields of project
management and engineering; to promote the best professional practices in these
fields; to identify and define the needs that may arise in the everyday development
of these activities; and finally, to adopt positions in order to orientate society when
faced with differences in the fields of action. At present, it is the Spanish
Association Member of International Project Management Association (IPMA), an
international association that brings together more than 48,000 project management
professionals and researchers from 59 countries.



vi Preface

The papers presented in this book, address methods, techniques, studies and
applications to project management and all the project engineering areas. The
contributions have been arranged in seven chapters:

Project Management

Civil engineering, urban planning, building and architecture
Product and Process Engineering and Industrial Design
Environmental engineering and natural resource management
Energy efficiency and renewable energy

Rural development and development co-operation projects
Training in project engineering

We want acknowledge our gratitude to all the contributors and reviewers.

Valencia, Spain José Luis Ayuso Mufoz
October 2015 José Luis Yagiie Blanco
Salvador F. Capuz-Rizo
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Part 1
Project Management



Critical Success Factors For Construction
Projects

Behzad Esmaeili, Eugenio Pellicer and Keith Robert Molenaar

Abstract The literature demonstrates a lack of consensus and consistency to
identify critical success factors (CSFs) for different construction operations.
Therefore, the objectives of the study are to: (1) identify and categorize CSFs from
literature; (2) examine the limitations of the current practices; and (3) recommend
future studies. CSFs from the existing literature were categorized according to their
emphasis on project outcomes, delivery methods, project types, and partnering
processes. Upper management support, commitment, constructability reviews,
teamwork, communication, and building trusts emerged as they shared key ele-
ments of success in most construction activities. Previous studies’ major limitation
lays in the emphasis on experts’ subjective prioritization of CSFs and the limited
number of empirical studies. The results of the study also demonstrate that there is a
great potential for investigating CSFs for emerging delivery methods, and for
exploring the causality relationships between CSFs and project success.

Keywords Success factors - Project delivery methods - Partnering

1 Introduction

Critical success factors (CSFs) in the context of project management were first
defined by Rockart (1982) as the limited number of factors that should be satisfied
to ensure successful completion of a project. Since then, a considerable amount of
research has been focused on exploring CSFs for construction projects (e.g. Belassi
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and Tukel 1996; Li et al. 2005). These studies gained attention, because identifying
CSFs helps practitioners allocate their limited resources to a manageable number of
factors that contribute to project success. Although researchers often develop
metrics for CSFs—such as mutual trust, effective communication, and adequacy of
resource-, there is lack of consensus among researchers regarding the most critical
factors, and there is little consistency in their definition and use of language.

Therefore, exploring the evolution pattern of CSFs in the construction literature
and predicting the future trajectories would be rewarding. To answer this knowl-
edge gap, the current literature study was conducted to: (1) identify and categorize
CSFs according to different project outcomes, delivery methods, project types, and
partnering processes; (2) examine the limitations of the current practices; and
(3) provide suggestions for future potential studies. To achieve these objectives, a
large number of research papers were reviewed; their salient results are summarized
in the following sections. The results of the study are the first step towards
developing universal CSFs for construction projects to help practitioners create high
performance teams.

2 CSF for Different Project Outcomes

Each project team member might pursue different or even contradictory objectives
in a project. For example, a contractor may consider construction speed and
profitability as the most important measures of success, while an owner may
emphasize on-budget completion or quality of construction. These conflicting views
of success can result in poor overall project performance if expectations are not
communicated. In response to these divergent priorities, most of the previous lit-
erature identified CSFs for shared objectives among different team members; these
factors included cost, time, and quality.

In one of the early studies, Jaselskis and Ashley (1991) investigated different key
success factors that assist project managers to allocate their limited resources in
such a way as to achieve a high level of construction performance. After analyzing
data from 75 construction projects, they found that the following factors improve
the likelihood of achieving outstanding project performance: reducing team turn-
over, providing a constructability program for contractor organization, and
increasing number of construction control meetings for the contractor organization.
Furthermore, they found that the success factors affected project outcomes differ-
ently. For instance, “reducing team turnover” had more impact on improving
budget performance than emphasizing schedule or overall project performance.

In another study, Chua et al. (1999) identified CSFs for different project objec-
tives, including budget, schedule, and quality. They identified sixty-seven factors
and grouped them into four main categories: project characteristics, contractual
agreements, project participants, and interactive processes. Chua et al. (1999) then
distributed a survey questionnaire among experienced practitioners to make pairwise
comparisons and determine the relative importance of the various CSFs. They found
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that regardless of project objective, adequacy of plans, specifications, and con-
structability are the most important factors characterizing successful projects.

In one of the empirical studies, Cooke-Davies (2002) conducted a detailed
analysis on 136 projects executed between 1994 and 2000 and identified 12 factors
that were critical to project success. They found that although in some cases
schedule delay and cost escalation correlated in an individual project, only a small
amount of the cost escalation was accounted for by schedule delay. Their results
indicated that the following practices correlate with on-time performance: adequacy
of company-wide education on the concepts of risk management; maturity of an
organization’s processes for assigning ownership of risks; adequacy with which a
visible risk registers is maintained; adequacy of an up-to-date risk management
plan; adequacy of documentation regarding organizational responsibilities on the
project; and keeping the project (or project stage duration) less than 3 years, with
benefits evident among projects closer to 1 year in length. On the other hand, the
following practices correlate with on-cost performance: only allowing changes to
scope through an established scope-change control process; and maintaining the
integrity of the performance measurement baseline. In addition to the above
mentioned factors that contributed to project management success, the existence of
an effective benefits delivery and management process involving the mutual
co-operation of project management and line management functions were critical
for overall project success.

3 CSFs for Different Project Delivery Methods

Project delivery systems determine the sequencing of design, procurement, and
construction, and define the roles and responsibilities of the parties involved in a
project. Common delivery methods include design-bid-build (DBB), construction
management at risk (CMR), design-build (DB). However, some governments’
financial constraints paved the way for innovative methods of development and the
financing of public facilities and services via the private sector. Two prominent
examples of such methods that have been adopted extensively across the globe are
build-operate-transfer (BOT), and public-private-partnership (PPP). A summary of
CSFs for different project delivery methods is provided below.

3.1 Common Delivery Methods (DBB, CMR, and DB)

DBB is the traditional project delivery method in the US characterized by two
separate contracts for design and construction (Bearup et al. 2007). In this method,
the owner hires a designer to provide complete design documents and then selects a
contractor based upon a fixed price bid to build the project according to the
completed drawings (Touran et al. 2009). One of the disadvantages of this delivery



6 B. Esmaeili et al.

method is that the owner has to contract two different entities, and the construction
cannot be started until the design is complete. To overcome this limitation, CMR
evolved from the traditional project delivery system as a method to obtain signif-
icant constructability input during the design phase of the project by overlapping
the design and construction phases (Bearup et al. 2007). While the CMR approach
provides some benefits for overlapping design and construction, the owner still has
to manage two separate contracts. To address this limitation, DB delivery system
was introduced to help the owner contract a single entity. In fact, any delivery
method in which one party is held responsible for the design and construction
services is called DB (Songer 1992).

Due to its numerous advantages, DB became a popular delivery method in the
past decades, with several studies conducted to facilitate successful completion of
these projects. For example, Chan et al. (2001) investigated public sector DB
projects to identify a set of project success factors and to determine their relative
importance. They analyzed survey responses from 53 participants using multiple
statistical techniques, such as factor analysis, stepwise multiple regression, two
independent sample t-test, and bivariate correlation. Six project success factors were
extracted, including project team commitment, contractors’ competencies, risk and
reliability assessment, client’s competencies, end-users’ needs, and constraints
imposed by end-users. They found that project team commitment, and contractor’s
and client’s competencies are the most influential factors for project success. The
results of the study suggested practitioners focus on team work and partnering to
make a project successful.

In another study, Ling et al. (2004) collected empirical data from 87 DBB and DB
projects to search for explanatory variables that significantly affect project perfor-
mance. They catalogued 59 potential factors affecting project performance (e.g. cost
growth) and conducted multivariate data analysis to investigate their underlying
relationship. It was found that construction speed of DBB projects is determined by
gross floor area and the adequacy of contractor’s plant and equipment; however, for
DB projects, the extent to which contract period is allowed to vary during bid eval-
uation is more crucial. In a similar study, Lam et al. (2008) investigated determinants
of successful DB projects to set abenchmark for comparing project performance. They
developed a project success index and distributed a questionnaire among DB partic-
ipants in the Hong Kong construction industry to investigate the casual relationship
between the project success index and the key project performance indicators of time,
cost, quality, and functionality. Then, factor analysis and multiple regressions were
used to analyze Point and followed; they found that the project’s nature, the effective
project management action, and the adoption of innovative management approaches
are the most critical success factors for DB projects. It is important to note that the
nature of the project is determined by the extent of contractor’s input, attractiveness of
the project, and the complexity of the project. On the other hand, project management
actions can be described by up-front planning efforts, effectiveness of communication,
control and management systems, and organizational structure. Furthermore, it was
suggested that adopting innovative management approaches—such as value man-
agement and partnering- can increase the chance of success in a DB project.
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3.2 Build-Operate-Transfer (BOT)

In a BOT contract, the private sector is financing the project and furnishing design
and construction. More importantly, after completion of a project, the private sector
manages and operates the facility for a specified concession period and then
transfers the asset to the host government. While, the BOT model of project
development provided tremendous opportunities for both governments and con-
tractors, winning a BOT contract is not easy and the negotiation process is complex,
time-consuming, and expensive business (Tiong 1996). Therefore, several studies
were conducted to shed light on the road to winning a BOT contract. For example,
Tiong et al. (1992) conducted an in-depth analysis of nine major BOT projects and
interviewed their entrepreneurs, project sponsors, and government officials. They
identified six CSFs in winning BOT contracts: entrepreneurship and leadership,
right project identification, strength of the consortium, technical solution advantage,
financial package differentiation; and differentiation in guarantees. In a follow up
study, Tiong (1996) quantified the relative importance of different factors and found
that the strength of consortium and financial package differentiation are the most
important factors in winning a BOT tender.

3.3 Public-Private-Partnership (PPP)

PPP, or P3, is defined as a contractual agreement between the public agency and a
private entity that enables the private sector to finance and deliver public projects
(Ke et al. 2009). Some of the perceived benefits of PPP projects for the public sector
are: enhanced government capacity; innovation in delivering project services;
reduction in time and cost of project delivery; and transferring the majority of the
risk to a private party to secure taxpayers’ value (Li et al. 2005). Based on the
allocation of resources, risks, and rewards, different types of PPP projects have
emerged (Li et al. 2005). As PPP projects are characterized by a broad range of
risks, uncertainties, and the involvement of multiple participants, it is important to
develop an efficient procurement protocol to improve practices in these projects
(Zhang 2005).

In one of the prominent studies, Li et al. (2005), identified 18 CSFs for PPPs and
evaluated their relative significance in the United Kingdom. By obtaining the
ranking of perceived importance of different CSFs, the following factors emerged
as being the most important considerations: (1) a strong private consortium;
(2) appropriate risk allocation; and (3) the available financial market. They also
conducted factor analysis and grouped CSFs into effective procurement, project
implementability, government guarantee, and favorable economic conditions.
Likewise, Zhang (2005) identified 47 critical success factors for PPPs and cate-
gorized them into five groups: a favorable investment environment, economic
viability, reliable concessionaire consortium with strong technical strength, sound
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Table 1 Summary of CSFs for different project delivery methods

Categories Critical success factors

Common delivery Ling et al. (2004) » Adequacy of contractor’s plant and
methods (DBB, DB and equipment

CMR) Chan et al. (2001) * Project team commitment

 Contractor’s competencies

* Risk and reliability assessment

« Client’s competencies

¢ End-users’ needs

« Constraints imposed by end-users

Ling et al. (2004) » The extent to which contract period is
allowed to vary during bid evaluation

Lam et al. (2008) * Project nature
« Effective project management action

* Adoption of innovative management

approaches
Build-operate-transfer Tiong et al. (1992), | * Entrepreneurship and leadership
(BOT) and Tiong (1996) « Right project identification

« Strength of the consortium

* Technical solution advantage

« Financial package differentiation

« Differentiation in guarantees

Public-private-partnership Li et al. (2005) * A strong private consortium

(PPP) + Appropriate risk allocation

 Available financial market

Zhang (2005) « Favorable investment environment

» Economic viability

 Reliable concessionaire consortium
with strong technical strength

* Sound financial package

« Appropriate risk allocation via
contractual arrangements

financial packages, and appropriate risk allocation via reliable contractual
arrangements. He also measured the relative significance of sub factors by dis-
tributing a worldwide questionnaire survey. A summary of CSFs different project
delivery methods is shown in Table 1.

While the growing market of construction projects in China absorbed a large
number of international firms, there was no robust method for predicting the out-
come of these projects. To address this gap in knowledge, Ling et al. (2008)
conducted a study to predict project success in China based upon the project
management practices implemented by the company. They obtained data from 33
projects to identify different project management (PM) practices as explanatory
variables of each project’s performance. They also used multiple linear regressions
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to develop five models to predict the probability of project success. The results
indicated that a firm’s response to perceived change orders is the most important
PM practice. In addition, they found that the overall project performance was
largely affected by upstream activities, such as managing project scope. The main
contribution of the model is to help project personnel to predict project success
potential based upon the project management practices used. Lu et al. (2008) used a
similar approach to identify CSFs for competitiveness of contractors in China. The
relative importance of factors was also obtained thorough survey and questionnaire.
The top three factors proved to be a bidding strategy, an explicit competitive
strategy, and relationships with government departments.

4 CSFs for Partnering Process

A construction project typically requires collaboration between multiple parties
with diverse organizational objectives and culture. It is proven that a clash of values
and the existence of complex relationships between team members have an impact
on project performance (Anvuur and Kumaraswamy 2007). For example, little
cooperation, lack of trust, and inefficient communication can cause adversarial
relationships between parties and lead to project delays, difficulty in resolving
claims, cost overruns, litigation, and a win-lose climate (Moore et al. 1992). One of
the widely practiced management strategies intended to improve interorganizational
relations is partnering.

Partnering is defined as a cooperative strategy that aims to bridge organizational
boundaries and create an environment in which team members can openly interact
and perform (Crowley and Karim 1995). The fundamental principles of partnering
are commitment, trust, respect, communication, employee involvement, and
equality (Construction Industry Institute [CII] 1991; Cowan et al. 1992; Sanders
and Moore 1992; Uher 1999). Indeed, the partnering process is designed to
transform the traditional and adversarial approach into a highly communicative
network of construction parties (Cheng and Li 2002). It provides several benefits to
project and team members, such as an effective framework for conflict resolution,
improved communications, reduced litigation, lower risk of cost overruns and
delays, and increased opportunities for innovation (Abudayyeh 1994; Harback et al.
1994; De Vilbiss and Leonard 2000; Black et al. 2000). Partnering makes all of
these benefits possible by re-orientating project participants toward a “win-win”
approach and by fostering a teamwork environment.

Several studies examined the best way of implementing partnering. For example,
Cheng et al. (2000) developed a framework to identify CSFs that contribute to the
successful use of partnering in projects. The authors claimed that to have an
effective partnering, there should be specific management skills and contextual
characteristics. While management skills are necessary to initiate, form, and facil-
itate interorganizational relationships, one should prepare a favorable context before
starting the partnering process. After reviewing literature, effective communication
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and conflict resolution were considered as the critical management skills, and
adequate resources, management support, mutual trust, long term commitment,
coordination, and creativity were classified as critical contextual factors. The
authors also suggested a list of measures to monitor and control partnering per-
formance by targeting both short- and long-term objectives. Short-term objectives
—such as cost variation and the rejection of work—were mainly related to an
individual project while long-term goals were concerned with the perceived satis-
faction of partners’ expectations.

Black et al. (2000) analyzed several companies with and without partnering
experience to investigate the importance of CSFs toward partnering success. They
obtained the opinion of clients, consultants, and contractors in the UK regarding the
success factors and benefits of partnering. They found that the following require-
ments should be met to implement partnering successfully: trust, communication,
commitment, a clear understanding of roles, and a consistent and flexible attitude.
The results also indicated that clients and contractors are more supportive towards
the partnering process than consultants.

Cheng and Li (2002) took a different approach by identifying CSFs for different
stages of partnering: formation, application, and reactivation. The factors were
prioritized using an analytical hierarchy process. The results indicated that some of
the CSFs influence the whole partnering process, while there are some CSFs for
individual process stages. The common CSFs for whole partnering process are top
management support, open communication, effective coordination, and mutual
trust; CSFs at the stage of partnering formation are team building, facilitator, and
partnering agreement; CSFs of partnering application are joint problem solving,
adequate resources, and partnering goals’ achievement. Finally, partnering expe-
rience, continuous improvement, learning climate, and long-term commitment are
important in the partnering reactivation phase. The study is creative in developing a
customized CSFs model; however, due to the low number of responses (9 filled-in
questionnaires), it should be considered as an exploratory study.

One of the issues that can affect the partnering process is cultural differences
(Cheng and Li 2002). Therefore, as adopting partnering becomes a common
practice across the world, researchers attempt to identify partnering CSFs based
upon local characteristics for a specific country. For example, to understand the
ingredients of successful partnering in the Hong Kong construction industry, Chan
et al. (2004) identified critical success factors for partnering projects by obtaining
the opinions of various parties, such as clients, contractors and consultants. They
used factor analysis and multiple regressions to investigate the relationship between
the perception of partnering success and a set of success factors. The results showed
the following requirements are necessary for successful partnering: the establish-
ment and communication of a conflict resolution strategy, a willingness to share
resources among project participants, a clear definition of responsibilities, a com-
mitment to a win-win attitude, and regular monitoring of partnering process.
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Table 2 Summary of CSFs for partnering process
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Studies Critical success factors
Cheng et al. Management Contextual factors
(2000) skills
« Effective « Adequate resources
communication * Management support
* Conflict * Mutual trust
resolution » Long term commitment
* Coordination
* Creativity
Black et al. * Trust
(2000) * Communication
» Commitment, a clear understanding of roles
* Consistency and flexible attitude
Cheng and Li Formation Application Reactivation
(2002) * Top * Top management support * Top
management * Mutual trust management
support * Open communication ® support
* Mutual trust Effective coordination * Mutual trust
* Open « Joint problem solving * Open
communication * Partnering goals’ achievement | communication
« Effective « Adequate resources * Effective
coordination * Creativity coordination
* Facilitator * Workshops * Long-term
* Team building commitment
* Partnering » Continuous
agreement improvement
* Learning
climate
* Partnering
experience
* Joint problem
solving
* Adequate
resources
» Workshops
Chan et al. * Establishment and communication of a conflict resolution strategy
(2004) » A willingness to share resources among project participants

* A clear definition of responsibilities
* A commitment to a win-win attitude
» Regular monitoring of partnering process

A summary of CSFs for the partnering process is provided in Table 2. It should
be noted that only papers that focused on critical factors contributing to successful
implementation of partnering were reviewed. There are several studies that exam-
ined the impact of partnering on projects success (e.g. Larson 1995) that are out of
scope of this study.
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5 Conclusions

Success in a construction project is repeatable, and there is a great value in
developing a protocol to improve practices in construction activities. The identifi-
cation of CSFs can furnish project participants with an indicator to achieve success
in delivering a project or implementing a process. Moreover, CSFs can provide
participants with a focus of what they should be aware of in order to ensure the
success of a project. Such an improved understanding can be exploited by project
managers to select efficient strategies to alleviate the root causes of poor
performance.

To shed light on current practices, this study conducted a comprehensive
investigation of literature on CSFs. The results of this study contribute to the
practice by providing a list of CSFs for various construction operations, and aca-
demia can benefit from identifying the potential topics for future studies. It was
found that upper management support, commitment, constructability reviews,
teamwork, communication, and building trust are the key elements of success in
most construction projects. While the contribution of previous studies in the area of
CSFs is significant, there are several limitations related to these studies. First, most
of the previous studies rely on obtaining ratings from experts; providing empirical
evidence based upon completed projects is rare. Since experts’ judgment is sub-
jected to various cognitive biases, the results can be misleading (Tversky and
Kahneman 1974). Second, most of CSFs identified in previous literature (e.g. trust)
are subjective, and it is very difficult to measure them during a real construction
operation.

There are several research topics related to CSFs that can be further investigated.
For example, new project delivery systems, such as integrated project delivery
(IPD), are gaining traction in recent years, and determining CSFs for them is
rewarding. Kent and Becerik-Gerber (2010) described the common principals of
IPD, including a multiparty agreement, shared risk and rewards, and early
involvement of all parties. Establishing these principles is not an easy task, and
finding a concise number of factors that should be given special and continued
attention to increase the chances of a successful outcome is important. Furthermore,
one may explore the casual relationships between CSFs and project success based
upon empirical evidence.
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Implementation and Evolution
of the Critical Chain Method:
A Case Study

U. Apaolaza and A. Lizarralde

Abstract The Critical Chain Project Management (CCPM) method has been
implemented in a wide variety of industries, activities and countries. This article is
based on the implementation of this method in two different units of the same
company which designs, develops and produces high-tech parts. Even if it is based
on the implementation process and its results, the scope exceeds this context. The
analysis is made with a time perspective, considering not only the implementation
but also the evolution following its completion. As a result, two different sides can
be highlighted: the first one concerns the outcomes achieved in each case as a
consequence of the implementation of the method, and the second one is related to
the key aspects identified in the implementation processes—in particular the suc-
cess factors. The comparative analysis regarding the results achieved in both cases,
in a time period that goes beyond the implementation timeframe, is of special
interest. The findings of this work lead to some new aspects concerning the method,
which require further research.
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1 Introduction

Project Management (PM) is a discipline whose origin dates back to the mid-20th
century (Archibald 1987), appearing to have reached maturity (Bredillet 2010). Its
growth and development were particularly steep during the second half of the last
century, as a result of the growing interest in projects and their management
(Kloppenborg and Opfer 2002). Indeed, many authors agree with this idea due to
reasons such as the fact that projects are the means by which strategies are performed
(Marucheck et al. 1990), new products are developed and launched (Cook 1998), or
the innovation strategy of a company is implemented and developed (Tatikonda and
Rosenthal 2000). Furthermore, due to the progressive “projectification” of work, the
use of projects seems to continuously grow in the future (Stoneburner 1999;
Kloppenborg and Opfer 2002), confirming the relevance of PM at present.

Considering the above, together with the increasing trend towards both, the use
of PM approaches and the need to address real world problems, several perspectives
and patterns have arisen in recent years (Goldratt 1997; Beck et al. 2001), acquiring
great relevance (Pinto 2002). The underlying idea here is that PM can be a com-
petitive advantage for companies if it is properly implemented. This way, they
could increase their chances of survival, or even reach a better competitive position.

This paper is practice-based research about the implementation of one of these
methods, Critical Chain, in a company that having tried different approaches
unsuccessfully, decided to implement it to solve the problems related to the man-
agement of projects and resources in two R+D+i units. In particular, it covers the
results and findings achieved during a three-year period that followed the imple-
mentation process carried out in both units.

1.1 Background of the Company

The company analyzed in this enquiry develops and manufactures capital goods for
machine automation and control. The 560 people workforce of the company is
organized into two units, each one being responsible for one product line. They
export more than 80 % of their production globally, and in recent years they have
diversified their activity towards other sectors. But despite this international
expansion effort, this company is much smaller than those leading this industry.

In this context PM performance is a key factor in achieving a competitive
advantage or simply surviving, and a proper use of their capacity (resources)
becomes essential. Additionally, since the market is evolving continuously they are
forced to constantly upgrade their products and to broaden their catalogue by
developing new products in order to remain competitive. These features lead to
frequent changes and new needs such as technological developments and new
trends, thereby causing the portfolio to be very dynamic, and requiring fast
responses.
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There were some attempts in the past so as to get an approach capable of dealing
with this issue, but all of them were unsuccessful. Consequently, there was a lack of
information from a managerial perspective, creating difficulties in managing the
system properly. In addition, some kind of rejection against new improvement
attempts turned up among the workers, as a consequence of the time and efforts
wasted before. As a first step a profound reengineering of the new product devel-
opment process was carried out, defining the framework for projects. Then, it
became obvious again that it was necessary to manage projects efficiently. Taking
all this into account, the company decided to try the Critical Chain method.

1.2 The Critical Chain Project Management Approach

CCPM is a method for managing projects developed by Goldratt (1997), founded
on the principles of his Theory of Constraints—TOC (Goldratt 1992). Since it was
published, it has continuously evolved on the basis of an intensive usage by
practitioners in real-world environments, leading to a large number of publications
including implementation methodologies and success stories, among others (Leach
2005; Srinivasan et al. 2007; Gupta 2010). The main features of this CCPM can be
summarized as follows: firstly, it assumes that uncertainty exists and that it cannot
be avoided, even if it can be managed. Secondly, the method takes into account the
impact of human behavior on projects. Finally, it addresses both single-project and
multi-project management.

According to Execution Management approach, “the key to good execution is
not detailed planning and control, but coordination of execution priorities across
the organization” (Gupta 2010). This implies implementing “Three Rules”, the
Execution Management System and the Active Role of Senior Management, as
briefly described below.

Implementation of the Three Rules:

The Threes Rules are Buffering, Pipelining and Buffer Management. Buffering
consists of creating project plans according to CCPM, so as to dampen deviations
and prevent project delays by using buffers. The aim of Pipelining is to stagger the
projects taking into account resource availabilities, deadlines and global priorities.
Finally, through Buffer Management the system looks for a better performance in
the operative level by following task priorities and preventing the waste buffers.

Execution Management System:
It means synchronizing the whole system consistently with the three rules. Key
aspects:

e Operational Goals and Measurements: aggressive operational goals (schedules)
and measurements so as to promote execution according to synchronized pri-
orities and early warning signals.



18 U. Apaolaza and A. Lizarralde

e Management Policies and Processes: needed to, respectively, enforce the new
rules of Critical Chain and translate these rules into understandable decisions
and actions.

e Execution Oriented Project Schedules: suitable for execution and control
according to CCPM.

e PM Information System: the means to integrate roles, information and
decisions/actions. The software used in this case was Concerto.

Active Role of Senior Management:

The direct involvement of top management is a key success factor. As the imple-
mentation of CCPM implies a profound change, the supervision and engagement is
essential, especially until the method has been interiorized by staff. In addition, only
top management can proactively identify and eliminate policy obstacles. Therefore,
they must be involved in the implementation.

2 Aim, Methodology and Structure of the Research

In spite of the maturity reached by PM, as stated in the introduction, some authors
claim that PM research is still in its early stages (Sauser et al. 2009), and it calls for
a different approach to the one provided by the traditional PM research (Ivory and
Alderman 2005; Cicmil 2006). Investigation going beyond existing PM models and
more focused on the practice is considered very important in order to achieve a
deeper understanding of PM (Blomquist et al. 2010). Additionally, O’Neal et al.
(2006) revealed that there is a gap between the professional (dominant) and the
academic worlds, as most of the PM articles have been published in practitioners’
journals.

Under these circumstances, real-time case studies and project organization
studies are of particular interest. In this case the focus is not on the implementation
and its results, but on the post-implementation period and the comparison between
two similar organizations (units). Considering the above, the aim of this research
is to:

1. Expound a real-world experience.

2. Draw valuable findings and conclusions for their use in practice.

3. Contribute to bridging the gap between the academic world and the practi-
tioners’ reality.

As stated earlier, the starting point for this research was given by the situation
once the implementation project was completed, and this study is limited to the
R+D+i units of the company, involving 115 people.

Figure 1 summarizes the process followed while carrying out the study. The
methodology used is based on case study research (Gummesson 2000; Yin 2009)
and combines different approaches: starting from the initial results of the imple-
mentation, the research addresses the evolution of both units during a three-year
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period. This involves observation and analysis of (i) the results achieved, (ii) the
evolution of the method and its performance, and (iii) the behaviour of those
directly involved in the management of projects. Since different kinds of infor-
mation were required for this purpose, diverse sources were used: information from
the implementation process, data provided by the information system and formal
and informal interviews conducted with employees involved in projects. The stages
of the research are detailed in depth in Sect. 1.3.

3 Research: Stages, Results and Performance Assessment

3.1 Assessment of the Starting Point

Both researchers were directly involved as implementers in that process. So, all the
information collected during the project was available for this purpose. This
information included files and records, reports, working-papers, interviews, meeting
minutes, etc., which is the foundation of the stage 1 of this research.

The situation at the beginning of project can be summarized as follows: inex-
istence of a suitable PM methodology and a perceived need for change. It also was
found that CCPM was a completely unknown method to almost everybody in the
company. Thus, the analysis of the system so as to understand its needs and
limitations became even more important, including the features of both projects and
resources (Apaolaza 2009). In this way an initial analysis was performed, and as a
result valuable information regarding the business and the company was gathered.
A summary of the main features of the context are provided below:

e Multi-project environment: different projects performing simultaneously, shar-
ing (and often competing for) common and limited resources.

e Very specialized resources, low polyvalence due to the long time required to get
enough experience, and extreme difficulties to get more resources within a short
period of time when additional capacity is required.
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Fig. 2 Examples of results achieved during the implementation. Left Progress of the project
during the pilot test. Right Project portfolio in Unit 2

e Uncertainty: by its very nature, uncertainty is inherent to these projects, thereby
making their management more difficult (Shenhar and Dvir 1996).

The implementation plan was constructed and accepted by all the parties
involved, completing the buy-in. The plan was made up of three main stages: a pilot
test to be run in Unit 1 involving one project, the implementation in Unit 1 (con-
ditioned to the results obtained in the pilot test), and the implementation in Unit 2.

The pilot test was carried out through a representative project, over a
three-month period. Figure 2 (left) depicts the evolution of the project, completed
on time as a consequence of the decisions made based on the visibility and
information provided by the method. This brought with it the release of the second
stage, involving the whole Unit 1.

The implementation of the method in Unit 1 lasted 4 months, requiring a cus-
tomization and adapting the generic rules to that specific context. It resulted in the
development of a suitable management model that included workload (projects),
capacity (resources) and roles and responsibilities. Additionally, the integration of
the model, the planning process and the execution management needed some other
ingredients. Thus, two specific forums were created: the project tracking committee
and the project launching committee. While the project launching committee was
responsible for the management of the project portfolio, the aim of the project
tracking committee was the monitoring and control of the performing projects.

Despite the success of the pilot project, the implementation in Unit 1 did not
progress as expected. Even though an agreement was reached in the first stage,
some reluctance to change arose as a consequence of the time and efforts wasted in
previous attempts. This lack of commitment led to a misalignment between needs
and behaviors, causing the results initially achieved in the pilot test not to be
expanded to other projects.

Finally, the implementation in Unit 2 was performed similarly but started later
than the previous stage and overlapped with it. Surprisingly, the results achieved
were good, even though a pilot test was not carried out there. As shown in Fig. 2
(right), most of the projects progressed well, better than in the past, thereby creating
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the impression that the method was suitable for that environment. Moreover, they
were aware at all times of delays in some projects. As a result, when necessary they
consciously decided which projects would be delayed, when, and for how long.
Nevertheless, further research was needed so as to confirm or discard these findings
and deepen in the causes and key factors that led to such different results.

In view of the very different results obtained an analysis of the whole project was
carried out, covering both units. The report based on this analysis was then pre-
sented to the senior management of the company, including managers from both
units. There was an agreement on the diagnostic, and the recommendations were
very welcomed. In summary, the following was the content of the report:

Unit 2’s success not only did show that the method was applicable to this
context, but it also provided significant advantages. Likewise, there were no sig-
nificant differences between both units to conclude that it could only work in Unit 2.

Daily reporting and task performance according to priorities were keys to suc-
cess. The levels achieved were high in Unit 2 and low in Unit 1, which was a flaw
because of its direct consequences over the PM system: lack of visibility,
misalignment with priorities, low resource and project performance. Instead, this
was considered to be one of the main causes of success of Unit 2.

The engagement of the managers in the project is another fundamental pillar.
Their involvement was high in Unit 2, but the commitment of certain managers in
Unit 1 was insufficient. This fact would probably bring negative implications over
the behavior of the workers, due to the impact of the poor results over the morale of
the staff. As a result, the following was recommended:

1. Correct misaligned behaviors in Unit 1, starting with managers
2. Strengthen the performance of the information system, mainly in Unit 1
3. Expand the method to other parts of the company.

3.2 Evaluation of the Results

In order to get a better understanding of the implementation and use of the method,
the results must be analyzed from different points of view. As both units work in
very similar contexts and conditions, their performance in this period can be
compared. Thus, this section summarizes the main quantitative and qualitative
achievements reached by each unit along this time frame, including a comparison
between these results.

3.2.1 Quantitative Results

The results achieved once the implementation was completed in Unit 2 can be
summarized as follows: more projects completed on time and by time unit, shorter
lead times, and dramatic reduction of terminated or postponed projects. On the



3]
[\

U. Apaolaza and A. Lizarralde

£ &
g
8

Cumulbtive
&
o
on time (%)
-

=4
=}

— u1

Projects completed
projects completed
Project completed

o
o
]

2
Year Year Year

Fig. 3 Comparative results in 3 years

contrary, even if the context was very similar in both units, none of these results
was achieved by Unit 1, achieving only some minor improvements.

e Amount of projects completed in the first year (Fig. 3, left): although it was
expected that Unit 1 would complete more projects than Unit 2 due to the fact
that it was bigger, having implemented the method before, it only completed 4
projects, while Unit 2 finished 13 projects.

e Evolution of performance for the following years (Fig. 3, center): it remained
steady for Unit 2. On the other hand Unit 1 seemed to have improved its
performance hugely in the second year, but it decreased again in the third year,
going below the performance of Unit 2. The vast increase of completed projects
happened in Unit 1 during the second year was due to the concurrence of lots of
delayed that were still performing projects. This fact was proven during the third
year, setting a new decreasing trend that lasted even in the first months of the
fourth year.

e Amount of projects completed on time (Fig. 3, right): according to the criteria
stated by the company, 90 % of the projects were completed on time in Unit 2
while almost no projects were delivered on time in Unit 1. Besides, delays
regarding Unit 2 were of days or weeks at the worst, whereas in Unit 1 they
reached months or even more than one year.

The results achieved by Unit 2 go beyond what Fig. 3 shows. By focusing
resources in those high priority projects and according to the available capacity, the
use of resources is improved, increasing efficiency and preventing resource
assignment to low priority or urgency projects. Additionally, those projects ter-
minated or postponed consume capacity which may have been necessary in other
projects, implying a poor resource usage. The performance according to CCPM led
Unit 2 to finish all the projects launched without any termination or postposition,
thereby improving the productivity also from this perspective. Again, the results in
Unit 1 were worse despite the fact that planning was done similarly in both units.
The awful execution management caused some projects to be abandoned due to the
delay accumulated, performing below its potential.
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3.2.2 Qualitative Results: Overall Improvement of PM

This section gathers the most important results achieved regarding the qualitative
side, due to their impact over the quantitative results. Although the implementation
process was almost the same in both units, the maturity and results reached by them
were very different. This fact led to the conclusion that only Unit 2 had properly
implemented the method. Indeed, they remained very close to execution and were
capable of reacting fast, making decisions aligned with the company’s priorities and
according to the current situation. The key for this was the coherent combination of
visibility, flexibility and alignment at all levels within the organization, as explained
below:

Visibility

Achieved in the early stages of the implementation, it was progressively improved
as the maturity of the company was growing. It gave timely and accessible infor-
mation about the different sides of the project environment, providing the company
with the capacity of identifying deviations when they were happening, analyzing
problems as soon as possible, and making decisions when necessary. It was the
basis for decision making, and this global view was composed of different per-
spectives depending on the aspect to be observed (e.g. tasks, project progress,
portfolio status, etc.). This was supported by the comments of some participants
when asked if the method was helpful for the on-time completion of the pilot
project, such as “It helps to focus” or “It has forced us to react”.

The key here is to be aware that when used properly visibility may be an
advantage. But it must be underlined that even if visibility is a necessary condition
for improvement, it is not sufficient to achieve good results: it allows identifying
deviations early, but taking advantage of this also requires decisions and actions.
Figure 4 shows an example of such an opportunity provided by early warnings.
This was the main difference between Unit 1 and Unit 2: while Unit 2 used visi-
bility to manage projects and resources from a global perspective, Unit 1 only used
visibility to know what the situation of individual projects was. Thus, the quality of
the information was not good enough, causing the visibility provided by the
information system to be inaccurate, leading to late and bad decisions.

Flexibility and Strategy-Projects-Resources Alignment

Visibility was also the base of other improvements. For example, when taking
visibility and priorities into account, decisions regarding resources became easier.
This information enabled the managers to make decisions aligned with the global
priorities, ensuring that resources were always working on the right tasks. In other
words, the system was flexible or capable of adapting fast to the real needs given by
both, global priorities and current conditions.

As projects lasted for months or even years as well as being ever-changing, fast
adaptation to reality was essential. In particular, aspects such as information
accuracy and updating frequency determined the potential of the system to identify
problems and react fast. For instance, portfolio management required information
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Fig. 4 Example of the evolution of one project reacting to make up the delay: the warning
provided by the software (1) led to take actions to get back on track (2). As a result, the project was
delivered on time (3)

related to project and resource status, and analysis and decisions related to this were
normally made on a monthly basis, but it was also necessary whenever a new
project was to be introduced in the system. Instead, single PM had to be closer to
execution. In this context the duration of tasks could be shorter than one week.
Therefore, task management was better made on a daily basis, requiring a daily task
performance report according to CCPM as well. As a result, the use of resources
and the project flow were improved.

Thus, the management of the planning and execution of tasks, projects and
resources, both in the short and the long term became essential to manage the
system consistently. The use of this information allowed planning and launching
projects properly staggered, coherently with the resources available and aligned
with the company’s priorities. This approach was also used when new decisions
were needed, for example due to changes in dates or priorities, or when new
projects had to be introduced. Regarding execution, visibility was even more
important, especially on the day-to-day basis where problems such as unbalanced
resources, delays in programmed tasks’ starting dates or variations in deadlines
arose require fast responses. To this end, it was vital to have timely (daily) and
updated information about the status of projects and tasks so as to allow the
resource managers to keep their resources focused in the right tasks.

Other Results

The implementation led to partial outcomes that, even if they weren’t initially set as
objectives, were a part of the solution and also welcomed as they were progres-
sively achieved. Similarly, some other improvements were reached, despite the fact
that they were not what the company was initially looking for, as the aim was to
manage projects reliably. In fact, while the usual procedure was to launch projects
as they were being sold, launching projects staggered according to the global



Implementation and Evolution of the Critical Chain Method ... 25

priorities and the existing capacity not only led to shorter lead times and better use
of resources, but to a considerable reduction of the work in process (WIP).

The implications of this fact, achieved in Unit 2, were diverse. Firstly, the
management of the system became easier: there were fewer tasks to pay attention
to, thereby enabling crystal-clear visibility and simplifying the decision making
process. Secondly, the staggering of projects caused the project expenses to be
staggered too. As in the new situation projects were launched according to capacity
and priorities, the expenses were incurred later, according to the needs and not just
as soon as possible. Thirdly, the lead time reduction of projects entailed that the
incomes came in sooner, as these incomes are often subject to compliance with
certain conditions and/or deliveries. Finally, considering both the staggering of
expenses and the acceleration of incomes, it is concluded that the cash flow of the
unit was also improved.

3.3 Performance Assessment

The Performance Assessment stage aimed to evaluate the results achieved by the
method from the company’s perspective and, therefore, focusing especially on Unit
2. To this end, several interviews were conducted individually. In particular, the
outcomes of four of these interviews are shown below because they synthetize the
findings. Two of them were structured because the information to collect was
considered deep and technical—held with the Technical Manager of Unit 2 (TM),
responsible for the management of the projects, and the Master Scheduler (MS),
responsible for the global planning and information system in both units—, and the
other 2 interviews were not structured, as it was searched for a more general view—
Business Manager of Unit 2 (BM) and a Technical Developer (TD) from Unit 1—.
The key conclusions drawn are the following:

e (TM) The company knows what the situation is at all times. Therefore, the unit
is managed according to the general priorities and results are better.

e (MS) CCPM works and priorities are clear. The only reason for the different
results between Unit 1 and Unit 2 is the involvement, not the method or the
context.

e (BM) The method works. The results have been improved. Now it is known
what the situation is. The key is the personal involvement.

e (TD) The rationale behind the method makes sense and is suitable for the
context. The underlying idea has probably been forgotten.
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4 Conclusions and Future Research

When applying the method to the performing organization, the main issues were
two: its applicability and its appropriateness. This research, performed in two
similar units of the same company, provides results and conclusions valuable for
diverse purposes, as outlined below. It may be helpful guidance for future imple-
mentations. It also gives a different perspective of the method, addressing not only
its implementation, but its evolution over time too. Finally, some issues that require
further research in order to increase the knowledge regarding the real-world use of
the method are identified.

4.1 Conclusions

It is important to note that CCPM is a holistic method that aims to manage the
projects and resources involved consistent with the particular strategy and the
environment considered. The underlying idea is that when the amount of tasks
performing simultaneously is smaller and priorities are clear, it is likely that the
finished task and completed project rates will be increased. As in the case of Unit 2,
the key for this is to focus on certain aspects stated by the method, such as clear and
stable priorities, suitable WIP levels and reduction of multitasking, among others.
This enabled a global management of the system, resulting in a better global
performance. Thus, the general conclusion derived from the results and findings
reached in the three-year period after the implementation of the method can be
stated as follows: the implementation of the Critical Chain method in the R+D+i
context of the company was suitable, sustainable, and provided a competitive edge
if compared to the previous situation. This conclusion is based on the results
achieved by Unit 2, which gives a clear and direct response to the concerns of the
company regarding the applicability and appropriateness of the method.

The implementation process and the results achieved in Unit 2 showed that the
method can not only be adapted to the particular features of these contexts, but can
also be promptly implemented. In addition, it was demonstrated that it is sustainable
from a usability point of view, as a balance between the information given by the
information system and the work required to maintain it updated was reached.
Moreover, on one hand the information provided by the system was far better than
the one formerly available, enabling the organization to react faster and to make
more and better decisions. On the other hand, the work required to keep the
information system updated wasn’t unreasonable. Indeed, Critical Chain advocates
for low WIP levels, leading to more economical reporting needs.

In fact, if the situation of both units after their implementation projects is
compared, it is concluded that the proper implementation and use of the method
entailed a competitive advantage for the company. As for the comparison between
the results achieved by both units analyzed if they were competing in the same
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market, those PM capabilities acquired and developed by Unit 2 would have led the
unit to a better competitive position. But it would also be a major mistake if these
outcomes were considered as single improvements. These quantitative results were
caused by the qualitative improvements attained in Unit 2. Likewise, the main
factors under this perspective and several relevant reasons are summarized below.

Visibility:

It is not an advantage itself, but it is a key contributor to success. It shows the
current reality and is therefore the foundation for better decision making regarding
the quality and timeliness of the decision—i.e. early decisions based on more
accurate and updated information. Hence, it is important to understand that it gives
an opportunity. For instance, if one company achieves visibility but does not act
accordingly, it will not take full advantage of its potential. Furthermore, this will be

especially harmful if visibility is only locally observed, for example, from a single
project perspective, not considering resource status, priorities among projects, etc.

Flexibility:

The simplicity of the planning and execution management processes given by
CCPM are essential for this purpose. It facilitates decisions to be close to the current
reality, enabling the connection between the needs and the decisions and/or actions.

Alignment:

The holistic nature of Critical Chain facilitates the consistent alignment of strategies
and actions, projects and resources, and planning and execution at all the organi-
zational layers of the system. All these contexts are provided with the information
needed to individually perform but connected with the rest of the system. This also
implies clear priorities, and prevents problems arising from a lack of view, infor-
mation or coherency between those parts integrating the system, or mitigates their
impact. Thus, the positive impact of the individual improvements is enhanced
through a global perspective.

Project Flow:

The increase of the project flow is also a major contributor to the enhancement of
the competitive positioning for different reasons: firstly, the time to market for new
developments was shortened. Secondly, a substantial reduction of the reaction time
was achieved to address tough situations. Thirdly, the increase of the project flow
also entailed an increase of the project completion rate. Finally, the combination of
flow increase and project staggering caused the cash flow to be improved,
impacting positively on the company’s economic performance.

In short, all these aspects individually contribute to enhance the competitive
position of a company, but the biggest potential comes from the
quantitative-qualitative combined contribution. When achieved together and con-
sistently with the strategy and priorities of the company, they can certainly bring it
to a better competitive position.
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The last conclusion of the research refers to the key success factors for the
implementation of CCPM. The pilot test was performed in Unit 1, achieving tan-
gible results that showed the potential and applicability of the method in that
context. Nevertheless, the changes needed inside the unit to successfully expand the
method were not materialized. While Unit 2 was driven aligned with global pri-
orities, Unit 1 lacked visibility and priorities, causing a misalignment between
projects, resources and goals. The main reason for that was a lack of engagement
and even resistance to change from some people. In particular, the attitude of certain
managers, that initially agreed to perform in accordance with the method, was very
harmful for the implementation: not having assumed their responsibilities regarding
the method, their staff was not forced to comply with the requirements of the
method. Thus, the method never worked properly in this unit.

It is concluded that there are two essential components necessary in an imple-
mentation: the adaptation of the method to the context, and the acceptance of the
method inside the organization. The adaptation rests on the comprehension of the
context and the method, so that a suitable model is created. The acceptance, instead,
is related to other factors such as the culture and maturity of the company, its
willingness to change and the commitment towards rigor as required by the method.
Therefore, it is also concluded that the engagement of all the parties involved is an
absolute prerequisite for a successful implementation.

Finally, it must be asserted that there is no reason to conclude that the particular
features of this R+D+i context may recommend not to implement CCPM. In fact, it
is not a method designed for a specific industry, and aspects addressed by the
method such as lead time reduction, higher productivity or better cash flow are of
general interest for companies. Therefore, this approach seems to be particularly
interesting for those contexts where multiple projects are performing simultane-
ously and share resources, due to the difficulty of managing them.

4.2 Future Research

The results achieved by both units and the different behaviors arisen in such similar
contexts confirmed that the human factor is a key success component when
implementing CCPM. 1t is clear that the involvement of the senior management is
essential, but even this may be not enough. Thus, further research is needed so as to
identify those fundamental aspects that can cause such an implementation to fail,
even if a success case is being achieved in another unit of the same company at the
same time, and to find appropriate ways of addressing them.

Another issue that, even if it was not a real problem in the period observed,
might have been a drawback was the management of resources shared by Unit 1
and Unit 2. Because of the low saturation of these resources, both units were
considered to be independent. However, in a different scenario where saturations
where higher this could be a major problem: as units were arranged and managed as
independent systems, they would not be capable of managing these resources
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properly, resulting in an internal misalignment of both units and in worse results.
Similar situations where parts of a company are managed independently but share
certain resources are not unusual. Therefore, it would be worth to develop further
research about this issue in order to identify appropriate approaches to deal with
such situations.
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A Project Monitoring and Control System
Using EVM and Monte Carlo Simulation
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Abstract Earned Value Management (EVM) tells the project manager whether the
project has overruns (costs, delays) or it is running better than planned. But taking
into account uncertainty, the methodology does not specify whether the deviation
from planned values is within the possible deviations derived from the expected
variability of the project. In this paper, a different approach is proposed for mon-
itoring and control projects under uncertainty. The Monte Carlo simulation is used
to obtain the “universe” of possible project runs and new and innovative graphs are
defined. When the project is running, its current situation can be represented with
these graphs, so that it can be established whether the cost or duration of a project is
under control at a given time for a given level of confidence.
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1 Introduction

Project control consists on the process of monitoring, analysing and reporting the
progress of a project in order to achieve the performance objectives and goals
defined during the planning stage (Project Management Institute 2013).

This task, developed alongside the complete life cycle of the project, allows
project managers to revise the adopted measures and to establish predictions about
duration, scope and costs.

The process tries to identify as soon as possible those areas of the project that
require especial attention and consequently establish the appropriate corrective or
preventive actions to sort out the problems.

An effective control system has to clearly define monitoring strategies (when and
how) and intervention strategies (when and how). The most decisive variables to
specify those strategies are the timing and the quantity of project control activities
(Hazir and Schmidt 2013).

Earned Value Management has been traditionally used as a control project
methodology to monitor time and costs. This technique is designed under the
assumption of a deterministic environment with complete information about the
tasks of the project. However, during project development, uncertainty and vari-
ability are very common in most of the project tasks in real contexts (Pajares and
Lopez-Paredes 2011).

Cost and time uncertainty may appear during several stages of the project life
cycle. It can have different sources such as technology, productivity, human
resources, economic conditions or other risks or events and as consequence of
several aspects for example, the development of projects without enough previous
experience, the intrinsic variability of the cost, time and quality measures, ambi-
guity of the project, lack of concrete objectives, data, etc. (Ward and Chapman
2003; Jaafary 2006; Khodakarami and Abdi 2014).

The ubiquitous presence of uncertainty in project management is activating
research that takes into account task uncertainty in project control and monitoring
(Hazir and Shtub 2011; Pajares and Lopez-Paredes 2011; Vanhoucke 2012;
Aliverdi et al. 2013; Acebes et al. 2013, 2014).

This paper is aimed at controlling and monitoring an illustrative project using
EVM methodology and comparing it with two recent techniques that incorporate
uncertainty in tasks. In order to do so, some of the control charts offered by each
methodology are presented, and a comparison and analysis of the usefulness of each
option for an efficient project control is made. The compared approaches in regards
to the EVM are the proposals by Pajares and Lopez-Paredes (2011) and the pro-
posal by Acebes et al. (2014).

The rest of the paper is structured as follows: in the next section the different
control methodologies are explained; subsequently, the project used as example and
the planned and real states used with the simulation are described in detail.
Graphical results are then provided to compare methodologies. Finally, conclusions
are presented in Sect. 4.
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2 Monitoring and Control Project Management

2.1 Earned Value Management

EVM is a control and monitoring project management methodology that uses
monetary units as common basis to quantify the progress of the project. This
technique integrates schedule and cost control in the same graphical representation.

It is based on the representation of three measures: the Budgeted Cost for Work
Scheduled (BCWS) also called Planned Value (PV); the Actual Cost for Work
Performed (ACWP) also called Actual Cost (AC); and finally, the Budgeted Cost
for Work Performed (BCWP) or Earned Value (EV). EVM is very popular and
there is a wide range of scientific literature that address details about the description
and use of the methodology (see for instance Anbari 2003; Fleming and Koppelman
1998; Project Management Institute 2005; Cioffi 2005).

A refinement to the methodology was introduced by Lipke (2003, 2004)
including the concept of Earned Schedule (ES). ES corresponds to the date in which
the current EV should had been obtained. This concept solves the problem that
appears near the end of the project, when EV gets close to the PV curve and can
mislead control indexes.

However this is not the only problem of the EVM methodology (Kutsch and
Hall 2005): critical and non-critical activities are not distinguished, tasks are
assumed independent, management and the behaviour of the project team are not
taken into account, not even the topology of the network. Besides, traditional EVM
does not include risk or uncertainty task management.

2.2 Schedule Control Index (SCol)/Cost Control Index
(CCol)

Pajares and Lopez-Paredes (2011) developed a methodology integrating risk
management and EVM. The gist of the approach is not only to figure out if the
project is delayed or not (or if it over budgeted) but also if this situation is within
the expected range of variability of the project.

Authors use Monte Carlo simulation to estimate the statistical parameters of the
probability distributions at the conclusion of the project. Once they are obtained, the
project manager decides a confidence level to control and monitor the project in
schedule and cost. When the project is controlled in an intermediate stage, authors
propose to split the buffer or confidence margin at the end of the project among all
time intervals.

In order to do that, the Project Risk Baseline is defined as the evolution of the
value of project risk during the project life cycle. The weight of the final buffer in
each period is distributed according to the expected risk reduction in every con-
secutive interval.
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Finally, the approach is completed integrating the indexes and ratios obtained
from the EVM together with the weighted buffer in each time interval. This inte-
gration leads to two new control indexes SCol (schedule) and CCol (cost). Acebes
et al. (2013) complete the previous work providing a graphical control framework
that incorporates SCol and CCol indexes. The progress of the project can be
intuitively and visually understood depending on the value of the indexes in the
graphical framework. In each time period the project can be found in one of the
following states: the project is being executed according to the planned baseline (in
time and/or cost), the project is ahead (or under budget) within the range of
expected variability, the project is ahead (or under budget) without the expected
variability, the project is delayed (or with over cost) within the range of planned
variability or, in the last case, the project may be delayed (or with over cost) without
the range of planned variability consequence of the tasks.

2.3 Triad (%, Time, Cost)

Acebes et al. (2014) use Monte Carlo simulation to determine multiple instances
according to the stochastic planned project and obtain in this way the probability
functions of time and cost for every percentage of the project (measured in terms of
cost). The real development of the project can be compared with the different
percentiles obtained from the model of the project, according to the expected
variability, in such a way that the project manager can figure out the range of
variability of the execution, and decide if the margin is adequate (within the planned
variability) or if the situation is a warning that alerts about the need to apply
corrective measures to the project.

This methodology is also complemented with two additional charts to control
project cost and schedule. They are built comparing each one of the percentile
curves with the planned value (PV) curve, and representing the difference in
function of the percentage of execution (expressed in cost of the project). This
representation uses PV as x-axis highlighting the differences of the rest of the
curves. When the advancement of the project is also represented, the under or over
runs can be calculated considering the PV or any other percentile curve. Corrective
actions can be introduced if the project is out of the confidence margin considered
by the project manager.

3 Monitoring and Control Project Management

In order to compare the different monitoring and control project methodologies and
to illustrate the different control charts, we have chosen the project model repre-
sented in Fig. 1 using an Activity on Node (AON) network. This graph has been
used by Lambrechts et al. (2008) in a previous research.
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Fig. 1 Activity on node network diagram of the simulated project

The network used is simple but includes enough complexity to illustrate the
methodologies. It includes three parallel paths, two of them connected through an
activity.

Task durations have been modelled by means of normal distributions according
to the parameters shown in Table 1. It is important to underline that this is not a
restriction to the methodologies as any other distribution can be included. In the
same way, activities are considered independent but any correlation among the
tasks can be included in the definition of the project.

Table 1 includes the planned tasks, each one with its expected duration and its
associated expected cost. We have also included in the same table a hypothetical
case of executed project, specifying the real duration of each activity. Actual cost is
directly obtained once the task duration is known.

Figure 2 represents the Gantt diagram of the planned value and the actual cost.
Those activities longer than expected are highlighted.

3.1 Earned Value Management (EVM)

Figure 3a represents the EVM methodology using the data (planned and executed)
of the project described earlier; Fig. 3b is the chart representing the cost and
schedule variance and Fig. 3¢ shows the Earned Schedule.

Ta.bl.e.l Duration of project Activity | Planned Actual execution
activities of the case study. 2 Total Durati Total
Durations are modelled as oo ota uration ot
. cost cost
normal distributions; p
represents the mean duration Al 2 |015 1510 2 1510
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A4 3 10.56 |2748 4 3628
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A8 2 10.14 500 3 600
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Fig. 3 a Represents the traditional EVM chart with PV, AC and EV; b represents the schedule
and cost variance of the executed project; ¢ represents SV(t)

Figure 3b illustrates that the schedule variance of the project (SV) gets close to 0
in the final stages of the project. Earned Schedule solves this problem. Figure 3c
represents the earned schedule variance SV(t); the project finishes delayed two time
periods compared with the planned value.
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In spite of obtaining the evolution of the delay of the project in each time period,
EVM does not incorporate uncertainty and hence, it is difficult to assess whether
this delay is within the expected range. Traditional EVM does not provide a con-
fidence margin or a control buffer at the moment of monitoring the project.

3.2 Schedule Control Index (SCol)/Cost Control Index
(CCol)

This methodology takes into account the uncertainty of activities. We have chosen
90 and 10 % percentiles as confidence margin to illustrate the case study, both, in
cost and schedule. Cost Control Index, CCol, and Schedule Control Index, SCol are
represented in Fig. 4. In both figures, indexes—CCol and SCol—are situated
between the x-axis and ACBf and ASB{, respectively. This means that the project is
running over cost and is delayed, but is within the 90 % margin that the project
manager considered as acceptable.

In this case study the confidence margin or control buffer has been established
between 10 and 90 %. If the project manager decides to be stricter and to control the
project more rigorously, a tighter range can be selected (25 and 75 %, for instance).
In such situation, calculations and control charts should be recalculated again,
obtaining new control (ACBf and ASBf) curves and new indexes (CCol and SCol).

This methodology gives the option to control a project considering uncertainty.
Nonetheless, it is important to notice that this approach complements and should be
used together with EVM. This framework provides the basis to calculate the
indexes and to analyze the possible overruns of the project. The SCol/CCol indexes
do not provide this information by themselves and CV and SV(t) are required to
obtain them.
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3.3 Triad (%, Time, Cost)

This methodology also takes into account task uncertainty. The technique uses the
Monte Carlo simulation to obtain the cost and schedule for every percentage of
advancement of many possible instances of the project according to its probabilistic
definition. Figure 5 represents the triad (%, t, ¢) from data obtained through sim-
ulation. The different charts are obtained during the planning stage and later, during
the execution of the project; the curve representing the real development of the
project is included to monitor and control it.

Figure 6a shows the graphic (%, cost). For each percentage the corresponding
cost is projected: during the planning stage the percentile and PV costs, and during
the execution cost the actual cost. Linearity is the consequence of the assumed
proportionality between task duration and task cost.
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