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ABSTRACT

The importance and benefits of knowledge management (KM) and change management
(CM) have been increasingly recognized in the Architectimgineering and Construction
(AEC) Industry. A large proportion of the problems on construction projects emanate from the
lack of appropriate mechanisms to effectively manage knowledge, changes and dependencies.
Changes can alter service or product vaeisband it is challenging to manage the impacts of
changes and the associated dependencies. Traditional manual methods of managing changes are
inefficient and do not fully engage all team members or adequately capture the rationale for
changes. In energgfficient retrofits, inadequate management of changes could have negative
impacts on building energy performance. In addition, knowledge is often generated as part of the
change management process. Given that knowledge has become a fundamental resource for
organizations and can provide organizations with competitive advantages, it is imperative that
any new knowledge generated from change management is captured and disseminated.

The aim of this research is to investigate the feasibility of an integratedaappto
managing change and knowledge in energy efficient retrofit projects. In order to understand
theoretical perspective and similar work in change and knowledge management, a detailed review
of literature was conducted. The review was based on theimpertant aspects of knowledge
management, change and dependency management, and their applications in construction. Two
case studies were undertaken using individual interviews, focus group interviews and
guestionnaires to investigate challenges anceatipractices of managing changes, dependencies
and knowledge in thAEC Industry

An Integrated Change and Knowledge Management (ICKM) approach was developed to
address the challenges of change and knowledge management, and provide an effective

mechanismfor simultaneously managing changes and knowledge in energy efficient retrofit



iV
projects. The integrated approach established a systematic way to facilitate change and
dependency management, capture lessons learned during change management processes, and
support information exchange between different disciplines in change and knowledge
management activities. To demonstrate the feasibility and potential benefits, the ICKM approach
was implemented in the overall construction workflows &hudlding Information Modeling
(BIM), and two case studies were conducted to investigate current challenges and the need for an
integrated approach, and validate the feasibility of the ICKM approach.

Based on the ICKM approach, a prototype systerthe Integrated Change and
Knowledge Management System (ICKMS) was developed to automate the ICKM process.
System requirements, use cases, components and techniques were identified in the research. The
prototype was developed as a Whsed system for easy access amintenancewhich is
composed of two subystems: a change management system (CMS) to support CM processes
and a knowledge management system (KMS) to support KM processes. Capri.net was adopted as
the KMS in the prototype. The use of the integrated system in energgetffietrofit projects is
expected to improve the efficiency and effectiveness of simultaneously managing changes and

knowledge.
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Chapter 1
Introduction

1.1 Background

A construction project isinique and complex, and involves various participants (Jia,
2010). A large proportion of the problems on construction projects emanate from the lack of
appropriate mechanisms to establish and trackl¢ipendencies between project elements, which
makes it very difficult, and in some cases, impossible to anticipate and manage the changes that
occur in the course of a project (Jallow, 2011). This can also have potentially debilitating impacts
on a projectthus impairing the likelihood of successful project outcomes. Similarly, the
inadequacies in systems and approaches to managing knowledge and the lessons learned on
projects of ten result i n considerabl e rewor k
unnecessary expenses and other inefficiencies. Given that changes on projects often serve as a
learning opportunity, there is a need for systems that can simultaneously manage change and
knowledge. Project teams are usually aware of the importance andsityeadsknowledge
generation and utilization, as well as managing changes. However, they generally allocate a lower
priority to these activities than to primary project go&fective management of changes and
knowledge is particularly important ienery efficient retrofit projects, which are often
associated with a number of uncertainties

Sanvido and Riggg1993 indicated thata 6 r et r of i t projectdé is i
conversion (not a complete replacement) of an existing process, facility otusgruSuch
modification may involve additions, deletions, rearrangements einflahd replacement of one
or more parts of the facility. Changes may alter the kind, quantity, cost or quality of the products
or services being produced by the fa¢i t ynvido afjd Reygs, 199Based on the definition of

Sanvido and Rigg$1993, ¢energy efficient retrofit projeafsare projects that are designed to



2

improve energy performance and reduce energy consumption (Buonicore, 201).
significance of managing chges and dependencies in the context of energy efficient retrofit
projects is that if they are poorly or inadequately managed, changes initiated and implemented
during the design, construction and operations of buildings could potentially impact negaiively
energy efficiency goalsSimilarly, previousknowledge is important to help energy simulations

and project lifecycle management, which will contribute to energy efficiency performance.

1.2 Importance of Managing Changes and Knowledge in Energy Efficiency Refit
Projects

Managing change and knowledge is one of the key factors that contribute to a successful
energy efficient retrofit project. The need for tools to support construction project management
has been widely recognized in construction industdes,d fAcompani es recogni ze
control of changes plays a manjinereasingmlimber ofn  ac c i
retrofit projects have been designed to achieve energy efficggpadg Buonicore, 2012). In the
management of energy dfiént retrofit projects, inadequate management of changes and
knowledge can lead to critical problems such as inefficient project management and poor energy
performanceandc oul d result in a failure to meet the ¢

goals

1.2.1 Changes andDependency Management

Changes occur in all phases of a construction project, and it is essential to implement an
appropriate change management (CM) regime to reduce changeiated cost and time delays.
Poor management of changeswalla d t o cost overruns and failure

expectations (Jallow et al., 2013). For energy efficient retrofit projects, it is typically more
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complex than expected to mitigate the negative impacts of changes. Changes can be triggered by
multi-discipline interactions, various requirements from different stakeholders, andsoauéi
simulations and iterated calculations.

Challenges in managing changes and dependencies could impact negatively on energy
efficiency goals. Either small or largeeale, energy efficient retrofit design and development
require multiscale and mukhdiscipline interactions during which several decisions are made.
Often, these decisions result in some changes to project variables. This is rdmisticse
repeated}, requirements and/or design parameters are altered to generate optimal energy models.
However, it remains doubtful if those alterations are appropriate to meet the defined goals, and
what impact they would have across other components. In fact, depgrasehiompact analysis
of those alterations is generally not undertaken systematically. Similarly, the rationale for the
alterations is often not documented for future reference, and the decisions on the most appropriate
options are often based either orswamptions or experience. In energy efficient retrofitting,
achieving energy efficiency goals is amongst the most important objectives. Parties involved in
an energy efficient retrofit project not only need to collaborate with other disciplines, but also
have to coordinate with the original design and specifications of the building (if available). As a
resul t, such projects would need to review

efficiency goals and values, not mainly against budget and schedule.

1.2.2 KnowledgeManagement

According to Stewart (1998), knowledge has become the most important factor and
resource for organizations today. Knowledge is dynamic justified true belief and is created by

individual as well as organizational interactions in theiety (Nonaka et al., 2000).
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Appropriate knowledge is needed to detielen the most appropriate desjgbut
knowledge is often disconnected from project teams. Without knowledge, people will make
decisions based on assumptions and experience (Heo etldl), PAck of access to the right
knowledge by project teams could result in the design and retrofitting of buildings which do not
me et t he owner 6s go &Algesod knowledge managgment @rbckdure ise ncy .
critical to facilitate knowledge shagrand reuse among team members, and this can contribute to

achiewng energy efficiency goals.

1.3 Research Problem Statement

In current construction management practices, there are two gaps in the management of
knowledge and changethe gap between knowledgenagement (KM) and change and
dependency management (CM), and the gap between change and knowledge management (CKM)
and the overall construction workflowBhis research wasonductedo provide solutions to these

two gaps.

1.3.1 Gap between Knowledge ManagemdrfKM) and Change and Dependency
Management (CM)

KM and CM processes in construction projectsisotated and peokfmed independent of
each otherresulting in a gap between the twbhis limits the opportunity tomaximize the
benefits of leveraging thateractiondetween change and knowledge managerk@ntexample,
new knowledge is often generated in the process of managing change but there are usually no
effective mechanisms for managing the new knowledgmnversely, the reuse of knowledge
from one poject to another may instigate changes that need to be mandgezh a change is

requested, it is often managed through an iterative process, during which a large amount of
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information is processed and new knowledge may be genetdtadever, Lessons lesed

during the change management process are not efficiently captured and used for future projects
(Senaratne and Sexton, 2004joreover, new knowledge created mainlemairs as tacit
knowledge in the heads of participaarsdis not sharedvith the wide organization(Senaratne

and Sexton, 2008)As a result, this gap causes loss of knowledge during CM processes and
makes it difficult forknowledgereuse in future change evaluations and resolutibinstrefore it

is important that lessons learned aretoegul, validated and stored for use in later staijes
projectandor future projects. It means that change management processes are application areas
of knowledge and within these processes, and knowledge is generated ttm®uogpture and
validation processes of lessons learndthere is also no structured process or information

exchange data schenmintegrate them.

1.3.2 Gap between Change and Knowledge Management (CKM) and Construction
Workflows

Similar to the gap between CM and KM, ther¢hislack ofa systematic process to adopt
change and knowledge management in construction workflblaere are possibilities to create
new knowledgeand/ormanage new changes in activitigst involvedesign reviewsdecision
making, and interactianbetween differet disciplines When these activities are conducted,
project teams do not have a structured process to follow to adequately manage changes and
knowledge.As a result, th gap between CKM and constructi@rorkflows can cause negative
impacts on productivitand team collaboratioffherefore, it is importartb fuse CKM processes
within the entire construction workflowso that team members are proactive in managing

changes and knowledge.



1.4 Aim and Objectives

To improve efficiency and productivity on energyieiént retrofit projects, the aim of
the research is tolevelop an integrated approach to mamgghanges and knowledge to
facilitate efficient and effective energy building retrofitss fundamental and extremely relevant
that change and knowledge ragement processes are integrated to support the integrative
energy efficient design and development. The specific objectives tdsbarctprojectareto:
1 Identify limitations and challenges in existing CM dd methods in the AEC Industyry
1 Develop an ritegrated method to manage changes, dependencies and knowledge for
energy efficient retrofit projects
1 Investigate the possibility and feasibility to embed change and knowledge management
processes in construction workflows
i Establish appropriate protocol® integrate change and knowledge management
processes with Buding Information Modeling (BIM)and

91 Develop and evaluate a prototype system for the integrated approach

15 Research Scopand Steps

The core component of the research is the development dhtdgrated Change and
Knowledge Management (ICKM) approach. The new approach indicateffieient way to
conduct CKM activities in retrofit projects. To address its feasibility, the ICKM approach was
evaluated in two case studies, amplementedn overall construction workflows anBIM . After
that, an Integrated Change and Knowledge Management System (ICMKS) was designed based on
the ICKM approach. It is built upon th@apri.netsystem (a previously developed KMS) and

demonstrates the processes of ngam@achanges and knowledgéthe information system level.
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Although the focus of the research is energy efficient retrofit projects, the outcome can be
adapted to other types of construction projects such as commercial buildings and residential

buildings.Figure 11 shows the scope of this research.

Case Integrated
Studies Approach
Process
Model

Capri.net

Integrated Change and Knowledge
Management System (ICKMS)

Figurel-1 Researclscope

The research was carried out in 5 steps:
i Review of related work;
1 Development of the ICKM approach;
1 Implementation of the ICKM approach;
1 Design and EMaation of the ICKMSand

i Documentation.

1.6 Structure of the Dissertation

This dissertation documentand presemst the steps followed in the conduct of the
researchThestructureof the dissertation is as follows:
1 Chapter 1: introduction of research backgmbuscope, aims and objectives;

1 Chapter 2: literature review on change and dependency management;



1 Chapter 3literaturereview on knowledge management;

1 Chapter 4: review of research methodologies;

1 Chapter 5: the Integrated Change and Knowledge Managel@&mi) Approach;

1 Chapter 6: the implementation of the ICKM approach;

1 Chapter 7: the Integrated Change arithowledge Management System (ICKMS)
prototype and

1 Chapter 8research summary, conclusions, contributions and limitations.
Case stug interview questinsand thelCKMS evaluationquestionnairere attached as

appendices to the thesis.



Chapter 2

Change and Dependency Management (CM)

2.1 Introduction

In a construction project, changes are inevitable throughout the lifecycle of a building,
and change and dependencgnagement is an important aspect of construction management
(Hao et al ., 2008). A change r e-existingconditonsiian al t
assumptions or requirementsod in construction
changesare typically related to schedule, efficiency, cost, and quality (Sun et al., 2004; Zou and
Lee, 2008).Dependency is the interactions among different elements, and a change in one
element must coordinate with others to achieve the functionality ofensy3allow, 2011).

Change management (CM) , according to Voro
related to all project internal and external factors, influencing project changes; to possible change
forecast; to identification of already occurred changes;planning preventive impacts; to
coordination of changes across the entire pro
"provide a procedure and associated guidelines to facilitate the management of project
dependencies" (COGTA, 2006, pp.1). Motawale(2007) indicated that identification of change
sources, evaluation of change effects and dependency management are critical activities of
dependency management, and Leyland et al. (2009) emphasized this by stating that dependency
management is used &nalyze, control and mitigate various factors in construction processes.

Construction is a time consuming and complex process, and changes coulddiagnyen
time during the project. Changes occur at various times in all phases, and improper management
of changes will generate disruptive impacts (Motawa et al., 2007). Changes also generate iterative

cycles and uncertainties in construction (Lee and Rédea, 2007). Therefore, it is essential to
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implement change and dependency management in a constrpetiect. Good changeand
dependencymanagement enables the evaluation of change dependencies and their associated

effects, as well as the capture and dissemination of change history.

2.2 Key Concepts in Change and Dependency Management

2.2.1 Classification of Charges

Changes are classified in various ways, with the most common being organizational
changes and project changes (Rajagopalan and Spreitzer, 1997; Sun et al., 2004). According to
Sun et al. (2004), organizational changes happen in all industry sectidespmfect changes are
more related to projediased industries such as construction. This resdaased on the
management of project changétowever, the various types of change are presented here to
facilitate understanding of the key change charigtics being addressed, and to demonstrate the

similarities and differences of the various change types.

2.2.1.1 Organizational Change

Organizations typically have different groups with specific roles, and the motivation to
make maximum benefits generates orgational changes (Price and Chahal, 2006). Different
researchers categorize organizational changes in different ways (Cao et al., 2003). For example,
episodic changes are infrequent, intentional and discontinuous organizational changes, while

continuous chnges are evolving, ongoing and cumulative changes (Weick and Quinn, 1999).
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1) Strategic and noistrategic change
Rajagopalan and Spreitzer (1997) classified organizational changes into strategic and
nonstrategic changes, and analyzed strategic changti® ithree theoretical lenses: rational,
learning, and cognitive lenses. The rational lens perspective focuses mainly on consequences of
strategic change, and the learning and cognitive lens perspectives concentrate on the role of
managers in strategic adngye pr ocesses. From the rational p
unitary concept measured through discrete changes in a firm's business, corporate, or collective
strategi eso, and in the | earning and ofogniti\
Afchanges in the content of strategyo and manac
environmental conditions (Rajagopalan and Spreitzer, 1997).
2) Incremental and radical change
Organizational change can be classified into gradual changedicdlrchange based on

the scale (Sun et al., 2004). Gradual change, also known as incremental change, occurs gradually

during a |l ong period of ti me, and it is Athe ¢
any organization to adapttoitsénv on ment 0; whi |l e radical <change
dramatically, and it is At he soraammdtonofahnge 1t}
facets of an organizationo (Cao et al., 2000).

3) Planned and Emergent Change
Some changes resulom deliberate and conscious actions, and they are well planned
prior to their occurrence. This type of change is termed planned change (also known as
anticipated change). In contrast, other changes are generated by external factors (political issues,
emnomic environment, etc.) or not foreseen in advance, which occur in a spontaneous way. This
type of change is called emergent change. (Jisc infoNet, 2012; Sun et al., 2004) Similarly, Price
and Chahal (2006) categorized changes into chosen and crisigesh&risis changé s 0 a

reactive approach driveby ext er nal factors and fear of f ai
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change. Chosen change, similar to planned change, is more proactive and driven by the desire for
organizational success (Price and GHaR006).
4) Developmental change, transitional change, and transformational change

Anderson (1986) defined three types of changes in organizations (as shown in Figure 2
1): developmental change, transitional change, and transformational change. Develbpment
change, the simplest among the three types, refers to the improvement of current conditions,
standards, skills or methods that are not appropriate for present or future requirements. The goal
of developmental change is to enhance and develop existif@yrpances and operations, and
typically it responses to relatively small environmental shifts. Therefore, the risks and variables
of developmental change are much fewer than those of the other types. The second type, the
transitional change, is a more w@ificant shift under certain marketing or environmental
circumstances. It replaces the existing condition entirely rather than just improving it. Examples
of transitional change are reorganizations, divestitures, and creation of new services, etc. This
kind of change typically has a walesigned transition plan with specific start date and end date,
which defines clearly about the differences between the desired state and the current state. The
last type, transformational change, is the most complex amnlikelthe transitional change which
does not require a change in human behavior, transformational change requires a significant shift
in the culture, society and human awareness. (Anderson, 1986) The outcome of the
transformational change is also uncertithe very beginning and the final result depends on the

change effort during the whole process (Anderson and AckeAndarson, 2001).
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Old

State State e

(b) Transitional Change

Success Plateau

/ 'L//? Wake-Up Calls
/ (N Re-Emergence
Growth / / A Through Visioning
_’,-’ Chaos L/} | and Learning
A /!

Death - Mindset
Forced to Shift

LN
Birth

(c) Transformational Change

Figure2-1 ThreeTypes of Organizational Chan@g&nderson and Ackermafanderson, 2001)

Nadler and Tushman (1989) developed an illustration of different types of changes based
on the features and characteristics of change. Four typesiogeh are identified in the chart (as
shown in Figure 2): tuning, adaptation, reorientation, anetreation, and their relative intensity
ranges from low to high (as shown in Figur8)2 Tuning aims at future development and does
not occur as a resutf current problems, while adaptation is caused by external events such as
competition and marketing issues. These two types of changes are incremental changes.

Reorientation is made by the anticipation of potential future events and involves significant
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organizational redirection, and -oeeation is in response to urgent external threats to the

organization. These two are strategic changes. (Nadler and Tushman, 1989)

Incremental Strategic
Anticipatory Tuning Reorientation
Reactive Adaptation Re-creation

Figure2-2 Types of Organizational Chge (Nadler and Tushman, 1989)

Relative Intensity of Different Types of Change

High _| Re-creation

Reorientation

—+— Adaptation

Tuning

Low —

Figure2-3 Relative Intensity (Nadler and Tushman, 1989)

2.2.1.2 Project Change

Project changes typically occur during the implementation process, and they can be
caused by both inteal and external forces (Voropajev, 1998). Project changes include changes

in project scope, quality, time, cost, risk, procurement, and communications (Voropajev, 1998)
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Hao et al. (2008) classified construction changes according to stages: specification

design, and construction (as shown in Tablg.2

Table2-1 Summary of Construction Changes (Hao et al., 2008)

Stage Stakeholder Types of Changes Impacts
Changedo requirements Chanaes in desian
e Owner/Client/User including specifications, scope o 9 €sig
Specification . . . . ) andconstruction
orArchitect projects, design brief, etc.;
. .| processes
changes in codes and regulation
Incomplete/inconsistent drawing] Rework of design
Desi Design/engineering design error/defect; digm and drawing; rework
esign R X ) 2 S
Consultant change; omissions of site in construction;

conditions and buildability change orders
As-builts not in conformity with
design; quality defect; unforesee| Rework; change
Construction| Contractor/Subcontractol| site conditions; valuengineering;| orders;changesn
materials or equipment not design

available; inclement weather

2.2.2 Causes of Change

Changes can be caused by internal and external factors, and it is essential to identify and
differentiate the two types of ceess for an organization (Sun et al., 2004). Internal causes are
initiatives of company policies, development strategies, and-temng goals, which can be
triggered by both processlated and technologglated issues; while external causes, mainly
generged by technologyelated issues, are shifts time external environment, competition with
other organizations, as well as government and financial regulations (Love et al., 1999a).

Anderson and Ackermafinderson (2001) developed a model for the drivershainge
(as shown in Figure-2), and classified internal and external change drivers into seven levels:
environment, marketplace requirements for success, business imperatives, organizational
imperatives, cultural imperatives, leader and employee behaarat leader and employee

mindset. The first four factors are external drivers, while the other three are internal drivers.
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Changes in external domains (which are more related to organization leaders) typically trigger
changes in internal domains (whichearew to most), and a good change management strategy
should balance both external and internal domains (Anderson and Ack&ndarson, 2001).

Sun et al. (2004) summarized the causes into three different levels (as shown in Figure 2
5): external environn®, organizational level, and project level. The project level has the greatest
impacts while the external environment has the least impacts on construction changes. Hao et al.
(2008) indicated that change drivers can be specificggmerated, desiggererated, and
constructioingenerated. Changes are classified into different stages, and they can be generated

from technical errors, lack of information, as well as requirements from clients (Sun et al., 2004).

Environment

Marketplace
Requirements
for Success

Business
Imperatives

QOrganizational
Imperatives

Cultural
Imperatives

Leader and Employee
Behavior

Leader and Employee
Mindset

Figure2-4 The Drivers of Change Modéhnderson and AckermaAnderson, 2001)
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External Environment

Organizational Level

Project Level

Figure2-5 Causes of Changéadapted from Sun et al., 2004)

2.2.3 Effects of Change

Sun et al. (2004) highlighted that adequateagement of changes is necessary to avoid
(or mitigate) the consequenaafsdirect and indirect impacts. For direct effects, the major concern
is the cost of rework and time overrun, which is generated from uncertainties and poor
information communicatin (Love et al., 1999b; Sun et al., 2004). Rework islaiag
unnecessary construction processes that are not completed correctly, and the cost of rework can
take up 1015% of the whole contract value (Sun et al., 2004)s is a waste of both time and
money in construction projects, and it causes difficulties for decisiaking (Hao et al., 2008).
Other examples include deletion of work, specification change, addition of work, and revisions of
project schedulelndirect effects refer to the impacts thate not closely associated with a

specific construction process and may have adverse effects on future plans. They can lead to the

need to communicate with other project member

al., 2004).

C
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According to Motawa et al. (2007), changes in a project life cycle are mainly driven by
two feedback processes (as shown in Figu@®: 2einforcing and balancing. Reinforcing is the
process that causes other changes or errors, and balancing is the process that resgbsesrcha

errors. The cycle of the feedback process can generate uncertainties and cause unintended

changes (Motawa et al., 2007).

Execution

e

Balancing

Y

Reinforcing

Generating other

. Resolving issues
issues 2

Change Identification

Control Action

Figure2-6 Changdg-eedback Process@dotawa et al., 2007)

An important asect of change management is a good understanding of the dependencies
between the key elements of a project. Dependencies dictate how changes are propagated in a

project setting (i.e. Othe ripple efnforeecot 6), an

mitigate the impact of changes in a given situation.

2.2.4 Applications of Dependency Management

According to Huang et al . (2007), the term

of resources or information between activities in eitheraphgsi or a | ogi cal way (
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dependency issues has been conducted in various fields, and a number of dependency
management models have been developed according to different requirements.

In the software engineering field, it is important to keepktrat dependencies at the
systemwide level (Ding et al., 2006). Many individuals and teams work together on one system
release, and it is impossible for each individual/team to predict all possible failures (Babinet and
Ramanathan, 2008). Dependencies betwsystem components can cause errors and impact
coding efficiency, therefore, a good management of dependencies is critical in locating faulty
states (Liu et al., 2009). Table-22 lists previous research omependency management

models/theories addresgisoftware programming challenges.

Table2-2 Dependency Management Models/Theories in Software Engineering

Authors System Type Dependency Management Model

Liu et al., 2009 Discrete Event SystefDES) | Fault Dependency Relationship Matrix
Dependency Management Framework

Ding et al., 2006 | Realtime System

(DMF)
Ma et al., 2007 Service Hosting Environmen{ ModelBased Dependency Management
Cui and
Nahrstedt, 2001 ComponenBased Systems | QoSAware Dependency Magement
Schaaf et al., 200] e-Business Applications MILOS Dependency Management

In manufacturing, a good dependency management approach is essential to ensure the
efficient performance of a manufacturing enterprise agent platform. Huang et al. (2Q@09qut
an integrated dependency management framethatkinvestigates the optimization of hitgvel
decisionmaking by the realime information that may come from the managed physical layer
(numerical controllers, robots, and cell controllers, éasyhown in Figure Z). A mobile agent
(MA) dependency application that can provide dependency information of resources was

developed using mobile agent platform (MaP) based on this frameltoakg et al.2007)
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Manufacturing Enterprise Information Layer-Dependency Application
- Sy P —
-_—e—— T T T T T T - .

“y ATt e 1Y =
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Geographical
Network - {Physical)
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Figure2-7 IntegratedManufacturingManagemenfEramework andAgentPlatform (Huang et al.,
2007)

In the AEC Industry dependency management is a critical part of managing changes and
mitigating changeelated impacts. Building elements and ditines are dependent on each other
and this causes complexity in effectively managing changes. Change and dependency
management models and tools developed in the construction sector are discussed in sections 2.3

and 2.4.

2.3 Change and Dependency Management Mizlsand Tools in Construction

Research related to change management has been conducted mainly on the prediction of
changes, identification of changes, and evaluation of change effects (Motawa et al., 2007).
Several models for change and dependency mareaddmve been developed and are described

below.
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2.3.1 Generic Change Management Process Model

Motawa et al. (200) developed a generic change management process model for
construction projectdas shown in Figure -8). In their research, they introduce the term
6stabilityd to define the degree to which a
higher the stability is, the smaller the number of potential changes will be.

The generic change management process model contains four stages: start up, identify
and evaluate, approval and propagation, and post change.

1) Start up

Proactive requirements for efficient change management are defined at thid\stage.
these requirements, project teams are able to respond to and mhaageseffectively, and
makeconingencyplans to deal with unanticipated changes.

2) ldentify and evaluate

Change drivers, types and implications are identified prior to any detisking
processes. Then the evaluation steps analyze possible management alternatives and the optimal
option after all related information has been acquired. Possible criteria and deunadkimg
systems can be used to optimize the evaluation steps.

3) Approval and propagation

This stage enables the collaboration between clients and maragemnstial changes are
reviewed againgprojectbaseline using decisiemaking techniques before a change option can
be decidedRelated documents and files are also processed at this stage.

4) Post change

All disciplinesinvolved in the project will be notified when a change israpgd, and the

new schedule needs to be modified and agreed by all parties. The direct and indirect causes

should be investigated if dispute resolution is applicable.
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Tdentify change
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] Change management role (Records) =
=
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=
o Rejection,
il is minor or )
e Change management role (Comments ) internal design
changes
Mol surc Client No
approval Yes, but not sure with the
Approved, estimationfcostftime)
for minor changes OR l Rejection
changes do not need
client approval Yes Negoliation
Final change proposal & confirm instructions Team notified  fa—

!

Change management role (Issue information to
relevant project teams )

!

Design & project base-line updated and issued

!
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leam)p

.

Construction Team (1ssue to subcontractors,
suppliers and site}

3. Approval and propagation

Recond decisions
reached

Dispute resolution (if applicable)
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Figure2-8 Generic Change Process Mb{dotawa et al.2007)
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Hao et al. (2008) also developed a similar generic change process model containing 5

stages: identify, evaluate & propose, approve, implement, and review (as shown in Hyure 2

|dentify Change

IDENTIFY

II
Evaluate Change
I Options I

ﬂ Propose change order

EVALUATE &
PROPOSE

L ch i
ange review no
>
% -
[/ approved no Rej
('l e Go ahead?
‘i yes, but not
- |  agreed on Client
otiation
n=e estimation approval
approved
ﬁ Finalize Change Decisions
[
=
L Design and project-baseline updated
E 3nd rele Record decisions and
.| management information
o
=
Dispute resolution (if applicable)
g Criteria
E Performance review &
- change analysis
% Traceability

Figure2-9 General Change Process Model (Hao et al., 2008)
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Based on the concept afgeneric process, a dynamic construction project madtél
effective change managememasdeveloped byPark and Pefdora (2003)at the strategic and
operational level¢as shown in Figure-20). The model contains a core process model structure
which captures and stores dynamic change and feedback processesstiniction and four
supporting model structures (scope, resource, performance, and policies) whiahdigpthe

change management process and ertharefficiency of the work.

Resource

I Generic Process

Performance

Figure2-10 Dynamic Construction Project Model (Park and Pikfara, 2003)

2.3.2 Change Prediction System

Motawa et al. (2006konducted reearch that focused didentifying and forecasting
potentialchangesand evaluating the impact changesbefore theyactually occu. A change
prediction model using fuzzy modeling was developedl ®s t i nligelib®@od bftoecurrence
of a change evemtnd to predicthe effect of change on project parameters using data available

the early stages of projedtdotawa et al., 2006).
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The fuzzy model wagmplementedin a software system (change prediction systam)
predict and identify the stability alhange events by investigating eastgage information. This
prediction system can also be used to reduce the disruptive implications of potential changes and
determine the possibility of a specific change case (Motawa et al., 2007; Motawa et al., 2006).
The system consists of five componeats shown in Figure-21):

1) Database

The system database contains two types of informatiofidéila collected from the case
studies carried out regarding the prediction elements of chdsigpeed in a set of tablesand (i)
ficasebase, which represents specific knowledge tied to specific situations of a change case, also
represents knowledge at an operational gvel

2) Project Data

These interface frames (JFC (Swing) Franfgspvide users with interactive tooland

are used tdlocate the input dafg(selecting either from databased or from the user);
3) Modeling Change Cases
This is implemented as a Java code ithatr ans| ates the fuzzy model
andeffects nt o the computer programo
4) Output Form
This JFC Frameés used to display system outputs;
5) The Archive
This isa fidocumentation system for all information on thearmte case and the system

out puto
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L. Database
Generate 5. Change
Case-base cases archive ‘
L Update archive model experience
- LA
prediction query tag
elements
2. Project 3. Modelling 4. Output
populate prediction data change eases form
elements/case T /
display prediction run the Fuzzy model of
elements/case change prediction  gjsplay prediction
! , output

Figure2-11 Architecture of the Change Predictiops&m (Motawa et al., 2006)

A similar change prediction system was developed using Matlab and MS SQL database
by Zhao et al. (2008). It includes four sections: data acquisition, data analysis, process simulation,

and output analysis.

2.3.3 Information Flow -basal Model

Zhao et al. (2008) indicated that there are two information flow types according to the
information sources in change management processes: abtigigyl information flow (AIF) (as
shown in Figure 22) and noractivity-based information flow (NAF). The sources for AIF are
the activities |listed in a pr ojNotcActdity-based hedul e
Factors (NAF)such as external environment, labor and government policies (Zhao et al., 2009).
Figure 213 shows how NAIF affects aetties in the construction process (Zhao et al., 2008).

The AIF can be categorized into three typ
i nformati on flow (RITF), overl apping iterati

iterationbewi 8brmpti Bhl FI means that one actiywv
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t he successor 06s rewor k, and it represents ma
techniques in construction processes, where information exchange exists all the time. When
charges happen in two dependent overlapping activities, the output information for downstream
activities will cause partial rework. SIIF is the rework iteration information loop between two
interdependent activities. For two activities, information modificetd either one will generate

new output sources for the other in the construction sequence. Both AIF and NAIF can be
modeled by using activithased Dependency Structure Matrix (DSM) (Zhao et al., 2008; Zhao et

al., 2009).

Work Relati Rem:’:'imma Wari’ﬂea.blmn

Matrix
nonn
I e [El

(a) Independent Activities

TIIZDBE Bz

{b) Dependent Activities

AlB AlB

=D~ : 0
B B|5 B| 3

(c) Overlapped Activities (i)

5] [
= [7l] o
B B4 B|1

(d) Overlapped Activities (ii)

Figure2-12 Relation Types between Activities (Zhao et al., 2008)
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Nx’\Fs

Figure2-13 Diagram (Zhao et al., 2008)

2.3.4 Dependency Structure Matrix Tools

DSM (Dependency Structure Matrix) is a powitiool developed by Steward (1981) to
manage construction projects, and dependency relationships between construction activities are
presented in a structured way using a matrix (Chen et al.,, 2003; Zhao et al., 2009). Unlike
traditional project schedulingethods (e.g. critical path method or CPM, program evaluation and
review technique or PERT) which are not able to support dependency management, DSM is a
generic matribased framework to analyze information flow and complex sequences in
construction progsses (Chen et al., 2003; Steward, 1981).

The relationships between activities (as shown in Figutd)2can be categorized as
dependent, independent, and interdependent (Maheswari et al., 2006). Sequencing for a project
containing all independent taskseigsy, and few changes need to be made during the construction
process. However, most construction projects consist of dependent and interdependent tasks, and
a change of one element must be followed by a corresponding update for other related activities
in order to maintain the functionality of the whole system (Maheswari et al., 2006; Jallow et al.,
2010). By identifying the dependency components of all tasks, the sequence camdszae by

manipulating the DSM matrix (Chen et al., 2003).
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[ Aciviva | [ activiya ’—>| Activity A |—'

Independent Dependent Interdependent

Figure2-14 Types of Relationships (Maheswari et al., 2006)

The main advantages of DSM tools are (Chen et al., 2003; Maheswari et al., 2006; Jia,
2010):

1 DSM matrix has the ability to clearly represent systematic nmapslependency
relationships and provide sequence options for evaluation;

1 The matrix structure provides a collaboration platform to improve the communication
between different disciplines, and allows team members to inform the manager of a
potential problenin a timely manner;

1 All modifications and analysis can be recorded in detail for future reference, and matrix
structures can be easily manipulated and stored electronimadly;

1 DSM overcomes the complexity problems of other ghagbed techniques (e.gERT,

CPM, etc.).

DSM is an Nsquare diagram that consists of all activities in rows and columns, and it
represents dependency relationships by the interactions through cells (Chen et al., 2003; Zhao et
al., 2009). Figure A5 shows an example of activbased structure matrix. According to
Maheswari et al . (2006) , the order of tasks i
stands for dependencies between activities. Marks above and under the diagonal are feedback
marks and feeforward marks resgrtively, and feedback marks implicate that an assumption is

needed for the execution of the corresponding sequence (Maheswari et al., 2006). Activities along
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the columns are read as fAgive information tobo
along the rows are

read as fAineed information f

2009).

Task3
Task4
Task5
Task6
Task7
Task8
Task9

Task
Sequence

Independent H

t
| s et
t

..
sk? [

Sequpnce

7

Coupled

>

X
X |/

Task Dependency
Figure2-15 Sample Taslbased Design Structure Matrix (Chen et al., 2003)
Furthermore, théXo marks can be replaced by numbers from a numerical rating system,

and the rating can be basedtbe strength of correlation, sensitivity, and information accuracy,

etc.(Maheswari et al., 2006Figure2-16 shows an example of this type.

Figure2-16 DSM (Zhao et al., 2009)
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Chen et al. (2003) suggested using DSM tools in the following steps:

1 Read the task of the DSM in sequence;

1 Read the estimate duration for this task;

1 Correctly schedule it according to itdatonship with other tasks;
1 Repeat stepsi B for all the tasks until no tasks left; and

1 Confirm the feasibility of the schedule generated.

To optimize the construction sequence and minimize the number of assumptions, the
actions of partitioning and teagrcan be involved when using DSM. Partitioning aims to split a
DSM into several independent zones, and activities in a zone have dependent or interdependent
relationships in single or multiple feedback circles. Tearing is to sequence activities within each
zone and make assumptions of required information sources. Dependency relationships will be

moved below or close to the diagonal in the partitioning process. (Maheswari et al., 2006)

24 Change and Dependency Management in Retrofit Projects

2.4.1 Need for Change ad Dependency Management

Multi-scale and mukldiscipline interactions occur during design and development with
several decisions made. Often, these decisions result in some changes to project variables. As a
result of dependencies between project eleméhis also creates the phenomenon of change
propagation by which a change to a project scope or design element requires additional changes
throughout the building. The significance of managing changes and dependencies in the context
of energy efficient reofit projects is that if they are poorly or inadequately managed, changes
initiated and implemented during the design, construction and operation of buildings could

potentially impact negatively on energy efficiency goals.
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Sanvido and Riggs (1993) indted that there are four constraints within a retrofit

project: information, time, space, and working environment. Due to these constraints, a retrofit

project is typically more complex than a new build project. In energy efficient retrofits, lack of

information and working space can cause potential changes in the construction process. Any

changes or errors can delay the whole project schedule, which conflicts with the proposed short

construction time. In addition, the parties involved in a retrofit projemtt only need to

collaborate with other disciplines, but also have to coordinate with original design drawings and

specifications of the building (if available). Moreover, change and dependency problems that

occur in a retrofit project often involve morargicipants and sources. Therefore, a yetdhned

change management strategy is indispensable and should be developed prior to the retrofit work.

242

Requirements for Change and Dependency Management in Retrofit Projects

The requirements for change and deggreg management in retrofit projects include:

Identify the vision and goal, and develop a change and dependency management strategy.
The goal and strategy should be specifically related to retrofit projects and the unique
features of retrofit work shouldetfully considered. (Snyers, 2011)

The primary users should have basic knowledge of change and dependency problems and
be able to understand dependencies between each activity. They should also know how to
manage changes and minimize impacts during casigiruprocessesS(n et al., 2004

There should be sufficient infrastructure support. Both hardware and software
(management tools/systems) should be prepared well prior to the construction work and

function properly according to the requirements.
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2.5 Summary

Changes are inevitable in construction projects and through the lifecycle of a building. In
many cases, each change triggers a chain of other events which need to be managed. This makes
change and dependency management one of the most critical achividesstruction project
management. This is particularly important in retrofit projects, which are typically complex due
to the constraints in the availability of information (such as original owner requirements, design
and specifications and associateatisiens) and limited or lack of access to the project team
involved in the original design and construction of the building.

In the AEC Industry changes can be categorized by phases: specifigioerated,
designgenerated, and constructigeneratedBoth external and internal factors can cause change
and dependency problems, which will generate uncertainties and cost issues in a project.
Examples of change and dependency theories include generic change process model and
information flowbased model,ra tools such as the change prediction system as well as DSM
tools have been used to manage changes and dependencies.

The following limitations have been identified from the review of literature on change
and dependency management:

(1) No previous researdmas been conducted on a structured change and dependency
management process for energy efficient retrofit projects. dif@ge managemembodels
developed byMotawa et al(2007) and Hao et al. (2008jegeneric processdhat do not focus
onretrofit projects

(2) There was no research on the integration of change and dependency management in
construction workflows. Although theories of changes and dependencies have been well
developed (suclas changelassifications, effects and causes), it is uncleav to embed the

management of changes and dependencies profect process
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(3) As indicated bySenaratne and SextqR008, lessons learned should be efficiently
captured and managed during change management processes. However,thecliacksof a
systematic procedur®r captuing, shaimg, reusng and maintaiing change related knowledge.

This research was proposed to address these limitatigtis,a particular focus on
integrated changand knowledgeamanagement. A detailed review of knowledge ag@ment

(KM) is presented in Chapter 3.
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Chapter 3

Knowledge Management (KM)

3.1 Background

According to Stewart and Ruckdeschel (1998), knowledge has become the most important factor
and resource for organizations t odandiscretedowl edg
by individual and organization interactions in the society (Nonaka et al., 2000). Knowledge is
also regarded as part of the hidden assets of organizations and companies (Edvinsson, 1997).
The significance of knowledge management and-detgned knowledge management
systems has been widely recognized (Elgobbi, 2010; Tan et al.,, 2010), and knowledge
management has become one of the major fields for business thinking and decision making
processes (Udeaja et al., 2008). The objective of kng@eledanagement is to increase the
productivity and the behavior of teams through a knowledge sharing platform (Ribino et al.,
2009). In order to achieve success, an organization should perform knowledge management
activities as a whole, and motivate indivas to facilitate the process (King, 2007). This section
intends to give a thorough overview of knowledge management concepts and development, as

well as its potential implementation in retrofit projects.

3.1.1 Data, Information and Knowledge

The concepts of da, information and knowledge are similar to each other and closely
related (Kock et al., 1997). According to Ackoff (1989), the content of the human mind contains
five categories: data, information, knowledge, understgndand wisdom. The first four

catgories are related to past experience and lessons learned, and the last one incorporates vision
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to deal with the future (Ackoff, 1989). It is commonly known that knowledge has a higher level

than information, and information has a higher level than datanfi, 1999).

Compassion
WISDOM

Yield

-‘
KNOWLEDGE

Yield = Learning / Experience

inzllectual dividens per effort invested

Figure3-1 The Conventional View on the Knowledge Hierar¢fiyomi, 1999)

Data isficarrier of knowledge and information, a means through which knowledge and
information can be stored and tras f e Kook étcal., 1997) Information is descriptive and
related to the past and the present, while knowledge can be used to predict the future within a
certain limit. (Kock et al., 1997). The role of knowledge is to facilitate the processes of
trangorming data into information through data interpretation, deriving new information from
existing through elaboration, and acquiring new knowledge through learning (Aamodt and

Nygad, 1995). Figure 3L shows theraditional view & the knowledge hierarchy.

3.1.1.1 Data is a set of raw facts

Davenport and Prusak (2000) indicate that f

eventso, and fAprovides no judgment or interpre
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syntactic entities and patterns withomeaning, and exist in usable or amable forms without

any significance beyond the existence (Aamodt and Nygdd, 1995; Bellinger et al., 2011).

3.1.1.2 Information is structured and interpreted data

Information is structured data with meanings, and can heergeed from the
interpretation process of data (Aamodt and Nygad, 1995; Davenport and Prusak, 2000). Ackoff
(1989) defined information as fidata that ar

6what 6, oO6whereb6é, and éwhendé questionso.

3.1.1.3 Knowlede is refined information

According to Stewart and Ruckdeschel (1998), knowledge has become the most

e |

i mportant factor and resource for organi zati o

beliefo, and it is cr eat ediondiytheisociety Wondkaethl., and

2000) . It is the fAapplication of data and i
1989). Knowledge is created through cognitive efforts and contains judgment compared to data
and information (Tuomi, 1999

Chen et al(2009)defined data, information and knowledge in the computational space,

which is closely related to virtullilding modeling(as shown in Table-3).

Table3-1 Definitions in the Computatimal Space (Chen et al., 2009)

Category Definition

Computerized representations of models and attributes of real or
simulated entities

Data that represents the results of a computational process, such g
Information statistical analysis, for assiggimeanings to the data, or the transcrif
of some meanings assigned by human beings

Data that represents the results of a compsiteulated cognitive
Knowledge process, such as perception, learning, association, and reasoning,
transcriptof someknowledge acquired by human beings.

Data

nf c
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3.1.2 The Definition of Knowledge Management

Knowledge management is a mix of techniques and strategies to dispense information
resources (Dalkir, 2005), and a number of definitions for knowledge management have been
createdin recent years. Generally, knowledge management identifies and analyzes necessary
available knowledge, therefore generating actions to fulfill organizational/individual goals by
developing knowledge assets (Sensky, 2002). It is designed for sharinggannor z at i on 8 s
expertise to make knowledge explicit, and managing information with the help of information
technologies (Ribino et al., 2009). Knowledge management contains a series of procedures to
manage an organization6s croamddmptove itsnaitwdmesd ge  p |
(El gobbi, 2010) . According to Kok et al . (200
organized approach to improve the organization's ability to mobilize knowledge to enhance
performanceo. |t i s @ hcguire, shard and aitdize arganizationgl r 0 ¢ e S
knowledge by learning and managing tools (Civi, 2000).

Knowledge management is a universal concept that can be applied in many research
fields, such as linguistics, cognitive science, and library science (D&B05). Different
definitions have been generated in different areas. For example, in the human resource
management filed, knowledge management involves all activities that interact with humans under
a knowledge transfer mechanism (Desouza and Awazu, 2008¢ within the psychiatry field,

knowl edge management is defined as WAdAthe <crea

di ssemination of knowledge for the benefit of
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3.1.3 The Importance of Knowledge Management

Knowledge maagement plays an important role in providing organizations with
competitive advantages (Elgobbi, 201®ccording to a recent survey conducted the
Technology Sesices Industry Association (TSIA) (Ragsdak)l14, an increasing number of
organizations @ aware of the importance of knowledge management, and 40% of the
participating organizationbelieved that implementing knowledge management could increase
their productivity by20%-30%.

Kok et al. (2003) stated that the benefits of knowledge managesnenimproving
customer value, reducing costs, increasing product quality, and minimizing potential risks.
Knowledge management can also help companies keep pace with the changing requirements in
the market, reduce imposing tdpwn radical adjustments,@n enhance i ndividual
efficiency (Elgobbi, 2010).

Dalkir (2005) classified the benefits of knowledge management into three categories:
individual, community, and organization. For an individual, knowledge management strengthens
personal relationgps with the organization, reduces working difficulties and time, as well as
generating opportunities for future development. For a community, knowledge management
facilitates peeto-peer mentoring, creates a code of ethics in a professional way, adsl il
efficient collaboration process. For an organization, knowledge management increases the
possibilities for innovation, keeps the organization ahead of its competitors, and stores

organizational memory.

































































































































































































































































































































































































































































































































































































































