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ABSTRACT

DEVELOPMENT OF A DYNAMIC STRATEGY MAP INCORPORATING
SCENARIO ANALYSIS AND SYSTEM DYNAMICS: A SIMULATION TEST
ON AN INTERNATIONAL CONSTRUCTION COMPANY

Yildiz, Agelya Ecem
Ph.D., Department of Civil Engineering
Supervisor: Prof. Dr. irem Dikmen Toker
August 2018, 414 pages

The balanced scorecard (BSC) and strategy map (SM) methods developed by Kaplan
and Norton [1] are widely utilized both in academic studies and in practice to measure
organizational performance. On the other hand, these methods are criticized in the
literature due to their inability in quantifying bi-directional causalities among
strategies, aggregating performance measures, reflecting dynamic nature of real-life
behavior, and making simulations to understand implications of future scenarios to
support strategic decision-making. The aim of this research is to develop a dynamic
SM model by incorporating scenario analysis and systems dynamics to enhance
strategic planning (SP) and performance management (PM) practices of international
construction companies. To develop a dynamic SM model, this research uses BSC and
SM methods of Kaplan and Norton [1], future scorecard model of Fink et al. [2] and
Systems Dynamics method of Forrester [3] and Sterman [4]. To develop and test the
dynamic SM model, this research is conducted in five consecutive phases with the
collaboration of one of the biggest Turkish construction companies. Some serial Group
Model Building sessions are conducted with the participation of company experts in
order to ensure structural and behavioral validity of the model as well as to test whether
the model has a potential to enhance strategic decision-making. The simulation tests
conducted with the Company revealed that, the model improves the quality of strategic
decision-making as it simulates impacts ofalternative strategic options and possible
future scenarios on organizational performance. Thus, this research has potential to
offer a reliable methodology and a model for scholars and industry practitioners about
how to develop dynamic SMs via SD modeling and utilize them during strategic
decision-making and PM.

Keywords: Strategic Performance Management, Balanced Scorecard, Dynamic
Strategy Map, System Dynamics, Scenario Thinking.
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SENARYO ANALIZi VE SiSTEM DINAMiGi KULLANILARAK DINAMIK
BiR STRATEJI HARITASININ GELISTIRILMESIi: ULUSLARARASI BiR
INSAAT SIRKETINDE SIMULASYON TESTI

Yildiz, Agelya Ecem
Doktora, Insaat Miithendisligi Boliimii
Tez Yoneticisi: Prof. Dr. Irem Dikmen Toker

August 2018, 414 sayfa

Kaplan ve Norton [1] tarafindan gelistirilen kurumsal karne (BSC- balanced
scorecard) ve strateji haritasi yontemleri, hem akademik calismalarda hem de
uygulamada kurumsal performansi 6lgmek icin yaygin olarak kullamlmaktadir. Ote
yandan, giiniimiiz literatiirinde bu yontemler; iki yonlii neden-sonug iligkisinin
Olglilmesi, ayr1 performans olgiitlerinin biitiinlestirilmesi, ger¢ek hayat davranisinin
dinamik dogasinin yansitilmasi ve stratejik karar verme siirecinin desteklenmesi i¢in
gelecek senaryolarin gilinlimiize olan etkilerini anlamay1 saglayan simulasyonlar
yapilmasindaki kisitlart nedeni ile -elestirilmektedir. Bu aragtirmanin amaci,
uluslararas1 insaat firmalarmin stratejik planlama ve performans yoOnetimi
uygulamalarin1 ~ gelistirmesi amaciyla senaryo analizi ve sistem dinamigi
yontemlerinin bir araya getirilmesiyle dinamik bir strateji haritasi modelinin
gelistirilmesidir. Bu arastirmada; Kaplan ve Norton’un [1] kurumsal karne ve strateji
haritas1 yontemleri, Fink vd. [2] tarafindan 6nerilen gelecek karnesi (future scorecard)
ile Forrester [3] ve Sterman [4] tarafindan gelistirilen sistem dinamigi yontemleri
temel alinmistir. Dinamik strateji haritas1 modelinin gelistirilmesi ve test edilmesi
amaciyla, bu arastirma, dnde gelen Tiirk ingaat sirketlerinden birinin isbirligi ile bes
asamada ylirltiilmiistiir. Modelin yapisal ve davranigsal gecerliliginin saglanmasi ve
stratejik karar alma siiregleri i¢in yeterince destekleyici olup olmadiginin test edilmesi
amaciyla sirket uzmanlarinin katilmi ile bir dizi arastirma Grup Modeli Olusturma
oturumu yapmustir. Sirket ile yapilan simiilasyon testleri; farkli strateji segimleri ve
gelecek senaryolarmin organizasyonel performans iizerindeki etkisinin test
edilebilmesi sayesinde modelin, alinan stratejik kararlarin kalitesini arttirmada faydal
oldugunu gostermistir. Bu aragtirmanin, sistem dinamigi modelleme yontemi ile
dinamik strateji haritalarinin nasil gelistirilecegi ve bu haritalarin stratejik karar verme
sirecinde nasil kullanilacagi konusunda, hem akademisyenler hem de sektdr
paydaslari i¢in glivenilir bir metodoloji ve model sunabilecegi diisiiniilmektedir.

Anahtar Kelimeler: Stratejik Performans Yonetimi, Kurumsal Karna, Dinamik Strateji
Haritasi, Sistem Dinamigi, Senaryo Bazli Diisiinme, Grup Model Olusturma
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CHAPTER 1

INTRODUCTION

1.1. BACKGROUND OF THE RESEARCH

Having roots in General Tzu’s classic Chinese writings, strategy has come a subject of
study in business environments after 1950’s. In the 1980s, Michael Porter defined
strategy as a competitive advantage term, which further inspired other scholars to
elaborate strategy in economics [5]. In different body of research proposed by Henry
Minztberg and Andrew Pettigrew, strategy is elaborated in the field of sociology and
psychology. After 1980s, a growing body of research is conducted to explore different
terms and typologies of “strategy” and the way it was managed in organizational
reality. Thus, the literature is rich and diverse in the definition of strategy as it fulfills
different managerial objectives in organizations ( [6], [7]). In one of the earliest
approaches, [8] conceded that strategy is about actions taken by the organizations that
lead to changes in them based on the changes in their environment. [5] defined strategy
as a way to achieve competitive advantage through relating strategy with economics.
[9] elaborated strategy as “a plan, ploy, pattern, perspective, or position based on the
managerial intentions of the organizations”.

After 1960’s the strategy is also elaborated as a “concept” in management science,
which is facilitated for defining, controlling and monitoring the intended directions of
organizations. The term strategic planning (SP) is born, which is defined as a process
to define a road map for an organization that is the organization is intended to follow
[10]. It is further transformed into the term of “strategic management” to
systematically manage organizational goals. In one of the earliest approaches, [11]
defined six steps of a strategic management process; (1) goal formulation, (2)
environmental analysis, (3) strategy formulation, (4) strategy evaluation, (5) strategy
implementation, and (6) strategic control.

The evolution of the concept of strategic management is also required incorporation
of some other management sciences to support its different steps. One of them is the
performance management (PM), which has become critical in assessing, monitoring
and controlling the way strategies implemented.

PM is firstly undertaken by a firm named, DuPont, in the first quarter of the 20th
century by measuring the financial performance through the measure of return on
investment (ROI) [12]. Following 1925, many other PM methods and techniques are
developed and used in practice (i.e. [13], [14], [15]), which are largely based on
measuring financial performance. By 1950s, PM method having focus on financial
performance, are become to question due to their inability to reflect soft measures.
Since the early 1990s, various scholars have attempted to suggest novel PM methods
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to overcome some limitations of the early methods. For example, Robert Kaplan and
David Norton introduced Balanced Scorecard (BSC) concept in the January- February
1992 issue of Harvard Business Review (HBR) [1]. After its announcement, the
attention for BSC has grown year by year, also with the new developments made by
its owners on the original BSC.

The initial idea of BSC is to combine financial and non-financial perspectives in a
single performance scorecard model. The original BSC includes financial performance
measures as well as some operational measures those categorized under three
perspectives; customer satisfaction, internal business processes, and innovation and
learning. With the use of BSC, it is expected to make organizations to consider both
financial and non-financial measures when assessing performance of their
organizations. Through the years, Kaplan and Norton have also improved the
theoretical foundation of their original BSC ( [16], [17], [18], [19]) to exempt their
model from serious criticism and create its current worldwide popularity [20]. In this
regard, the term “Strategy Map” (SM) is born which has transformed the BSC from a
measurement system to a strategic management system. In 2004, Kaplan and Norton
announced the method of SM that translates the general strategy statements into
specific objectives with which employees can understand and act on [21]. SMs are
expected to create the “missing link” between strategy formulation and strategy
execution by representing how value is created through cause and effect relationships
between diverse strategic objectives [21]. They are regarded as the visual
representation of relations among the key components of organizational strategies
[22].

The BSC and SM are announced as two of the most influential business ideas of the
past 75 years [20] by HBR and reported to be used by 40% of the Fortune 1.000
companies at the end of 2001 [23]. The popularity of them has also spread to the
construction industry, indeed the study of [24] demonstrated that 24,5% of UK-based
construction engineering firms surveyed by the authors have adopted BSC. They have
a significant presence both in worldwide [25] and in the construction management
literature [20] as powerful communication tools for PM. As claimed by [26], although
there is no definite empirical evidence to confirm that adopting the BSC truly leads to
superior performance, anecdotal evidence shows that the popularity of BSC is growing
in a variety of applications. As reported by [20], the major strengths of the BSC and
SM are as follows,

e They incorporate four performance perspectives (financial, customer, internal
process, learning and growth) in one simple and easy-to-use management
report ( [27], [15]).

e They explicitly highlight causalities among performance measures, which
make the PM process as a feedforward control system [28].

e The linkage between performance measures and organizational strategies
makes SM, as a strategy control system, which is a weak area of many
organizations [29].

e They contain both outcome measures (lagging) and the driver of the outcome
measures (leading) ( [30], [31], [29]) which enables to understand the cause-
effect relations between the measures.
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1.2.  PROBLEM DEFINITION

Although BSC and SM are two of the most widely utilized methods for SP and PM,
they also suffer from some highly criticized limitations. First, they are limited in
incorporating organizational and socio-environmental rooting of the organizations
[32] and neglect the effect of organizational and environmental factors on the
organizational performance [33]. Second, although they consider non-financial
indicators, the methodology for defining and assessing non-financial indicators still
inherent ambiguity due to their qualitative nature [12]. Third, they are inadequate to
identify relative importance of and the trade-offs between performance measures. The
consideration of relative importance among measures is also highly critical especially
when targets of different measures conflict with each other or when diverse measures
require similar resources or competencies ( [33], [34], [35], [36], [37], [29]). Finally,
they provide little empirical work about how the causalities among measures could be
constructed, assessed or managed ( [32], [38], [39], [33]). Indeed, any missing link or
cause-effect relationship might lead invalid assumptions in a feed-forward control
system, which in turn causes individual companies to anticipate faulty performance
indicators, resulting in dysfunctional organizational behavior and flawed performance
[30].

There also exist some other limitations when the BSC and SM are applied in the
construction industry. Most of the PM efforts in the construction industry are focused
on the measurement of project performances and limited in the evaluations at a
corporate level (i.e. [40], [41], [42], [43], [6]). Thus, applications of the BSC are
mostly limited, as the measures of the project-level BSC could not be aggregated into
an overall corporate scorecard [16]. In addition, the original BSC is limited when it is
applied specifically to an industry. As also suggested by Kaplan and Norton, BSC
should be modified based on the country, business or industry where company operates
[16] to ensure adequacy of BSC and fully facilitate its benefits ( [44], [45], [46], [47],
[48], [20], [12]).

In addition to aforementioned limitations, both the BSC and some other PM methods
are incapable of incorporating future thinking in the measurement models. According
to [49], development of a long-term strategy for an organization needs an expression
of a vision including future conditions. This is particularly important when the defined
strategy will be utilized for transition of the organization from its current position to a
desirable but uncertain and complex future state [18]. Thus, thinking about future
during the process of strategy formulation is critical [50]. In this regard, despite of
their benefits, traditional BSC and SM have a “static” nature, as they are limited in
reflecting any changes in current or future state of organizations. However; relying on
static SMs means to “assume not only that the organization and its strategy will stay
the same, but also that competitors will continue to behave in the same way”, which
limits SMs to reflect evolution of strategy over time ( [51], [50]). In addition, these
traditional methods are incapable of analyzing past data to predict future states as they
do not include possible time lags among performance measures and ignore
relationships among future states and conditions ( [51], [50]).



1.3.  AIM AND OBJECTIVES OF THE RESEARCH

This research argues that, a novel PM method or a model is needed, which overcomes
the major limitations of current PM methods reported in literature, in order to enhance
SP and PM practices of the construction industry. This model should reflect some
characteristics to fully realize benefits of conducting SP and PM. First, the model is
expected to provide a comprehensive framework that incorporates internal and
external environmental conditions of companies in their SP and PM practices. Second,
the model should be used as a company-level system that portrays broader business
strategies formulated at the business level [6]. The model should also offer a novel
BSC that reflects industry-based characteristics in PM practices via both financial and
non-financial measures as well as aggregating these measures in order to quantify an
overall performance. The model should also deliver a visualization and quantification
method in order to consider relative importance and bi-directional relations among
performance measures as well as balance strategies in accordance. It should also
convey a control mechanism that portray strategic relevancy of performance measures
and truly measures what will be measured.

In addition to the above-mentioned features, a mechanism is needed to support and
guide management decisions [45], unless otherwise there is a risk of confusion, failure
to use, or interpretation difficulties in PM practices. In addition, subjectivity involved
in decision-making due to cognitive biases of the decision makers, should somehow
be handled. Thus, the link between the use of SM and decision-making process should
be clarified to overcome making arbitrary interpretations and to minimize the effect of
dependence on individual mental models when correlating individual measures and
map elements [52]. Finally, the model should also incorporate simulation capabilities
to enhance the quality of decisions made by making clear of dynamic behavior of the
strategies, training in strategy making and supporting actual process of strategy making
[53]. Thus, there is a need for explicit and process-based descriptions about how to
manage strategic uncertainty [54] as well as how to predict future trends and advances,
particularly in the turbulent business climate [2]. This situation rises the need of
incorporation of scenario analysis in the field of strategy.

The attention for scenario analysis and planning has also been growing in current
literature, both in its methodological approaches or incorporation of some other
management techniques including SM (i.e. [55], [56], [57], [58], [59]). In one of the
earliest studies on scenario analysis, [59] proposed that scenario analysis encourages
managers to evaluate situations that “challenge their current way of thinking and to
consider what could be presently unthinkable”. According to [58], different from
traditional forecasting techniques, scenario analysis is about encouraging managers to
pose questions rather than providing answers about future states. [2] added that;
through conducting scenario analysis, organizations oppose the idea that there exists a
single predictable future. Thus, scenario analysis provides continually enlarging and
discussing the range of possibilities, that enables SP as a collective learning tool [56].
[60] added that with the development of scenarios, managers can enhance SP by
minimizing risk posed by future uncertainties, exploiting the trends and opportunities
and maintaining risk within an tolerance level. As scenarios enable structured



frameworks to develop and analyze corporate strategies, they become a notion of a
‘test drive’ of strategic decisions [61].

According to [60] and [50] the combination of strategy maps and scenario analysis has
a number of advantages;

e SMand scenario analysis provide means to communicate the present and future
strategy of the organizations.

e Both methods are developed based on a holistic view of organizations and their
internal and external environments.

e The internal focus of SM can be supported by focus of scenario analysis on the
conditions of external environment.

e Both qualitative and quantitative aspects of organizations can be considered
through SM and scenario analysis.

e Both tools require the participation of numerous stakeholders that contributes
to enhance the validity and robustness of the organizational strategies.

e The development of SM and scenarios also denote the comparison of mental
models [62] and reaching of inter subjective agreement amongst participants.

Despite the advantages of incorporation of scenario analysis with SM (as reported in
[62], [63], [60], [2], [56], [21], [64], [51], [50]), the joint use of these methods is still
not common. The studies focusing on scenario-based SMs are poor in description of
the actual design process [50], which leaves the combination of the two, largely
unexplored. However, that kind of joint use of scenario analysis and SM is especially
critic in construction industry as the industry is “predominantly short-term and reactive
in their outlook™ as well as has to respond changes in its business environment quickly
[61].

This research argues that, a novel “thinking philosophy” is needed to elaborate the
strategy in diverse outlook and to incorporate scenario analysis and SM. In addition, a
“modelling technique” is needed to transform this “thinking philosophy” into practice.
In this regard, scenario management theory developed by [2] provides a theoretical
basis for that kind of “thinking philosophy”. Authors suggest incorporating “Systems
Thinking”, “Future-Open Thinking” and “Strategic Thinking” in order to develop
“future scorecards” for the organizations. As described by [2], “Future-Open
Thinking” is about making predictions of future trends and developments by projecting
current-state to the future. It is about acceptance of uncertainty in the corporate
environment and detection of alternative possible developments. Second, “Strategic
Thinking” is about identification of prerequisites of future success potentials as a basis
for development and implementation of visionary strategies. Finally, “Systems
Thinking” provides organizations to handle increasing complexity, diversity and
dynamics in the organizational environment by dealing with interconnections in the
system [65]. According to [2], while “Strategic Thinking” combined with the “Future-
Open Thinking” will lead to “Scenario Planning”, “Systems Thinking” joined with the
“Strategic Thinking” will lead to “System Dynamics”. Thus, through premising these
“thinking philosophies”, dynamic SMs can be developed that can successfully respond
the changes occurred in the business environment and that can systematically solve
complex, nonlinear and dynamic strategic decisions of real life.
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System Dynamics (SD) is founded in the 1950s by Jay Forrester who is a professor
from Massachusetts Institute of Technology (MIT). The foundations of SD is based on
the philosophy of “Systems Thinking” ( [3], [62]), which is about ability to understand
that “everything is connected to everything else’ ( [62], [66]) in a dynamic and
complex system. “Dynamic Complexity” introduced by [66] is another term used to
explain real life systems which are dynamic, complex and interconnected. As criticized
by [66], despite the dynamic complexity of real life systems, people tend to make
decisions using mental models that are static, narrow and reductionist, as the
complexity of the environment exceeds their ability to optimize.

SD is a method for modelling and testing formal mathematical models and computer
simulations of complex, nonlinear, and dynamic systems [4]. It is utilized especially
in economic, environmental and social systems where a holistic view is crucial and
feedback loops are necessary to capture the relations among diverse variables [3]. It is
also used to understand how organization and policy development affect
organizational behavior over time [67]. Furthermore, it can be utilized to create
scenarios that are akin to a real life problem [68]. They can also be used to capture
differences in resource accumulation strategies among competing firms as well as to
develop resource maps by stimulating the resource profiles and investment strategies
of these firms through eliciting mental models of top managers about their firms’
conceptual representation ( [69], [70]).

1.4. PROCEDURE

This research argues that there is a need for novel strategy mapping model to increase
effectiveness of SP and PM practices of the construction industry. In addition, a novel
“thinking philosophy”, which incorporates scenario analysis and SM methods, is
needed in order to enhance quality of strategic decisions made by industry
practitioners. In this regard, the aim of this research is to develop a dynamic SM model
by incorporating scenario analysis and systems thinking to enhance SP and PM
practices of international construction companies.

For conceptualization purposes, this research uses BSC and SM methods of Kaplan
and Norton. These methods are taken as reference point; since, as rather than
developing a novel or a stand-alone model, it is better to revise some existing models
to make them more applicable and suitable [20]. In addition, this research elaborates
BSC as a system of measures as well as uses SD method to quantify and computerize
this system as it mathematically models and simulates complex, nonlinear, and
dynamic systems. With SD method, it is aimed to solve major limitations of the current
literature about aggregation, quantification and simulation of BSC measures having
“dynamic complexity” in their nature. In addition, based on the scenario management
theory of [2], this research aims to present how the future scorecard of organizations
can be developed, those enable industry practitioners to envision future performance
of their organizations from today by making simulations via dynamic SMs.

As suggested by various authors (i.e. [71], [62], [72], [73], [74], [67], [75]), this
research proposes a two-stage method to convey SD modelling ad develop a dynamic
SM model. The first stage, qualitative modelling is about development of the causal-

6



loop diagram (CLD) of the model, which is described as Conceptual Model throughout
the research. Second is the quantitative modeling, which is about transforming CLD
into a stock-flow diagram (SFD), having components of system, feedback, level and
rate. Quantitative modeling is referred as Computerized Model, which is developed
based on the Conceptual Model. Throughout the development of both models, the SD-
modelling process offered by [4] is taken as basis. The process, referred to as System
Dynamics Process (SDP), describes the way to conceptualize, formulate, test and
simulate SD models, which is dynamic SM.

SDP is conducted in four consecutive steps. “Conceptualization” step is the first step
for the development of the SD model. It is about identification of “system” parameters
representing BSC measures as well as development of the system interactions, which
show bi-directional relations among measures in SM. To do so, CLD is used to
conceptualize the dynamic hypothesis of SM and describe the causal relationships
among BSC measures. “Formulation” is the second step of the computerization of
“Conceptual Model” in a software environment. To do so, CLD is extended and
converted into a STD model in order to test and simulate the SM. STD is developed
and computerized via a software tool, named Stella Architecture of isee Company.
“Testing” is the third step undertaken to verify and validate the “Computerized Model”
developed by Stella Architecture. To do so, numerous verification and validation tests
are undertaken to ensure both structural and behavioral validity. The final step is the
“Simulation”, in which two separate tests are undertaken with a Turkish construction
company to understand the behavior of the Computerized Model in real life practices.
First, a Scenario Testing is conducted to elicit dynamic behavior of the model under
diverse future scenarios. Second, a “Strategic Options Testing” is undertaken to
understand the effect of changes in resources and capabilities to the overall strategic
achievement.

Although SDP provides a theoretical foundation for how to develop SD-models,
another process is also needed that answers the questions of how the owners of these
SD-models can use them in their SP practices. Thus, as a further approach, a Strategic
Performance Management Process (SPMP) is developed based on the work of [53],
which describes how to conduct SP and PM with using such SD-models. The process
suggests a four step approach namely, 1) Strategic Positioning, 2) Strategy
Formulation, 3) Strategy Implementation and 4) Strategy Testing. Through
incorporation of SDP and SPMP, a novel methodology is offered in this study, which
describes how to model, test and simulate dynamic SMs in the vicious cycle of SP
practices. Based on the SDP and SPMP, this research is conducted in five consecutive
phases to develop dynamic SM model. These are; 1) Development of the research
design, 2) Development of the conceptual model, 3) Development of the computerized
model, 4) Validation of the computerized model, and 5) Simulation utilizing a real
case. Table 1 gives an overview on the research phases along with the steps of SDP
and SPMP.



Table 1: Overview of the Research Phases

Theoretical

Research Phase SDP Basis
Phase 1: Development
of the Research - - Chapter 2- 4
Design
Phase 2: Development gg;i?g:\?n
of the Conceptual Conceptualizati Strategy g Chapter 5
Model on Formulation 531, [2], [4], [4]
Phase 3: Development

) . Strategy [76], [50], [77],
of the Computerized | Formulation Implementation Chapter 6 (78], [61]

Model
Phase 4: Validation of
the Computerized Testing

Strategy

Implementation Chapter 7| [4], [4]

Model
Phase 5: Simulation . . Strategy
Utilizing a Real Case | >'mulation Testing Chapter 8 | [79], [80]

1.5. DISPOSITION

As introduced in Table 1, Chapter 2 overviews theoretical background of this research.
The chapter begins with a literature review on the concept of strategy, typologies of
strategy and different methodologies offered for SP and strategic management. The
chapter continues with the definition and methods of PM, and their applications in the
construction industry. In Chapter 2, the original concept of BSC and SM, are also
explained in detail, as they constitute the underlying methods of this research. The
remaining sections of Chapter 2 gives a review on the concept of cognitive and causal
mapping which have roots on SD method. Then, the concept of SD is briefly explained
by describing the methodology offered by [4]. In the final section, the concept of
Resource-Based View (RBV) and dynamic capabilities are given as they are one of
the underlying theories of resource accumulations and disposals inherit in the SD
models.

Chapter 3 explains the first phase of this research, which is about identification of the
research objectives and development of the research design. The chapter starts with
the discussion of limitations of current SP and PM methods reported in current
literature. These limitations were classified as conceptualization, quantification and
implementation problems of current methods. Research objectives were defined in a
way to overcome the major gaps reported in the available literature on SP and PM.
After the general outline of the research objectives are given, the Research Design is
introduced, which was developed based on the structure offered by [4] in the context
SD.

Chapter 4 continues with explaining research methodology in detail. It starts with the
description of SPMP, which serves as a basis for the design of this research. The
chapter continues with the description of research methodology in detail by providing
a systematic process about how to develop a dynamic SM model. To computerize such
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a model, a software tool was facilitated which enables to develop and simulate
complex SD-models in a user-friendly environment. In this regard, this chapter also
introduces the SD tool, named Stella Architecture, which was used when developing
Computerized Model in the forthcoming phases of the research. Finally, this chapter
also introduces one of the biggest Turkish construction company, which was
collaborated throughout the research to develop the model by using the available
knowledge and experience of the company experts. Experts selected from the
Company were participated in the model development, validation and testing phases
through some set of structured Group Model Building (GMB) sessions. Thus, the final
section of this chapter is devoted to the explanation of these sessions.

The Company, which was collaborated in this research, is one of the biggest Turkish
construction companies doing business both in national and international markets. As
explained in Chapter 4 in detail, the Company is being consistently ranked in the top
construction firms in Engineering News-Record (ENR) 250 [81]. The Company
furnishes services as the main contractor and investor in more than 15 countries
throughout the world. It mainly operates in construction, real estate development,
energy, heavy industries and health sectors. By employing more than 50.000
employees, the Company is one of the flag carrier Turkish contractor companies doing
contracting business throughout the world.

The collaboration comprised of four steps, serving different purposes. First, an
unstructured meeting was held with the Company CEO to capture initial requirements
from such a dynamic SM model. Second, mental models and group decisions of the
Company Experts were used to develop conceptual and computerized model
components of this dynamic SM model. Third, some C-level executives of the
Company participated in the Scenario Testing session to simulate the final model under
diverse scenarios. Finally, a Strategic Options Testing session was conducted with the
Company CEO to test the model under different strategic decisions and its associated
outcomes.

To achieve these four purposes; a structured methodology was undertaken with the
contribution of Company Experts. The methodology was based on Group Model
Building for knowledge elicitation and utilization of groups having different industrial
knowledge and educational backgrounds. In total, eight separate sessions were
conducted with twenty-three company experts. First four sessions were held to develop
the conceptual model as well as fifth session to develop the computerized model of the
research, whose findings are explained in Chapter 5 and 6, respectively. After the
development of the model, a separate session was conducted to perform some
validation tests in order to ensure behavioral and structural validity of the model. The
last two sessions were about simulations of the models with the C-level executives of
the Company to understand the model behavior under diverse future scenarios and
strategic options. These tests were referred as Simulation Testing and Strategic
Options Testing, which constituted the third and fourth steps of such a collaboration.

Chapter 5 explains the second phase of the research that is about development of the
Conceptual Model. It introduces a novel BSC and Strategy Map Structure (SMS) for
construction companies doing business abroad. Based on the Conceptual Model
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developed in Chapter 5, Chapter 6 explains the third phase of the research that is about
development of the Computerized Model. This chapter explains some model
assumptions and boundary conditions, which were needed to develop such a
Computerized Model. The remaining section of the chapter explains the development
process of the Computerized Model step-by-step by also describing the components
(i.e. stocks, flows) of such SD models. In the final section, some screenshots from
Stella Architecture were given to demonstrate the SFD of the Computerized Model.

Chapter 7 describes the fourth phase of the research that is about verification and
validation of the Computerized Model. The chapter starts with giving a brief
theoretical background on validation of SD models. Then, the remaining section
explains the model validation methodology of this research, which was defined based
on the theoretical background given in the previous section. The final section of this
chapter explains findings of the verification and validation tests, which were conducted
to ensure behavioral and structural validity of the Computerized Model.

Chapter 8 explains the final phase, fifth phase, which is about simulation utilizing a
real case from the Company. This phase was conducted in two steps; first, a Scenario
Testing was conducted by using the three scenarios developed in the previous steps of
the research. Then, a secondary test was conducted to understand the usage of the
Computerized Model when testing different strategic options about future direction of
the Company. In this regard, the Strategic Options Testing was oriented towards the
simulation of model behavior under different strategies tested by the Company CEO.

Finally, Chapter 9 gives an overview of the research along with the findings of the

research, its expected benefits, limitations and some recommendations for further
researchers.
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CHAPTER 2

THEORETICAL BACKGROUND

This chapter overviews the theoretical background of this research. First, a brief review
on strategy and strategic management is given. Second, the concept of the PM is
reviewed with also announcing two of the most widely utilized PM methods, the BSC
and SM developed by Kaplan and Norton. In the following sections of the chapter, the
SP and PM practices of the construction industry are reviewed with also giving some
implications for the research objectives. In the final section, an overview is given on
the theory of the Systems Thinking, SD, RBV and Dynamic Capabilities.

2.1 STRATEGY AND STRATEGIC MANAGEMENT

The term of strategy has military origins [82], whose roots come from General Tzu’s
classic Chinese writings, mostly from his famous work, the Art of War [83]. Over the
years, researchers have interpreted the wisdom and teachings of Tzu and applied it to
a variety of fields including twentieth century business strategy ( [84], [85]). After
1950’s, strategy has come a subject of study in business environments and mostly seen
as a task of the general manager. After 1960s, it has taken form in the business policy
courses given at universities such as Harvard University. In the 1970s, the term
strategy has studied in the books mostly on corporate planning, in the form of
exploring opportunities or threats for corporations. After 1970s, academics have
developed a growing stream of research addressing the implications of different
strategies for the financial performance of organizations. They have mostly focused
on the content of strategic options such as innovation, diversification and
internationalization. In 1980s, Michael Porter defined strategy as a competitive
advantage term, which has further inspired other scholars to elaborate strategy in
economics [5]. In different body of research conducted by Henry Minztberg and
Andrew Pettigrew, the term “strategy” has elaborated in the field of sociology and
psychology ( [9], [86]). In 1987, Minztberg defined strategy as “a plan, ploy, pattern,
perspective, or position based on the managerial intentions of the organizations” by
proposing professionals to have a holistic view for strategy [86]. In 1990s, another
stream of research has come to scene, the RBV proposed by Barney [77]. While the
development of concept of “strategy” has examined, [53] concluded that “the twenty-
first century has seen the emergence and growing acceptance of new streams of
research that offer still more promising means of coping with organizational reality”

[53].

There is no universally accepted definition of strategy [83] as strategy fulfills different
managerial objectives in organizations ( [6], [7]). Prominent thinkers in literature have
suggested diverse range of definitions, but the way they have elaborated strategy can
be clustered in different perspectives. As classified by [83], there exists studies that
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describe the evolution of the concept of strategy over time [87], studies that attempt to
define a single concept, generally a broad definition ( [8], [88], [89]) and studies that
propose several different ways of strategy perception [86]. They can also be classified
in the way they utilized the term strategy; such as strategy and structure [8] long-range
planning [11], [87], strategy as patterns ( [9], [90]), strategy as practice [91], strategy
as decision making ( [92], [93]), at a competitive level ([94], [5]), or a corporate level
[95], [96].

In one of the earliest approach, [8] conceded that strategy is about actions taken by the
company that lead organizational change based on the changes in the organization’s
environment. For [6], the definition of [8] implies that “strategy has to do with
matching an organization to the environment in which it operates”. [11] defined
strategy as organization’s preferences on products and markets which is more
concerned with what to produce and to which markets the products will be sold. [97]
defined the strategy as a pattern of decisions focusing on firm resources and
competence to achieve advantage based on a unique posture, derived from internal
strengths and weaknesses as well as external opportunities and threats. According to
[98], strategy as a term is concerned with the scope of an organization such as degree
of diversification and geographic expansion. [99] defined strategy as a pattern or a plan
that facilitates organizational objectives, policies and action sequences into a cohesive
whole.

As one of the most influential researcher in the course of strategy, [9] elaborates
strategy as “a plan, ploy, pattern, perspective, or position based on the managerial
intentions of the organizations by proposing professionals to have an holistic view for
strategy. He added; a strategy may act as diverse tools such as a support to decision
making, as a vehicle for coordination or as a target. [100] defined strategy as an area
of management, whose concern is about the general direction and long term vision of
organizations rather than short term tactics or day-to-day operations. Similar to the
definition of [100], [101] defined strategy as long-range plans, methods or approaches
of companies to reach their goals in competitive environments. A leaner definition is
made by [28] as strategy is the course of action taken to achieve organizational
purpose.

Porter first defined the strategy in 1980 as a competitive advantage term and described
it as a way to achieve competitive advantage [5]. According to [6], “strategy” defined
by Porter also pointed out the impact of core competencies and competitive factors on
strategy formulation. A more comprehensive and more practical definition is also
proposed by [53]. In their book, they defined strategy as ‘‘the direction and scope of
an organization over the long term, which achieves advantage for the organization
through its configuration of resources within a changing environment, to meet the
needs of markets and to fulfill stakeholder expectations”. In line with this definition,
[53] claimed strategic decisions are about;

a) The long-term direction of the organizations,

b) The overall scope of the activities performed by organizations,

c) Having a purpose of gaining competitive advantage,

d) Undertaking a “change” in the business environment,

e) Developing core competencies and resources, and finally
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f) Meeting with the values and expectations of stakeholders [53].

Various business strategy typologies have also introduced in literature in order to
classify and formulate strategies as generic terms. One of the earliest effort was made
by [102] who developed a typology consisting of defender, prospector, analyzer, and
reactor. In 1979, [103] identified four major types of strategies: multiplication
(expansion of present products), monopolization (protection of present markets),
specialization (in products or services), and liquidation. One of the most widely used
typology in today’s literature was introduced by Porter in 1980 [5]. [5] introduced his
generic strategies as; “cost leadership”, “differentiation”, and “focus” by claiming that
organizations can outdistance their competition by concentrating on these generic
strategies ( [101], [100]).

Cost leadership is about focusing on cost reduction in the products and services and
offering low-cost products compared to competitors. A premise on “cost leadership”
strategy necessitates a vigorous pursuit of cost reductions, tight overhead and cost
control activities, and cost minimization of administrative functions [100].
Differentiation strategy is about offering the intended customer a special, different or
unique value by either offering prior quality, performance or service. It can also be
described as “over competing with rivals” through differentiating offered products and
services, adding extra value and quality, creating image or brand name, being top at
the responsiveness to the client or having prior technological competency [104]. Focus
Is about targeting on a selected segment of the market in terms of location, product,
customer or sector while applying either cost-leadership or differentiation. The idea is
that, a firm can respond to a narrow market more effectively than competitors who
target a broader market [100].

The generic strategies of Porter are generally accepted as the simplest and widely used
classification of strategies [101]. According to [104], all three types of Porter’s generic
strategies are existed in various construction companies. For instance; procurement
strategies of construction companies are generally designed to achieve minimum cost
[104], however which are also criticized due to lack of consideration given to the
whole life value of the procured goods from the client’s perspective ( [105], [106]).
Another example is about focus strategies. Some examples are; willingness of
construction companies to focus on partnering projects, operating with specific type
of contracts (i.e. design/build, build/operate/design or private finance initiative
projects) [104], sustaining relations with specific client groups (i.e. high tech
manufactures or retail stores), doing business in certain geographic markets, carrying
out specific business streams or segment of the product line (cast-in-place concrete
structures, etc.) [100]. Although authors such as [104] and [100] has found the generic
strategic strategies of Porter useful in the construction industry, some other ( [107],
[108]) has argued Porter’s generic strategies as being either “too narrow” or only as a
“first step” in understanding of strategic perspectives of construction companies.
Indeed, according to [107], these strategies mainly focus on strategic positioning and
neglects “demand factors” in the strategy formulation.

Henry Mintzberg, a leading author on strategic management [109] has also focused on
the manner in which the strategies are developed. In his works ( [49], [86], [9]), he
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described strategy as a pattern in a stream of decisions, those may occur deliberately
or by default ( [110], [5], [109]) based on which he differentiated strategies as
“deliberate strategies” and “emergent strategies”. Deliberate strategies are the planned
and executed strategies by the management, which are explicitly formulated and
implemented through decisions intended to achieve specified objectives. Oppose to
the deliberate strategies; “emergent strategies” occur because of internal or external
pressures or occur by default so that they are implicit in the autonomous decisions of
individual managers. Based on the extent of managerial input, authors have further
classified strategies into eight types; "planned," "entrepreneurial,” "ideological,"
"umbrella,” "process,” "unconnected,” "consensus,” and "imposed.” [49] added, in
organizations there always exists more than one of these strategies. Although the type
of the strategy influences the context of SP, the framework of strategic management
process remains same from type to type, which is defined as a continuous cycle of
analysis- choice- implementation [104].

In addition, in their book, [111] proposed 10 schools of strategic thought that can
emerge in organizations. These 10 categories are given in Table 2, as was also
summarized in [112].

Table 2: Ten Schools of Strategic Thought

1. Design School: It offers a model of strategy making that seeks to attain a fit
among internal capabilities and external possibilities. It is one of the most
influential school of thought and home of the SWOT.

2. Planning School: It forms through a formal procedure, training, or analysis. It
produces each component part as specified, assemble them according to the
blueprint, and strategy will result.

3. Positioning School: It proposes that only a few key strategies (positions in the
economic marketplace) are desirable. Typologies offered by Michael Porter can
be categorized in this school.

4. Entrepreneurial School: It proposes that strategy formation results from the
insights of a single leader, and stresses intuition, judgement, wisdom,
experience, and insight. The “vision” of the managers supplies the guiding
principles of the strategy.

5. Cognitive School: It suggests that strategy formation is a cognitive process that
takes place in the mind of the strategist. Strategies emerge as the strategist filters
the maps, concepts, and schemas shaping their thinking.

6. Learning School: It proposes that strategies emerge as individuals or groups
come to learn about a situation as well as capability of their organizations about
how to deal with this situation.

7. Power School: It proposes that strategy formation as an overt process of
influence, emphasizing the use of power and politics to negotiate strategies
favorable to particular interests.

8. Cultural School: It suggests that social interaction among diverse
organizational members on the beliefs and understandings, lead to the
development of strategy.

9. Environmental School: It proposes that, the environment is the central actor in
the strategy making process.
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10. Configuration School: It stresses that strategies arise from periods when an
organization adopts a structure to match to a particular context that give rise to
certain behaviors.

In addition to the strategy typologies, various authors have focused on how to plan and
implement the formulated strategies. In this field, SP was born as a process to define
a road map for organizations, that is the organizations intend to follow [10]. The
development of this “road map” starts with the assessment of organization’s
environment; that has generally referred as “assessment of the competitive forces”.
Second phase includes evaluating the organizations internally to identify key skills and
resources, which can be generally accepted as “core competencies”. The following
phases are defined as; linking the key skills and resources with the specific
opportunities, defining specific corporate objectives and finally developing
organizational knowledge assets (i.e. policies, plans, programs and tasks) in order to
achieve the defined objectives successfully [100].

Similar to the development process of this “road map”, [11] defined six major tasks
that comprise the SP process (1) goal formulation, (2) environmental analysis, (3)
strategy formulation, (4) strategy evaluation, (5) strategy implementation, and (6)
strategic control. Goal formulation is about setting long-term vision for the
organization, following with the environmental analysis to explore the probable
environmental factors influencing the way to achieve the long-term vision. Strategy
formulation and evaluation are about defining the strategies with the consideration of
long-term vision and probable environmental factors. Strategy implementation and
control are about taking action and continuous control on formulated and implemented
strategies.

Strategic management is a term firstly defined by Igor Ansoff [11] to take SP a step
beyond [100]. It is defined as a set of management practices that incorporate the day-
to-day operations of organizations to the long-term planning horizons. In other words,
it is an enabler with which all “members of a dynamic organization move as one in
response to plans made, opportunities, and threats” [113]. [53] described strategic
management as the understanding the strategic position and strategic capability of an
organization, defining strategic choices for the future and lastly managing strategy in
action. The strategic position is about the impact of the external environment on
strategy while strategic capability is concerned with the organization’s own
capabilities such as resources and competences. The second step, defining strategic
choice, is about the development of the basis for future strategies at both the business
unit and corporate levels and the options for developing strategy in terms of both the
directions and methods of development. The subsequent step, implementing strategies
(strategy in action), is undertaken to ensure the defined and implemented strategies are
working well in practice.

In addition to the variety of definitions and processes made for strategic management,
various theories and intellectual routes have also emerged about how to elaborate
strategic management. [83] classified these theories as; 1) Long Range Planning 2)
Structure Conduct Performance, 3) Strategic Conflict, 4) Resource Based View, 5)
Core Competence, 6) Knowledge Based View, and 7) Dynamic Capabilities. The
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summary of traditional intellectual routes to strategic analysis as summarized by [83]
is given in Appendix 1.

To date, a number of researchers have also studied the concept of strategic
management and their applications in the construction industry (i.e. [114], [115],
[101], [116], [117], [118], [100], [119], [104], [120]). Indeed, some authors have
explored strategic management practices in the specific construction markets. For
example, [121], [122] and [123] analyzed the concept of strategy in U.K construction
industry, [124] in Chinese, while [125] and [6] in Turkish. As reported in [120], [121]
focused on corporate-level strategies for UK-based construction firms, but did not take
into account the macro perspectives faced by the industry. [122] focused on business
strategies of consultancy firms in the construction industry, but did not draw any
strategies for contracting. [123] evaluated the evolution of strategic management
approaches in the industry; however did not provide any current strategies entitled.
[125] explored international competitiveness of Turkish construction firms by utilizing
Porter’s diamond framework, however did not carry out any strategic evaluation for
the domestic market.

[101] surveyed strategic attitudes of thirteen large construction companies from four
countries; Japan, United States, United Kingdom, and Finland. Based on his findings,
[101] analyzed a construction company and its business environment from SP
perspective. [116] conducted a 3-year-study to explore the key strategic components
of the civil engineering industry with conducting content analysis with 574 researches.
[120] conducted a survey with administering 52 Turkish construction companies to
explore the current situation of the industry in field of strategic management and to
analyze the strengths and weaknesses of SP practices of these companies.

[6] analyzed objectives, core competencies, sources of competitive advantage, and
strategies of companies operating in Turkish construction industry by using some
statistical techniques. [118] defined the strategic groups existed within the Turkish
construction industry by a theoretical framework and alternative statistical cluster
analysis techniques. Author also classified triggers of competitive advantage of
construction companies into two groups; price and non-price factors, which were
further elaborated in detail based on the Porter’s generic strategies [5].

[100] explored the relevance of “business strategy” context in the construction industry
through discussing the technology use and its potential impact on competitive strategy.
[109] developed an analytical framework about the relation of strategic management
to the design segment of the architecture, engineering and construction (AEC) firms.
[124] developed an integrated framework about corporate strategy and critical issues
of Chinese contraction industry and measured their dynamics.

2.2. PERFORMANCE MANAGEMENT

Performance management as an approach, firstly undertaken by a firm named DuPont,
in the 1920’s by measuring the financial performance through the measure of “return
on investment” [12]. By 1925, many other financial performance methods and
techniques were developed (i.e. [13], [15]) in which “discounted cash flow”, “residual
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income”, “economic value added” and ““cash flow return on investment” were widely
utilized as financial measures [12].

Despite the widely use of financial measures to assess the organizational performance,
the dissatisfaction with these measures have started by 1950s due to their some
shortcomings (i.e. [126], [14], [127], [46], [31]). First, financial information, in their
nature, reflect lagging factors describing the outcome of managerial actions or decision
[12]. As lagging factors, these financial measures report only the results and decisions
made in the past, thus are of little use in improving current and future performance (
[15], [47], [27]). However, there is a need for more current, up-to-date, and mostly
nonfinancial information to make better decisions and take actions. Second, relying on
solely the financial measures result in inability to measure the leading factors inherit
in internal processes of organizations such as innovation capability or regulatory
compliance capability. Kaplan and Norton have also discussed some limitations of
measurement methods those based on solely financial indicators. In their early and
superior publication [1], they claimed that traditional financial accounting measures
were successful in the industrial era, however; in today’s world, they are insufficient
to analyze the skills and competencies of companies, indeed they might give
misleading signals about continuous improvement and innovation demands of today’s
competitive environment.

Since the early 1990s, various efforts have been made on the development of methods
those expected to measure organizational performance effectively [25]. One of the
early studies was conducted by [127] who discussed the pitfalls of financial
performance- based measurement methods, by also suggesting the inclusion of
nonfinancial indicators such as market share, innovation, and customer satisfaction.
By year 1992, Kaplan and Norton introduced BSC method in HBR as a novel
measurement technique [1]. The method, consisting four measurement perspectives
has grown its popularity year by year. By year 1994, [128] pointed out some
shortcomings of existing data measures and highlighted the necessity of incorporating
process measures. [129] emphasized some other measures which are needed to assess
productivity, competence and resource-allocation in order to effectively measure
business management activities. In year 1998, [130] discussed that beyond the
quantitative business ratios (such as financial measures), measurement of qualitative
competency also needed for effective management. Detailed critiques on measurement
of methods, which use only financial measures, can be found in [25].

Both the theoretical and practical evolution of PM leads the scholars to describe the
science of PM in different ways. In construction industry, one of the most up-to-date
definition for the term of performance was made by [131]. Authors defined it as the
achievement of both efficiency and effectiveness of qualitative and quantitative goals,
which effect the overall project success. Vast amount of studies have also reported in
current literature on performance systems, measurement frameworks and
methodologies. Some of these authors have conducted studies to understand the PM
activities of organizations (i.e. [12], [132], [133], [134], [135], [136]). For example,
[12] reviewed the major PM frameworks and their application in UK construction
firms. [134] defined performance measures based on world-class manufacturing
measures such as quality, time, process and flexibility. [135] developed a performance
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measurement questionnaire to explore the areas of improvement. [136] applied
nonfinancial measures in service industry and proposed to classify measures as
“determinants” and “results”.

Numerous other researches have focused on developing novel PM methods (i.e. [137],
[138], [135], [139], [1]). For example, [137] developed a Performance Matrix in which
performance measures are classified as cost and no cost measures. [138] developed a
Performance Pyramid in which relations among performance measures are depicted.
The pyramid consists measures in hierarchical order such as; operations related with
quality, delivery, process time, cost, customer satisfaction, flexibility, productivity,
market measures and financial measures.) “Tableau de board” developed by [139], is
one of the widely utilized methods in PM literature, which also has similarities with
BSC. Among these methods, the most widely accepted and utilized one is the BSC
developed by Kaplan and Norton. It is described “as one of the most influential
business ideas of the past 75 years by the HBR and has estimated to be used by 40%
of the Fortune 1000 companies at the end of 2001 [23]. As the underlying methodology
of this research is based on the BSC of Kaplan and Norton, a separate section is
devoted to describe it.

Some other PM methods has also developed by adopting quality management models
such as the European Foundation for Quality Management (EFQM) Excellence Model
in Europe, The Malcolm Baldrige National Quality Award (MBNQA\) in the United
States, and the Deming Prize in Japan [12]. Although these models were originally
developed as business excellence models, they have further used in the context of PM
[12]. However, these models has also criticized due to two major limitations. First,
they are limited in representing performance criteria of organizations and could not
cover necessary measures to assess performance. Second, they either could not
incorporate relations among criteria or solely provide simple solutions remaining
complexity problems unsolved.

Nevertheless, since the mid-1990s, various authors have also conducted a considerable
amount of research on PM in construction industry ( [140], [25]). In these studies,
construction projects are archetypally appraised in terms of cost, time and quality (
[141], [47], [12]) and performance measures are generally relied on efficiency, return
on capital and profitability [142]. For example, as one of the earliest efforts, [17]
defined cost, schedule, value and effectiveness to measure construction performance.
These studies has provided a sound basis for measuring performance of construction
projects as well as delivered a collective perception about project success. However,
these PM methods have also criticized, as they are either insufficient in aggregation of
diverse projects [141] or narrow, reactive and mostly based on financial measures in
organizational level (Love and Holt 2000). [142] argued longer-term and broader focus
are needed in PM approaches in order to align PM with organizational strategies,
business processes and stakeholder requirements.

After the publication of “Rethinking Construction” by [106], benchmarking systems
has also get attention as an alternative method for PM in the construction industry. The
report of Egan is known as the first benchmarking initiative, called “Key Performance
Indicators”, which was launched in the UK and is currently lead by the Construction
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Excellence Organization. After the Egan’s report [106], many other internet-based
benchmarking platforms have developed from which the most four well-known
platforms are carried out in Brazil, Chile, United Kingdom and United States [143].
Some of them are the Construction Industry Institute (CII) in the United States [144],
the Department of Environment, Transport, and the Regions (DETR) [145], the
Department of Trade and Industry (DTI) in the U.K. [63], and the Corporation for
Technical Development in Chile [143]. For example, [144] defined measures such as
cost, schedule, safety, change and rework to measure construction performance. The
CI1 [144] has also conducted considerable studies on identification of norms of project
performance, development of a common set of metrics, implementation of a
benchmarking database as well as development of a web-based evaluation system (
[146], [147]).

An excellence model proposed by EFQM has particularly utilized as part of total
quality management activities [25]. [145] again launched in UK, proposed a KPI
program that includes measures of time, cost, quality, client satisfaction, change
orders, business performance and health and safety. Another UK-based platform DTI
utilized a PM framework consisting of KPIs associated with customer, people and
environment [63]. According to [12], the Excellence Model of EFQM, KPI Program
of the DETR [145] and Balanced Scorecard of Kaplan and Norton are the three-most
PM frameworks utilized in the UK construction industry.

The reports (i.e. [106], [105]) about benchmarking frameworks in the construction
industry, have changed the PM philosophy of the industry to a new era [20] that is
tendency of the industry to measure industry performance through these frameworks
rather than separate measurement methods. Examples of the use of these frameworks
can be found in, UK Construction Best Practice Program (CBPP) [148], Office of
National Statistics (ONS) of USA [146], Canada ( [149], [150]), the Netherlands [151]
Portugal [140], and Brazil [143]. The work of [152] has particularly announced as the
very first attempt for implementing benchmarking initiatives in construction industry
[43], which now plays a crucial role in supporting third-party benchmarking initiatives.

The benchmarking initiatives have also largely supported by academicians [20], and
suggested to be used to compare the performance of individual firms with the industry
average. For example, [153] developed financial benchmarks for the Canadian
construction industry. [133] explored the use of performance measures for
benchmarking in construction industry. He focused on four initiatives; 1) KPIs from
the UK [145], 2) National Benchmarking System for the Chilean Construction
Industry [154] 3) Cll Benchmarking and Metrics form USA [144] and 4) Performance
Measurement System for Brazilian Construction Industry (SISIND) [155]. As a further
effort, [140] combined KPIs with a frontier method—data envelopment analysis
(DEA). Authors utilized a Portuguese benchmarking platform for CI, icBench, to
integrate DEA and benchmark scores in order to assess a sample of 20 Portuguese
contractors.

In addition to the benchmarking initiatives, some other methods have also used to
measure success of construction projects. The performance evaluation hypothesis of
these studies are generally based on the extent of deviation of the project attributes
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from the defined control baselines [131], which made industry practitioners to
quantitatively measure cost and time variables of projects. Some examples of these
measures are, the S-curve method [156], the Program Evaluation and Review
Technique (PERT) [157], the Earned-Value Management System (EVMS) [158],
[157], and Stochastic S-curves (SS) [159]. Many other researchers have also focused
on cash flow forecasting as a key project performance attributes (i.e. [160], [161]).

Construction industry has also widely applied BSC specifically in designing project
management framework ( [40], [47]), implementing empirical measurement systems
[25], conducting case studies for measuring strategic performance [162], and
quantifying firm performance by also exploring performance discrepancies [163]. In
this regard, [20] adopted BSC by adding stakeholders and market perspectives to make
it more appropriate for construction firms. [47] proposed a conceptual framework for
construction performance measures by adding project and supplier perspectives to the
original BSC to reflect unique features of the industry. A more complex and
comprehensive framework was developed by [40], which is based on BSC and EFQM
[40]. [25] designed 12 benchmarking measures under the four perspectives of the BSC
by suggesting that BSC can be used as a SP and PM method. Authors pointed out that
while BSC can successfully align strategic goals with operations, it has also ability to
evaluate the overall performance of organizations. [162] also utilized BSC to design
performance measures by conducting a case study with a construction firm. Although
previous studies revealed that BSC is suitable for construction industry, it still needs
to be improved based on some unique characteristics of the industry ( [40], [47], [20]).
Nevertheless; according to [47], PM methods in construction projects can be clustered
into three main perspectives of the BSC; 1) financial perspective such as cash flow and
cost benefit analysis, 2) internal process perspective such as critical path analysis and
3) customer perspective.

With the recognition of importance of structured PM systems and consideration of
non-financial measures, various authors have utilized and developed some existing
measurement systems and applied them in construction industry [42]. As cited in [20];
these systems cover BSC modified by [47] and [25], EFQM used by [40] and [164],
Service Quality Scale and Malcolm Baldrige National Quality Award model, utilized
by [165] and Performance Prism used by [166], [167] and [42]. In many of these
studies, some well-known methods (i.e. BSC) or benchmarking initiatives have
facilitated to design measurement frameworks. However, some of these frameworks
are too conceptual to be applied in practice, remaining the PM as a theoretical and
holistic problem [168]. Still, they are crucial efforts for the PM, even in project-based
nature of the construction industry.

2.3. BALANCED SCORECARD AND STRATEGY MAP

Robert Kaplan and David Norton announced their BSC method in the January-
February 1992 issue of HBR [1]. The initial idea was combining financial and non-
financial perspectives in a single performance scorecard model, which was firstly
named as Balanced Business Scorecard [31]. After a research inside 12 companies,
Kaplan and Norton developed a PM framework, which they further named as BSC [1]
in their first publication “The Balanced Scorecard- Measures that Drive Performance”.
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The original framework included financial performance measures as well as some
operational measures those categorized under three perspectives; customer
satisfaction, internal business processes, and innovation and learning. The framework
also aims to enable translation of strategic objectives of companies into a coherent set
of performance measures, which balances financial and nonfinancial measures through
some perspectives ( [1], [20]).

Since then, researchers have widely accepted the BSC as a proper and effective method
to support PM process, indeed acknowledged it as one of the best method to translate
the strategy into action. As claimed by [169], although there is no definite empirical
evidence to confirm that adopting the BSC truly leads to superior performance,
anecdotal evidence shows that the popularity of BSC is growing in a variety of
applications. Today, various publications on BSC can be found in current literature,
either those examining theoretical foundations of the BSC or those investigating
practical applications of it in various countries, industries or markets. Several authors
have also conducted in-depth studies or published books on their use and
implementation. The books of [169], [19], [170], [171] and [172] are some examples
in the field of BSC and its applications.

In addition to the use of BSC in theoretical studies, various companies have utilized it
as their main PM method, indeed their PM initiatives have largely started with the
evolution of BSC. Thus, it is a remarkable method by not only providing a systematic
methodology but also triggering the companies to assess their performance in a
structured manner.

Through the years, Kaplan and Norton have also improved the theoretical foundation
and applicability of their original BSC ( [16], [169], [18], [19]) to exempt their model
from serious criticism and promote its current worldwide popularity [20]. In the study
published a year after its announcement, [16] recommended to use BSC as not only a
measurement exercise but also a management system especially to drive a change
process. In 1996 version of the BSC, it is further developed from the 1992 version by
incorporating outcome measures and the performance drivers of these outcomes, those
also linked together to define cause-and-effect relationships [31]. In their own words,
[173] described this feed-forward control system as; “measures of organizational
learning and growth effect measures of internal business processes which in turn effect
measures of the customer perspective and then financial measures”. This version is
also expected to transform the BSC framework from a measurement system to a
strategic management system.

BSC is a PM method that also guides strategic management by systematically
translating organizational strategies into a set of performance measures [173]. It
enables organizations to monitor short-term financial results while simultaneously
tracking the progress and performance of intangible assets that generate growth for
future financial performance [173]. It endeavors to incorporate all the requirements
and interest of key stakeholders. The term “balanced” reflects the balance between
short and long-term objectives, between lagging and leading indicators as well as
between external and internal performance measures [174]. According to [21], BSC
can also balance value creation process between short and long term objectives through
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translating strategies into objectives associated operations, customers, innovation,
regulatory and social contexts.

Despite the common view of BSC as a measurement method simply evaluating past
performance, [173] proposed that measures on a BSC could also be utilized as a
management system that communicates strategy. The BSC is expected to align
individuals and the whole organization to the strategy, implement long-term strategic
targets, and align initiatives to achieve strategic targets, allocate long and short-term
resources, and finally enable feedback and a learning loop about the strategy
implementation. As the initiatives create results, according to [21] for each BSC
measure, strategic initiatives shall be identified those required to achieve the targets of
these measures. In this regard, a properly constructed BSC could tell the story of the
strategies via linkages of cause-and-effect relationships between outcome measures
and the performance drivers of those outcomes [169].

BSC is also expected to support management team by bringing together various
disparate elements of a company’s competitive agenda into a single management
report. It forces companies to become customer oriented, shorten operational response
time, improve process and product quality, reduce new product and process launch
times, encourage teamwork and emphasize respect for people [1]. It gives management
team a summary of their companies from four different perspectives. It minimizes
information overload by limiting the number of measures used and provides to focus
on only critical measures. Thus, it is suggested as a worthwhile solution for companies
which suffer from having too many measures, or which continuously adds new
measures with the suggestion of an employee or a consultant [1].

Based on the overall vision and strategy, the BSC enables decision makers to look at
their business from four important perspectives by answering to four basic questions;
1) how do the customers see us, 2) what must we excel at, 3) can we continue to
improve and create value, 4) how do we look to shareholders [1]. To answer these
questions, Kaplan and Norton defined four perspectives in original BSC framework.
These perspectives are originally named as “Financial”, “Customer”, “Internal
Process” and “Innovation and Learning” [1], but the last two are renamed “Internal
Business Process” and “Learning and Growth” in [169].

The underlying principle of BSC perspectives is; “learning and growth” enables to
develop new technologies and processes which provides to decrease cost and increase
effectiveness in the “internal business” perspective, which in return enhances the value
provided to the customer so increases customer satisfaction, and will finally reap
improved financial results ( [169], [20], [12]). Brief explanations of each BSC
perspective are given as follows;

1) Financial Perspective: Financial performance measures are generally about
profitability, growth, operating income and shareholder value. For instance; in
a case company studied in [1], the company defined its financial goals simply
as; “to survive, to succeed, and to prosper”. In line with its goals, the company
measured “survival” by cash flow; “success” by quarterly sales growth and
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2)

3)

4)

operating income by division, as well as “prosperity” by increased market share
by segment and return on equity.

Customer Perspective: The mission statement of various companies is about
being first in delivering value to customers, which makes companies to
measure their performance from the view of their customers [1]. The BSC
enables companies to translate their mission statement into some specific
measures that reflect the concerns of their intended customers [1]. Authors also
claimed these concerns are generally about time, quality, performance, and
cost.

Internal Business Perspective: Although customer-based measures are
essential to enhance financial measures at the end, they should be translated
into measures about what the company must do internally to meet its
customers’ expectations [1]. Measures of the internal business perspective
should stem from the business processes that have considerable effect on
critical objectives such as cycle time, quality, employee skills and productivity
[1]. These measures are expected to define specifically what processes and
competencies the companies must excel at, in order to ensure continued market
leadership.

Learning and Growth Perspective: Although the customer and internal
business perspectives define the critical measures required for competitive
success and leadership; they could not solely represent the overall picture of
performance measures due to changes on the targets over time [1]. [1] pointed
out that in order to achieve intense global competition, companies should make
continual improvements in their existing competencies, processes and products
and have the ability to launch entirely new products with having expanded
capabilities. Authors added; a company’s capability to innovate, improve and
learn defines directly its value.

Based on the BSC, Kaplan and Norton have also developed the concept of SM in their
study of “Strategy Maps: Converting Intangible Assets into Tangible Outcomes”
published in HBR in 2004 [76]. From their own words, authors summarized the
underlying theory of SMs as follows,

“companies build their strategy maps from the top down, starting with their
long-term financial goals and then determining the value proposition that will
deliver the revenue growth specified in those goals, identifying the processes
most critical to creating and delivering that value proposition, and, finally,
determining the human, information, and organization capital the processes
require” [21].

In this regard, SMs are the visual representation of relations among the key
components of organizational strategies [22]. They create the “missing link” between
strategy formulation and strategy execution by representing how value is created
through cause and effect relationships between diverse strategic objectives [76]. They
enable an illustration of organizational strategies, whose purpose is to translate the
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strategy into operational terms and communicate them to employees about how
operational duties of each employee will contribute to the overall strategy of their
organizations [175].

In a broader understanding, SMs are “intended to help organizations focus on their
strategies in a comprehensive, yet concise and systematic way” [18]. They are simple
but powerful tools for depicting and formulating strategy. The original SM assumes a
one-way hierarchy within which the financial objectives is plotted in the “outcome
area” and the remaining portion of the map is created in a downward flow, showing a
cause-effect chain to represent how each dimension helps to execute the dimension
above it [176]. Various benefits of use of the SMs are proposed in current literature
(i.e. [18], [50], [177], [175]). A brief summary of these benefits are as follows,

e They describe strategies in a single picture, which in turn promotes
understanding and makes strategies clear.

e They communicate strategies to employees, which in turn encourages greater
engagement and commitment to them.

e They explore and map major internal processes, which drive organizational
success and value proposition.

e They align organizational resources and investment in human, technology and
capital for most effective and efficient use.

e They define explicit customer value propositions.

e They identify gaps or blind spots in strategies, which in turn enables taking
corrective or preventive actions earlier.

e They align human resources, information technology capital and
organizational culture to internal processes of the business.

e They link strategic objectives to performance measures by also clarifying cause
and effect relations among them.

The improvements periodically made by Kaplan and Norton on their original BSC are
summarized in Table 3. The table is developed based on the study of [33], which
provides a serious review on both the theoretical and practical applications of BSC.

Table 3: Evolution of BSC and SM Methods

Ref  Year Scope and Findings

[1] | 1992 | e« BSC introduced as a superior performance measurement method that
includes both financial and non-financial measures

o Identification of the four perspectives: financial; customer; internal
business; innovation and learning

e Balanced scorecard is forward-looking (long-term performance)

[16] | 1993 | ¢ Balanced scorecard is not only a measurement exercise, it is also a
management system to motivate breakthrough improvement

e Balanced scorecard has greatest impact when used to drive a change
process

o Identification that transparency is critical to a successful balanced
scorecard
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e Measures on balanced scorecard must be specifically designed to fit
firm’s mission, strategy, technology, and culture

[173] | 1996 | e Balanced scorecard has evolved from a measurement system to a
strategic management system

e ldentification of four major steps in successful balanced scorecard
implementation

e Reclassification of “internal business process” and “learning and
growth”, shifting innovation to internal business processes and adding
growth element to employee learning

e Measures are linked to each other in a causal relationship, unlike
before, linked to strategy and vision

[18], | 2000- | e Translating the strategy to operational terms: building strategy maps

[19] | 2001 | e Aligning the organization to create synergies: creating business unit
synergy

e Making strategy everyone’s everyday job: creating strategic
awareness, defining personal and team objectives, the balanced
paycheck

e Making strategy a continual process: planning and budgeting,
feedback and learning

e  Mobilizing change through executive leadership

[76] | 2004 | e Visually map strategy

e Avisual cause-and-effect explanation of what’s working and what’s

not, in a way that everyone in the company can understand

Helps get the entire organization involved in strategy

Alignment: a source of economic value

Corporate strategy and structure

Aligning financial and customer strategies

Aligning internal process and learning and growth strategies:

integrated strategic themes

Cascading: the process

Aligning boards and investors

Aligning external partners

Managing the alignment process

Total strategic alignment

[170] | 2006

Various studies have also made to quantify performance measures, which are modeled
by using BSC or SM methods. Some authors utilized Analytical Hierarchy Process
(AHP) or Analytical Network Process (ANP), or combined them to quantify BSC or
SMs. For example, [178] designed a knowledge-based system for strategy planning
and utilized AHP for SM representation. [179] applied fuzzy AHP with BSC to
evaluate SMs. [180] applied AHP and ANP in BSC implementation. [181] conducted
a performance analysis on three banks by employing fuzzy AHP, three MCDM
analytical method and BSC. [182] developed a model to assess the performance of the
R&D departments. [183] integrated AHP with BSC in supply chain management.
[184] utilized AHP and ANP to simplify the BSC implementation. [185] quantified
BSC measures by using AHP for a European management consulting firm. [186] used
AHP to calculate the relative weight of the performance measures regarding an
extended BSC developed for lean enterprises. [187] integrated AHP, delphi method,
and BSC to prioritize performance indicators and strategies in a pharmaceutical firm.
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[188] integrated fuzzy AHP and BSC to assess performance priority weightings of
information technology departments.

[189] developed a method to utilize ANP and multi objective linear programming in
SM design. [190] used ANP as a quantitative method for performance measurement.
[191] utilized ANP for BSC. [192] utilized BSC based ANP to support firm-level
outsourcing decision making. [193] integrated ANP and BSC to multi dimensionally
assess organizational performance. [194] applied BSC to measure strategic
improvement of a biopharmaceutical firm and utilized ANP to prioritize strategic
objectives. [195] developed a sustainability BSC for semiconductor industry and
utilized FDM and ANP for analysis purpose. [196] utilized ANP for modelling and
design of a SM.

Some others have used fuzzy-based techniques, cognitive mapping or combined them
to elaborate SMs as fuzzy cognitive maps. For example, [197] utilized Fuzzy BSC and
implemented active scorecard system for strategic business process optimization.
[198] generated a dynamic network of interconnected KPIs and quantified the cross
impact among KPIs by utilizing fuzzy cognitive maps. [177] proposed fuzzy cognitive
SMs for performance management scenarios. [199] proposed a Fuzzy BSC to model
corporate strategy. [200] proposed BSC with fuzzy linguistic scale to evaluate
government performance. [201] proposed a semantic fuzzy expert system for fuzzy
BSC. [202] applied fuzzy multi-criteria decision making model to assess performance
of a shipping company. [203] applied fuzzy Decision Making Trial and Evaluation
Laboratory (DEMATEL) to model cause and effect relationships of SM. [204] applied
fuzzy network BSC for performance evaluation and implementation.

[205] constructed a BSC framework based on knowledge management and the fuzzy
AHP for evaluating a software company. [206] proposed a BSC-based fuzzy AHP
model for comparison of ERP solutions and vendors for textile companies. [207]
proposed a model based on BSC and fuzzy AHP for evaluation and selection of
business processes for BPM. [208] proposed a method based on the Fuzzy AHP and
BSC for evaluating performance of Third-Party Logistics (TPL) enterprises. [209]
used fuzzy AHP and Fuzzy TOPSIS for evaluating steel industry performance based
on BSC. The study of [177] is one of the significant attempt about simulation of SMs.
Author presented a tool that assists in the creation, monitoring and simulation of
strategic maps based on the theory of Fuzzy Cognitive Maps.

Some other authors have incorporated some ad-hoc methods used in PM or excellence
models. For example; [210] proposed a SM as improvement paths of enterprises and
quantified the maps by using Quality Function Deployment (QFD). [211] utilized
DEMATEL as a basis for a SM architecture to model cause and effect relationships in
the SM [212] utilized Structural Equation Modelling (SEM) for representation of
causal relationship in BSC and SMs. [213] utilized DEMATEL to analyze a strategy
map developed for banking institutions. [214] applied case-based reasoning in
implementation of balanced scorecard. [215] incorporated hybrid MCDM model,
DEMATEL and ANP to BSC for performance evaluation and relationship
representation of hot spring hotels. [216] presented a structural evaluation
methodology to link KPIs into a SM of a banking institution. The DEMATEL is then
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employed to determine the causal relationships between the KPIs, to identify the
critical central and influential factors, and to establish a visualized SM with logical
links to improve banking performance.

As a quantification method, these studies generally used ANP, AHP, fuzzy-based
techniques or DEMATEL. Less attempts have also made via QFD, SEM, DEA or
Cognitive Mapping.

2.4. COGNITIVE/ CAUSAL MAPPING

Corporate strategic decisions are generally made through a process of individual
negotiation that is affected from idiosyncratic views, interpersonal relationships and
politics [61]. To handle cognitive biases or politics, methods, which support making
better strategic decisions with structured decision-making environment, are needed.
This necessity rises the importance of use of some Operational Research (OR) methods
in the field of SP and PM [217]. Some of these OR methods are; Concept Mapping,
Causal Mapping, Cognitive Mapping and Strategic Options Development and
Analysis (SODA) and SD modelling, CLD, Group Decision Support System (GDSS),
Multi-User Mode of Group Support, Single-User Computer Supported Modelling
Process, GMB, and Manual Group Support.

Cognitive maps are the illustration of mental models which provides “a simple
graphical representation of a person’(s) thinking, that locates the person(s) in relation
to their informational environments” ( [218], [219]). A cognitive map can be regarded
as “a concept map that reflects mental processing, which is comprised of collected
information and a series of cognitive abstractions by which individuals filter, code,
store, refine and recall information about physical phenomena and experiences” [220].
Cognitive mapping is based on the George Kelly’s theory of personal constructs [221].
Three main components of cognitive maps are, 1) identity, 2) categorization and 2)
cause and argument [218]. The first, “identity”, is about identification of key actors,
events and processes included in a cognitive map, while the second one,
“categorization” is about defining interrelationships among them. The final, “cause
and argument” is about defining the route of the chains among actors, events and
processes. Further efforts have also made in which cognitive mapping is incorporated
with fuzzy technique, resulting in producing fuzzy cognitive maps. These maps
generally requires; defining important components of a system, identifying relations
among these components, and running “what if” scenarios to explore how the system
might react under a range of possible changes. Cognitive mapping has also widely
incorporated by other techniques such as GDM, GDSS or computerized with tools
such as Mental Modeler for quantification or visualization purposes.

“Concept maps are graphical representations of organized knowledge that visually
illustrate the relationships between elements within a knowledge domain” [220]. They
signify the ideas and concepts are related in some way. As a further effort to concept
maps, causal maps clarify the cause-effect chain amongst concepts in a form of nodes
and paths [222]. The nodes included in causal maps embody future issues, factors,
events or outcomes, whereas paths or arrows designate causalities among them. For
illustration of causal maps, a teardrop or pyramid shape is proposed by [222] that
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structure the desired outcome (goal) at the top, and the strategies, key issues, factors
and options at a lower level. Eden and Ackermann are one of the most prominent
researchers who develop and implement the theories of concept and causal mapping
[223]. Some of their studies about concept, causal and cognitive maps can be found
from [224], [225], [226], [227], [223].

The development of causal or cognitive maps help to facilitate individual negotiation
through producing alternative views, stifling innovation, reconciling and balancing
goals, merging issues, factors or events, validating interrelationships, and building
consensus during the strategic decision making [222], [228]. In addition, as a
visualization tool, cognitive maps can also reveal cognitive, social and emotional
benefits through turning socialization of an individual thinking domain into a
collective thinking [229]. They also illustrate mental models and informational
environments of individuals into a simple graphical representation giving people’s
thinking and perception as a causal network of relationships.

SODA is another technique in the context of strategy development methods developed
by [227]. It is based on application and development theories of cognition ( [230],
[221]), problem structuring ( [226], [231]), consultancy practice [230] and strategic
management [222]. It supports strategic problem solving, strategy development and
implementation of programs of action by facilitating group decisions, effective
negotiations and managing emotional and political biases [227]. As a GDSS tool,
SODA has also utilized with MAGS, SUGS [224] and causal mapping or cognitive
mapping ( [227], [223]).

In current literature, some OR methods having qualitative nature (i.e. cognitive
mapping, SODA), have also combined with each other for quantification purposes.
Some examples are; SODA with SD modelling ( [225], [232], [233]), CLD with multi-
criteria analysis [234], and CLD with SD modelling [71]. In general, for the qualitative
modelling purposes, which is generally known as the first stage in modelling, widely
utilized methods are; cognitive mapping, SODA, and CLD. All of these methods are
also followed up by producing quantitative models through incorporating them with
other OR techniques such as multi-criteria analysis and SD modelling.

SD modeling, which was developed by Jay Forrester in the 1950s, is another technique
for strategy and policy implementation. It has widely utilized for handling dynamic
complexity [67]. SD method is based on, a) defining crucial components of a system,
b) setting the causal relations among these components with causal maps, and c)
running “what if” or “diverse future states” scenarios to stimulate how the system
might react under a range of possible changes or uncertainties.

In OR literature, numerous tools have also developed to handle computerization or
quantification of OR methods. For example, Decision Explorer Software developed
by Banxia (previously named as COPE/ Graphics COPE) was developed to
computerize causal map-based models. Based on the architecture of Decision Explorer
Software, [235] developed a computer-based decision support tool, Construction
Alternative Futures Explorer (CAFE), for scenario development and causal mapping.
Commercial tools are also available in literature for causal, concept or cognitive

28



mapping, such as “Banxia- Decision Explorer” for causal mapping, “Mental Modeler”
for fuzzy cognitive mapping, “Xmind” for mind mapping, “FC Mappers” for fuzzy
cognitive mapping, “Matchware” for cognitive mapping, and “Mindomo” for mind
view, Stella Architecture of isee Company and Vensim for SD modelling. As described
in Chapter 4, this research was used Stella Architecture, developed by isee Company,
for computerization, testing and simulation of SD model developed for international
construction companies.

2.5. SYSTEM DYNAMICS

“Growing out of control theory and servomechanisms design”, SD was developed in
1950s by Jay Forrester, a professor from MIT. Forrester introduced the concept of
“Systems Thinking” in his book Industrial Dynamics [3]. The foundations of SD is
based on the philosophy of “Systems Thinking” ( [3], [62]), which is about ability to
understand that “everything is connected to everything else’ ( [62], [66]) in a dynamic
and complex system. Based on the philosophy of “Systems Thinking”, Forrester have
developed the concept of SD through his forthcoming books; Principles of System
[236], Urban Dynamics [237], and World Dynamics [238].

Another author, John Sterman, has also studied SD in his various articles and books.
He introduced the concept of “Dynamic Complexity” [66] based on which he
explained the theories of “Systems Thinking” and SD. “Dynamic Complexity” is a
term born to reflect real life systems, which are dynamic, complex and interconnected.
The attributes of systems with “Dynamic Complexity” are classified by [66] as; 1)
constantly changing, 2) tightly coupled, 3) governed by feedback, 4) nonlinear, 5)
history-dependent, 6) self-organizing, 7) adaptive, 8) characterized by trade-offs, 9)
counterintuitive and 10) policy resistant. Based on [66], brief explanations of these
attributes are given in Table 4. [66] also added that, among the attributes of Dynamic
Complexity; feedback, time delays, stocks, flows, and nonlinearity have generally
found most problematic attributes. To be noted that, the theoretical foundation of SD
model developed in this research is based on the attributes of “Dynamic Complexity”
proposed by [66].

Table 4: Attributes of Dynamic Complexity

Attribute ' Description
1. Constantly Everything changes over different time scales and these different
Changing time scales have probability to interact.

2. Tightly coupled | The system elements inevitably interact with each other and with

the natural world.

3. Governed by Due to tight couplings among elements of a system, elements have
feedback feedback on themselves, which cause changes or trigger other

elements, giving rise to a new situation, which then influences next

state of the elements. Thus, dynamics both arise and trigger the

feedbacks.

4. Nonlinear Nonlinearity arises as multiple factors interact in decision-making.

Thus, cause- effect chain in a system, effects are rarely linearly

proportional to cause.
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5. History- Stocks and flows (accumulations) and longtime delays often mean
dependent doing and undoing have fundamentally different time constants;
indeed some of them are irreversible, based on their nature and
path dependence.
6. Self-organizing The dynamics of systems arise spontaneously from their internal
structure, emerge spontaneously from the feedbacks among the
agents and elements of the system and generate diverse patterns in
space and time.
7. Adaptive The capabilities and decision rules of the agents in complex
systems change over time. Evolution leads to selection and
proliferation of some agents while others become extinct, which
shows their adaptation capability.
8. Characterized Time delays in feedback channels mean the long-run response of
by trade-offs a system to an intervention is often different from its short-run
response.
9. Counterintuitive | In complex systems cause and effect are distant in time and space
while we tend to look for causes near the events we seek to explain.
10. Policy resistant | The complexity of the systems in which we are embedded
overwhelms our ability to understand them. Thus, many seemingly
obvious solutions fail or actually worsen the problem.

Although the environment is dynamic, complex and interconnected, people tend to
make decisions using mental models that are static, narrow and reductionist [66].
Relying on simple mental models is more problematic when elements or agents in a
system get more complex and environment of a system change more rapidly. [66]
added that “agents make decisions using routines and heuristics because the
complexity of the environment exceeds their ability to optimize even with respect to
the limited information available to them”.

In this regard, SD is a method for modelling and testing formal mathematical models
and computer simulations of complex, nonlinear, and dynamic systems [4]. It has been
utilized especially in economics, environmental or social systems where a holistic view
is crucial and feedback loops are necessary to capture the relations among diverse
variables [3]. It has been also used to understand how organization and policy
development affect organizational behavior over time [67]. Furthermore, it can be
utilized to create scenarios that are akin to a real life problem [68].

One of the major contributions of SD is allowing the quantification and representation
of resource accumulations. It can be facilitated to capture differences in resource
accumulation strategies among competing firms as well as develop resource maps by
eliciting the resource profiles and investment strategies of these firms through eliciting
mental models of top managers about their firms’ conceptual representation ( [69],

[70]).

SD can also be facilitated to develop a structured set of guidelines and procedures to
discover dominant logic of a decision-making team [239], elicit mental models,
capture the prompts that experts facilitate in decision making, and formulate policies
for resource accumulation and allocation [67]. It is known as a practical tool for policy
makers who can benefit SD to solve important problems [4]. As summarized by [70],
SD has contributed to the field of strategy in four research categories, 1) lab
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experiments in individual and team decision making, 2) bootstrapping decision rules,
3) variation in resource accumulation and implementation strategies, 4) dynamics of
competitive rivalry.

In SD literature, a two-stage method is common ( [71], [62], [72], [73], [74], [67],
[75]) to convey SD interventions in organizations. The first is qualitative modelling
which is about development of CLD of a SD model. Second is the quantitative
modeling, which is about transforming CLD into a SFD. In traditional SD models SFD
consist four components namely; system, feedback, level and rate.

1. System: A system is “a set of elements sharing a particular purpose within a
boundary” [240]. Depending on its boundary and nature, a system can be about
a corporation, an environment, an economic entity, a country or an inventory
system [240]. The system has “emergent properties” those dynamically change
with time, and “synergy properties” which develop interactions and
relationships amongst elements. Thus, a “closed boundary” for the systems is
needed to confine the system scope within a period and within a particular
problematic area. This boundary should embrace all internal elements, the
interaction of which determines the structure of the system. The analysis and
modelling purposes of interaction of system elements is further introduces the
concept of feedback [240].

2. Causality and Feedback: The causal relationship means one element in a
system affects another element, which is generally represented by CLD. CLD
is largely utilized to formulate a cognitive model and to hypothesize the
dynamic and causal interactions between elements. In addition to the causality,
feedback in a system indicates polarity of causal elements those can be positive
or negative. Positive relationships means a condition in which a casual element
(i.e. element A), results in a positive influence on another element (i.e. element
B) where the increase of A value responds to the B value with a positive
increase [241]. However, negative relationship denotes “a condition in which
a causal element, A, results in a negative influence on B, where the increase of
A value responds to the B value with a decrease” [241]. These positive and
negative polarity lead to two types of feedback; reinforcing (R) and balancing
(B). A widely given example to describe these feedback loops is population
growth. Such that, “reinforcing loop” generally exemplified as while increases
in population increases the birth number which in turn leads to increase in the
overall population. To the contrary, “balancing loop” is exemplified, as when
the population increases, the number of deaths will eventually increase leading
to decreases in population.

3. Level and Rate: Although CLD and feedback loops provide representation of
causalities among elements and communicate the dynamic behavior of a
system; they could not reflect the sensitivity of these elements to each other, to
external variables or to time. “Level” and “rate”, are the two variables required
for modelling the dynamic behavior of a system and simulating its elements.
While “level” is about the state or degree of an element within a specific time
internal, “rate” reflects the extent of how the level changes within a period. So
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that, what determines the difference between the level and the rate is whether
the element contains a time factor. The “level” of an element represents its
accumulated rate over a period, which in turn determines the “rate” through
averaging the accumulated levels over the total time taken. In SD, the level and
rate are formulated utilizing SFD for modeling and simulation purposes. In the
context of SFD, “levels” are represented as in the form of “stock” variable;
“rates” are in the form of “flow”. Thus, the value of a “stock” at time t, is
quantified by summing the initial stock value with the value of “flow”, that is
the difference between output and input during the time t-1 and t.

In current literature, a number of authors have used SD in PM approaches. For
example, [71] conducted a case study to develop a BSC for insurance industry, which
utilized SD as a modelling method to overcome the existing limitations of original
BSC. As proposed in SD literature, authors conducted a two-stage SD modelling
process to develop BSC. In the first stage, authors captured the qualitative mental
models of decision makers by using CLD, which resulted in a SM. In the context of
second stage, authors converted CLD into a quantified simulation model, assigned
KPIs and preliminary targets and calibrated the model using key company data.
Another study conducted by [243], who developed a dynamic BSC by utilizing SD for
Australian Defense Force Academy.

In addition, SD modeling has also been used in the construction industry to explore
different aspects and performane measures of the industry. For example, one of the
most influencial study about use of SD in the construction industry is made by [242].
Authors used SD to assess forces, which shape level of competitiveness of construction
firms. Authors developed a “high-level map of a firm in the construction sector” which
was further formulated via SD modelling.

SD has also some similarities with Resource Based View (RBV) in strategy [67] as
both of them pinpoints the dynamics of resource accumulation [244]. RBV considers
the firm as a bundle of resources [245] while “stocks” and “flows” representing the
accumulation and dispersal of resources are central to the dynamics of complex
systems [66]. RBV argues that resources (i.e. organizational assets, capabilities,
processes, information, and knowledge) enable to conceive of and implement
organizational strategies ( [246], [5], [77]). In this regard, RBV states, “firms possess
resources, a subset of which enables them to achieve competitive advantage, and a
subset of those that lead to superior long-term performance” [247]. It contends
resources, which are valuable, rare and difficult-to-imitate, can lead to creation of
superior performance and competitive advantage ( [247], [245]).

In addition, RBV argues that resources and the way they are combined, determines
how a firm behaves from another, which in turn provides to gain competitive
advantage!. Competitive advantage is about how (i.e. premising cost or differentiation

! Different from RBV, Market Based View (MBV) perceive that, “firms are considered as fairly homogenous and
driving force for market competition is branding and positioning efforts of competing firms” [194]. Based on MBV,
the strategy for identifying an alternative market for a firm is generally based on the Porter’s five forces model;
however neglects the decision of “whether firms have enough resource and capabilities to compete in the
marketplace” [194].
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strategy) a firm can more successfully compete with other firms ( [5], [94], [248],
[245]). In this regard, RBV argues that competitive advantage can be maintained
through longer times to the extent that “the firm is capable to protect against resource
imitation, transfer or substitution” [247]. In this regard, RBV suggests four
characteristics of resources and capabilities which affect competitive advantage of the
organizations; 1) durability, 2) transparency, 3) transferability and 4) replicability
[78]). RBV also proposes that both resources and capabilities must fulfill “VRIN’
criteria (Valuable, Rare, Imperfect Imitability and Non-Substitutability) for
sustainable competitive advantage and sustained superior performance [77].

Prior to RBV, the traditional resources of firms are mostly described as their tangible
stocks such as plant, equipment, cash and other traditional balance sheet items. With
the evolution of RBV, the definition of a firm’s resources expanded beyond tangible
stocks to less obvious, hardly quantified but crucial stocks such as employee skills,
customer satisfaction, loyalty, and other form of intangible human, social and political
capital [66]. In this regard, numerous authors have studied types of these both tangible
and intangible resources. For example; [77] categorized three types of resources
namely; physical, human and organizational capital. [249] applied resource types
proposed by [77] however added the concept of “capabilities” in addition to the
tangible and intangible resources. [78] classified resources into six categories. The
classifications of organizational resources and capabilities in available literature are
summarized in Table 5.

Table 5: Classification of Organizational Resources and Capabilities

Author  Resource Class

[77] 1. Physical capital resources: Physical technology, plant and equipment, raw
materials, geographic location
2. Human capital resources: Training, experience, judgement, intelligence,
relationships, and insight
3. Organizational capital resources: Formal and informal planning, controlling and
coordinating systems
[249] 1. Financial: Internal funds, external capitals
2. Physical: Plants, machines, materials
3. Technological: Patents, trademarks, copyrights
4. Organizational: Management information systems, control systems
5. Human: Managerial talents, organizational culture)
6. Innovation: Research and development, new products, processes
7. Reputational: Reputation as good employer, social responsibility).
[78] 1. Financial resources,
2. Physical resources
3. Human resources
4. Technological resources
5. Reputation
6. Organizational resources
[244] 1. Physical resources: Tangible goods -plant, equipment, natural resources, raw
material, half-finished products, discarded products, and unsold supplies
2. Human resources: Professional, clerical, administrative, financial, legal,
managerial and technical teams.

The literature is also rich in definitions of resources and capabilities in order to clarify
differences among them. As proposed by [78], resources are accepted as inputs for the
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accumulations or disposals of capabilities whereas capabilities are about use of a group
of resources, which are needed to perform some task or activity. In order words,
“resources are the source of a firm’s capabilities, capabilities are the main source of
its competitive advantage” [78]. In line with these definitions, while resources can be
exemplified as machines, patents, employees or financial funds, capabilities can
embody technology, design, production, service or distribution. Various scholars have
focused on definition or methodological aspects of resources (i.e. [250], [251], [252],
[253], [254], [255], [77], [244], and [78]) as well as some others on capabilities (i.e.
[256], [257], [258]).

Although RBV is one of the theories which could explain why organizational
performance differ among organizations ( [77], [253], [259], [260] studies on it have
left some limitations [70]. First, these studies are very limited in defining critical
resources, which account for a firm’s success, especially in complex organizational
settings ( [70], [261]). Second, studies on RBV are limited in considering
“interdependencies and complementarities of a firm’s system of resources”. Third,
much of the empirical RBV research has remained unsolved the question of why firms
possess different resources and capabilities, how competitive advance arise and evolve
over time [70]. In addition, the majority of these studies have configured resources
“statically” at a particular point, neglecting resource accumulation process over a time.
Thus, these researches could not explain, “how differences in resource profiles and
performance originate or why leading firms at one point in time have lost their
leadership positions at a later point in time” [70]. Additionally, in this era of dynamic
world, firms need to develop new capabilities or competencies for maintaining such
competitive advantage, which arise the concept of “dynamic capabilities” [252].

Dynamic capabilities are defined as processes of using resources to integrate,
reconfigure, gain, and release further resources. They are about organizational
processes or strategic routines by which firms develop new configuration for updating
resources as per market requirements or changes in markets [262]. Thus; “while RBV
primarily concentrates on types of resources and capabilities for its strategic
importance, the dynamic capability concentrates on how these resources and
capabilities need to change or update over a period of time to keep their relevance in
the changing marketplace” [252], [262].

In this regard, growing researches on SD have undertaken to solve the pitfalls of the
theory of RBV in strategy as well as to handle dynamic capability (i.e. [263], [70],
[69], [178], [264]). SD method enables to consider both tangible and intangible firm-
specific resource stocks, the resource accumulations, and the bounded rationality of
decision makers ( [70], [244], [258], [265], [260]) through modelling parameters in the
form of stocks and flows. Resource accumulations are critical in strategic management
literature as both tangible and intangible resources, grow and decline gradually over
time [71]. It is also crucial for studies focusing on PM applications, especially those
conducted with the use BSC, by eliciting time delays and accumulations in BSC [264].
Thus, stock and flow concept in SD method, provides addressing both time delays and
resource and stock accumulations in a structured and rigorous manner inherit in SMs
and BSC [71].
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CHAPTER 3

RESEARCH OBJECTIVES

This chapter defines the research objectives of this study by explaining the gaps
identified in the current literature on SP and PM. These gaps were explored under three
headings, 1) conceptualization, 2) quantification and 3) implementation problems. The
chapter continues with explanation of the Research Design that was developed based
on the major gaps explored in current literature. Based on the Research Design, the
final section of this chapter explains the Research Objectives by referring to the gaps.

3.1. RESEARCH GAPS

The original BSC and SM developed by Kaplan and Norton are two of the most
influential methods in the course of SP and PM. Although, they constitute the basis of
majority of the PM approaches in current literature, they have some drawbacks that
limit their theoretical and practical applications. As given in Table 6, in this research,
these limitations are classified into three groups, 1) conceptualization problems, 2)
quantification problems and 3) implementation problems.

Table 6: Research Gaps

Problems Gaps

Gap 1. Ineffectiveness in consideration of
environmental conditions

Gap 2: Lack of a company-level system

1. Conceptualization

FrelalEine Gap 3: Ineffectiveness in consideration of construction
industry-based and non-financial measures
Gap 4: Difficulties in balancing and aggregating
2. Quantification measures
Problems Gap 5: Difficulties in interpreting bi-directional

causalities among measures

Gap 6: Difficulties in understanding the strategic
relevancy

Gap 7: Lack of simulation capabilities

Gap 8: Lack of handling cognitive biases and
subjectivity

3. Implementation
Problems
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3.1.1. Conceptualization Problems

Conceptualization problems of current BSC and other PM methods are examined
under three gaps, 1) ineffectiveness in consideration of environmental conditions, 2)
lack of a company-level system, and 3) ineffectiveness in consideration of construction
industry-based and non-financial measures.

3.1.1.1.  Gap 1: Ineffectiveness in Consideration of Environmental Conditions

[266] found that almost 60% of the Project Management Systems (PMS) perform
under expectations, which is highly contributed to the inability of these PMS to
consider organizational characteristics. Authors claimed the implementation of PMS
could not be identical in different companies; as these companies vary in terms of
decision-making culture, the environmental uncertainty surrounding the companies,
organizational structure, size, strategy, norms and values ( [267], [268], [266]).

[269] considered the original BSC as being too general, claiming that it might ignore
mission of companies and not fit in organization’s culture. [33] claimed it is necessary
to link BSC measures with the organizational and environmental factors as well as to
explore how this link might affect the performance of organizations. [32] claimed that
the BSC might not be the exact tool to manage strategy as it is limited in incorporating
organizational and socio-environmental rooting. He noted that, the control model of
the BSC is based on a hierarchical top-down model ignoring either environmental or
organizational conditions, which makes the approach questionable as a strategic
management tool.

During the design of the BSC, organizational and environmental factors influencing
the strategic positions of the companies should also be considered. Before
implementing the strategies, strategic positions, capabilities or purposes should be
clarified. Strategic position is about the macro environment surrounding the
organizations such as markets or industries in which the organization operates and
competitors of the organizations in these markets or industries. Strategic capability is
concerned with the core competencies and resources that an organization can utilize to
create value to its customers [53]. Core competencies and resources are the basis of
value creation process of the organizations which enable them to achieve competitive
advantage and differ themselves from their competitors. The last item, the strategic
purpose, is related with the intent of the organizations towards diverse fields such as
corporate governance, business ethics, social responsibility, shareholder expectations
and organizational culture and purposes [53].

Thus, a comprehensive framework representing the whole value chain of strategic
management process is needed. According to [53], this framework should incorporate
strategic positions, capabilities and purposes of organizations, and clarify its strategic
choices. That framework is also expected to make the projection of how the defined
strategic choices will be implemented based on the strategic positions of the
organizations. Authors claimed; “in this way, more rational decisions can be made
about strategies and the performance can be foresighted proactively” [53].
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3.1.1.2. Gap 2: Lack of a Company-Level System

Most of the PM efforts in the construction industry have focused on the measurement
of project performances and limited in the evaluations at the corporate level (i.e. [40],
[41], [42], [43]). Construction companies generally tend to define bidding or project
management strategies at the project level, due to project-based nature of the industry
[6]. As part of their bidding strategies, they generally focus on tendering system, client,
country or bid evaluation criteria. However, due to lack of a broader business strategies
formulated at the business level [6], that limited focus remains other strategic decisions
unsolved, such as which project to bid or which bidding strategy to use. The study of
[41] represented that approximately 68% of the studies on PM in construction, are
focused on the project level. Similar statistics can also be found in [42] and [43].
According to [146], even the CIlI benchmarking approach [144], which has widely
utilized in the industry, does not provide a comprehensive measurement of company-
level performance of construction companies.

Thus, measurement systems to evaluate organization’s performance or benchmarking
tools to compare the organizations performances are lacking [270]. To empower PM
in the construction industry, a structured and complete measurement system is needed,
that considers both the project and company-level measures ( [25], [40], [271]).
Although some studies have undertaken which focus on corporate-level performance
of construction companies (i.e. [164], [270], [40], [43], [140], [25], [271], [162]), a
generic PM system is still lack, which aggregates project and corporate-level
measures.

3.1.1.3.  Gap 3: Ineffectiveness in Consideration of Industry-Based and Non-
Financial Measures

According to [44] and [45], majority of the initiatives about implementing BSC in
practice, are failed due to insufficiency of four perspectives of BSC. After three case
studies, [46] found that BSC is generic and the perspectives involved in the BSC might
be different for different business sectors or environments. [16] proposed that the
original BSC should be modified based on the country, business or industry where
companies operate. Authors claimed that; their original BSC is not a template that can
be generalized to whole businesses or industries; as different markets, product
strategies or competitive environments require different BSCs. In literature, some
studies can be found those modified the original BSC either adding new perspectives
or revising existing ones in original BSC. For example, [48] added “employee” and
“competition” perspective as additional perspectives to the original BSC.

There are also other BSC modifications those identified industry-specific perspectives.
For example, [47] studied the solicitation of BSC in the construction industry. As the
construction projects involve diverse number of stakeholders, authors modified the
original BSC by adding two perspectives namely; project and supplier perspectives.
[20] added market and stakeholder perspectives to the original BSC by claiming that
the revised BSC is more appropriate and applicable in international construction firms.
[20] proposed that the revised BSC can reflect the market expansion and value
realization to stakeholders, which are of vital importance in internalization. As

37



reported in [12], other examples of additional or modified perspectives on the original
BSC can be found in [272], [46] and [273].

In addition, although BSC method considers non-financial indicators, the methodology
for defining or assessing non-financial indicators still inherent ambiguity due to their
qualitative nature. Soft issues such as leadership, people, and learning need more
research [12]. However, these measures, which represent organizational or cultural
characteristics, are vital to assess performance of companies and their projects [133].

3.1.2. Quantification Problems

Quantification problems of current BSC and other PM methods are examined under
two gaps, 1) difficulties in balancing and aggregating measures 2) difficulties in
interpreting bi-directional causalities.

3.1.2.1.  Gap 4: Difficulties in Balancing and Aggregating Measures

Various authors (i.e. [34], [35], [36], [53], [29]) have found it difficult to identify the
relative importance of and the trade-offs between the BSC perspectives [33]. However,
the identification of relative importance among perspectives is crucial especially when
targets of different measures or strategies conflict with each other or require similar
resources or competencies. For example, a strategy about improving technological
capital of a company might require additional administrative budget while one of the
financial strategies of the company might be about decreasing the administrative
budget of the company. Thus, identifying the relative importance among strategies or
the dependencies among performance measures are crucial to overcome any conflicts
in setting targets for these measures and properly “balance” BSC perspectives.

To truly balance strategies in BSC, [33] recommended clarifying the causal
relationships among BSC perspectives, and assessing the real impact of KPIs on
organizational strategic outcomes. He suggested utilizing a holistic view within the
concept of contingency “fit” ( [274], [275]), in order to explore causalities among
many contextual and structural variables included in BSC perspectives. [39] added
that; SMs have also criticized as being ineffective in both measure selection and target
setting. These maps have also criticized due to their interpretation and communication
limitations. [39] argued that, it is difficult to cascade down top-level BSC into lower
levels of organizations, or aggregate lower levels to the top-level which limits their
use and understanding throughout the organization.

In addition to the balancing problems, limitations in aggregation of measures are also
one of the most criticized problems about traditional BSC. In decades where only
financial measures were used in PM, they were easily be aggregated over
organizational levels or across functions. However, with the recognition of non-
financial measures since the 1990s, different types of measures have defined which
make aggregation among diverse measures as a complicated task. Some authors have
developed quantitative models (i.e. [276], [277]) that structure the performance
measures hierarchically, assessed dependency between measures and quantified the
overall performance of projects or organizations. For example, AHP combined largely
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with fuzzy technique (i.e. [276], [277]), ANP (i.e. [278], [279]), and DEMATEL (i.e.
[216], [211], [280]) are among these methods.

However, there remains room for improvement about how aggregations or interactions
of diverse measures could be reflected to the PM approaches. To do so, [131]
suggested two probable ways to solve the aggregation problems. First; possible
interactions of measures should be considered when computing the final priorities of
measure weights such as additive interdependence methodology proposed by [281].
Second; rather than point judgements, range judgements can be facilitated in which
expert judgements are represented as probability distribution functions, as well as in
which priority weights are determined by using Monte Carlo simulation.

However, despite the consensus on importance of measure aggregation, its practical
application is still limited due to complexity involved in the process. For example,
based on the recent applications of uncertainty and chaos theory to management, [282]
argued that, measures should not be decomposed into their components. Authors
claimed that, numerous factors affect outcome of even a single measure, a slight
change in any of these measures have potential to result in major changes in the
outcomes of these measures, thus efforts to aggregate measures are pointless.
Nevertheless, the necessity for robust PM methods remains, which can address the
validity, usability and practicability of aggregation methods.

3.1.2.2.  Gap 5: Difficulties in Interpreting Bi-Directional Causalities

[283] proposed that BSC is capable to incorporate outcome measures and the
performance drivers of outcomes as well as to link them in the form of cause-effect
relationships. However, various authors (i.e. [32], [38], [39], [33]) claimed Kaplan and
Norton’s BSC provides little empirical work on the causal relationships among BSC
perspectives. According to [33], it is crucial to solve any misunderstandings or
ambiguities regarding the cause-effect relations among different perspectives in order
to achieve the desired outcome of BSCs.

[33] also discussed reasons for the failure of BSC in interpreting bi-directional
causalities among perspectives. The first reason is generally attributed to the
representation of causalities among perspectives as too simplistic or uncomprehensive.
[38] exemplified that, in the work of Kaplan and Norton, there is a relation between
customer satisfaction and loyalty, as well as between loyalty and financial results.
However, it might be misleading assumption to generalize that “high level of
satisfaction will lead to increased customer loyalty and increased customer loyalty is
the single most important driver of long-term financial performance”. Here, the single
and one-way dependency among perspectives is cited as the source of the problem,
rather authors claim there could be any other perspectives that would be the major
driver for long-term financial performance.

[31] criticized two major assumptions the BSC is built upon; first BSC can
successfully represent the cause-effect relations among perspectives, second the BSC
IS a strategic management system. Based on the concern of [30], [31] argued that any
missing link or cause-effect relationship might lead invalid assumptions in a feed-
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forward control system, which in turn cause organizations to anticipate faulty
performance measures, resulting in dysfunctional organizational behavior and flawed
performance.

[39] argued that the strategic linkage model of original BSC which represents causality
flowing from “Learning and Growth” to ‘Financial’ cannot be justified in many
organizations. [32] also claimed, although cause-effect chains in BSC introduces the
concept of dynamic systems thinking, there is a contradiction as “a cause-and-effect
relationship is a deterministic phenomenon presupposing stable structures within a
system, which is not particularly dynamic.” Nevertheless, original BSC is based on
one-way linear and static causal flows; however, feedback loops are needed to reflect
non-linear problems of the real life [67].

3.1.3. Implementation Problems

Implementation problems of current methodologies are examined under three sections;
1) difficulties in understanding the strategic relevancy, 2) lack of simulation
capabilities, and 3) lack of handling cognitive biases and subjectivity.

3.1.3.1.  Gap 6: Difficulties in Understanding the Strategic Relevancy

The literature has comprised of generalized models for assessing and monitoring
construction projects. However, these models are largely limited in precise definition
of indicators, which will accurately portray the performance measures and changes. In
addition, these models generally rely on too many measures which can lead to
“reporting and disseminating every piece of information gathered on the job” [132]
those having only “supporting” purposes rather than providing information about
“significant process” [284]. In addition, utilizing too many measures might result in
difficulties for the companies to understand what should be the priority and how the
company can be compared with its competitors [285].

[286] also criticized the phenomenon that, few of the measures applied in PM systems
provide key information to support decision-making process of managers. Thus, more
simplified methods are necessary which can accurately portray the data needed to
forecasting the performance measures [132]. [12] also added that, “managers want as
easy solutions as possible with minimum alterations of their existing company
measurement systems”.

In addition, the classification among performance measures should also be clarified in
order to make them more understandable. For example, [133] argued that; clear and
precise distinctions should be made for measures utilized for different project tasks or
attributes. These measures can be classified as, measures that relate to the construction
process, the organizational performance, facility performance or client or end-users
needs and requirements.

Numerous other authors (i.e. [12], [22], [16], [287], [288], [289], [126], [45])
condemned that current PM models are highly poor in implementation and handling
change management when any changes occur after the implementation. According to
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[45], poor implementation of any PM systems can lead to the failure of even the best-
designed system. Authors highlighted the need for more robust implementation
techniques “that adopt change management as an integral part of the implementation
process’.

3.1.3.2.  Gap 7- Lack of Simulation Capabilities

Traditional BSC and SMs are highly criticized as being too much of an inward-looking
exercise. As discussed in Gap 5, cause-effect chain inherit in SMs depict a one-way,
linear hierarchy instead of representing non-linear and two-way linkages, making SMs
to ignore the dynamic feedback loops inherit in real life ([290], [291], [31], [67], [50]).

Several other authors (i.e. [292], [293], [294], [295]) have also argued the dynamism
and flexibility problem inherit in existing PM models of organizations. Although new
measures are added to these models when any new operations are added to the
organizations, obsolete measures are rarely deleted which makes these systems
overloaded with measures as well as even more complex and hard to handle. Authors
concluded that systems having dynamic and flexible characteristics, are needed which
can modify themselves when any external or internal changes occur.

Although there is a consensus on implementing dynamic SMs or PM models, many of
them still have static nature [295]. However, relying on a static SM means to “assume
not only that the organization and its strategy will stay the same, but also that
competitors will continue to behave in the same way.” In other words, they are limited
in reflecting the evolution of strategy over time [51]. In addition; although they are
supposed to have predictive abilities; they are incapable of analyzing past data to
predict future states as they do not include possible time lags among performance
measures as well as they ignore relationships among future states and conditions ( [51],
[50]). [133] added that dynamic and flexible systems are needed in order to
accommodate strategic changes. Authors argued that these changes are frequent in
companies that have “emerging strategies”, thus PM models should be dynamic
enough to sustain the strategic relevance.

A number of other authors (i.e. [177], [53]) have debated simulation problems of
traditional SMs or PM models. [177] proposed that current tools in strategy and PM
literature solely represent performance in the earlier times of operations, rather than
providing simulation of performance over a time horizon. [53] argued the tools and
models having simulation capabilities can be beneficial for managers in two folds; first
for training in strategy making and second for utilizing in actual process of strategy
making. Authors added, simulations could be useful to develop and test diverse
business scenarios in case external environment is also analyzed in strategy making.

Although SMs are useful in implementing organizational strategies, they could not
enable organizations to alter changes, uncertainties and trends that lead to changes in
strategies or performance measures [50]. [133] recommended execution of dynamic
simulations of benchmarking models and performing what-if analyses by utilizing
these dynamic models. As a broader view, [50] suggested that a theory is needed to
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accommodate uncertainties and fuzziness in SMs and overcome limitations in
prediction of future states.

3.1.3.3.  Gap 8: Lack of Handling Cognitive Biases and Subjectivity

Another problem of current PM methods is their limitation in supporting decision-
making process of managers. Indeed, some authors argued that PM methods have no
use if they do not provide any guidance or support to decision-making [45]. Authors
added that further studies are needed to overcome the failure of managers to translate
measurement data into set of actions by suggesting necessary remedies.

In addition, the studies of [296] and [297] provide evidence of bias and conflict
involved when evaluating performances of companies those adopted the BSC. For
example, [297] observed significant conflict and tension between top and middle
management about the results of BSC in an international manufacturing company.
Authors experimented that, managers perceived BSC measures as inaccurate and
subjective, elaborated their PM practice in a manner of top-down hierarchy instead of
participative communication, and used inappropriate benchmarks as evaluation basis.

In addition to the bias in PM methods, numerous authors have also criticized the
subjectivity problems involved when assessing performance measures. According to
[173], [169] has not exactly specified how the decision makers should combine, assess
and formulate performance measures, in fact they advocate subjective assessment in
PM by claiming that subjective assessments are “easier and more defensible to
administer and also less susceptible to game playing”. However, to formulate a PM
problem subjectively, decision makers need to understand context and relations among
these measures, which is hard for a human to handle complexity and assess measures
analytically [298]. [299] added, as there is no objective and computational procedure
available, decision makers should spend time to think about how to handle this
complexity and to search for solutions. In the construction industry, [300] claimed that
project performance has generally assessed on personal experience without a standard
of evaluation procedure, leading to two project managers assessing the same project
differently using the same data [131].

In addition to the subjectivity problems, complexity of the process as well as
incapability of human mind to solve complex systems, are among other limitations.
[301] argued that “the mental constructs and heuristics that managers bring to bear on
complex tasks are fundamentally dynamically deficient.” Human cognitive
capabilities and mental representations about complex tasks are highly discussed in
current literature. First, human cognitive capabilities do not include the ability the
intuitively solve complex systems those include high-order and non-linear differential
equations. This phenomenon results in poor and highly simplified judgements about
systems tending to exclude site effects, feedback processes, delays and other elements
of dynamic complexity [243].

In addition to the above-mentioned eight gaps, some others also exist both in
theoretical and practical applications of PM. First, more research is needed for defining
specific measures, mostly relating to the soft issues such as leadership, people,
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innovation, learning, partnership, and technology management. Other problem is about
design of measures applicable to construction. Although various frameworks are
proposed for the design of measures, the process for defining measures those specific
to construction industry is still scarce. In addition, “the cascading and aggregation of
measures vertically between the organizational and project levels has not been
adequately researched” [12]. Finally, more research might be undertaken to explain
and measure strategy deployment through developing and applying PM methods [12].

3.2. RESEARCH DESIGN

The aim of this research is to develop a dynamic SM model by incorporating scenario
analysis and systems thinking to enhance SP and PM practices of international
construction companies. To do so; the BSC and SM developed by Kaplan and Norton
are taken as basis for strategy formulation, implementation and testing purposes. In
addition, the underlying theory of the research is constructed based on the principles
of scenario management proposed by [2] and the SD method developed by [4]. These
methods are further incorporated with the BSC and SM methods of Kaplan and Norton.
Prior to the identification of research objectives, firstly a Research Design is
structured, which answers the question of how the current gaps in literature can be
overcome.

This research elaborates the term “strategy” similar to [97], who defined the strategy
as;

“the pattern of decisions in a company that determines and reveals its
objectives, purposes, or goals, produces the principal policies and plans for achieving
those goals, and defines the range of business the company is to pursue, the kind of
economic and human organization it is or intends to be, and the nature of the economic
and non-economic contribution it intends to make to its shareholders, employees,
customers, and communities”.

In line with the definition of [97], the strategy defined in this research has links to
strategy “as a pattern in a stream of decisions” from [86] by also supporting three
strategic thoughts proposed in [111];

a. Design School: Design school proposes a model of strategy making that
seeks to attain a fit between internal capabilities and external possibilities.
This research aims to develop a model that facilitates internal resources and
capabilities as well as external threats and opportunities while making
strategic decisions or measuring performance. In this regard, the model is
expected to incorporate theories of RBV, dynamic capabilities and scenario
analysis to the Design School type of the strategic thoughts of the decision-
makers.

b. Planning School: Planning School supports producing each component of
the overall strategy separately by facilitating formal procedure, training,
analysis, assembling these separate components to produce the overall
strategy. This research aims to develop a model based on a SMS, which
incorporates diverse strategic fields included in BSC. Each perspectives
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included in BSC refer to interrelated strategic objectives, all which form
the overall SMS. The Structure includes diverse strategic fields; such as
finance, stakeholder, human capital, technology or business growth, each
of which require different procedures, training or analysis to develop,
implement and monitor.

c. Cognitive School: Cognitive School supports strategy formation in a
cognitive process that takes place in the mind of the strategist. In the
context of this strategic thought, strategies emerge as the strategist filters
the maps, concepts, and schemas shaping their thinking. This research aims
to develop a model that facilitates systems thinking in order to support
cognitive models of the decision makers in SP through visualizing
interdependencies among strategies as well as simulating the strategies
over years. Incorporation of the dynamic nature of strategies via systems
thinking is also aimed to inform strategic decision as strategies might be
formed as a result of actions, which may not necessarily intended [86].

In line with the definition of strategy and types of strategic thoughts premised, a novel
Strategic Performance Management Process (SPMP) is developed to implement and
use the dynamic SM in a structured manner. As explained in Chapter 4 in detail, the
SPMP can be utilized during the whole life cycle of SP and PM. To do so; the
definition of strategic management made by [53] is adopted;

“Strategic management can be summarized as the understanding the strategic
position of an organization, making strategic choices for the future and
managing strategy in action. The strategic position is concerned with the
impact on strategy of the external environment, an organization’s strategic
capability (resources and competences) and influence of stakeholders. Strategic
choices involve understanding the underlying bases for future strategy at both
the business unit and corporate levels and the options for developing strategy
in terms of both the directions and methods of development. Strategy in action
is concerned with ensuring that strategies are working in practice.”

The dynamic SM model is expected to overcome the gaps of the current literature and
provide an alternative method for traditional SP and PM practices. To do so; a novel
“thinking philosophy” is needed about how the strategy is formulated, implemented
and executed. Taking the definition of [53] on the strategic management as basis, this
“thinking philosophy” is about transforming static nature of traditional PM methods
to a dynamic nature. In this regard, the scenario management theory of [2] is found to
be convenient, which is taken as basis for dynamic SM model offered in this study.

The scenario management theory developed by [2] is based on three major principles;
1) systems thinking, 2) future- open thinking, and 3) strategic thinking. As depicted in
Figure 1, the first, “Systems Thinking” provides organizations to handle increasing
complexity, diversity and dynamics in the organizational environment by dealing with
interconnections in the system [65]. Second, “Future-Open Thinking” is related with
making predictions of future trends and developments by projecting current-state to
the future. It is about acceptance of uncertainty in the corporate environment and
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detection of alternative possible developments. Finally, “Strategic Thinking” is about
identification of prerequisites of future success potentials as a basis for development
and implementation of visionary strategies. According to [2], a traditional scenario
technique should be combination of “Systems Thinking” and “Future-Open
Thinking”, while “Strategic Thinking” combined with the “Future-Open Thinking”
will lead to “Scenario Planning”. In addition, taking “Systems Thinking” and
“Strategic Thinking” as a basis, SD method can be facilitated. Authors concluded that;
in order to conduct a comprehensive scenario management process; all of three
principles should be combined and facilitated concurrently.

The main principles of scenario management defined by [2] are needed in order to alter
current gaps of the SP and PM methods. As explained previously, current BSC
methods are limited in reflecting the bi-directional causalities among KPIs. “Systems
thinking” is needed in this regard, as it provides decision-makers to elaborate BSC as
a system of KPIs in which interdependencies among them are represented in the form
of diverse and dynamic interconnected system components. Another limitation of
current BSC and SM methods are widely cited as their inability to handle dynamism,
which makes them as “static” representations of the strategy. Thus, “Future-Thinking”
is needed as it provides decision makers or policy makers to accept the uncertainty
involved in the corporate environment so that consider the changes occurred in their
strategies. Hence, it is needed to elaborate the BSC or SMs as “system” itself, and
incorporate the theory of SD in the practices of SP and PM.

Systems Thinking
Complex
™
J A

Consideration of the

behaviour and the
Success
Potentials

Future-open Thinking

Acceplance of uncertainty in
the corporate environment and
detection of alternative
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complex systems

Multiple
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Source: Fink et al. (2000)
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combines methods of

Systems Thinking, Future-Open-
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Figure 1: Main principles of scenario management developed by [2]

Based on the scenario management principles of [2], it is aimed to incorporate SD in
traditional scenario analysis and PM practices. SD models are usually “formulated as
systems of high-order, nonlinear, possibly stochastic differential equations portraying
the decision rules of the agents, natural processes, and physical structures relevant to
the purpose of the model” [70]. As will be explained in the forthcoming chapters, the
methodology offered by [4] is taken as basis when developing the dynamic SD model.
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A two-stage approach including qualitative and quantitative modelling is a common
approach in SD literature ( [71], [62], [72], [73], [74], [67], [75]) to convey SD
interventions in organizations. [66] proposed a five-stage process to build these
qualitative and quantitative models by SD. First step is the “Problem Articulation” in
which the key variables of the system are identified. Second step is about “Formulation
of Dynamic Hypothesis”, which consists of endogenous focus, hypothesis generation
and mapping with causal loop or stock flow. In this research, these two steps are
combined and referred to as “Conceptualization”. Third step of the methodology
proposed by [66] “Formulation of the Model”, in which the relationship between cause
and effect variables are analyzed. Fourth step is about testing the Model through
sensitivity analysis or other techniques to test and validate the model. Final step is
about “Policy Design and Evaluation”. In this research, the associated steps are
conducted namely; “Formulation”, “Testing” and ‘“Simulation”, the last one
“Simulation” representing the “Policy Design and Evaluation” step proposed by [66].

Thus, similar to the methodology utilized by [66], a System Dynamics Process (SDP)
is developed in this research, which includes four steps, 1) conceptualization, 2)
formulation, 3) testing, and 4) simulation. The detailed explanations of these steps are
as follows;

1. Conceptualization: Conceptualization step is the first step for the
development of the SD model. It is about identification of “system” parameters
(BSC measures) as well as development of the system interactions (bi-
directional relations among measures in SM). To do so, a CLD is developed to
conceptualize the dynamic hypothesis of SM and describe the causal
relationships among BSC measures. In this step, GMB sessions are conducted
to depict the cognitive models of decision makers and construct the conceptual
SM. These sessions also provide to understand the existing levels and
boundaries of the organizational resources, capabilities as well as the strategic
intent of the Company towards its future state. The model developed after the
“Conceptualization” step is named as “Conceptual Model” and referred as so
throughout the thesis.

2. Formulation: Formulation is the second step for the computerization of the
“Conceptual Model” in a software environment. To do so, the CLD is extended
and converted into a STD to model in order to test and simulate the SM. STD
is developed and computerized via a software tool, named Stella Architecture
of isee Company. For the formulation purposes, additional quantitative
variables are also included in the system in order to support mathematical
formulation. The initial values, such as constants, rates, resources and
capabilities, are gathered from Company latest annual report by the researcher
or captured from the verbal statements of decision makers in GMB sessions.
The model developed after the “Formulation” step is named as “Computerized
Model” and referred as so throughout the thesis.

3. Testing: Testing is the third step undertaken to verify and validate the
“Computerized Model” developed by Stella Architecture. To do so, numerous
verification and validation tests are undertaken to ensure both structural and
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behavioral validity. Some of these methods are; verification of feedback loops
by decision makers, comparison of historical data to simulation output,
validation on the model in extreme circumstances, and sensitivity tests on
various variables ( [302], [66], [240]). In this research, dimensional
consistency test, behavior adequacy test, extreme conditions test or structural
verification test are among some of the verification and validation tests those
undertaken iteratively.

4. Simulation: The final step is the “simulation” in which two separate tests are
undertaken with the Company to understand the behavior of the Computerized
Model in real life practices. First, a Scenario Testing is conducted to elicit
dynamic behavior of the model under diverse future scenarios. Second, a
“Strategic Options Testing” is undertaken to understand the effect of changes
in resources and capabilities to the overall strategic achievement.

In line with the SDP, a Research Design is developed based on the studies of [303],
[304] and [305], who were also taken the model of [4] as a basis. As depicted in Figure
2, the Research Design consists three components; 1) problem entity, 2) conceptual
model, and 3) computerized model, which are briefly described as follows;

1. Problem Entity: The problem entity is the system (real or proposed), idea,
situation, policy, or phenomena to be modeled [303]. In this study, a detailed
literature review is conducted to understand, capture and report the problem
existing in the current SP and PM methods. The definition of the problem entity
was given in Table 6 in Chapter 3.1.

2. Conceptual Model: “The conceptual model is the mathematical, logical,
verbal representation of the problem entity developed for a particular study”
[303]. It is developed through analysis and modelling phase. In this study, the
Conceptual Model is the SMS utilized to define and visualize strategic
objectives of the company and assess their performance. The methodology and
findings of the Conceptual Model are explained in Chapter 5.

3. Computerized Model: The Computerized Model is the Conceptual Model
implemented in a software environment. The Conceptual Model is transformed
into the “Computerized Model” through component of “Computer
Programming and Implementation”. As a further effort, inferences in the
problem entity are captured by carrying out “Experimentation” on the
Computerized Model [303]. The methodology and findings of the
Computerized Model are explained in Chapter 6. In addition, the
“Experimentation” is described into two parts; a validation process as
described in Chapter 7 and experimentation with a real case as in Chapter 8.
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Problem
(Purpose and Intended Use
of the Model)

Computerized Model
(System Dy