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This thesis investigates the inter-relationships between management control systems in 

the management of information technology (IT) projects. IT projects are an important and 

ubiquitous part of the operation of firms.  However, both anecdotal and empirical evidence report 

that many of these IT projects are failing to achieve their targeted budget, design or duration 

which often translates into catastrophic results not only for the project team but also for the 

sponsoring firm.  The project team is managed by a project manager who applies control 

mechanisms to make performance-related decisions. These control mechanisms can be viewed 

through the levers of control (LOC) framework described by Simons (1995).  I will focus on the 

diagnostic LOC and the interactive LOC in my research as they demonstrate the feedback, 

monitoring and active parts of the framework.  I show that the diagnostic LOC and the 

interactive LOC are inter-related but that this relationship is emphasized differently depending 

on contingent environmental conditions. I show that the external variables of stakeholder 

management capability (SMC) and environmental munificence (EM) moderates the relationship 

between the levers of control and the project performance as perceived by the project manager.  I 

contribute to the concept of complementarity by providing evidence of the moderated mediation 

of the diagnostic LOC relationship with project performance by the interactive LOC in IT 

projects. I also find that while the contingency variables are moderators for all projects, their 



 
 

impact depends on the size of the projects which is a contribution to the contingency stream of 

project management and IT projects. To my knowledge, this is the first such exploration of a 

moderated mediation model using Simons’s framework of control levers in a homogeneous 

industry grouping at the project level and indicates a research stream for the exploration of 

project management controls in the IT industry.  
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CHAPTER 1.0 INTRODUCTION 

1.1 Defining the problem 

Information technology (IT) is ubiquitous.  According to projections by Cisco, a major 

supplier of hardware and software IT products, by 2020, we will have over 50 billion things that 

will be connected to each other (Cisco, 2013).  Consequently, we encounter IT at home, at work, 

and in our social environment.  IT is described as fundamental to the operation of most 

corporations (Sambamurthy, Bharadwaj, & Grover, 2003). Firms invested significantly in IT in 

the late 1990’s and early 2000’s (McAfee & Brynjolfsson, 2008). Khechine, Lhakal and 

Ndjambou (2016), in a study of the adoption of technology model, determined that performance 

expectations were the highest determinants to choosing the use of IT. More recently the 

pervasiveness of IT and the subsequent interconnectivity of IT devices are leading firms to invest 

in data analytic projects at an unprecedented pace (McAfee & Brynjolfsson, 2012). These IT 

investments take the form of projects that need to be managed.  

The link between IT investments and project management is made by Peppard, Ward and 

Daniel (2012) in their discussion of the use of management techniques that add value to IT 

projects. Agarwal and Sambamurthy (2002) also explain that one of the principles of creating 

value for the firm in the implementation of IT relies on the creation and management of 

appropriately funded IT projects (p. 11). 

IT projects that fail can lead to the failure of major businesses. A large part of Target 

Canada’s failure in its 2014-2015 launch into the Canadian market was attributed to failed 

implementation of IT linked to supply chain management (Castaldo, 2016). Ram, Corkindale, 

and Wu (2013) in their study of critical success factors with the implementation of IT list major 
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failures such as a failed implementation of IT software with the National Health Service in the 

United Kingdom in 2011 costing over $11.8 billion.  Then Ram and colleagues (2013) list over a 

dozen recent failures of IT implementation across North America, the United Kingdom and 

Australia. In addition, within this twenty-first century, Kmart in the United States attempted to 

implement a company-wide IT supply chain management system to compete with Walmart and 

Target. Even after spending almost $2 billion dollars over two iterations of this IT project, they 

failed. This failure eventually contributed to their bankruptcy (Flyvbjerg & Budzier, 2011). To 

further illustrate the criticality of IT projects, in a 2012 report using data from over 5,400 major 

IT projects, Bloch, Blumberg and Laartz (2012) of McKinsey & Company found that half of the 

IT projects they surveyed had exceeded their planned budget. Using different research data, 

Flyvbjerg and Budzier (2011) focusing on large IT projects report that 1/6 of IT projects from a 

sample of 1,471 exceeded their budgeted cost by 200% and their planned schedule by 70% 

(2011). Regardless of how half or 1/6 of IT projects failed, the research problem is the lack of 

apparent success among many of those projects.  

Almost 90% of large IT projects involve the implementation of corporate systems such as 

enterprise resource planning (ERP), supply chain management and human resource management 

(Budzier & Flyvbjerg, 2013). Sambamurthy et al. (2003) summarized prior research showing 

that “IT investments do have beneficial performance and productivity impacts” (p. 238). IT 

investments are embodied through IT projects. The success of projects has been empirically 

linked to the management control of the project itself (Cooke-Davies, 2002).  In their empirical 

research on critical success factors with the implementation of IT ERP projects, Ram et al. 

(2013) find that management control in the form of project monitoring, scope definition, and 

regular project meetings are the top three most important constructs determining the success of 
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IT projects. In addition, Heumann, Wiener, Remus, and Mähring (2015) empirically find that the 

governance of information systems projects is improved through formal control methods used by 

managers and project leaders. 

The challenge of improving the success rate at the project level is addressed by 

institutional bodies such as the Project Management Institute (PMI), the International Project 

Management Association (IPMA), the Association for Project Management (APM), the 

Australian Institute of Project Management (AIPM), ISACA (Information Systems Audit and 

Control Association), and standards bodies such as the International Organization for 

Standardization (ISO). These organizations have attempted to address the problem of project 

failures by providing project management guidelines to practitioners (De Haes, Van 

Grembergen, & Debreceny, 2013; Patah & Carvalho; 2012; Rehacek, 2014; Varajão, Colomo-

Palacios, & Silva, 2017). Their prescriptive documents form guidelines and standards such as the 

Project Management Body of Knowledge (PMBOK, 2013), Control Objectives for Information 

and Related Technology (CoBIT: Institute, 2007; ISACA, 2014; Tuttle & Vandervelde, 2007), 

and ISO 21500 – Guidance on Project Management (Binder, Aillaud, & Schilli, 2014). Montes-

Guerra, Gimena, Perez-Escurdia, and Diez-Silva (2014) have reviewed the application of many 

of these guidelines and standards and have concluded that their control systems do affect the 

success of projects but that too few project managers make use of these tools. Similarly, Papke-

Shields, Beise and Quan (2010) find that project success is linked to the use of project 

management institutional practices.  

Institutionally, the PMI provides a framework, the Organizational Project Management 

Maturity Model (OPM3, 2013), that operationalizes organizational strategy through established 

project implementation practices. Mathur, Jugdev, and Shing Fung (2014) discuss the link of 
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individual project performance to firm performance. They find that project-linked tangible 

resources and processes contribute to the uniqueness of firms and their organizational 

performance. Therefore, both institutionally and academically there are links and strategies 

between project performance and organizational performance.  

Academically, research into project management evolved from research in the 

management sciences field (as described in Morris, Pinto, and Söderlund [2011]). Söderlund 

(2011) reviewed the project management literature from the past fifty years to categorize the 

research streams into seven specific schools of research: “(1) Optimization School… (2) Factor 

School… (3) Contingency School… (4) Behaviour School… (5) Governance School… (6) 

Relationship School… (7) Decision School” (Söderlund, 2011, p. 158). This categorization is 

intended to make sense of the research into various aspects of project management by 

categorizing their perspectives, methodologies, and theories. In this way, Söderlund hopes to 

help researchers “navigate at the crossroads between specialization and fragmentation” (p. 153). 

I choose to follow the approach of the contingency school as the context of my research. Using 

the concept of complementarity, from the field of economics, I will focus on the 

operationalization of project management through inter-related project control systems.  I wish to 

advance this field by stepping from theory to empirical evidence and in this way support 

theoretical approaches to project management as suggested by Müller and Söderlund (2015). 

1.2 Recent literature about management control in projects 

Project control is used in the operationalization of project management both by 

practitioners (PMBOK, 2013) and researchers (Liberatore & Titus, 1983; Söderlund, 2011; 

Montes-Guerra et al., 2014). Rozenes, Vitner, and Spraggett (2006) review academic literature 
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linked to project control and identify a variety of tools and techniques.  In particular, they note 

the use of the theory of constraints models, the use of multidimensional tools such as earned 

value management (EVM) that look at a project’s time and cost integration, the use of one 

dimensional tools from institutional bodies of knowledge to measure projects against single 

parameters, and their own research linking project control to project success factors.  Rozenes et 

al. (2006) describe many specific tools and techniques but do not provide a theoretical 

framework for project controls systems.  

In the context of IT project management, Bernroider and Ivanov (2011) empirically study 

the framework of control objectives used for IT projects.  Using an ISACA project management 

framework (referred as CoBIT) they state that “according to our data the use of control 

frameworks alone regardless of a reference to CoBIT does not significantly promote success of 

projects” (p. 332). They find that project management is complex and that management control is 

only part of the determinants to project success. On a broader project management basis, Shenhar 

(2012) suggests a holistic approach to the guidelines developed by the Project Management 

Institute (PMI).  This holistic approach is an integration of management control tools and 

techniques that are described by Shenhar as scientific (formal control tools such as Gantt charts, 

Critical Path, Earned Value analysis and PMI guidelines) with other control methods to handle 

uncertainty and risk management (what Shenhar [2012] considers as art rather than science). 

This combination of ‘scientific’ and ‘artistic’ control is used to balance the constraints of 

accomplishing projects on time, on budget and with quality objectives; also known as the ‘iron 

triangle’ of project management (2012).  Shenhar (2012) and Shenhar and Dvir (2011) discuss 

this inter-relatedness of control methods as a project management strategy that when integrated, 

even though projects are all different, is linked to project success.  
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Yang and Yeh (2014) use a contingency viewpoint in the study of the inter-relatedness of 

management controls in an industrial project. They perform an empirical study that inter-relates 

different project controls with the variables of uncertainty and risk management. Using a control 

technique derived from engineering and which incorporates stakeholder involvement with risk 

analysis in a feedback loop (the principles of ‘system dynamics’ as described by Jay [1991]) they 

examine how top managers deal with uncertainty in projects. Their research integrates a holistic 

type of approach in considering how environmental factors and stakeholders impact decision 

making (Yang & Yeh, 2014). They use a variety of project controls and describe the conceptual 

links among them using a case study approach to illustrate the links. In effect, they are describing 

the management of the project by the project manager as an example of the application of system 

dynamics and implying an inter-relatedness of management controls.  

This introduces the concept of complementarity in my research as the use of controls in 

an inter-related and holistic way. Projects are temporary organizations formed to achieve an 

objective and are managed to this end.  The control of these projects through various 

mechanisms is in effect the management of these controls by an individual manager. When this 

is applied in an inter-related manner, it becomes the use of management controls in a 

complementary way.  Complementarity is a concept where organizational elements are inter-

related to achieve a combined performance that is better than when individually considered. This 

concept is taken from the field of organizational economics (Brynjolfsson & Milgrom, 2012). 

However, I recognize that individual project controls or management control systems 

may also be used without inter-relating to each other to address specific objectives and in that 

way, be viewed as packages of control mechanisms (Grabner & Moers, 2013).  Bedford & 

Malmi (2015) in their empirical research of management control systems in firms categorized 
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them as packages of management controls used in different configurations depending on 

organizational needs and wants. At the project level, managers may just use the management 

control system most appropriate for their needs, a package of management control systems, or an 

inter-related set of management control systems (Grabner & Moers, 2013).  I focus on a 

framework of inter-related control mechanisms as the lens for describing project management 

activities. 

1.3 Research about management control tools and systems for projects 

Early literature reviews that summarized project control were focused on tools and 

techniques (see for example Rozenes et al. [2006]). A recent literature review of project control 

by Willems and Van Houcke (2015) which also incorporates Rozenes et al.’s (2006) research 

examines the research literature on project control to identify research streams, classify the 

control techniques, and describe possible future research streams. Key findings of this research 

are that transfer of information is important, data collection is often based on small or few 

datasets, that most of the research is deterministic rather than stochastic and that project 

performance measures may not be complete. The results of the literature review by Willems and 

Van Houcke (2015) looks across all types of projects and categorizes them as belonging to “(i) 

the private sector, (ii) the public domain and (iii) general projects” (p. 1619) and within those 

categories as belonging to the “construction industry, IT and software development, production 

environment, multi-project environment, high-tech and engineering environment … 

transportation, government…” (p. 1621). The literature review is comprehensive but not focused 

specifically on the IT domain which is the context of my research. Therefore, a focused research 

into a homogenous and relevant industry such as IT is a gap to address.  Within this gap of a 
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homogenous domain of IT projects, current research does not address the inter-relatedness of 

these management control mechanisms and their behavior as systems. 

Since I define the context of the research problem as the IT domain, I performed a 

scoping study that dealt with the management of IT projects to explore literature that would 

address management control systems. The articles generated through this scoping study describe 

the application and combinations of specific management control tools such as earned value 

management (EVM) and forecasting techniques (Kim & Reinschmidt, 2011), the consideration 

of other techniques in combination with EVM (Colin & Vanhoucke, 2015),  EVM and the 

integration of team learning curves (Plaza, 2008), EVM and risk management (Acebes, Pajares, 

Galan, & Lopez-Paredes, 2013; 2014; Vanhoucke, 2012), goal optimization control software as a 

control tool (Heidrich & Münch, 2010), clan control in the IT domain (Eng Huang Chua, Lim, 

Soh & Kien Sia, 2012), behavioral control with outsourced IT projects (Tiwana, 2010), and using 

the PMO as a control system (Moreno & Silva, 2011). The articles are mainly prescriptive in 

their approach and focus on the uses of project control techniques or focus on broad descriptions 

of project control.  Interestingly few articles in my scoping study discuss management control 

systems in the context of IT projects (the exceptions of Sakka, Barki, and Côté [2013; 2016] will 

be discussed later in this section). Few articles also discuss if these control mechanisms inter-

relate as a formalized management control system. 

My research addresses this gap. I do not look at the individual project control tools and 

mechanisms themselves. I look at the aggregated project controls as management control 

systems and at their inter-related use by the project manager in the face of contingencies.  This 

complementarity revolves around the formalized control systems used by management to help 

with decision-making in the management of information technology projects. Simons (1995) 
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describes management control systems as “the formal, information-based routines and 

procedures managers use to maintain or alter patterns in organizational activities” (p. 5). In this 

framework, Simons (1995) groups these management control systems into balancing and 

opposing categories that he defines as levers of control (a diagnostic lever balanced by an 

interactive lever and a belief system lever balanced by a boundary system lever). This definition 

of management control systems and the levers of control (LOC)1 framework will underlie my use 

of management control systems in this research. 

Sakka, Barki, and Côté (2013: 2016), provide two research articles that combine concepts 

from contingency theory with Simons’ (1995) LOC framework. They research the specific 

application of the LOC framework as defined by Simons (1995) at the project level in the IT 

domain. They find a moderation effect of complexity and novelty on the uses of the diagnostic 

LOC and the interactive LOC (Sakka et al., 2013). The application of a diagnostic LOC when 

task novelty is low leads to high performance whereas there is no support for the moderation 

effect of a low task complexity on performance.  Furthermore, the application of an interactive 

LOC when task novelty is high leads to high performance as well as when task complexity is 

high. Sakka et al. (2013) contribute to the project management literature by looking at the effect 

of contingencies on the individual diagnostic LOC and interactive LOC.  However, their research 

looks at the two LOC working independently rather than in an inter-related manner which is a 

gap I will address. The authors’ contribution of validating a formative measure for the interactive 

LOC is an important contribution that I use in my research.  

                                                           
1 LOC in this research can define ‘levers of control’ or its singular description as a single ‘lever of control’ 

depending on the context of the topic. 
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Then Sakka et al. (2016) focus on the moderation of equivocality (ambiguity) and 

uncertainty to the application of an interactive LOC and find that an emphasis on the interactive 

LOC can positively affect project performance in cases of high uncertainty and equivocality. In 

this research, they contribute to the literature on project management by focusing at the project 

level on one type of LOC and how contingent factors affect this use.  Their research argues that 

formalized controls described by the interactive LOC (Simons, 1995) can be used in the context 

of high uncertainty or equivocality if the communication channels used are rich in information 

transfer.  

Both of Sakka et al.’s (2013; 2016) studies describe a view of MCS that packages the use 

of MCS rather than inter-relate them. In other words, management control systems (where the 

term ‘systems’ in this case refer to the combined use of control mechanisms) are not used in a 

systemic way but rather as discrete packages of MCS (one package is the diagnostic LOC and 

the other is the interactive LOC) (Grabner & Moers, 2013). Simons (1995) defines the 

terminology of MCS as LOC. I use both expressions of MCS and LOC in this research.  When 

discussing the specific constructs in my research I use LOC to differentiate between specific 

management control systems and their systemic use in the context of IT projects. When I discuss 

the broader literature around management control systems, I use MCS. 

Sakka et al. (2013; 2016) discuss specific contingencies affecting the use of the 

diagnostic LOC and the interactive LOC. Although every project is unique and requires different 

sets of management controls in keeping with organizational and environmental differences 

(Shenhar, 2012), the school of contingency research in project management (Söderlund, 2011) 

describes that current research in this area focuses on types of projects and project management 

design. In the contingency school, research in project management looks at the interdependence 
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of variables (2011). This view adds to my complementarity view of the LOC. Prior research has 

also explored the issue of complementarities of MCS at the firm level in the context of 

contingency theory (described through literature reviews by Otley [1980], Merchant and Otley 

[2007], Chenhall [2007], and Otley [2016]). 

Another contingent issue that I address in this research is that of project size. Flyvbjerg 

and Budzier (2011) focused their research on large IT project failures with average costs of $167 

US million without defining what large means.   Similarly, Gowan Jr. and Mathieu (2005) use 

the size of the IT project budget among the indicators to show the size of an IT project. Their 

findings point towards a difference in required controls to account for large IT projects. 

However, the use of project budgets as the only descriptor for size is shown by Sauer et al. 

(2007) to be a poor discriminator of project success from their sampling of 412 IT projects.  

Measuring the size of the project by the combination of team size and project time is a better 

predictor of project performance (2007). Since Livesey (2016) also find a difference in the way 

that project managers control their projects depending on the size of the project it makes sense 

that my research should also consider the issue of project size. 

1.4 Developing the research question 

My main research objective is to show the inter-relatedness of the LOC in IT projects. I 

also explain the relationships between the complementarity of the LOC and their moderation by 

contingency variables in the management of IT projects. In the context of IT projects, I find two 

important contingent variables to be stakeholder management capability (Hartman & Ashrafi, 

2002) and environmental munificence (Voss & Kock, 2013).  My research also examines when 
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these contingent variables, critical in the operation of projects, moderate the impact of the use of 

the LOC on the performance of the project with considerations for the size of the IT project.   

Research Question: At the IT project level and from the project manager’s viewpoint, how do 

the LOC inter-relate as a system to impact the project’s performance contingent on stakeholder 

management capability and on environmental munificence?  

This dissertation is organized in a six-chapter format. This initial chapter forms the 

introduction to the problem and a statement of my research objective and questions. In the 

second chapter, I provide a literature review of the control literature as it relates to my research 

question. Then in my third chapter I discuss my conceptual model and the hypotheses relating to 

this model.  In my fourth chapter, I describe the methodology used and explain the survey 

instruments that are used.  My fifth chapter provides my results and analyzes the findings. In my 

sixth and final chapter I discuss the findings, implications and contributions of my research. 
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CHAPTER 2.0 LITERATURE REVIEW 

In this study, I will apply the framework of control systems defined by Simons (1994; 

1995) in the context of contingency theory. This framework uses the LOC to help managers in an 

organization execute strategy. Simons (1995) uses the term LOC to classify management control 

systems in his framework as composed of four LOC; belief systems, boundary systems, 

diagnostic systems and interactive systems.  I use this framework to understand how managers 

inter-relate their LOC to help them manage information technology (IT) projects.  Consequently, 

I first provide a brief review of the theoretical frame that I use.  Then I review the literature on 

the application of MCS in the context of IT projects.  My final section will integrate the 

discussion with a statement of purpose and describe the contributions of the study.  

2.1 Contingency theory and the concept of complementarity 

My research is situated in the context of the contingency theory school of project 

management.  Consequently, I give a brief description of this theory as it informs the context of 

my research. The basic premise of contingency theory is that the relation between two variables 

depends on a third variable.  Luthans and Stewart (1977) state that “the contingency approach is 

defined as identifying and developing functional relationships between environmental, 

management, and performance variables” (Luthans & Stewart, 1977, p. 183). Contingency 

theory is an organizational theory where organizational structures perform best when they are 

configured to a best fit dependent on situational conditions (Donaldson, 2001). In this context, fit 

defines the relationship between organizational elements in a firm.  

Since Burns and Stalker’s (1961) (as reported by Donaldson, 2001) seminal research of 

how organizational structure is affected by external environmental variables, contingency theory 
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has been applied to the problems of dealing with strategy (Chandler, 1962), external 

contingencies (Lawrence & Lorsch, 1967), organizational bureaucracy (Drazin & Van de Ven, 

1985), and management accounting (Otley, 1980).  Donaldson (2006) explains the importance of 

organizational structure, fit and contingency variables: “the most effective organizational 

structural design is where the structure fits the contingencies” (p. 19). Early contingency theory 

linked the environment, organization size and strategy as part of a structural contingency theory 

that was unique to each organizational structure. Structural contingency theory explains that 

organizational structure is optimized when the proper fit to achieve performance is achieved 

contingent on environmental variables (Pfeffer, 1982). However, Donaldson (2001) introduced a 

dynamic element to contingency theory by suggesting that organizations are in a constant state of 

adjustment in response to changes in contingencies. This dynamic neo-contingency theory adapts 

the rigidity of structural contingency theory by proposing that changes in an organization that 

lead to a misfit will be adjusted through other organizational changes dealing with those 

contingencies to regain fit and optimal organizational performance (2001). Management control 

systems are used in this way by management to adjust structures to changes in contingency 

variables and return organizations to optimum performance (Chenhall, 2003).  As the MCS are 

applied, the organizational structure changes.  These changes are expected to be dynamic and 

iterative to achieve optimal organizational performance. 

Fundamental to Donaldson’s (2001) dynamic view of contingency theory is the concept 

that organizations are in a constant state of disequilibrium where a state of misfit needs to be 

corrected to achieve optimal performance.  This misfit results from changes in the contingencies 

such as external market forces, internal business cycles, and other contingent variables affecting 

the organization (2001). The correction to the state of misfit is done through managers exercising 
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their control over structural elements of the firm including personnel and their behaviour. These 

control mechanisms form management control systems that are described by Otley (1980; 2016), 

Fisher (1995) and Chenhall (2003) as structural elements in the application of contingency 

theory to organizations. Within the concept of contingency theory at the organizational level, 

adaptive change of the organizational structure is driven through the application of MCS. 

The application of MCS (Chenhall, 2003) is affected by contingent variables in a 

dynamic situation as discussed by Donaldson (2001). Within this contingent view of the 

organization Simons (1995) provides a framework of complementarity to specifically look at 

MCS as LOC that inter-relate with each other in the determination of organizational strategy. In 

support of this concept, Widener (2007) empirically observes a relationship between all the LOC 

at the firm level. Her view uses Milgrom and Roberts (1995) conceptual description of the 

expected complementarity of organizational elements to support her conceptual development.  

The concept of complementarity has been prevalent in the field of economics for some 

time. Lenfant (2006) discusses the flourishing of the discussion on complementarity in the 1920 

to 1940 time period. Transferring the concept of complementarity from the field of economics, 

Milgrom and Roberts (1990) apply a mathematical proof to the clustering and complementarity 

of organizational elements in a modern manufacturing environment. Milgrom and Roberts 

(1995) succinctly describe the concept of complementarity as the idea that “doing (more of) any 

one of them increases the return to doing (more) of the others” (p. 181) and subsequently apply 

this concept to organizations. This inter-relatedness of processes is shown by their case study of 

the Lincoln Electric company where the complementarity of control activities is mutually 

reinforcing and help to define an organizational fit that then gives them a competitive advantage.  
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Amir (2006) discusses complementarity in the context of organizational strategy in 

macro-economic terms. Choi, Poon, and Davis (2006) discuss complementarity as a synergy of 

external and internal elements in knowledge management for organizations. Litchtenthaler 

(2009) describes how different types of learning have complementarity effects on organizational 

innovation and performance. I observed through my literature review on the concepts of 

complementarity, the transition of the use of complementarity in the economics field through to 

the social sciences field and into the specific application of management controls. 

Grabner and Moers (2013) use the concept of complementarity to support the systemic 

view of MCS and their inter-relations. They compare the supplementary approach taken by 

Malmi and Brown (2008) of categorizing MCS in packages of systems that are used according to 

managerial discretion with the complementarity view that MCS can also function in an inter-

related systemic framework. Bedford and Malmi’s (2015) study builds on previous research 

(Malmi & Brown, 2008) of the application of contingency theory to the use of MCS in firms.  

The importance of the research by Malmi and Brown (2008) and Bedford and Malmi (2015) is 

that a bridge is made between the use of MCS and the application of contingency theory.  

However, Bedford and Malmi focus on the “taxonomy of control configurations” (p. 2) rather 

than trying to explain specific inter-relations. They suggest that further research needs to be done 

to identify “associations between control mechanisms” and “relationships between control and 

contextual variables” (p. 18). Addressing this research need and in support of the 

complementarity view of MCS described by Grabner and Moers (2013), I chose to use the 

concept of the inter-relatedness of MCS in a systemic approach. Within the context of 

contingency theory, I describe the inter-relatedness of a set of control mechanisms defined as the 

LOC that are used by managers to control IT projects.   
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2.2 Management control systems  

2.2.1 Organizational Level 

In the management accounting literature stream, Porporato (2011) traces the theoretical 

foundations of MCS as part of a functionalist paradigm within the broad contexts of sociological 

paradigms (Puxty, 1993). The functionalist paradigm is a sociological ontology that assumes the 

interdependence of societal constructs (Burrell & Morgan, 1973). This is one of four paradigms 

proposed by Burrell and Morgan (1973) to explain sociological phenomena and forms part of 

post-positivist philosophy.  The principle of this paradigm and its commonality with positivist 

philosophy in the management sciences is that there is a reality out there that can be proven 

through scientific methods. MCS can be explained through multiple paradigms but one of the 

prevalent ones described by Porporato (2011) and the one where I situate my research is the 

functionalist one. The focus of the paradigm is on how things work rather than on their meaning. 

Porporato (2011) describes how the management control literature used a variety of theories to 

model MCS until the early 1980’s when contingency theory was used: “the contingent control 

literature is based on the premise that a correct match between contingent factors and a firm’s 

control package will result in desired outcomes” (p. 158). 

Management control systems are predominantly described and used in the accounting 

literature to describe the control mechanisms used by managers for decision-making and change 

control (for examples see Merchant & Van der Stede, 2007; Anthony & Govindarajan, 2007).  

MCS are broadly defined in the academic literature as formal and informal mechanisms used to 

passively or actively modify behaviours of subordinates and as tools used by managers to aid in 

their decision making towards a specific outcome (Chenhall, 2007). Integrative frameworks and 
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models of MCS and their application to organizational performance are explored in the 

management literature by Berry, Coad, Harris, Otley, and Stringer (2009). In their review of the 

control literature, Berry et al. (2009) found that three emergent frameworks modelled MCS in an 

integrative way; a strategic performance measurement system as suggested by Kaplan and 

Norton (1996), the LOC model (Simons, 1995), and Ferreira and Otley’s (2005) performance 

management and control framework. Berry et al. (2009) also point out a need for management 

control research to explore commonalities and differences that exist due to different 

organizational contextual and environmental contingencies. My research uses the LOC model 

(Simons, 1995). In this context, I contribute to this body of knowledge by theorizing the 

moderating effect of contingencies on the inter-relatedness of the LOC. 

2.2.2 Project level 

At the project level I view the project team as a “temporary organization embedded in 

different social contexts” (Floricel, Bonneau, Aubry, & Sergi, 2014, p. 1091). Lundin and 

Söderholm (1995) conceptualize that project teams are temporary organizations with similar 

behavioral characteristics as firms and their own corresponding objectives but with defining 

properties of time and transitionary stages in their life cycles. Söderlund (2000) discusses the 

temporary nature of project team and that their temporary nature call for different control 

configurations than for firms. Even at the firm level, Simons (1994) recognizes in his 18-month 

longitudinal study that managers use different LOC contingent on the organization’s life stage. 

Completed projects by definition occur at the end of the organizational life for the project 

team.  Pinto and Prescott (1988) describe different project stages during the life of a project 

(conceptual, planning, execution, and termination) and they explain that managerial behavior and 
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perspectives on project performance that lead to success changes at each of those stages.  

Institutionally, the PMBOK (2013) also breaks the life of the project into stages but uses five 

stages (initiating, planning, executing, controlling, and closing) to define the life of a project. In 

Simons’ (1995) concept, a firm’s life goes through three stages (start-up, growth, and mature). In 

the mature stage of the firm, Simons (1995) conceptualizes that all LOC inter-relate: “At this 

stage, they begin to use selected control systems interactively” (p. 128).  Floricel et al. (2014), 

taking a different theoretical lens, use activity theory and actor-network-theory to describe the 

temporary nature of projects and how decision-making is a dynamic event that incorporates not 

only the project manager but other participants including inanimate objects.  Using this lens, 

Floricel et al. (2014) also find different decision-making behaviours by managers at different 

stages of the project. There is some consensus that throughout the life cycle of a firm or a 

project, how project managers exercise management controls will vary. In this research, as 

opposed to a longitudinal study, a cross-section of project managers report on completed 

projects. Therefore, their view of the project will likely be the last stages that they experienced 

(the controlling-closing or execution-terminating stages) and be analogous to Simons’ (1995) 

view of the mature stage of a firm where control systems inter-relate.  

Project managers use LOC that are feedback and performance management control 

systems to manage their projects.  These LOC are used by the manager to monitor and change 

team behaviour as necessary to achieve project success in the same way that managers at the firm 

level use LOC for their decision-making. Shenhar and Dvir (1996) find that using an optimal 

combination of control mechanisms will lead to project success. Within the LOC framework 

(Simons, 1995) there is an assumption that complementarity is achieved because of the balance 

between the different LOC. This balance through complementarity is defined by the inter-
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relatedness of the LOC. It is important to note that in the context of the LOC framework, the 

notion of balance is not one that implies an equal contribution from each element. Instead as 

described in Kruis, Speklé, and Widener’s (2016) research, the notion of balance is one of inter-

relatedness where it “can be defined as a limited number of configurations that include 

combinations of all four control levers that are internally consistent, but are not necessarily 

equally emphasized” (p. 28).  This view of balance is empirically described in their research on 

the different configurations of LOC among firms (Kruis, Speklé, & Widener, 2016). It is also an 

implicit concept in Henri’s (2006) research into the inter-relatedness of the diagnostic LOC and 

the interactive LOC among Canadian manufacturing firms.   

The assumption of the synonymous use of balance and inter-relatedness is described 

initially by Simons (1995) as part of his LOC framework but also throughout much of the 

literature review by Martyn, Sweeney, and Curtis (2016) on the LOC framework and its 

empirical use over 25 years. I use balance and inter-relatedness as interchangeable concepts in 

keeping with Simons’ (1995) conceptual framework and the empirical use of this framework. 

Kruis et al. (2016) describe how different environments leads to different uses of the 

LOC framework.  So, how LOC are inter-related among firms changes according to contingent 

environmental factors (Kruis et al., 2016). Using the principles of contingency theory, Chenhall 

(2003) states that the outcome resulting from the inter-related use of the LOC depends on 

external variables.  Chenhall (2003) specifically describes six contextual contingency variables at 

the firm level that affect management control systems: the external environment; technological 

issues related to complexity, uncertainty, and interdependence; technological issues related to 

contemporary application of manufacturing practices; organizational structure; organizational 

size; and national culture.  At the project level, I consider all of these contingencies except that 
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of national culture since all the projects I study are geographically limited to the cultural region 

of Canada.  These contingent variables impact the relationship between the use of the LOC and 

project performance. Conceptually this view of my research is also described by Fisher (1995) in 

his research on MCS using the lens of contingency theory.  He describes a systematic view as the 

inter-relationship between MCS, contingent factors and an outcome.  Fisher’s (1995) research 

relates MCS to the firm level of an organization. Kruis et al. (2016) similarly review contextual 

reasons as to why different firms have different types of inter-relatedness among their LOC. As 

my organizations are project teams that are defined as temporary organizations, both Kruis et 

al.’s (2016) and Fisher’s (1995) results are a good basis for the support of my contingent and 

systemic view for project management.  

IT projects are particularly interesting because of the ubiquitous presence of IT and the 

significant impact of these projects within firms (Brynjolfsson & Hitt, 2000; Agarwal & 

Sambamurthy, 2002). IT projects can include innovative development of software or hardware, 

informal management control systems and complex interactions by the project manager and the 

project team (Archibald, 2013). The consideration of these interactions requires the appropriate 

use of MCS to operationalize the project.     

The common thread within IT project management literature is the constant need for 

controls in managing the projects.  This is important during the operational execution of the 

project as well as during the interactive and intensive involvement of the project manager during 

conditions of uncertainty and changes.  Stakeholder management capability and resource 

availability (itself described through environmental munificence) are important with IT projects 

and will be discussed as contingent variables later in this document. 
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Taking a step back, the project control literature describes management control systems 

from the perspective of their operationalization. Rozenes et al. (2006) in their literature review of 

project control mechanisms list project control mechanisms such as scope control, project 

finance control, and the use of balanced score cards. Rozenes et al. (2006) also describe multi-

dimensional project control methods such as earned value management (EVM) which integrates 

the measurement of time and budget with its interactive use by the project manager.   

Rozenes et al. (2006) provide a literature review of project control that extends back to 

Pinto and Slevin (1987)’s article and their seminal work on critical success factors in project 

management. Then Willems and Van Houcke (2015) add to this review of project control 

literature by focusing on EVM techniques. I take a broader perspective of MCS through a 

scoping review of peer-reviewed research articles published since the review by Rozenes et al. 

(2006) to explore the recent project control perspectives (Appendix 1 describes the methodology 

used to explore those emerging perspectives).  For example, Tiwana (2010) explains the roles of 

formal and informal controls as complementary in the context of outsourced IT projects.  

Tiwana’s (2010) research builds on Kirsch’s (1996) conceptual study on the use of formal and 

informal control for IT project management. Tiwana (2010) in his own research specifies the use 

of formal and informal control systems as process-based or outcome-based.  This gives four 

possible ways of using these control systems. In this case Tiwana (2010) empirically finds a 

relationship where the effect of informal MCS weakens the effect of the formal outcome-based 

MCS on project performance.  On the other hand, with an interactive process based MCS and a 

process based diagnostic system, Tiwana (2010) finds that the MCS complement each other in 

their relationship with project performance.  
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Most of the articles from my scoping review of the project management literature since 

2006 discuss variations on the application of the EVM control technique with other control 

methods (refer to Appendix 1 for an explanation of the scoping study).   Two of the articles in 

the scoping review integrate the LOC framework by explicitly discussing the use of a diagnostic 

LOC and an interactive LOC in IT projects (Sakka, Barki, & Côté, 2013; 2016). A separate 

article in the stream of literature discussing multiple project management uses the LOC 

framework to discuss how managers select among LOC dependent on the contingencies to be 

addressed (Canonico & Söderlund, 2010). My scoping review indicates that most of the research 

in project management is on prescriptive control techniques rather than through the lens of the 

LOC framework. 

Based on the literature reviews and my scoping review, much of the project management 

literature looks at MCS as packages of individual control systems with independent outcomes 

and lacking interdependence. The academic literature as reported by Grabner and Moers (2013), 

packages MCS in a way that suggests that one type of MCS will result in an outcome whereas 

another type will result in an outcome independent of the first one (Grabner & Moers, 2013). I 

argue for a systems view that inter-relates specific MCS described in this research as LOC 

consistent with the conceptual basis for the LOC framework (Simons, 1995) and its empirical 

application (Martyn, Sweeney, & Curtis, 2016).  For example, a project manager may look at a 

project status report as a diagnostic LOC to control behaviour of the team members (Sakka et al., 

2013).  This is a way that is retrospective and analogous to the setting of a thermostat to control 

temperature.  The manager may also use psychological enforcement to modify his team’s 

behaviour so that they improve their performance in the presence of uncertainty (Tiwana, 2010). 

This intensive managerial application is an example of forward-looking change control. Using 
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both control mechanisms is a combination of the use of two different control systems in a 

complementary way. Henri (2006) similarly describes the inter-relatedness of a diagnostic LOC 

and an interactive LOC at the firm level. The combined benefits of complementarity in 

management controls are also analytically confirmed by Grabner and Moers (2013). 

Consequently, for a project manager, viewing the inter-relatedness of MCS seems reasonable to 

optimize the performance of the project. 

 

2.3 The Levers of Control Framework 

In my introduction to this literature review I briefly introduced the LOC framework that 

frames my research but in this section I will expand on this introduction.  This is one of three 

common control frameworks or models used in the analysis of strategy (Berry et al., 2009). That 

conceptual view of LOC defines a way of using MCS in an organization to help managers with 

decision-making in the determination of strategy (Simons, 1994).  Using a definition of MCS as 

the formalized use of control mechanisms to provide information that managers use in their 

decision-making process for strategy-making, Simons (1994) reduces the many forms of control 

mechanisms into a framework of four balancing levers that he describes as the LOC. Simons 

(1994; 1995) categorizes them into a belief LOC, a boundary LOC, a diagnostic LOC and an 

interactive LOC. A conceptual view of the LOC framework is shown in Figure 2.1. 
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Figure 2.1. Levers of control (LOC) framework (adapted from Simons, 1994, p. 159). 

The use of the belief LOC and the boundary LOC frame the firm’s behaviour.  The belief 

LOC is that set of control mechanisms that define the mission and beliefs that guides the 

behaviour of organizational team members.  It is a set of positive control mechanisms that frame 

how employees behave to guide their actions and is characterized by belief systems, mission 

statements, cultural values.  The opposing and balancing LOC is the boundary LOC that Simons 

(1995) defines as the code of conduct that restricts the behaviour of employees.  This LOC is a 

set of control mechanisms that imposes limits and boundaries on what organizational members 

can do.  The manager uses the belief LOC and boundary LOC to establish objectives, guidelines, 

and frame the behaviour of the team members. 

In my research, I focus on the two feedback and performance LOC, the diagnostic LOC 

and the interactive LOC rather than research the inter-relationship between all four levers.  Gond, 

Grubnic, Herzig, & Moon (2012) also limit their research into LOC to these two to determine the 

relationship with sustainability control systems. Similarly, Abernethy and Brownell (1999), 

Bisbe and Otley (2004), Henri (2006) and Sakka et al. (2013; 2016) focus their research on the 

diagnostic LOC and the interactive LOC. The belief LOC and the boundary LOC do impact the 
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diagnostic LOC and interactive LOCs and are inter-related as empirically shown by Widener 

(2007), Kruis et al. (2016) and Grabner and Moers (2013).  However, they are considered to 

“frame the strategic domain” (Bisbe & Otley, 2004, p. 711) of how the feedback and 

performance LOC are used. For this reason, I will not explicitly consider the belief LOC and the 

boundary LOC in my research and focus instead of the interactive LOC and the diagnostic LOC. 

The diagnostic LOC and interactive LOC define feedback and performance control 

mechanisms that conceptually are balanced by managerial action (Simons, 1994; 1995). The 

diagnostic LOC is meant to reflect formalized procedures to provide information from the team 

to the manager to allow corrective actions to be applied.  This LOC includes project monitoring, 

feedback reports, planning system reports, output measurements, and standards setting (Simons, 

1995). As an example of its use, Canonico and Söderlund (2010) use the framework of LOC at 

the project level to link an emphasis on the diagnostic LOC with project performance contingent 

on the munificence of multi-project environments. They used case studies to show the use of 

MCS on projects with different inter-project dependencies. Through a comparative case study 

between two multi project firms they found that a diagnostic LOC is effective when situational 

uncertainty was low in one firm while an interactive LOC is more effective in another firm 

where the environment was less certain and more technologically dynamic. 

An example of a common diagnostic LOC that is used with IT projects is the project 

report (Sakka et al., 2013). The project report is oriented around accomplishing tasks and goals 

and providing regular updates on the status of projects.  This is a retrospective report on what has 

happened so that the manager can react and correct as needed. Formalized techniques that may 

form part of the project report are Gantt charts and critical path methods such as the Program 

Evaluation Review Technique (PERT). Incorporating the time element with the budget element 
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results in multi-dimensional feedback and performance MCS tools such as Earned Value 

Management (EVM) methods that are also used with IT projects (Plaza, 2008). There are 

variations of these MCS used at the project level.  When these MCS are used by the project 

manager as routines and procedures with the project team, then they are defined as a diagnostic 

LOC (Simons, 1995). 

The interactive LOC is also a formalized procedure but is defined by an increased 

emphasis on interaction by the manager in the process of information gathering and decision-

making with the team.  This intense consumption of the manager’s resources to address and 

control change defines the LOC. Sakka et al. (2016) determine that an interactive LOC, defined 

by a focus on face-to-face interactions and managerial involvement, has an impact on the 

performance of information systems projects depending on the ambiguity and uncertainty of 

project conditions. 

As the use and emphasis by managers of these two LOC are in balance with each other in 

the framework described by Simons (1995), they are conceptually inter-related. Simons (1995) 

proposes that MCS in his LOC framework complement and balance each other: “(t)he power of 

the control levers does not lie in how each is used alone but rather in how they complement each 

other when used together” (p. 153). The academic literature does address the question of 

complementarity in the LOC framework. For example, and as previously mentioned, Widener 

(2007) empirically shows that the four LOC are inter-related. Mundy (2010) uses a qualitative 

case analysis to illustrate the relatedness of the four LOC and concludes that “the current study 

underlines the importance of using the framework in its entirety in order to gain a comprehensive 

understanding of the interface between managers and MCS in their attempts to guide, direct, and 

control organizational activities” (p. 516). Mundy’s (2010) research is within a single firm and 
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hence may not generalize well. However, Speklé, van Elten, and Widener (2014) using empirical 

research of 233 business unit managers in a single country find that the link between creativity 

and management controls are better explained through a systems application of the LOC rather 

than the sum of the individual effects of each LOC. This research supports the concept of inter-

relatedness of the LOC at the firm level. Similarly, Kruis et al. (2016) empirically categorize 

firms into different configurations of balanced LOC. From the performance viewpoint and from 

a more reductionist viewpoint, Henri (2006) proposes that the uses of a diagnostic LOC and an 

interactive LOC complement each other in some type of balance towards achieving performance 

targets. In consideration of these points and using the lens of the LOC framework of MCS, I 

focus my research at a different organizational level which has not been addressed in the 

literature review, on the inter-relationship between two of the LOC at the project level, the 

manager’s emphasis on the diagnostic LOC and their emphasis on the interactive LOC. The 

relatedness of these LOC are contingent on organizational and environmental conditions 

(Simons, 1995) which I explore as they specifically relate to the project level of the research. 

The use of formal control systems within the framework of LOC is well-researched at the 

firm level. For example, Ford and Greer (2005) show that formal outcome-based control systems 

are linked to success with planned change activities in organizations. Although the authors do 

not use the LOC framework, their research identifies the importance of formalized control 

systems in dealing with change. Henri (2006) describes a balance of the diagnostic LOC and the 

interactive LOC as contributing positively to the management of organizational performance. 

Mundy (2010) using a case study approach confirms the effect of a system of LOC on both 

organizational and project outcomes. Arjaliès and Mundy (2013) also describe using LOC to 

manage corporate social responsibility as an outcome within the context of the LOC framework. 
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This firm-level research describes the importance of formal control systems such as LOC. As a 

project is a temporary organization, by extension the use of the same LOC terminology can be 

extended at the project level.  

The management of a project is operationalized through the actions of the project 

manager (prescribed through institutionalized procedures from PMBOK [2013] for example). 

Similarly, unforeseen contingencies that may affect the project are acted on as necessary through 

the project manager’s personal involvement.  This focus of attention by the project manager is 

defined by Simons (1995) as an emphasis on the interactive LOC. At the project level, the 

interactive LOC is described with some of the same terminology as the diagnostic LOC but with 

a focus on management involvement through face-to-face meetings, and on management 

dealings with strategic uncertainties (Simons, 1995). This is a forward-looking LOC that is 

focused on change control. For example, in complex IT projects, where innovative hardware and 

software developments may not be predictable, unforeseen situations may occur that affect the 

performance of the project. Project managers are expected to address these situations through 

their increased involvement and management of changes.  In support of this, Sakka et al. (2016) 

discuss the impact of uncertainties and ambiguities on the use of interactive LOC on information 

systems projects.  They conclude that project managers emphasize interactive LOC in conditions 

of higher uncertainty and ambiguity. Similarly, Canonico and Söderlund (2010) show that in 

conditions of high uncertainty with innovative, uncertain, or complex projects, interactive LOC 

are preferred. Widener (2007) finds that there is a consumption of management attention linked 

to the interactive LOC at the firm level.  

There is a difference between the diagnostic LOC and the interactive LOC and when they 

are used. Widener (2007) makes an empirical case for the inter-relation of the LOC at the firm 
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level and Marginson, McAulay, Roush, and van Zijl (2014) also show the complementarity of 

using both the diagnostic LOC and the interactive LOC to reduce role ambiguity and increase 

team performance. However, there is little discussion in the extant research as to how the 

interactive LOC and the diagnostic LOC complement or inter-relate with each other in IT 

projects. 

Applying the concept of complementarity in the inter-relation of managerial elements, I 

will hypothesize in the next section that project managers reinforce the diagnostic LOC through 

an emphasis on the use of interactive LOC.  In an IT project, as in other projects, tasks, schedules 

and objectives are delineated and formalized (PMBOK, 2013). The feedback and monitoring 

procedures are formalized through the establishment of reports as an emphasis on the diagnostic 

LOC.  Then the project managers involve themselves through their use of the interactive LOC. 

In the IT domain, Moreno and Silva (2011) find that interactive controls positively 

influence the performance of IT projects due to the increased involvement of a project 

management office (PMO). The PMO regularly monitors multiple projects through a diagnostic 

LOC known as the ‘status report’ but will also increase their involvement through an interactive 

LOC described as face-to-face management meetings. As a practical example of the inter-

relatedness of the LOC, Vanhoucke (2012) discusses the use of a schedule risk analysis tool as 

an interactive control mechanism which is then combined with EVM, the project schedule, and 

work breakdown structure in a systemic way. EVM is an example of a diagnostic LOC.  Then 

the project manager’s use of the schedule risk analysis tool is an example of using an interactive 

LOC.  

Moreno and Silva (2011) and Vanhoucke (2012) describe in their separate research the 

relation of the diagnostic control systems with interactive control systems. They view that the 
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interactive control systems deal with risks and uncertainties that may or may not have surfaced 

through the use of diagnostic control systems.  Dealing with risk and uncertainty is described by 

Simons (1995) to be a characteristic of the interactive LOC. The resolution of these risks and 

uncertainties impacts the performance of a project. Through the lens of the framework of LOC, I 

define the use of a diagnostic control system as an emphasis on a diagnostic LOC and the use of 

an interactive control system as an emphasis on an interactive LOC. It follows then that an 

emphasis on the diagnostic LOC impacts the performance of the project because of the emphasis 

on the interactive LOC. This interactive LOC mediates a project manager’s use of the diagnostic 

LOC in their relation with project performance. 

From the viewpoint of the LOC framework, project performance has been empirically 

shown to be impacted by an emphasis on the interactive LOC or the diagnostic LOC rather than 

both (Sakka et al., 2013; 2016; Canonico & Söderlund, 2010).  Although the direct effects are 

described from the viewpoint of individual LOC, there is little discussion of the complementarity 

or inter-relation between the LOC. This illustrates a gap that I will address. I find some support 

for my conceptual view of complementarity from Tiwana (2010) who discusses how 

combinations of control systems can act in a complementary and supplementary manner on the 

performance of IT projects depending on whether the project control systems are outcome or 

process based. My interpretation of Tiwana’s (2010) research is that it describes a relationship 

between the use of an interactive LOC and a diagnostic LOC without using an LOC framework. 

Research into performance effects as described here shows that there is an effect and inter-

relatedness between different types of LOC. But there are additional variables that I also 

investigate using the lens of contingency theory.   
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Contingency theory states that MCS are used to adjust the organizational structure of 

firms (Chenhall, 2007). Framed within this context, where project success leads to firm success, 

project managers also need to deal with contingencies that may impact the performance of a 

project.  IT project contingency elements can range from disruptive hardware or software 

developments that could impact the accomplishment of goals, through technical or non-technical 

unforeseen events such as subcontractor delivery problems or personnel changes not forecast in 

the diagnostic system. The subject of the impact of contingency variables on IT projects is large 

enough that I will expand on it through the following subsection. 

 

2.4 Contingency Variables 

Contingency theory suggests that there must be a fit and interaction between 

organizational characteristics and some contingent variables (Chenhall, 2003, 2007; Donaldson, 

2001; 2006).  Contingency theory also requires that managers adapt their use of MCS according 

to contingencies such as environmental factors to achieve the optimum performance of the 

project (Chenhall, 2003, 2007). These environmental factors have been explored by researchers 

in the field of information technology. For example, Liu and Yetton (2010) discuss the 

moderation by formal contracts on the MCS that are being used interactively and diagnostically 

to enhance performance.  Liu and Yetton (2010) also discuss the presence of psychological 

contracts as another moderator in the delivery of information system projects. Furthermore, Keil, 

Rai, and Liu (2013) in the context of IT projects describe risk management as a moderator to 

formal and informal control systems.  Contingencies in the context of IT project management are 

also explored through a meta-analysis of project performance determinants by Dongus, Ebert, 
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Schermann and Krcmar (2015). Furthermore, in the management of projects, Jugdev and Müller 

(2005) find that among stakeholders, the project sponsor and their relationship and 

communication are essential to the success of a project. Bourne and Walker (2008) report on 

using measures of stakeholder management capability to manage this type of relationship. The 

contingent variables of stakeholder management capability and environmental factors (that I 

define as environmental munificence) are important from the viewpoint of contingency theory in 

the management of projects. 

2.4.1 Stakeholder Management Capability  

Stakeholder management capability was first proposed by Freeman (1984) as an 

important element of firm level strategic decision-making. Freeman’s (1984) view of stakeholder 

management capability in the context of a “fit” with society is an example of the application of 

contingency theory. This contingent variable is described from the viewpoint of providing 

competitive advantage for firms (Harrison, Bosse, & Phillips, 2010). In one empirical survey, 

Torugsa, O’Donohue, and Hecker (2013) find a positive relation between stakeholder 

management and firm performance in the context of corporate social responsibility. At the IT 

project level, the importance of stakeholders is claimed as important to the success of 

information system projects (Soh, Chua, & Singh, 2011). In particular, Liu and Yetton (2010) 

find that stakeholders such as project sponsors are critical to the success of information system 

projects. So, the importance of a manager’s stakeholder management capability is crucial from 

the firm level to the project level. 

The construct of stakeholder management capability (SMC) is conceptually described by 

Freeman (1984) as composed of three elements. One element of a firm’s SMC is the 
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identification of the stakeholders.  The process of identification has been approached in various 

ways. Mitchell, Agle, and Wood (1997) identify and prioritize stakeholders using power, 

urgency and legitimacy claims as separate constructs. Rowley (1997) and Yang, Shen, Ho, Drew, 

and Xue (2011) use social network theory albeit each a little differently to identify and prioritize 

stakeholders. Bourne and Walker (2008) use a Stakeholder Circle™ visualization tool to identify 

and prioritize stakeholders for projects. All three of these techniques focus on the identification 

of stakeholders. 

At the IT project level, De Haes, Van Grembergen, and Debreceny (2013) describe the 

first principle in the ISACA (Information Systems Security Association) COBIT5 (Control 

Objectives for Information and related Technology - a good practice governance framework for 

IT) practitioner guidelines as stakeholder identification since this is important for the success of 

IT-related activities.  COBIT5 is oriented around the governance of IT at the firm level but its 

guidelines are applicable to the IT project level and incorporate guidelines provided by the PMI 

(Institute, 2007). Furthermore, the project management guidelines provided by PMI indicates 

specifically the following stakeholders as critical to the management of projects; the project 

sponsor, customers and users, vendors, suppliers/contractors, organizational groups within the 

firm, other functional managers, and project team members (PMBOK, 2013, p. 32-33). 

The second element in the firm’s stakeholder management capability is the fitting of 

stakeholders to the firm’s nexus of relationships.  Freeman (1984) identifies that this construct 

must depend on the management of the stakeholder relationship itself.  Zakhem (2008) expands 

on this issue by describing the relationship itself as a dynamic process dependent on multiple 

variables such as individual and firm-level communicative processes that may fluctuate over the 

term of the relationship. I view this relationship as a process where the importance of the 



         35 
 

 
 

stakeholder is determined according to their fit within the firm’s nexus of relationships. 

Similarly, the performance of IT projects is impacted by the involvement of important 

stakeholders (Barki, Titah, & Boffo, 2007; Kirsch, Sambamurthy, Ko & Purvis, 2002).  

Therefore, the importance of the stakeholders is important in the context of IT projects and forms 

another one of the components of SMC. 

The third component of SMC is a transactional one based on the relative attention paid to 

transactions between the firm and its stakeholders (Freeman, 1984). This transactional 

relationship is part of instrumental stakeholder theory (Jones, 1995). Bournes and Walker (2008) 

use a visualization model to explore the transactional relationship among stakeholders in the 

management of projects and in this way, identify how much attention should be paid to specific 

stakeholders. In the context of IT projects, Hartman and Ashrafi (2002) state that managing the 

expectations of stakeholders contributes to project performance. The management of these 

expectations results from paying attention to their voice.  This is transactional as the paying of 

attention to important stakeholders relates to information flow between the firm and the 

stakeholders.  

At the IT project level, project sponsors are key stakeholders in the outcome of the IT 

project. Consideration of their requirements and their integration with outcome is considered a 

determinant of project success (Barki, Titah, & Boffo, 2007). Kirsch, Sambamurthy, Ko, and 

Purvis (2002) empirically confirm that the relationship between a client and the IT project team 

functions along hierarchical and informal lateral means and is key to the performance of the 

project. Specifically, Liu and Yetton (2010) view project sponsorship as a critical success factor 

with IT projects. Valuing the attention paid to a stakeholder such as the project sponsor forms the 

third element in the SMC in IT projects. 
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Stakeholder identification, valuing their importance, and paying attention to them are 

three elements that are incorporated in a single construct, that I define at the project level as 

stakeholder management capability (SMC).  There are few clear descriptions for this construct. 

For example, Yang, Shen, and Ho (2009) through a literature review of stakeholder management 

with a perspective on projects in the construction industry describe a relationship between 

stakeholder management and the performance of projects but are not able to define the SMC 

construct. On the other hand, Elias, Cavana, and Jackson (2002) develop a stakeholder 

management capability index to prioritize the importance of stakeholders in a research and 

development project.  Bourne and Walker (2008) describe a stakeholder management tool to 

interactively manage projects applicable to different project types without defining a construct. 

Soh, Chua, and Singh (2011) focus on the importance of stakeholder management in IT projects 

particularly from the viewpoint of multiple stakeholders and how managing for the separate 

stakeholder interests affect the way control is used. They state that stakeholder management by 

the project manager will impact the performance of the project but do not define the construct of 

stakeholder management capability (Soh et al., 2011). In a literature review at the project 

management level, Altonen and Kujala (2016) recognize the complexity of the stakeholder 

landscape but do not attempt to create a construct defining SMC. 

However, Torugsa et al. (2013), in their research on the links between corporate social 

responsibility and performance outcomes for manufacturing firms developed and validated a 

scale for SMC.  They asked questions of the managers relating to the importance and attention 

paid to specific stakeholders to determine the managers’ perception of their stakeholder 

management capability.  These reflective questions compose the structure of the SMC variable 

and are used in my research to define this construct from the project managers’ point of view. 
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2.4.2 Environmental Munificence 

Environmental munificence (EM) is defined by Castrogiovanni (1991) as the availability 

or scarcity of critical resources in that ecosystem.  Castrogiovanni (1991) specifies that the 

definition of environmental munificence needs to be linked to the specific research objective as it 

may be used to define resources proximal or distal from the dependent variables.   This 

specificity is important to allow comparison among studies using the same environmental 

munificence terminology (Castrogiovanni, 1991).   At the proximal level, I will consider the 

environmental munificence of “the resource pool” (1991: 545) and the “sub-environment” (1991: 

545) as appropriate to my particular research issue.  

Within the resource based view of the firm, internal resources are used to differentiate the 

core competency of organizations (Barney, 1991). These could be specific expertise and tools 

that help to the firm to be distinct. External factors also are used to determine the 

competitiveness of firms in their business ecology (Porter, 1991). For example, the firm’s ability 

to deal with external forces define its success relative to competing firms.  However, Ray, 

Barney, and Muhanna (2004) make the point that successes in internal processes does not 

necessarily transfer into successes of the firm and so that how these resources are defined differ 

between the firm and the project. Environmental munificence from the project’s viewpoint 

focuses on the resources specific to the project level and may result in project successes that are 

not necessarily linked to firm success. As projects are temporary organizations located within the 

firm, I also don’t expect that Porter’s (1991) competitive forces model will apply.  By separating 

the two outcomes Ray and colleagues (2004) make an argument for the importance of internal 

resources at the lower business process level which in this research is the environmental 

munificence of the project.  
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The environmental munificence of the resource pool and the sub-environment are then 

defined according to the specific type of project that is being researched. Information technology 

(IT) projects have specific and definable resources that will be surveyed (Barki, Titah, & Boffo, 

2007; Hartman & Ashrafi, 2002). From the viewpoint of project management in IT projects, 

environmental munificence encompasses the availability of proximal resources such as 

knowledge, hardware, software, and implementation tools (Barki, Rivard, & Talbot, 1993) and 

project management expertise (Carvalho & Rabechini, 2015). 

A project manager’s awareness of potential problems helps them to mitigate risks with 

their projects (Carvalho & Rabechini, 2015).  However, uncertainty, as an unforeseen situational 

variable (Perminova, Gustafsson, Wikstrӧm, 2008) can be addressed through an emphasis on 

interactive LOC. Uncertainty can be defined as a situation where a project’s environment acts in 

unpredictable ways.  This uncertainty when it can be calculated becomes a risk that can be 

planned for but which still requires the manager’s involvement through interactive LOC. The 

project’s environmental munificence (availability or lack of resources) is then used to moderate 

the project manager’s emphasis on interactive control levers to address those risks.  

Environmental munificence is important when considering project performance. Jiang 

and Klein (2000) show through a quantitative study in the IT sector how project effectiveness is 

affected by lack of expertise in project team, lack of role definition, and inter-team conflicts. In 

addition, Wade and Hulland (2004) consider resources as “assets and capabilities” (p. 109) that 

are important to the understanding of information system resources in firms.  

In a resource-rich environment, I expect that this environmental munificence will 

contribute to the successful performance of IT projects.  In the context of contingency theory, the 

level of environmental munificence should have an impact on the relationship between the 
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interactive control LOC and project performance. In support of this, Sauser et al. (2009) show 

that a lack of internal resources affected the performance of a complex project leading to its 

costly failure.  

Voss and Kock (2013) look at environmental variables affecting project portfolio 

management and found that environmental turbulence moderates the relationship between 

customer value of a project portfolio and the success of the portfolio.  At the resource level and 

task level of IT projects this environmental turbulence is caused by technological issues and 

project-specific issues such as availability of specific hardware or software; team expertise with 

tasks, methodology; and general project expertise (Barki, Rivard, & Talbot, 1993). IT projects as 

they involve or are involved with multidisciplinary fields are dependent on internal resources, on 

the scarcity or availability of physical and knowledge resources, and on certainty and uncertainty 

in the environment.   

2.5 Consideration of IT Project Size 

Many ways have been used to measure the size of projects. The Standish organization 

which reports on IT project success rates in their Chaos reports (Chaos Manifesto, 2013) uses a 

project’s labor component in dollars. Müller and Lecoeuvre (2014) use the project budget as a 

measure of size. Ahonen et al. (2015) report project size in terms of project duration and in terms 

of effort (total reported project hours).  Sauer et al. (2007) report that various methods can be 

used but that they find that effort in terms of person-months is the best determinant of project 

size. Sakka et al. (2013; 2016) use team size, project cost and project duration as the descriptive 

indicators for their control variable of project size. Although it can be measured differently, the 

consensus is that project size is important in project management research. 
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Why is it important? Project size brings in complexities and differences from the 

viewpoint of access and use of resources (Yang, O’Connor, & Wang, 2006; Yetton, Martin, 

Sharma, & Johnston., 2000; Ahonen et al., 2015; Martin, Pearson, & Furumo, 2007). Project size 

brings in a requirement to deal with management control in different ways according to the size 

of the project (Zmud, 1980; Yetton et al., 2000; Bloch, Blumberg, & Laartz, 2012; Gowan Jr. & 

Mathieu, 2005; Heumann et al. 2014; Jordan, Hage, Mote & Hepler, 2005; Müller & Lecoeuvre, 

2014). Project size also highlights the importance using of soft skills (human relational skills) by 

project managers according to differently sized projects (Jun, Qiuzhen, & Quingguo, 2011; 

Livesey, 2016) 

Considering project size is also important because according to industrial reports (Chaos 

Manifesto, 2013) and empirical research (Fink & Lichtenstein, 2014; Hoermann, Hlavka, 

Schermann, & Krcmar, 2015; Ahonen et al., 2015), size matters in the way project management 

is conducted. In the early project management literature, McFarlan (1981) linked project size to 

increased risk and potential detrimental impact on project performance.  Subsequently, Müller 

and Lecoeuvre (2014) empirically showed that significantly different management controls or 

governance mechanisms are used for small and large projects thus indicating the importance of 

considering this variable. 

2.6 Criticisms of the Application of the LOC framework 

There are criticisms to the framework of LOC at the firm level which I need to consider 

because I am using the framework at a different organizational level; the project team level. For 

example, I understand that alternative models can be used to describe the use of MCS with firms 
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(Berry et al., 2009), but I choose to focus my research on the LOC framework proposed by 

Simons (1994; 1995) for its parsimony and consideration of contingent variables (Otley, 2016). 

The LOC framework considers management control system from the viewpoint of the top 

management level (Simons, 1994; 1995). However, there is little conceptual discussion of the 

viewpoint of the lower echelons of the organization.  Ferreira and Otley (2009) comment on the 

overemphasis on top management control in the LOC framework but their comments are in the 

context of firm level analysis.  At the project level, the management control is exerted at the 

project manager’s level which is typically not part of the upper level of management and so I am 

partially addressing the criticism by looking at lower echelon management.  

Ferreira and Otley (2009) also find that informal control mechanisms are not explicitly 

described by the LOC framework. However, Simons’ (1995) conception specifically states that 

the LOC are formal management control mechanisms.  In this conceptual outlook, the presence 

of informal control systems is not part of the framework of management control. 

Ferreira and Otley (2009) also discuss the definitional vagueness of the LOC constructs 

which in their opinion makes it difficult to compare studies between researchers.  However, 

Tessier and Otley (2012) have extended the conceptual framework to address definitional 

vagueness and applicability to various managerial levels. In addition, more recent research by 

Sakka et al. (2013; 2016) addresses the issue by providing validated formative constructs for the 

interactive LOC and further validates firm-level constructs for the diagnostic LOC initially 

proposed by Widener (2007). Research by Kruis et al. (2016) into the configuration of LOC 

among firms uses both reflective and formative measures to validate the LOC framework.  

Although there is some merit in stating that some definitional vagueness remains, efforts by 
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researchers after Ferreira and Otley (2009) show that constructs such as the diagnostic LOC and 

the interactive LOC are better defined. 

Another criticism of the LOC framework at the firm level is its reductionism of control 

constructs. Bedford and Malmi (2015) list broad management control categories of strategic 

planning, measurement, compensation, structure, policies and procedures and socio-ideological 

controls. These constructs encompass many of the control elements that make the control of a 

firm “messy” (p. 18) and include within them the constructs described as LOC. The implication 

is that the LOC framework in itself does not sufficiently describe the messiness of management 

controls at the firm level. However, the categorization of management control described by 

Bedford and Malmi (2015) do not attempt to describe the framework of management control 

systems that a firm uses but instead provides a packaged view of separate MCS that are used by a 

firm.  Simon’s (1995) framework explicitly provides a conceptual view of LOC that balance 

each other and inter-relate to explicate the manager’s control processes during strategic decision-

making. This holistic viewpoint transfers itself well to the project level (Rezania, Baker, & 

Burga, 2016). 

In addition, the intention in my study is not to describe how every one of the four LOC 

inter-relates with each other.  Kruis et al. (2016) have addressed the balance of the four LOC at 

the firm view and found that in fact there are configurations of LOC that define the patterns of 

balance initially conceptualized by Simons (1995). My contribution is to research how the 

diagnostic LOC relates to the interactive LOC and through this mediation is contingent on 

project level variables to impact their performance as perceived by project managers. 
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2.7 Literature review summary and expected contributions 

The purpose of this research is to use the concepts of contingency theory in the 

application of management control systems at the project level contingent on IT project 

variables.  I contribute by describing the impact of the contingency variables of stakeholder 

management capability and environmental munificence. I am using the framework of LOC 

(Simons, 1994; 1995) and applying this to the context of IT project management control systems. 

The LOC framework provides a conceptual model of the inter-relation of MCS contingent on 

key variables to explain project performance as perceived by project managers.  

I contribute to the literature on the concept of complementarity of MCS at the project 

level by applying a holistic view to the use of MCS in IT project management.  Explicitly, this 

view is defined by the inter-relation of the diagnostic LOC and the interactive LOC through a 

mediating relationship. My research at the practical level will also help practitioners understand 

that the diagnostic LOC and the interactive LOC inter-relate as a system in their IT projects. It is 

necessary to consider the use of both LOC as they impact the performance of the project in a 

complementary manner. 

Based on a theoretical and empirical analysis resulting from a review of control literature, 

I describe in the next chapter my main hypotheses discussing the various relationships of my 

model.   
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CHAPTER 3.0 DESCRIPTION OF HYPOTHESES 

In this section, I propose my conceptual model and the hypotheses that constitute this 

model.  The first set of hypotheses (H1, H2, H3 and H4) will expand on the emphasis on the uses 

of the diagnostic LOC and the interactive LOC in a mediating relationship. The second set of 

hypotheses (H5 and H6) will describe the impact of contingency variables in this model. 

My conceptual model is shown in figure 1 with the various hypotheses that will be 

discussed in the next subsections named as H1 to H6. 

 

 

 

Figure 3.1. Conceptual model describing the moderation and mediation relationships (model is 

based on a moderated mediation model: Hayes, 2015, p. 20)  

H1 – The emphasis on the use of the diagnostic LOC has a significant and positive impact on the 

performance of an IT project. 
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H2 – The emphasis on the use of the interactive LOC has a significant and positive impact on the 

performance of an IT project. 

H3 – The emphasis on the use of the diagnostic LOC has a significant and positive impact on the 

use of the interactive LOC. 

H4 - The emphasis on the use of the diagnostic LOC will impact the performance of the project 

because of the emphasis on the use of the interactive LOC by the project manager.  

H5 - The stakeholder management capability (SMC) of the project as perceived by the project 

manager will moderate the relationship between the emphasis on the interactive LOC and 

project performance: a) when the SMC is high, the relationship will be stronger than b) when the 

SMC is low.  

H6 - The environmental munificence (EM) of the project as perceived by the project manager 

will moderate the relationship between the interactive LOC and project performance: a) when 

the EM is high the relationship will be stronger than b) when the level of EM is low. 

3.1 Hypotheses relating to Diagnostic LOC and Interactive LOC 

The application of project controls is institutionalized through practitioner guidelines 

(PMBOK, 2013) and practicum-type of research (Shenhar & Dvir, 2011).  These applications are 

composed of formalized systems of control designed to feedback and monitor on progress 

against objectives.  Mignerat and Rivard (2012) describe the institutionalization of formalized 

controls in IT projects with IT project managers that were interviewed for their research. I define 

these formalized controls as a diagnostic LOC as they are linked to looking back at performance 

variables and adjusting accordingly (Simons, 1995).  
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The relationship between the use and emphasis of the diagnostic LOC with project 

performance in the context of IT projects is also empirically shown by Sakka et al. (2013) to be 

both significant and positive. Sakka and colleagues have cautioned against generalization of their 

results because of the non-parametric nature of their data set (Sakka et al., 2013).  As the data 

collection done by Sakka et al. (2013) is specific (they asked for both a successful and non-

successful project from each participant) and local (within a small geographic region), I wish to 

confirm the relationship for a broader set of IT projects. Therefore, my first hypothesis aims to 

confirm this relationship with a data set of IT projects from my own sampling plan.   

H1 – The emphasis on the use of the diagnostic LOC has a significant and positive impact on the 

performance of an IT project. 

To develop my second hypothesis, I consider that the use of the interactive LOC is 

through the direct and personal (face-to-face) involvement by the manager in “stimulating 

dialogue and organizational learning” (Simons, 1995, p. 124). The control mechanisms in an 

interactive LOC such as disseminating information and fostering collaboration in the face of 

strategic uncertainty is used by the project manager to manage changes (Simons, 1995). Change 

occurs under conditions of uncertainty in the context of project management.  

Canonico and Söderlund (2010) find that under conditions of high uncertainty in a multi-

project environment the use of an interactive LOC impacts the performance of projects. In 

addition, Chong and Mahama (2014) find that interactively using a MCS (in their case, they used 

a financial budget) has a direct and positive effect on team effectiveness. Furthermore, Sakka et 

al. (2016) in their research on the moderation of an interactive LOC in the relationship with IT 

project performance show a significant direct effect of the use of the interactive LOC on project 

performance.  



         47 
 

 
 

Based on the research, there appears to be a relationship between an emphasis of the use 

of the interactive LOC and project performance. So, I will confirm Sakka et al.’s (2016) findings 

and Canonico and Sӧderlund’s (2010) findings of the relationship between the interactive LOC 

and project performance using my data set of IT projects.   

H2 – The emphasis on the use of the interactive LOC has a significant and positive impact on the 

performance of an IT project. 

The third hypothesis in this sub-section describes the relatedness of the interactive LOC 

to the diagnostic LOC. I will arrive at the hypothesis by first describing the literature that 

supports the relationship between them and then through the description of a generic project I 

arrive deductively at my hypothesis. 

The balance of the four LOC (belief, boundary, diagnostic, and interactive) are 

conceptualized by Simons (1995) but the LOC that define the attention patterns of the manager 

in the control of feedback and performance mechanisms are the interactive LOC and the 

diagnostic LOC. It is important to be mindful as previously discussed that balance does not 

imply an equal distribution of emphasis among the LOC, but only that balance exists as a way of 

defining relationships between the LOC. As previously discussed in my literature review, 

research shows that the LOC are inter-related at the firm level (Widener, 2007; Mundy, 2010; 

Speklé, van Elten, & Widener 2014) and complementary (Milgrom & Peters, 1995; Grabner & 

Moers, 2013). Furthermore, Henri (2006) suggests that the diagnostic LOC and the interactive 

LOC exist in a state of tension without describing if one depends on the other. As it is accepted 

that LOC are related at the firm level, the question remains as to whether they are related at the 

IT project level. I will deduce that relation through a hypothetical and generic example. 
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Projects begin with an objective (PMBOK, 2013). The objective is generally decomposed 

in project terminology as a quality objective, a time objective, and a cost objective (Shenhar, 

2012). 

The IT project manager uses institutionalized procedures to transmit the goals to the 

project team (Mignerat & Rivard, 2012; PMBOK, 2013).  Then a formalized method to review 

the project progress against the goals is implemented by the project manager. This is a formal 

control mechanism that is used in IT projects (further described in Kirsch [1996] and Mignerat 

and Rivard [2012]) and is an example of a diagnostic LOC. 

This feedback and performance procedure may use any one or many of single or multi-

dimensional methods: EVM, Gantt charts, PERT charts, project report updates, etc. (Mignerat & 

Rivard, 2012; PMBOK, 2013). The project manager places an emphasis on this feedback and 

performance procedure at the outset of the project using institutionalized controls such as project 

reports.  

When the project manager places the emphasis in a forward-looking way to address 

change and uncertainty through an expenditure of personal resource in a face-to-face interaction, 

then they are using by definition an interactive LOC (Simons, 1995, p. 97). 

The project manager increases the emphasis on this expenditure of personal resources in 

the presence of uncertainties.  Simons (1994) states that the purpose of the interactive LOC is to 

“Focus organizational attention on strategic uncertainties and thereby provoke the emergence of 

new initiatives and strategies” (p. 172). Simons’ (1995) description of strategic uncertainties was 

conceptualized at the firm level. At the project level, uncertainties that are known are calculated 

as risks that can be planned during the initial planning stages, reviewed through a diagnostic 
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LOC and handled through the interactive LOC. However, uncertainties that emerge unexpectedly 

during the project, that are unknown, need the personal attention of the manager and are handled 

mainly through an interactive LOC. Normally, the project is expected to run its course using a 

diagnostic LOC or until an ‘uncertainty’2 happens.  

Project manager intervention is described by emphasizing the interactive LOC. 

According to Simons (1995), the use of an interactive LOC generates discussion, challenges, and 

“triggers a revised action plan” (p. 109). An uncertainty triggered by an unknown situation can 

only occur after the project is being executed which means that the interactive LOC can only be 

applied after the diagnostic LOC is being used. Similarly, an uncertainty triggered by a known 

situation, although monitored through a diagnostic LOC still requires the added attention of the 

project manager through an emphasis on the interactive LOC to address it. Therefore, I infer a 

relationship between the diagnostic LOC and the interactive LOC. 

Personal efforts with the resolution of conflicts and uncertainties consumes the attention 

of the project manager. Achieving a balance between the appropriate use of the diagnostic LOC 

and the interactive LOC is the goal implicit in the LOC framework (Simons, 1995).  A balance 

implies effective management through effective decision-making (Simons, 1995) and as 

effective project managers, the performance of projects is expected to improve (Müller &Turner, 

2007). Since effective project managers are expected to use the tools and controls at their 

                                                           
2 Uncertainty in the social sciences has many definitions. From the viewpoint of project management, 

Perminova, Guvtafsson, and Wikström (2008) have defined uncertainty as: “an event or a situation, which was not 
expected to happen, regardless of whether it could have been possible to consider it in advance” (p. 77). When it is 
predictable, it can be assigned a probability and considered a risk but when it is unpredictable, it consumes 
management attention at the time that it happens and requires forward-looking control as defined by interactive 
LOC. 
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disposal to succeed in the context of the LOC framework where the interactive LOC and the 

diagnostic LOC are balanced, there needs to be a relationship between both of these two LOC.   

Based on this reasoning, my third hypothesis follows: 

H3 – The emphasis on the use of diagnostic LOC has a significant and positive impact on the use 

of the interactive LOC. 

The three previous hypotheses combine to form my fourth hypothesis, which is a 

mediation hypothesis. Conceptually, the increased attention of the manager’s personal resource 

and the requirement to generate dialogue happens after the formalized and institutionalized 

diagnostic LOC has been applied. Therefore, the use of the interactive LOC is not only linked 

but follows the use of the diagnostic LOC and is expected to increase as a result of greater 

emphasis on the diagnostic LOC. 

Baron and Kenney (1986) conceptually define a mediating variable as one that “accounts 

for the relation between the predictor and the criterion” (Baron & Kenney, 1986: 1176). The 

relationship between the predictor (the independent variable of the diagnostic LOC) is 

transformed through the mediating variable of the interactive LOC to impact the criterion (the 

dependent variable of performance). This means that the interactive LOC explains how or why 

the diagnostic LOC affects the performance of the project.  

Formal controls in an IT project as defined by the diagnostic LOC will need to exist by 

the very nature of the institutionalized procedures to manage the IT project but the ubiquitous 

presence of uncertainty (both known and unknowns), changes, delays, and project interruptions 

require additional managerial attention beyond the ‘looking back’ process described by the 

diagnostic LOC (Simons, 1995).  The additional managerial attention that is embodied through 
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control mechanisms required to manage in a ‘forward looking’ way to address changes is 

described as interactive, motivating, and an example of “double-loop learning” (a process that 

requires the questioning of fundamental assumptions to arrive at new solutions: Simons, 1995). 

These control mechanisms thus act as an interactive LOC.  Since, most IT projects do not go 

according to plan (as described in the Chaos reports [Chaos Manifesto, 2013]), then the 

interactive LOC will almost always be needed and will transform the effect of the diagnostic 

LOC on the performance of the project.  Increasing the emphasis of the diagnostic LOC will 

trigger a change in the emphasis on the interactive LOC to keep those forces in balance as per the 

proposition described by Simons (1995) that LOC achieve a state of balance in the framework of 

control levers.     

From the statistical viewpoint, there are three general conditions for mediation defined by 

Baron and Kenny (1986). H1 describes the first condition. To be considered a mediating 

variable, there are two other conditions that need to be satisfied.  One of them requires a 

relationship between the mediator and the dependent outcome. This relationship will be tested 

through H2. The third condition is that the independent variable act as a predictor of the 

mediating variable which will be tested through H3. However, I will also consider that the Baron 

and Kenny (1986) approach may not be appropriate to my sample and that there may be partial 

or non-linear mediation situations as newer tests for mediation have described (Zhao, Lynch, & 

Chen, 2010; Hayes & Preacher, 2010; Hayes, 2013).  With these considerations in mind, my 

fourth hypothesis follows: 

H4 - The emphasis on the use of the diagnostic LOC will impact the performance of the project 

because of the emphasis on the use of the interactive LOC by the project manager. 
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3.2 Hypotheses relating Contingent Variables 

Stakeholder management capability (SMC) and environmental munificence (EM) are two 

important contingency variables found in IT projects that compose the environment within which 

projects function as described by my literature review. At the basic level, Luthans and Stewart 

(1977) describe contingent theory as the relationship between three constructs, one of which is 

the environment.  The other two constructs, management actions and performance outcomes 

form the predictive and outcome constructs which in my research at the project level is defined 

as the diagnostic LOC and the performance of the project. In this subsection, through the lens of 

contingency theory and in the framework of LOC, I will describe when contingent variables 

impact the relationships in the mediated relationship between diagnostic LOC and project 

performance. 

3.2.1 Stakeholder Management Capability 

I discussed in section 2.4.1 that stakeholder management capability (SMC) was important 

in the project management field. I hypothesize that SMC is important in determining when an 

interactive LOC influences project performance. According to Bournes and Walker (2008) in 

their application of stakeholder theory, an increased focus on stakeholders improves project 

performance.  

Project managers will have different amounts of importance and attention that they pay to 

their stakeholder.  This combination of importance and attention form the manager’s SMC.  

Different project managers will have thus different levels of SMC. Whether the levels of SMC 

are high or low, then the impact on the interactive LOC’s relationship with performance will 

change. Stakeholder theory predicts that organizational performance will be improved because of 
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improved stakeholder management (Freeman, 1984). Hartman and Ashrafi (2002) empirically 

show that paying increased attention to stakeholder relationships improves the performance of IT 

projects. Therefore, when the project manager defines that their project has a high SMC, then I 

expect that the impact on the interactive LOC relationship with performance will improve in 

those projects.  As the project manager uses increased direct feedback from stakeholders, in 

those projects with high SMC they are expected to clarify objectives based on stakeholder 

feedback to reinforce the direction of the team.  However, if the project manager operates in 

projects with low SMC, then I don’t expect a moderation effect on the interactive LOC 

relationship with performance. This is because the project manager is neither paying attention 

nor importance to the stakeholders and therefore will not impact the relationship between 

interactive LOC and project performance. Due to the lack of stakeholder information, those 

projects with defined low SMC are expected to have lower performance. 

This leads to my fifth hypothesis:  

H5 - The stakeholder management capability (SMC) of the project as perceived by the project 

manager will moderate the relationship between the emphasis on the interactive LOC and 

project performance: a) when the SMC is high, the relationship will be stronger than b) when the 

SMC is low. 

3.2.2 Environmental Munificence 

Environmental munificence has already been discussed in section 2.4.2 as resulting from 

the consideration of specific situational factors depending on the granularity of the level of 

analysis. In the case of IT projects, the project level of analysis suggests that I consider proximal 

situational variables such as the amount of resources available to the project team like tangible 



         54 
 

 
 

tools (hardware and software) and intangible knowledge, expertise and external unknowns. 

Proximal variables have been reviewed by Dongus et al. (2015) and confirmed to be 

determinants of project success. 

Depending on the project’s environmental munificence the project manager’s actions are 

influenced by changes in corresponding scarcity or abundance of resources, expertise and 

uncertainty. A high level of EM would imply a richness of resources whereas a low level of EM 

would imply scarcity of resources. When the EM increases, the project manager expects less 

unknowns as the resources are high and can thus address risks and uncertainties better.  The 

project manager should expect the project to perform better than expected. If the project manager 

was emphasizing the interactive LOC while the EM is high, then the impact on the relationship 

between the interactive LOC and project performance should not change much as the project 

team will have sufficient resources to resolve projects without excessive managerial attention. 

However, if the EM of the project is low (there is a perceived lack of resources), then the project 

performance will also be low even at varying levels of interactive LOC. Perminova et al. (2008) 

suggests that increased uncertainty will affect the choice of decision making by a project 

manager and consequently affect the performance of a project. Uncertainty in this context as 

previously discussed relates to the presence of both knowns and unknowns. Therefore, when the 

EM is low, there is an increase in uncertainty that will affect project performance.  

Consequently, my sixth hypothesis states: 

H6 - The environmental munificence (EM) of the project as perceived by the project manager 

will moderate the relationship between the interactive LOC and project performance: a) when 

the EM is high the relationship will be stronger than b) when the level of EM is low. 
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3.3 Summary of hypotheses 

The hypotheses that I have described in this section describe the following conceptual 

model. I theorize that: 

The use of LOC by project managers are related through a mediation relationship such 

that an emphasis on the interactive LOC mediates the relationship between the diagnostic LOC 

and project performance with moderation coming from the contingent variables of stakeholder 

management capability and environmental munificence. The mediation relationship that is 

hypothesized is a positive relationship where the impact of the diagnostic LOC on performance 

is positive because of an increase in the interactive LOC.  The moderation relationships are 

described in their individual hypothesis such that projects with high SMC moderates the 

relationship between the interactive LOC and project performance in a more positive direction 

than when the SMC is low. Projects with high EM value moderate the relationship between the 

interactive LOC and project performance in a more positive direction whereas projects with low 

EM value have less effect on the relationship between the interactive LOC and performance.
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CHAPTER 4.0 METHODOLOGY 

4.1 Type of Research Design 

My research question is based on the analysis of management control systems using the 

LOC framework.  As I will describe in this section, I use a cross-sectional survey to perform a 

confirmatory analysis of my model using Partial Least Square Structural Equation Modelling 

(PLS SEM). 

Management control systems (MCS) are operationally defined in this framework as 

mechanisms of feedback and control described by the diagnostic LOC and the interactive LOC 

interacting with each other.  LOC as control systems are controlled by managers and so the 

research survey queries project managers.  These managers are expected to be aware of the 

composition of their project team. They may have selected the team or have had the team 

selected for them.  The manager is expected to understand the control mechanisms that they use 

in their project and the performance that results from exerting specific controls as a diagnostic 

LOC or an interactive LOC.  

The research question is concerned with the project level of analysis and specifically with 

IT projects and so my query is specific to IT project managers.  As I was not focused on projects 

within a specific organization or firm because the question that I ask considers IT projects in 

general, I surveyed across multiple firms.  Since I am specifically not considering the 

contingency of different national cultures but instead focus on the contingencies of 

environmental munificence and stakeholder management capability, I focus on firms in a 

Canadian context. As each one of the constructs has previously validated measures or adapted 

measures taken from the literature that discusses IT projects (Barki et al., 1993), SMC (Torugsa 
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et al., 2013) or the LOC framework (Widener, 2007; Sakka et al., 2013) then I use those 

measures or adapt them to be reflective or formative indicators.  

Since I am researching the project level and it is widely acknowledged through 

contingency theory that one solution or combinations of controls will not be optimal in all 

situations; “one size does not fit all” (Shenhar, 2001), I focus on projects in one homogenous 

category to find the inter-relatedness of LOC in the context of common contingent variables. 

Defining a project category can be difficult as researchers in the project management area have 

suggested the categorization of projects in many ways. Shenhar and Dvir (1996) categorize 

projects from their operational complexity viewpoint; in terms of a two-axis determination of 

project scope and technological uncertainty. Youker (1999) suggests that there are four basic 

categories; their industrial codes, their end-product, their life cycle stage and their geographical 

area. Archibald (2013) integrates a variety of viewpoints and categorizes projects hierarchically 

per the functional deliverable objectives and sub classified according to complexity. Although 

these three techniques are described to categorize projects, there is broad agreement on one 

project category, the information technology (IT) project which I choose as my research area. 

Therefore, I am doing a quantitative cross-sectional survey study of IT projects using 

measures from peer-reviewed publications. The data generated from the survey instrument 

allows me to test my hypotheses.  Using a quantitative cross-sectional survey, I expect to be able 

to test the hypotheses proposed in Chapter 3 as they relate to the interactive LOC and the 

diagnostic LOC and conditions of mediation and moderation. My survey involves human 

participants and consequently I received a University of Guelph Ethics Research Board (REB) 

approval to conduct the survey under the appropriate guidelines (see the online questionnaire in 

Appendix 3 to view this consent form). 
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My participant list consists of project managers involved in IT projects who reported on 

individual projects and their emphasis on either the diagnostic LOC or the interactive LOC used 

in these projects. My sampling plan was developed as a convenience sampling plan due to my 

participation and access to the relevant organizations; the Project Management Institute (PMI) 

whose members are involved in project management; the Information Systems Security 

Association (ISACA) whose members focus on IT security and have developed control 

procedures for IT projects and local industry groups involved with IT. Project managers come 

from these relevant organizations or have been contacted through my professional network after 

identifying the members as involved in the management of IT project. Each project manager was 

asked to complete a survey for one project that they had completed in the past year where the 

project team included more than themselves. Torugsa, O’Donohue, and Hecker (2013) in their 

sampling methodology for their research involving stakeholder management capabilities of 

managers in small and medium sized enterprises assumed that “a single experienced well-

qualified informant may better capture a firm’s approach than the views of several informants” 

(p. 389). I assume project managers in the same way can view the project team’s capabilities and 

provide an accurate description of the LOC that they emphasize in their projects.  I focus on the 

concept that project teams are a form of a temporary organization without exploring the effect of 

time and transitions within these teams. Considering that this is a limitation of the present 

research, I focus on a single temporal snapshot of the LOC framework used by the project 

manager to control IT projects at a cross-sectional level after the project has been completed to 

see how the LOC are inter-related. 
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My cross-sectional survey was operationalized by using this convenience sampling plan 

with both a ‘surgical’ approach and a less targeted ‘shotgun’ approach.  The shotgun approach 

was to post the survey on blog posting sites available through the local PMI chapters in the 

Greater Toronto Area, through ISACA’s member page, and through a local industrial 

organization for Southwestern Ontario (Communitech.com). In addition, a link to the survey was 

posted on my professional networking site (LinkedIn).  Concurrently, for the ‘surgical’ sampling 

approach, personal contacts in the IT project management fields were contacted individually. 

These are contacts gained through professional experience, academic contacts and social media 

links.  They were asked to forward the survey to other contacts in their industry in a snowball 

sampling technique.  In addition, major IT solution companies in Canada (Top 25 Canadian ICT 

Professional Services Companies, 2016) were solicited for completion of surveys.  The 

combination of the convenience and snowball sampling plan resulted in a diverse group of 

managers in the IT industry. 

 4.2 Data collection instruments, variables and materials 

In my survey questionnaire, I ask questions relating to the independent variable of the 

emphasis on the diagnostic LOC, the dependent variable of project performance, the mediating 

variable of the emphasis on the interactive LOC, the two contingency variables of stakeholder 

management (SMC) and environmental munificence (EM).  I ask descriptive questions for the 

project size to view its impact on my model. The questions referring to the diagnostic LOC are 

reflective whereas the questions referring to the emphasis on the interactive LOC are formative. 

Questions that I ask relating to the indicators for EM and SMC are reflective. These indicators 

form latent variables that are then used as the formative latent variable indicators for the second 

order construct of EM and SMC. As suggested by Chin, Marcolin, and Newsted (2003), I use at 
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least three indicators for each reflective construct to minimize my measurement errors and 

improve my expected reliability. The definition and operationalization of each of the constructs 

is described in the subsections below. Appendix 2 details the questionnaire that is used and 

Appendix 3 shows the questionnaire as it would be viewed by a survey respondent. The survey 

itself throughout its full administration did not use any incentives and depended on anonymous 

respondents completing the survey of their own volition.   

4.2.1 The Independent Variable Construct– Diagnostic LOC 

I use Simons’ (1994) definition of the diagnostic LOC in that these MCS are “used to 

monitor organizational outcomes and correct deviations from pre-set standards of performance” 

(p. 170). The diagnostic LOC is described in various ways in the IT project control literature.  I 

adapt Sakka et al.’s (2013) survey measure to reflect the interpretation of this construct 

representing the emphasis placed on the ‘project follow-up report’ similar to the ‘project status 

report’ that Sakka et al. (2013) uses. In addition, I use a 1- 5 Likert scale with descriptions rather 

than the anchored 1- 7 scale used by Sakka et al. (2013).  The reason to switch to a 5 point Likert 

scale is to ensure that all scales in my survey are uniform in their scalar distance. In Appendix 2, 

this question is described by 4 reflective indicators. 

4.2.2 The Mediating Variable Construct– Interactive LOC 

I use Simons’ (1994) definition that the interactive LOC is “used by top managers to 

regularly and personally involve themselves in the decision activities of subordinates” (p. 171). 

The interactive LOC has similarities to the control mechanisms used in the diagnostic LOC but 

are characterized by the consumption of management attention to this control system in an 

engaged manner (p. 171). I use Sakka et al.’s (2013) survey instrument as it was developed for 
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the IT industry and particularly for this LOC construct. The construct measures the emphasis that 

a project manager places on this LOC.  This is a formative measure designed specifically for IT 

projects and is the first such formative construct that is validated at the project level for the 

construct of an interactive LOC (Sakka et al., 2013). The formative scale that asks participants to 

rate their use of communication methods on a 0-100% scale was modified to a 5 point Likert 

scale indicating frequency of usage.  The 5-point scale was chosen to be consistent with the other 

Likert type questions. I have added a formative indicator to address project uncertainty which 

was not addressed by Sakka et al. (2013).  The way these indicators are formative is explained in 

the following section. 

Bisbe, Batista-Foguet and Chenhall (2007) define an interactive LOC in Simon’s lever of 

control framework.  At the strategic level, it is formed from intensive top management 

involvement, intensive operational management involvement (‘intensive use’), frequent face-to-

face interactions (‘face-to-face’), meetings and debates, a facilitating and inspirational 

management style (‘facilitation’), and a “focus on strategic uncertainties” (Bisbe, Batista-Foguet, 

& Chenhall, 2007, p. 807). At the project level, as per Sakka et al. (2013), I do not use intensive 

top management involvement as project teams typically do not involve top management. 

Although Bisbe et al. (2007) describe the “focus on strategic uncertainties” in the context of a 

firm’s strategy, at the project level, there are unknowns in the execution of a project that also 

result in uncertainties (Perminova et al., 2008; PMBOK, 2013). Therefore, the following 

formative indicators compose the construct of interactive LOC: ‘face-to-face’ communications 

(INT1F2F); ‘intensive use’ by manager (INT1_US, INT2_US, INT3_US); ‘facilitating’ 

involvement (INT4_FA, INT5_FA); and focus on project uncertainties (INT6_FO).  I use three 

additional reflective indicators for the emphasis on interactive LOC (INT1R, INT2R, INT3R) to 
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help analyze the convergent validity of the formative indicators using a redundancy analysis 

method (Hair, Hult, Ringle, & Sarstedt, 2017).  

4.2.3 The Outcome Variable Construct – Project Performance  

The project performance construct measures the perception of the project manager on the 

achievement of project success using their control mechanisms.  Performance as a manifestation 

of success can be measured along multiple dimensions but it has traditionally been measured 

along the dimensions of achieving projects on time, on budget, and according to the project’s 

quality objectives (PMBOK, 2013; Shenhar, 2012). In this case, the project manager is queried 

about how they felt that the project performed according to those indicators.  This makes the 

construct a reflective measure of their perception of the utility of the control systems leading to 

project success. I use the measures described by Sakka et al. (2013) which are based on Nah, 

Lau, and Kuang’s (2001) research on critical success factors in the IT industry. This is described 

by 4 reflective indicators (PERF1$, PERF2S, PERF3O, PERF4B). 

4.2.4 The Contingency Variable Construct– Stakeholder Management Capability 

I use questions modeled on Torugsa et al.’s (2013) evaluation of stakeholder management 

capability (SMC). The stakeholders were changed to reflect those considered in project 

management practice as defined by the Guide to the Project Management Body of Knowledge 

(PMBOK, 2013). In this research, I chose to focus on the project sponsor as the key stakeholder 

for the project manager. Liu and Yetton (2010) find that project sponsorship is critically 

important to the success of IT projects. In the following section I will explain the measures for 

SMC used to determine the project manager’s perception of how much attention and importance 

she pays to this stakeholder. 
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The measures describing stakeholder management capability (SMC) are composed of two 

sets of reflective questions: attention paid to stakeholders (SMC1AS, SMC2AS, SMC3AS) and 

importance paid to stakeholders (SMC1IS, SMC2IS, SMC3IS). Questions for SMC3AS and for 

SMC3IS are reverse coded as one of the ways to address common method bias (Podsakoff, 

MacKenzie, Lee, & Podsakoff, 2003). I create latent variables lv_SMCATT for the attention 

paid to the sponsor and lv_SMCIMP for the importance paid to the sponsor from an initial 

iteration of the operational model. These two latent variables are then the formative indicators 

for the stakeholder management capability construct SMC.  This method incorporates the two 

key elements of stakeholder management capability as suggested by Freeman (1984) in his 

definition of stakeholder management capability and discussed in Chapter 2.4.1. That is, the two 

latent variables are needed to relate the importance of the stakeholder and the transactional 

attention paid to this stakeholder. These variables describe the SMC of the project (which in this 

case is proxied through the response of the project manager) as conceptualized by Freeman 

(1984).  (Torugsa et al. [2013] use a similar technique to create a formative latent construct for 

SMC in their research).  The third element of SMC that is suggested by Freeman (1984) is the 

selection of the key stakeholder. By design and from prior research (for example; Liu & Yetton, 

2010) and institutional guidelines (PMBOK, 2013) the project sponsor is one of the key 

stakeholders in the project and is used as this third element. 

The specific format used by Torugsa et al. (2013) used a single question with a list of pre-

defined stakeholders deemed to be important in the context of their research on CSR in the 

Australian small and medium sized enterprise environment.  I split those questions into two sets 

of reflective questions, each using a 1-5 Likert scale.  Table 4.1 shows an example of both 
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questions for comparison with the original measure described by Torugsa et al. (2013, p. 399). 

All the measures for this construct are shown in Appendix 2. 

Table 4.1 Comparison of some of the measures for SMC 

Measure taken from Torugsa 

et al. (2013) p. 399. 

Sample reflective question 

for level of importance. 

Sample reflective question 

for level of attention. 

Stakeholder management 

capability [Please tick the 

appropriate box below to 

indicate the level of attention 

your firm gives to each type of 

stakeholder in organizational 

decision-making. Then, please 

tick the appropriate box below to 

indicate the importance of each 

type of stakeholder in helping 

your firm to understand issues it 

is facing (1 = ‘very low’ to 5 = 

‘very high’)] 

a) In this set of 

questions, you need to 

reflect on the project that 

you are reviewing and to the 

level of importance that you 

gave to groups and 

individuals on a scale of 1 to 

5 (1 = strongly disagree to 

5=strongly agree).  

Please indicate the level of 

importance that you gave to 

each type of stakeholder in 

the decision making process 

during the execution of the 

project. 

SMC2IS. The project 

sponsor was highly 

valued by me. 

b) In this set of 

questions, you need to 

reflect on the project that 

you are reviewing and to the 

level of attention that you 

gave to groups and 

individuals on a scale of 1 to 

5 (1 = strongly disagree to 

5=strongly agree). 

Please indicate the level of 

attention that you gave to 

each type of stakeholder in 

the decision making process 

during the execution of the 

project. 

SMC2AS. The project 

sponsor received a lot of 

attention from me. 

 

4.2.5 The Contingency Variable Construct– Environmental Munificence 

I use questions from Barki, Rivard, and Talbot’s (1993) measure of software 

development risk as they tap into the issue of environmental munificence from the project 

manager’s viewpoint. Barki et al. (1993) describe a variety of factors that information system 

developers need to consider in the development of their projects.  These factors encompass high 

level and low level factors including very specific elements that relate solely to software. 

However, I chose to use Castrogiovanni’s (1991) definition of the task and sub-environment as 
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context for environmental munificence (p. 548). I reviewed the factor analysis that was done in 

Barki et al.’s (1993) review of uncertainty in the development of IT software.  Thirty-two 

variables loaded through a factor analysis onto 5 constructs of uncertainty: “technological 

newness…application size…lack of expertise (task and team) …application 

complexity…organizational environment” (p. 213). I did not use “application size” nor 

“application complexity” as those constructs referred to a specific part of IT relating to software 

but I used the other three constructs. The original measures used by Barki et al. (1993) were 

designed to be used as composite scores. Consequently, those questions were adapted to become 

reflective questions. The questions describe four specific environmental munificence factors; 

technological newness (EM1TEC, EM2TEC, EM3TECH, EM4TECH), project team’s 

application expertise (EM1TASK, EM2TASK, EM3TASK), project team’s expertise working as 

a team (EM1TEAM, EM2TEAM, EM3TEAM), and project team resource availability 

(EM1RES, EM2RES, EM3RES).  

An additional construct for the project manager’s project management expertise was also 

added with reflective questions (EM1PMX, EM2PMX, EM3PMX). This construct was added to 

reflect recent research on the importance of project management as a proximal factor in order to 

mitigate project risks (Carvalho & Rabechini, 2015).  The following indicators were reverse 

coded to address potential common method bias issues (Podsakoff et al., 2003); EM1TEC, 

EM2TEC, EM1RES, EM2RES, EM3RES. I provide in Table 4.2 a comparison between the 

questions used by Barki et al. (1993, p. 220-225) and my modification to make them reflective 

questions. All the survey questions are included in Appendix 2. 
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Table 4.2 Comparison of some of the measures for EM 

Latent 

Variable 

Barki et al. (1993) Reflective version used in survey. 

Technological 

newness 

1 NEED FOR NEW HARDWARE 

(1-item binary scale, respondent: 

project leader) 

The new system will require the 

acquisition and installation of new 

hardware. 

This set of questions requires you to 

reflect on the technological (hardware or 

software) aspect of the project that you 

are reviewing (1=strongly disagree to 5= 

strongly agree). 

EM1TEC. The project required 

the acquisition and installation 

of more technology than other 

similar projects. 

Lack of 

expertise 

(task) 

12 TEAM'S LACK OF 

EXPERTISE WITH 

APPLICATION (1-item 7-point 

semantic-differential scale, 

respondent* project leader) 

The members of the development 

team are 

Very familiar with this type of 

application / Unfamiliar with this 

type of application. 

In this set of questions, you need to 

reflect on the project team’s expertise 

with the specific tasks that were 

required to be accomplished in the 

project that you are reviewing on a 

scale of 1 to 5 (1=no expertise to 

5=outstanding expertise). 

EM1TASK. The project team 

as a whole had technical 

expertise in the specific 

application area of this 

project’s task. 

Lack of 

expertise 

(team) 

14 TEAM'S LACK OF GENERAL 

EXPERTISE (6-item 7-point 

Low/Outstanding 

Likert scale, respondent: project 

leader) 

Please evaluate the overall ability of 

the development team in terms of 

the following factors: 

14c. Ability to work effectively in a 

team 

In this set of questions, you need to 

reflect on the specific project that you 

are reviewing and in that context on 

the project team’s general expertise as 

a team on a scale of 1 to 5 (1=no 

expertise to 5=outstanding expertise). 

EM1TEAM. The project team 

worked effectively as a team. 

Organizational 

environment 

20 RESOURCE INSUFFICIENCY 

(3-item More Than 

Enough/Extremely 

Insufficient 7-point semantic-

differential scale, respondent: 

project leader) 

20a. In order to develop and 

implement this system, the 

scheduled number 

of person-days is: 

In this set of questions, you need to 

reflect on the resources that your 

project team had available to complete 

the project (1=far too much to 5=far 

too little) 

EM1RES. In order to develop 

and complete this project, the 

scheduled number of person-

days was.R 
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The reflective indicators were used in an initial iteration of the operational model to 

create latent variables to define the five formative elements of environmental munificence; 

technological newness (lv_EMTECH), project team’s application expertise (lv_EMTASK), 

project team’s expertise working as a team (lv_EMTEAM), project team resource availability 

(lv_EMRES), and project manager’s expertise (lv_EMPMX).  These five formative indicators 

were then used to create a single second order latent variable of environmental munificence EM. 

This strategy is suggested by Hair et al. (2017) to improve the parsimony of the operational 

model. The strategy also improves the power of the model at the same confidence level by 

decreasing the number of predictor variables impacting the outcome variables. 

4.2.6 The Project Size Variable 

I use the measures for project size from Sakka et al. (2013) which are taken from Barki et 

al. (1993).  These are descriptive questions that ask about the project size from the viewpoint of 

the number of participants in the project team, the budgeted cost of the project, and the time 

taken to complete the project (TMSIZE, PROJCOST, PROJDUR).  An additional Likert-scale 

question is asked as a reflective question asking the project manager to consider the size of their 

project relative to other projects in their industry (RELSIZE).  As described in my literature 

review, project size is expected to be important for IT projects in terms of team behaviour, 

relationships, failure and success rates (some examples can be seen in Zmud, 1980; Whittaker, 

1999; Gemino, Reich & Sauer, 2007; Sauer, Gemino, & Reich, 2007).  In particular, large IT 

projects and their failures disproportionally impact their organizations (Budzier & Flyvjberg, 

2013).  Similar findings by Gemino et al. (2007) and Sauer et al. (2007) indicate that how 

projects operate differ between differently sized projects. Ko and Kirsch (2017) use project size 

as a control variable in their evaluation of the moderation of PM business knowledge and PM 
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technical knowledge on requirements uncertainty and technical uncertainty relationship with 

project success. 

This construct is operationalized as PROJSIZ and composed of the subjective evaluation 

of project size defined by the project manager. I also construct the product of project duration 

and human resource allocation as another measure of project size. This measure is empirically 

described by Sauer, Gemino, and Reich (2007) as a better predictor of performance over any of 

the individual measures for project performance (budget, time and objective); “we found that 

size as measured in person-months is a better predictor of underperformance than other 

indicators such as budget, duration, and team size” (p. 80). 

4.2.7 Summary of Constructs/Indicators 

The model is composed of multiple indicators to describe the constructs as shown in table 

4.3. Appendix 2 details the questions used for the indicators. The indicators are descriptive when 

identifying different aspects of project size.  They are formative indicators when describing the 

interactive LOC.  They are reflective indicators when describing the diagnostic LOC and the 

project performance.  The two moderating constructs are formed from the latent variables that 

describe specific facets of stakeholder management capability and environmental munificence.  

These latent variables are themselves addressed through reflective indicators. 

Table 4.3 Summary of indicators used for the research 

Construct Indicators 

Project size (PROJSIZ) Descriptive (3 questions) 

Diagnostic LOC (DIAG) Reflective (4 questions) 

Interactive LOC (INT) 
Formative (7 questions) 

Reflective (3 questions) 

Project Performance 

(PERFUTIL) 

Reflective (4 questions) 
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Stakeholder management 

capability (SMC) 

Formative latent variable for 

attention paid to stakeholder 

(lv_SMCATT). 

Reflective on attention paid 

to stakeholder (SMCATT) (3 

questions). 

Formative latent variable for 

importance paid to 

stakeholder (lv_SMCIMP). 

Reflective on importance paid 

to stakeholder (SMCIMP) (3 

questions). 

Environmental munificence 

(EM) 

Formative latent variable for 

technology requirement 

(lv_EMTECH). 

Reflective on technology 

requirement (EMTECH) (4 

questions). 

Formative latent variable for 

team expertise (lv_EMTEAM). 

Reflective on team expertise 

in working together as a team 

(EMTEAM) (3 questions). 

Formative latent variable for 

team task expertise 

(lv_EMTASK). 

Reflective on team expertise 

with task (EMTASK) (3 

questions). 

Formative latent variable for 

resource availability 

(lv_EMRES). 

Reflective on resource 

availability (EMRES) (3 

questions). 

Formative latent variable for 

project manager expertise 

(lv_EMPMX). 

Reflective on project manager 

expertise (EMPMX) (3 

questions). 

 

 

 4.3 Data analysis procedure 

4.3.1 A description of the use of PLS SEM 

I use a path analysis method known as Partial Least Squares Structural Equation 

Modelling (PLS SEM) (Hair, Hult, Ringle, & Sarstedt, 2017; Hair, Sarstedt, Pieper, & Ringle, 

2012). PLS SEM is a second-generation multivariate analysis technique (Hair et al., 2017). This 

technique uses ordinary least square regressions and weighted sums in an iterative process to 

minimize the latent variables’ unexplained variances (Willaby, Costa, Burns, MacCann, & 

Roberts, 2015; Tenenhaus, Vinzi, Chatelin, & Lauro, 2005). I focus on using the factor-based 

WarpPLS© SEM approach described by Kock (2015a) which uses a two-step approach in its 

analysis of the structural paths; firstly, creating composite scores and then secondly using a 
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factor-based technique to account for errors. This approach is designed to consider the presence 

of measurement errors in the statistical analysis of the data. I created an operational model based 

on the conceptual model described in Chapter 3 of this research. The survey indicators form the 

outer (exogenous or measurement) model describing their latent variables and these latent 

variables are related in a path-wise manner through a structural model (Chin, 1998; Tenenhaus et 

al., 2005). Through a series of steps operationalized in a PLS SEM algorithm, statistical 

significance is calculated for the path coefficients, the latent variables, their indicators (loading 

for reflective indicators and weighting for formative indicators), and for the indirect paths due to 

mediation and moderation. I also use the PLS SEM protocol to calculate structural and 

measurement model scores for my operational model (Willaby et al., 2015; Hair et al., 2017; 

Kock, 2015b).  

There are many reasons why PLS SEM analysis is suited for my research including 

accounting for non-normal data distribution, small sample sizes, and different scales, but the 

most important reason is because my model is composed of both formative and reflective 

measures (Hair et al., 2017).  An alternative SEM method such as covariance based SEM will 

handle reflective measures but does not handle formative measures as well as PLS SEM (Chin, 

1998, Hair et al., 2017).  Formative measures define a construct and are constructed based on 

theoretical considerations.  Formative measures if properly constructed are expected to 

contribute to the complete definition of latent variables such that the elimination of a measure 

would change the definition of the latent variable. In my operational model, I describe the 

formative measures used for the emphasis on the interactive LOC (INT).  This latent variable is 

formatively described by Bisbe, et al. (2007) from the viewpoint of a firm and by Sakka et al. 

(2013) from the viewpoint of IT projects.  I also use second order latent variables for the two 
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contingency variables in my conceptual model.  They are formatively described by latent 

variables that were in themselves constructed from empirical reflective measures. 

Multivariate analysis is based on assumptions of normality for the measures that are 

gathered.  However, PLS SEM is a non-parametric method (Chin, 1998, Hair et al., 2017) in that 

it is tolerant of non-normal distribution, of outliers, of excessive skewness and kurtosis within 

established limits (Hair et al., 2017).  One of the reasons for this level of tolerance is the 

sampling and resampling procedures used by PLS SEM in its algorithm.  This method uses 

multiple iterations and can use bootstrapping or jack-knifing to sample and resample until there 

is a convergence on the equation describing the model. In particular, the PLS SEM algorithm 

used in this research is version 5 of WarpPLS© (Kock, 2015b).  This is a PLS SEM algorithm 

that uses various resampling methods to generate measurement data including weighing, loading, 

path significance, direct and indirect effect and considers the relationships between bivariate 

constructs in the sampled population, their significance and linear or non-linear relationships 

across the sample population (Kock, 2015b).   

4.3.2 Sample size determination 

Sample size determination has been extensively explored in the academic literature 

dealing with PLS SEM analysis (Chin, 1998; Goodhue, Lewis, & Thompson, 2006; Willaby et 

al., 2015). The concern is to obtain a sufficiently large sample to cover acceptable values of 

statistical power.  In other words, the aim is to reduce type I and type II errors.  In multivariate 

analysis, a variety of rules of thumbs and explicit guides are used (Green, 1991; Cohen, 1992). 

Similarly, with PLS SEM, rules of thumb are used to explain the choice of 5 to 10 samples per 

independent variable that are theorized for the endogenous variable with the largest number of 
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predictors (Hair et al., 2017). However, as suggested by Goodhue et al. (2006) I focus on 

achieving statistical power based on the sample size requirement for the most complex of the 

structural equations. To do this the structural model is analyzed at the endogenous level. I count 

the maximum number of formative constructs that predict the endogenous outcome variable as 

these are the predictor variables for the sample calculation. At that point, sample size rules as 

described by Cohen (1992) can be used to calculate an appropriate sample size considering Type 

I and Type II errors.  These sample rules have been incorporated into G*Power (G*Power 

3.1.9.2) which is a power analysis program designed to calculate statistical power according to 

different model setups (Faul, Erdfelder, Buchner, & Lang, 2009). The assumptions behind 

G*Power are similar assumptions as described by Cohen (1992). In particular, the sample in my 

research is assumed to have a normal distribution of the relevant variables.  As my model’s 

distribution is unknown at the outset, and as PLS SEM does not assume any specific distribution 

pattern, I will begin with an assumption of normality a priori and then based on the distribution 

of my data whether it is parametric or non-parametric, I will calculate and report on the post hoc 

power of my analysis.  

My model’s endogenous outcome variable of project performance has one independent 

predictor (diagnostic LOC), one indirect mediating predictor (interactive LOC), one control 

variable (project size), two latent moderating variables (EM and SNC) composed of seven latent 

variables. These ten independent variables act on the dependent outcome of project performance. 

I wish to detect R2 values of at least 0.25 with a 5% significance level and a statistical power of 

80%.  G*Power converts the required R2 value to an effect size (f2) of 0.333. I provide a sample 

calculation output from G*Power in Figure 4.1 which shows a minimum sample size 

requirement of 83 participants.  
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F tests - Linear multiple regression: Fixed model, R² deviation from zero 

Analysis: A priori: Compute required sample size  

Input: Effect size f² = 0.3333333 

 α err prob = 0.05 

 Power (1-β err prob) = 0.95 

 Number of predictors = 10 

Output: Noncentrality parameter λ = 27.6666639 

 Critical F = 1.9649419 

 Numerator df = 10 

 Denominator df = 72 

 Total sample size = 83 

 Actual power = 0.9506025  

Figure 4.1 Calculation of minimum sample (Output from G*Power 3.1.9.2) 

4.3.3 Step by step analytical process 

My survey technique uses indicators for IT projects available from a convenience 

sampling of project managers across Canada. The survey is completed through the internet using 

the Qualtrics™ online survey tool (http://www.qualtrics.com). The survey is anonymous and can 

be completed through a variety of devices that can connect to the internet such as laptops and 

smart-phones. 

The survey generated data that was analyzed in the following sequence:  

1. The raw data, survey filling rate, and other raw information gathered from the study is 

described in tabular form and examined for psychometric properties such as the normality of 

distribution, skewness and kurtosis, outliers in the data sample, and correlations between the 

indicators. This includes an analysis of the sample and a comparison to similar population to 

test for external validity. 

2. Potential sources of bias from respondents is analyzed (Fowler, 2009). Another bias that is 

expected to surface in survey research is that of common method bias (Podsakoff et al., 

2003). Although there are many sources of common method bias described by Podsakoff et 
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al. (2003, table 2, p. 882), I focused on addressing scale effects by reversing the scale in 

several questions throughout the survey, varying the description of the scale anchors, and 

providing a user-friendly and accessible survey format as shown in Appendix 3 (through a 

graphical user interface available on a computer or a smartphone). I also followed the 

suggestions provided by Podsakoff et al. (2003) of providing anonymity and designing a 

survey that minimized ambiguity within the scale descriptions. 

3. The measurement model is analyzed using a factor-based PLS-SEM algorithm (Kock, 

2015a). Appendix 8 provides a screen capture of the WarpPLS© algorithm showing the steps 

that need to be taken to build and analyze a PLS SEM model. 

a. In order to operationalize my conceptual model, I must go through two stages of 

model building.  The first stage uses all the latent variables constructed by the 

indicators as direct contributors to the structural path (see Figure 4.2).  There is an 

established iterative process for testing a model using PLS SEM.  First I focus on the 

reflective indicators in the model and check for internal consistency (using values for 

composite reliability and Cronbach’s alpha), convergent validity (by testing for 

indicator reliability and average variance extracted), and discriminant validity.  

Secondly, I check the formative indicators for convergent validity, test for indicator 

collinearity and check the relevance and significance of the indicator weights (Hair et 

al., 2017; Kock, 2015b). 
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Figure 4.2 First stage of building an operational model 
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b. Once the measurement model has been evaluated and validated then I use the latent 

variables from the model to form the constructs defined by stakeholder management 

capability (SMC) and environmental munificence (EM) and create a parsimonious 

model (see Figure 4.3).  This parsimonious model is a higher-order model that 

involves higher order components (environmental munificence and stakeholder 

management capability) and their lower order components defined in step 3.a. as 

‘latent variables’.  The type of model that I use has been described as a reflective-

formative model by Ringle, Sarstedt, and Straub (2012) in their descriptive critique of 

PLS-SEM. 

 

Figure 4.3 Second stage of building an operational model 

c. Then the higher order model is evaluated once again for reflective indicator and 

formative indicator validity and reliability in the same manner as for the lower order 

model described in section ‘a’. In addition, I check for common method bias using 

full collinearity variance inflation factors (Kock & Lynn, 2012; Lindell & Whitney, 

2001). Then I perform a structural model analysis that checks for model fit and 
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quality indices: average path coefficient, average R2, average adjusted R2, average 

block variance inflation factor, average full collinearity, and Tenenhaus goodness-of-

fit (Kock, 2015b). These are used to compare against acceptable values from the 

academic literature.  

4. Use the WarpPLS© algorithm to analyze the paths in the operational model. This 

software estimates probability values for paths and considers possible non-linear 

relationships between latent variables. In order to test all my hypotheses, I analyze the 

direct and indirect paths in the model and then analyze the mediating and moderating 

effects. 

a) In my checklist:  

i. I check for the direct effect of the diagnostic LOC on project 

performance (H1).  

ii. I check for the direct effect of the interactive LOC on project 

performance (H2). 

iii. I check for the direct effect of the diagnostic LOC on the interactive 

LOC (H3). 

iv. I check for conditional indirect effect of the diagnostic LOC on project 

performance through the interactive LOC. This will be my check for 

mediation (H4). 

v. I check for the moderation effect of both moderators (H5 to H6). 

vi. I review the impact of project size on the model through a separate 

analysis using the same model. 

5. Present an interpretation of the results. 
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6. Extend the interpretation of the results into conclusions regarding how the research 

question is answered; discuss limitations, and possible future extensions of the 

research. 
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CHAPTER 5.0 FINDINGS AND ANALYSIS OF RESULTS 

My research proceeded in multiple steps. After developing a survey and completing the 

Research Ethics Board (REB) application, I received REB approval (#15SE012) for conducting 

my cross-sectional survey.  This approval notice is enclosed in Appendix 4. The data gathering 

for the cross-sectional survey was conducted over a seven-month period between April 2016 and 

October 2016.  

5.1 Description of sampling and raw data 

With my cross-sectional survey sampling methodology, I reviewed data as it came in 

through Qualtrics™ (http:/www.qualtrics.com).  All the data was downloaded into an Excel table 

(as shown in Appendix 5) for importing into the PLS SEM algorithm. Table 5.1 shows the 

resulting survey participation rates. 

Table 5.1 Description of sampling and respondent pool 

Description of Survey Results Respondents 

Total survey participants (clicked the link to the survey to 

participate) 

162 

Completed surveys (accepted the consent form and started the 

survey) 

100 

Surveys used for analysis (completed survey beyond the descriptive 

questions) 

93 

 

One of the challenges with survey analysis is to generate responses from enough 

participants.  If the research can be biased by the lack of responses from the population of 

potential survey respondents then the generalizability of the results may be questionable (Fowler, 

2009). Fowler (2009) suggests several strategies to minimize non-responses. Those that were 

used in this research were the following: providing anonymity to the survey, emphasizing the 
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relevance and importance of the survey, personally contacting participants and using follow-ups 

through a variety of media (telephone and internet).  The consent form itself discusses the 

anonymity of the participant and provides them with contact details of the researcher (see 

Appendix 3). The format of using a web-based survey is a passive way of soliciting participation 

even if it is posted on the website of relevant organizations. I contacted administrative managers 

at local chapters of both the Project Management Institute (PMI: Toronto and Kitchener-

Waterloo) and ISACA (Toronto) who fully endorsed my survey and were responsible for posting 

it on their chapter websites. I also contacted the business managers of a professional business 

networking association in the high technology area of Southwestern Ontario 

(Communitech.com) who agreed to post my survey to their membership of high technology 

companies in the Southwestern Ontario business region. I directly contacted IT project managers 

in my personal network to add to the pool of potential survey respondents and asked them to 

forward the survey to other IT project managers in their own networks.  

The survey used measures that were either previously validated or modified to fit the 

project level as discussed.  Although a pilot run was not done to statistically measure the face 

validity, prior to running the survey, reviews and modifications to the specific measures were 

performed with a faculty member with project management experience.  In addition, during the 

first month of the administration of the survey, a semi-structured interview was conducted with a 

Project Management Professional (PMP) involved in IT projects as a project manager. The 

individual works in an educational institution managing and participating in IT projects. He is 

experienced and had previously worked in the banking and consulting sectors with IT projects. 

This project manager took the survey and then was interviewed to review his understanding and 

perception of its content.  Although individual questions were not specifically reviewed, the 
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content of the survey was well understood by the interviewee and contained measures that were 

appropriate and relevant to the topic. I also conducted a factor analysis on early results (the first 

39 responses) using IBM SPSS version 24. Appendix 7 summarizes the results showing an 

Eigenvalue table and a scree plot for each latent variable. I checked if the Kaiser-Meyre-Oilkin 

measure of sampling adequacy was appropriate (appropriate values greater than 0.7 indicate 

good likelihood of identifying distinct and reliable factors). Based on those results and the 

interview, I continued the survey without modifications to the instrument.  

Out of 162 participants who clicked on the survey link, 100 participants accepted the 

consent form and completed the survey. As the sampling used a convenience and snowball 

sampling plan that required anonymous participation, I have no way of quantifying the response 

rate from the broader population of project managers.  However, to compare with samples from 

similar research and determine if the sample provides a similar distribution of projects as with 

other IT projects, I reviewed my respondent’s descriptive information to find an appropriate 

value for comparison. The descriptive value for the size of IT projects is common among 

projects in general (PMBOK, 2013).  I compared the average value of 12.49 months (SD=11.77) 

for my sample population to the average duration of IT projects of 15 months (SD= 11.8) that 

Gemino et al. (2007) reports from their review of 194 IT projects from 3 PMI chapters in Ohio. 

Another measure of project size that is used in the project management literature is the effort 

described in terms of person-months. I compared my sample’s average value of 328 person-

months (SD= 581) with Gemino et al.’s (2007) values of 150 person-months (SD=450). As my 

sample was not normally distributed except when transformed through a logarithmic translation 

and I did not have access to the distribution information for Gemino et al.’s (2007) samples, I 

could not do a statistical comparison.  However, there is a similarity in the average project 
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duration and the person-month standard deviation with Gemino et al.’s (2007) sample 

population. Moreover, Gemino et al. (2007) further discussed that their sample was not much 

different from IT projects in the UK (Sauer et al., 2007) and suggested that geographical 

differences are not salient. Therefore, due to the institutionalization of project management 

practices in North America and the similarity of my sample population to Gemino et al.’s (2007) 

sample, I expect that my sample population reflects that of the broader population of IT projects. 

As previously discussed, the minimum sample size required for my analysis is 83 

participants to obtain 80% statistical power for detecting R2 of 0.25 with a 5% significance level 

under the assumption of normality (Cohen, 1992). I used 93 samples which meets my minimum 

requirement. After analysing my structural path, I will show the post hoc power based on the 

actual distribution of my sample. 

As explained in my methodology, the analysis method that I use is a path analysis method 

that is non-parametric and can handle non-normal distributions. After surveys were completed, 

the missing data bias within the surveys was analyzed. From the 100 completed surveys, 7 were 

eliminated as the survey respondents did not answer measures beyond the basic descriptive 

questions. According to Hair et al. (2017), when most the measures for a construct are not 

answered, then it is justifiable to remove the participant from the survey. In the resulting 93 

surveys, the missing data rate for each indicator ranged from 0-6.5% which is less than the 

acceptable 10% missing data rate indicated by Allison (2001) and Hair, Anderson, and Tatham 

(1987).  

Projects ranged in size from 3 to 150 people, from 1 to 60 months to completion, and 

from 0 to $135 million in terms of budget allocated for the project.  One of the survey measures 

also asked project managers to rank the size of their project relative to similar projects in their 
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industry.  Table 5.2 consolidates and describes the projects listed by the project managers. 

Appendix 6 provides boxplot analyses of the descriptive data for all the 93 respondents.  

Although there are some outliers, I chose not to discard any of the samples as none of the outliers 

could be consistently grouped as a different sample population.  

Table 5.2 Descriptive analysis of respondents (pool of 93 respondents) 

Indicators Median Average Low High 

Team size 12 21 3 150 

Months budgeted 8 12.49 1 60 

Fiscal Budget $675,000 $4,731,841 0 $135,000,000 

Relative Size 
(1=far above average 

to 5=far below 

average) 

3 3 5 1 

 

5.2 Analyzing the descriptive indicator for the IT projects 

PLS-SEM is a non-parametric modelling technique that can handle non-normal data 

distribution. It is advisable to review data samples when skewness and kurtosis values exceed +1 

or -1 (Hair et al., 2017). The descriptive indicators for project size (team size, cost and schedule) 

had extreme values of skewness and kurtosis beyond suggested parameters. However, Gemino et 

al. (2007) identify that a better indicator of project size is the combination of time and team size 

operationalized as the person-month.  The product of team size and time was created and then 

this was transformed using a logarithmic (base 10) function to provide a distribution that had 

acceptable skewness and kurtosis. The resulting measure was used as the indicator to define the 

project size. Table 5.3 summarizes the bivariate correlation analysis for the descriptive data for 

the 93 IT projects in my survey. As expected all the measures for the size of the project had 

significant correlations with each other at the 0.01 and 0.05 significance levels. 
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Table 5.3 Bivariate correlation analysis for the size of the project 

 Mean SD 1 2 3 4 5 

1.Team Size 

(no. of people) 

21 26      

2.Project 

Duration 

(months) 

12.81 11.96 .206*     

3.Project Cost 

($) 

4,731,840 16,990,816 .454** .395**    

4.Relative 

Size (1-large 

to 5-small) 

2.74 1.03 -.336** -.499** -.256*   

5.Person-

months  

338.6 563.1 .802** .577** .795** -.416**  

6.LOG of 

person-months 

2.08 0.68 .662** .717** .422** -.580** .732** 

*. Correlation is significant at the 0.05 level (2-tailed). 

**. Correlation is significant at the 0.01 level (2-tailed). 

 

It is also advisable within PLS SEM methodology to review the outliers to see whether a 

different population is consistently being identified from the data (Hair et al., 2017). Using a 

visual revision of the data with a boxplot analysis to check if there were any outlying participants 

that were consistently outliers throughout the questionnaire, I did not reject any of the 

participants as outliers for analysis with the factor-based PLS SEM algorithm WarpPLS© 

version 5.0 (WarpPLS©). This is shown in Figure 5.1 with a boxplot analysis of the Log of 

Person-months. 
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Figure 5.1. Box-plot analysis of the logarithmic value for the person-months for the projects 

(vertical axis indicates the logarithmic value and horizontal axis identifies the construct) 

5.3 Analysis of the first order model 

I created an operational model of the conceptual model described in chapter 3 of this 

study.  This is shown in figure 5.2. To create this model with WarpPLS©, I needed to obtain the 

latent variables for the formative elements of the contingency constructs in one analytical step 

and then these latent variables were used as part of the second order model for the final analysis 

of my hypothesis. This is an example of the first step in a reflective-formative hierarchical 

component model that can be used in PLS SEM when latent variables explain higher order 

constructs (Ringle et al., 2012). Appendix 9 provides a summary of the output parameters 

generated by the WarpPLS© algorithm for this first order model. 
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Figure 5.2 Operationalization of conceptual model showing indicators and latent variables 
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5.3.1 Reflective Indicators – assessing results  

I used the iterative method I described in Chapter 4 of this study to perform validity and 

reliability analysis and validate the internal consistency of my model.  My intention was to 

operationalize my conceptual model with a parsimonious one. I ran a first order model with all 

directly observable indicators and then built a second order model of latent variables created 

from the observable indicators to create the formative contingent constructs for environmental 

munificence (EM) and for stakeholder management capability (SMC).  

The first step in optimizing the first order model was to reach convergent validity using 

indicator reliability and average variance extracted.  Indicator reliability is identified through the 

loading of reflective indicators.  The objective is to have indicators that load well with each 

other. As recommended by Kock (2015b) I verified that loading was higher than the 

recommended value of 0.6. Based on that first analysis, indicators that did not load well 

(loading<0.6) were reviewed and removed. After removal of poorly loading indicators Table 5.4 

was generated showing loading between indicators in bold text. I noted that three of the 

constructs lost a poorly loading indicator and depended on two reflective indicators to define 

them. According to Chin et al. (2003), a minimum of three indicators per variable should be used 

to minimize measurement errors and reliability problems. On the other hand, they also report that 

the average number of indicators in their literature review of regression and path analysis was 

three.   This suggests that the number of indicators that I am consequently using is at the low end 

of the range of prior studies. In future studies this should be increased to three or more. Then the 

average variance extracted for latent variable composed of reflective indicators was calculated by 

the algorithm.  The requirement is to have values greater than 0.5 (Hair et al., 2017).  The values 

in figure 5.5 show that all the values are greater than 0.5.   



         88 
 

 
 

Table 5.4. Loading and cross-loading table for reflective indicators 

Indicators 

Diagnostic 

LOC 

Project 

Performance 

SMC - 

Attention 

SMC - 

Importance 

EM - Team 

Task 

Expertise 

EM - 

Teamwork 

Expertise 

EM - 

Resource 

Availability 

EM - 

Technological 

Newness 

EM - Project 

Management 

Expertise 

Project 

Size 

DIAG1 0.801 -0.076 -0.256 0.246 -0.057 0.015 -0.106 -0.106 0.048 0.152 

DIAG2 0.827 0.071 -0.156 0.225 -0.151 0.055 -0.103 0.104 0.007 -0.124 

DIAG3 0.912 0.025 0.029 -0.088 -0.165 0.102 -0.021 0.138 -0.007 0.038 

DIAG4 0.842 0.089 -0.18 0.145 -0.136 -0.031 -0.042 -0.02 0.154 -0.092 

PERF1$ 0.091 0.777 0.17 -0.093 -0.232 -0.103 0.229 0.019 -0.009 -0.051 

PERF2S 0.097 0.69 -0.201 0.12 -0.327 0.104 0.129 -0.158 0.126 0.04 

PERF3O 0.094 0.841 -0.064 0.046 0.032 -0.212 -0.121 0.002 -0.126 0.071 

PERF4B -0.47 0.652 -0.255 0.137 -0.026 0.258 -0.252 0.294 0.245 -0.071 

SMC1AS 0.051 0.092 0.911 -0.052 -0.033 -0.044 0.049 -0.023 -0.069 -0.031 

SMC2AS 0.025 -0.064 0.974 -0.128 0.045 -0.051 -0.064 0.051 0.015 0.024 

SMC1IS -0.015 0.156 -0.337 0.733 -0.181 -0.021 -0.032 -0.158 -0.138 0.088 

SMC2IS -0.061 0.036 -0.025 0.888 -0.257 0.128 0.079 0.039 0.058 -0.019 

SMC3ISr 0.068 -0.272 0.039 0.696 0.049 0.154 0.018 -0.053 -0.164 0.008 

EM1TASK -0.075 -0.007 0.047 -0.029 0.891 0.01 -0.038 -0.055 0.04 -0.106 

EM2TASK -0.044 -0.01 -0.101 0.001 0.95 0.079 -0.065 -0.016 -0.051 0.017 

EM3TASK 0.05 0.033 0.104 -0.08 0.928 -0.101 0.167 0.094 0.013 0.046 

EM1TEAM -0.133 0.005 0.013 -0.095 -0.115 0.89 -0.098 0.076 0.082 0.024 

EM2TEAM 0 -0.132 -0.052 0.12 -0.111 0.922 0.058 -0.069 0.079 -0.146 

EM3TEAM 0.043 0.114 0.184 -0.201 0.102 0.945 0.082 -0.031 -0.119 0.109 

EM1RESr 0.006 -0.247 -0.223 0.172 -0.001 0.352 0.682 0.047 -0.1 -0.081 

EM2RESr 0.135 -0.028 -0.12 -0.063 -0.138 0.172 0.876 0.052 -0.001 0.013 

EM1TECH -0.109 -0.213 0.062 -0.047 0.019 0.167 0.007 0.854 -0.183 -0.074 

EM2TECH -0.078 0.095 -0.076 0.054 0.062 -0.154 -0.045 0.873 -0.035 -0.021 

EM1PMX -0.109 0.066 0.019 -0.109 -0.146 0.068 0.006 -0.001 0.907 -0.011 

EM2PMX 0.013 0.06 -0.153 0.077 0.198 -0.159 -0.203 0.167 0.722 -0.253 

EM3PMX 0.044 -0.028 0.055 -0.134 -0.214 -0.024 0.087 0.163 0.813 0.171 
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Once the reflective indicators showed convergent validity, then I measured the internal 

consistency reliability by assessing the composite reliability of the latent variables composed of 

reflective indicators. At this stage I need to have values of composite reliability greater than 0.70 

(Hair et al., 2017).  I also determined the Cronbach’s alpha values for comparison, although this 

value is thought to underestimate the internal consistency reliability of the model. The actual 

reliability of the reflective indicators is thought to lie between the value indicated by Cronbach’s 

alpha and the composite reliability values (Kock, 2015b).  Both values are shown in Table 5.5. 

Table 5.5. Composite reliability coefficients, Cronbach’s alpha and average variance extracted 

for reflective indicators 

 

Composite 

reliability 

coefficients 

Cronbach's 

alpha 

coefficients 

Average 

variances 

extracted 

Diagnostic LOC 0.91 0.908 0.716 

Project Performance 0.831 0.821 0.553 

SMC - Attention Paid 0.941 0.942 0.889 

SMC - Importance Paid 0.819 0.793 0.604 

EM - Team Task Expertise 0.946 0.942 0.853 

EM - Teamwork Expertise 0.943 0.937 0.845 

EM - Resource Availability 0.76 0.769 0.617 

EM - Technological Newness 0.854 0.854 0.745 

EM - Project Management Expertise 0.857 0.844 0.669 

 

The reflective indicators were also tested for discriminant validity by assessing their 

cross-loading.  When viewing the table for loading and cross-loading (Table 5.4), indicators 

should have greater loading within each latent variable described than across the latent variables. 

In addition, the Fornell-Larcker criterion was also used to test for discriminant validity as 

suggested by Hair et al. (2017).  As Table 5.6 shows, the square root of the average variance 

extracted (shown in bold) is greater than its correlation with any other latent variables. As there 
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are no cross-loading problems and the Fornell-Larcker criterion is satisfied, then discriminant 

validity is established for the reflective elements of this model. 

Table 5.6. Fornell-Larcker criterion analysis 

 1 2 3 4 5 6 7 8 9 

1. Diagnostic LOC 0.846                 

2. Project 

Performance 0.215 0.744               

3. SMC - Attention 

Paid 0.127 0.357 0.943             

4. SMC - Importance 

Paid 0.136 0.39 0.78 0.777           

5. EM - Team task 

expertise 0.183 0.471 0.144 0.247 0.923         

6. EM - Teamwork 

expertise 0.332 0.557 0.27 0.31 0.673 0.919       

7. EM - Resource 

availability -0.088 -0.032 -0.136 0.013 0.089 0.001 0.785     

8. EM - 

Technological 

newness -0.029 -0.026 -0.104 0.055 0.139 -0.039 0.241 0.863   

9. EM - Project 

management 

expertise 0.343 0.342 0.272 0.318 0.5 0.434 0.021 -0.038 0.818 

 

5.3.2 Formative indicators  

The formative indicators (for the interactive LOC) that were empirically determined from 

the survey were analyzed for convergent validity by doing a redundancy analysis (Chin, 1998, 

Hair et al., 2017).  The redundancy analysis is performed by creating a model where formative 

indicators are used to describe a latent variable which is correlated to the same latent variable 

described by its reflective indicators.  See Figure 5.3 to view the resulting model.   
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Figure 5.3. Redundancy analysis of empirically observed formative indicators for the emphasis 

on interactive LOC. 

Although the value for the path coefficient of 0.66 is lower than suggested values >0.8 

(Hair et al., 2017); it is still greater than the unacceptable results of <0.5.  The latent variable 

described by formative indicators accounts for 44% of the variance explained for the latent 

variable of the same construct described by reflective indicators.  Table 5.7 shows the loading of 

the reflective indicators for this redundancy model. All the reflective indicators for the emphasis 

on interactive LOC load well (>0.7) and significantly (p<0.001) onto each other. Table 5.8 

shows the weights and variance inflation factor (VIF) of the formative indicators. Although the 

probability (p) values of five of the seven formative indicators are not significant (n.s.) and their 

variance inflation factor are high (but less than a VIF of 10 [Kock, 2015b]), there was theoretical 

justification for keeping all seven formative indicators.  

To check whether the structural redundancy model was a good fit for the indicators, I 

reran the model by removing the formative indicators INT1_US, INT3_US, and INT5_FA as 

their VIF were higher than the other formative indicators.  Even though this step caused all the 

formative indicators to become significant (p<0.05) and reduced their VIF, the average adjusted 

R2 for the new model with 4 formative indicators was 0.352 (p<0.001) while the average 

adjusted R2 for the model with 7 formative indicators was 0.363 (p<0.001).  Due to this higher 

average adjusted R2 it was reasonable to assume that all the formative indicators describing the 
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emphasis on interactive LOC should be used (Kock, 2015b). The redundancy analysis also 

shows that all seven formative indicators are appropriate for the description of the construct 

defining an emphasis on interactive LOC. 

Table 5.7. Indicator loading for reflective indicators for the emphasis on interactive LOC 

 

Interactive 

LOC 

(reflective 

indicators) 

Standard 

Error P value 

INT1R 0.811 0.083 <0.001 

INT2R 0.806 0.083 <0.001 

INT3R 0.707 0.085 <0.001 

 

Table 5.8. Weights of the formative indicators for the emphasis on interactive LOC 

Indicator 

Interactive 

LOC 

(formative 

indicators) 

Standard 

error P value 

Variance 

Inflation 

Factor 

Effect 

Size 

INT1F2F 0.045 0.102 0.331 1.605 0.025 

INT1_US 0.264 0.096 0.004 4.794 0.241 

INT2_US 0.137 0.1 0.087 3.593 0.117 

INT3_US 0.205 0.098 0.019 4.449 0.184 

INT4_FA 0.151 0.099 0.065 3.686 0.13 

INT5_FA 0.183 0.098 0.033 4.287 0.158 

INT6_FO 0.107 0.101 0.145 3.492 0.089 
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After doing the redundancy test, I returned to my first order model and further examined 

the formative indicators. I followed the procedure described by Hair et al. (2017) to check their 

collinearity. According to Hair et al. (2012), a value of VIF>5 indicate the potential for a 

collinearity problem among the formative indicators. The VIF for the formative indicators in the 

structural model as shown in Table 5.9 are below 5 and so I do not find any instances of 

collinearity. 

Table 5.9. Weights and loading of formative indicators in the full model 

Formative 

Indicators 

Interactive 

LOC -

weights P value 

Variance 

Inflation 

Factor 

Indicator 

Effect 

Size 

Indicator 

Loading* 

INT1F2F 0.087 0.197 1.605 0.052 0.597 

INT1_US 0.283 0.002 4.794 0.26 0.92 

INT2_US 0.133 0.093 3.593 0.112 0.844 

INT3_US 0.156 0.059 4.449 0.136 0.874 

INT4_FA 0.123 0.111 3.686 0.106 0.859 

INT5_FA 0.161 0.054 4.287 0.139 0.865 

INT6_FO 0.128 0.102 3.492 0.108 0.844 

 

Note: * these indicator loading values are used for determining the importance of the indicator to 

the model (Hair et al., 2017). 

Finally, the formative indicators are tested for their significance and relevance.  This is 

done by interpreting their weight and determining whether non-significant indicators should be 

retained. In this case the objective is to identify and retain formative indicators that have 

significant probability values. Although most of the formative indicators had non-significant 

weighting (p>0.05) they were kept for theoretical reasons as they are formative elements of the 

latent variable describing the emphasis on interactive LOC.  In addition, the formative indicators 

were tested for their loading value.  Formative indicators that do not have significant p-values 
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when weighted but still load higher than 0.5 should be retained as they are considered to be 

important to the model (Hair et al., 2017). 

5.3.3 Conclusion for first order model 

After evaluating both the reflective and formative indicators, and iterating through 

several steps after each removal of indicators, the final first order model was acceptable from the 

viewpoint of internal consistency, convergent validity, and discriminant validity for reflective 

indicators.  Similarly, formative indicators had acceptable convergent validity, acceptable 

collinearity between indicators, and were evaluated for significance and relevance. 

5.4 Constructing the second order model 

In this next step, the first order model was modified and the algorithm was run again.  

The model’s parameters and structural output determined through the WarpPLS© algorithm are 

shown in Appendix 10. Latent variables values were generated through the WarpPLS© 

algorithm for the groups of reflective indicators for environmental munificence (EM). The 

following latent variables identify the formative variables that compose the higher order 

component of environmental munificence: technological newness (lv_EMTECH), teamwork 

expertise (lv_EMTEAM), team task expertise (lv_EMTASK), project management expertise 

(lv_EMPMX), and resource availability (lv_EMRES). These latent variables are the lower order 

components in the second order model that is used for the analysis of my hypotheses. 

Latent variables were also generated defining the two formative components of 

stakeholder management capability: the importance paid to stakeholders (lv_SMCIMP), and the 

attention paid to stakeholders (lv_SMCATT).   As previously described these two latent 

variables form the definition of a value for the higher order component of stakeholder 
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management capability of the project as perceived by the project manager.  Theoretically, the 

project manager will rate the attention paid to stakeholders at a similar value as the importance 

paid to that stakeholder but along different dimensions.  Doing otherwise would indicate a non-

rational valuation of the stakeholder or a reliability problem with the indicators. From the 

loading and cross-loading table for the reflective indicators for the two latent variables defining 

stakeholder management capability (Table 5.4) there appears to be little chance of co-linearity 

between the indicators defining stakeholder management capability. This implies that the SMC 

latent variables of ‘attention paid’ and ‘importance paid’ are different dimensions and are also a 

valid formative measure for SMC  

The final parsimonious model is then constructed as a higher order model.  This is done 

by replacing the individual latent variable moderation links by higher order formative constructs 

of environmental munificence and stakeholder management capability (Figure 5.4).   

 

Figure 5.4 Parsimonious operational model 
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5.4.1 Reflective Indicators -  analysis for the second order model 

The higher order operational model is analyzed once again with the WarpPLS© 

algorithm. Convergent validity is checked by examining the loading of reflective indicators in 

this model as shown in Table 5.10.  This table shows that the loading of each latent variable has 

more correlation with their indicators than with other indicators. The average variance extracted 

as tested for this model is shown in Table 5.11.  As suggested by Hair et al. (2017), values for the 

average variance extracted for the variables of diagnostic LOC and project performance are both 

higher than 0.5.  Conditions for convergent validity are thus satisfied. Table 5.11 also shows that 

the internal consistency reliability values as indicated by the composite reliability coefficients are 

higher than the suggested 0.7 (Hair et al., 2017). 

 

 

Table 5.10. Loading and cross-loading table for reflective indicators in higher order model 

Type of 

indicator Indicator 

Latent Variables 

Diagnostic 

LOC 

Project 

Performance 

Project 

Size 

Reflective DIAG1 0.845 0.008 0.239 

Reflective DIAG2 0.896 0.05 -0.187 

Reflective DIAG3 0.92 -0.025 -0.014 

Reflective DIAG4 0.882 -0.032 -0.025 

Reflective PERF1$ 0.106 0.809 0.004 

Reflective PERF2S 0.106 0.804 0.117 

Reflective PERF3O 0.102 0.858 -0.008 

Reflective PERF4B -0.341 0.755 -0.12 
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Table 5.11. Composite reliability coefficients, Cronbach’s alpha and average variance extracted 

for reflective indicators in higher order model 

 

Composite reliability 
coefficients 

Cronbach's alpha 
coefficients 

Average variances 
extracted 

Diagnostic LOC 0.936 0.908 0.785 

Project 
Performance 0.882 0.821 0.652 

 

Discriminant validity for the reflective indicators is tested by visualizing the cross-

loading from Table 5.10 and by ensuring that the Fornell-Larcker criterion is satisfied.  It is 

apparent from Table 5.10 that there are no cross-loading problems and from Table 5.12 that the 

square root of the average variance extracted satisfies the Fornell-Larcker criterion.  It is thus 

likely that the reflective indicators satisfy their requirement for discriminant validity. 

Table 5.12. Fornell-Larcker criterion analysis for higher order model 

  

Diagnostic 

LOC 

Project 

Performance 

Diagnostic LOC 0.847   

Project Performance 0.068 0.737 

 

5.4.2 Formative Indicators 

In the second order model, two of the formative indicators are the lower order latent 

variables that compose the higher order constructs and the other formative indicators are the 

original ones that were tested for convergent validity using redundancy analysis. As the 

reflective indicators of the latent variables were already tested for convergent validity, then I 

won’t test the convergent validity of their latent variables on the higher order constructs of 

environmental munificence and stakeholder management capability.  
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To check for collinearity problems, the formative indicator weights are considered from 

the viewpoint of their probability (p) values, VIF, and from the theoretical reasons for keeping 

them. Their weight values are shown in Table 5.13.  

As previously discussed all formative indicators for the mediating variable of an 

emphasis on interactive LOC were retained for theoretical reasons even though one of the 

indicators, INTF2F was non-significant. Formative indicators that do not have significant p-

values when weighted but still load higher than 0.5 should be retained as they are considered to 

have absolute importance to the model but not to have relative importance to the model (Hair et 

al., 2017). Table 5.13 shows the loading of the formative indicators for the interactive LOC and 

show that they all load greater than 0.5.  

Table 5.13. Formative indicator weights and loading analysis for higher order model 

Formative 

Indicators 

Interactive 

LOC - 

weights 

EM - 

weights 

SMC - 

weights P value VIF 

Effect 

Size 

Indicator 

Loading* 

INT1F2F 0.129 0 0 0.1 1.605 0.087 0.67 

INT1_US 0.177 0 0 0.038 4.794 0.162 0.917 

INT2_US 0.169 0 0 0.045 3.593 0.148 0.876 

INT3_US 0.174 0 0 0.041 4.449 0.157 0.901 

INT4_FA 0.17 0 0 0.045 3.686 0.149 0.879 

INT5_FA 0.173 0 0 0.042 4.287 0.155 0.895 

INT6_FO 0.166 0 0 0.049 3.492 0.142 0.858 

lv_EMTEAM 0 0.008 0 0.47 1.152 0 0.014 

lv_EMPMX 0 0.349 0 <0.001 1.269 0.242 0.694 

lv_EMTASK 0 0.44 0 <0.001 2.004 0.386 0.876 

lv_EMTECH 0 0.415 0 <0.001 1.808 0.342 0.825 

lv_EMRES 0 0.124 0 0.11 1.073 0.03 0.245 

lv_SMCATT 0 0 0.542 <0.001 1.97 0.5 0.922 

lv_SMCIMP 0 0 0.542 <0.001 1.97 0.5 0.922 

 

Note: * these indicator loading values are used for determining the importance of the indicator to 

the model (Hair et al., 2017). 
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Although theoretically all five (5) formative latent variables for EM need to be kept to 

adequately define environmental munificence, I also tested the adjusted R2 value of the structural 

model by eliminating two of the formative latent variables for EM that were not significant (the 

teamwork latent variable with p=0.470 and the latent variable for resource availability with p= 

0.110) and did not load well (0.014 and 0.245 respectively). With all 5 latent variables for EM, 

the average adjusted R2 was 0.151 (p=0.03) while with 3 latent variables for EM the average 

adjusted R2 for the model was 0.096 (n.s.). Kock (2015b) suggests that when the average 

adjusted R2 is higher for a model than when indicators are removed, then the original model 

needs to be retained as the explained variance using the adjusted average R2 takes into account 

the contribution of all latent variables. Therefore, this result suggests that the structural model 

with all 5 latent variables for EM better explains the outcome than the structural model with 3 

latent variables for EM. 

The second order construct of stakeholder management capability (SMC) is formed from 

two formative latent variables that define the attention paid to the stakeholders and the 

importance paid to the stakeholders. Their indicator weights were both significant and had VIF 

values of 2.6 which is close to the Kock’s (2015b) suggested value of 2.5 and well below 5.0 

(see Table 5.13).  In addition, the theoretical requirement is that they form two parts of the three 

parts that define stakeholder management capability (Freeman, 1984). Therefore, I kept them as 

part of the model. 

5.4.3 Testing for common method bias 

The WarpPLS© algorithm also allows for the post hoc testing of common method bias 

through the examination of full collinearity variance inflation factors (VIF).  Based on the 
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research literature (Kock & Lynn, 2012; Lindell & Whitney, 2001) values for this VIF of less 

than 3.3 suggests that there is no common method bias and no multicollinearity. The latent 

variables in the operationalization of the model have a full collinearity VIF of less than 3.3 as 

shown in Table 5.14 which suggests that there is no multicollinearity nor common method bias 

in the model (Kock & Lynn, 2012). 

 

Table 5.14. Full Collinearity variance inflation factor for latent variables 

Latent Variable  Full Collinearity VIF 

Diagnostic LOC 1.597 

Interactive LOC 1.305 

Project Performance 1.796 

Project Size 1.256 

Environmental Munificence 1.828 

Stakeholder management capability 1.348 

 

5.4.4 Analysis of the structural model 

The final step in the analysis of the higher order model is to view the entire model and 

evaluate model fit and quality indices.  The structural model path coefficients and probability 

values for these coefficients is shown in Figure 5.4. With WarpPLS©, it is possible to test the 

model that is hypothesized by comparing the output values of the model to acceptable values 

from the PLS-SEM literature.  In Table 5.15, I list the general results provided by a WarpPLS© 

analysis of the model and how well the model and quality indices relate to the model. According 

to the requirements for each established measure for model fit and quality, the model appears to 

be a fit for the data that was empirically observed and validates the operational model. 
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Figure 5.5 – Operationalization of the conceptual model using empirical data. 

 

Table 5.15. Model fit and quality indices table 

Model fit and quality 

indices 

Actual Requirement Reference 

Average path 

coefficient (APC) 

0.222 p=0.006 p<=0.05 (Kock, 2015b) 

Average R2 (ARS) 0.212 p=0.008 p<=0.05 (Kock, 2015b) 

Average adjusted R2 

(AARS) 

0.186 p=0.016 p<=0.05 (Kock, 2015b) 

Average block variance 

inflation factor (AVIF) 

1.420 Ideal if <=3.3 (Kock & Lynn, 2012) 

Average full 

collinearity VIF 

(AFVIF) 

1.644 Ideal if <=3.3 (Kock & Lynn, 2012) 

Tenenhaus goodness-

of-fit (GoF) 

0.375 - large Small >=0.1 

Medium >=0.25 

Large >=0.36 

(Tenenhaus et al., 2005; 

Wetzels et al., 2009) 

 

The importance of project size is documented through the project management literature 

and in my model, I have this construct directly linked to project performance.  In order to 

understand its impact on the overall model, I adjusted the model to link the project size to EM 

and to SMC.  In this way, the interaction of the project size and its impact on the model may be 

further understood. See figure 5.6 for this alternate conceptual model.  
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Figure 5.6 – Alternate conceptual model. 

The alternate model was evaluated with respect to fit and quality indices (see Table 5.16).  

As recommended by Hair et al. (2017, p. 199-200), when the average adjusted R2 value for a 

new model (0.143) is lower than the average adjusted R2 value for the original model (0.186), 

then the original model should be retained. The original model which is parsimonious is then 

retained. However, the alternate model provides supporting evidence that moderation by EM and 

SMC on the relationship between the interactive LOC and project performance is significant 

even though project size is positively and significantly linked to the moderators. 

Table 5.16. Model fit and quality indices table for alternate model. 

Model fit and quality 

indices 

Actual Requirement Reference 

Average path coefficient 

(APC) 

0.258 p=0.002 p<=0.05 (Kock, 2015b) 

Average R2 (ARS) 0.159 p=0.028 p<=0.05 (Kock, 2015b) 

Average adjusted R2 

(AARS) 

0.143 p=0.038 p<=0.05 (Kock, 2015b) 

Average block variance 

inflation factor (AVIF) 

1.515 Ideal if <=3.3 (Kock & Lynn, 2012) 

Average full collinearity 

VIF (AFVIF) 

1.644 Ideal if <=3.3 (Kock & Lynn, 2012) 

Tenenhaus goodness-of-

fit (GoF) 

0.325 - medium Small >=0.1 

Medium >=0.25 

Large >=0.36 

(Tenenhaus et al., 2005; 

Wetzels et al., 2009) 
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5.4.5 Post-hoc analysis of Power 

The WarpPLS© algorithm used in this research provides tests for normality based on the 

robust Jarque-Bera test of normality (Gel & Gastwirth’s [2008] robust modification of the 

Jarque-Bera test for normality as reported in Kock, 2015b).  This test as applied to the original 

model shows that not all of the latent variables have normal distributions (see Appendix 11).  In 

fact, only the latent variables for ‘project size’ and EM are normally distributed.  The non-

parametric nature of the sample means that my original calculations using G*Power may lead to 

an underpowered model.  Consequently, I ran a post hoc gamma exponential calculation of 

power (Kock & Hadaya, 2016) which is designed for non-parametric samples.  WarpPLS© 

version 6 has this new feature enabled and was released by ScriptWarp Systems in 2017.  Using 

the lowest significant value of the direct links to project performance of 0.27 (interactive LOC -> 

project performance path) from the original model, I calculate from the use of 93 participants 

that my power is 87.5% to achieve a significance of 5%.  However, the lowest significant value 

for the moderators is 0.19 (for the EM->interactive LOC to project performance path) which 

means that for my participant sample size of 93, I achieve a 61% power on the indirect 

moderating links which indicates a 39% chance of committing a Type II error.  Therefore, there 

is a risk that although my direct hypothesis of mediation and direct links may not suffer from the 

risk of a Type II error, it may be possible with the existing sample that moderation may suffer 

this type of error. 

5.5 Testing of the hypotheses through path analysis 

In this section, the final steps of my methodology are implemented. I test each one of the 

hypotheses using the original model in Figure 5.5.  Table 5.17 summarizes my findings.  
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Table 5.17. Summary of hypotheses and findings for all projects 

Hypothesis Findings 

H1: (main effect of the diagnostic LOC on 

project performance) 

Not supported. (β=0.08, n.s.).   

H2: (main effect of the interactive LOC on 

project performance) 

Supported. (β=0.27, p<0.01). 

H3: (main effect of the diagnostic LOC on the 

interactive LOC) 

Supported. (β=0.44, p<0.01). 

H4: (indirect effect of the diagnostic LOC on 

project performance through interactive LOC) 

Supported.  (β=0.117, p=0.05, ƒ2=0.02).  

H5: (indirect effects of SMC on relationship 

between the interactive LOC and project 

performance) 

Supported. (β=0.22, p=0.01)  

H6: (indirect effects of EM on relationship 

between the interactive LOC and project 

performance) 

Supported. (β=0.19, p=0.03)  

 

5.5.1 Discussion of H1 and analysis of the results 

H1 – The emphasis on the use of the diagnostic LOC has a significant and positive impact on the 

performance of an IT project. 

Not supported. The emphasis on the diagnostic LOC has a non-significant impact on the 

performance of an IT project (β=0.08, n.s.).  The beta value indicates a slight and positive 

relationship which is non-significant. The implication is that for practical purposes an emphasis 

on the diagnostic LOC may have or may not have an impact on the performance of the project.  
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Hayes and Preacher (2010) have suggested that it is not necessary to have a significant main 

effect to have a mediation effect and so I will examine the mediation hypothesis H4 with this 

consideration in mind. 

5.5.2 Discussion of H2 and the analysis of the results 

H2 – The emphasis on the use of the interactive LOC has a significant and positive impact on the 

performance of an IT project. 

Supported. There is a positive and significant impact of the emphasis on the interactive 

LOC on the performance of the project as perceived by the project manager (β=0.27, p<0.01). 

The effect size (ƒ2=0.10) indicates that the effect of the emphasis on interactive LOC on the 

performance outcome is small to medium (Cohen, 1988). Practically speaking, the emphasis on 

the interactive LOC by the project manager makes a positive difference to the performance of the 

project. 

5.5.3 Discussion of H3 and the analysis of the results 

H3 – The emphasis on the use of the diagnostic LOC has a significant and positive impact on the 

use of the interactive LOC. 

Supported. There is a significant and positive impact on the interactive LOC from the 

diagnostic LOC (β=0.44, p<0.01). As theoretically predicted, there is a significant relationship 

between the emphasis on the diagnostic LOC and the interactive LOC with a medium effect size 

(ƒ2=0.19). For the entire population of projects, the project manager’s emphasis on the 

interactive LOC is likely to depend on their emphasis on the diagnostic LOC.  
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5.5.4 Discussion of H4 and the analysis of the results 

H4 - The emphasis on the use of the diagnostic LOC will impact the performance of the project 

because of the emphasis on the use of the interactive LOC by the project manager.  

Supported.  The indirect path of the emphasis on the diagnostic LOC working through 

the emphasis on the interactive LOC acting on the performance of the project is positive and 

significant (β=0.117, p=0.05, ƒ2=0.02).  The effect size is small but not negligible (Cohen, 1988). 

It is statistically probable that there is a mediation of the relationship between the diagnostic 

LOC and the performance because of the emphasis on the interactive LOC. 

5.5.5 Discussion of H5  – moderation by SMC  

H5 - The stakeholder management capability (SMC) of the project as perceived by the project 

manager will moderate the relationship between the emphasis on the interactive LOC and 

project performance: a) when the SMC is high, the relationship will be stronger than b) when the 

SMC is low. 

Supported. There is a significant and positive moderating effect by the stakeholder 

management capability on the relationship between the interactive LOC and the project 

performance relationship (β=0.22, p<0.01).  As previously theorized and suggested by the 

project management literature, the importance and attention paid to stakeholders (in this case, the 

project sponsor) makes a difference on the relationship between this LOC and the project 

performance.  Through a visualization of the relationship shown in figure 5.7, there is a 

difference in slope between the high SMC (+1 standard deviation [SD] from the mean SMC) and 

the slope of a low SMC (-1 SD from the mean SMC).  This indicates that the SMC moderator is 

acting as predicted so that when the SMC is high, the impact on the relationship between the 
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interactive LOC and project performance will be improved and when the SMC is low, the 

relationship is worsened.  This makes sense in that greater attention and importance paid to the 

stakeholder impacts the way control mechanisms are used in relation to the project performance. 

  

Figure 5.7 Moderation visualization by SMC 

 

5.5.6 Discussion of H6 – moderation by EM 

H6 - The environmental munificence (EM) of the project as perceived by the project manager 

will moderate the relationship between the interactive LOC and project performance: a) when 

the EM is high the relationship will be stronger than b) when the level of EM is low. 
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Supported. There is a significant and positive moderating effect by the environmental 

munificence on the interactive LOC to the performance relationship (β=0.19, p=0.03). As 

previously theorized and suggested by the project management literature, the availability or 

scarcity of necessary resources defined as the environmental munificence makes a difference in 

the relationship between the manager’s emphasis of interactive LOC and project performance. 

Through a visualization of the relationship in figure 5.8, there are visible differences in the slope 

between the high EM (+1 SD from the mean EM) and the low EM (-1 SD from the mean). When 

EM is high, there is a positive impact on the relationship between the interactive LOC and 

project performance and when EM is low, this impact is negative on the relationship between the 

interactive LOC and project performance. The abundance or scarcity of resources for IT projects 

do appear to make a difference to how control mechanisms are used and the subsequent project 

performance. 

 

Figure 5.8 Moderation visualization by EM 
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5.6 Exploring the results of grouping the IT projects 

The operational model that was just analyzed describes the inter-relationship between the 

LOC and describes this relationship as a mediated one.  This is supported through my empirical 

testing. In addition, my theoretical predictions that contingency variables moderated the 

mediation showed significant results for the population of 93 projects.  As suggested by the 

literature the size of the project makes a difference in project management and so I explore this 

contingency in this section with the following rationale.  

Project size was used as a control variable in the model although I found no statistically 

significant relationship (β=-0.14, n.s.). As prior literature implies, there is a difference in how 

projects are controlled considering the size of the project (Sauer et al., 2007). In my original 

model, the presence of project size as a variable acting on performance impacted the overall 

model due to the simultaneous determination of structural paths performed by PLS SEM.  It is 

possible that the interaction effect of project size impacted the model towards significant 

moderation. In addition, my alternate model with project size as a control on EM and SMC did 

not change the moderation by EM and SMC on the interactive LOC to project performance link. 

However, I could investigate the impact of project size on the model by doing a multi-

group analysis.  I explored this difference in the moderated mediated relationship by looking at 

two groups of projects segmented by their size.  In the following exploratory section, I explore 

the importance of project size by grouping the projects into two sample populations. I previously 

showed that the logarithmic transformation of the person-month size component gave a normal 

distribution of data. I split the population along its median of 2.08 which represents 120 man-

months (the median in this case is the same as the average). This procedure separated projects 

into two groups. I named them “large” and “small” to identify them in this research. Small 
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projects (44 projects) were less than or equal to 117 person-months with a range of 3 to 117 

person-months and large projects (49 projects) were larger than or equal to 120 person-months 

with a range of 120 to 3600 person-months.  Independent research has shown that a small project 

can be categorized as those expending a budget of $1 million or less (Chaos Manifesto, 2013).  

Assuming an average loaded cost (salary and benefits) of $100,000 per person, the project size is 

10 person-years or 120 person-months. An academic study by Sauer et al. (2007) finds that 

projects in the 89-170 person-month category perform successfully compared to projects with 

larger sizes.  Therefore, my classification is similar to the way other projects have been 

categorized. 

The operational model was rerun for each group in the model.  The WarpPLS© analysis 

was run using the same method as for the full population of IT projects.  In other words, I went 

through the sequence of running the model with all indicators and then considering for removal 

the indicators that did not meet the appropriate loading and weighing requirements. I then built a 

second order model from the latent variables generated from the first order analysis. The 

subsequent final models are shown in Figures 5.9 and 5.10. Appendix 12 and Appendix 13 

provide the output data from the WarpPLS© analysis for the large and small project groups. 

The distribution of the latent variables for the small and large sample sizes showed at 

least one latent variable with non-normal distribution using the robust Jarque-Bera normality test 

(Gel & Gastwirth’s [2008] robust modification of the Jarque-Bera test for normality as reported 

in Kock, 2015b). This is reported in the output results of the algorithm shown in Appendix 11. 

Therefore, I could not use a post hoc power determination tool such as G*Power due to its 

requirement for normality and so I used the gamma exponential method provided by Kock and 

Hadaya (2016). Post hoc analysis of the power for large projects with a sample size of 49 showed 
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a power of 99% with a 95% confidence for the direct significant link and a power of 67% for the 

indirect links which indicates a small chance for Type II error for the direct link and a 37% 

chance of Type II error for the indirect links. Similarly, post hoc analysis of the power for small 

projects with a sample size of 44 showed a power of 88% with 95% confidence for the direct 

significant link and a power of 82% for the indirect moderating links which also describes a low 

chance of committing a Type II error with acceptable significance level.   

 

Figure 5.9. Operationalization of conceptual model for large projects. 
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Figure 5.10. Operationalization of conceptual model for small projects 

I then compared the general model elements to referenced requirements (see Table 5.18).  

In the case for the large project size sample population and that for small project sizes, most 

model fit and quality indices matched the referenced requirement (except for AARS significance 

for the small projects).  

Table 5.18. Model fit and quality indices table for large projects and small projects 

Model fit and 

quality indices 

Project size Requirement Reference 

Large Small 

Average path 

coefficient (APC) 

0.373 

p=0.001 

0.231  

p=0.025 

p<=0.05 (Kock, 2015b) 

Average R2 (ARS) 0.387 

p<0.001 

0.214  

p=0.032 

p<=0.05 (Kock, 2015b) 

Average adjusted R2 

(AARS) 

0.355 

p<0.001 

0.168  

p=0.060 

p<=0.05 (Kock, 2015b) 

Average block 

variance inflation 

factor (AVIF) 

3.172 1.463 Ideal if <=3.3 (Kock & Lynn, 2012) 

Average full 

collinearity VIF 

(AFVIF) 

2.990 1.405 Ideal if <=3.3 (Kock & Lynn, 2012) 
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Tenenhaus goodness-

of-fit (GoF) 

0.484 - 

large 

0.349 - 

medium 

Small >=0.1 

Medium >=0.25 

Large >=0.36 

(Tenenhaus et al., 

2005; Wetzels et al., 

2009) 

 

The hypotheses were tested against the findings for large projects and the findings for 

small projects.  Results are shown in table 5.19.   

Table 5.19. Summary of hypotheses and findings for different sample populations 

Hypothesis Findings (large projects) Findings (small projects) 

H1: (main effect of the diagnostic LOC on 

project performance) 

Not supported. (β=0.18, 

n.s.).   

Not supported. (β=0.03, 

n.s.).   

H2: (main effect of the interactive LOC on 

project performance) 

Supported. (β=0.48, 

p<0.01). 

Not supported. (β=0.05, 

n.s.). 

H3: (main effect of the diagnostic LOC on 

the interactive LOC) 

Supported. (β=0.57, 

p<0.01). 

Supported. (β=0.37, 

p<0.01). 

H4: (indirect effect of the diagnostic LOC 

on project performance through the 

interactive LOC) 

Supported.  (β=0.27, 

p<0.01, ƒ2=0.08). 

Not Supported.  (β=0.02, 

n.s., ƒ2<0.01). 

H5: (indirect effects of SMC on 

relationship between the interactive LOC 

and project performance) 

Supported.  (β=-0.27, 

p=0.02) – linear analysis. 

 

Supported. (β=0.34, 

p<0.01)- linear analysis. 

 

H6: (indirect effects of EM on relationship 

between the interactive LOC and project 

performance) 

Supported.  (β=0.37, 

p<0.01) – linear analysis. 

 

Supported.  (β=0.38, 

p<0.01) – linear analysis. 

 

 

5.6.1 Discussion of H1 and the analysis of the results 

H1 – The emphasis on the use of the diagnostic LOC has a significant and positive impact on the 

performance of an IT project. 
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Not supported. The emphasis on the diagnostic LOC has a non-significant impact on the 

performance of an IT project for either groups of small projects (β=0.03, n.s.) or large projects 

(β=0.18, n.s.).  The beta value indicates a slight and positive relationship in both cases which is 

non-significant. Just like the full sample population, the implication is that an emphasis on the 

diagnostic LOC may have or may not have an impact on the performance of the project.  As this 

is not necessarily a precondition for mediation (Hayes and Preacher, 2010) I will consider this 

during the evaluation of H4.  

5.6.2 Discussion of H2 and the analysis of the results 

H2 – The emphasis on the use of the interactive LOC has a significant and positive impact on the 

performance of an IT project. 

Supported for large projects but not supported for small projects. There is a positive 

and significant impact of the emphasis on the interactive LOC on the performance of projects in 

the sample population of large projects (β=0.48, p<0.01). The effect size (ƒ2=0.30) indicates that 

the effect of the emphasis on the interactive LOC on the performance outcome is medium 

(Cohen, 1988). However, for the population of small projects, this hypothesis is not supported 

(β=0.05, n.s.). From a priori sample size calculations, the number of samples needed to achieve 

80% power was appropriate for my large project sample size but not with my small project 

sample size. As my probability of committing a Type II error is smaller with the large projects 

and the relationship is significant I feel more confident that the attention paid by the manager 

through change control evidenced through an emphasis on the interactive LOC makes a positive 

difference on the performance for large projects rather than with small projects. 
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5.6.3 Discussion of H3 and the analysis of the results 

H3 – The emphasis on the use of the diagnostic LOC has a significant and positive impact on the 

use of the interactive LOC. 

Supported. There is a significant and positive impact on the interactive LOC from the 

diagnostic LOC for small projects (β=0.37, p<0.01) and for large projects (β=0.57, p<0.01). As 

theoretically predicted, there is a significant relationship between the emphasis on the diagnostic 

LOC and the interactive LOC with a large effect size (ƒ2=0.33) and a small to medium effect size 

(ƒ2=0.13) for small projects. The hypothesis is supported in that the project manager’s emphasis 

on the interactive LOC is more likely to depend on their emphasis on the diagnostic LOC.   

5.6.4 Discussion of H4 and the analysis of the results 

H4 - The emphasis on the use of the diagnostic LOC will impact the performance of the project 

because of the emphasis on the use of the interactive LOC by the project manager.  

Supported for large projects but not supported for small projects.  The indirect path 

of the emphasis on the diagnostic LOC working through the emphasis on the interactive LOC 

acting on the project performance is positive and significant for large projects (β=0.27, p<0.01, 

ƒ2=0.08).  The effect size is small (Cohen, 1988) and so the hypothesis is supported.  As H1 is 

not significant for this sample population, it is likely that the relationship is a full mediation. It is 

statistically probable that there is a mediation of the relationship between the diagnostic LOC 

and the project performance because of the emphasis on the interactive LOC.  However, with 

small projects, the mediation relationship is not significant and has a negligible effect size 

(β=0.02, n.s., ƒ2<0.01).  With small projects, there is no statistical support for the mediation 

hypothesis.  
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5.6.5 Discussion of H5  – moderation by SMC  

H5 - The stakeholder management capability (SMC) of the project as perceived by the project 

manager will moderate the relationship between the emphasis on the interactive LOC and 

project performance: a) when the SMC is high, the relationship will be stronger than b) when the 

SMC is low. 

Supported for small projects and supported for large projects. I performed a linear 

analysis for this moderation.  My linear analysis simplifies the relationship affecting the 

interactive LOC to performance link by applying a straight line to the moderation whereas the 

non-linear relationship normally used by WarpPLS© takes a polynomial approach and examines 

the bivariate relationship between pairs of data points.  I find that for small projects the 

moderation effect is significant (β=0.34, p<0.01).  For large projects, the moderating effect is 

significant but negative (β=-0.27, p=0.02). Although there is a significant moderation effect with 

small projects, it is working on a non-significant relationship between the interactive LOC and 

the project performance construct and so the interpretation is not conclusive. I use a visualization 

technique to observe the difference in slopes between a high value of SMC (+1 standard 

deviation [SD] above the mean) and a low value of SMC (-1 SD below the mean). By viewing 

figure 5.11, it is apparent that the slopes are not much different between a high moderating value 

of SMC (slope of 0.03) and a low moderating value of SMC (slope of 0.07) and that regardless 

of this value, the impact on the relationship of the interactive LOC to project performance is not 

visually different. Together with the non-significance of the direct relationship between the 

interactive LOC and the project performance, this moderation cannot be concluded to be 

important to the overall model. 



         117 
 

 
 

 

Figure 5.11 Visualization of the moderation by SMC in small projects. 

 

I repeat the visualization technique with large projects.  See figure 5.12 for a graph 

showing the high SMC (+1 SD) compared to the low SMC (-1 SD) acting on the interactive LOC 

to project performance relationship. In this case the difference in slopes is clearer to identify 

(slope of 0.36 for the high SMC and a slope of 0.47 for a low SMC).  This difference in slope 

visually identifies the indirect effect of this moderator on the relationship between the interactive 

LOC and project performance.  Although the moderation hypothesis is confirmed it also appears 

(visually and through the negative beta of the moderation relationship) that large projects with a 

higher SMC moderates the effect of interactive LOC on project performance at a lower rate than 

those large projects with lower SMC.   
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Figure 5.12 Visualization of the moderation by SMC in large projects.  

5.6.6 Discussion of H6 – moderation by EM 

H6 - The environmental munificence (EM) of the project as perceived by the project manager 

will moderate the relationship between the interactive LOC and project performance: a) when 

the EM is high the relationship will be stronger than b) when the level of EM is low. 

Supported for small and large projects. Moderation by environmental munificence is 

supported for the sub-sample populations of small projects and large projects.  For the samples 

with large project sizes the moderation effect is significant (β=0.37, p<0.01). For the small 

project sizes the moderation effect is also significant (β=0.38, p<0.01) but this is acting on a non-

significant direct effect of the interactive LOC on the performance which makes this 

interpretation ambiguous. Figure 5.13 and figure 5.14 show a visualization graph of the 

moderation of environmental munificence acting on the relationship between the interactive 

LOC and project performance.  The graphs show that the slopes between a high value of EM (+1 
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SD) and a low value of EM (-1 SD) are distinct and indicate an indirect effect due to EM. For 

small projects the slope for a high value of EM is 0.16 and for a low value of EM it is -0.09.  For 

large projects the slope for a high value of EM is 0.31 and for a low value of EM it is 0.08. As 

theorized in this study, the availability or scarcity of necessary resources defined as the 

environmental munificence makes a difference on the relationship between the emphasis on the 

interactive LOC and the project performance.  

 

Figure 5.13.  Visualization of the moderation by environmental munificence (EM) in small 

projects.  
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Figure 5.14.  Visualization of the moderation by environmental munificence (EM) in large 

projects.  

5.7 Summary of the analysis of results 

The testing of the hypotheses through the operationalization of the conceptual model with 

the full sample population does not support H1. This means that for my full sample size of IT 

projects, I could not confirm with significance a direct relationship between an emphasis on the 

diagnostic LOC and project performance.  This hypothesis was intended to confirm the 

significant relationship described in Sakka et al. (2013).  However, their population samples are 

different and their selection criterion was also different although we were both investigating IT 

projects. 

I find that there is a significant main effect of an emphasis on the interactive LOC and 

project performance described by H2 which confirms prior research (Sakka et al., 2016) and 
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reaffirms the importance of managerial ‘soft skills’ (Livesey, 2016). In addition, as theorized and 

confirmed with my sample of IT projects, H3 is supported. There is a significant relationship 

between the diagnostic LOC and the interactive LOC which confirms their inter-relationship. 

Through my statistical analysis, I also find support for H4 which is a mediation hypothesis. I find 

full mediation of the diagnostic LOC working through the interactive LOC to impact project 

performance to further confirm the inter-relationship and complementarity between the 

diagnostic LOC and the interactive LOC.  

I find support for significant contingency effects from SMC and EM as described by H5 

and H6.  I used project size to control for performance in one model and to control for EM and 

SMC in an alternate model. My alternate model showed that indeed project size significantly 

predicts EM and SMC and appear to act as a moderator to the operational model. I wanted to 

explore the specific impact of project size as suggested by academic literature and my initial 

findings. This line of reasoning led me to explore the grouping of the projects by project size into 

two groups that were then further analyzed using the same analytical methodology as for the full 

model.  

In this exploration, I also find that H1 is non-significant, H3 is significant for both sub-

groups but H2 is only significant for the large projects.  So, I confirm that there is a significant 

relationship between the diagnostic LOC and the interactive LOC regardless of the project size 

grouping. This inter-relatedness confirms the complementarity of the relationship. I also find full 

mediation described by H4 for large projects but no statistically significant mediation for small 

projects.   

For large projects and small projects the contingency moderation effects from SMC 

described by H5 and from EM described by H6 are significant and supported. Visualization 
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techniques and a comparison of moderation slopes shows that moderation by SMC described by 

H5 is more likely for large projects rather than for small projects. These effects from the 

moderation by SMC is apparent for large and small projects but the small differences in slope 

implies that there is unlikely to be an indirect effect of SMC on the interactive LOC to project 

performance relationship. In the case of H6, visualization techniques and a comparison of 

moderation slopes also shows that moderation by EM is apparent for both small and large 

projects. That is, environmental munificence indirect effects are confirmed but do not have the 

same indirect impact.  Therefore, by grouping the sample population by project size into two 

different groups I show the moderating impact of project size on my moderated mediated model. 

Based on the tests described in this section, the operationalization of the conceptual 

model is supported. Most of the hypotheses are also supported for the population of all projects. 

In the next section, I provide theoretical and managerial implications, describe some of the 

limitations of this research, and suggest future directions. 
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CHAPTER 6.0 SUMMARY OF KEY RESULTS 

My research shows a positive and significant relationship between the emphasis on the 

diagnostic LOC and the emphasis on the interactive LOC.  This confirms Widener’s (2007) 

research on the relationship between LOC and the research by Kruis et al. (2016) on the balance 

of LOC, both performed at the firm level. I applied their concepts of inter-relatedness and 

complementarity at the project level using the LOC framework.  The results support the 

conceptual framework described by Simons (1995) where a balance is expected between the 

control levers (balance is defined by inter-relatedness rather than by an equal weighing of 

effects).  My results also extend the research into LOC complementarity at the project level done 

by Rezania, Baker, and Burga (2016). Rezania and colleagues (2016) show the complementarity 

of various LOC at the project level using a set of projects from heterogeneous industries. My 

research confirms these results at the project level from a homogeneous industry such as IT.  

A new finding for IT project management, is that there is a mediation effect due to the 

interactive LOC acting on the diagnostic LOC which impacts the project performance and that 

this is significant for a sample population of large projects and for the aggregate of all projects.  

On the other hand, for a sample population of small projects the direction of the effect is positive 

but it is not statistically significant. It is possible that change control using the interactive LOC is 

more visible in larger projects whereas in smaller projects with shorter durations it is not as 

prominent. For projects with increased emphasis on the interactive LOC the effect of this indirect 

path leads to an improvement on the project performance as perceived by the project manager. 

This means that the interactive involvement of the project manager is a positive contributor to 

the perceived performance of the project.   The diagnostic LOC and the interactive LOC not only 
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inter-relate from the viewpoint of complementarity but work through one another to accomplish 

a better outcome.  

Another potential reason for the unexpected finding that the diagnostic LOC works 

through the emphasis on the interactive LOC in large project but not in small projects could be 

due to increased demands for the project manager’s attention. Heumann et al. (2015) find 

additional levels of management impacting managerial decision-making in their case study of a 

large IT project. On the other hand, smaller projects may not require the interactive involvement 

of the project manager and may also not be perceived to require an emphasis on the diagnostic 

LOC.  

For the full population of projects sampled, I find that both environmental munificence 

and stakeholder management capability are significant moderators. On further reflection about 

the analytical method used by WarpPLS© which executes a non-linear analysis of relationships, 

I wondered how the effect of the project size control variable would moderate the hypothesized 

relationships. So, I inferred that grouping by project size could provide some clarifications. I 

split the sample population into a group of large projects and a group of small projects. When 

large projects and small projects were analyzed as separate groups, the contingent variables of 

environmental munificence and stakeholder management capability were still significant 

moderators of the relationship between the emphasis on the interactive LOC and the project’s 

performance. Further examination of the model using moderation visualization techniques 

showed a finer distinction.  The relationship between the interactive LOC and project 

performance is indeed affected by contingent conditions of environmental munificence and 

stakeholder management capability but there are differences in the impact of moderation 
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between the two groups of projects.  Therefore, this research does confirm that project size and 

contingent variables are important in the management of projects as previously theorized. 

6.1 Theoretical implications 

I show that the interactive LOC is related to the diagnostic LOC at the project level. My 

research shows this direct relationship is a significant one.  Theoretically, the complementarity of 

these two dynamic LOC improves the performance of the project. Curtis and Sweeney (2017) 

also see this complementarity of LOC in the context of innovation as they discuss the balance 

that exist with different types of innovation. My research shows that the diagnostic LOC acts 

through he interactive LOC as viewed through the lens of complementarity.  I contribute to the 

concept of the complementarity of management control systems by showing that within a 

framework of LOC, the dynamic elements described as the diagnostic LOC and the interactive 

LOC inter-relate and in fact complement each other.    

My theoretical contribution is that the inter-relationship between forms of managerial 

control systems defined as LOC at the project level inter-relate as a mediated relationship. Then 

through my operationalization of the conceptual model I show that the mediation of the indirect 

path of the diagnostic LOC through the interactive LOC is significant with a small effect size.  

This implies that managerial actions that act as diagnostic levers improve the performance of the 

projects through their interactive managerial actions. This is an inter-relationship that is shown 

through the significant statistical mediation of the operational model. This mediation is 

influenced by the project manager’s contingent consideration of their stakeholder management 

capability and the richness of immediate resources defined by environmental munificence.  
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The aspect of project size is also interesting when examining the mediated relationships 

of LOC. Why would mediation exist for large projects but not small projects?  Considering a 

manager’s limited span of control, I consider the viewpoint of whether the project manager 

worked through hierarchies of other project managers or directly managed all the team members.  

I would expect more frequent emphasis on managerial interaction from the top project manager 

when more levels of management exist.  The top manager would depend on diagnostic 

instruments like project reports but would use frequent face-to-face interactions to manage the 

project.  This is indeed what Heumann et al. (2015) found in their case study of a large IT project 

consisting of a senior project manager, a level of team leaders and up to 200 team members. In 

this case study, Heumann et al. (2015) focused on the balance of enabling and coercive control 

systems used in a diagnostic (outcome-based) or interactive (behavioural-based) manner.  They 

describe frequent stand-up meetings to enrich the project plans and reports received by the senior 

project managers. This qualitative study supports my research findings of mediation existing for 

large projects. 

The contingency approach in the context of project management looks at many different 

factors that influence the actions of a project manager and how these actions combine to 

optimize the performance of a project. However, I chose in my theory to look at two 

environmental variables and found them to be significant moderators of managerial action with 

respect to their performance.  In my research, I describe adjacent environmental factors that 

together form environmental munificence as suggested by Castrogiovanni’s (1991) discussion of 

different levels of adjacency and their relevance to research studies. One of my contributions is 

the finding that environmental munificence for IT can be formatively defined by a limited 

number of constructs originally constructed through factor analysis by Barki et al. (1993) and 
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subsequently described by Dongus et al. (2015) in their meta-analysis of IT project success 

determinants. This formative variable explains the elements of environmental munificence that 

acts as a moderator of the interactive LOC to performance relationship in IT projects. The 

moderation of this mediation is stronger for projects when the environmental munificence is 

higher.  

My other contribution is that the stakeholder management capability with its focus on the 

project sponsor in this research also explains when the relationship between the interactive LOC 

and performance is improved for IT projects. I find empirical evidence for the interaction of the 

attention and importance paid to the project sponsor on the relationship between the interactive 

LOC and project performance.  This confirms Freeman’s (1984) conceptual definition of 

stakeholder management capability but applies it specifically at the project level. As previously 

discussed, consideration of the project sponsor as a stakeholder is important in the management 

of a project (Jugdev & Müller, 2005; Müller, & Turner, 2007; Liu & Yetton, 2010; Liu, 2010; 

Sense, 2013).  The results of this research confirm that SMC based on this stakeholder is a 

significant moderator on a mediated relationship of the diagnostic LOC with project 

performance. 

Contingency factors are important in that they affect the strength of the complementarity 

between the diagnostic LOC and the interactive LOC.  Operating within this context, project 

performance can be seen to be impacted through a moderated mediated model. Therefore, the 

conceptualization and testing of my theoretical model addresses the current need in contingency 

theory to address multiple contingent variables at the same time and not in isolation (Otley, 

2016).  



         128 
 

 
 

Otley (2016) also suggests that more work needs to be done at the conceptualization of 

control frameworks in the context of contingency theory. This framework (Otley, 2016) 

describes the importance of contingency variables affecting the performance of management 

controls in organizational design.  From the viewpoint of IT projects as temporary organizations, 

I contribute to the body of knowledge on what Luthans and Stewart (1977) defined as “the 

functional relationships between environment, management, and performance variables” (p. 

183). I address this need through my moderated mediated model with the mediation through a 

framework of LOC and the moderation by contingency variables. 

Finally, I contribute to the body of knowledge on project control within the field of 

project management.  This is a dynamic field (Kwak & Anbari, 2009; Müller & Söderlund, 

2015) that is still defining its various schools of thought (seven schools of thought proposed by 

Söderlund [2011] and nine schools of thought proposed by Turner, Anbari, and Bredillet [2013]). 

Project control as management control systems have been described as a package (Bedford & 

Malmi, 2015) and inter-related systems (Grabner & Moers, 2013, Kruis et al., 2016). In my 

research with IT projects and through the theoretical development and operationalization of my 

conceptual model, I find that the complementarity of management control systems and their 

inter-relatedness in the framework of LOC is supported.  This extends prior research using this 

framework in heterogeneous industries (Rezania et al., 2016) and applies a complementarity 

view of LOC to IT projects (beyond the packaged view described by Sakka et al. 2013; 2016). 

The contingency factors studied in this research do moderate the relationship between MCS and 

project performance differently depending on the size of the project.  Project control is affected 

by project size (as conceptualized by Livesey [2016]) but in this study, I show empirically 

different indirect effects and contingent effects depending on the size of the project. 
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6.2 Managerial implications 

Project managers responsible for IT projects have a choice of management control 

systems and what to emphasize to improve their perceived project performance.  I show that 

project managers should increase the emphasis on face-to-face control mechanisms (interactive 

LOC) to improve the relationship between feedback reports and dashboards (diagnostic LOC) 

and project performance.  Then when there is a high consideration for the project sponsor and 

there is an abundance of resources, there is more likelihood that the relationship between the 

control mechanisms and project performance will also improve.  

This research also confirms the importance of project size with IT projects. Previous 

research has researched the question of project size and its impact on project performance. For 

example, Ahonen, Savolainen, Merikoski, and Nevalainen (2015) find a positive correlation 

between project management effort and project size across heterogeneous projects. More 

specifically, Dongus, Ebert, Shermann and Krcmar (2015) find weak effects from project size in 

their meta-analysis of on the determinants of IT project performance.  In my research, I observe a 

difference in the mediation relationships by focusing on sample populations with differently 

sized projects (large projects versus small projects). As previously discussed, a significant 

mediation relationship is confirmed for large projects whereas this relationship is not significant 

with the sample of small projects in my research sample. In other words, for large projects, the 

emphasis on the diagnostic LOC works through an emphasis on the interactive LOC to affect the 

project performance with a statistical significance.  Hence, based on my sample population, 

project managers in IT projects with a size greater than 117 person-months need to apply 

interactive LOC if they wish to improve the impact of the diagnostic LOC on project 

performance.  This information reinforces prior research by Sauer et al. (2007) that categorize 



         130 
 

 
 

project success rates as partially dependent on project effort (in person-months). They found 

some level of project failure for projects that were equal to or greater than 212 person-months.  

Another practical finding is that the contingency of stakeholder management capability 

(SMC) significantly affects the mediation relationship for large projects.  This finding confirms 

empirical research describing the importance of the project sponsor to the performance of 

projects (Kloppenborg, Tesch, & Manolis, 2014; Sense, 2013; Liu & Yetton, 2010). There may 

exist additional reasons for the negative moderation effect shown in the path analysis for large 

projects.  This negative moderation effect can be visualized as a lessening of the positive impact 

on the mediation with projects that have greater managerial interaction.  Research by Davis 

(2017) describes the complexity of stakeholder expectations and the dynamic mix of those 

expectations as a project progresses.  It is possible that the stakeholder management capability 

measure is not static so that the project manager’s perception of SMC also varies according to 

their recall of the project outcome and its success.  In future studies, it may be possible to use 

new stakeholder management capability constructs for project management by Aragonés-

Beltrán, Garcia-Melón, and Montesinos-Valera (2017) to further refine the actual SMC.  The 

project management literature continues to explore the best way to explore the impact of 

stakeholders. This evolving research provides the possibility to extend my research using other 

stakeholder valuation models.  

The contingency of environmental munificence (EM) also affects the mediation 

relationship for large projects.  I expect that larger projects with large manpower or time 

allocations will have the need for more resources. These additional resources positively impact 

the mediation relationship with project performance. This means that the use of the diagnostic 
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LOC through the interactive LOC results in projects with better performance with higher EM 

than when EM is low.   

Alternatively, project managers in smaller projects are not shown to increase their 

performance through an emphasis on the interactive LOC acting on the diagnostic LOC. In this 

case, there is no statistically significant mediation. This may seem counterintuitive initially but in 

fact smaller project teams may be more self-directed and effective. This could account for the 

non-significance of the relationship between the diagnostic LOC and project performance, and of 

the interactive LOC and project performance. These smaller projects by their very nature could 

be less complex requiring fewer project team members, smaller budgets and shorter completion 

times. It also makes sense that smaller projects require less emphasis on the interactive LOC 

from their manager and that they will be more sensitive to their resource requirements as 

confirmed by the significant moderation effect of EM on the interactive LOC to performance 

relationship.   

6.3 Limitations and future research 

One of the limitations of this research as with many other surveys is the size of the 

respondent sample and the anonymity of the respondents.  Although the respondent sample size 

is sufficient to achieve the desired power and confidence interval for statistical analysis, 

increasing the sample size may improve the significance of some of the relationships.  The 

anonymity of the respondents allows for improved control of common method bias (Podsakoff et 

al., 2003) but as a self-reporting survey it does not allow for triangulation and verification 

regarding descriptive data such as team size, project budget, and project schedule.  Although 

Ajzen & Fishbein (1980) in their research on the correlation of behavioral reporting with factual 
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data support the use of self-reporting, I recognize that the anonymity of respondents may also 

lead to inaccuracy in their reporting that could bias the results. 

The survey measures were taken from validated surveys but as some of the reflective 

measures were used in composite scores (Barki et al., 1993) or in differing context (Sakka et al., 

2013), it is possible that my adaptation of the questions may have caused some confusion with 

the respondents.  The use of WarpPLS© allows the removal of indicators that do not load well 

but in this research the removal of poorly loading indicators led to a few of my first level 

constructs to be formed from just two reflective indicators. More indicators could be used to 

ensure that if some do not load properly, I can eliminate them and so maintain the minimum 

three indicators suggested by the structural equation literature (Chin et al., 2003).   

The use of formative measures and their analysis by WarpPLS© allows for a latent 

variable to be fully defined by the survey questions for it. The questions used to form the latent 

variable of emphasis on the interactive LOC were taken from a validated survey (Sakka et al., 

2013) and were tested using redundancy analysis. The formative measure for stakeholder 

management capability was also used by Torugsa et al. (2013) in their SEM analysis of 

manufacturing firms in Australia. However, the formative measures for environmental 

munificence are based on a description of environmental munificence by Castrogiovanni (1991) 

relating to variables specifically impacting a level of engagement at the task and resource level.  

The literature that refers to environmental munificence often uses financial data for firms. 

However, for an IT project, I extended the concept of what variables would contribute to a 

measure of environmental munificence from the factor analysis done by Barki et al. (1993).  

From my statistical analysis of the EM latent variables, the poor loading of two of the resource-

based EM latent variables implies that either the measures are insufficiently defined to be 
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properly described by the respondents or that the latent variables themselves do not form part of 

the second order construct defining EM.  Further research on this specific contingency variable 

using other research methods such as qualitative interviews with project managers could help 

define if in fact more or less factors need to be considered as part of the formative construct 

defining environmental munificence for IT projects. 

Research into contingency theory and the use of the framework of control levers could be 

expanded by looking at the viewpoint of team members in addition to the viewpoint of project 

managers.  In addition, descriptive questions on the specific demographics of the team leaders 

and members could provide grouping data comparing experienced teams versus inexperienced 

teams.  Considering that IT projects can be part of multi-project organizations (Canonico & 

Söderlund, 2010), a research stream could investigate how the number of projects handled by a 

manager at the same time impact my conceptual moderated mediation model.  The increasing 

role of project-based organizations where projects are an integral part of the firm could also lead 

to new insights into the use of management control systems in this dynamic environment 

(Miterev, Turner, & Mancini, 2017). Following this research stream, it would be interesting to do 

longitudinal research on the LOC framework in multi-project organizations. Portfolio 

management and the contingent use of LOC was explored by Canonico & Söderlund (2010) 

through a qualitative case study.  A longitudinal study with my inter-related LOC model could 

provide additional insights on the dynamics of the LOC and on organizational design at the 

portfolio management level.    

This research assumed that a project is a temporary organization and that the control 

behaviours recalled by the managers are similar to the control behaviours in a firm.  Although 

the survey required the project manager to recall their control behaviour after the project has 
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been completed, there is the chance that the manager will preferentially recall the type of control 

that led to a positive result rather than the control that they used to complete the project.  This 

would in fact reflect Simons’ (1995) concept that the mix in the use of LOC varies according to 

the life cycle of the firm.  Kruis et al. (2016) do confirm that different firms use LOC in different 

ways using configuration theory.  The configuration of firms that group together tend to be in 

similar life cycles (Kruis et al., 2016).  A longitudinal study of projects would help researchers 

understand the inter-relatedness of the diagnostic LOC and the interactive LOC at different 

stages of the project life. 

The research in this report considers the framework of LOCs as defined by Simons 

(1994) with a focus on the feedback and monitoring LOC of the interactive LOC and the 

diagnostic LOC.  Improving the results for the explained statistical variance (R2) for the 

performance outcome could be investigated by reviewing the impact of the other two control 

levers that frame the management of the organization; those of the belief LOC and the boundary 

system LOC.  By necessity, the addition of two more independent variables would require a 

larger sample and possibly require the consideration of additional contingent variables that 

impact the belief LOC and the boundary system LOC.  The resulting research could guide 

practitioners in their use of this framework of LOC and help with the theoretical support of 

contingency theory in the implementation of management control systems. 

6.4 Conclusion 

This research expands on previous studies on the use of the LOC framework for 

management control systems at the project level (Sakka et al., 2013; 2016; Rezania et al., 2016) 

by focusing on two of the LOC and their impact on project manager’s performance contingent on 
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contextual variables for IT projects.  I answered my research question by confirming the 

complementarity of LOC and showing how they inter-relate through a mediation effect. A 

mediation relationship exists with a small effect size across the full population of IT projects. I 

find that with large projects the emphasis on the interactive LOC also significantly mediates the 

relationship between the emphasis on the diagnostic LOC and performance but that there is no 

mediation effect for small projects.   

Moderation effects from stakeholder management capability and environmental 

munificence are significant for the aggregate of all projects and for large projects but remain 

inconclusive for small projects. The implication for project managers is that their emphasis on 

the interactive LOC in large projects and their consideration of the project sponsor and proximal 

resources embodied through environmental munificence makes a difference to their perceived 

performance. Further research in this field can look at whether other contingent variables may 

also moderate the mediated relationship of the diagnostic LOC working through the interactive 

LOC on the project performance and whether this conceptual model can be applied to other 

industries. 
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APPENDIX 1. SCOPING REVIEW METHODOLOGY  

 

The intention of the scoping review was to investigate and find academic articles dealing 

with project control and theory or systems in the business literature since the last major project 

control literature review by Rozenes et al. (2006) that looked at research since 1987. A flowchart 

showing the methodology and a description of the steps used to arrive at a short list of 56 articles 

is shown in figure A1.   

Figure A1. Flowchart of scoping review methodology. 
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Explanation of superscripted items: 

1Initial scoping search: the following Boolean search looks for peer-reviewed articles 

published since 2006 that contain the full expression of “project control” and also terminology 

that is associated with control (NEAR is a Boolean operator that searches for terms within a 

certain number of words; * is a Boolean operator that allows variations of a key word to be 

found):  

(project NEAR/2 (management OR Control)) AND (control NEAR/2 (theor* OR 

model* OR system* OR management OR framework*)) 

2ProQuest ABI INFORM: this is a database set consisting of ABI INFORM Global, ABI 

INFORM Trade & Industry, ProQuest Asian Business & Reference, ProQuest European 

Business. 

3EBSCOHost: this is a database set consisting of Academic Search Premier, Business 

Source Complete, and FRANCIS.  

4Web of Science: this is a database consisting of Web of ScienceTM Core Collection 

available through the University of Guelph. 

5Refinement…: after a quick review of the initial results, the search was rerun so that 

only peer-reviewed articles published since 2006 with “project control” in the abstract were 

selected; in addition, articles that were not relevant were weeded out, and articles that were 

duplicated by the three databases were eliminated. 



         155 
 

 
 

6Analysis…: all 58 articles were downloaded into NVivo for further analysis. Six of the 

articles were discarded after reading as they were not relevant. This left me with 52 articles to 

use with my research.
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APPENDIX 2. SURVEY QUESTIONS 

Note that questions are also identified in blue as the question number in Qualtrics and then 

used in Appendix 7 for the initial factor analysis. 

Construct Indicators   

Project size 
(PROJSIZ) 

Descriptive (3 questions) 
Reflective (1 question) 

TMSIZE Please describe the 

scope of the project in 

terms of the 

approximate number of 

team members (internal 

and external). Q1 
 

PROJCOST Please describe the 
approximate cost of the 
project (thousands of 
dollars). Q2 

PROJDUR Please describe the 
approximate duration of 
the project in terms of 
months. Q3 

RELSIZE Reflect on the overall size 

of the project when you 

describe it relative to other 

IT projects in your 

industry. (1=Far above 

average to 5=Far below 

average). Q23 

Do you consider this 

project to be: 

Emphasis on 
diagnostic lever of 
control (DIAG) 

Reflective (4 questions) In this question, you should reflect on a 
project follow up report. This question is 
asking you to think of how often you used 
this report for the project that you are 
reviewing on a 1 to 5 scale (1=never to 
5=always). 

DIAG1 Review the project’s 
performance indicators. 
Q6_1 

DIAG2 Follow the project’s 
progress in relation to its 
objectives. Q6_2 

DIAG3 Track the project’s results. 
Q6_3 
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DIAG4 Compare the project’s 
results with the plans. 
Q6_4 

Emphasis on 
interactive lever 
of control (INT) 

Formative (7 questions) In this question, you need to reflect on the 
face to face communication that you used 
with your team members in the specific 
project that you are reviewing.  You will 
be asked to rate the extent of your use of 
face to face communications on a scale of 
1 to 5 (1= never to 5= always). 

INTF2F How often did you use face 
to face communications to 
discuss the project follow 
up reports? Q7 

In this set of questions, you need to 
reflect on how often you used the project 
follow up report in a face to face setting to 
accomplish certain tasks. You will be asked 
to rate your reflections on a scale of 1 to 5 
(1=never to 5= all of the time). 
Please indicate how often you used a 
project follow up report in a face to face 
setting to: 

INT1_US Enable all team members 
to focus on common 
issues. Q8_1 

INT2_US Foster the development of 
a common vocabulary for 
the project. Q8_2 

INT3_US Provide a common vision 
of the project. Q8_3 

INT4_FA Enable all team members 
to focus on the project’s 
success factors. Q8_4 

INT5_FA Integrate the project’s 
various activities. Q8_5 

INT6_FO Discuss uncertain 
conditions that would 
impact the project’s 
success factors. Q8_6 

Reflective (3 questions) In this question you need to reflect on the 
project that you are reviewing and reflect 
on the extent to which you agree or 
disagree with the statement (1= strongly 
disagree to 5 = strongly agree). 

INT1R I discussed the project 
follow up report with team 
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members even when there 
were no gaps between the 
results and the plans. Q9_1 

INT2R During face to face 
meetings, I engaged team 
members in frequent 
discussions about the 
project follow up report. 
Q9_2 

INT3R I took the necessary 
measures to ensure that 
the entire team would give 
its constant attention to 
the project follow up 
report. Q9_3 

Performance 
(PERFUTIL) 

Reflective (4 questions) In this set of questions, you need to 
reflect on the performance of the project 
and indicate the extent of your agreement 
with the statements on a scale of 1 to 5 
(1= strongly disagree to 5 = strongly 
agree). 
Please indicate to what extent you agree 
or disagree with the following statements. 

PERF1$ The project was completed 
within budget. Q12_1 

PERF2S The project was completed 
within schedule. Q12_2 

PERF3O In terms of quality the 
project met its objectives. 
Q12_3 

PERF4B In overall terms the client 
received organizational 
benefits as expected. 
Q12_4 

Stakeholder 
management 
capability (SMC) 

Second order 
model formative 
latent variable 
on attention 
paid to 
stakeholder 
(lv_SMCATT). 

Reflective on 
attention 
(SMCATT) (3 
questions) 

In this set of questions, you need to 
reflect on the project that you are 
reviewing and to the level of attention 
that you gave to groups and individuals on 
a scale of 1 to 5 (1 = strongly disagree to 
5=strongly agree). 
Please indicate the level of attention that 
you gave to each type of stakeholder in 
the decision making process during the 
execution of the project. 

SMC1AS I devoted a lot of time to 
the project sponsor. Q13_1 
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SMC2AS The project sponsor 
received a lot of attention 
from me. Q13_2 

SMC3AS I did not communicate 
regularly with the project 
sponsor.R Q13_3 

Second order 
model formative 
latent variable 
on importance 
paid to 
stakeholder 
(lv_SMCIMP). 

Reflective on 
importance 
(SMCIMP) (3 
questions) 

In this set of questions, you need to 
reflect on the project that you are 
reviewing and to the level of importance 
that you gave to groups and individuals on 
a scale of 1 to 5 (1 = strongly disagree to 
5=strongly agree).  
Please indicate the level of importance 
that you gave to each type of stakeholder 
in the decision making process during the 
execution of the project. 

SMC1IS I gave a high level of 
importance to the project 
sponsor. Q14_1 

SMC2IS The project sponsor was 
highly valued by me. 
Q14_2 

SMC3IS The project sponsor had 
little influence on me.R 
Q14_3 

Environmental 
munificence (EM) 

Second order 
model formative 
latent variable 
on technology 
requirement 
(lv_EMTECH). 

Reflective on 
technology 
requirement 
(EMTECH) (4 
questions) 

This set of questions requires you to 
reflect on the technological (hardware or 
software) aspect of the project that you 
are reviewing (1=strongly disagree to 5= 
strongly agree). 

EM1TEC The project required the 
acquisition and installation 
of more technology than 
other similar projects.R 
Q15_1 

EM2TEC More technology needed 
to be acquired and 
installed than is usually 
needed for this type of 
project.R Q15_2 

EM3TECH The project needed no 
more additional 
technology than other 
similar projects. Q15_3 

EM4TECH There were more 
hardware or software 
suppliers than normal in 
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the execution of this 
project.R Q15_4 

Second order 
model formative 
latent variable 
on project 
manager 
expertise 
(lv_EMPMX). 

Reflective on 
project manager 
expertise 
(EMPMX) (3 
questions) 

This set of questions asks you to reflect on 
your project management expertise on a 
scale of 1 to 5 (1=no expertise to 
5=outstanding expertise). 

EM1PMX Evaluate your expertise as 
a project manager with 
project management tools 
(e.g. PERT charts, Gantt 
diagrams, walkthroughs, 
AGILE, project 
management software). 
Q18_1 

EM2PMX How much expertise do 
you have in managing 
similar projects? Q18_2 

EM3PMX Are you familiar with 
industry-accepted project 
management guidelines 
(e.g. the PMBOK, COBIT, 
ISO 21500)? Q18_3 

Second order 
model formative 
latent variable 
on team task 
expertise 
(lv_EMTASK) 

Reflective on 
team task 
expertise 
(EMTASK) (3 
questions) 

In this set of questions, you need to 
reflect on the project team’s expertise 
with the specific tasks that were required 
to be accomplished in the project that you 
are reviewing on a scale of 1 to 5 (1=no 
expertise to 5=outstanding expertise). 

EM1TASK The project team as a 
whole had technical 
expertise in the specific 
application area of this 
project’s task. Q30_1 

EM2TASK The project team as a 
whole was knowledgeable 
with the tasks described in 
the project. Q30_2 

EM3TASK The project team as a 
whole was familiar with 
the technical requirements 
of the project. Q30_3 

Second order 
model formative 
latent variable 
on team 
expertise 
(lv_EMTEAM). 

Reflective on 
team expertise 
working as a 
team (EMTEAM) 
(3 questions) 

In this set of questions, you need to 
reflect on the specific project that you are 
reviewing and in that context on the 
project team’s general expertise as a team 
on a scale of 1 to 5 (1=no expertise to 
5=outstanding expertise). 
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EM1TEAM The project team worked 
effectively as a team. 
Q35_1 

EM2TEAM The project team members 
communicated frequently 
with each other. Q35_2 

EM3TEAM The project team members 
cooperated often in this 
project. Q35_3 

Second order 
model formative 
latent variable 
on resource 
availability 
(lv_EMRES) 

Reflective on 
overall resource 
availability 
(EMRES) (3 
questions) 

In this set of questions, you need to 
reflect on the resources that your project 
team had available to complete the 
project (1=far too much to 5=far too little) 

EM1RES In order to develop and 
complete this project, the 
scheduled number of 
person-days was.R Q40_1 

EM2RES In order to develop and 
complete this project, the 
scheduled number of 
months wasR Q40_2 

EM3RES In order to develop and 
complete this project, the 
dollar budget provided 
wasR Q40_3 

  RReversed questions to address common 
method bias. 
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APPENDIX 3: SURVEY 

 

(The following survey is reproduced in the same way that a user would view the survey with 

each block representing a separate screen view. It is composed of 12 pages and was reproduced on 

11/18/2016 from https://eu.qualtrics.com/ControlPanel/Ajax.php?action=GetSurveyPrintPreview.) 

(The survey can be accessed, viewed and completed on any mobile media platform that allows 

access to the internet.) 
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APPENDIX 4. RESEARCH ETHICS BOARD (REB) APPROVAL 

NOTICE* 

 

*Approval was extended to September 29, 2017.  
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APPENDIX 5: RAW DATA GENERATED FROM SURVEY 
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APPENDIX 6: BOXPLOT ANALYSIS FOR OUTLIERS USING 

DESCRIPTIVE INDICATOR VALUES 
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APPENDIX 7: INITIAL FACTOR ANALYSIS OF SURVEY 

INSTRUMENT 

In the early stage of the investigation (May 1, 2016), I gathered 39 valid responses that 

were analyzed using IBM SPSS version 24. I performed a factor analysis and generated a KMO 

test, a scree plot and an Eigenvalue table for each of the latent variables.  Results are shown 

below: 

Diagnostic LOC 

The questions are Q6_1, Q6_2, Q6_3, Q6_4, which are reflective on the latent variable 

for diagnostic LOC. 

KMO and Bartlett's Test 

Kaiser-Meyer-Olkin Measure of Sampling Adequacy. .795 

Bartlett's Test of Sphericity Approx. Chi-Square 107.081 

df 6 

Sig. .000 

 

Total Variance Explained 

Component 

Initial Eigenvalues Extraction Sums of Squared Loadings 

Total % of Variance Cumulative % Total % of Variance Cumulative % 

1 3.203 80.072 80.072 3.203 80.072 80.072 

2 .371 9.266 89.339    

3 .268 6.708 96.047    
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4 .158 3.953 100.000    

 

Extraction Method: Principal Component Analysis. 

 

Interactive LOC 

The questions are Q7, Q8_1, Q8_2, Q8_3, Q8_4, Q8_5, Q8_6 which are formative on the 

latent construct for the interactive LOC. 

KMO and Bartlett's Test 

Kaiser-Meyer-Olkin Measure of Sampling Adequacy. .863 

Bartlett's Test of Sphericity Approx. Chi-Square 328.278 

df 45 

Sig. .000 

 

Total Variance Explained 

Component 

Initial Eigenvalues Extraction Sums of Squared Loadings 

Total % of Variance Cumulative % Total % of Variance Cumulative % 

1 6.050 60.496 60.496 6.050 60.496 60.496 

2 1.798 17.976 78.471 1.798 17.976 78.471 

3 .571 5.707 84.179    

4 .456 4.558 88.737    

5 .320 3.195 91.932    
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6 .244 2.440 94.372    

7 .236 2.362 96.734    

8 .147 1.474 98.208    

9 .098 .979 99.187    

10 .081 .813 100.000    

 

Extraction Method: Principal Component Analysis. 

 

Project Performance 

The questions are Q12_1, Q12_2, Q12_3, Q12_4 which are reflective on the latent 

construct for project performance. 

KMO and Bartlett's Test 

Kaiser-Meyer-Olkin Measure of Sampling Adequacy. .678 

Bartlett's Test of Sphericity Approx. Chi-Square 60.834 

df 6 

Sig. .000 

 

Total Variance Explained 

Component 

Initial Eigenvalues Extraction Sums of Squared Loadings 

Total % of Variance Cumulative % Total % of Variance Cumulative % 

1 2.608 65.198 65.198 2.608 65.198 65.198 

2 .776 19.403 84.602    
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3 .401 10.029 94.631    

4 .215 5.369 100.000    

 

Extraction Method: Principal Component Analysis. 

 

Stakeholder Management Capability (SMC) 

The questions are Q13_1, Q13_2, Q13_3, Q14_1, Q14_2, Q14_3 which compose the two 

latent variables for SMC. 

 

 

Total Variance Explained 

Component 

Initial Eigenvalues Extraction Sums of Squared Loadings 

Total % of Variance Cumulative % Total % of Variance Cumulative % 

KMO and Bartlett's Test 

Kaiser-Meyer-Olkin Measure of Sampling Adequacy. .735 

Bartlett's Test of Sphericity Approx. Chi-Square 110.401 

df 15 

Sig. .000 
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1 3.377 56.284 56.284 3.377 56.284 56.284 

2 1.132 18.862 75.147 1.132 18.862 75.147 

3 .653 10.882 86.029    

4 .406 6.763 92.792    

5 .323 5.381 98.173    

6 .110 1.827 100.000    

 

Extraction Method: Principal Component Analysis. 

 

Environmental Munificence (EM) 

The questions for EM (Q15_1, Q15_2, Q15_3, Q15_4, Q18_1, Q18_2, Q18_3, Q30_1, 

Q30_2, Q30_3, Q35_1, Q35_2, Q35_3, Q40_1, Q40_2, Q40_3_ composed 5 latent variables 

which were also verified in the factor analysis performed through SPSS. 

KMO and Bartlett's Test 

Kaiser-Meyer-Olkin Measure of Sampling Adequacy. .648 

Bartlett's Test of Sphericity Approx. Chi-Square 452.583 

df 120 

Sig. .000 

 

Total Variance Explained 

Component Initial Eigenvalues Extraction Sums of Squared Loadings 
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Total % of Variance Cumulative % Total % of Variance Cumulative % 

1 5.293 33.079 33.079 5.293 33.079 33.079 

2 3.209 20.059 53.138 3.209 20.059 53.138 

3 2.005 12.533 65.671 2.005 12.533 65.671 

4 1.276 7.977 73.648 1.276 7.977 73.648 

5 1.095 6.847 80.495 1.095 6.847 80.495 

6 .845 5.282 85.778    

7 .512 3.198 88.976    

8 .456 2.853 91.828    

9 .387 2.419 94.247    

10 .292 1.822 96.069    

11 .208 1.300 97.370    

12 .155 .971 98.341    

13 .112 .700 99.041    

14 .078 .488 99.529    

15 .041 .259 99.788    

16 .034 .212 100.000    

 

Extraction Method: Principal Component Analysis. 
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APPENDIX 8: STEPS USED WITH WARPPLS© (VERSION 5.0 ) 

 

 

 

Screen capture of WarpPLS© version 5.0 (Kock, 2015b). This software is available through 

http://www.scriptwarp.com.
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APPENDIX 9.  OUTPUT DATA FOR THE LOWER ORDER MODEL 

 

******************************** 

* General SEM analysis results * 

******************************** 

General project information 

--------------------------- 

 

Version of WarpPLS© used: 5.0 

License holder: Ruben Burga 

Type of license: Individual license 

License start date: 13-Sep-2016 

License end date: 13-Sep-2017 

Project path (directory): 

C:\Users\Ruben\Documents\Guelph\Research_Documents\Dissertation\SurveyResults\May 14 2017\ 

Project file: Raw5HH_93_1st.prj 

Last changed: 16-May-2017 20:11:07 

Last saved: 13-May-2017 20:15:28 

Raw data path (directory): 

C:\Users\Ruben\Documents\Guelph\Research_Documents\Dissertation\SurveyResults\May 14 2017\ 

Raw data file: Raw5HH_93.xlsx 

 

Model fit and quality indices 

----------------------------- 

 

Average path coefficient (APC)=0.201, P=0.011 

Average R-squared (ARS)=0.219, P=0.007 

Average adjusted R-squared (AARS)=0.165, P=0.025 

Average block VIF (AVIF)=2.211, acceptable if <= 5, ideally <= 3.3 

Average full collinearity VIF (AFVIF)=2.484, acceptable if <= 5, ideally <= 3.3 

Tenenhaus GoF (GoF)=0.391, small >= 0.1, medium >= 0.25, large >= 0.36 

Sympson's paradox ratio (SPR)=0.636, acceptable if >= 0.7, ideally = 1 

R-squared contribution ratio (RSCR)=0.770, acceptable if >= 0.9, ideally = 1 

Statistical suppression ratio (SSR)=0.909, acceptable if >= 0.7 

Nonlinear bivariate causality direction ratio (NLBCDR)=0.818, acceptable if >= 0.7 
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General model elements 

---------------------- 

 

Missing data imputation algorithm: Arithmetic Mean Imputation 

Outer model analysis algorithm: Factor-Based PLS Type CFM1 

Default inner model analysis algorithm: Warp3 

Multiple inner model analysis algorithms used? No 

Resampling method used in the analysis: Stable3 

Number of data resamples used: 100 

Number of cases (rows) in model data: 93 

Number of latent variables in model: 11 

Number of indicators used in model: 34 

Number of iterations to obtain estimates: 64 

Range restriction variable type: None 

Range restriction variable: None 

Range restriction variable min value: 0.000 

Range restriction variable max value: 0.000 

Only ranked data used in analysis? No 
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APPENDIX 10.  OUTPUT DATA FOR THE SECOND ORDER 

MODEL 

 

******************************** 

General project information 

----------------------------------------------------------- 

 

Version of WarpPLS© used: 5.0 

License holder: Ruben Burga 

Type of license: Individual license 

License start date: 13-Sep-2016 

License end date: 13-Sep-2017 

Project path (directory): 

C:\Users\Ruben\Documents\Guelph\Research_Documents\Dissertation\SurveyResults\May 14 2017\ 

Project file: Raw5HH_93_2ndOrder.prj 

Last changed: 06-Jul-2017 13:28:05 

Last saved: 06-Jul-2017 13:28:07 

Raw data path (directory): 

C:\Users\Ruben\Documents\Guelph\Research_Documents\Dissertation\SurveyResults\May 14 2017\ 

Raw data file: Raw5HH_93.xlsx 

 

 

Model fit and quality indices 

----------------------------------------------------------- 

  

Average path coefficient (APC)=0.222, P=0.006 

Average R-squared (ARS)=0.212, P=0.008 

Average adjusted R-squared (AARS)=0.186, P=0.016 

Average block VIF (AVIF)=1.420, acceptable if <= 5, ideally <= 3.3 

Average full collinearity VIF (AFVIF)=1.644, acceptable if <= 5, ideally <= 3.3 

Tenenhaus GoF (GoF)=0.375, small >= 0.1, medium >= 0.25, large >= 0.36 

Sympson's paradox ratio (SPR)=0.833, acceptable if >= 0.7, ideally = 1 

R-squared contribution ratio (RSCR)=0.951, acceptable if >= 0.9, ideally = 1 

Statistical suppression ratio (SSR)=1.000, acceptable if >= 0.7 

Nonlinear bivariate causality direction ratio (NLBCDR)=0.917, acceptable if >= 0.7 

  

  

 



         199 
 

 
 

 

General model elements 

----------------------------------------------------------- 

 

Missing data imputation algorithm: Arithmetic Mean Imputation 

Outer model analysis algorithm: Factor-Based PLS Type CFM1 

Default inner model analysis algorithm: Warp3 

Multiple inner model analysis algorithms used? No 

Resampling method used in the analysis: Stable3 

Number of data resamples used: 100 

Number of cases (rows) in model data: 93 

Number of latent variables in model: 6 

Number of indicators used in model: 23 

Number of iterations to obtain estimates: 85 

Range restriction variable type: None 

Range restriction variable: None 

Range restriction variable min value: 0.000 

Range restriction variable max value: 0.000 

Only ranked data used in analysis? No
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APPENDIX 11: LATENT VARIABLE OUTPUT FROM WARPLS© 

a. Latent variable output for full model (93 samples) 

 

b. Latent variable output for ‘large project’ samples (49 samples) 
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c. Latent variable output for ‘small project’ samples (44 samples) 
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APPENDIX 12. OUTPUT DATA FOR MODEL USING LARGE 

PROJECT GROUPING 

******************************** 

* General SEM analysis results * 

******************************** 

General project information 

--------------------------- 

 

Version of WarpPLS© used: 5.0 

License holder: Ruben Burga 

Type of license: Individual license 

License start date: 13-Sep-2016 

License end date: 13-Sep-2017 

Project path (directory): 

C:\Users\Ruben\Documents\Guelph\Research_Documents\Dissertation\SurveyResults\May 14 2017\ 

Project file: Raw5HH_49_2ndOrder.prj 

Last changed: 13-May-2017 20:47:45 

Last saved: 13-May-2017 20:47:47 

Raw data path (directory): 

C:\Users\Ruben\Documents\Guelph\Research_Documents\Dissertation\SurveyResults\May 14 2017\ 

Raw data file: Raw5HH_49.xlsx 

 

Model fit and quality indices 

----------------------------- 

 

Average path coefficient (APC)=0.373, P=0.001 

Average R-squared (ARS)=0.387, P<0.001 

Average adjusted R-squared (AARS)=0.355, P<0.001 

Average block VIF (AVIF)=3.172, acceptable if <= 5, ideally <= 3.3 

Average full collinearity VIF (AFVIF)=2.990, acceptable if <= 5, ideally <= 3.3 

Tenenhaus GoF (GoF)=0.484, small >= 0.1, medium >= 0.25, large >= 0.36 

Sympson's paradox ratio (SPR)=0.800, acceptable if >= 0.7, ideally = 1 

R-squared contribution ratio (RSCR)=0.997, acceptable if >= 0.9, ideally = 1 

Statistical suppression ratio (SSR)=0.600, acceptable if >= 0.7 

Nonlinear bivariate causality direction ratio (NLBCDR)=1.000, acceptable if >= 0.7 
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General model elements 

---------------------- 

 

Missing data imputation algorithm: Arithmetic Mean Imputation 

Outer model analysis algorithm: Factor-Based PLS Type CFM1 

Default inner model analysis algorithm: Warp3 

Multiple inner model analysis algorithms used? Yes 

Resampling method used in the analysis: Stable3 

Number of data resamples used: 100 

Number of cases (rows) in model data: 49 

Number of latent variables in model: 5 

Number of indicators used in model: 20 

Number of iterations to obtain estimates: 73 

Range restriction variable type: None 

Range restriction variable: None 

Range restriction variable min value: 0.000 

Range restriction variable max value: 0.000 

Only ranked data used in analysis? No
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APPENDIX 13.  OUTPUT DATA FOR MODEL USING SMALL 

PROJECT GROUPING 

******************************** 

* General SEM analysis results * 

******************************** 

General project information 

--------------------------- 

 

Version of WarpPLS© used: 5.0 

License holder: Ruben Burga 

Type of license: Individual license 

License start date: 13-Sep-2016 

License end date: 13-Sep-2017 

Project path (directory): 

C:\Users\Ruben\Documents\Guelph\Research_Documents\Dissertation\SurveyResults\May 14 2017\ 

Project file: Raw5HH_44_2ndOrder_path_analysis.prj 

Last changed: 13-May-2017 21:12:59 

Last saved: 13-May-2017 21:32:49 

Raw data path (directory): 

C:\Users\Ruben\Documents\Guelph\Research_Documents\Dissertation\SurveyResults\May 14 2017\ 

Raw data file: Raw5HH_44.xlsx 

 

Model fit and quality indices 

----------------------------- 

 

Average path coefficient (APC)=0.231, P=0.025 

Average R-squared (ARS)=0.214, P=0.032 

Average adjusted R-squared (AARS)=0.168, P=0.060 

Average block VIF (AVIF)=1.463, acceptable if <= 5, ideally <= 3.3 

Average full collinearity VIF (AFVIF)=1.405, acceptable if <= 5, ideally <= 3.3 

Tenenhaus GoF (GoF)=0.349, small >= 0.1, medium >= 0.25, large >= 0.36 

Sympson's paradox ratio (SPR)=1.000, acceptable if >= 0.7, ideally = 1 

R-squared contribution ratio (RSCR)=1.000, acceptable if >= 0.9, ideally = 1 

Statistical suppression ratio (SSR)=1.000, acceptable if >= 0.7 

Nonlinear bivariate causality direction ratio (NLBCDR)=0.600, acceptable if >= 0.7 
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General model elements 

---------------------- 

 

Missing data imputation algorithm: Arithmetic Mean Imputation 

Outer model analysis algorithm: Factor-Based PLS Type CFM1 

Default inner model analysis algorithm: Warp3 

Multiple inner model analysis algorithms used? Yes 

Resampling method used in the analysis: Stable3 

Number of data resamples used: 100 

Number of cases (rows) in model data: 44 

Number of latent variables in model: 5 

Number of indicators used in model: 19 

Number of iterations to obtain estimates: 52 

Range restriction variable type: None 

Range restriction variable: None 

Range restriction variable min value: 0.000 

Range restriction variable max value: 0.000 

Only ranked data used in analysis? No
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APPENDIX 14: NON-LINEAR RELATIONSHIPS WITH 

WARPPLS© 

Kock (2015b) describes from a conceptual viewpoint the interpretation of non-linear 

relationships (pp. 87-90). The WarpPLS© algorithm can be constrained to describe linear 

relationships but that is a simplification of social relationships according to Kock (2015b, p. 

206). The default setting of the algorithm is to evaluate both linear and non-linear relationships 

between latent variables and then iteratively try to fit S-curves to the data, and if that does not 

work, then fit U-curves to the data and then finally a linear relationship. See figure A14.1 for a 

depiction of a warped relationship from the WarpPLS instruction manual (Kock, 2015b). In a 

scholarly research article for example, Karimi and Walter (2016) find a non-linear relationship 

between disruptive business innovation and business model performance by performing a PLS 

SEM analysis with WarpPLS©. This relationship is described through figure A14.2 (2016, p. 

353). 

 

Figure A14.1 Reproduction of a curvilinear relationship as an output from WarpPLS© (Kock, 

2015b, p. 206) 
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Figure A14.2 Reproduction of nonlinear relationship between disruptive business innovation 

and business model performance (Karimi & Walter, 2016, p. 353, fig. 3). 

 


