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Abstract 

Today’s global competition and public pressure have prompted the public sector to 

focus on innovation as a means of improving productivity and performance. Interest in 

public sector innovation has been driven by: (a) political, socio-economic, environment, 

and technological forces, such as citizens’ expectations of better government utilisation 

of public resources and increased productivity; (b) increasing demand for greater choice 

and quality in public services and the availability of new technologies; (c) changing 

societal demographics including aging populations and immigrants; (d) the global 

financial and economic crisis. Innovation is considered to be a sine qua non to improve 

government efficiency and effectiveness and respond to citizens’ increasing demands 

for better services. 

However, research investigating innovation has mainly been derived from private sector 

contexts. It is also important to understand how socio-psychological processes provide 

practical ways to manage innovation within the complex social systems that exist in 

public sectors. Within public sector contexts, there are still gaps in the literature on the 

influence of socio-psychological factors on workplace innovation and career 

satisfaction. Related to this is the need to provide empirical evidence regarding the key 

factors that impact workplace innovation and successful workplace innovation practices 

which can lead to increased career satisfaction. 

Another key factor to be considered is that in Australia, administrative reforms over the 

last three decades have had significant ramifications on the number of engineers in the 

public sector. Of these reforms, competition policy, privatisation, contracting out, and 

commercialisation have impacted engineers. For example, an emerging body of 

evidence indicates a significant decline in the number of professional engineers in the 

Australian national, state, and local government sectors. The shortage of engineering 

professionals poses a critical problem for most public services. In a recent survey of 

engineers employed in the Australian Public Service (APS), it was found that one of the 

most common departure reasons among those engineers who indicated that they would 

leave their agency in the next two years was a lack of opportunities to work on 

innovative projects. Engineering professionals cannot utilise their full capabilities if 

innovation in the occupation is not facilitated. 
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No study to date has focused specifically on the innovation process for engineering 

professionals in the APS. This study aims to fill this gap in the innovation literature by 

exploring the relationships through which socio-psychological factors affect workplace 

innovation and career satisfaction. Understanding these complex relationships within 

the context of the APS will help management to design strategies for recruiting and 

retaining a high performance engineering workforce by fostering a climate for 

innovation in the public sector workplace.  

To achieve the research aim, a conceptual model was formulated to study the influence 

of two climate for innovation constructs, namely leadership for innovation (LFI) and 

ambidextrous culture for innovation (ACI), on workplace innovation (WIT) and career 

satisfaction (CSF). To verify the conceptual model, a sequential mixed methods 

research design was implemented with the quantitative approach conducted first 

followed by the qualitative approach. 

For the first model of the quantitative approach, structural equation modelling (SEM) 

was conducted to investigate the causal relationships among the conceptual model 

constructs. The structural model indicated that leadership for innovation and 

ambidextrous culture for innovation influenced workplace innovation which, in turn, 

improved career satisfaction. Moreover, the modelling revealed a significant 

relationship between ambidextrous culture for innovation and career satisfaction. This 

study also investigated mediation effects, which revealed both simple and sequential 

mediation paths in the model. It was found that improving workplace innovation and 

career satisfaction through the recognition of an engineer’s contribution to their agency 

would assist in retaining and advancing in-house engineering expertise. This structural 

model could be used to address current shortages of engineering professionals in 

Commonwealth of Australia departments as the findings emphasise the importance of 

Commonwealth departments providing opportunities for their engineers to engage in 

creative and innovative projects which enhance their professional career. 

The second model of the quantitative approach used the theoretically based and 

empirically validated model from the first phase SEM to develop a Bayesian network 

(BN) at the factor level. The focus of the BN was to examine the impact of leadership 

style and organisational culture on workplace innovation and career satisfaction in the 
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APS. Using scenario analysis, the best combination of managerial actions to enhance 

APS career satisfaction was determined. The results emphasise the benefit of 

encouraging management to adopt a transformational leadership style and instilling 

innovative culture in their organisation. In addition, innovative culture was a key driver 

of workplace innovation, which served to improve the career satisfaction of APS 

employees. By applying this integrated research approach, this study identifies causal 

relationships among factors that affect workplace innovation and career satisfaction. 

Finally, qualitative thematic analysis was conducted to identify common themes from 

archival records related to innovation in APS. These documents consisted of transcripts 

from senior manager presentations at Innovation Month seminars from 2014 to 2018 

and other related official documents. As this empirical study addressed innovation from 

leaders’ perspectives, reflecting upon their past experiences and analysing themes 

within archival records helped to gain insights on how they regard an innovation agenda 

for the APS. The thematic analysis was used to identify the key drivers and barriers to 

innovation. Synthesis of these factors provided important insights for senior APS 

managers on how they could enhance their organisations’ ability to innovate in order to 

respond to digital disruption challenges and opportunities.  
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Chapter 1 Introduction 

This chapter introduces the current study on the subject of the role of socio-

psychological factors in improving workplace innovation and career satisfaction from 

the perspective of engineering professionals in public sectors. The chapter provides 

background for the research and defines the objectives and scope of the research. It also 

highlights the contributions of the study and details the structure of the thesis.  

1.1 Research Background 

Severe budgetary constraints and an increasing demand for public services are major 

predicaments of governments around the world (Hawksworth and Jones, 2010). The 

recent global economic crisis and rapidly changing and increasing demands from 

citizens have resulted in a continuous search for innovative initiatives to maximise 

social welfare, improve cost efficiency, and increase service quality (Moore and 

Hartley, 2008).  

Innovation is essential to improve efficiency and effectiveness in the public sector and 

to find solutions to the increasing demands of society for better services. Public 

agencies have become significant players in the adoption, invention, and 

implementation of innovations (Borins, 2006). In the public sector context, innovation 

is defined as a learning process in which governments attempt to meet specific societal 

challenges, which can be solved by developing new services, technologies, 

organisational structures, management approaches, governance processes, and policy 

concepts (Bekkers et al., 2011).  

Public sector innovation has been under scholarly attention since the 1970s and has 

been an often mentioned theme in literature on New Public Management (Pollitt and 

Bouckaert, 2011b), e-government (Bekkers and Homburg, 2005), and smart government 

(Gil-Garcia et al., 2014). In the 1990s, public managers started to put innovation into 

practice (Bason, 2010b) as they realised that innovation enhanced the problem-solving 

capacity of public organisations when addressing social challenges (Damanpour and 

Schneider, 2009). An awareness of the importance of innovation in the public sector has 

led many researchers to study the relationship between organisational attributes and an 

organisation’s propensity to innovate (e.g. Damanpour and Schneider, 2009, Fernandez 
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and Pitts, 2011, Kim and Yoon, 2015). This study examines these relationships to 

provide an increased understanding of innovation in the public sector. 

It is important that the public sector appreciates that optimal performance requires both 

top-down and bottom-up innovation. A top-down approach emphasises the leading role 

of top management who champion  new ideas and support innovation, which is seen 

when elected officials and senior managers conceive and initiate many innovations 

(Altshuler and Behn, 2010). However, a bottom-up approach is also a source of many 

innovative projects because frequent innovators in public sectors are civil servants at the 

middle manager and frontline levels who are in direct contact with clients, rather than 

senior managers. These frontline employees ingest ideas from outside the organisation 

or generate novel ideas  through experimentation, accidental occurrences, and other 

forms of experience (Borins, 2006). 

Baer et al. (2015) assert that the study of innovation in organisations should also address 

the joint or combined effects of individual and organisational factors. Analysis at the 

individual level is particularly important, since the motivational context of the public 

sector differs from the private sector. Due to the absence of the traditional rewards 

available in the private sector, leaders should understand the factors which motivate 

public servants to increase their effort and performance, which can then lead to 

increased career satisfaction. Research at the organisational level is also significant 

because innovation activities mostly occur at this level. Organisational analysis 

examines the interaction of effects from multiple levels, which can explain how 

characteristics of the organisation affect the creativity and innovation of individual 

employees and work groups who contribute to overall organisational innovation 

(Baregheh et al., 2009). Therefore, this study examined the combined effects of factors 

at the individual and the organisational level on workplace innovation in public sectors. 

1.2 Research Purpose 

Administrative reforms have had significant consequences on the number of engineers 

in the APS. Engineers have been impacted by these reforms including competition 

policy, privatisation, contracting out, and commercialisation. Evidence indicates a 

decline of between 20 and 50 percent in the number of professional engineers in the 

Commonwealth, State and local government public sectors between 1990 and 1999 
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(Engineer Australia, 2012). Yates (2001) predicted that if the rate of decline in the 

number of APS engineers continued unchanged, then by the year 2008, the shortage of 

engineering professionals would become a critical problem for government agencies. 

This prediction has been realised with most Australian Government agencies currently 

facing a shortage of engineering professionals. For example in 2010/11, engineers were 

one of the top four professions that public services had the most problems recruiting 

new graduates and retaining existing employees (Engineer Australia, 2012, Yates, 

2012). According to the State of the Service Report 2012 – 2013, the predominant 

occupational groups where skill shortages were reported were engineering and 

technical, accounting and finance, as well as ICT occupations. More than 40 percent of 

the engineers who worked in these occupations indicated their intention to leave their 

agencies within 12 months (Australian Public Service Commission, 2013b). The main 

reason reported regarding the decision to leave their agency was a lack of future career 

opportunities. In the survey of APS engineers who had indicated they would leave their 

agency in the next two years, one of the most common departure reasons was a lack of 

opportunity to work on innovative programs (Yates, 2012). 

Organisational innovation has also been viewed as hinging upon a socio-psychological 

process, because it is the product of social relationships and complex systems of 

interactions (Panuwatwanich et al., 2009b, Sarros et al., 2008). Within an organisation, 

a manifestation of socio-psychological phenomena, in the form of ‘climate’, act as 

critical determinants of people's motivation and behaviour, and also drive the innovation 

process (Kozlowski and Doherty, 1989). More specifically, several research studies 

have attempted to investigate the extent to which climate for innovation, consisting of 

leadership and organisational culture, can act as either a stimulant or an impediment to 

creativity and innovation (Ahmed, 1998, Ekvall and Ryhammar, 1998). Understanding 

of these socio-psychological processes provides a practical way to stimulate innovation 

within the complicated social systems which exist in government agencies. 

Therefore, there are research deficiencies and gaps regarding the influence of socio-

psychological factors on workplace innovation and career satisfaction within the 

innovation process for engineering professionals in the APS. This suggests it is 

important to identify the key factors that impact on workplace innovation and to 

investigate the successful workplace innovation practices which lead to increased career 
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satisfaction. Such research can provide empirical evidence to support the relationship 

between these constructs. 

1.3 Research Objectives 

To address the identified knowledge gaps, the following objectives set the direction of 

this study. 

1) To critically review the literature on socio-psychological constructs, and to 

explore the process by which critical socio-psychological constructs constitute 

the climate for innovation in public sectors; 

2) To develop a structural equation modelling (SEM) that explores the 

relationships through which socio-psychological factors impact workplace 

innovation and career satisfaction on the innovation process for engineering 

professionals in the APS; 

3) To develop Bayesian network (BN) founded on an empirically derived structural 

model. This can then be used to analyse the variables at the factor level to reveal 

the pathways to desired outcomes and explain the priority and relationships 

among the factors; 

4) To propose recommendations and practical strategies for the APS to recruit and 

retain a high performance engineering workforce through fostering a climate for 

innovation in the public sector workplace; and 

5) To identify how senior APS leaders view innovation in the APS from different 

standpoints to gain insights from the unique vantage point of leaders in terms of 

the characteristics, typologies, drivers, and barriers. 

1.4 Research Scope 

This study considers the concepts of climate for innovation, workplace innovation, and 

career satisfaction through the lens of individual engineering professionals in the 

Australian Public Service. The study was limited to the context of Federal departments. 

This is because Federal departments currently face a shortage of engineering 

professionals. Therefore, this study aims to propose of a coherent and comprehensive 

approach which can address current shortage of engineering professionals in Federal 

Government. The research was conducted within the confines of the following scope: 
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 The sample for this study was drawn from the State of the Service Employee 

Census 2014 and further reduced to include only engineering professionals; 

 The study emphasised the investigation of individual-level and organisational-

level factors; therefore the effects from external environmental factors were not 

taken into account in the modelling; 

 The study particularly focused on socio-psychological factors which stimulate 

creativity and innovation in the workplace; therefore, the impediment factors of 

innovation were not involved in the modelling; 

 The developed BN model aimed to enhance the explanatory power of the SEM 

by analysing the variables at the factor level in order to examine cause-and-

effect relationships; and 

 This study reported the findings of the thematic analysis to provide empirical 

knowledge from APS executives’ perspectives; therefore, creating a 

generalisable theory was not the focus of the investigation. 

1.5 Research Design and Methodology Overview 

Research methodology is defined as the overall approach implemented in a research 

process, from the theoretical background to the data collection and analysis (Remenyi, 

2002). It is vital to select the methodology at the outset of the research to obtain valid 

and reliable results. 

In order to achieve the intended objectives, a sequential mixed methods research design 

was adopted in this study so that  the results from the first phase could be used to advise 

the development of the second phase (Creswell, 2013). In particular, a sequential 

explanatory design was implemented with the quantitative approach as the predominant 

method conducted first, followed by the qualitative approach to explain the quantitative 

results. 

For the quantitative approach (first phase), survey data released by the Australian Public 

Service Commission (APSC) from the 2014 APS employee census was used for this 

study. A quantitative analysis of the survey data was conducted to develop a hybrid 

SEM – BN approach used for data analysis. The conceptual model was formulated 

using previous empirical evidence and theory and examined causal relationships among 

the unobserved constructs. This study investigated the construct validity through both 
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exploratory factor analysis (EFA) and confirmatory factor analysis (CFA). EFA was 

employed to analyse the inter-relationship between variables and to explore the factor 

structure of their measure. CFA was conducted to determine the validity and reliability 

of all the constructs. After the measurement model was validated, the structural model 

was conducted to test the proposed structural relationships among the latent constructs. 

This study used a theoretically based and empirically validated model from SEM to 

develop BN at the factor level. The BN was then applied for scenario-based simulations 

to provide managerial actions for the APS. 

The subsequent qualitative approach (second phase) utilised a thematic analysis to 

explore senior APS leaders’ perspectives on innovation from different standpoints 

because they work in different areas of the APS. Video transcripts of speakers were 

considered useful to reflect their viewpoints. Thematic analysis was conducted to reveal 

themes and subthemes typically associated with innovation in the APS. 

1.6 Layout of Thesis 

This thesis consists of ten chapters, with Chapter 1 being the introduction. This chapter 

introduces the thesis by providing a brief background of the study, as well as 

highlighting the purpose, objectives, and scope of this research. It also provides an 

overview of the research methodology and outlines the thesis layout presenting a brief 

synopsis and indicative content of each chapter.   

Chapter 2 provides an extensive critical review of the literature relevant to the field of 

creativity and innovation and public sector innovation. The chapter also reviews the 

importance of creativity and innovation for engineering professionals. Furthermore, this 

chapter presents a comprehensive review of important factors within the innovation 

process. This includes a supportive climate for innovation, workplace innovation, 

psychological attachment to an organisation, and career satisfaction. Finally, this 

chapter reviews the literature which explains how these factors influence innovation in 

the public sector. 

Chapter 3 presents the development of a conceptual model based on the theoretical 

framework. The chapter identifies gaps in previous research and formulates the research 

questions and hypotheses. To address the research gaps, the research questions were 
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developed based on the conceptual model. Finally, this chapter details the development 

of hypotheses which define the conjectured causal relationships between the model 

constructs. 

Chapter 4 reviews a range of research methodologies and outlines and justifies the 

adopted methodological approach. It further explains the sequential explanatory design 

which was implemented with the quantitative approach conducted first, followed by the 

qualitative approach. This chapter also details each of the research approaches and 

described how both the quantitative and qualitative approaches are combined to achieve 

the research objectives. 

Chapter 5 explains an initial step of the quantitative phase of study. It presents the 

results of the descriptive analysis conducted based on the data set of 3,125 engineering 

professionals in the APS. This phase of the research involved a range of statistical 

analyses which were conducted to confirm that there would be no wrong data in the data 

set. These statistics covers; 1) demographic profiles, 2) data screening, 3) preliminary 

findings, and 4) test of single sample. 

Chapter 6 presents the measurement scale analysis which was undertaken to consider 

overall reliability of the data set. The chapter begins with the results of the analysis of 

scale reliability, and then describes the exploratory factory analysis, followed by 

confirmatory factor analysis. These analyses confirmed that the data set met the 

requirements for structural equation modelling (SEM). 

Chapter 7 uses SEM to assess the conceptual model developed in Chapter 3. This 

chapter provides a review of the SEM technique which details the sequential steps of 

the assessment process. The chapter then discusses the method for the measurement 

model specification. This is followed by the assessment of the structural model used to 

test the statistical significance of the hypothesised relationships. Finally, this chapter 

presents the final empirical SEM which includes the causal relationships between the 

model constructs. 

Chapter 8 presents the development of a factor-level Bayesian network (BN) based on 

an empirically validated structural equation model in Chapter 7. The chapter utilised the 

BN to conduct a sensitivity analysis to identify which critical factors within the climate 
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for innovation had the greatest impact on individual creativity, as well as reward and 

recognition. Subsequent to this step, the BN applied a scenario analysis to determine 

management strategies to enhance workplace innovation and career satisfaction. 

Chapter 9 presents the application of thematic analysis of archival records related to 

innovation in the APS. Thematic analysis was conducted to identify common themes in 

archival records. The results are presented by themes and subthemes which are 

discussed with the theoretical explanation and support of quotations from transcripts. 

Themes include innovation characteristics, typology of public sector innovation, drivers 

of innovation, and barriers to innovation. 

Finally, Chapter 10 presents a discourse on the key research goals and outcomes. 

Further, this thesis is concluded by highlighting study contributions and recommending 

strategies for enhancing innovation in the APS. Further, it also provides a synthesis of 

the research limitations, and recommends directions for future research. Following the 

reference list, supplementary information (e.g. scale items, statistical analysis results, 

model outputs) is provided in appendices A through D. 
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Chapter 2 Literature Review 

This chapter provides a comprehensive review of the existing literature pertinent to 

innovation within both a generic and public sector context. One of the most important 

steps in managing public sector innovation is having an appropriate definition for it. 

However, the innovation definition has been the subject of debates in the literature. 

Section 2.1 outlines the various definitions of innovation, in general. Section 2.2 defines 

innovation in the specific context of the public sector. Section 2.3 discusses the 

engineering discipline and its role in innovative activities. Section 2.4 details two main 

approaches of innovation diffusion in the built environment. This is followed by Section 

2.5, which sheds light on the socio-psychological constructs of climate for innovation. 

Workplace innovation, career satisfaction, and psychological attachment are explained 

from Section 2.6 to Section 2.8 consecutively. Section 2.9 reviews various innovations 

studies conducted within the public sector context. Finally, the chapter is concluded in 

Section 2.10. 

2.1 Innovation Definitions 

Innovation has been a broad concept for discussion in the academic and practical 

disciplines with debates about its characteristics, scope, determinants, and 

consequences. The literature on innovation has been studied from several contexts in 

different scientific fields. It is important, therefore, to clearly understand innovation 

definitions in order to avoid ambiguous interpretations. The most extensively cited and 

adopted definitions have been described by the following authors: 

 Joseph Schumpeter – His pioneering works play a vital role in understanding the 

meaning of innovation. Arising from economic theory, innovation is described 

as a broad set of activities that create and implement new combinations 

(Schumpeter, 1926). In a subsequent study, Schumpeter (1934) proposed a list 

of five types of innovative activities including: the introduction of a new 

product; the introduction of a new process innovation; the opening of a new 

market; the acquisition of a new source of supply of raw materials; the 

revolution of the structure of organisations. 
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 Edvin Mansfield – By generalising Schumpeter’s ideas, Mansfield (1963) 

defined innovation as  when an organisation is the first ever to implement a new 

product, process, service, or idea. As Mansfield’s definition only determined 

innovations as the first introduction of these items or activities  and named all 

subsequent usages as imitation, Thompson (1965) modified the scope of this 

concept to the first time within an organisational setting. Similar descriptions 

have been followed by most subsequent studies. For instance, Damanpour and 

Evan (1992) consider an innovation as the implementation of a new idea at the 

time of adoption. 

 

 Everett M. Rogers – Rogers (1983) defines innovations as “an idea, practice, or 

object that is perceived as new by an individual or other unit of adoption” (p. 

11). According to this definition, an innovation is recognised as being such if it 

is conceived to be novel by an individual or an organisation. Rogers (1998) 

differentiates between the definitions of innovation and invention and states that 

to be an innovative organisation, it is not necessary to develop a novel product. 

An organisation can be regarded as innovative when it acquires the technology 

or idea from others and effectively implements that novel product or idea. 

Rogers is also considered a leading champion of the ‘theory of innovation 

diffusion’. 

 

 Andrew H. Van de Ven – Van de Ven (1986) has considered innovation as the 

process of generating a new idea, which may be a recombination of an old idea, 

and putting the following translation and implementation process into practice. 

In practical terms, in this definition the term innovation has similar definitions to 

previous scholars, but with specific focus on product, process, and 

organisational innovation activities. Van de Ven further proposes that imitation 

plays a pivotal role in the innovation process. 

These definitions are generally accepted to define and measure innovation in the private 

sector. However, they should be used carefully when applied to the public sector, as 

there are differences in the types of innovation within the two sectors. According to the 

Australian Department of Innovation and Science (2011, p.4) there are four general 

types of innovation in the private sector: (1) “A product innovation is the introduction 
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of a good or service that is new or significantly improved with respect to its 

characteristics or intended uses. This includes significant improvements in technical 

specifications, components and materials, incorporated software, user friendliness or 

other functional characteristics”; (2) “A process innovation is the implementation of a 

new or significantly improved production or delivery method. This includes significant 

changes in techniques, equipment and software”; (3) “A marketing innovation is the 

implementation of a new marketing method involving significant changes in product 

design or packaging, product placement, product promotion or pricing”; (4) “An 

organisational innovation is the implementation of a new organisational method in the 

firm’s business practices, workplace organisation or external relations”.  

Innovation is generally related to creativity. Creativity is defined as the process where 

an individual or small group of individuals work together to form novel, useful, and 

appropriate ideas  to solve organisational problems and increase effectiveness (Amabile, 

1988, Woodman et al., 1993) and can be construed as the idea generation element of 

innovation (Rank et al., 2004). Amabile (1988) proposes a model in which creativity is 

a function of three elements: task motivation (a sense of being excited by the work itself 

and attracted by the challenge of solving problems); domain-relevant knowledge 

(knowledge and talents of relevance to the task at hand), and creative-relevant skills (a 

cognitive style favourable to bringing new perspectives to problems). Scott and Bruce 

(1994) comprehended creativity as a notion related to generating novel ideas and 

innovation as a notion that includes not only generating but also adopting and 

implementing novel ideas. Thus, creativity is regarded as the first phase of the 

innovation process, rather than a separate entity. 

According to the widely accepted definitions provided above, it can be summarised that 

innovation generally comprises of three basic elements: newness, implementation, and 

process. First, newness normally represents new to the organisation, but it is not 

necessarily new to mankind. It is only significant that the potential adopter realises the 

innovation as new, which means new to the industry, new to the market, new to the 

organisation, and new to the customer due to their specific contexts. 

Second, implementation is a significant activity differentiating innovation from 

creativity. Implementation is  generally acknowledged  as the final step in innovation, 
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which occurs when a new idea is finally employed (Damanpour and Evan, 1992). 

Sometimes, a more restricted term, commercialisation, is adopted to explain innovation 

in order to affirm that innovation should be a profit-driven activity (Fagerberg, 2004). 

The use of the term ‘commercialisation’ is applicable to private sectors where an 

organisation’s purpose is profit maximisation, whereas in public sectors all innovations 

are focused on effectiveness and efficiency. 

Third, process explains that innovation is generally a continuous and lengthy process 

covering both the generation and implementation stages, and one innovation normally 

involves many interdependent innovations (Fagerberg, 2004). A successful innovation 

requires consistent support and abilities in the innovation process, which could be either 

a sequential linear function or a complicated process with convergent, parallel, and 

divergent activities (Landau and Rosenberg, 1986). 

2.2 Innovation in the Public Sector 

A review of a wealth of literature was conducted to define and analyse innovation. 

While much research has had a tendency to focus on innovation in the private sector, 

there has been a rapid increase in interest in public sector innovation. The Organisation 

for Economic Cooperation and Development [OECD] (2012) defines the public sector 

as a country’s  general government sector at the national, regional, and local levels, as 

well as all public corporations including the central bank. According to this definition, 

the estimate of the public sector share of GDP in economically developed countries is 

between 20% and 30%.  In Australia, the total government expenditure as a proportion 

of GDP is around 34% (Australian Bureau of Statistics, 2009). Therefore, the public 

sector generates a sizable proportion of economic output and has a substantially more 

than the  share of manufacturing in most countries (Arundel and Huber, 2013). Mulgan 

and Albury (2003) define innovation in the public sector as the “creation and 

implementation of new processes, products, services, and methods of delivery, which 

result in significant improvements in outcomes efficiency, effectiveness or quality” 

(p.3). Currie et al. (2008) describe innovativeness in a public sector context as the 

search for creative or novel resolutions to problems and demands, including new 

services, new organisational structures, and improved process.  
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In Australia, due to public management reform in the 1990s, the literature on innovation 

in the public sector has rapidly expanded (Moore and Hartley, 2008, Walker, 2008). The 

Australian public sector has undergone significant administrative reforms since the 

introduction of the National Competition Policy in 1993 (Hilmer et al., 1993) with 

public sector organisations adopting a more commercial orientation, and becoming 

more focused on efficiency, effectiveness, and accountability (Hood, 1991). In 2009, the 

Advisory Group on the Reform of Australian Government Administration was formed 

with the mission of seeking innovative means of improving the performance of 

Australian federal departments, leading to an upbeat report ‘Ahead of the Game’ 

(Fernandez and Pitts, 2011, Head, 2014). In addition, to further promote innovation, the 

Australian National Audit Office (ANAO) published a ‘better practice’ guide which 

provided a framework to understand the innovation process in the public sector. It gives 

practical insights on how to search for, assess, implement, and evaluate innovative ideas 

to improve the quality of services delivered to citizens (Australian National Audit 

Office, 2009). In 2010, the Australian Public Service Commission (APSC) published 

the report ‘Empowering Change: Fostering Innovation in the Australian Public Service’ 

(Management Advisory Committee [MAC], 2010) which considered how to encourage 

and strengthen a culture of innovation in the Australian Public Service (APS). 

Public sector innovation can be comprehended as a desire to create new and meaningful 

connections between government and society. Public sector innovation ranges from the 

incremental deployment of enterprise resource planning software in back-office 

operations, to the more radical implementation of Web 2.0 technologies to transform 

citizen engagement via the Internet (Varney, 2006). However, while there are a number 

of success stories, the introduction of new technologies in the public sector has often 

failed (Franza and Grant, 2006). This is not essentially due to the specific technology 

but rather because the public sector presents significant barriers to workplace 

innovation; resistance to change, risk aversion, and top-down hierarchical structure 

(Borins, 2006).  

Moore and Hartley (2008) contend that there are four interdependent attributes 

differentiating the characteristics of public sector innovations from the private sector. 

Public sector innovations go beyond organisational frontiers to generate network-based 

and financial decision-making and production systems; tap new pools of resources; 
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exploit the government’s capacity to shape private rights and responsibilities; 

redistribute the right to define and judge value. These aspects should be evaluated in 

terms of the degree to which they promote justice and the development of a society as 

well as their efficiency and effectiveness in achieving collectively established goals. 

Compared to the private sector, incentives for public servants are in general more likely 

to be lower and there are less performance based material benefits, making it easier to 

avoid condemnation by not taking risks. The willingness to take risks is reduced 

because the ramifications that might occur include: political damage to the government, 

public criticism, possible legal consequences, diminished career prospects, and damage 

to personal reputation (Borins, 2006).  

Competitive advantage, increased market share, and improved profits are the main 

drivers that prompt the private sector to value innovation. Even though the drivers are 

considerably different, innovation in the public sector is of high policy interest because 

of the potential to improve the efficiency and quality of government services (Moore 

and Hartley, 2008). Berry and Berry (2007) postulate that governments imitate each 

other in regard to four factors: competition; learning; mandates; and public pressures, 

and these variables have a positive effect on the adoption of innovation. Nevertheless, 

Bekkers et al. (2011) contend that innovation represents two different challenges to the 

public sector. First, the public sector, and subsequently public administration, is 

regarded as the cornerstone for an innovation-driven economy. With the purpose of 

making society and the economy more innovative, a public sector needs to prepare and 

adapt for the novel form of a knowledge-based economy. Second, the public sector is 

required to become innovative in order to confront the challenges facing its future 

society. Societal threats such as climate change, crime, and international economic 

competition force the public sector to rethink its choice of priorities, solutions, and 

instruments. Moreover, in most developed countries, governments confront with 

problems related to the global financial crisis, aging societies, environmental 

challenges, and unsustainable public finances. Therefore, failure to innovate in the 

public sector creates not only budget constraints, but also social imbalances (Borins, 

2012).  

Over the past decade, interest in public sector innovation has rapidly increased due to 

various causes. Some experts contend that public trust in government organisations has 
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been decreasing, as has public sector credibility. In order to boost public confidence in 

the public sector, innovation should be adopted as one of the means to fulfil this 

objective (Altshuler and Behn, 2010, Glor, 1998). In the new era of globalisation, 

innovation is a necessary tool for national economic prosperity. Global competition and 

information technology require governments to transform their operations and address 

time consuming processes (Miller, 1999). Thus, these drivers have been the primary 

forces which have prompted governments to focus on innovation as a means of 

improving productivity and performance. 

Bloch (2010) proposed a model of innovation in public sectors categorised into seven 

components (see Figure 2.1). The model takes a linear approach beginning with 

objectives, inputs, innovation process, outputs, and outcomes encircled and impacted by 

external actors and framework conditions. Inputs in this model consist of technological 

infrastructure, investments, training, competencies, education, and workforce. The 

innovation process is associated with organisational culture, barriers to innovation, 

incentive mechanism, organisational strategy, and leadership roles. Significantly, 

incentive structures in public sectors are both a variable affecting innovation processes 

and an element of the framework conditions for considering employee incentives. 

Framework conditions are a broader set of internal and external variables which support 

innovation initiatives, comprising regulations and policies, budget, political 

environment, and governmental structure.  

 

Figure 2.1 A model of innovation in public sectors (Bloch, 2010) 
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Contacts, linkages, and knowledge flows among external actors (e.g. users and citizens, 

technology providers, businesses, local and international public sectors) are also 

significant factors. These flows consisting of cooperation with others, external 

information seeking, and sharing of innovative ideas are all traits that promote the 

innovation process. Ultimately, output is the implementation of innovative changes to 

operations and services. The outcomes of successful innovation are related to 

improvement in performance, customer satisfaction, efficiency, and effectiveness. 

Social outcomes comprising social cohesion and equality, crime and poverty reduction, 

a better educated population, and improved healthcare are also significant because they 

express the ultimate goals of public services. In addition, successful innovation can 

provide intangible benefits, such as improving the image of public  agencies, thus 

enhancing  trust and legitimacy among  citizens and  other stakeholders (Bloch, 2010). 

Borins (2006) indicated three eminent types of innovation in the public sector: 

politically led responses to crises, organisational turnarounds engineered by newly 

appointed agency heads, and bottom-up innovations initiated by frontline public 

servants and middle managers. The first of these, crisis response, is unique to public 

sector innovation and also relatively rare. Organisational turnaround-driven innovation 

is commonly seen when there is a performance gap. The third type of innovation is the 

most desirable which is driven not by rule-breakers but rather by people showing 

leadership in delivering value for their stakeholders. The Australian National Audit 

Office (2009) has proposed that the innovation lifecycle relies on more than just good 

ideas. Implementing successful innovations in the public sector depends upon clear 

drivers, strong incentives, good ideas, an absence of barriers to their implementation, 

and the means for learning and replicating success, as shown in Figure 2.2. 

 

Figure 2.2 Innovation process in the public sector (Australian National Audit 

Office, 2009) 
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 This review of the literature suggests that one should be careful in applying decades-

long knowledge and theories of innovation developed from private sector studies 

directly to the public sector. This justifies the need for comprehensive studies to 

examine the origin of innovative behaviour in the public sector. 

2.3 Innovation and Engineers 

Engineering is a discipline which requires the experience of innovation. Innovations, of 

which engineers are key drivers, significantly contribute to improving conditions for 

both industry and society (Holt, 1977, Ulijn and Fayolle, 2004). One of the major roles 

of engineers is to transform the abstract into the concrete to meet newly emerging 

demands (Klukken et al., 1997). It is also the responsibility of engineers to generate 

ideas and innovations because engineering and technology are vital components of most 

innovations in modern society. In the process of satisfying customer requirements, 

scientific knowledge can be adapted by engineers to develop new technologies and 

materials (Tekic et al., 2015). Solving complex problems in today’s fast changing 

situations and responding to challenges are important duties of an engineer. Therefore, 

engineers can be seen as a mixture of builders, explorers, and problem-solvers and their 

goals are to manufacture technical products and provide innovative services to society 

(Rochester, 2002). Engineers are professional staff who generate and adopt innovations 

for their organisations and industries. Through their education and professional 

experience, engineers have the systematic thinking and ability to integrate technology, 

computations, materials, and designs. Engineers worldwide drive technological 

innovation and new venture creation (Fayolle et al., 2005, Ulijn and Fayolle, 2004). 

Creativity requires both originality, usually described as novelty, and effectiveness, 

which take the form of value (Runco and Jaeger, 2012). Engineering tasks utilise the 

ability of creative problem solving to deal with challenges  through an intuitive process, 

while breaking boundaries, identifying patterns, making new connections, and taking 

chances to make a major breakthrough (Vidal, 2003). Thus, creative engineers are one 

important element of an organisation’s capability to innovate. 

While in general there are typical components of creativity, many scholars (e.g. 

Burghardt, 1995, Cropley and Cropley, 2005, Horenstein, 2005) contend that 

engineering creativity is different from creativity in other disciplines because 
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engineering creativity always has an objective. With this contention in mind, Cropley 

and Cropley (2005) consider engineering creativity from the perspective of engineering 

outcomes that conduct the task or solve problems, inclusive of products, devices, or 

systems. The authors proposed a four-dimensional model for determining the creativity 

of engineering outputs according to the following aspects: relevance and effectiveness, 

novelty, elegance, and generalisability. Engineering creativity is defined more generally 

by other scholars. For instance, Lumsdaine et al. (1993) highlight another important 

issue in which interaction with other ideas, people, and environments play a key role in 

facilitating creative outcomes and  meaningful connections. Engineering creativity was 

also explained by Drabkin (1996) as the ability of human intelligence to generate ideas 

and solutions. 

A number of previous studies have investigated the creativity attributes of innovative 

engineers. Klukken et al. (1997) interviewed eight professional engineers identified by 

peers as creative individuals. The interviews, conducted jointly by an engineer and a 

psychologist, covered each participant’s views on creativity, their personal experiences 

with creative work, and their reflections on engineering education. Based on the 

interview results, the authors identified four clusters of attributes which were considered 

by these engineers to influence creativity. These attributes were categorised as: desire 

and fulfilment; autonomy and support; openness and knowledge; and engrossment and 

connection. Desire and fulfilment summarise the intrinsic motivation of creative 

individuals; they tend to be dissatisfied with the mundane problems of engineering and 

want to be creative in producing novel and different solutions. According to Amabile 

and Tighe (1993), when individuals are interested in the problem area, the problem is 

more likely to be solved via the exploratory route. They also argue that problem solvers 

enhance their creative ability if they focus deeply on a task. Creative desire is a trait of 

engineers who constantly strive for chances to innovate, and consequently, this allows 

them to express novel solutions. In addition, creative engineers’ awareness of an 

intrinsic motivation for engineering tasks requires creative problem-solving. 

Autonomy and support describe the environment in which creativity is encouraged. 

More specifically, autonomy relates to the freedom to experiment, which is necessary 

for an individual to take the risks required to pursue new ideas (Klukken et al., 1997). In 

contrast, constraints consistently hinder creativity and decrease task motivation 
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(Amabile and Tighe, 1993). When an individual perceives external controls (e.g. 

rewards, time pressure, surveillance, evaluation, and even the expectation of evaluation) 

when performing tasks, their intrinsic motivation receives negative influences. A 

supportive environment is described by Klukken et al. (1997) as one where engineers 

have the freedom to experiment and take the necessary risks to pursue new ideas and 

where failure is an acceptable outcome. This finding is consistent with a study by 

Rogers (1954) which has also demonstrated that creative contributions require contexts 

of psychological safety and freedom, well separated from a blame culture. Innovative 

attempts should be recognised for both successful and unsuccessful results. In summary, 

leaders of creative engineers must provide supportive and independent environments, as 

well as time and resources according to the required demands. 

Openness and knowledge are cognitive tools; one must have the ability to be expert in a 

technical discipline, while maintaining openness to new knowledge and insight and a 

willingness to learn. Engineering creativity requires solid technical skills and a sound 

knowledge base. In addition to knowledge, the creative engineer should have a 

deliberate openness, which means they can also acquire and accept critiques of possible 

solutions to the problem from other experts. This means they have the ability to connect 

remote elements and produce creative links. Openness to new ideas allows creative 

engineers to practice lateral thinking, adapt their thought process, and employ one field 

of knowledge to solve problems in another domain (Debono, 1992, Klukken et al., 

1997). Thus, a strong background in a specific discipline is necessary, but excellent 

results can only be achieved when engineers are also able to make connections between 

domains which are not normally associated.  

Teamwork and communication skills also play an important role in this attitude of 

deliberate openness. Working in a team can significantly improve creative productivity, 

compared to working alone (Cropley and Cropley, 2005). Supporting a creative 

engineer can be achieved by providing access to the necessary knowledge base and 

allowing sufficient time to gather and absorb that information, so it can be utilised in a 

suitable way. Engrossment and connection consider the experience of total attention on 

an issue. It includes focus and flow (Menzel et al., 2007). A sense of total engrossment 

and connectedness should occur in the creative process in order for a problem to not 
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only connect to the context but also all other available and relevant knowledge domains 

(McKeag, 2008). 

From a public viewpoint, it seems that engineering creativity is quite limited since most 

engineers’ jobs do not commence in a vacuum, but incrementally develop on existing 

knowledge and technology (Fayolle et al., 2005). Another indication that engineers may 

not be perceived as reflecting today’s present manpower is the notion that engineers 

have become complacent with the status quo and are hesitant to be creative and 

innovative (Galloway, 2004). Consequently, engineering tasks are not often major 

breakthroughs, which would characterise the engineer as an innovator. Furthermore, 

these tasks are usually accomplished by teams and organisations, and therefore must 

attribute success to a group not an individual (Williamson et al., 2013). However, 

despite this perception of limited creativity, much of engineering is inherently creative 

since it requires the synthesis and application of a variety of concepts to generate an 

outcome that is substantially different (Menzel et al., 2007). For example, knowledge of 

mathematics and natural sciences gained through learning, experience, and practice are 

essential for the engineering profession (Eide, 2001). 

Researchers have also assessed the state of engineering education especially its role in 

encouraging creative thinking. Clearly, a high level and lifelong internal motivation is 

an important trait of creative engineers. However, current educational systems have 

often been found to work counter to that motivation. Galloway (2004) maintains that 

detailed aspects of engineering that engender creativity and innovation are not 

represented within tertiary curricula, or publicly depicted as having relevance to societal 

requirements. This means engineering schools often do not provide students with 

sufficient preparation for and understanding of creative contributions required in 

modern industry. Therefore, engineering schools must provide students with the skills 

demanded in the working practice driven by innovation and change in technology.  

Engineers should be educated to be on the frontier of exploration and in the vanguard of 

innovation which requires new abilities and knowledge that equip them with  additional 

capacities that  enable them to work across disciplines, to manage risk and uncertainty, 

to integrate and coordinate, and to innovate (Galloway, 2004). Improving products, 

processes, and systems in industrialised societies relies on engineering creativity and 
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innovation, which means values such as originality, ingenuity, and novelty are critical 

elements of engineering education (McKeag, 2008). 

2.4 Innovation in the Built Environment 

The Australian economy is currently one of the fastest growing economies in the world, 

and has also witnessed dramatic changes in recent years. Innovation is essential for the 

development of the industrial and economic sectors in Australia because of its role as an 

important economic driver (Panuwatwanich et al., 2008, Peansupap and Walker, 2005, 

Rose and Manley, 2012a). Therefore, policies on national and regional systems of 

innovation need to encourage the adoption of innovation and must be coupled with 

appropriate mechanisms that develop awareness of new and available innovations and 

encourage and facilitate their appropriate exploitation (Aouad et al., 2010). The 

construction industry is an important sector as it provides considerable contributions to 

the economy of Australia, even though its innovation adoption is generally considered 

to be slow of due to the inherent complexity of construction projects. Therefore, the 

construction industry needs to be reviewed and readjusted in order to facilitate 

innovation in delivering more effective social and economic infrastructure (Rose and 

Manley, 2014). It is necessary to find a more effective way to diffuse innovation in 

construction industry (Panuwatwanich et al., 2009a). 

Innovation plays an important role in leveraging the competitiveness of companies 

operating in the construction industry (Chan et al., 2014, Ozorhon, 2013). Stewart and 

Fenn (2006) defined innovation as the profitable exploitation of ideas, practices and 

technologies novel to the organisation in seeking competitive advantage. Innovation in 

construction can, therefore, be regarded as the successful development and 

implementation of new and significantly improved ideas, products, processes, practices, 

and technologies related to functionality and user characteristics that increase 

organisational effectiveness and efficiency (Kissi et al., 2012, Loosemore and Richard, 

2015). However, the construction industry is also confronted with a complexity of 

project characteristics and technological constraints, as well as completion deadlines 

(Aouad et al., 2010, Lim and Ofori, 2007). Therefore, there is a perception that this 

industry, where innovations are rarely large scale or radical, remains slow in adopting 

innovation, especially when compared to the manufacturing industry that is typically 
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technology intensive, and the adoption and implementation of innovations have been 

more extensive.  

In contrast to manufacturing, construction is perceived as a service-based industry that 

is inherently labor intensive; thus, innovations in construction are small-scale 

incremental improvements in services or products. Also, they tend to be more ad hoc 

than in manufacturing firms as they are usually developed gradually from employee and 

manager ideas in response to challenges during the service delivery process 

(Loosemore, 2015). Despite this perception, innovation in the construction industry 

does occur, mostly in terms of physical processes and products, and particularly in 

improvements in materials, such as new types of asphalt, concrete, or fiber composites, 

as well as new processes facilitated by information and communication technology 

(ICT) (Peansupap and Walker, 2005, Rose and Manley, 2012a). Loosemore (2015) 

developed fifth-generation principles as the basis for a theoretical model of innovation 

in construction. The model describes innovation in construction as a dynamic process of 

modification, starting with an organic approach in initial design and tender stages, and 

continuing to a more systematic approach during the delivery phase where tight budgets 

and programs demand focused discipline. 

In order to ensure the success of innovation, organisations need to implement 

‘innovation diffusion’  (Panuwatwanich et al., 2008). Innovation diffusion is defined as 

the process in which a new idea, concept, process, or technology is disseminated by 

communication, relationships, and  decision making processes involving acceptance or 

rejection across a social system over a time period (Rose and Manley, 2012b). The term 

innovation diffusion is eclectically defined in this research as the process by which an 

innovation is adopted and implemented by firms in the construction industry until the 

expected users adopt and transfer the knowledge and experience of how to use the 

innovation (Panuwatwanich and Stewart, 2012). To achieve this process, it is imperative 

that firms understand how this action occurs within a complex social system of key 

stakeholders in the construction industry including, but not limited to, architects, 

engineers, contractors, subcontractors, academic research institutions, and product 

development firms (Gambatese and Hallowell, 2011). Construction scholars have 

conducted many studies investigating innovation diffusion in the Australian 

construction industry. For example, Peansupap and Walker (2005) identified factors that 
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were found to influence ICT diffusion and adoption in large Australian construction 

organisations, and grouped these into management, individual, technology, and 

workplace environment categories. 

2.4.1 Innovation diffusion at the organisational level 

In an attempt to provide a better understanding of the innovation diffusion phenomena 

from a social perspective, Panuwatwanich et al. (2008) empirically investigated the 

impact of the socio-psychological process of innovation diffusion on business 

performance within architecture and engineering design (AED) firms. Panuwatwanich 

et al. (2009a) also investigated innovation diffusion in Australian design firms by 

studying 181 architectural and engineering design professionals and identified that 

socio-psychological factors which might influence innovation diffusion within AED 

firms could be divided into three factors: leadership, team climate, and organisational 

culture.  

Each socio-psychological factor has a different role in innovation diffusion within an 

organisation. In the diffusion process, a leader plays an important role in inspiring 

creativity and challenging staff to promote the development of new ideas, which can  

lead to innovation initiatives in an organisation (Panuwatwanich et al., 2009a). When 

ideas are encouraged and challenged, employees are more likely to be aware of 

problems and think of new ways of working. A team climate where members actively 

support each other in developing innovative ideas is considered another requirement for 

innovation. This climate provides an important motive and determinant to achieve 

innovative behaviour of staff within the organisational context (Panuwatwanich et al., 

2008). The final socio-psychological factor, which is an essential element for the 

successful diffusion of innovation, is having an innovation culture within an 

organisation. Within such a culture, creative ideas are more likely to be transformed into 

innovative solutions, and  innovations are  more likely to be diffused and thus adopted 

because staff perceive encouragement and support from their firms (Panuwatwanich et 

al., 2009b). 

Panuwatwanich et al. (2009a) also found that the socio-psychological factors of 

leadership and team climate influence perceptions of the third factor, an organisation’s 

culture for innovation. This triad of factors subsequently impact on innovation diffusion 
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as well as business performance, as shown in Figure 2.3. Innovations such as innovative 

design solutions have a high impact on client satisfaction because the client can 

appreciate the benefits of  the innovative design products when the value of the 

innovation has been made explicit (Panuwatwanich et al., 2008). As client satisfaction is 

a critical indicator of business performance, firms should strive for high levels of client 

satisfaction. This can be achieved by innovation in the firm. Evidence to support this 

link between socio-psychological factors and innovation diffusion has been derived 

from quantitative and qualitative studies, with data collection methods including survey, 

documentation analysis, and case studies based on triangulation using multiple sources 

to ensure the validity of findings (Panuwatwanich et al., 2009a). 

 

 

Figure 2.3 Empirical model for innovation diffusion (Panuwatwanich et al., 2008) 

In order to evaluate the innovation diffusion maturity levels within the AED firms, 

Innovation Diffusion Readiness (IDR) was conceptualized on the basis of three socio-

psychological factors; namely, leadership for innovation, team climate for innovation, 

and organisational culture for innovation (Panuwatwanich and Stewart, 2012). The key 

findings showed that the overall level of IDR among the sampled firms was moderate to 

high. Using cluster analysis, three main clusters were uncovered: Very High, High, and 

Moderate IDR. Further analysis indicated that the higher IDR clusters appeared to 

perform significantly better in diffusing innovative design practices. This finding 

highlighted that when the firms shifted to a higher IDR cluster, they could achieve a 

significant improvement in the diffusion of innovation (Panuwatwanich and Stewart, 

2012). 



25 

 

2.4.2 Innovation diffusion at project level 

Another important factor regarding innovation diffusion highlighted by Rose and 

Manley (2012a) has been the vital role of governments in promoting the steady flow of 

product innovations relevant to the Australian construction industry across the supply 

chain. Despite a  strong supply of product innovations, adoption rates in the Australian 

construction industry remain low due to six key obstacles that hinder the adoption of 

innovative products: project goal misalignment; client pressures; weak contractual 

relations; lack of product trialing; inflexible product specifications; and product liability 

concerns (Rose and Manley, 2012b). Thus, construction firms need to overcome these 

major barriers to innovation diffusion if they are to be successful. 

Rose and Manley (2012b) also investigated innovation diffusion in the Australian 

construction industry, drawing on an innovation diffusion model and developing a 

tailored conceptual framework to guide future empirical work aimed at assessing 

innovation diffusion in the project-based context. One important aspect of the 

framework is that the design and operation of innovation diffusion should be dependent 

upon its intended application, as what is suitable for innovation diffusion for large firms 

may be unsuitable for small firms. Hence, input from these studies on how innovation 

diffuses within an organisation can assist firms to overcome the complex challenges of 

innovation diffusion in construction. The conceptual framework proposed by Rose and 

Manley (2012b) consisted of five stages: knowledge and idea generation; persuasion 

and evaluation; decision to adopt; integration and implementation; and confirmation, as 

shown in Figure 2.4. In the first stage, staff acquire an understanding of an innovation. 

From a construction innovation perspective, Winch (1998) has explained that 

innovation derives from two approaches; in the top-down approach, new ideas are 

adopted by organisational executives; in the bottom-up approach, new ideas are 

generated by team members who have solved the problems during a construction 

project and gained lessons later in the procurement process. At the second stage, staff 

determine the advantages or disadvantages of an innovation depending on three 

measures (Rose and Manley, 2012b): the relative advantage in which an innovation 

might be better than existing practices; compatibility, which considers whether an 

innovation is perceived to be consistent with the existing values and objectives of the 

potential adopters; and complexity, the degree to which an innovation is perceived as 
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difficult to understand and apply. The choice for construction firms to adopt innovations 

can be determined by these three measures. 

 

Figure 2.4 Framework of innovation diffusion (Rose and Manley, 2012b) 

At the third stage of innovation diffusion, companies decide to adopt or reject an 

innovation according to the consequences of the selection (Rose and Manley, 2012b). 

Subsequently, an innovation is implemented, and then the benefits are considered in 

regard to expanding on a wider scale, but its application may be discontinued if poor 

performance is experienced (Rose and Manley, 2012b). This framework is expected to 

improve understanding of innovation diffusion processes on construction projects. Each 

stage of the conceptual framework is influenced by two elements which are the internal 

capacity of team members to consider and implement an innovation according to their 

past experiences and practices, as well as the relationships between organisations which 

impact the efficiency of knowledge sharing among firms (Rose and Manley, 2012b). As 

a result, these two elements impact the effectiveness and efficiency of the innovation 

diffusion process in an organisation. 

In order to assess the effectiveness and efficiency of the innovation diffusion process in 

the context of construction, Rose and Manley (2012b) also proposed three measurement 

constructs to modify their tailored framework for the built environment. The first 

measurement construct is the innovation characteristics which affect the capability of 

team members to adopt and understand the innovation. The second measurement 

construct is the capacity for adoption, which refers to the learning performance of 

organisations. The third measurement construct is speed of adoption, which measures 

the pace of the implementation of innovation activity in construction firms. Data 

obtained from these measurement constructs enable informed policy advice to assist in 

maximizing the potential for innovation diffusion in construction firms. 
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In order to interpret their framework, Rose and Manley (2014) conducted a quantitative 

survey to rank the relative importance of the obstacles constraining the adoption of 

innovative products in Australian road infrastructure projects. The three most important 

obstacles to address are: overemphasis on up-front project costs during the tender stage; 

disagreement over who carries the risk of new product failure; and adversarial contract 

relations. It is important, therefore, for construction firms to focus on procurement 

systems and industry relationships in order to overcome these obstacles and shape 

opportunities for innovation diffusion.  

To analyse the support role of clients to  improve innovation diffusion in the 

procurement process, Loosemore and Richard (2015) conducted research based on 46 

interviews with Australia’s leading construction clients, contractors, and consultants. 

The research revealed that many clients were unwilling and unable to employ strategies 

to foster more innovation because of internal governance constraints, a lack of tools and 

insight to evaluate innovation in tenders, a poor understanding of how built assets 

contributed to core business objectives, and a narrow understanding of their central role 

in driving innovation. The importance of client leadership in driving, encouraging, and 

facilitating more innovation should be more valued in the construction sector. This can 

be achieved by clients deploying an integrated project strategy that allows scope and 

time for innovation to occur, encourages collaboration and early involvement, and 

distributes risk and opportunity in a balanced and transparent manner (Loosemore and 

Richard, 2015). 

Innovation is a dynamic activity that can develop the value of ideas, practices, and 

technologies through the generation and implementation of new knowledge (Rogers, 

1998). Innovation is a significant element for the construction industry in Australia to 

remain competitive in today’s changing business environment (Peansupap and Walker, 

2005, Rose and Manley, 2012a). Effective diffusion of innovation is essential for 

construction companies to obtain the competitive and operational benefit which can be 

achieved by completely comprehending the innovation diffusion process (Gambatese 

and Hallowell, 2011). Within this process, there are potential drivers and obstacles to 

recognize and address. In respect to drivers, leadership and team climate have a 

significant effect on organisational culture perceptions, which indirectly impacts on 

innovation diffusion outcomes and business performance (Panuwatwanich et al., 
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2009b). Emphasizing these drivers of and obstacles to innovation diffusion is important 

in order to effectively develop a conceptual framework of innovation diffusion. This 

starts with knowledge and idea generation and ends in implementation and confirmation 

(Rose and Manley, 2012b). Thus, the adaptation of a conceptual framework of 

innovation diffusion in the construction context can enable construction companies to 

integrate information, knowledge, and technology to respond to the emerging demands 

of the construction industry in the future. 

2.5 Socio-Psychological Constructs of Climate for Innovation 

Within an organisation, a socio-psychological process can express itself in the form of 

climate for innovation, which is determined as an antecedent of motivation and 

behaviour building upon the perceptions of employees (Kozlowski and Doherty, 1989). 

Climate for innovation is defined as an indicator of the ability of organisations to be 

innovative. That is, the level of advocacy and stimulation an organisation provides its 

employees to experiment with innovative initiatives (Martins and Terblanche, 2003). 

There were two primary factors to form a climate for innovation that can be perceived 

by employees, namely, leadership for innovation and ambidextrous culture for 

innovation. Leaders can inculcate a strong organisational culture and thereby contribute 

to a positive climate for innovation and subsequently influence the innovative behaviour 

of employees (Jung et al., 2003). 

2.5.1 Leadership for innovation 

According to Bass and Bass (2009), leadership refers to “an interaction between two or 

more members of a group that often involves a structuring or restructuring of the 

situation and of the perceptions and expectation of the members directing the attention 

of other members to goals and the paths to achieve them” (p. 25). Yukl (2006) proposes 

that an alternative perspective would be to describe leadership as a shared process of 

enhancing the collective and individual capacity of people to accomplish their work 

roles effectively. Although definitions of leadership can vary it is essential to create the 

structures, process, and culture for an organization to become innovative. Therefore, 

leadership is one of the most critical predictors to consider the degree to which 

subordinates strive for creativity and innovation (Amabile et al., 2004, Eisenbeiss, 2008, 

Peterson, 2009). For example, Kim and Lee (2009) investigated management capacity 
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in the innovation process in the Korean public sector and asserted the positive effect of 

innovative leadership on the adoption and implementation of innovations. The 

willingness of leaders to take risks on novel initiatives and adopt fresh perspectives is 

the main factor in the success of innovation implementation (Orazi et al., 2013).  

Even though some innovations involve bottom-up activities that begin with the 

employees of an organisation, who are not necessarily leaders or in top management, 

they can only be achieved as a result of effective organisational strategic responses or 

projects. Therefore, the top management or leadership of organisations have to make the 

commitment of key and strategic resources to support innovations in order for these to 

succeed (Oke et al., 2009). In the achievement of organisational goals, leadership plays 

a vital role in building the processes, structures, and climate for an organisation to 

become innovative and to motivate team expectations toward innovations (Chan et al., 

2014). Leaders also not only act as behavioural role models for innovative ideas, but 

can also act as critical champions to boost innovative behaviours and adapt attitudes that 

are conducive to innovative initiatives (Oke et al., 2009). As such, the significance of 

leadership style in creating an innovative organisation is not in question. Leadership 

style arises from a behavioural review of the approach in which leaders perform their 

functions (Liu et al., 2003). This study examines two leadership styles, namely, 

transformational leadership and consideration leadership to determine their correlation 

with creativity and innovation in the public sector. 

Since Burns (1978) introduced the concept of transformational leadership, many 

scholars and practitioners have paid increasing attention to studying the effectiveness of 

this leadership style (Bass and Riggio, 2006, Podsakoff et al., 1996, Yukl, 2006). 

Transformational leadership has generally been considered more effective than other 

leadership styles in facilitating employee creativity and organisational innovation 

(García-Morales et al., 2012, Shin and Zhou, 2003). In the public sector, 

transformational leadership has a mission-driven form which boosts follower receptivity 

to reform and innovate (Gabris et al., 2001). Emphasis on the mission of an organisation 

makes transformational leadership particularly effective in the public sector given the 

service and community-oriented characteristics of their responsibilities (Wright and 

Pandey, 2009). Furthermore, Wright et al. (2012) in their study of city managers and 

department heads found that transformational leadership was associated with a 
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developmental culture characterised by innovation, entrepreneurial risk taking, and 

growth. The transformational leader encourages new ideas and practices by supporting 

subordinates with enough autonomy and discretion for innovation to emerge 

(Damanpour, 1991, Gumusluoglu and Ilsev, 2009). Similarly, transformational 

leadership has been shown to increase employee empowerment (Howell and Avolio, 

1993) even in public sectors associated with high levels of bureaucracy (Park and 

Rainey, 2008) and a strict hierarchy (Dvir et al., 2002).  

Transformational leaders are those who inspire subordinates to perform and recognise 

organisational objectives and goals and have the capability to motivate followers 

beyond expected levels of work standards. Consequently, subordinates of 

transformational leaders have been found to feel engaged and personally rewarded 

through their job, and work outcomes such as job satisfaction and extra effort are 

increased (Bass and Riggio, 2006, Howell and Avolio, 1993). In contrast to leadership 

based on individual gain and the exchange of rewards for effort, transformational 

leaders motivate behaviour by changing the basic values, beliefs, attitudes, and 

assumptions of subordinates. To direct and inspire individual effort, these leaders 

transform their subordinates by raising their awareness of the importance of 

organisational outcomes, which, in turn, activates their higher-order needs and induces 

them to transcend their own self-interests for the benefit of the organisation (Wright and 

Pandey, 2009). Transformational leadership has four characteristics (Bass and Riggio, 

2006): idealised influence, inspirational motivation, intellectual stimulation, and 

individualised consideration. A brief explanation of each characteristic is presented 

below: 

Idealised influence. Transformational leaders are altruistic role models who induce the 

admiration, respect, and trust of subordinates and also display charismatic behaviour by 

expressing confidence in the organisational vision; showing a sense of purpose, 

determination, persistence, and trust in other people; and emphasising accomplishments 

(Bass and Riggio, 2006). The transformational leader’s idealised influence also plays a 

vital function in stimulating creativity and innovation by boosting the agreement and 

significance of these behaviours through the leader’s own words and actions (Dwivedi 

et al., 2013). 
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Inspirational motivation. Transformational leaders behave in ways that encourage 

followers to focus on organisational objectives and they have the capacity to motivate 

their subordinates by providing meaning and challenge to their jobs (Bass and Riggio, 

2006). These leaders build relationships with their followers through interactive 

communication and encourage individual and team spirit and collaboration. They also 

communicate an exciting vision of the future and direct subordinates to approaches that 

achieve goals (Nusair et al., 2012). Bass and Riggio (2006) also found that 

transformational leadership can increase subordinates’ self-efficacy beliefs and 

inspiration. 

Intellectual stimulation. Transformational leaders stimulate and foster creativity and 

innovation by reframing new problems, questioning assumptions, and approaching old 

situations with novel approaches. Subordinates are encouraged to find new ideas for 

problems, create solutions from different perspectives, and their ideas are not publicly 

criticised. Also, subordinates are not concerned whether ideas or approaches differ from 

the leaders’ ideas (Bass and Riggio, 2006). By practicing intellectual stimulation, 

leaders utilise and encourage logic and intuition in coping with problems. Intellectual 

stimulation, together with individualized consideration, is the basic characteristic of a 

competent organisational coach and mentor. 

Individualised consideration. The transformational leader gives personal attention to 

each follower’s needs for growth and achievement by acting as a coach or mentor who 

assists subordinates to become fully actualised and to develop work-related 

competencies with consideration and empathy. New learning opportunities are created 

within a supportive climate according to individual differences in terms of desires and 

needs. Such leaders have the capacity to build and develop subordinates’ sense of 

determination and self-confidence (Bass and Riggio, 2006). 

While the transformational leadership characteristics are crucial to enhance innovation, 

organisational leaders should also consider other aspects of their leadership style. 

Transformational leadership was originally expected to be distinct from, and more 

effective than, reward or transaction-based leadership where leaders seldom involved or 

advised subordinates and concentrated on awarding and penalising designated actions 

(Barbuto, 2005). However, empirical findings have consistently suggested that because 



32 

 

employees also have transactional needs, successful transformational leaders augment 

their use of beneficial transformational behaviours by simultaneously implementing a 

transactional leadership style which offers a path to increased performance (Bass and 

Riggio, 2006, Oberfield, 2012). 

In addition to transformational leadership, the characteristics of consideration leadership 

also play a vital role in innovation outcomes (Yukl, 2006). Consideration is one of the 

two leader behavioural dimensions identified by the research cadre at the Ohio State 

University in the late 1940s (Lee and Kwak, 2014). More than a thousand leader 

behaviours were examined and summarised into two groups: consideration and 

initiating structure (Halpin, 1957, Stogdill, 1950). Consideration is the degree to which 

a leader shows concern and expressions of support for subordinates, looks out for their 

welfare, treats members as equal, and displays warmth and approachability (Bass and 

Bass, 2009). Initiating structure is the degree to which a leader clarifies the task 

responsibilities of the leader and of subordinates, determines standards of performance, 

and establishes well-defined patterns and channels of communication (Fleishman and 

Hunt, 1973). Consideration leader behaviours provide a work environment of emotional 

support, friendliness, warmth, and trust for followers. Some exemplary behaviours are 

helping followers with personal problems, being approachable, and expressing 

appreciation and support (Lee and Kwak, 2014). 

Stoker et al. (2001) found that consideration leadership promoted empowerment of 

individual subordinates, which enhanced innovative behaviour and organisational 

effectiveness. According to Frischer (1993), the empowering manager perceives the 

positive influence of individuals and work groups and thus, creates an innovative 

climate where subordinates achieve better results in their innovative initiatives. 

Consideration leadership can also help manage negative issues related to  diversity, that 

is the potential ‘us – them’ differentiations and subsequent breakdowns in relationships, 

because it restricts subgroup classification processes and smoothes relational processes, 

both of which play important roles in effective functioning of diverse groups (Mannix 

and Neale, 2005). 
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2.5.2 Ambidextrous culture for innovation 

Most scholars have asserted the significant role organisational culture plays in the 

successful management of innovation in the public sector (Kim and Yoon, 2015, Wynen 

et al., 2014). Denison (1996) defines culture as “the deep structure of organizations, 

which is rooted in the values, beliefs and assumptions held by organizational members.” 

(p. 654). According to O' Reilly and Chatman (1996), organisational culture is “a 

system of shared values and norms that define appropriate attitudes and behaviours for 

organizational members” (p. 160). Schein (2004) also explains that culture presents a 

model of basic acceptances learned by members from socialisation processes and solves 

problems of external adaptation and internal integration. More particularly, many 

studies have defined the culture for innovation from a cultural perspective as supporting 

creativity, openness and receptiveness to new ideas, risk taking, and promoting an 

entrepreneurial mindset (Brettel and Cleven, 2011, Koberg and Chusmir, 1987). 

According to Kim and Yoon (2015), culture for innovation is a primary element for 

creativity and innovation in government. An effective government culture is one that 

focuses on shared norms and basic values pertaining to innovation in the work 

environment and reflects innovative practices, procedures, policies, and structures (Kim 

and Yoon, 2015, Martins and Terblanche, 2003). Culture for innovation informs 

employees of both the intention to be innovative and the creation of a supportive 

climate for innovation (Dobni, 2008, Lægreid et al., 2011). 

Researchers have also suggested that ambidextrous organisations are successful because 

of their ability to innovate in the short and long term (Gibson and Birkinshaw, 2004, 

Taylor and Helfat, 2009). The term ambidexterity literally means the ability to use both 

hands equally. In management science, the term ambidexterity has been employed to 

refer to an organisation’s ability to establish and maintain a balance of both exploration  

and exploitation activities in order to facilitate innovation (Benner and Tushman, 2003, 

Gibson and Birkinshaw, 2004). Exploration refers to increasing variance in behaviour, 

engaging in experimentation, risk taking, venturing into new and unconventional 

activities, and searching for alternative solutions. Exploitation, on the other hand, 

involves reducing variance in behaviour, adherence to rules, goal achievement, 

effectiveness, alignment, and risk avoidance (March, 1991). Thus, organisations with 
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high levels of both exploration and exploitation activities have higher innovation 

outcomes than organisations with low levels in either or both of these activities. 

Ambidexterity has been proposed as a significant antecedent of innovation at the 

organisational level. Organisations have to achieve a balance between exploration and 

exploitation to be creative and innovative (Gibson and Birkinshaw, 2004). Noting that 

organisational culture is widely accepted to be one of the most important antecedents of 

creativity and innovation, organisations need to encourage cultures that foster both 

exploration and exploitation behaviours among their employees which can  lead to high 

innovative performances. The central idea of an ambidextrous culture is comparable to 

the core idea of new public management (hereafter NPM). Basically, NPM envisages 

that  an increase in managerial autonomy merged with result control would, among 

other outcomes, prompt an innovation-oriented culture and  enhance organisational 

effectiveness and efficiency (Pollitt and Bouckaert, 2011a). Firstly, an appropriate level 

of managerial autonomy is essential for public sectors to be able to innovate. Secondly, 

pressure is necessary for public servants to innovate by incentivising through result 

control by the government (Wynen et al., 2014). This provides employees  with both the 

possibility and the incentive to experiment and innovate and therefore encourages them 

to  explore novel solutions and develop and improve new products, services, and 

management techniques (Dunleavy et al., 2006). Thus, managerial autonomy, 

complemented with result control, is conducive to an ambidextrous culture for 

innovation. 

The ambidextrous culture for innovation is classified into two sets of cultural features. 

The first type of organisational culture is an innovative culture where an organisation 

orients toward experimenting with new solutions by exploring new resources, breaking 

through existing norms, and valuing flexibility, adaptability, creativity, risk taking, and 

entrepreneurship (Ireland et al., 2006). Such innovative culture encourages employees 

to implement new services, new technologies for product development, and new 

organisational routines and structures (Zhou et al., 2005). Cultivating employees’ 

orientation toward innovation may lead them to feel that the organisation is full of spirit, 

can manage uncertainty in the work environment, and reduces unfavourable 

consequences in the organisation. Innovation orientation is also likely to lead to truly 

innovative breakthroughs due to its emphasis on creativity (Hurley and Hult, 1998). 
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Lægreid et al. (2011) assert that innovative cultures can ensure employees’ consistently 

perceive an innovative cultural orientation, thus serving as guidance for employees 

when facing challenges affecting innovation outcomes. 

The second feature of ambidextrous culture for innovation stresses organisational 

performance orientation, in which organisational characteristics are categorised into 

three elements: (a) strongly developed goal orientation; (b) a focus on task performance; 

and (c)  emphasis on quality of service delivery (Tepeci, 2001). A performance-oriented 

culture is expected to increase innovation in public sectors because governments need to 

respond to the demands of clients and citizens to achieve targets and performance 

evaluation processes (Koch and Hauknes, 2005, Windrum, 2008). According to 

Lægreid et al. (2011), public sectors which have strongly developed performance-

oriented cultures are more likely to have both an innovative culture and promote 

innovative activities compared to other public sectors. 

2.6 Workplace Innovation 

Workplace innovation is created when an individual or a team of individuals focus on 

improving organisational management and technology (Totterdill and Exton, 2014). 

This definition highlights the interactive characteristics of workplace innovation. Pot 

(2011) defines workplace innovation as the implementation of interventions which 

advance organisational systems, human resource management, and supportive 

technologies. When workplace innovation is aligned with an organisation’s strategic 

objectives, it enables the development and improvement of products, processes, and 

services leading simultaneously to an increase in organisational performance. In order to 

be successful, workplace innovation depends on the ability to create innovative and self-

sustaining processes of learning, reflection, and change. This demands a commitment to 

learning from a variety of sources and enabling staff to develop and use their 

competencies and creative ability to the fullest extent, including empowering job 

design, self-organised teamwork, engagement in innovation processes, and employee 

participation in strategic management (Totterdill and Exton, 2014). 

Many of the world’s most successful organisations  implement new business models 

based on applying individual creativity to promote organisational innovation 

(McGregor, 2007). Individual creativity at work involves the development of practical 
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and new solutions to workplace challenges which provide tangible and useful outcomes 

for an organisation (Amabile, 1988). Communication and interactions between co-

workers that are embedded in the work environment can significantly improve 

individual creativity (Amabile and Tighe, 1993, Woodman et al., 1993). However, when 

employees perceive a work environment that fails to stimulate individual creativity, a 

void may occur between the level of individual creative ability and the actual amount of 

individual creativity practised within the organisation. Moreover, bureaucratic practices 

in public sectors often prevent leaders’ efforts to promote individual creativity (Bolin 

and Härenstam, 2008). Thus, to encourage individual creativity, leaders should try to 

understand subordinates’ motivations, because they can provide the environment they 

need to allow the creativity to occur. 

Team innovation is also an important determinant in the capability of organisations to 

respond to rapidly changing and challenging working environments. Organisations are 

increasingly dependent on teams, the basic building blocks of modern organisations, to 

innovate through the effective cross-fertilization of ideas (Hoch, 2013, Shin and Zhou, 

2003). Team innovation refers to the introduction or application within a team of ideas, 

processes, products, or procedures that are novel to the team and are designed to be 

useful (West and Farr, 1990). It is the team’s ability to develop novel ideas (i.e. 

creativity) and the ability to put these ideas into practice such that they yield benefits to 

organisations (i.e. implementation). Implementation processes include selling ideas to 

other team members and making ideas available in the organisation (Axtell et al., 2000). 

Team innovation thus can be operationalised as the merger of the quality and quantity 

of ideas that are generated and implemented. Teamwork is a vital factor of team 

innovation. Innovative teams frequently have clearly defined objectives and goals, 

effective leaders, a good balance of team roles, effective conflict resolution processes, 

and efficient connections with external organisations (Tidd et al., 2001). 

Developing the creativity and innovation of both individuals and teams needs strong 

championship from  supervisors and senior leaders (Moon, 1999). This may come in the 

form of empowering employees to take the action for change and to have a propensity 

for risk-taking (Borins, 2006), providing incentives for innovation (Light, 1998), 

supplying enough budgets to generate innovations (Walker, 2008), using pilot projects 
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to test their initiatives (Boyne et al., 2005), providing freedom for employees and 

protecting them from bureaucratic hindrances (Fernandez and Pitts, 2011). 

2.7 Career Satisfaction 

A career is widely regarded as the lifelong sequence of role-related experiences of 

employees, despite being conventionally acknowledged to be limited to professionals or 

those promoted through organisational hierarchies (Hall and Chandler, 2005). Career 

satisfaction is the positive psychological achievements that employees obtain from the 

intrinsic and extrinsic facets of their careers, including salary, advancement in job rank, 

feelings of pride, and developmental opportunities (Greenhaus et al., 1990). Some 

researchers have described that employees consider their career progress to be 

compatible with their own goals, values, and preferences (Barnett and Bradley, 2007). 

Career satisfaction is also identified as employees’ feelings of satisfaction or 

dissatisfaction with their entire career (Lounsbury et al., 2008).  

Career satisfaction is an important predictor of career success and is defined as the 

accumulated positive work and psychological outcomes deriving from one’s work 

experiences (Bretz and Judge, 1994). Career success has been conceptualised as 

consisting of both extrinsic and intrinsic outcomes, and is thus measurable using both 

objective and subjective indicators. Objective career success indicates an extrinsic 

outcome such as a sequence of official positions, salary changes, and formal structures 

and titles, all of which are publicly accessible and relatively tangible (Ng et al., 2005). 

In contrast, subjective career success is defined as employees’ evaluations of their 

career progress and accomplishments, prospects for future advancement, development 

of new skills, and work-life balance, relative to their own targets and ambitions (Seibert 

and Kraimer, 2001).  

However, having accomplished objective career success does not necessarily express 

that employees are satisfied with their career (Hall and Chandler, 2005). Researchers 

have revealed that employees with a higher subjective career success feel happier about 

their careers relative to their own subjective judgements. Therefore, it is significant to 

measure subjective career success as it has implications for employees’ psychological 

well-being, self-managed careers, and their quality of work-life (Peluchette, 1993). 

Subjective career success has frequently been operationalised as career satisfaction (Ng 
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et al., 2005, Seibert and Kraimer, 2001) because it demonstrates satisfaction over a long 

time frame and a wide range of outcomes, such as work-life balance and sense of 

purpose. 

When employees seek a deeper sense of purpose and greater intrinsic values in their 

careers, this is represented in the form of perceptions of the meaningfulness of their 

work. Lips-Wiersma and Wright (2012) have proposed a definition that expresses the 

contemporary components of work meaningfulness, asserting that it refers to “an 

individual subjective experience of existential significance or purpose of work” (p. 

657). Meaningful work has a tendency to occur when employees have a clear 

understanding of their abilities, expected outcomes, and successful operations within 

their work environment (Steger and Dik, 2009). Moreover, employees are more likely to 

experience meaningfulness when they know their work effort relates to organisational 

goals and priorities and contributes to some greater social benefit. Thus, meaningful 

work occurs when people can apply themselves to significant work activities that serve 

a valued, broader purpose (Steger et al., 2013). Experiencing meaningfulness of work 

has been postulated to be a psychological state that creates career satisfaction, the ability 

to use strengths at work, greater intrinsic work motivation, and organisational 

commitment (Littman-Ovadia and Steger, 2010). 

Reward and recognition are significant contractual and implied agreements between an 

employee and an employer (Chew and Chan, 2008). A sense of return on employees’ 

performances can come from rewards and recognition in addition to meaningful work 

(Saks, 2006).  Rewards are to some extent operationalised in terms of financial rewards, 

pay and benefits, and promotions and incentives that attract and retain employees. 

However, for committed employees, recognition in terms of freedom and opportunities, 

respect from co-workers, training and development opportunities, challenging work 

assignments, and public recognition can also keep them motivated, appreciated, and 

committed. Rewards and recognition are related to incentive compensation mechanisms 

which mainly cover two aspects: financial incentive and non-financial incentive. 

Financial incentives (e.g., rewards, bonuses, variable pay, punishment, and stock 

options) can increase the pressure to perform better and can motivate employees to 

work. However, due to the extrinsic features of financial motivation, many negative 

effects can also occur, such as a breakdown in relationships, short-sightedness, and 
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undermining interest (Kohn, 1993). Some studies have revealed that  financial 

incentives can be detrimental to individual creativity and organisational outcomes 

(Amabile, 1988, Anvuur and Kumaraswamy, 2012). The reason for this is that tangible 

rewards as external factors can cause competition, deadlines, and evaluations which 

have a tendency to decrease feelings of autonomy, reduce voluntary cooperation, and 

undermine intrinsic motivation (Gagné and Deci, 2005). When an organisation tries to 

motivate employees using financial incentives as the main reward system to increase 

innovation activities, this system may neglect employees’ intrinsic motivation factors, 

such as job autonomy and achievement, and diminish their innovative efforts. 

Non-financial incentives (e.g., feedback, challenging work, difficult goals, and job 

autonomy) are more correlated with recognition and also have been found to be 

powerful intrinsic motivators for performance improvement (Fey and Furu, 2008, 

Peterson and Luthans, 2006). Employees may manifest greater commitment and tend to 

remain with the organisation when they feel that their abilities, efforts, and 

contributions are recognised and valued (Davies, 2001). As discussed previously, 

financial incentives can limit employee’s intrinsic motivation and thus decrease 

innovative behaviour. Organisations, however, can foster effective performance by 

creating and combining both extrinsic and intrinsic rewards to yield capability 

improvement (Gagné and Deci, 2005). 

2.8 Psychological Attachment to an Organisation 

Many organisations today seek to increase employee loyalty because it is difficult to 

retain employees in a labour market characterised by a strong preference for job 

mobility. Employees who are psychologically attached to an organisation are more 

satisfied and more productive as they feel a need to contribute to the source of their 

good feelings and respond with high levels of citizenship behaviour (Hunter and 

Thatcher, 2007, O' Reilly and Chatman, 1996). Higher psychological attachment should 

generate employee engagement (Harrison et al., 2006) and a desire to improve the 

organisation (Withey and Cooper, 1989) because attachment leads staff to exert effort 

on behalf of the organisation (LePine and Van Dyne, 2001). Thus, a highly 

psychologically attached employee strives for solutions to improve aspects of 

organisational operations. Psychological attachment is a stabilising force that connects 
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individuals with organisations (Ng, 2015). Three themes of research have investigated 

psychological attachment to an organisation: research on organisational trust, on 

organisational identification and on organisational commitment. These three factors are 

all organisational beliefs that express some degree of relationship with an organisation. 

Exploring the role of these constructs of organisational psychological attachment would, 

therefore, be beneficial to organisations. 

Trust in the organisation can influence employee attitudes by emboldening a belief that 

the future behaviour of the organisation will be positive (Mayer et al., 1995). In an 

organisational context, trust is defined from perspectives that a psychological state 

consists of the motive to admit vulnerability based upon an expectancy of positive 

outcomes of another party (Rousseau et al., 1998). This is supported by Mayer et al. 

(1995), who defined organisational trust as one party’s willingness to be vulnerable to 

the actions of another party based on the belief that the latter party will do their duty in 

an interaction characterized by uncertainty. While both of these definitions of trust 

emphasise the importance of vulnerability as an outcome of trust, Mishra (1996) argues 

that the trusting predisposition is based on a set of variables believed to attain the goal 

of trust, namely, competency, openness, concern, and reliability. 

Employees with strong organisational trust are willing to carry out  tasks appropriate to 

the organisation despite the risk that they might not follow through on their duties 

(Mayer et al., 1995). The willingness to become vulnerable to organisational operations 

is a defining trait of organisational trust (Dirks and Ferrin, 2001, McAllister, 1995). 

Because of the risk involved, organisational trust presents a profound construct of 

psychological attachment to an organisation which develops employees’ feelings of 

confidence and support  (Williams, 2001). Mayer et al. (1995) argue that organisational 

trust develops when employees accept that an organisation has the virtues of 

benevolence, integrity, and ability. Benevolence pertains to the feeling that the 

organisation has the motive to ‘do good’ to the employee, integrity relates to the 

impression that the organisation is recognised to have values which the employee 

advocates, and ability correlates to perceived ability and willingness to perform the 

duties suitable to the organisation. These virtues facilitate employees to work in an 

uncertain and risky environment in the organisation in the future. 
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Organisational identification is the extent of a perception of unity and shared destiny 

with an organisation (Ashforth et al., 2008, Cooper and Thatcher, 2010). There are two 

elements of organisational identification. The cognitive element reveals the perceived 

degree of interest that an employee and an organisation share (Ashforth et al., 2008). On 

the contrary, the affective element reflects feelings of pride to be a member of the 

organisation leading to positive images of the organisation and thus a positive social 

identity (Tajfel, 2010). The creation of organisational identification depends 

fundamentally on interactions, especially face to face interactions, amongst employees 

within the organisation leading to mutual understanding of similar mindset and mutual 

belief (Tseng et al., 2005). Through the process of identification, employees aim to 

advocate the conception that they are valuable staff members (Ashforth et al., 2008).  

Organisational identification means employees realise that the values of the organisation 

are congruent with their own personal mindset. Consequently, they are willing to 

comply with the organisation’s regulations, responsibilities, and code of conduct. 

Employees with a high level of organisational identification tend to experience higher 

trust and pride, higher group cohesion, less attrition, and increased career satisfaction 

(Cooper and Thatcher, 2010). Therefore, governments can benefit when public servants 

develop a close association with their organisations. Public servants are generally more 

risk averse than their private sector counterparts, and as such organisational trust is 

considered a significant antecedent of organisational identification in public sectors 

(Campbell and Im, 2015). 

Organisational commitment is defined as a psychological state that an employee feels 

toward the organisation as a whole and organisation-related objectives and values; 

therefore, it has implications for the likelihood of maintaining membership (Allen and 

Meyer, 2000). Organisational commitment is a psychological attachment to an 

organisation as a result of a high-quality exchange between an organisation and its 

employees. For example, employees have needs, skills, and expectations and want 

working environments where they can perform their duties and have their demands 

satisfied. If an organisation facilitates opportunities for employees' needs and 

expectations to be achieved employees tend to respond to positive treatment with 

positive affective feelings toward the organisation, which is demonstrated through 

strong organisational commitment. 
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2.9 Factors influencing Innovation in the Public Sector 

The main objective of this study is to understand the innovation-conducive conditions 

and processes within the public sector. Researchers have long studied the relationship 

between organisational attributes and an organisation’s propensity to innovate. It is 

important to focus on organisational attributes because they provide practical 

implications which can be applied to improve the innovative behaviour of employees. 

Previous studies have found that the following factors affect innovation in public 

sectors: 

 Kim and Chang (2009) conducted a survey to evaluate the capacity for 

innovation in the 46 departments in the Korean central government. The results 

found that leadership style, learning culture, performance-based rewards, and 

information and knowledge sharing appeared to improve innovation capability 

in governmental agencies.  

 

 A study of innovation adoption in local governments in the United States (US) 

by Damanpour and Schneider (2009) revealed that both leader characteristics 

and innovation characteristics influenced the adoption of innovation. Leaders 

who implement pro innovation attitudes positively affect innovation adoption 

because they tend to maintain their passion, continue to allocate resources, and 

motivate employees toward the adoption of complicated innovations. 

 

 Based on a  study of the US Federal Government, Fernandez and Moldogaziev 

(2013)  found that empowerment culture had been inculcated in employees as a 

way to improve organisational performance. This was undertaken by finding 

innovative ways of correcting errors in service delivery and redesigning work 

processes. This study revealed that empowerment cultures can be used to 

encourage innovative behaviour among civil servants. 

 

 Kim and Lee (2009) examined the impact of the Korean Government’s 

management capacity for the adoption and implementation of innovation. They 

asserted that the adoption and implementation of innovative projects required 

full-scale management capacity which encompasses innovative leadership, a 
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quality workforce, systems and structures conducive to innovative behaviour, 

and the minimisation of negative external influences. Innovative leadership, 

characterised by effective change management, leadership commitment, and 

stability of the workforce, is the most significant factor in promoting the 

dynamics of governmental innovation. 

 

 Parry and Proctor-Thomson (2002) conducted a national leadership survey to 

investigate organisational factors that related to innovation within the New 

Zealand public sector. This study used structural equation modelling to test 

hypothesised relationships between manifestations of leadership, organisational 

culture, and innovation. Support was found for the effects of transformational 

leadership on organisational outcomes through its influence on facilitating a 

transformational/transactional organisational culture and climate for innovation. 
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Table 2.1 Socio-psychological factors affecting workplace innovation 

Socio-Psychological 

Constructs 

Factors Affecting 

Workplace Innovation 

References 

Ambidextrous culture 

for innovation 
Learning culture Damanpour and Schneider, 2009;  

Empowerment culture Fernandez and Moldogaziev, 2012; 

Resource availability Kim and Chang, 2009; 

Transformational culture  Parry and Proctor-Thomson, 2002. 

Transactional culture   

   
Leadership for 

innovation 
Leadership style Damanpour and Schneider, 2009; 

Pro innovation attitude Kim and Chang, 2009; 

Innovative leadership Kim and Lee, 2009; 

Leadership commitment Parry and Proctor-Thomson, 2002. 

Transformational leadership    

It can be discerned that most of the above-reviewed variables conform to both socio-

psychological constructs underlying the climate for innovation explained in Section 2.5. 

These homogeneities are presented in Table 2.1 along with the associated references. 

The above studies have provided critical contributions to the literature concerning the 

factors affecting innovation in public sectors. However, there is a lack of research 

examining the cause-and-effect relationships between these variables and the innovation 

outcomes. Therefore, more empirical research is necessary to increase the theoretical 

understanding on how innovation outcomes can be enhanced. 

2.10 Chapter Summary 

This chapter has presented a comprehensive review of innovations discussed in the 

literature. The relevant literature is reviewed in two parts. Innovation definitions were 

reviewed to demonstrate their diversity and press the case for the development of an 

integrative definition. The second part reviews innovation within the public sector 

context. According to the implications of this section, one should be careful in applying 

decades-long knowledge and theories of innovation developed from private sector 

studies, directly to the public sector. The literature on the diffusion of innovation in the 

built environment was also reviewed to explore how innovations in the built 

environment can be understood through diffusion of innovation theories and empirical 

works. To accomplish this aim, previously proposed theoretical frameworks and models 
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have been critically reviewed; then, empirical works analysed to interpret the innovation 

diffusion literature. Socio-psychological constructs (consisting of leadership for 

innovation and ambidextrous culture for innovation) can be expressed in the form of 

climate for innovation. This section critically contributed to the literature concerning the 

factors affecting workplace innovation and career satisfaction in public sectors.  
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Chapter 3 Model Development 

The purpose of this chapter is to justify and explain the research method used to respond 

to the research questions and hypotheses. This chapter presents the steps undertaken in 

this study to develop the theoretical framework and formulate the research questions. 

The framework and research questions were used as the basis for the conceptual model 

which was developed to address the research oversight identified in the literature review 

and the problems arising from the research gaps.  

3.1 Theoretical Framework and Research Questions 

While it is important to promote the innovative behaviour of engineering professions in 

public sectors, little comprehensive research has been carried out to examine innovation 

process within governmental agencies. The literature review in Chapter 2 has provided 

fundamental background knowledge in relation to how innovation is conceptualised, 

and the specific factors related to workplace innovation. According to the innovation 

process, socio-psychological factors (consisting of leadership for innovation and 

ambidextrous culture for innovation) have been determined as important components to 

encourage workplace innovation. Workplace innovation is also related to career 

satisfaction. In addition, psychological attachment to an organisation can further 

strengthen the relationship between the two constructs of workplace innovation and 

career satisfaction. Therefore, a theoretical framework has been proposed in this study 

to empirically investigate the relationships between these constructs (see Figure 3.1). 

 

Figure 3.1 Theoretical framework 
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Although leadership for innovation has been recognised by researchers as a significant 

enabler for workplace innovation, no study to date has comprehensively examined the 

effect of the ambidextrous culture for innovation, the interdependence between such 

constructs, and their impact on workplace innovation within the public sector. 

Moreover, the causal relationship between workplace innovation and career satisfaction, 

as well as the extent to which psychological attachment to an organisation moderates 

the relationship between these two constructs, have not been substantially verified from 

an empirical standpoint. In addition, few studies have directly analysed the relationships 

between these constructs in the context of public sectors, and no study has considered 

them from the perspectives of engineering professions. Therefore, the objective of this 

study was to examine workplace innovation within engineering professions in the 

Australian Public Service. To address the research gaps identified in the literature 

review and to pursue the research objectives, four research questions were established. 

RQ1: What is the relationship between the two socio-psychological constructs 

(leadership for innovation and ambidextrous culture for innovation) that create a climate 

for innovation in the context of public sectors? 

RQ2: Do each of the two socio-psychological constructs impact on workplace 

innovation in the context of public sectors? 

RQ3: Does workplace innovation increase career satisfaction in the context of public 

sectors? 

RQ4: To what extent does the psychological attachment to an organisation affect the 

relationship between workplace innovation and career satisfaction in the context of 

public sectors? 

To answer these research questions, a conceptual model was proposed based on the 

previously substantiated theoretical framework. The conceptual model logically 

conjectures relationships between the five constructs: leadership for innovation; 

ambidextrous culture for innovation; workplace innovation; career satisfaction; and 

psychological attachment to an organisation. Each of these constructs is concisely 

defined below: 
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 Leadership for innovation refers to the behaviours of leaders and supervisors in 

government agencies which are perceived by their followers as encouraging and 

promoting creativity and innovation in the workplace; 

 

 Ambidextrous culture for innovation refers to a system of shared values and 

norms within the agencies that achieve a balance between exploration and 

exploitation to be a creative and innovative organisation; 

 

 Workplace innovation refers to the generating force by an individual or a team 

of individuals in changing the way that organisations manage, organise and 

deploy people and technology to enable the improvement and renewal of 

products, services, and processes; 

 

 Career satisfaction refers to the positive psychological achievements that 

employees obtain from the intrinsic and extrinsic facets of their careers;  

 

 Psychological attachment to an organisation refers to a stabilising force that 

connects employees with their organisations and the existence of beliefs that 

express some degree of relationship with an organisation. 

Both of the socio-psychological constructs which act as enablers are conjectured as 

being associated with each other, and each construct is also assumed to have a direct 

relationship with the construct of workplace innovation. The psychological attachment 

to an organisation is also assumed as having a moderating effect on the direct 

relationship between workplace innovation and career satisfaction.  

3.2 Framework Constructs 

As discussed in Section 3.1, there are five constructs in the conceptual model. This 

section provides further description for each construct, and also delineates the factors 

within each construct. Leadership for innovation is briefly defined as the willingness of 

leaders to take risks on novel initiatives and adopt fresh perspectives. Leadership plays 

a vital role in building the processes, structures, and climate for an organisation to 

become innovative and to motivate team expectations toward innovations (Chan et al., 
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2014, Oke et al., 2009, Orazi et al., 2013). The leadership for innovation (LFI) 

construct is made up of two dimensions: transformational leadership and consideration 

leadership. Transformational leadership occurs when a leader inspires subordinates to 

perform, values organisational objectives and goals, and motivates followers beyond 

expected levels of work standards (Bass and Riggio, 2006, Howell and Avolio, 1993, 

Wright and Pandey, 2010). Consideration leadership is the degree to which a leader 

shows concern and expressions of support for subordinates, takes care of their welfare, 

treats members as equals, and displays warmth and approachability (Bass and Bass, 

2009, Halpin, 1957). Table 3.1 shows the dimensions of the LFI construct along with 

their descriptions and associated references. 

Ambidextrous culture for innovation (ACI) is defined as an organisation’s shared 

norms and basic values to establish and maintain a balance of exploration activities and 

exploitation activities in order to facilitate innovation in the work environment and to 

reflect innovative practices, procedures, policies, and structures (Benner and Tushman, 

2003, Gibson and Birkinshaw, 2004, Kim and Yoon, 2015, Martins and Terblanche, 

2003). The ACI construct incorporates two dimensions: innovative culture and 

performance-oriented culture. Innovative culture occurs when an organisation orients 

toward experimenting with new solutions by exploring new resources, breaking through 

existing norms, and valuing flexibility, adaptability, creativity, risk taking, and 

entrepreneurship (Hurley and Hult, 1998, Ireland et al., 2006, Lægreid et al., 2011, 

Zhou et al., 2005) 

.
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Table 3.1 Description details for the ‘Leadership for Innovation’ construct 

Construct/Dimensions Description Reference 

   Leadership for innovation (LFI) The willingness of leaders to take risks on novel initiatives and adopt 

fresh perspectives. Leadership plays a vital role in building the 

process, structures, and climate for an organisation to become 

innovative and to motivate team expectations toward innovations 

Chan et al., 2013;                  

Oke et al., 2009;                

Orazi et al., 2013. 

   
Transformational leadership  Leader who inspires subordinates to perform, values organisational 

objectives and goals, and motivates followers beyond expected levels 

of work standards. 

Bass & Riggio, 2006;            

Howell & Avolio, 1993; 

Wright & Pandey, 2009. 

   
Consideration leadership The degree to which a leader shows concern and expressions of 

support for subordinates, takes care of their welfare, treats members as 

equals, and displays warmth and approachability. 

Bass, 1990;                           

Halpin, 1957;                         

Lee & June 2014. 
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Table 3.2 Description details for the ‘Ambidextrous Culture for Innovation’ construct 

Construct/Dimensions 
Description Reference 

   Ambidextrous Culture for 

Innovation (ACI) 

An organisation’s shared norms and basic values to establish and 

maintain a balance of exploration activities and exploitation activities 

in order to facilitate innovation in the work environment and to reflect 

innovative practices, procedures, policies and structures. 

Benner & Tushman, 2003; 

Gibson & Birkinshaw, 2004; 

Kim & Yoon, 2015;            

Martins & Terblanche, 2003. 

   
Innovative Culture Anorganisation which orients toward experimenting with new 

solutions by exploring new resources, breaking through existing 

norms, and valuing flexibility, adaptability, creativity, risk taking, and 

entrepreneurship. 

Hurley & Hult, 1998;             

Ireland et al., 2006;            

Lægreid et al., 2011;           

Zhou, 2005. 

   
Performance-oriented culture Organisational characteristics are categorised into three elements: (a) 

strongly developed goal orientation; (b) a focus on task performance; 

and (c) a strong emphasis on quality of service delivery.  

Koch & Hauknes 2005; 

Lægreid et al., 2011;           

Tepeci, 2001;           

Windrum, 2008. 

 



52 

 

Performance-oriented culture is composed of three organisational characteristics: (a) 

strongly developed goal orientation; (b) focus on task performance; and (c) strong 

emphasis on quality of service delivery (Koch and Hauknes, 2005, Lægreid et al., 2011, 

Tepeci, 2001, Windrum, 2008). Table 3.2 summarises the dimensions of the ACI 

construct along with their descriptions and associated references. 

Workplace innovation (WIT) is the generating force by an individual or a team of 

individuals in changing the way that organisations manage, organise, and deploy people 

and technology. It is defined as the implementation of new and combined interventions 

in fields of work and supportive technologies (Pot, 2011, Totterdill and Exton, 2014). 

The WIT construct consists of two dimensions: individual creativity and team 

innovation. Individual creativity is the individual ability to develop practical and new 

solutions to workplace challenges, and provide a tangible and useful outcome for an 

organisation (Amabile, 1988, Amabile and Tighe, 1993, Woodman et al., 1993). Team 

innovation is the introduction or application within a team of ideas, processes, products, 

or procedures that are novel to the team and are designed to be useful (Axtell et al., 

2000, Tidd et al., 2001, West and Farr, 1990). Table 3.3 summarises the dimensions of 

the WIT construct along with their descriptions and associated references. 

Career satisfaction (CSF) is defined as an employee’s feeling of satisfaction or 

dissatisfaction with their entire career. It means the positive psychological achievements 

that employees obtain from the intrinsic and extrinsic facets of their careers, including 

salary, promotion, feelings of pride, and developmental opportunities (Barnett and 

Bradley, 2007, Greenhaus et al., 1990, Hall and Chandler, 2005, Lounsbury et al., 

2008). The CSF construct is composed of two dimensions: meaningful work and reward 

and recognition. Meaningful work is the amount of an individual’s subjective 

experience of existential significance or purpose of work (Rosso et al., 2010, Steger and 

Dik, 2009, Steger et al., 2013). Reward and recognition is defined as a sense of return 

that employees achieve based on their performances that come in terms of financial 

rewards, pay and benefits, and promotions, as well as respect from co-workers, 

challenging work, and public recognition (Chew and Chan, 2008, Fey and Furu, 2008, 

Saks, 2006). Table 3.4 presents the dimensions of the CSF construct along with their 

descriptions and associated references. 
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Table 3.3 Description details for the ‘Workplace Innovation’ construct 

Construct/Dimensions Description Reference 

   Workplace innovation (WIT) The generating force by an individual or a team of individuals in 

changing the way that organisations manage, organise, and deploy 

people and technology. It is defined as the implementation of new and 

combined interventions in the fields of work and supportive 

technologies  

Pot, 2011;                            

Totterdill & Exton, 2014. 

   
Individual creativity The individual ability to develop practical and new solutions to 

workplace challenges, providing a tangible and useful outcome for an 

organisation. 

Amablie, 1988;                      

Amabile & Tighe, 1993; 

Woodman et al., 1993. 

   
Team innovation The introduction or application within a team of ideas, processes, 

products, or procedures that are novel to the team and are designed to 

be useful. 

Axtell et al., 2000;                 

Tidd et al., 2001;                     

West & Farr, 1990. 
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Table 3.4 Description details for the ‘Career Satisfaction’ construct 

Construct/Dimensions Description Reference 

   Career satisfaction (CSF) An employee’s feeling of satisfaction or dissatisfaction with their 

entire career. It means the positive psychological achievements that 

employees obtain from the intrinsic and extrinsic facets of their 

careers, including salary, promotion, feelings of pride, and 

developmental opportunities.  

Barnett & Bradley, 2007; 

Greenhaus et al., 1990;           

Hall & Chandler, 2005; 

Lounsbury et al., 2008. 

   
Meaningful work  The amount of significance and positive meaning that employees 

perceive in their work and an individual’s subjective experience of 

existential significance or purpose of work. 

Rosso et al., 2010;                

Steger & Dik, 2009;            

Steger et al., 2013. 

   
Reward and recognition A sense of return that employees achieve based on their performances 

that come in terms of the financial rewards, pay and benefits, 

promotions as well as in terms of respect from co-workers, challenging 

work, and public recognition. 

Chew & Chan, 2008;            

Fey & Feru, 2008;            

Saks, 2006. 
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Table 3.5 Description details of the ‘Psychological Attachment to an Organisation’ construct 

Construct/Dimensions 
Description Reference 

   Psychological Attachment to an Organisation (PAO) A stabilising force connecting individuals with organisations. 

Higher psychological attachment generates employee engagement 

and a desire to improve the organisation. Thus, the employee 

strives for solutions to improve aspects of organisational 

operations. 

Harrison et al., 2016;            

Hunter & Thatcher, 2007; Ng, 

2015. 

   
Organisational trust One party’s willingness to be vulnerable to the actions of another 

party based on the belief that the latter party will do their duty in an 

interaction characterized by uncertainty. 

Mayer et al., 1995;              

Mishra, 1996;           Rousseau 

et al., 1998. 

   
Organisational identification The extent of a perception of unity and shared destiny with an 

organisation in which employees realise that the values of the 

organisation are congruent with their own personal mindsets. 

Ashforth et al., 2008; 

Campbell & Im, 2014; Cooper 

& Thatcher, 2010; Tseng et al., 

2005. 

   
Organisational commitment A psychological state that an employee feels toward the 

organisation as a whole and organisation-related objectives and 

values; therefore, it has implications for the likelihood of 

maintaining membership. 

Allen & Meyer, 2000. 
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Psychological attachment to an organisation (PAO) is defined as a stabilising force 

connecting individuals with organisations. Higher psychological attachment generates 

employee engagement and a desire to improve the organisation. Thus, the employee 

strives for solutions to improve aspects of organisational operations (Harrison et al., 

2006, Hunter and Thatcher, 2007, Ng, 2015). Three conceptual dimensions could be 

used to represent the PAO construct: organisational trust, organisational identification, 

and organisational commitment. Organisational trust occurs when one party’s 

willingness to be vulnerable to the actions of another party is based on the belief that the 

latter party will do their duty in an interaction characterized by uncertainty (Mayer et 

al., 1995, Mishra, 1996, Rousseau et al., 1998). Organisational identification is the 

extent of a perception of unity and shared destiny with an organisation in which 

employees realise that the values of the organisation are congruent with their own 

personal mindsets (Ashforth et al., 2008, Campbell and Im, 2015, Cooper and Thatcher, 

2010, Tseng et al., 2005). Organisational commitment is defined as a psychological 

state that an employee feels toward the organisation as a whole and organisation-related 

objectives and values; therefore, it has implications for the likelihood of maintaining 

membership (Allen and Meyer, 2000). Table 3.5 summarises the dimensions of the 

Psychological attachment to an organisation construct along with their descriptions and 

associated references. 

3.3 Hypothesis Development 

The proposed conceptual model illustrates the feasible relationships networking the five 

constructs. To affirm these relationships, extant literature has been reviewed in Chapter 

2 to seek the theoretical backgrounds to develop hypotheses defining the logically 

conjectured relationships between the constructs. These hypothetical relationships have 

been represented as a group of hypotheses which were tested to answer each research 

question and to confirm the conjectured relationships. The following sections discuss 

the development of the hypotheses. 

3.3.1 Relationship between the two climate constructs 

The conceptual model (see Figure 3.2) displays plausible relationships between the 

primary constructs. These assumed relationships have been based on a broad theoretical 

background gained through the review of the literature because relevant empirical 
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research has been limited. Therefore, the relationships between these two constructs 

should be disentangled to understand the mechanisms underlying the discernment of the 

climate for innovation. As such, it was necessary to firstly delineate and confirm the 

validity of the relationship addressed in the first research question (RQ1). 

“What is the relationship between the two socio-psychological constructs (leadership 

for innovation and ambidextrous culture for innovation) that create a climate for 

innovation in the context of public sectors?” 

 

Figure 3.2 Conceptual model with associated hypotheses 

As reviewed in the previous chapter, the prevalence of innovation studies has uniformly 

asserted the role leadership plays in inculcating an  organisational culture for innovation 

(Jung et al., 2003, Yukl, 2006). More particularly, the influence of leadership on the 

climate for innovation has been identified as a convergent process acting on both 

organisational culture and employee behaviour (Amabile et al., 2004, Damanpour and 

Schneider, 2009). In a study by Chan et al. (2014), structural equation modelling was 

used to examine 300 construction professionals in major contractor firms in Hong 

Kong. The study results showed a positive relationship between transformational 

leadership and an innovation climate (Chan et al., 2014). Regarding the relationships 

between leadership and organisational culture for innovation, Panuwatwanich et al. 

(2008) surveyed 181 design professionals employed in Australian architecture and 

engineering design firms and found that leadership for innovation had a strong and 

positive influence on culture for innovation. Sarros et al. (2008), in a survey of 1,158 

managers in Australian private sector organisations, found that transformational 
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leadership was correlated with organisational culture, mainly through the processes of 

articulating a vision, and to a lesser extent through the setting of high performance goals 

and providing individual support to employees. A similar study of 32 Taiwanese 

companies conducted by Jung et al. (2003) revealed that the recognition of 

organisational support for innovation was directly influenced by transformational 

leadership.  

From a public sector perspective, Kim and Chang (2009), in a study of 46 departments 

in the Korean central government, asserted that governmental leaders required 

management skills to facilitate a culture of change for ongoing and successful 

innovation. Based on a survey of 1,576 civil servants in the Seoul Metropolitan 

Government, Kim and Yoon (2015) found that the degree to which an employee 

perceived senior managers’ transformational leadership was positively associated with 

employee perceptions of a favourable culture of innovation. Recently, Zacher and 

Rosing (2015), using a sample of leaders and employees from 33 architectural and 

interior design firms, reported a positive association between the highest level of team 

innovation team leaders who fostered exploration and exploitation activities. The 

findings from these previous studies have led to the presumption that a higher level of 

innovation-conductive leadership should lead to an improved level of ambidextrous 

culture for innovation, hence the first hypothesis: 

H1: Leadership for innovation positively influences ambidextrous culture for 

innovation. 

3.3.2 Influence of climate constructs on workplace innovation 

The two climate constructs displayed in the conceptual model in Figure 3.2 have also 

been predicted to be correlated with workplace innovation. To affirm this proposition, 

the relationships between the climate constructs and workplace innovation were 

investigated with the second research question (RQ2). 

“Does each of the two socio-psychological constructs impact on workplace innovation 

in the context of public sectors?” 

To answer this research question, two hypotheses were developed. The direct 

relationship between leadership and workplace innovation was investigated first. As 
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well as influencing the perception of the ambidextrous culture for innovation, leadership 

style has been found by many researchers to influenced workplace innovation. For 

instance, a study of 725 local governments in the United States conducted by 

Damanpour and Schneider (2009) found that leaders' pro innovation attitudes positively 

influenced innovation adoption. In another study, transformational leadership was 

revealed to have significant effects on creativity at both the individual and 

organisational levels (Gumusluoglu and Ilsev, 2009). In a study of 168 Spanish firms, 

García-Morales et al. (2012) verified a positive relationship between transformational 

leadership and innovation directly and indirectly through the construction of 

competencies which focused on learning. Afsar et al. (2014), in a study of the five most 

innovative companies in China found that transformational leadership positively 

affected the employee innovative behaviour, including idea generation and idea 

implementation. Judge et al. (2004) revealed that consideration leadership was 

associated with employee motivation and was an important antecedent for 

organisational change. Kim and Lee (2009), in their study within the Korean 

Government, confirmed that the adoption and implementation of innovative projects 

required innovative leadership, which was characterised by effective change 

management, leadership commitment, and stability, and was the most significant factor 

in promoting the dynamics of governmental innovation. Similarly, when Kim and 

Chang (2009) evaluated the capacity for innovation in the Korean Government, they 

found leadership style presented a strong positive relationship with innovativeness. In 

light of all the findings put forward by these studies, it can be reasonably hypothesised 

that a strong leadership for innovation can lead to a high level of workplace innovation. 

The foregoing assumption led to the second hypothesis: 

H2: Leadership for innovation positively influences workplace innovation. 

The second research question also examined the link between ambidextrous culture for 

innovation and workplace innovation. Culture for innovation has also been found to be 

a primary antecedent for workplace innovation (Martins and Terblanche, 2003). To 

support such a link from an empirical stance, Škerlavaj et al. (2010), in a study of 201 

Korean companies employing more than 50 people, demonstrated a positive and 

statistically significant relationship between innovative culture and technological and 

administrative innovation. Panuwatwanich et al. (2009b) also found a positive 
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relationship between organisational culture for innovation and innovation diffusion 

outcomes from the results of structural equation modelling. Moreover, in 102 

Taiwanese strategic business units, Chen et al. (2012) discovered that a strong 

innovative culture was a substitute for transformational leadership behaviour to 

facilitate technological innovation. Focusing on findings from public sectors, Kim and 

Yoon (2015) indicated that employee perceptions of a culture of innovation had a 

positive direct effect on the climate for creativity by enhancing the recognition of 

employee creativity, the flexibility to change, and resources for innovation. This was 

further reinforced by findings from Lægreid et al. (2011). Based on a survey of 121 

Norwegian and Flemish state agencies, their study found that a performance-oriented 

culture had a positive effect on employees’ perceptions of an innovative culture, which 

in turn influenced the generation of innovative activity. Integrating autonomy from an 

innovative culture with result control from a performance-oriented culture is a 

characteristic of an ambidextrous culture for innovation. Although there are presently no 

empirical findings confirming the direct impact of ambidextrous culture for innovation 

on workplace innovation in public sectors, it can be instinctively proposed that such a 

relationship exists. This statement indicates the third hypothesis: 

H3: Ambidextrous culture for innovation positively influences workplace innovation. 

3.3.3 Contribution of workplace innovation to career satisfaction 

The contribution of workplace innovation to career satisfaction was investigated to 

address the third research question (RQ3):  

“Does the workplace innovation increase career satisfaction in the context of public 

sectors?” 

Career satisfaction is evidently related to the performance of innovation. In a survey of 

Hong Kong employees from various organisations, Kim et al. (2009) found that 

employee creativity was positively and significantly related to employees’ career 

satisfaction. This was reinforced further by the findings from a study in healthcare 

organisations which revealed that group creativity was associated with increased job 

satisfaction  (Valentine et al., 2011). Cheng et al. (2010) conducted an empirical survey 

of the research and development (R&D) Personnel in Taiwanese manufacturing 

companies. They developed a mathematical model and proved that product and process 
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innovations were significantly and positively related to organisation performance, 

which in turn enhanced employee job satisfaction. Lee et al. (2014) demonstrated that 

an open innovation climate, comprising innovation and flexibility, outward focus, and 

reflexivity, had a direct effect on job satisfaction. 

In the public sector context, Lambert and Hogan (2009), in a study of a Midwestern 

correctional facility staff in the United States (U.S.), found that perceptions of 

organisational innovation had statistically significant and positive associations with job 

satisfaction. Similarly, in a study of 175 local police officers in Spain, (García-Buades 

et al., 2015) indicated that developing an innovation climate had a positive impact on 

job satisfaction. Using the results of a 2013 U.S. Federal Employee Viewpoint Survey, 

Park et al. (2016) discovered that organisational practices toward innovation had a 

positive impact on job satisfaction. In view of these findings, it has been hypothesised 

that the construct of workplace innovation directly impacts the level of career 

satisfaction in public sectors, thus the fourth hypothesis has been developed: 

H4: Workplace innovation positively influences career satisfaction. 

3.3.4 The moderating role of psychological attachment to an organisation 

To date, no study has directly analysed the moderating effect of psychological 

attachment to an organisation on the interaction between workplace innovation and 

career satisfaction. Thus, this study addressed the research gap by examining and 

validating such a relationship to answer the last research question (RQ4). 

“To what extent does the psychological attachment to an organisation affect the 

relationship between workplace innovation and career satisfaction in the context of 

public sectors?” 

Previous studies have posited that employees with a high level psychological 

attachment to an organisation are more likely to be satisfied and more productive than 

their counterparts (Hunter and Thatcher, 2007, Vandenberg and Lance, 1992). 

Furthermore, connecting the factors that facilitate employees to achieve higher levels of 

performance, and which also increase their psychological attachment to an organisation, 

has now become part of human resource management. Employees with a high level of 

organisational commitment are more likely to experience greater job satisfaction 
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because they assess their job conditions with a more positive cognitive mindset 

(Vandenberg and Lance, 1992). Psychological attachment consists of the organisation-

targeted attitudes that reflect some degree of bonding with an organisation. When 

employees trust their organisation they are satisfied with their job because fully trusting 

a leader eliminates the stress created by vague job aspects and provides a sense of 

fulfilment due to the chivalrous intention of the organisation (Young and Daniel, 2003). 

Employees who highly identify with their organisation tend to easily create career 

satisfaction because when they support an organisation's image they tend to focus on the 

positive aspects more than the negative components of their work environment (Knapp 

et al., 2014). These three factors of psychological attachment, organisational 

commitment, organisational trust, and organisational identification, positively predict 

job satisfaction (Ng, 2015). Thus, psychological attachment to an organisation is 

inferred to exert moderating efforts on workplace innovation and career satisfaction. In 

this regard, the fifth hypothesis is proposed:  

H5: Psychological attachment to an organisation moderates the relationship between 

workplace innovation and career satisfaction. 

This study has proposed five research hypotheses representing the relationships between 

the constructs of the proposed conceptual model. The answers of five research questions 

were found through further testing of the hypotheses in Chapter 7 and the confirmation 

of the conjectured relationships. 

3.4 Chapter Summary 

This chapter has presented the conceptual model which illustrates the feasible 

relationships among the five constructs: (1) leadership for innovation; (2) ambidextrous 

culture for innovation; (3) workplace innovation; (4) career satisfaction; and (5) 

psychological attachment to an organisation. This section also summarised descriptions 

for each construct, and delineated the factors within each construct. The survey 

questions were selected and grouped according to their conceptual relevance to the 

constructs in the proposed conceptual model. Extant literature has been reviewed to 

seek the theoretical backgrounds to develop five hypotheses associated with the 

logically conjectured relationships between the constructs. Four research questions were 

formulated to response to identified research gaps. These hypothetical relationships 
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were tested to answer four research questions in Chapter 7 and to confirm the 

conjectured relationships.  
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Chapter 4 Research Methodology 

This chapter discusses the research methodology employed in the course of this study 

and provides justification for the adopted approach. The section initially reviews the 

underlying methodological considerations, before outlining the methodology employed 

in the research. 

4.1 Research Methodology Overview 

It is important to understand the philosophical underpinning of this research. Failure to 

consider the philosophical issues, which lie at the heart of the research design while not 

necessarily fatal, can seriously impact the quality of research (Easterby-Smith et al., 

2012). Understanding philosophical assumptions can elucidate the appropriate aspect of 

a research design in terms of the required evidence, the clarification of interpretations, 

and the limitations of research approaches. The nature of the current study is relevant to 

social science research which has two contrasting views, known as positivism and social 

constructionism. The key concept of positivism is that the social world exists externally, 

and thus its properties should be measured through objective methods to formulate and 

confirm hypotheses to predict general patterns of human activity (Easterby-Smith et al., 

2012, Neuman, 2005). In contrast, social constructionism derives from the view that 

reality is socially constructed and given meaning by people who have different 

experiences and perceptions (Easterby-Smith et al., 2012). 

By considering the underpinning paradigmatic differentiations between the 

aforementioned philosophical assumptions, another two broadly differing approaches to 

explain the collection and analysis of data are classified as quantitative and qualitative 

approaches (Neuman, 2005). Quantitative studies investigate measurable factors and 

relationships to advance knowledge, through questioning the relationships of variables 

(Creswell, 2013, Latham, 2014). The quantitative approach focuses on experiments, 

surveys, or other means of collecting statistical data. A survey was implemented in this 

study. Utilising quantified methods for data analysis is relevant to positivism because it 

applies statistical methods to examine a large number of observations; therefore, the 

findings can be generalised to a larger population (Mitchell and Bernauer, 1998).  
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In contrast to quantitative methods, qualitative research analyses subjective accounts to 

capture textual data from a few selected cases. Qualitative research methods are used to 

explain the characteristics of a phenomenon and how the phenomenon works (Latham, 

2014). Hence, this method has been associated with social constructionism. However, 

the quantitative and qualitative strands of research both possess their own weaknesses. 

For example, while the quantitative method can be criticised for not considering specific 

research contexts, not giving participants a voice, and lacking depth, the qualitative 

method can be denounced for small sample sizes, possible researcher biases, and lack of 

generalisability (Ivankova, 2014). Quantitative and qualitative approaches are used in 

combination to complement each other to capture the trends and details of a 

phenomenon (Ivankova et al., 2006). Therefore, mixed methods research has been 

widely adopted and utilised as a third approach within social science, due to the 

complexity of the phenomena studied (Ivankova, 2010, Östlund et al., 2011). The 

rationale is this approach adopts multiple data collection tools by combining both 

quantitative and qualitative methodologies to adequately answer a research problem, 

and also minimise biases inherent in studies which apply a single approach (Creswell, 

2013, Ivankova et al., 2006). By using a mixed methods research methodology, the 

power of quantitative (numeric) data and generalisable outcomes can be balanced with 

qualitative (text) data explaining the rich context of the lived experiences of people; 

therefore, gaining a deeper and richer understanding of a research problem than either 

traditional research approaches offer on their own (Teddlie and Tashakkori, 2009). 

Therefore, both positivist and social constructionism were applied in this study by 

combining qualitative and quantitative approaches to provide wider perspectives and 

allow for a more robust analysis, providing a clear understanding of the phenomenon 

being investigated.  

When both quantitative and qualitative research methods are used in one study they 

must be conducted either sequentially or concurrently. Sequential mixed methods data 

is analysed in a particular sequence which strives to explain or expand on the findings 

of one approach with the other approach, whereas concurrent mixed methods collect 

and analyse both the quantitative and qualitative data at approximately the same time 

(Creswell, 2013). Creswell (2013) has highlighted the strengths and weaknesses of each 

strategy of the sequential mixed methods design, and a sequential explanatory design 

was implemented for this study (see Figure 4.1). In the sequential explanatory design, 
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priority is normally given to the quantitative phase. Researchers first collect and analyse 

the quantitative data, then use qualitative methods to gain  further explanation and 

interpretation of the quantitative results obtained in the first phase. The analysis of 

questionnaire survey data was the primary method of this study. The logic for this 

approach was that the quantitative data and subsequent statistical analysis provided a 

general understanding of the issues under investigation. The statistical results were then 

refined and further explained in the qualitative phase by exploring APS executives’ 

views in more depth. 

 

Figure 4.1 An overview of the explanatory sequential mixed method design 

The qualitative approach involved thematic analyses of primary and secondary data to 

provide increased understanding of the processes and the significance of the people in 

the phenomenon. The archival analysis approach was adopted to increase the 

exploratory power of and to enhance the reliability of the findings acquired from the 

questionnaire analysis which was selected to explore various factors involved in the 

innovation process.  

4.2 Research Design 

Advancing knowledge in the discipline of management requires a research design that 

yields data, evidence, and rational considerations to shape knowledge (Creswell, 2013). 

The research design is the central point of a thesis because it provides the method for 

data collection and analysis to answer the research questions. As such, each component 



67 

 

of the research design must align with the research questions. Thus, the selection of the 

research design plays an important role in the range of dimensions for the research 

process. This study is framed by nine research design components: the purpose of study, 

the study setting, unit of analysis, sampling design, time horizon, data collection 

method, and measurement of variables (Cavana et al., 2001, Sekaran and Bougie, 2011). 

Table 4.1 lists the dimensions of the research design for this study. 

Table 4.1 Dimensions of the research design of this Study 

Study Dimension Details of the Study 

Purpose of the study Hypothesis testing 

Types of investigation Causal relationships; Moderation 

Extent of researcher interference Minimal; studying events as they regularly occur 

Study setting Field study; Working environment 

Unit of analysis Organisational Level 

Sampling design Stratified random sample 

Time horizon One shot 

Data collection method Quantitative method (questionnaires) and 

qualitative method (archival analysis) 

Measurement of variables Interval scale (five-point Likert scale) 

Prior to the first research phase, in Chapter 2, knowledge was compiled via a critical 

and comprehensive review of relevant national and international literature, including 

international academic and organisational journals, historical studies and prior 

experiences, textbooks, and other published material, as well as theses and reports. The 

purpose of reviewing past literature was to identify the current state of knowledge in the 

field in order to highlight the knowledge gaps and research questions. The answers to 

the research questions could provide insight to advance the knowledge base in the 

research area of innovation management within the public sector context. To address the 

research questions, a conceptual model was developed based on the literature review 

and theoretical framework as explained in Chapter 3. 
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Figure 4.2 Research framework 

As shown in Figure 4.2, Phase 1 of the research design involved conducting data 

analysis to test the developed conceptual model. The quantitative phase was designed to 

answer the posed research questions and determine the acceptance or rejection of the 
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null hypothesis for each research question. Data was obtained from a questionnaire 

survey of engineering professionals in Australian public sectors. Finally, statistical 

analysis was conducted to determine the main constructs and factors of the conceptual 

model and to finalise the model. 

Mixing in the sequential explanatory design occurred by connecting the quantitative and 

qualitative phases in the intermediate stage (Hanson et al., 2005, Ivankova, 2014). The 

results of the quantitative analysis in the first phase inform the data collection in the 

qualitative follow-up analysis (Ivankova et al., 2006). This study purposefully selected 

the participants for the qualitative thematic analysis based on the quantitative results 

from the structural model. 

According to the philosophical assumptions of this study, the sequential explanatory 

design allowed the questionnaire survey data to be complemented by an archival 

analysis approach under a two-phase analysis. The archival analysis provided fresh 

context to understand the innovation process in the APS. Therefore, the factors 

impacting innovation in public sectors were investigated by employing qualitative 

approaches in Phase 2 of the research design. The findings from Phase 1 and 2 the study 

were then examined and combined to draw the conclusions. 

Figure 4.2 presents the research activities which achieved the research objectives in 

Chapter 1. The completion of the first objective is presented in Chapter 2 using the 

literature review, serves as an essential base to formulating a conceptual model. The 

completion of the second objective is outlined in Chapter 7. This chapter details the 

development of structural model to explore the causal relationships among the 

constructs. The completion of the third and fourth objective is given in chapters 8. This 

chapter utilises Bayesian networks founded on an empirically derived structural model 

used to analyse the variables at the factor level to reveal the transition pathways. A 

scenario analysis is conducted to recommend practical strategies for the APS. The 

completion of the fifth objective is detailed in Chapter 9. A thematic analysis was 

conducted to review and evaluate archival records to gain insights from the APS leaders 

in terms of the characteristics, typologies, drivers, and barriers. 
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4.3 Analysis Phase 1: Quantitative Approach 

The primary objective for this phase was quantitative validation of the relationships 

among the constructs in the conceptual model. This phase also enabled the researcher to 

capture the perceptions of employees regarding the climate for innovation and 

workplace innovation, as well as how dominant such views were across public sectors. 

The primary research questions are: ‘what is the nature of the relationship among 

leadership for innovation, ambidextrous culture for innovation, psychological 

attachment to organisation and how do they combine to impact workplace innovation 

and career satisfaction?’  

Due to limited time and resources, the study adopted a cross-sectional research design 

method to obtain a ‘snap-shot’ of the current context. This research study was 

conducted within a working environment of public sectors in a non-contrived setting. 

The statistical modelling investigated causal relationships between the constructs in the 

theoretical framework and examined the questionnaire survey data using multivariate 

analyses. 

4.3.1 Quantitative data collection instrument 

Opportunities to replicate large data sets in public management studies are starting to 

emerge. Therefore, governments in industrialised countries are now surveying their 

employees to consider their views and attitudes about the workplace, management, and 

human resources. For example, the US Office of Personnel Management annually 

conducted the Federal Employee Viewpoint Survey (formerly known as Federal Human 

Capital Survey). This survey measures employees' perceptions of whether, and to what 

extent, conditions characterising successful organisations are present in their 

departments. In Australia, the State of the Service Employee Census, which is annually 

conducted by the Australian Public Service Commission, is a similar survey, although 

the US Federal Employee Viewpoint Survey has a larger number of survey respondents 

and departments covered. Nevertheless, both surveys cover the same breadth of 

management and organisational issues. The State of the Service Employee Census 

examines the views of APS employees on workplace issues such as leadership, learning 

and development, health and wellbeing, and job satisfaction. 
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Secondary data sets are defined as data that has already been collected by public or 

private organisations, and is made available to the public to provide the possibility of 

study replications (Vartanian, 2010). There are many advantages of using secondary 

data sets. One major advantage is the extent of the data available from previous studies 

which are conducted on a large national scale and cover a broad geographic scope. In 

contrast, a researcher is likely to collect a smaller sample than an organisation. The 

second advantage is the professional data collection skills of research experts in large 

organisations may not be readily available to smaller studies (Brown and Saunders, 

2007). The third advantage comes in terms of saving expenses and time. Collecting data 

for a national survey with a sample size of 1,500 to 2,000 can be expensive with the cost  

potentially exceeding $300,000 in most cases (Frankfort-Nachmias and Nachmias, 

2008). Finally, when data is collected on a national scale, the large sample size offered 

by national databases has a higher likelihood of representation of the population and can 

therefore furnish the power needed to effect generalisations of the findings. This was 

true in the context of this research, where the secondary data sets provided the above 

advantages to examine innovation in public sectors. 

However, while the advantages of using secondary data sets are practical, the 

disadvantages have a tendency to be more conceptual. A major disadvantage is that the 

data has not been designed particularly to address the researchers own questions. This is 

because the researcher is not involved in the creation of the questionnaire, the types of 

questions, or the measurement scales; therefore, the researcher is limited to using only 

the data that exists in the secondary data set. The second disadvantage is that the data 

collection process is not administered by researchers who opt to use secondary data. As 

a result, identification of any bias encountered during the collection process may not be 

detected as the survey instrument was designed and tested by others (Brown and 

Saunders, 2007). The third disadvantage relates to access to the data, as there may be 

restrictions and conditions of usability (Rudestam and Newton, 2014). Nevertheless, in 

this study these potential limitations of using secondary data sets did not apply for the 

State of the Service Employee Census. The data set is in the APS domain and could be 

readily accessed to address the research questions in this study. Therefore, using the 

census data assured that no eligible respondents were excluded from the survey sample 

which removed sampling bias and also reduced sample error. There were no restrictions 
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on the use of the data set and it was compatible with SPSS with only basic data cleaning 

required. 

Secondary data sets have been previously used by researchers interested in investigating 

innovation in public sectors. For instance, based on data from the 2006 Federal Human 

Capital Survey, Fernandez and Pitts (2011) explored how different empowerment 

practices were used to encourage the innovative behaviour of US federal government 

officers. Using the same data sets Fernandez and Moldogaziev (2013) identified factors 

that motivated front line bureaucrats in the U.S. federal government to engage in 

innovative behaviour. From an Australian public sector perspective, Torugsa and 

Arundel (2015) employed a sample of 4,369 federal employees from the State of the 

Service Employee Census 2011 to explore factors associated with complexity and 

examined how it  affected innovation outcomes. Torugsa and Arundel (2016) also used 

the census data to investigate the characteristics of innovation implemented at the 

workgroup level and evaluated the different dimensions of the most significant 

innovation in the work group. Thus, secondary data sets have been identified by 

researchers to be valuable sources of information to examine innovation in public 

sectors. 

The reliability and validity of the State of the Service Employee Census 2011 was tested 

by Campbell and Im (2015). They used factor analysis in structural equation modelling 

which tested hypotheses related to trust, identification, and communication. The 

goodness-of-fit values for the conventional indices were acceptable. Factor loadings on 

latent variables were also all sufficiently high. Combining the goodness-of-fit measures 

with the factor loadings suggested accurate model specification. Thus, the analysis of 

the State of the Service Employee Census 2011 has indicated that this instrument is 

reliable and valid. The large sample size surveyed in the State of the Service Employee 

Census, and its widespread coverage of federal departments, can be applied for the 

generalisability of federal bureaucracy results on a national scale, including the 

perspective of engineering professions because it reaches the desired population of 

engineers within the federal government. Therefore, the most recent State of the Service 

Employee Census 2014 was adopted to conduct the quantitative analysis in this study.  
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The State of the Service Employee Census 2014 was administered to measure 

employees’ anonymous attitudes and opinions regarding important issues, including 

health and wellbeing, recruitment and retention, performance management, leadership, 

innovation, social media, working environments, and general impressions of the APS. 

The survey involved 67 questions with five-point Likert scales which were applied to 

measure employees’ experiences in their departments. Seventeen (17) additional 

demographic questions were also asked to understand the profiles of the respondents; 

the demographic questions did not violate the anonymity of the participants.  The 

employee census questions which used the five-point, ordinal Likert scale measured 

respondents’ perceptions of the level of importance and their satisfaction with or the 

effectiveness of workplace issues. Respondents were givens options to express one of 

two extremes of views with 1 representing “strongly agree” and 5 for “strongly 

disagree”, as well as a midpoint that allowed respondents to enter a ‘neutral’ response 

(Australian Public Service Commission, 2014a). There were also some open-ended 

questions in the census where respondents could provide a written response to explain 

or comment on specific issues. 

After an extensive review of all the questions in the State of the Service Employee 

Census 2014, 48 of the survey questions were selected and grouped according to the 

conceptual model and the model constructs. The concepts and definitions for the five 

model constructs used to operationalise the research were provided in Section 3.2. The 

intact form of the survey questions related to each construct for this study can be seen in 

Appendix A. To align the survey responses to this study, the original Likert scale was 

re-coded into 1 representing “strongly disagree”, 5 for “strongly agree”, and 3 for 

neutrality. 

4.3.2 Quantitative data collection method 

The State of the Service Employee Census 2014 targeted full-time, permanent civil 

servants of Federal Departments with 100 or more employees. The data was collected 

from 12 May to 13 June 2014. The respondents were individual employees in public 

agencies throughout the Federal Government. The survey was distributed to a random 

sample of employees and was self-administered on a voluntary basis. Employees were 

invited to participate in the survey using email solicitation and a web-based 

questionnaire. An e-mail was sent to the participants with a link to the questionnaire. 
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The participants used the link to access the questionnaire at a time and location 

convenient to them. The responses to the Likert scale survey were captured 

electronically when the employees clicked the submit button at the end of the survey. 

Overall, 99,392 employees responded to the employee census, a response rate of 68 per 

cent (Australian Public Service Commission, 2014b). The State of the Service 

Employee Census 2014 was used as the only data source in this study. Therefore, it was 

deemed unnecessary to include the descriptions regarding the basis for the development 

of the original survey instrument. The questionnaire and the data set for the State of the 

Service Employee Census 2014 are available for public access and can be found at 

https://data.gov.au/dataset/state-of-the-service-employee-census-2014. The data set is 

available in two file formats: the CSV version and the SAV version.  

The target population for the study reported in this thesis was the engineering profession 

in federal agencies. This group is classified as the Engineering and Technical Family in 

the APSC Job Family Model. As this study examined the effect of socio-psychological 

constructs on workplace innovation and career satisfaction from the perspectives of 

engineering professionals, only the survey responses from the Engineering and 

Technical Family were used. The process to reduce the data set to the targeted 

population involved removing all respondents except those belonging to the 

Engineering and Technical Family. This was accomplished using survey question 16, 

Which one of the following best describes the type of work you currently do? The 

required response to be accepted as data in this study was [5] Engineering and technical 

(e.g. engineering, education, training and assessment, draftsperson/technician, patents 

examiner, land and asset management). Based on the Job Family Model, the roles of the 

Engineering and Technical Family are to plan, organise, direct, control, coordinate or 

provide advice on the engineering and technical operations and tasks within 

organisations (Australian Public Service Commission, 2013a). Questionnaire responses 

that did not answer question 16 with option [5] were deleted. After eliminating the 

responses from other APS professionals, a total of 3,570 observations were retained for 

this study. Although utilising secondary data limits the available sample to a pre-

determined selection of respondents, the large sample size of this national survey has 

been deemed to have yielded a sufficient sample for this study. 
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4.3.3 Quantitative data analysis 

The implementation of the quantitative phase commenced with multivariate statistical 

analyses of the data collected from the data set of the State of the Service Employee 

Census 2014. These types of analyses were considered appropriate for this study 

because they allowed patterns in complex data sets to be determined and corresponding 

explanatory variables to be identified. The analysis was conducted to achieve three main 

objectives: (1) obtaining an overview of the respondent profiles and current practices of 

APS through descriptive analysis; (2) testing the quality of the measurement scale by 

empirically assessing reliability and validity, as well as disclosing the factors underlying 

the conceptual model constructs; and (3) assessing and refining the model. 

Descriptive analysis using the Statistical Package for the Social Sciences (SPSS) 

version 22 software was employed to gain a feel for the data, and to consider whether 

the obtained data was suitable for multivariate analysis and could be used as one data 

set. The descriptive analysis yielded values of mean and standard deviation. Mean value 

is the central tendency measurement, which can be used to describe the average opinion 

of the respondents and to obtain an overall picture of the respondents’ perceptions 

regarding each variable. To confirm the homogeneity of responses, an analysis of 

variance (ANOVA) was conducted to determine whether the data could be used to 

represent a single dataset. 

Before conducting further analysis, it was necessary to ensure the measurement scale 

used in the APS questionnaire was reliable and captured the meaning of each model 

construct. Reliability is defined as the extent to which a questionnaire yields consistent 

results through repeated administrations. To measure scale reliability, the study utilised 

‘Cronbach’s alpha’ which provided an indication of how consistent the responses were 

across items within the scale. These results determined that the measurement scales 

consisted of a set of homogeneous items to measure the meanings of the constructs. In 

addition, ‘item-total correlations’ were conducted to purify the assessment of 

uncorrelated items before finding the factors that represented the constructs (Kline, 

2015). 

In addition to assessing reliability, the validity of the measurement scale was evaluated 

using factor analysis, which was conducted using two sequential approaches: (1) 
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exploratory factor analysis (EFA) and (2) confirmatory factor analysis (CFA). EFA was 

conducted to condense the large number of items into a smaller, more controllable set of 

dimensions (Hair et al., 2010). EFA was applied to each construct to determine the 

adequate number of latent factor structures and to disclose the number of conceptual 

and statistical factors underlying, the set of items in each model construct. The results 

were then affirmed using CFA to provide a foundation for subsequent model assessment 

and refinement. The CFA results demonstrated whether the measurement model had 

acceptable levels of goodness of fit, convergent validity, discriminant validity and 

unidimensionality. 

In general, the EFA technique identifies appropriate variables and analyses the 

relationships among large numbers of variables in the most general form, explaining 

them in terms of their common underlying dimensions (Hair et al., 2010). The results 

from the EFA provided a clear estimation of the factor structure of the measures of each 

model construct. In addition, by conducting Harman’s one factor test, the EFA was 

conducted on whole items to evaluate the problem of common-method variance 

resulting from the nature of the self-reported measures. To strengthen the outcomes of 

the EFA, CFA was sequentially conducted to strengthen the validity of the measurement 

scale by supporting the recognised factor structures discovered from the EFA process. 

By conducting CFA, researchers can assess the structure of factors and whether 

particular patterns of loadings match the data (Hair et al., 2010). Both the EFA and CFA 

techniques were conducted in this study using SPSS. The results are presented in 

Chapter 4. 

After obtaining a number of factors (constructs) derived from the EFA and CFA, the 

next stage was assessing the conceptual model. This study combined Bayesian network 

(BN) with Structural Equation Modelling (SEM) to examine the causal relationships 

among the model constructs, which was subsequently used as a BN structure to predict 

workplace innovation and career satisfaction. SEM is a statistical technique used to 

assess the causal relationships among model constructs, which also explains the 

covariance among a set of variables. In particular, SEM allows a simulant analysis that 

incorporates the observed (measured) and unobserved variables (latent/constructs), 

independent and dependent variables, in a graphical language, which is a powerful 

approach to present complicated relationships and related estimated parameters (Hair et 
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al., 2010). The main objective of SEM is to test how a model derived from theory has a 

close fit to the sample data (Hair et al., 2010). SEM analyses are typically conducted in 

two steps: validating a measurement model and fitting a structural model (Byrne, 2010, 

Hair et al., 2010). A measurement model, achieved through CFA, examines the loading 

relationships between latent variables and their corresponding observable variables, 

whilst structural models examine the hypotheses relationships among the unobserved 

variables through path analysis. To analyse the data using SEM, the Analysis of 

Moment Structures (AMOS) version 22 was employed to allow the data from the SPSS 

analysis set to be directly used in the AMOS calculation (Byrne, 2010). Also, AMOS 

graphics integrate an easy-to-use graphical user interface with a complex computing 

engine that makes its use attractive and provides estimations of most necessary 

parameters. 

The BN is an increasingly popular data-mining technique due to its state-of-the art 

representation of probabilistic knowledge. BN represents graphical interaction between 

causes and effects and allows for modelling of the level of uncertainty, which can 

change with new evidence (de Oliveira et al., 2012a, Boehmke et al., 2016). Due to the 

special nature and merit of BN, it provides a visual assessment for a decision-support 

framework for problems involving uncertainty, complexity, and probabilistic reasoning 

which can be used to evaluate various scenarios and the impact of possible decisions. 

This study used NETICA software to construct the BN. 

The SEM provides an empirically validated model based on theoretical construction 

which is appropriate for latent variable modelling. The linking of SEM to BN is 

achieved by determining the scores of the latent factors used in SEM, which can be 

utilised as raw data for latent variable modelling in BN based on the assumptions under 

which BN represents causality (Gupta and Kim, 2008). For this study, after the BN was 

constructed, sensitivity analysis was conducted to examine how much specific nodes 

were influenced by other nodes. 

4.4 Analysis Phase 2: Qualitative Approach 

In the second phase of the research design, a qualitative approach was employed to 

provide more detail and rich data for the purpose of understanding of the phenomenon 

under investigation. This characterises the present study as explanatory research that 
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aims to identify the actual rationale and seek more description about a particular 

observed phenomenon. The results were used to explain whether the theoretical 

framework sufficiently represents the real-life organisational phenomenon within the 

public sector context. A qualitative approach can be conducted with an array of methods 

including documents, archival records, interviews, and observations (Yin, 2013). In this 

study, archival analysis was utilised. 

4.4.1 Archival analysis 

Archival analysis is a systematic method to review and evaluate the themes that emerge 

from archival records. Archival records are appropriate to explain the incidence or 

prevalence of a phenomenon, to obtain a holistic picture of an on-going phenomenon, 

and can be used to address research issues over time. Archival research provides 

multiple levels of evidence: individual, community, organisational, and societal and 

gives detailed, objective, and subjective explanations of phenomena from multiple 

perspectives to respond to research questions (Hadfield, 2010). This approach is an 

observational method that is considered unobtrusive because the researcher studies 

social behaviour without affecting it. Thus, researcher bias is minimised, except in 

relation to the selection and interpretation of archival records. 

Archival analysis was considered appropriate for this study. This is because archival  

data is normally accurate, can be analysed repeatedly, has broad scope, and can be 

approached using reliable search methods (Yin, 2013). Additionally, comprehension 

and validity are enhanced as a result of both the historically contextual situatedness of 

accounts and through comparisons between recorded observations and interpretations 

(May, 2001). The advantage of archival analysis is it provides an in-depth, replicable 

methodology to access individual or organisational structures such as cultures, 

messages, values, intention, cognitions, and attitudes, and to gain insights into 

managerial cognitions which surveys or interviews cannot provide at the same level of 

detail (Pollach, 2012).  

Based on the nature of an event, archival analysis can be conducted to examine both 

past and contemporary events. An archival analysis involves sorting and analysing 

appropriate publicly available historical data. The use of archival records is important to 

let evidence speak for itself. Napier (1989) identified two main phases in historical 
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study: discovery and contextualising. In discovery, archival researchers discover 

documentary data sources from archives and perform essentially descriptive work. 

Subsequently, theorists move to interpret these data sources and add context that allows 

broader interpretation of past events. 

The archival analysis in this study was conducted to establish timely and sequential 

historical records that addressed the research questions of this study. This method can 

be viewed as an extended approach conducted to complement the primary quantitative 

approach. Therefore, this study applied archival analysis in combination with primary 

analysis obtained from the questionnaire survey to answer the research questions more 

thoroughly.  

4.4.2 Thematic analysis 

In this study, archival records were the main source of qualitative data. Archival records 

can be obtained from various sources such as letters, memoranda, agenda, 

announcements, speeches, presentation, minutes of the meetings, administrative 

documents, organisational reports, newspapers, and other articles appearing in the mass 

media (Bowen, 2009, Yin, 2013). This study considered video transcripts of speakers 

from a government website to be beneficial in reflecting the viewpoints of informants. 

Participants were chosen on the basis of their knowledge and experience of innovation 

in the APS. The selected speakers occupied upper level positions and had diverse roles, 

including Commissioner, Secretary, Director General, Director, and Group Manager. 

The transcripts were free from researcher bias and interpretation and were used to 

address the objectives and goals of this research. Additionally, valuable insights were 

obtained from analysing the publicly available data (Saunders et al., 2003). In addition 

to the primary qualitative data, the reviewed secondary qualitative data included: 

inquiries, annual reports, department strategies, and websites. The evidence provided 

the themes of interest and explained the relationships between these themes. 

Official documents are a valuable source of information for archival analysis; however, 

analysing official documents is related to a number of associated methodological and 

practical problems. Four criteria should be assessed to solve the methodological 

problems related to the application of documentary data (Scott, 1990). 
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 Authenticity is concerned with authorship - whether the data are of 

unquestionable origin. 

 

 Credibility refers to accuracy - whether a document is free from error and 

distortion, plus sincerity, whether the content is truly believed by the author. 

 

 Representation is concerned with availability - whether complete records have 

been maintained, plus sampling, and whether the document is typical of its kind. 

 

 Meaning relates to the literal and interpretative dimensions of understanding - 

whether the document is clear and comprehensible. 

Archival records offer a variety of potential uses to construct and reveal indicators of 

precedents or previous experiences that affect present actions and policies (Parker, 

2004). Many documents in public sectors are easily accessible and well organised to 

promote transparency and accountability (Berg, 2001). There are some limitations 

however, regarding public data. For instance, public data are potentially prepared for 

certain audiences. Further, the results may be distorted, but using supporting records, 

such as mass media or actuarial records, can help eliminate these potential problems 

(Breg, 1989). As government policy is often written in general statements that lead to 

many interpretations, this study conducted checks and re-checks regarding government 

policies and practices.  

A plethora of documents exist that could be used to analyse innovation policy and 

practice in public sectors over the past 10 years. However, their volume and length 

dictated that only the most relevant were analysed within the timeframes allowed for 

this study. The selection of the documentary data sources to be included in the archival 

analysis was based on the mission of the organisation: (1) the organisation has 

responsibilities to formulate innovation policy and encourage innovation practices 

throughout the APS; and (2) the organisation must be a department or agency at federal 

level. Therefore, as this study focuses on government documentation, particularly policy 

and practice related to innovation in public sectors, the archival records were collected 

from Federal Departments such as the Australian Public Service Commission, 

Department of Industry, Innovation and Science, and Department of Infrastructure and 
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Regional Development. With respect to the adoption of archival records for this study, it 

is possible to argue that they have a secondary role in the research process. The role of 

the archival records is to offer a complementary perspective on the development of the 

arguments and provide fresh context to understand the innovation in public sectors. The 

qualitative data collection method maximised the amount and scope of information 

available to the researcher and improved the reliability of the data by providing 

triangulation between data sources.  

Thematic analysis is a technique used to interpret archival records. This method is used 

as a textual data codification and synthesis technique to reveal deeper meanings of the 

texts and the latent content to enrich the interpretations (Neuman, 2005). This study 

conducted a thematic analysis to systematically code and analyse qualitative archival 

data. Thematic analysis was employed to understand the implicit and explicit meanings 

of the content and text related to drivers and barriers of innovation in the APS using 

archival records. The research question that guided this thematic analysis was: “What 

are the key drivers and barriers to innovation in the APS from senior managers’ 

perspectives?” 

The first step focused on viewing the available recorded talk from Innovation month 

events held by the APS. Available video presentations from the Department of Industry, 

Innovation and Science YouTube channel were viewed and reviewed to create the 

transcripts. After that, the transcripts were read without analysis or coding to gain a feel 

for the content (Bryman and Bell, 2015). Following this, the raw data was analysed to 

highlight important text.  

The second step of the analysis involved searching for keywords associated with drivers 

and barriers that relate to innovation in the Australian Public Service. As these words 

were located during the text searches, preliminary broad themes were assigned and the 

highlighting tool in NVivo utilised to mark the text. The dominant themes that emerged 

were coded in NVivo nodes and sub nodes with annotations assigned to signify their 

importance for later analysis. Coding was conducted to analyse the content and text 

from every manuscript, particularly those with similar values, intentions and meanings. 

The third step consisted of categorising the organisational and institutional actors into 

categories, and coding accordingly. Interpretative analysis was conducted to understand 
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the meaning, sense, and coherence of each text or text analogue found in the archival 

records (Myers, 1994). The preliminary and secondary codes were reviewed by the 

researcher to ensure that interpretation bias was minimised. An iterative process was 

deployed between the video presentations, official reports, and the literature to confirm 

the second-order codes. This information from the qualitative analysis phase was 

applied to explain the innovation process in the Australian Public Service. 

4.5 Chapter Summary 

This chapter outlined the research methodology and sequential explanatory design 

which was implemented with the quantitative approach conducted first followed by the 

qualitative approach to explain the quantitative results. For the quantitative approach 

(first phase), statistical analyses of publicly available survey data published by the APS 

was employed as the primary method of this study. The construct validity was 

investigated through both EFA and CFA. EFA was conducted to determine the inter-

relationship between variables and to explore the factor structure of their measure. CFA 

was employed to analyse the validity and reliability of all the constructs. The next step 

involved validating the measurement model. Following this validation, the proposed 

structural relationships among the latent constructs was tested using SEM. Finally, a 

theoretically based and empirically validated model from structural equation was used 

to develop BN at the factor level. Therefore, this research proposes a causal modelling 

approach by linking the SEM to the BN which can be utilised as a tool for decision 

making regarding innovation in the public sector. By applying the integrated approach, 

this study identified causal relationships among factors that impact workplace 

innovation and career satisfaction, and analysed the sensitivity of the factors. The 

subsequent qualitative approach (second phase) utilised a thematic analysis of primary 

and secondary data to provide increased understanding of the processes and the 

significance of the people that play an important part in the innovation mechanisms 

within the APS.   
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Chapter 5 Descriptive Data Analysis 

This chapter details the initial steps the quantitative phase of study. The data analysis 

involved applying descriptive statistics to the data set (the State of the Service 

Employee Census 2014 with target population of engineering professionals).  

Descriptive analysis was conducted to ensure that there was no corrupted data that  

could affect the accuracy of the estimation in the subsequent analysis (Tabachnick and 

Fidell, 2007). This process covered; 1) demographic profiles, 2) data screening, 3) 

preliminary findings and 4) test of a single sample. 

5.1 Demographic Profiles 

Understanding the characteristics of the collected sample was important to determine 

whether the sample sufficiently represented the population of interest. This was 

necessary to establish the validity of the conclusions drawn for the whole population. 

The demographic factors taken into account in this study were gender, age group, 

classification level, length of service, qualifications, agency cluster, and agency size. 

The results of the analyses of the demographic data are presented in Table 5.1. The 

sample population represented a gender mix of 14% female and 86% male, respondents 

were predominantly aged between 45 and 59 (49%), 73% were employees who had a 

total length of service of more than 5 years (73%), 68% worked in an operational role 

(APS 1-6), 78% held tertiary qualifications (Bachelor or higher), 86% worked in 

operational agencies, and 91% worked in large agencies (>1,000 employees). The 

distribution of these variables approximated the distribution of the population from 

which they were drawn.  
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Table 5.1 Profile of sample population frame 

Profile Number Percent 

 

Profile Number Percent 

Gender     

 

Highest education     

Male 2624 85.6 
 

Year 12 or lower 395 12.7 

Female 442 14.4 
 

Vocational qualification 287 9.2 

    
Tertiary qualification 2429 78.1 

Age     
    <30 years 280 9.3 
 

Agency cluster     

30-44 years 954 31.6 
 

Specialist 161 5.2 

45-59 years 1478 49.0 
 

Regulatory 57 1.8 

>60 years 304 10.1 
 

Policy  222 7.1 

    
Smaller operational 53 1.7 

Classification level     
 

Larger operational 2632 84.2 

Trainee/Grad/APS1-6 2136 68.4 
    EL/SES 988 31.6 
 

Agency size     

    
<251 employees 112 3.6 

Length of service     
 

251-1000 employees 165 5.3 

<5 years 816 26.6 
 

>1001 employees 2848 91.1 

>5 years 2252 73.4 
    

5.2 Data Screening 

The data analysis started with univariate data screening which included the examination 

of unengaged responses, missing data, items normality, and the detection of possible 

outliers. 

5.2.1 Unengaged responses 

Each response was tested for the standard deviation to identify cases with no variance. 

A low standard deviation may indicate that the respondent has answered each question 

with the same value without reading the question. The cases that showed a standard 

deviation of less than 0.5 for  all the answers for the factor questions were detected and 

evaluated individually to determine whether the respondent was engaged in the survey 

because there was  no variance in these cases (Lowry and Gaskin, 2014). This analysis 

determined that for this data set, cases with a standard deviation below 0.5 were not 

engaged and had answer patterns with the same value, possibly due to not reading the 

question. Such cases needed to be eliminated from the sample. However, in this data 

set, no cases had a standard deviation below 0.5. 
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5.2.2 Missing data analysis 

The sample for this study was drawn from the State of the Service Employee Census 

2014. The total number of survey responses was 99,392. This number was reduced to 

3,570 cases for this study so that the data set only included engineering professionals. 

First step was eliminating the responses with sections left blank. Cases where an entire 

section of the survey was left blank were also eliminated from the sample as 

nonresponsive. As a result, this data cleaning further reduced the sample size to 3,125. 

Missing data is one of the most common problems in quantitative data analysis 

(Tabachnick and Fidell, 2007). Hair et al. (2010) recommend that if the missing data in 

relation to an individual observation is less than 10% and appears at random, then such 

missing data can generally identify as insignificant incompletion which does not affect 

the overall observations of the research findings. The percentage of missing data of all 

the variables considered in this study was less than one percent. The result of a Missing 

Completely at Random (MCAR) test yielded non-significant Chi-square statistics (   = 

5046.932, df = 539, Sig.= 0.999), demonstrating a non-significant difference between 

the observed missing data pattern and a random pattern and highlighting that the 

missing data were randomly distributed. 

As the percentage of missing data consisted of less than 5% of the total responses and 

the pattern was completely random, then any imputation method could be applied (Hair 

et al., 2010, Tabachnick and Fidell, 2007). Therefore, the missing data were imputed by 

the Expectation Maximisation approach. This approach has been widely accepted for 

handling missing data and imputing data to create a complete data set. This technique 

iteratively examines the data while still preserving the covariance structure (Ghomrawi 

et al., 2011). This method has advantages over listwise or pairwise deletion for SEM, 

which may produce biased parameter estimates and inflated chi-square values (Peters 

and Enders, 2002). 

5.2.3 Assessment of normality 

The normality of the data was investigated by calculating the statistics of skewness and 

kurtosis and comparing them with the ‘rule of thumb values’ of ±2.58 (Hair et al., 

2010). Skewness is a measure of symmetry which affects tests of means, whereas 

kurtosis is a measure of how the peakedness of a distribution impacts tests of variances 
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and covariances (DeCarlo, 1997, Hair et al., 2010). The skewness values ranged from   

–1.25 to +0.22, and were thus inside the threshold, which indicated that the respondents 

provided similar answers for these questions.  The kurtosis values ranged from –1.03 to 

+2.20, again falling within the recommended range (see Appendix B). Graphical plots 

were also utilised to assess the actual degree of departure from normality. As a result, 

these accepted parameters, along with investigation of distribution histograms, provided 

support and justification for the normality of the data set. This is consistent with 

expectations that the effect of skewness and kurtosis disappears with samples of 200 or 

more (Tabachnick and Fidell, 2007). 

5.2.4 Outlier screening 

Outliers refer to scores that have a substantial difference between actual and predicted 

values of the observations (Hair et al., 2010). It is significant to screen the data to detect 

outliers because they are not representative of the population and therefore can deform 

statistical tests (Field, 2013). Cases with responses greater than three standard 

deviations beyond the mean may be determined outliers, which can be calculated from 

an absolute value of z-scores (|z|) greater than 3.29 (Kline, 2015, Tabachnick and Fidell, 

2007). The outlier screening for the survey responses revealed that nine variables 

containing cases with absolute value of z-scores (|z|) greater than 3.29 had outliers from 

0.6 to 2.3 percent. Field (2013) has suggested that the number of such outliers should be 

less than one percent. Therefore, the number of outliers detected in this study was 

moderate compared with the standard level.  

To confirm that the outliers did not bias the means, the difference of the mean and the 

‘5% trimmed mean’ of each variable was calculated to determine whether the outliers 

may have distorted the data. The 5% trimmed mean refers to a mean calculated from a 

set of observations where the five percent of the scores in the upper and lower bounds 

are removed. The outliers may cause a problem to the data set if the difference between 

the mean and the ‘5% trimmed mean’ is greater than 0.20 (Pallant, 2013). The extent of 

the difference of every variable was relatively small, ranging from 0.02 to 0.08 (see 

Table 5.2). Thus, these results confirm that the detected outliers did not distort the data 

set and therefore, all 3,125 cases were retained for further analysis.  
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Table 5.2 The difference of the mean and the ‘5% trimmed mean’ 

Question 
Case with 

|z|>3.29 
Mean 

5% Trimmed 

Mean 
∆Mean 

A8: My supervisor accepts people from 

diverse backgrounds. 
0.6% 4.09 4.13 0.04 

A9: My supervisor works effectively 

with people from diverse backgrounds. 
1.2% 3.96 4.00 0.04 

A10: My supervisor is committed to 

workplace safety 
0.6% 4.12 4.16 0.04 

A11: My supervisor treats people with 

respect. 
2.3% 4.03 4.11 0.08 

B8: My agency emphasises delivery-

completing tasks. 
1.3% 3.94 4.00 0.06 

C5: My work group looks for ways of 

doing a better job 
1.1% 3.69 3.72 0.03 

C6: My team believe that improving 

work quality is our duty. 
0.6% 3.82 3.84 0.02 

D2: I enjoy the work in my current job. 1.8% 3.91 3.97 0.06 

E5: My agency supports employee who 

are injured due to work. 
2.2% 3.78 3.83 0.05 

5.3 Preliminary Findings of the Mean Values 

This section presents the evaluation and interpretation of the mean values of all the 

responses to the survey questions (see Appendix B). Firstly, the analysis of the survey 

data showed that respondents agreed that their supervisors had strong innovation 

conducive behaviours. This was indicated by the mean value of ‘leadership for 

innovation (LFI)’ ranging from 3.51 to 4.12, which was higher than the medium level of 

3.00. Engineers were positive regarding their supervisors’ support for innovation 

(variable A2; 3.57) and supervisors’ openness to new ideas (variable A6; 3.85). 

Supervisory capabilities were particularly appreciated in the areas included in the APS 

Integrated Leadership System (Australian Public Service Commission, 2014b), such as 

motivating people (variable A1; 3.51), developing people (variable A3; 3.57), and 

achieving results (variable A4; 3.80). Compared to the other variables in the LFI 

construct, most subordinates had a more positive view of their supervisors’ 

characteristics in terms of accepting members from diverse backgrounds (variable A8; 

4.09) and working effectively with them (variable A9; 3.96). Subordinates were also 

most likely to be satisfied with their supervisors for their expression of respect for 
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subordinates (variable A10; 4.12) and their commitment to workplace safety (variable 

A11; 4.03). 

The overall level of the mean values of ‘ambidextrous culture for innovation (ACI)’ 

appeared relatively moderate with most variables showing mean values greater than the 

medium level. The survey examined the extent to which the APS emphasised 

innovation as a feature of its culture. Most engineers believed their agency encouraged 

employees to make suggestions (variable B1; 3.25) and emphasised finding new 

solutions (variable B5; 3.33). Overall, more than half of engineers believed their 

supervisors encouraged innovation (variable B2; 3.04). Nevertheless, most subordinates 

had a more positive view of a performance-oriented culture than innovative culture. The 

results for performance-orientated culture showed a strong positive effect with the 

largest effect demonstrated in the extent to which the agency was seen to emphasise the 

focus areas of task and process. Most engineers believed their agency emphasised task 

delivery (variable B8; 3.94) and prioritised goal achievement (variable B10; 3.85). 

Subordinates were likely to believe their supervisors rigorously followed workplace 

procedures (variable B7; 3.66) and ensured task delivery (variable B11; 3.62). However, 

there were still areas for improvement for governance processes in the agency including 

internal communication (variable B3; 2.98) and change management (variable B4; 

2.82). 

The APS engineer respondents’ personal attitudes towards innovation also seemed to be 

positive with all mean values within this scale ranging from 3.12 to 3.89, which was 

higher than the medium level. Most engineers reported feeling that their individual 

creativity was supported by the managers. They felt comfortable to voice opinions that 

differed from their colleagues, as indicated by the highest mean value in this ‘workplace 

innovation’ construct (variable C4; 3.89). The majority of the engineers also felt they 

received support for innovation, including autonomy (variable C1; 3.73) and 

opportunity to experiment (variable C2; 3.59). However, fewer respondents agreed that 

they were given sufficient time engage in innovative activities (variable C3; 3.12). 

Respondents were also asked to provide their views on aspects of innovation in their 

work group. Most engineers reported their work group analysed their work for process 

improvement (variable C5; 3.69) and improved service delivery (variable C7; 3.76). 
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Engineers were likely to believe it was their personal responsibility to improve the 

quality of their work (valuable C6; 3.82). 

The descriptive results showed moderate perceptions of career satisfaction of their 

agencies as most variables had mean values greater than the medium level of 3.0. These 

results suggest that agencies have some success using reward and recognition to build 

career satisfaction. More specifically, the APS performed well on non-monetary 

employment conditions (variable D6; 3.89), but it scored lower on monetary 

remuneration (variable D4; 3.22). This response of monetary remuneration also 

coincided with recognition for doing a good job (variable D7; 3.23) and 

acknowledgement of their work contributions (variable D8; 3.16). However, engineer 

professionals seemed not to be satisfied with the opportunities for career progression in 

their agencies, as indicated by this variable receiving the lowest mean value in this 

construct (variable D5; 2.52). This outcome might be attributable to the current problem 

of engineering professional shortages in the APS. As presented in the State of the 

Service Report 2012 – 2013, the predominant occupational groups where skill shortages 

were reported were engineering and technical, accounting and finance, as well as ICT 

occupations. In addition, more than 40% of the engineers who worked in these 

occupations in 2013 indicated their intention to leave their agencies within 12 months 

(Australian Public Service Commission, 2013b). The main reason given  for  the 

decision to leave their agency was a lack of future career opportunities (Australian 

Public Service Commission, 2013b). Engineers were also asked to provide their 

perspectives on meaningful work. Most engineers felt positive about accomplishments 

in their jobs (variable D1; 3.65) and enjoyed the work (variable D2; 3.91) and the 

opportunity to utilise their skills in the job (variable D3; 3.80).  

In relation to the level of psychological attachment to an organisation, all eleven 

variables associated with this scale were perceived by the survey respondents to be 

moderate, according to the mean values ranging from 3.22 to 3.81. Most engineers 

indicated they had confidence in their agency’s processes to resolve employee 

grievances (variable E1; 3.22. The APS have reported that alternative dispute 

mechanisms are increasingly being implemented to settle employee grievances or 

complaints and to rebuild trusting relationships in the workplace (Australian Public 

Service Commission, 2013b). Most subordinates agreed that employees in their agency 
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assessed risk appropriately (variable E2; 3.61) and had positive perceptions of how their 

agency managed business risks (variable E7; 3.58). Most of them also agreed with the 

statement that employees effectively managed conflicts of interest (variable E4; 3.48). 

An organisation’s safety culture reflects the values and beliefs held by engineers in an 

organisation that relate to safety in the workplace. Engineers scored their agencies quite 

highly for health and safety at work (variable E3; 3.72) and for the support provided for 

engineers who had been injured or become ill at work (variable E5; 3.78). Building and 

maintaining a diverse workforce is a key priority for the APS to bring a range of 

perspectives in challenging conventional thinking, encouraging different approaches to 

problem solving, and fostering innovation (Australian Public Service Commission, 

2014b). Engineers agreed their agencies were committed to creating a diverse workforce 

(variable E6; 3.65). 

The degree to which an employee sees their organisation as part of their personal 

identity was also asked in the survey. APS engineers were likely to be proud to work in 

their agency (variable E9; 3.81) and to feel a strong personal attachment to their agency 

(variable E8; 3.62). They seemed to feel ownership in their organisation (variable E10; 

3.44) and would recommend their agency as a good place to work (variable E11; 3.42).  

5.4 ANOVA Test of the Single Sample 

After screening the data set, one-way analysis of variance (ANOVA) was undertaken to 

determine whether significant differences existed between the opinions evident in the 

survey responses of the managers and the subordinates in the APS. Subordinates are 

classified by the APS as employees who perform at levels between APS 1 to APS 6, 

which are the lowest strands of employment classification. These employees are 

accorded little or no managerial responsibilities, whereas Executive Level (EL) staff 

represent middle management including sectional heads within departments. The top 

APS leadership tier, which is classified as the Senior Executive Service (SES), was not 

included in the data set. 

ANOVA was conducted to compare the variance between the mean scores of the two 

groups the managers and the subordinates. ANOVA is conducted to calculate the ratio 

of systematic variance to unsystematic variance (F-ratio) in an experimental study by 

comparing the variance between the mean score of two groups (Field, 2013). In this 
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study, if the amount of the ANOVA’s F statistic was significant it indicated that the 

means for managerial and subordinate staff were not statistically equal. However, as 

recommended by Panuwatwanich (2008), the value of the mean difference should also 

be considered. The mean difference is considered significant if it is greater than 1.00, 

representing one category difference in opinion. Moreover, the effect size of the 

difference      needs to be taken into account. The effect size can be calculated by 

dividing the sum of squares between-group by the total sum of squares (Pallant, 2013). 

If the effect size is small (i.e. less than 0.14), the significant difference between the 

mean, as identified by F-ratio may not be of practical importance (Cohen, 1988, Pallant, 

2013). 

The ANOVA examined the responses from the survey of the APS engineering 

professionals from the operational level (n = 2203) and the managerial level (n = 912). 

As shown in Table 5.3, the results obtained in the ANOVA revealed a statistically 

significant difference for 17 of the 48 variables. However, there was neither a large 

mean difference nor a large effect size. As a result, all 48 variables were retained in the 

data set for further analysis. 

Table 5.3 ANOVA results for subordinates and managers 

Variable F Sig. 
Mean 

∆ Mean     
Subordinates Managers 

A8 12.707 0.000 4.06 4.16 0.10 0.004 

A9 5.931 0.015 3.94 4.01 0.07 0.002 

B4 7.745 0.005 2.86 2.74 0.12 0.002 

B10 4.525 0.033 3.88 3.80 0.08 0.001 

B11 6.298 0.012 3.64 3.55 0.09 0.002 

C1 11.585 0.001 3.70 3.81 0.11 0.004 

C4 13.593 0.000 3.82 3.92 0.10 0.004 

C6 22.390 0.000 3.78 3.91 0.13 0.007 

D1 8.504 0.004 3.62 3.73 0.11 0.003 

D3 13.930 0.000 3.76 3.90 0.14 0.004 

D4 14.680 0.000 3.17 3.34 0.17 0.005 

D5 4.774 0.029 2.49 2.59 0.10 0.002 

D6 37.075 0.000 3.96 3.74 0.22 0.012 

E2 17.680 0.000 3.65 3.52 0.13 0.006 

E4 12.937 0.000 3.45 3.57 0.12 0.004 

E7 11.773 0.001 3.61 3.50 0.11 0.004 

E8 21.068 0.000 3.57 3.74 0.17 0.007 
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5.5 Chapter Summary 

The main objective of the descriptive data analysis was to provide an understanding of 

the characteristics of the sample selected from the data set of the State of the Service 

Employee Census 2014. Analyses of the demographic data suggested that the sample 

for this research was valid and adequately representative of the whole population. The 

univariate data screening included the examination of unengaged responses, missing 

data, items normality, and the detection of possible outliers. The results confirmed that 

there were no corrupted data. Thus, all cases could be used for the subsequent analysis. 

From the preliminary findings, the mean values of all variables were moderate to high. 

These results provided an overall picture of the respondents’ positive perceptions. 

Moreover, although the ANOVA results indicated that there were marginal differences 

between the opinions of the engineering professionals from the operational level and 

managerial level, there was neither a large mean difference nor a large effect size. These 

results verified that the data could be used to represent a single dataset. Therefore, all 

variables were retained for the measurement scale analysis which is discussed in the 

next chapter.  
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Chapter 6 Measurement Scale Analysis 

Five independent scales were utilised to determine the constructs proposed in the 

conceptual model. This chapter reports the results of the analysis of the measurement 

scales were analysed to consider overall reliability. The chapter begins with the analysis 

of scale reliability, and then describes the exploratory factory analysis, followed by the 

confirmatory factor analysis. 

6.1 Scale Reliability 

As discussed in Chapter 3, five independent scales were utilised to determine the 

constructs proposed in the conceptual model, namely leadership for innovation (LFI); 

ambidextrous culture for innovation (ACI); workplace innovation (WIT); psychological 

attachment to an organisation (PAO); and career satisfaction (CSF). Cronbach’s alpha 

(α) value and item-total correlations were calculated to confirm the reliability of the 

measurement scales. The scale reliability refers to its ability to produce consistent and 

stable measurements if duplicated under similar conditions (Robinson, 2008). Internal 

consistency is the level to which the responses are consistent across the items in a 

measurement scale, which indicates whether the scale is free from random error (Kline, 

2015). The most common reliability coefficient is the Cronbach’s alpha, which is the 

estimated correlation of a set of items and true scores. It provides ‘a lower-bound 

estimate’ of reliability more accurately than other estimation methods (Robinson, 2008). 

A Cronbach’s alpha is a measure of whether a question can be removed from a factor 

without the factor losing any of its meaning (i.e. failure to account for a substantial 

proportion of the variance of the data explained by a particular factor). The Cronbach’s 

alpha value greater than 0.70 indicates that the questionnaire items in the instrument are 

reliable (Nunnally, 1978), and that the items display an acceptable degree of uni-

dimensionality within their relevant scale (Cortina, 1993). As a rule of thumb, Multon 

and Coleman (2010) suggest using the following Cronbach’s alpha value to judge the 

quality of the instrument: 0.90 or above - excellent, 0.80 to 0.89 - very good, and 0.70 to 

0.79 - good. 

The Cronbach’s alpha value was generated for the construct's measurement scale. Table 

6.1 presents the Cronbach’s α value for the question items associated with each latent 
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factor. The results of the Cronbach’s α values for all five scales ranged from 0.845 – 

0.950, and considered very good and excellent. As a result, the measurement scales 

consisted of a set of homogeneous items to measure the meaning of the constructs and 

thus were reliable for research purposes.  

Table 6.1 Cronbach’s alpha of measurement scales 

Construct's Measurement Scale 
Number of 

Variables 

Cronbach's 

Alpha (α) 

Leadership for Innovation (LFI) 11 0.950 

Ambidextrous Culture for Innovation (ACI) 11 0.890 

Workplace Innovation (WIT) 7 0.845 

Career Satisfaction (CSF) 8 0.851 

Psychological Attachment to an Organisation (PAO) 11 0.897 

Robinson (2008) indicates that the results of the Cronbach’s alpha analysis is closely 

related to the correlation between items, therefore the Item-total correlation can be 

employed to assess whether an individual item should be retained in a scale. Item-total 

correlation is defined as the correlation of an item with the composite score of all items 

incorporating the measure of the construct (Lu et al., 2007). For items which have a 

common core of the same construct, the score of each item and that of the whole 

construct should be highly correlated (Koufteros, 1999). Kline (2015) recommends that 

this analysis should be conducted to refine the evaluation of uncorrelated items before 

finding the factors that represent the construct. 

The value of the item-total correlation is corrected via an SPSS analysis. According to 

Koufteros (1999), the score of an item of interest is excluded from the corrected item-

total correlation when computing the composite score. Pallant (2013) recommends that 

a value of a corrected item-total correlation of lower than 0.30 reveals that the item is 

measuring something different from the construct. Items should be eliminated if the 

corrected item-total correlation is less than 0.30 and elimination of the item results in an 

increase in reliability, as indicated by the calculation of Cronbach’s alpha if an item is 

deleted (Kline, 2015). This approach confirms a balance between developing a concise 

and internally reliable measure, whilst the content validity is not reduced by eliminating 

large numbers of items that are relevant and meaningful. The outcomes of item total 

correlations in this study indicated that all of the items within each construct seemed to 
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measure the same concept, as their corrected item-total correlations were above 0.30. 

The analysis of the measurement scale confirmed that all items were reliable and could 

proceed to the exploratory factor analysis. 

6.2 Exploratory Factor Analysis 

To estimate the validity of the scales, exploratory factor analysis (EFA) was conducted 

to reduce the large number of variables into a smaller, more controllable set of 

dimensions (Gerbing and Anderson, 1988, Hair et al., 2010) and to summarise the data 

prior to including them into confirmatory factor analysis. The EFA is a multivariate 

statistical technique particularly used to search for structure among a set of observed 

variables (i.e. questions in a questionnaire) and subsequently, to group highly inter-

correlated observed variables into a latent factor. This approach allows researchers to be 

scientifically confident that the observed variables reproduce one single variable as a 

latent variable. Generally, the EFA can be performed by employing either R-type or Q-

type factor analysis. The former identifies a set of dimensions that is latent in a large set 

of items, while the latter condenses large numbers of variables into distinctly separate 

groups (Hair et al., 2010). The R-type was adopted in this study because the main 

purpose of this stage was to allocate the observed variables into a set of new composite 

dimensions (factors). 

According to Russell (2002), the EFA must be conducted to determine whether a 

theoretical construct is a single or multidimensional factor, and to give a clear 

estimation of the factor structure of the measures. As a preliminary analysis, the EFA is  

useful in the absence of an adequately detailed theory about the relations of variables to 

the underlying constructs (Gerbing and Anderson, 1988). Although in this study, all 

measured variables in the constructs were derived from a comprehensive literature 

review and prior studies, the EFA was deemed necessary because these variables had 

not been operationalised extensively within the public sector context. Therefore, given 

that each of the model constructs was measured by an independent scale, the EFA was 

conducted separately for each individual construct to examine if the chosen variables 

loaded on the expected latent factors were adequately correlated and met the criteria of 

reliability and validity within this sample. 
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6.2.1 Factorability of data 

Factorability is defined as the suitability of the data to be factorised in terms of the 

inter-correlation between variables (Pallant, 2013, Tabachnick and Fidell, 2007). To 

establish the suitability of the collected data for the EFA, factorability was examined 

using the Kaiser-Meyer-Olkin measure of sampling adequacy (KMO) and Bartlett’s test 

of sphericity, which analyses the existence of relationships between factors in further 

analysis (Field, 2013). Both indicators estimate the factorability of data and show how 

the data suits the EFA in general (Pallant, 2013).  

Two basic assumptions of factor analysis, multivariate normality and sampling 

adequacy, should be tested before extracting the factors to confirm the suitability of the 

collected data for the EFA (Lattin et al., 2003). Using SPSS, Bartlett’s test of sphericity 

can determine the multivariate normality of the variables. In addition, this test is used to 

validate the hypothesis that the correlation matrix is an identity matrix (i.e., a spherical 

set of multivariate data) (Lattin et al., 2003). The KMO test evaluates sampling 

adequacy regarding whether the distribution of values is sufficient to conduct factor 

analysis (George and Mallery, 2016). According to Tabachnick and Fidell (2007), data 

is factorable when the KMO is above the minimum acceptable level of 0.60. The KMO 

values over 0.8 indicate that included variables are ‘meritoriously’ predicted without 

error by other variables. The KMO of each construct in this study ranged from 0.847 to 

0.943 (see Table 6.2), which indicated sampling adequacy and that the distribution of 

the values in the matrix was appropriate to conduct factor analysis (George and Mallery, 

2016). In turn, the Bartlett’s test of sphericity indicated that there were adequate 

relationships between the variables included in the analysis if the p-value was 

significant (< 0.05) (Field, 2013, Hair et al., 2010). When the Bartlett’s test of sphericity 

was implemented, each construct was highly significant at p < 0.001 level, indicating 

that the data were approximately multivariate normal (George and Mallery, 2016, Lattin 

et al., 2003). The result also confirmed that the correlation matrix could not be 

construed as an identity matrix (Lattin et al., 2003). The correlations among the 

variables were sufficient to proceed to the next analysis. Therefore, the factorability of 

each construct was confirmed for these analysis scenarios. 
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Table 6.2 KMO and Bartlett’s test of sphericity 

Construct KMO 
Barlett's Test of Sphericity 

   df Sig. 

Leadership for Innovation (LFI) 0.943 31673.31 55 0.001 

Ambidextrous Culture for Innovation (ACI) 0.896 16804.95 55 0.001 

Workplace Innovation (WIT) 0.847 9258.44 21 0.001 

Career Satisfaction (CSF) 0.857 10969.05 28 0.001 

Psychological Attachment to an Organisation (PAO) 0.903 17228.44 55 0.001 

6.2.2 Factor extraction and rotation 

To develop an appropriate solution that shows an adequate number of factors best 

representing the interrelations among the set of variables, the EFA conducted two 

essential steps: factor extraction; and factor rotation and explanation (Pallant, 2013, 

Tabachnick and Fidell, 2007). Factor extraction reveals factors based on the adequacy 

of the number of factors, while factor rotation improves the explanation of a given 

factor solution (Field, 2013, Tabachnick and Fidell, 2007). Principal component 

analysis (PCA) was chosen as a data extraction method. This is because its primary 

objective is to summarise and reduce data as well as define the factors needed to 

represent the structure of a variable (Hair et al., 2010). The goal of PCA is to extract the 

maximum variance from the data set with each component. Four criteria are used to 

achieve the number of factors that best describe the underlying relationship among 

variables, namely: 1) latent root criterion; 2) Catell’s scree test; 3) percentage of 

variance criterion; and 4) a priori criterion (Hair et al., 2010). The latent root criterion 

recommends that factors be extracted based on total variance, using eigenvalue set to 

unity (value = 1.0). The Catell’s scree test employs a graphical plot of the eigenvalue of 

the factor in their order of extraction in which a sudden change of slope in the graph 

indicates the maximum number of factors to be extracted and determines the number of 

factors to retain (Pallant, 2013). The percentage of variance criterion is used to confirm 

practical significance for the extracted factors through which the particular amount of 

variance is explained (Tabachnick and Fidell, 2007). A priori criterion is a simple and 

reasonable criterion where the number of factors is known prior to conducting the factor 

analysis. As well as considering these four criteria, the conceptual foundation should 

also be integrated with empirical evidence when considering the appropriate factors to 
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extract (Hair et al., 2010). Once the factors are extracted, factor loadings are used to 

determine the degree to which the variables load onto these factors (Field, 2013).  

Prior to extracting factors, communality estimates must be generated. Communality is 

the proportion of observed variance accounted for by the common factors. These values 

represent the total amount of variance for an item explained by the extracted factors. 

The communality is denoted by h
2
 and is the summation of the squared factor loadings 

of a variable across factor (Tabachnick and Fidell, 2007). Generally, a variable is 

excluded from the analysis if it has low communalities (less than 0.20), which means 

that 80% is unique variance. This is because the objective of factor analysis is to 

describe the variance through the common factors (Child, 2006). 

The formula to derive the communalities is (Cattell, 1973): 

22

2

2

1

2 ... jmjjj aaah          (6.1) 

Where a  equals the loadings for j variables.  

After the factor extraction, factor rotation is conducted to present the pattern of loadings 

in a format that is easy to understand. Varimax rotation, which can load variables to 

factors clearly, was conducted to maximise the variance of factor loadings and minimise 

the number of variables that had high loadings on each other (Pallant, 2013, Tabachnick 

and Fidell, 2007). The resultant factors are presented in a rotated component matrix, and 

are justified by factor loadings that indicate the degree of correlation between each 

variable and the factor. A factor loading of 0.50 is considered as being practically 

significant and therefore has been used as the cut-off level in this study. To confirm that 

the survey questions, which were regrouped from State of the Service Employee Census 

2014, reflected several different factors, the EFA was performed separately for each of 

the five constructs. 

6.2.3 Exploratory factor analysis results 

Initially, there were a total of 11 variables chosen to operationally define the LFI 

construct. The EFA was conducted to form a smaller manageable dimension. The two 

factors for the LFI construct were produced using a priori criterion, because the 

construct was clearly conceptualised to have two distinct components: transformational 

leadership and consideration leadership. 
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A geometrical approach can be adopted by the EFA in which factors can be visualised 

in a coordinate system. The factors are represented by the axes of a graph in which 

variables are plotted (Field, 2013). When the coordinates of variables are in close 

proximity to each graph, this represents the strength relationship between that variable 

and each factor. This scenario indicates that the variable is related to that particular 

factor. The coordinate of a variable along the factor axis, which acts as a reference 

frame, represents a factor loading. The variables were plotted as a function of the 

factors, as shown in Figure 6.1. Six variables (A1, A2, A3,…, A6) have high factor 

loadings (i.e., a strong relationship) with factor 1 (transformational leadership: 

horizontal axis) but have a low correlation with factor 2 (consideration leadership: 

vertical axis). In contrast, four variables (A8, A9, A10, A11) have strong relationships 

with consideration leadership but low correlation with transformational leadership. 

 

Figure 6.1 A geometrical representation of factor analysis of the LFI construct 

The Catell’s scree test employs a graphical plot of the eigenvalue of the factors in their 

order of extraction in which a sudden change of slope in the graph indicates the 

maximum number of factors to be extracted and determines the number of factors to 

retain (Pallant, 2013). A horizontal line and a vertical line beginning from each end of 

the curve were drawn to ascertain if there was a sudden change of slope. Examination of 

the scree plot indicated that a sudden change of slope occurred after the second 

component (See Figure 6.2). The Catell’s scree test also identified these two factors, 

which accounted for 77.6 percent of the total variance. 
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Figure 6.2 Scree plot of principal component factoring 

Table 6.3 represents the factor loadings and the contribution of each variable to the 

factors. In this study, A1 had the highest contribution to Factor 1. The calculated 

communality indicated that based on the knowledge of the two factors 84.8% of 

variable A1 could be predicted. If a variable has a high communality, the set of factors 

can be said to explain much of the variance of a variable (Kline, 2015). The loading 

patterns of all 11 variables revealed that variable A7 was cross loaded two factors of 

LFI, and was thus eliminated. Therefore, 10 variables with factor loadings ranging from 

0.708 to 0.889 were retained. The variables with high loadings on component 1 centred 

on transformational leadership, whereas the variables with high loadings on component 

2 were concerned primarily with consideration leadership. Based on these 10 variables, 

Cronbach’s alpha coefficient was recalculated yielding a value of 0.945, indicating the 

modified measurement scale still had very good internal consistency. The two factors 

derived from the entire 10 variables were summarised as: 

 LFI1: Transformational leadership (6 variables, component 1); and 

 LFI2: Consideration leadership (4 variables, component 2). 
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Table 6.3 Rotated factor loadings of the LFI construct 

Variable: Description 
Rotated Component 

h
2
 

1 2 

    A1: Motivate people to understand the APS direction.  0.866 0.312 0.848 

A2: Encourage people to find new ways of doing work. 0.851 0.294 0.811 

A3: Encourages people to develop new skills. 0.842 0.306 0.803 

A4: Achieve results by building agency capability.  0.830 0.286 0.771 

A5: Cultivate productive working relationships. 0.818 0.369 0.806 

A6: My supervisor is open to new ideas. 0.708 0.399 0.660 

A7: Communicate effectively regarding the risks. 0.639 0.526 0.685 

A8: Accept people from diverse backgrounds. 0.274 0.889 0.866 

A9: Work with people from diverse backgrounds 0.362 0.822 0.807 

A10: My supervisor is committed to workplace safety. 0.264 0.801 0.711 

A11: My supervisor treats people with respect. 0.463 0.745 0.769 

        

    Note: Cumulative variance explained = 77.6%; Cronbach’s alpha = 0.945 

Overdetermination of a factor is the extent to which each factor is clearly shown to have 

an adequate number of variables and the degree to which each factor is sufficiently 

defined by a set of indicators. Highly overdetermined factors are determined when there 

are high factor loadings on at least three to four variables, these variables have moderate 

to high communalities (i.e., between 0.40 and 0.70 or higher), and exhibit good simple 

structure (Fabrigar et al., 1999, MacCallum et al., 1999). Both factors of LFI had four or 

more items per factor, the factor loadings ranged from 0.708 to 0.889 and 

communalities ranged from 0.660 to 0.866, indicating relatively strong data.  

Table 6.4 shows the two leadership factors from EFA. It shows there is one very strong 

factor, which explains 67.1 per cent of the variance and involves a group of variables 

that relate to transformation leadership styles such as commitment, encouragement, 

stimulation, intelligence, and achievement. This was labelled ‘transformational 

leadership’. The second innovation leadership type relates to the ‘consideration 

leadership’ style which concerns a view to show trust in followers, and to provide a safe 

work environment, accept diversity, and treat employees respectfully. This second 

factor explains only small proportions of the variance 10.5 per cent. 
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Table 6.4 Factors of leadership for innovation 

Factor Description 
% of the 

variance 

Transformational 

leadership 

 motivate people, encourage innovation, develop people, achieve results, 

cultivate relationships, and open to new ideas 
67.1 

Consideration 

leadership 

accept and work with diverse people, commit to workplace safety, and 

treats people with respect 
10.5 

During the operationalisation, the structure of the data for the ACI construct was 

classified into two factors: innovative culture and performance-oriented culture. To 

date, no study has developed a framework to provide measurement variables for these 

two factors. The EFA was employed to empirically examine if the variables for the ACI 

construct could indeed be represented by these two factors. The initial principal 

component analysis indicated the presence of two components with eigenvalues greater 

than 1, which explained 61.1 percent of the total variance. The variables were plotted as 

a function of the factors, as shown in Figure 6.3. Six variables (B1, B2, B3, …, B6) had 

high factor loadings (i.e., a strong relationship) with factor 1 (innovative culture: 

horizontal axis) but had a low correlation with factor 2 (performance-oriented culture: 

vertical axis). In comparison, five variables had strong relationships with performance-

oriented culture but low correlation with innovative culture. 

 

Figure 6.3 A geometrical representation of factor analysis of the ACI construct 

The patterns for the rotated factor loading, presented in Table 6.5, revealed that all 

variables were well above the 0.50 threshold level. Communalities ranged from 0.415 to 

0.712, indicating relatively strong data. Moreover, the patterns for the loading of the 
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variables onto their respective factors were also consistent with the operational 

definition of the ACI construct in the literature review, assuring its robustness for this 

scale development. As with the original operationalisation, the ACI construct consisted 

of the following two factors: 

 ACI1: Innovative culture (6 variables, component 1); and 

 ACI2: Performance-oriented culture (5 variables, component 2). 

Table 6.5 Rotated factor loadings of the ACI construct 

Variable: Description 
Rotated Component 

h
2
 

1 2 

    
B1: My agency prioritises ideas development. 0.806 0.248 0.712 

B2: Most managers encourage innovation. 0.789 0.255 0.687 

B3: Internal communication is effective. 0.779 0.213 0.652 

B4: Change is managed well in my agency. 0.768 0.176 0.621 

B5: My agency emphasises innovation. 0.753 0.275 0.642 

B6: My workplace provides access to learning.  0.620 0.173 0.415 

 
  

  
B7: Managers make sure procedure is follow. 0.027 0.751 0.565 

B8: My agency emphasises task delivery. 0.258 0.743 0.619 

B9: Most managers ensure their team delivers. 0.338 0.739 0.660 

B10: My agency prioritises goals achievement. 0.378 0.693 0.623 

B11: My agency emphasises standardised services. 0.241 0.682 0.523 

        

 Note: Cumulative variance explained = 61.1%; Cronbach’s alpha = 0.890 

A total of seven variables were selected to operationally define the WIT construct. The 

presence of two components with eigenvalues greater than 1 was indicated by the initial 

principal component analysis. A sudden change of slope for the scree plot occurred after 

the second component. As shown in Figure 6.4, the variables were plotted as functions 

of each factor. The variable coordinates on the factor axis act as a reference frame for 

the factor loadings. High factor loadings for four variables (C1, C2, C3, and C4) 

showed strong relationships with factor 1 (Individual Creativity: horizontal axis) but 

these variables had a low correlation with factor 2 (Team Innovation: vertical axis). In 

comparison, three variables had strong relationships with team innovation but low 

correlation with individual creativity. 
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Figure 6.4 A geometrical representation of factor analysis of the WIT construct 

The factor loadings and the contribution of each variable to the factors of the WIT 

construct is shown in Table 6.6. As illustrated, C1 had the highest contribution to Factor 

1. Based on the indicated communality and the knowledge of the two factors, 77.6% of 

variable C1 could be predicted. High variable communality indicates the set of factors 

can explain much of the variance of a variable (Kline, 2015). This result showed there 

was no communality less than 0.20 (Child, 2006). Thus, all 7 variables were retained for 

further analysis. 

Based on the eigenvalue and the Catell’s scree test criterion, two factors were extracted 

from the WIT construct. This two-factor solution explained 69.1 percent of the total 

variance. As presented in Table 6.6, the factor loadings of all seven variables were well 

above the 0.50 cut-off loading. All seven variables making up each of these two factors 

were significant without cross loadings. For component 1, the variables with high 

loadings were mainly concerned with individual creativity (WIT1). For component 2, 

the variables with high loadings centred on team innovation (WIT2). Thus, two factors 

were derived from the entire seven variables: 

 WIT1: Individual creativity (4 variables, component 1); and 

 WIT2: Team innovation (3 variables, component 2). 

Highly overdetermined factors occur when high factor loadings exist for at least three to 

four variables. Both factors of the WIT construct had moderate to high communalities 

(i.e., between 0.40 and 0.70 or higher), and demonstrated good simple structure 
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(Fabrigar et al., 1999, MacCallum et al., 1999). Both factors had three or more items per 

factor, with factor loadings ranging from 0.703 to 0.857 and communalities ranging 

from 0.540 to 0.776, suggesting relatively strong data. 

Table 6.6 Rotated factor loadings of the WIT construct 

Variable: Description 
Rotated Component 

h
2
 

1 2 

    C1: I am able to explore new ideas.  0.836 0.279 0.776 

C2: I would be supported if I tried a new idea. 0.807 0.245 0.711 

C3: I have the time to explore new ideas. 0.731 0.076 0.540 

C4: I feel comfortable to voice a different opinion. 0.703 0.326 0.600 

 
  

  
C5: My work group looks for doing a better job. 0.205 0.857 0.776 

C6: Improving the work quality is our responsibility. 0.148 0.836 0.721 

C7: My work group improves the providing service. 0.364 0.762 0.713 

        

    Note: Cumulative variance explained = 69.1%; Cronbach’s alpha = 0.845 

There were a total of eight variables which operationally defined the CSF construct. The 

variables were plotted as a function of the factors, as shown in Figure 6.5. Three 

variables (D1, D2, and D3) had high factor loadings (i.e., a strong relationship) with 

factor 1 (meaningful work: horizontal axis) but had a low correlation with factor 2 

(reward and recognition: vertical axis). In contrast, five variables had strong 

relationships with reward and recognition but low correlation with meaningful work. 
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Figure 6.5 A geometrical representation of factor analysis of the CSF construct 

The number of extracted factors was two and they accounted for 65.4 percent of the 

explained variance. As presented in Table 6.7, all variables identified for each extracted 

factor were higher than 0.50 and ranged from 0.606 to 0.893, reflecting a substantial 

degree of contribution for each variable to its extracted factor. Communalities ranged 

from 0.437 to 0.853, suggesting relatively strong data. All eight variables making up 

each of these two factors were significant without cross loadings. The variables with 

high loadings on component 1 centred on meaningful work, whereas the variables with 

high loadings on component 2 were concerned primarily with reward and recognition. 

These findings indicated that meaningful work and reward and recognition were the 

most important forms of career satisfaction in the APS workplace. The two factors 

classified from the loading patterns of these eight variables were derived as follows: 

 CSF1: Meaningful work (3 variables, component 1); and 

 CSF2: Reward and recognition (5 variables, component 2). 
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Table 6.7 Rotated factor loadings of the CSF construct 

Variable: Description 
Rotated Component 

h
2
 

1 2 

    D1: My job gives me my personal accomplishment. 0.893 0.236 0.853 

D2: I enjoy the work in my current job. 0.858 0.152 0.760 

D3: My job gives me chances to utilise my skills. 0.846 0.220 0.764 

    
D4: I am fairly remunerated for my work. -0.020 0.819 0.672 

D5: I am satisfied with the career progression. 0.300 0.688 0.563 

D6: I am satisfied with my non-monetary benefits  0.159 0.642 0.437 

D7: I am satisfied with the recognition for my good job. 0.479 0.636 0.636 

D8: The employees are valued for their contribution. 0.421 0.606 0.545 

        

    Note: Cumulative variance explained = 65.4%; Cronbach’s alpha = 0.851 

The variables of the CSF construct were plotted as a function of the factors, as shown in 

Figure 6.6. Seven variables (E1, E2, E3, …, E7) had high factor loadings (i.e., a strong 

relationship) with factor 1 (organisational trust: horizontal axis) but had a low 

correlation with factor 2 (organisational identification: vertical axis). In contrast, three 

variables had strong relationships with organisational identification but low correlation 

with organisational trust. 

 

Figure 6.6 A geometrical representation of factor analysis of the PAO construct 

Initially, there were a total of 11 variables which operationally defined the PAO 

construct. Ng’s (2015) typology of psychological attachment to an organization was 
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adopted for the PAO construct and consisted of organisational trust, organisational 

identification, and organisational commitment. However, both the eigenvalues and 

Catell’s scree test criterion proposed only two factors for this construct. These 11 

variables for the PAO construct were loaded onto two factors with eigenvalues greater 

than 1 and accounted for 61.7 percent of the explained variance. A Catell’s scree test 

invokes the maximum number of factors that would facilitate interpretation. The scree 

test for the PAO construct identified that a total of two factors would be appropriate for 

further analysis. 

Table 6.8 Rotated factor loadings of the PAO construct 

Variable: Description 
Rotated Component 

h
2
 

1 2 

    E1: Trust in the processes uses to solve grievances. 0.734 0.248 0.600 

E2: Employees appropriately assess their risk. 0.723 0.166 0.550 

E3: My agency cares about employees' health. 0.719 0.266 0.588 

E4: Employees can manage conflicts of interest. 0.692 0.218 0.526 

E5: My agency supports employees injured from work. 0.692 0.234 0.533 

E6: My agency creates a diverse workforce 0.666 0.229 0.496 

E7: My agency has procedures to manage risks. 0.664 0.159 0.466 

    
E8: I feel a strong personal attachment to my agency. 0.202 0.883 0.820 

E9: I am proud to work in my agency. 0.302 0.854 0.820 

E10: Proud in the accomplishment of my agency. 0.208 0.836 0.743 

E11: Recommend my agency as a good place to work. 0.534 0.595 0.640 

        

    Note: Cumulative variance explained = 61.7%; Cronbach’s alpha = 0.881 

The variables with high loadings on component 1 were concerned primarily with 

organisational trust. The variables with high loadings on component 2 centred on 

organisational identification. Findings from this study indicated that organisational trust 

and organisational identification were the most important forms of psychological 

attachment to organisations in the APS workplace. Therefore, based on the eigenvalue 

and the Catell’s scree test criterion, the two factors extracted from this set of variables 

were: 

 PAO1: Organisational trust (7 variables, component 1); and 
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 PAO2: Organisational identification (3 variables, component 2). 

As presented in Table 6.8, variable E11 was cross-loaded between two constructs, and 

was thus removed. Thus, 10 variables with factor loadings ranging from 0.664 to 0.883 

were retained for further analysis. Communalities ranged from 0.466 to 0.820, 

suggesting relatively strong data. Based on these 10 variables, Cronbach’s alpha 

coefficient was recomputed yielding a value of 0.881, indicating that the modified 

measurement scale from removing E11was still reliable. 

EFA is performed to assess the dimensionality of a construct. To interpret the meaning 

of a factor, the salient variables in each factor were identified and used as the indicators 

for explanation. These salient variables were selected by two criteria as part of the EFA. 

First, their loading values should be greater than 0.5. Second, they should only be 

loaded on the extracted factor, thus a variable that cross-loaded on two factors was 

dropped from each construct. The EFA clearly provided structure which best represents 

all the constructs. The salient variables identified for each extracted factor were  higher 

than 0.5, indicating a substantial degree of contribution of each variable to its extracted 

factor. Once the analysis was completed, the factors were examined and given a 

descriptive title that represented the characteristics of the constructs. The EFA results 

are presented in Table 6.9.  
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Table 6.9 Summary of EFA results 

Construct 
Variable 

Removed 

Cronbach's 

Alpha 

Cumulative 

Variance 
Factor: Description 

Leadership for Innovation (LFI) A7 0.945 77.6% LFI1: Transformational leadership (6 variables) 

   
LFI2: Consideration Leadership (4 variables) 

     
Ambidextrous Culture for Innovation 

(ACI) 
- 0.890 61.1% ACI1: Innovative culture (6 variables) 

   
ACI2: Performance-oriented culture (5 variables) 

     
Workplace Innovation (WIT) - 0.845 69.1% WIT1: Individual creativity (4 variables) 

   
WIT2: Team innovation (3 variables) 

     
Career Satisfaction (CSF) - 0.851 65.4% CSF1: Meaningful work (3 variables) 

   
CSF2: Reward and recognition (5 variables) 

     
Psychological Attachment to an 

Organisation (PAO) 
E11 0.881 61.7% PAO1: Organisational trust (7 variables) 

   
PAO2: Organisational identification (3 variables) 
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6.2.4 Test of common method variance 

Common method variance is defined as spurious relationships among variables which 

arise when a questionnaire is used to collect responses from a single setting (Podsakoff 

et al., 2003). The data collected in the APS survey was self-reported, cross-sectional, 

and collected from one survey and as a result, this may have introduced spurious 

relationships among the constructs and the potential for common source bias. A major 

problem concerning self-reported survey data is the lack of independence of the 

constructs as they may relate to each other.  

Table 6.10 EFA Results for common method variance test 

Component 
Initial Eigenvalues 

Total Percentage of Variance Cumulative Percentage 

1 18.04 37.58% 37.58% 

2 3.78 7.88% 45.46% 

3 2.23 4.64% 50.10% 

4 1.86 3.88% 53.98% 

5 1.61 3.35% 57.33% 

6 1.5 3.11% 60.44% 

7 1.2 2.50% 62.94% 

8 1.05 2.18% 65.12% 

Harman’s single-factor test was conducted to assess common method variance in the 

single setting survey design. In this test, a large amount of common method variance is 

revealed when a single factor emerges from the unrotated factor solution, or when a 

general factor indicates the majority of the covariance (>50 percent) between the 

measures (Podsakoff et al., 2003). All 48 variables measuring the five different 

constructs were subjected to a single-factor analysis. This test extracted eight factors 

with eigenvalues greater than 1, the variance accounted for 65.1 percent of the variances 

in the measures (see Table 6.10). The first factor accounted for 37.6 percent of the 

variance in the measures (<50 percent). As the results indicated no single factor 

underlying the data, the common method variance did not seem to be a critical issue. 

The EFA results presented in the previous section provided valuable insights into the 

dimensionality of the latent variables and confirmed the reliability of the measurement 

scales underpinning the model constructs. However, while the EFA provided 

preliminary results for the factor structure of each construct, the analysis was 
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insufficient to conclusively establish the appropriate dimensionality of the measures. 

Therefore, confirmatory factor analysis (CFA) was performed to assess the overall 

goodness-of-fit and the total measurement model to determine the validity of the 

measures (Byrne, 2010). 

6.3 Confirmatory Factor Analysis 

Confirmatory factor analysis (CFA) is a theory driven technique used to test the 

hypotheses for a factor structure, which determines the validity of theoretical structures 

through testing the causal links among variables (Gerbing and Anderson, 1988, Kline, 

2015). CFA is conducted to assess construct validity and unidimensionality, which are  

critical elements in  measurement theory (Gerbing and Anderson, 1988, Hair et al., 

2010). Construct validity is concerned with whether there is sufficient accuracy in 

reflection of theoretical concepts and if the items in a scale meaningfully measure the 

construct. The unidimensionality refers to the existence of a single construct underlying 

a set of observed variables, thus unidimensionality is established when an empirical 

item is significantly associated with the empirical representation of a single construct 

(Hair et al., 2010, Gerbing and Anderson, 1988). A unidimensionality test was 

performed to examine the measurement errors and eliminate weak factor loadings as 

well as to check the adequacy of the model through a re-specified model and measure 

reliability. 

To develop the CFA, the researcher should have reasonable prior knowledge of the 

factors and other theoretical findings to clarify the interrelationship among the measured 

variables. In this study, almost all the conceptual model constructs were not only 

theoretically established, but had also been empirically tested in previous studies. 

Therefore, the CFA was supplementarily conducted for scale refinement and validation 

purposes and the factor structure illustrated a set of relationships to represent how the 

measured items represented latent factors. The process examined the factor structures 

for each construct to check how well they fit the data and analysed the models’ indices 

for construct validity and unidimensionality. 
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6.3.1 Assessment of model fit and estimations methods 

To determine how well the specified factor model represented the data, goodness-of-fit 

indices were examined. There are several indices to assess model-fit and they are 

categorised into two groups, namely absolute fit indices and incremental fit indices.  

Absolute fit indices are a direct measure of the degree to which the specified model 

reproduces the observed data, which can determine how well the theory fits the sample 

(Hair et al., 2010, Shah and Goldstein, 2006). The most fundamental absolute fit index 

is a Chi-square (  ) statistic used to measure the discrepancy between a hypothesised 

model and data (Ping Jr, 2004). However, the chi-squared test has been found to be 

sensitive and bias to sample size, thus this value tends to rise as the sample size 

increases (Kline, 2015). Root mean squared error of approximation (RMSEA) is also 

widely reported to estimate the lack of fit to the saturated model. The root mean square 

residual (RMR) is the square root of the mean of the squared residuals which is an 

average of the residuals between the observed and estimated measures. Goodness-of-fit 

index (GFI) indicates the proportion of the variance in the sample variance-covariance 

matrix. Adjusted goodness-of-fit index (AGFI) can be used to compensate the GFI 

index in which the value of the index is adjusted for the number of parameters (Shah 

and Goldstein, 2006).  

Incremental fit indices are concerned with the degree to which the model of interest is 

superior to the alternative baseline models by computing based on a comparison 

between the baseline model and expected model (Shah and Goldstein, 2006). 

Incremental-fit index (IFI), normed fit index (NFI), comparative fit index (CFI), and 

Tucker Lewis index (TLI) are the most commonly reported in this category. The IFI 

indicates the issues of parsimony and sample size. The NFI compares the improvement 

of the overall fit of the researcher’s model to a null model, while the CFI is a modified 

version of the NFI taking the sample size into account. The TLI indicates a correlation 

for model complexity (Byrne, 2010). 

In addition to producing goodness-of-fit indices, the modification indices and 

standardised residuals are useful statistical calculations to  detect measurement model 

misspecification (Byrne, 2010, Gerbing and Anderson, 1988). Variables associated with 

modification indices greater than the threshold level of 5.0 justify further investigation 
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for potential re-specification (Gerbing and Anderson, 1988, Byrne, 2010), whilst 

standardised residuals between -2.58 and 2.58 are considered acceptable. Standardised 

residual values between -2.58 and -4 and between 2.58 and 4 may be problematic and 

deserve some attention but may not require any modifications to the model (Lowry and 

Gaskin, 2014). The model re-specification is conducted to improve the fit of the model 

(MacCallum, 1986). Two methods can be used to re-specify the model: deleting non-

significant variables from the model or adding paths to the model based on empirical 

data. Re-specification is guided by the analysis of the modification indices and 

examination of the standardised residuals. However, these outputs should only be used 

as a guideline, and should not dictate model re-specification, thus empirical 

rationalisation and theoretical considerations must also be considered to support model 

re-specification guided by these indices (Lowry and Gaskin, 2014). 

To accurately calculate the model parameters and fit indices, the maximum likelihood 

(ML) was used to achieve model fit. The ML is based on establishing parameter 

estimates, which maximise the likelihood that the observed covariance of the data 

reflects the population under investigation. Maximum likelihood of all parameters is 

also simultaneously estimated to minimise the discrepancies between the covariances of 

observed data and the proposed model (Kline, 2015). The distribution of the data in this 

study was considered normal, and thus its use as maximum-likelihood data for CFA 

analysis was  expected to produce reliable results (Kline, 2015, Byrne, 2010). The ML 

can also be used for data with minor deviations from normality and is still fairly robust 

under the condition of moderate non normality (Hair et al., 2010). The ML requires a 

sample size of at least 100 to achieve reliable findings (Hair et al., 2010), while the 

general rule considers a sample size of 100 to 200 as a ‘good sample size’ (Shah and 

Goldstein, 2006). Therefore, a sample size of 3,125 seemed to fit well with these 

recommendations. 

Model fit is assessed through an inferential Chi-square (  ) and several descriptive 

goodness-of-fit indices. Since the Chi-square (  ) is known to be inflated in samples 

with N>200 (Kelloway, 1998), the Chi-square (  ) and degree of freedom (df) are 

reported as descriptive information rather than a strong inferential test of whether a 

model can be accepted or rejected. According to Hair et al. (2010), at least one 

incremental index (CFI or TLI) and one absolute index (RMSEA or SRMR) must be 
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reported. However, the availability of many different fit indices presents problems of 

selection to researchers because there is a lack of consensus regarding which absolute 

and incremental goodness-of-fit indices are optimal for gauging model-fit and should be 

reported (Kline, 2015, Ping Jr, 2004). Therefore, multiple alternative fit indices were 

employed to measure the degree of model-fit (Shah and Goldstein, 2006). For the model 

to be considered as having an acceptable fit, all eight indices were measured against the 

criteria, as presented in Table 6.11.  

Table 6.11 Summary for goodness-of-fit indices 

Category Indicator Purpose  Acceptance Level 

Absolute fit 

indices 

GFI 
Evaluate the proportion of variance    > 0.90 (Garson, 2006) 

AGFI 

RMSEA  
Estimates how well the model fits 

  < 0.08 (Garson, 2006) 

RMR    < 0.05 (Byrne, 2011) 

Incremental 

fit indices 

IFI 

Estimates how well the model fits   > 0.90 (Garson, 2006) 
NFI 

CFI 

TLI 

6.3.2 Assessment of construct validity and unidimensionality 

Construct validity is assessed using statistical and practical procedures to determine 

whether the scores from an instrument are significant and can be used to understand a 

sample from a population (Creswell, 2013). Assessing construct validity using the CFA 

evaluates the extent to which a measure is related to other measures based on theoretical 

concepts and involved an assessment of the convergent validity and discriminant 

validity. Convergent validity refers to the extent to which the measured variables of a 

specific factor have a high proportion of variance in common and assess the same 

factor, while the discriminant validity refers to the degree to which a factor is truly 

distinct from other factors (Hair et al., 2010). The measurement of convergent validity 

was determined through the magnitude of the standardised factor loadings and their 

significance level. A  high value of factor loadings with the corresponding significant 

critical ratio (C.R.) indicates that an observed variable is able to measure a latent 

construct (Bollen and Long, 1993). Hair et al. (2010) recommend that a benchmark 
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value of substantial magnitude of factor loading should be greater than 0.50. Moreover, 

a variable should also have an R
2
 value (or squared multiple correlation, SMC) greater 

than 0.50 in order to demonstrate an adequate reliability (Bollen, 2014).  

Discriminant validity provides evidence that a construct is distinct from other constructs 

and captures the phenomena and concepts that other constructs do not (Kline, 2015). 

Initial evidence of discriminate validity is provided by an inspection of the correlation 

coefficient between each pair of constructs. If two constructs have a significantly high 

correlation coefficient (i.e. greater than 0.850), then it might reflect the same concept 

and should be incorporated as a single construct (Tabachnick and Fidell, 2007). 

Unidimensionality can be established when the variables load only a single construct. In 

order to be considered unidimensional, all model fit indices must meet the acceptable 

level (Koufteros, 1999). 

6.3.3 Confirmatory factor analysis results 

The CFA was tested using IBM SPSS AMOS. The measurement of the CFA for all 

constructs conformed to a rigorous threshold level of goodness-of-fit. The factor 

loading, critical value and significance level of each variable shown in the tables yielded 

a measure for the convergent validity; the value of R² provided a measure with which to 

assess the reliability of the variables; and the value of the correlation between the 

factors indicated the discriminant validity. The CFA model for the leadership for 

innovation (LFI) construct is presented in Table 6.12.  

Table 6.12 CFA results for the LFI construct 

Factor/Variable 
Factor 

Loading 
C.R. R

2
 

LFI1: Transformational leadership 
   

A1: Motivate people to understand the APS direction.  0.92 f.p. 0.85 

A2: Encourage people to find new ways of doing work. 0.89 77.52*** 0.78 

A3: Encourages people to develop new skills. 0.89 78.46*** 0.79 

A4: Achieve results by building agency capability.  0.83 65.98*** 0.68 

LFI2: Consideration leadership 
   

A9: Work with people from diverse backgrounds 0.83 f.p. 0.69 

A10: My supervisor is committed to workplace safety. 0.74 44.85*** 0.55 

A11: My supervisor treats people with respect. 0.87 54.19*** 0.76 
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Initially, the CFA model for LFI did not present an acceptable level of fit because 

variables A5, A6, and A8 were associated with relatively high modification indices. 

Thus, it was prudent to respecify the model with the elimination of these three variables. 

In examining patterns for large standardised residuals after respecification, all 

standardised residuals were between -2.58 and 2.58, which was considered acceptable 

(see Table 6.13). 

Table 6.13 Standardised residual covariance matrix of the LFI construct 

Item A1 A2 A3 A4 A9 A10 A11 

A1 0.00 
      

A2 0.00 0.00 
     

A3 -0.15 0.41 0.00 
    

A4 0.29 -0.46 -0.25 0.00 
   

A9 -0.47 -0.38 0.16 0.68 0.00 
  

A10 -2.04 -1.07 -1.06 0.92 0.83 0.00 
 

A11 1.12 -0.08 0.23 0.81 -0.30 -0.09 0.00 

This final model of the LFI construct (see Figure 6.7) reached generally accepted 

thresholds and was well fitted (  = 101.94, df = 13, GFI = 0.99, AGFI = 0.98, RMSEA 

= 0.05, RMR = 0.01, IFI = 0.99, NFI = 0.99, CFI = 0.99, and TLI = 0.99). All 

standardised factor loadings, ranging from 0.74 to 0.92 were above an acceptable 

threshold of 0.50, and were all significant at p < 0.001 level, indicating convergent 

validity. All the R
2
 values were greater than 0.50, suggesting the reliability of the 

variables. The correlation coefficient between both factors was 0.77, thus confirming 

discriminant validity. Unidimensionality was validated by the model fit indices. Finally, 

Cronbach’s alpha was recalculated, based on these variables yielding a value of 0.922, 

confirming the reliability of the refined construct. 
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Figure 6.7 CFA model of LFI construct 

Table 6.14 presents the CFA results for the ACI construct. The initial fit indices were 

unsatisfactory. Examination of the modification indices provided clear evidence of 

misspecified error covariance associated with variables B3, B4, B7, and B9, thus they 

were removed from the model. The likelihood ratio test revealed yielded a    of 129.12 

and df = 13. 

Table 6.14 CFA results for the ACI construct 

Factor/Variable 
Factor 

Loading 
C.R. R

2
 

ACI1: Innovative culture    
B1: My agency prioritises ideas development. 0.86 f.p. 0.74 

B2: Most managers encourage innovation. 0.81 52.35*** 0.66 

B5: My agency emphasises innovation. 0.82 53.14*** 0.68 

B6: My workplace provides access to learning.  0.51 29.24*** 0.26 

ACI2: Performance-oriented culture    
B8: My agency emphasises task delivery. 0.75 f.p. 0.56 

B10: My agency prioritises goals achievement. 0.81 36.06*** 0.65 

B11: My agency emphasises standardised 

services. 
0.59 29.19*** 0.35 
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Figure 6.8 CFA model of ACI construct 

The respecified model (Figure 6.8) showed evidence of satisfactory model fit: GFI = 

0.99, AGFI = 0.98, RMSEA = 0.05, RMR = 0.02, IFI = 0.99, NFI = 0.99, CFI = 0.99, 

and TLI = 0.98. All of the variables loaded significantly (p < 0.001) on their respective 

constructs as evidenced by the loading being greater than the threshold level of 0.50 

(ranging from 0.51 to 0.86), indicating convergent validity. Almost all the variables had 

R
2 

values greater than 0.50. The variables with low R
2 

values were retained since their 

loadings were substantial and highly significant. The correlation coefficient between the 

two factors was 0.68. Thus, being less than 0.85, discriminant validity was confirmed. 

The respecified two-factor model had acceptable model fit indices suggesting that 

unidimensionality could be supported. The recalculated Cronbach’s alpha value of 

0.849 was indicative of the reliability of the scale. 

The results of the CFA conducted on the WIT construct are presented in Table 6.15. 

Initially, the goodness-of-fit indices identified a poor degree of fit with the data, since 

the variable C3 was associated with relatively high modification indices, indicating this 

variable as a source of the misspecification. Therefore, variable C3 was removed in the 

model respecification process. 
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Table 6.15 CFA results for the WIT construct 

Factor/Variable 
Factor 

Loading 
C.R. R

2
 

WIT1: Individual creativity   
 C1: I am able to explore new ideas.  0.84 f.p. 0.71 

C2: I would be supported if I tried a new idea. 0.79 44.41*** 0.63 

C4: I feel comfortable to voice a different opinion. 0.73 41.29*** 0.54 

WIT2: Team innovation   
  

C5: My work group looks for doing a better job. 0.81 f.p. 0.65 

C6: Improving the work quality is our responsibility. 0.71 37.98 0.50 

C7: My work group improves the providing service. 0.81 42.12 0.65 

The respecified model (Figure 6.9) yielded an acceptable level of fit:   = 165.35, df = 

8, GFI = 0.98, AGFI = 0.95, RMSEA = 0.08, RMR = 0.02, IFI = 0.98, NFI = 0.98, CFI 

= 0.98, and TLI = 0.96. All variables had loadings greater than 0.50 and were highly 

significant (p <0.001), confirming convergent validity. The R
2
 values of all the variables 

were greater than 0.50, which was indicative of the reliability of the variables. The 

correlation coefficient between the two factors was 0.66, thus indicating discriminant 

validity. Based on the acceptable level of the fit indices, this two-factor model was 

considered to have upheld unidimensionality. The final value of Cronbach’s alpha was 

0.849, thus confirming the reliability of this construct. 

 

Figure 6.9 CFA model of WIT construct 

The results of the CFA for the construct of career satisfaction (CSF) are presented in 

Table 6.16. The initial fit indices were unsatisfactory, thus respecification was needed to 
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achieve model fit. A careful examination revealed that variable D4 loaded substantially 

onto more than one factor, thus these variables were eliminated during the model 

respecification process.  

Table 6.16 CFA results for the CSF construct 

Factor/Variable 
Factor 

Loading 
C.R. R

2
 

CSF1: Meaningful work   
 D1: My job gives me my personal accomplishment. 0.93 f.p. 0.87 

D2: I enjoy the work in my current job. 0.79 56.44*** 0.63 

D3: My job gives me chances to utilise my skills. 0.82 58.69*** 0.66 

CSF2: Reward and recognition    
D5: I am satisfied with the career progression. 0.65 f.p. 0.42 

D6: I am satisfied with my non-monetary benefits  0.47 22.60*** 0.22 

D7: I am satisfied with the recognition for my good job. 0.80 33.53*** 0.64 

D8: The employees are valued for their contribution. 0.72 31.82*** 0.52 

The respecified model (Figure 6.10) was reassessed and found to have acceptable fit 

indices:   = 59.53, df = 13, GFI = 0.99, AGFI = 0.99, RMSEA = 0.03, RMR = 0.01, IFI 

= 0.99, NFI = 0.99, CFI = 0.99, and TLI = 0.99. As can be seen, all variables were 

statistically meaningful (p < 0.001) and their loadings were either greater than, or close 

to, the threshold level of 0.50 (ranging 0.47 to 0.93), indicating convergent validity. In 

terms of reliability, several variables had R
2 

values less than 0.50; however, their 

loadings were substantial and highly significant, thus they were retained in the final 

CFA model. The correlation coefficient between both factors was 0.71, confirming 

discriminant validity. It was evident that the satisfactory model fit indices supported 

unidimensionality of the construct. The recalculated Cronbach’s alpha value of 0.851 

was indicative of the reliability of the refined construct. 
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Figure 6.10 CFA model of CSF construct 

The EFA results presented in the previous section also indicated that the 10 variables 

gauging the psychological attachment to an organisation (PAO) needed to be divided 

into 2 factors as 7 variables related to organisational trust (PAO1) and 3 variables 

associated with organisational identification (PAO2). Therefore, the CFA was 

conducted to confirm the EFA result that organisational trust and organisational 

identification were the most important forms of psychological attachment to 

organizations in APS. The CFA results for the PAO construct are presented in Table 

6.17. The analysis of modification indices allowed for the conclusion that the initial 

model of confirmatory factor analysis did not fit the observed data, since variable E2 

was associated with relatively high modification indices. Subsequent to the removal of 

variable E2, the respecified model (Figure 6.11) was found to have an acceptable level 

of fit:   = 102.56, df = 19, GFI = 0.99, AGFI = 0.99, RMSEA = 0.04, RMR = 0.02, IFI 

= 0.99, NFI = 0.99 CFI = 0.99, and TLI = 0.99. The loadings of all the variables greater 

than 0.50 and highly significant (p < 0.001) indicated convergent validity. The 

correlation coefficient between the two factors was 0.63, confirming discriminant 

validity, indicative of satisfactory discriminant validity. Given an acceptable model fit 

indices, the measurement scale represented by this two-factor model was considered as 

upholding unidimensionality. The recalculation of Cronbach’s alpha yielded a value of 

0.858, confirming the reliability of the refined construct.  
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Table 6.17 CFA results for the PAO construct 

Factor/Variable 
Factor 

Loading 
C.R. R

2
 

PAO1: Organisational trust   
 E1: Trust in the processes uses to solve grievances. 0.76 f.p. 0.58 

E3: My agency cares about employees' health. 0.68 35.01*** 0.46 

E4: Employees can manage conflicts of interest. 0.67 34.28*** 0.44 

E6: My agency creates a diverse workforce 0.68 34.81*** 0.46 

E7: My agency has procedures to manage risks. 0.57 29.58*** 0.33 

PAO2: Organisational identification    
E8: I feel a strong personal attachment to my agency. 0.86 f.p. 0.74 

E9: I am proud to work in my agency. 0.88 57.85*** 0.78 

E10: Proud in the accomplishment of my agency. 0.78 50.50*** 0.61 

 

 

Figure 6.11 CFA model of PAO construct 

To assess the reliability and validity of the construct, a CFA was conducted in AMOS. 

To improve the model fit, the structures of five constructs were slightly refined by 

eliminating all cross-loaded variables. After the model respecification process all the 

CFA models fit very well with the collected data and the relationships between the 

observed variables and latent variables are significant and powerful enough, so these 

measures are deemed appropriate proxies for all the constructs. The summary of the 

CFA results is presented in Table 6.18.  
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Table 6.18 Summary of the CFA results 

Construct/Factor 
Final  Model Fit Indices 

α GFI AGFI RMSEA  RMR IFI NFI CFI TLI 

Leadership for Innovation (LFI) 0.922 0.99 0.98 0.05 0.01 0.99 0.99 0.99 0.99 

LFI1: Transformational leadership (4 variables) 
         

 LFI2: Consideration leadership (3 variables) 
         

          Ambidextrous Culture for Innovation (ACI) 0.849 0.99 0.98 0.05 0.02 0.99 0.99 0.99 0.98 

ACI1: Innovative culture (4 variables) 
         

ACI2: Performance-oriented culture (5 variables) 
         

          Workplace Innovation (WIT) 0.849 0.98 0.95 0.08 0.02 0.98 0.98 0.98 0.96 

WIT1: Individual creativity (3 variables) 
         

WIT2: Team innovation (3 variables) 
         

          Career Satisfaction (CSF) 0.851 0.99 0.99 0.03 0.01 0.99 0.99 0.99 0.99 

CSF1: Meaningful work (3 variables) 
         

CSF2: Reward and recognition (4 variables) 
         

          Psychological Attachment to an Organisation (PAO) 0.858 0.99 0.99 0.04 0.02 0.99 0.99 0.99 0.99 

PAO1: Organisational trust (5 variables) 
         

PAO2: Organisational identification (3 variables) 
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6.4 Chapter Summary 

Cronbach’s alpha (α) values and item-total correlations of each individual construct 

confirmed the reliability of the measurement scales. Construct validation was conducted 

using both EFA and CFA. EFA was performed using principal component analysis 

(PCA) with varimax rotation to assess the dimensionality of all the constructs. To 

interpret the meaning of each factor, the salient variables were identified and used as the 

indicators for the explanation. The salient variables identified for each extracted factor 

were higher than 0.5, indicating a substantial degree of contribution of each variable to 

its extracted factor. Four criteria were used to achieve the number of factors that best 

described the underlying relationship among variables, namely: latent root criterion; 

Catell’s scree test; percentage of variance criterion; and a priori criterion. Based on 

these four criteria, all the constructs consisted of a two-factor structure, which was 

substantiated by the cumulative percentage of variance extracted. The study results 

support that the accuracy of the factor solutions of the EFA model is dependent on the 

magnitudes of communalities and factor loadings as well as the level of 

overdetermination. This finding confirms the results from other studies which have 

highlighted the importance of high factor loadings, high communalities, and a 

reasonable level of overdetermination in obtaining quality factor solutions (Hogarty et 

al., 2005, MacCallum et al., 1999). To assess the reliability and validity of each 

construct, CFA was conducted using the maximum likelihood estimation method. The 

results of the CFA verified that the indicators were acceptable. CFA revealed that a two-

factor structure for each construct was indicated as a validated model. The validity and 

reliability of the constructs were confirmed in the EFA and in the CFA. Therefore, these 

measures were deemed appropriate proxies that could be used for the measurement 

scale.  
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Chapter 7 Structural Equation Modelling 

This chapter reports the results for the structural equation modelling employed to test 

the conceptual model developed in Chapter 3. Section 7.1 provides a review of 

Structural Equation Modelling (SEM). Section 7.2 presents the method used to specify 

the measurement model. This is followed by comprehensive details of the assessment of 

the structural model in Section 7.3. Finally, Section 7.4 presents the chapter summary. 

7.1 Overview of Structural Equation Modelling  

SEM is a statistical technique used to test how well a proposed conceptual model 

explains or fits the sample data (Hair et al., 2010). SEM assesses the causal 

relationships among a set of unobserved variables (i.e. construct), and also describes the 

amount of unexplained variance (Hoyle, 1995). Particularly, SEM allows a simulant 

analysis of multiple interrelated dependence relationships that incorporates the observed 

indicators and latent constructs in graphical language, which is a powerful approach to 

present complicated relationships and related estimated parameters (Bollen and Long, 

1993, Hair et al., 2010). SEM has an advantage over conventional regression analyses in 

SPSS because it provides a simultaneous estimation of covariances between measured 

constructs, while also testing regression lines of multiple dependent variables (van Horn 

et al., 2016). Many researchers (e.g. Panuwatwanich et al., 2008, Sarros et al., 2008, 

Chan et al., 2014) have conducted SEM to investigate conceptual models within the 

innovation research field. 

Some scholars argue that causality cannot be ensured by results of any statistical 

techniques regardless of the level of complexity (e.g. Bullock et al., 1994). Scholars in 

the field of causal inference and SEM also agree that associations alone do not establish 

causal relationships (Weston and Paul, 2006). When a model is estimated and it shows a 

significant coefficient and model fit, then a well fitting structural model does not and 

cannot prove causal assumptions (Bollen and Pearl, 2013). However, the structural 

model can offer plausible causal relationships as it is proposed that causality can be 

determined by the underlying theory and research design (Lei and Wu, 2007). 

Therefore, this study was conducted by satisfying the necessary conditions for causal 

inference which are the quality of the data, the status of the hypothesis relative to 
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theory, and the match between the substantive statement of the hypothesis and the 

design and statistical procedure used to test it. 

The SEM followed a two-step procedure recommended by Gerbing and Anderson 

(1988): validating the measurement model and fitting the structural model (Byrne, 2010, 

Hair et al., 2010). A measurement model, which is achieved through CFA, examines the 

loading relationships between latent constructs and their corresponding observed 

indicators to assess the validity and reliability of the measures. When the measurement 

model is validated, the theoretical relationships can be tested. Structural models 

examine the hypothesised relationships among latent constructs through path analysis. 

Within the two-step process, the two procedures are related whereby the estimated paths 

that link indicators to latent variables are used to calculated the structural path estimates 

(Hair et al., 2010). An assessment of the model fit indices and parameter estimates are 

needed for both steps. For this study, these were based on the procedures and criteria 

employed in the CFA, as described in Chapter 6. 

7.2 Measurement Model Assessment 

7.2.1 Measurement model specification 

A measurement model indicates the posited relationships of the observed indicators to 

the latent constructs, in which the constructs can be freely inter-correlated. Developing 

an appropriate measurement model is essential to be able to test the structural model. To 

develop a measurement model, there are three options to link latent variables to 

indicators: total disaggregation, partial disaggregation, and total aggregation with 

reliability correction (Coffman and MacCallum, 2005). Total disaggregation refers to 

using each item from a scale as an indicator of the latent construct. Partially 

disaggregated models use the sum or average of subsets of items from a measure to 

form indicators for a latent variable, with these indicators referred to as parcels. Total 

aggregation refers to combining all the items from the scale to form a single indicator. 
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Figure 7.1 Initial measurement model specification: total disaggregation 

Measurement models, developed using total disaggregation, integrate the individual 

CFA models of all the constructs into a single model (Figure 7.1). A total 

disaggregation model comprises of three tiers: (1) indicators, representing the measured 

variables; (2) first-order factors, representing the factors derived from factor analysis; 

and (3) second-order factors, representing the underlying construct. Leone et al. (2001) 

argued that although the total disaggregation model provides the most complete analysis 

for construct testing, but it needs more parameters, and single items are more likely to 

incur measurement errors and sample specificity. The total aggregation of items within 

dimensions also has few advantages compare to traditional multivariate analysis 

(Williams and O'Boyle Jr, 2008). 
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Figure 7.2 Selected measurement model specification: partial disaggregation 

To address these issues, it is appropriate to reduce the number of indicators or observed 

variables to measure a construct so that a simple model can be achieved. Item parcelling 

involves forming composite items from a number of items. A first-order factor which 

has at least two, and up to four parcels of items, is sufficient to measure the latent 

construct (Schumacker and Lomax, 2004). The partial disaggregation approach was 

used for the measurement model in this study because the ‘item parcelling’ technique 

reduced random error, took fewer iterations to converge, reduced the likelihood of 

computational problems, and produced stable solutions, while maintaining the multiple 

indicator approach (Bekkers et al., 2011).  Leone et al. (2001) recommends model 

constructs adhere the assumption of unidimensionality before the item parcelling 

technique is used. As described in the previous chapter, unidimensionality was 

established for all the constructs, which enabled parcels to be created by averaging the 

questionnaire items into their respective factors and then treating them as reflective 

indicators of their respective construct. This meant the initial measurement model could 

be modified to a two-tier model as presented in Figure 7.2. 



130 

 

7.2.2 Measurement assessment criteria 

Before testing the structural model, the measurement model was tested using CFA to 

ensure the goodness of fit for all the variables (Yoon and Uysal, 2005). CFA analyses 

the assessment of fit between observed data and an a priori conceptual model in order to 

determine the hypothesised causal relationships between latent factors and their 

observed indicators (Mueller et al., 2001). The assessment of the model fit, the 

convergent validity, discriminant validity, and unidimensionality were measured against 

the following criteria: 

 Model fit indices: GFI, CFI, TLI, and IFI > 0.90; SRMR < 0.05; and RMSEA < 

0.08 (Byrne, 2010, Hair et al., 2010, Hoyle, 1995); 

 Convergent validity: factor loadings > 0.50; C.R. >1.96 (significant at p < 0.05 

level: and R
2
 > 0.50 (Bollen, 2014, Hair et al., 2010, Koufteros, 1999); 

 Discriminant validity: correlation coefficients for each pair of construct less than 

0.850 (Kline, 2015); and 

 Unidimensionality: fit indices of the factor model, specified as unidimensional, 

meet the above model fit criteria (Koufteros, 1999, Lu et al., 2007) 

The reliability of the model was evaluated by assessing composite reliability (CR) and 

average variance extracted (AVE) for the factors. The CR measures the internal 

reliability of all the variables in their measurement of a construct and the AVE 

determines the amount of variance in the measured indicators captured by the latent 

construct. Bagozzi and Yi (1988) suggested 0.60 and 0.50 as the minimum values for 

CR and AVE, respectively. CR and AVE values were calculated using the following 

equations (Hair et al., 2010): 

          (7.1) 

         (7.2) 

Where  is standardised factor loading and  is the standardised error. 

7.2.3 Measurement model results 

To accurately calculate the model parameters and fit indices, CFA was conducted using 

the maximum likelihood (ML) approach which simultaneously minimised the 
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discrepancies between the covariances of observed data and the proposed model (Kline, 

2015). The results of the CFA conducted on the measurement model have been 

presented in Figure 7.3.  

 

 

Figure 7.3 Measurement model 

As presented in Figure 7.3, The CFA results demonstrated that the measurement model 

provided an acceptable fit to the observed data (  = 287.45, df = 14, GFI = 0.98, CFI = 

0.98, TLI = 0.95, IFI = 0.98, SRMR = 0.02, and RMSEA = 0.08). Based on the 

acceptable level of the fit indices, the measurement model was considered to have 

upheld unidimensionality. All indicators had loadings greater than 0.50 and were highly 

significant (p <0.001), confirming convergent validity (Hair et al., 2010). Almost all the 

indicators had R
2 

values greater than 0.50. Two indicators with low R
2 

values were 

retained in the measurement model since their loadings were substantial and highly 

significant. The correlation coefficient values between the two factors ranged from 0.63 

to 0.87, thus indicating discriminant validity. Despite the ACI and CSF constructs 

displaying a high correlation, which inferred they could represent the same concept, 

combining them was not  possible because: (1) the indicators of the two constructs did 

not have definitional overlaps, which suggested they measured different concepts; and 

(2) these two constructs existed in different groups within the models, namely climate 
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for innovation (independent constructs) and results (dependent constructs) 

(Panuwatwanich, 2008). 

A measurement error refers to an error in an indicator that is not accounted for by a 

latent variable (e.g. a different interpretation of the questions between researchers and 

respondents) (Gallagher et al., 2008). The assessed criteria is more reliable once the 

errors (or variances) are reduced (Weston and Paul, 2006). The CR values for all factors 

in the measurement model ranged from 0.72 to 0.82, demonstrating that these factors 

had adequate internal consistency and were sufficient in their representation of the 

construct. All factors also had AVE values greater than 0.50, indicating that more 

variance was captured by the variables within each factor and, they all shared more 

variance in the factor than with other factors. Therefore, these results indicated that the 

measurement model was appropriate for the subsequent structural model assessment as 

illustrated in Table 7.1. 
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Table 7.1 Measurement model results 

Construct/Factor Loadings C.R. R
2
 

Measurement 

Error (e) 

Composite 

Reliability 

Average Variance 

Extracted 

Leadership for Innovation  
    

0.82 0.69 

LFI1: Transformational leadership  0.88 f.p. 0.77 0.19 
  

 LFI2: Consideration leadership  0.78 44.12 0.61 0.18 
  

Ambidextrous Culture for Innovation  
    

0.75 0.61 

ACI1: Innovative culture  0.92 f.p. 0.85 0.11 
  

ACI2: Performance-oriented culture  0.61 32.40 0.37 0.34 
  

Workplace Innovation  
    

0.72 0.57 

WIT1: Individual creativity  0.85 f.p. 0.72 0.17 
  

WIT2: Team innovation  0.65 34.72 0.42 0.26 
  

Career Satisfaction 
    

0.75 0.60 

CSF1: Meaningful work  0.70 f.p. 0.49 0.36 
  

CSF2: Reward and recognition  0.84 39.44 0.71 0.18     

 Notes: Model fit indices:    = 287.45, df = 14, GFI = 0.98, CFI = 0.98, TLI = 0.95, IFI = 0.98, SRMR = 0.02, and RMSEA = 0.08; f.p., Parameter is fixed for 

estimation purpose; *All C.R. indicators are significant at p < 0.001
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7.3 Structural Model Assessment 

7.3.1 Structural model specification and assessment criteria 

In accordance with Caplan (2010), after the measurement model was validated, it was 

converted to the structural model used to test the proposed structural relationships 

among the latent constructs. The structural model was specified by replacing the bi-

directional arrows representing the correlations between constructs with unidirectional 

(causal) arrows. The conceptual model diagrammatically shows casual arrows that 

represent the hypothesised relationships amongst the constructs. An error term that was 

not accounted for by the predictor was also added to the endogenous variables. Figure 

7.4 shows the proposed hypothetical model incorporating the factor structures and the 

hypothesised relationships. Of the four latent constructs, only LFI is exogenous (i.e., not 

predicted by any variable); all other latent constructs (i.e. ACI, WIT, and CSF) are 

dependent on another latent construct or constructs. 

 

Figure 7.4 Proposed hypothetical model 

After a model is specified, it can then be estimated. Estimation is when the value of the 

unknown parameters and the error associated with the estimated value are calculated. 

However, SEM estimation is susceptible to deviation from multivariate normality. A 

test of normality was conducted before the SEM, because the analysis assumes 

multivariate normality. Multivariate normality indicates that individual variables and 

their combinations are univariate normal. Therefore, the normality of distributions of 

item parcels in the measurement model need to be considered. The normality test was 

conducted using statistics of skewness and kurtosis and compared with the ‘rule of 
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thumb values’ of ±2.58. (Hair et al., 2010). The results did not detect departures from 

normality at the univariate level. As shown in Table 7.2, the skewness and kurtosis 

values were all within the suggested threshold. 

Table 7.2 Item parcel descriptive statistics 

Item Parcel (Factor) Mean 
Standard 

Deviation 
Skewness Kurtosis 

LFI1: Transformational leadership  3.61 0.91 -0.73 0.42 

LFI2: Consideration leadership  4.03 0.68 -0.91 2.06 

ACI1: Innovative culture  3.29 0.83 -0.35 -0.06 

ACI2: Performance-oriented culture  3.80 0.73 -0.67 0.87 

WIT1: Individual creativity  3.74 0.79 -0.84 1.23 

WIT2: Team innovation  3.76 0.67 -0.70 1.38 

CSF1: Meaningful work  3.78 0.84 -0.95 0.98 

CSF2: Reward and recognition  3.20 0.78 -0.26 0.55 

In addition to the univariate normality test, the critical ratio of Mardia’s multivariate 

kurtosis was used to investigate the multivariate normality of data. The critical ratio of 

Mardia’s multivariate kurtosis was 65.06, which was higher than the critical value of 

1.96 (Sampaio, 2012). An absence of multivariate normality can inflate the chi-square 

value, underestimate goodness-of fit indices, and calculate inaccurate values of the 

standard errors (Arbuckle, 2013, Byrne, 2010). Therefore, bootstrapping was applied to 

the non-normal multivariate data. The final structural model was tested using 1,000 

bootstrap samples to achieve valid probability estimates (Cheung and Lau, 2007). 

The process for assessing the structural model involved examining the model fit indices 

and the standardised path coefficient to display how strong the relationships were 

between each construct. The model fit indices criteria for the structural model 

assessment were the same as the criteria used for the measurement model assessment 

(see Section 7.2.1). To indicate support for the hypothesised relationships, the 

standardised path coefficient was required to be significant at the p < 0.05 level, and 

greater than 0.30 to be deemed meaningful (Byrne, 2010).  

7.3.2 Structural model assessment 

The conceptual structural model is presented in Figure 7.5. Once estimated, a model’s 

fit to the data must be evaluated. The objective of evaluating the model fit is to 



136 

 

determine whether the associations among the measured and latent variables in the 

conceptual model adequately reflect the observed associations in the data (Weston and 

Paul, 2006). When the fit indices were examined, it appeared that the conceptual 

structural model had been under-identified because the RMSEA value was found to be 

0.11, which was greater than the acceptable level of 0.08, and AGFI was equal to 0.89, 

which was less than the acceptable level of 0.90. 

 

Figure 7.5 Initial structural model 

When a hypothesised model cannot be used based on unacceptable goodness of-fit 

statistics, an alternative model that fits the data is required. Post hoc modification of the 

model may be needed and this can be achieved by restricting the changes to paths that 

are theoretically justifiable. Analysis of the theoretical explanation is also required to 

confirm the adding path makes substantive theoretical sense (Martens and Haase, 2006, 

MacCallum, 1986). Post hoc modification can be successful if there is a large sample 

size (Lei and Wu, 2007). This means the sample size of 3,125 used in this study was 

appropriate for post hoc modification. 

To improve the fit indices, post hoc modification required an investigation of the 

Modification indices (MI) and expected parameter change (Par Change) to reveal the 

effects of possible path additions (Kline, 2015). The objective of post hoc modification 

is to fully explain the data by determining the most parsimonious. Each possible 

parameter which is not currently free to be estimated is examined for its MI to indicate 
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the expected drop in overall Chi-Square value if a parameter is to be freed in the model 

(Gallagher et al., 2008). The Par Change is related to the MI and determines the 

predicted estimated change in the model path coefficients. Table 7.3 shows the output of 

MI indicating the Par Change of each path. 

Table 7.3 Modification indices associated with par change 

Path  Modification Indices Par Change 

LFI → CSF 18.684 -0.050 

ACI → CSF 23.067 0.058 

As presented in Figure 7.6, the revised model was suggested by inspecting the path with 

the largest MI and the largest Par Change in absolute size. This examination identified a 

direct path from ambidextrous culture for innovation to career satisfaction. Although 

this path was not hypothesised earlier in the conceptual model, sufficient support was 

found in the literature to confirm that ambidextrous culture for innovation, 

operationalised as perceived innovative culture and performance-oriented culture, was 

positively related to career satisfaction in the US Federal Government (Yang and 

Kassekert, 2009). Specifically, innovative cultures are predicted to enhance employee 

empowerment and participative management both of which have been shown to 

increase career satisfaction (Kim, 2002, Lee et al., 2006). While career satisfaction may 

be hindered by factors related to bureaucracy, such as red tape and procedural 

constraints and routineness (Wright and Davis, 2003), the performance-oriented culture 

is expected to lessen these obstacles (Barzelay, 1992). In federal government 

workplaces, performance-oriented culture has been found to have a positive impact on 

career satisfaction (Lee et al., 2006). 

Post hoc modification should lead to an increase in explained variance or, at least, no 

change (Weston and Paul, 2006). No change in explained variance was evident for 

career satisfaction (i.e. R
2 

values equal to 0.80 for both models). The revised model was 

then assessed to ensure it fit the observed data and thus, could be used as the final 

structural model fit the observed data. Figure 7.6 displays the standardised path 

estimates for the revised structural model. The results of goodness of fit indices 

exhibited an acceptable level of model fit (  = 300.89, df = 15, GFI = 0.98, CFI = 0.98, 

TLI = 0.95, IFI = 0.98, SRMR = 0.02, and RMSEA = 0.08). 
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Figure 7.6 Revised structural model 

The results of the revised structural model are presented in Table 7.4. The critical ratio 

(C.R.) is the estimate of the regression weight of a path parameter divided by its 

standard error. The interpretation of C.R. is very similar to the Z-test, whereby a C.R. of 

a path greater than 3.29 is significant at the 0.001 level. All the paths are evaluated by 

examining significance of parameter estimates to determine the fit of the revised model 

(Weston and Paul, 2006). According to the estimated coefficients, leadership for 

innovation, which was considered as an exogenous construct, exerted a strong and 

positive influence on ambidextrous culture for innovation (0.64, p < 0.001) and 

workplace innovation (0.64, p < 0.001), thus providing support for H1 and H2. 

Ambidextrous culture for innovation had a moderate and positive influence on 

workplace innovation (0.32, p < 0.001), thus supporting H3. The path coefficient from 

workplace innovation to career satisfaction was moderate and positive (0.29, p < 0.001), 

thus providing support for H4. Finally, the new proposed path relationship from 

ambidextrous culture for innovation to career satisfaction showed a significant result, 

indicated by the strong and positive standardised coefficient (0.66, p < 0.001). This 

demonstrated that ambidextrous culture for innovation accounted for a large degree for 

the variance of career satisfaction (Campbell and Im, 2015). As all the results were 

acceptable, the revised model was able to be used as the final structural model.   
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Table 7.4 Structural equation modelling results for hypotheses 

Path Hypothesis 
Standardised 

path coefficient 
C.R. 

Hypothesis 

testing result 

LFI → ACI H1 0.64 31.76*** Supported 

LFI → WIT H2 0.64 24.06*** Supported 

ACI → WIT H3 0.32 12.82*** Supported 

WIT → CSF H4 0.29 8.90*** Supported 

 *** p < 0.001 

7.3.3 Model comparison 

Following the satisfactory results of the revised model, a model was conducted to 

confirm the final structural model to best explain the data. Model comparison should 

focus on assessing model fit and comparing the fit of competing and theoretically 

plausible models (Kelloway, 1998). The revised model fit the original data 

appropriately, whereas some fit indices’ in the conceptual model did not meet 

acceptable levels (i.e. AGFI = 0.89 and RMSEA = 0.11). For the model comparison, 

parsimony fit measures such the Akaike Information Criterion (AIC) are appropriate for 

model comparison because these assess parsimony as well as fit (Arbuckle, 2013). AIC 

calculates predictive fit indices and illustrates how well a model could be supposed to 

fit sample data from the same population (Weston and Paul, 2006). AIC is mainly 

useful to select between the comparison of models rather than providing whether a 

single model fits the data indices are not informative in determining how well a single 

model fits the data but are generally used to choose between models. The model which 

has the lowest AIC is considered to have the better fit.  

Table 7.5 Comparison of the fit indices for the conceptual and revised models 

Fit Indices Conceptual Model Revised Model 

   650.06 300.90 

df 16 15 

GFI 0.95 0.98 

AGFI 0.89 0.95 

CFI 0.95 0.98 

RMSEA 0.11 0.08 

AIC 690.06 342.90 
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As shown in Table 7.5, in the case of the conceptual model, its AIC was 690.06, while 

the AIC value for the revised model was 342.90. The smaller AIC value demonstrated a 

better parsimony for the revised model, as well as a better fit, compared to the 

conceptual model (Kelloway, 1998). These AIC results, along with the improvement in 

fit indices for the AGFI and RMSEA, supported the revised model (see Figure 7.7) as a 

parsimonious model, and as the preferred model to exemplify the survey data.  

 

Figure 7.7 Final structural model 

7.3.4 Model precision and confidence intervals 

Model parameter estimation solves just one component of the final structural model. 

Assurity regarding model precision is also essential to provide confidence in the model 

results (Kelly, 2011). This means the standard errors and confidence intervals for the 

model parameters must be estimated. To assess the precision that can be gained from 

the structural model and its underlying data, a bootstrapping method can be used. 

Bootstrapping resamples the empirical distribution by randomly drawing multiple 

subsamples of the same size (van Horn et al., 2016).  

For complex analyses, bootstrapping is effective in calculating biases and variances and 

obtaining confidence intervals. It estimates standard error which establishes statistical 

confidence limits. Bootstrapping calculates standard error estimates of any parameter, 

even standard errors of standard errors (Keith, 2014). This allows the calculation of the 

confidence intervals of the standardised path coefficients. As Cheung and Lau (2008) 

have suggested, the bootstrap samples for the structural model were specified at 1000 to 
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provide stable probability estimates. Table 7.6 shows the results for bias bootstrapped 

path estimates (β), standardised errors (SE), and 95% confidence intervals (i.e. the 

upper and lower bounds) for the final structural model (see Figure 7.7). These 

calculations evaluated the stability of the parameter estimates in the model. 

Table 7.6 Bootstrapping of standardised path coefficients 

Path 
Standardised path coefficient 

β S.E. Lower bounds Upper bounds 

LFI → ACI 0.64 0.020 0.59 0.67 

LFI → WIT 0.64 0.027 0.58 0.69 

ACI → WIT 0.32 0.028 0.27 0.38 

WIT → CSF 0.29 0.040 0.22 0.37 

ACI → CSF 0.66 0.037 0.59 0.73 

To assess if a bootstrapping model is stable and unbiased, there are two major steps that 

have to be applied for each regression path in a model. First, there needs to be 

confirmation that the bootstrap regression weight means based on the 1,000 samples 

(standardised and unstandardised) for all the paths are unbiased. This is achieved when 

there is no significant difference between the original sample weights (standardised and 

unstandardised) and the mean of the weights estimated by the bootstrap samples. A 

second calculation is also required to deem the model as unbiased and this involves 

comparing the standard error (SE) of the mean bootstrap from all 1,000 samples with 

the SE-Bias between the original model and the bootstrap samples for each path. 

Stability of the path is validated if the SE-Bias is smaller than the SE from the mean 

bootstrap (Ievers-Landis et al., 2011). 

Table 7.7 presents the review process with specific numbers from the structural model 

and bootstrap procedure for standardised regression weight. First, the LFI to ACI path 

was analysed. The standardised regression weight for the original sample was 0.637, 

and the mean bootstrap sample regression weight (for 1,000 samples) was almost equal 

at 0.638, with a difference between these two regression weights (Bias) of only 0.001. 

To consider whether this difference was suitable to be regarded as unbiased, the SE of 

the mean bootstrap, which was 0.020, was compared with the SE-Bias of 0.001. As the 

SE-Bias of 0.001 was less than the SE of the mean bootstrap of 0.020, this illustrated 

that the path of LFI to ACI was unbiased. 
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Table 7.7 Comparison of paths for standardised regression weight 

Path 

Standardised Regression Weight 

Original 

Sample 

Mean Bootstrap 

Sample 

Difference 

(Bias) 

SE of Mean 

Bootstrap 
SE-Bias 

LFI → ACI 0.637 0.638 0.001 0.020 0.001 

LFI → WIT 0.636 0.636 0.000 0.027 0.001 

ACI → WIT 0.321 0.320 -0.001 0.028 0.001 

WIT → CSF 0.293 0.291 -0.002 0.040 0.001 

ACI → CSF 0.661 0.662 0.001 0.037 0.001 

Table 7.8 presents the results with specific numbers from the initial model and bootstrap 

procedure for unstandardised regression weight. This comparison between regression 

weights and indicators of SE of the mean bootstrap and SE-Bias for each path continued 

until each one in the model was reviewed for all parameters, as shown in Table 7.7 and 

Table 7.8. In all cases, the regression weights between the original sample and mean 

bootstrap sample were similar. The differences (bias) were small for all paths (-0.002 to 

0.002). In addition, all the SE-Biases were smaller than the SE of mean bootstrap. The 

bootstrap procedure verified that all the paths were stable and unbiased. 

Table 7.8 Comparison of paths for unstandardised regression weight 

Path 

Unstandardised Regression Weight 

Original 

Sample 

Mean Bootstrap 

Sample 

Difference 

(Bias) 

SE of Mean 

Bootstrap 
SE-Bias 

LFI → ACI 0.605 0.606 0.001 0.020 0.001 

LFI → WIT 0.526 0.527 0.001 0.027 0.001 

ACI → WIT 0.279 0.279 0.000 0.024 0.001 

WIT → CSF 0.262 0.261 -0.001 0.038 0.001 

ACI → CSF 0.515 0.517 0.002 0.035 0.001 

7.3.5 Assessment of mediation 

A mediator is a mechanism that specifies how and why associations occur between a 

predictor and an outcome (Baron and Kenny, 1986, Frazier et al., 2004). The mediation 

effects were assessed for significance using bootstrapping, a statistical re-sampling 

method which estimated the parameters of the model strictly from the sample (Preacher 

and Hayes, 2008). Bootstrap-based analysis does not require a normal distribution of 

indirect effects, and it computes the accurate confidence intervals of indirect effects to 

yield a range of credible population values for the mediation effect (MacKinnon et al., 
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2004, Preacher and Hayes, 2008). The final structural model was run with 1,000 

bootstrap samples from the data set which provided indirect effects and 95% biased-

corrected confidence intervals (Cheung and Lau, 2007). According to Hayes (2009), 

when the lower and upper bounds of the confidence interval do not include zero, then 

indirect pathways are significant and indicate mediation. 

In order to assess mediation for the specific indirect pathways, visual basic syntax was 

written in user-defined estimands which yielded point estimates of specific indirect 

effects accompanied by both confidence intervals and significance values (Arbuckle, 

2013). As shown in Table 7.9, the bootstrapping analysis revealed that the biased-

corrected confidence intervals did not include zero. Therefore, all indirect pathways 

were significant, which suggested mediation for all indirect pathways in the final 

structural model. These results indicated that leadership for innovation exerted its 

indirect effect on career satisfaction through the simple mediating effect of 

ambidextrous culture for innovation and workplace innovation and the sequential 

mediating effect of ambidextrous culture for innovation through workplace innovation.  

Table 7.9 Bootstrapping indirect effects and 95% confidence intervals (CI) 

Model pathways  Point Estimate 
95% CI 

Lower bounds Upper bounds 

LFI - ACI - CSF 0.312 0.264 0.363 

LFI - WIT - CSF 0.138 0.097 0.184 

LFI - ACI - WIT - CSF 0.044 0.032 0.061 

LFI  - ACI - WIT 0.169 0.142 0.202 

7.3.6 Assessment of moderating effect 

The purpose of this analysis is to examine whether psychological attachment to an 

organisation (PAO) affects the relationship between workplace innovation and career 

satisfaction. A multi-group analysis was conducted using two groups obtained from a 

K-means cluster analysis which were differentiated in terms of their psychological 

attachment to an organisation. The K-means cluster analysis is effective for large 

samples (200 or more cases) and allows the number of clusters to be stipulated (Hair et 

al., 2010). The dataset was split into two clusters, the low (n = 1,079) and high (n = 

2,046) PAO groups. These were selected to investigate differences based on the survey 

respondents’ psychological attachment to an organisation. 
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As a first step, an unconstrained model was run, with no equivalence across parameters. 

Next, a second model was tested to add a constraint and fix the relationship between 

workplace innovation and career satisfaction to be equal across groups in sequence.  

Table 7.10 Results of fit indices of the unconstrained and the constrained models 

Fit Indices Acceptable level Constrained Unconstrained 

   p > 0.05 (at the 408.5 161.36 

 
0.05 level) p = 0.000 p = 0.000 

df 
 

16 15 

GFI 0.90 0.95 0.98 

AGFI 0.90 0.89 0.95 

TLI 0.90 0.88 0.95 

CFI 0.90 0.93 0.97 

RMSEA 0.08 0.11 0.07 

The results of goodness-of-fit statistics for both models are displayed in Table 7.10. The 

constrained model did not exhibit acceptable levels of model fit (i.e. AGFI = 0.89, TLI 

= 0.88, and RMSEA = 0.11), thus specific model comparisons were not possible. Tests 

for chi-square differences between the unconstrained and the constrained models were 

also unable to be conducted to examine path coefficient equality. Because a multi-group 

analysis could not be conducted, this study opted for a hierarchical regression analysis 

which provided the most straightforward method to test the moderation effect of the 

PAO construct. During the regression analysis, in order to remove any possible 

confounding effects, two control variables, namely classification level and length of 

service, were investigated to consider the possibility of significant predictors of career 

satisfaction. Control variables were entered first in the models, followed by the main 

effects of WIT and PAO constructs (Step 2). In the third step the interaction variable 

was entered. A moderated regression analysis was performed using the item parcel 

average scores for each construct with the WIT and PAO constructs mean-centered to 

avoid potential multicollinearity (Aiken and West, 1991). The two centred terms of 

WIT and PAO constructs were multiplied to determine to interaction term. The 

statistical significance of the interaction effect was assessed to determine the 

moderation effect. The results of the moderated regression analysis for career 

satisfaction as dependent variable are presented in Table 7.11.  
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Table 7.11 Results of hierarchical regression analysis 

Variables Model 1 Model 2 Model 3 

    Step 1: Control variables 

     Classification 0.052** -0.004 -0.004 

  Length of service  -0.077*** -0.009 -0.009 

    Step 2: Main effects 

     Workplace innovation (WIT) 

 

0.246*** 0.315*** 

  Psychological attachment (PAO)  

 

0.595*** 0.674*** 

    Step 3: Interaction terms 

     WIT x PAO 

  

-0.131 

  R
2
 0.007 0.577 0.578 

  Adjusted R
2
 0.006 0.577** 0.577 

  ∆R
2
 - 0.570 0.000 

  Durbin-Watson     1.971 

**significance at p < 0.01 level; ***significance at p < 0.001 level 
 

In step one for the hierarchical regression analysis, the control variables added 

significantly to the prediction of career satisfaction, with a significant effect of length of 

service (β = -0.077, p < 0.001) and classification (β = 0.052, p < 0.01). As can be seen 

in Table 7.11, in step two the main effect of the independent variables accounted for an 

additional 57% of the variance in career satisfaction. Workplace innovation was 

positively associated with career satisfaction (β = 0.246, p < 0.001). Psychological 

attachment to an organisation emerged to strongly and significantly predict career 

satisfaction (β = 0.595, p < 0.001). Entry of the interaction term at step three revealed 

there was no increment in variance beyond that explained by the control variables and 

main effects (∆R
2 

= 0), where a 0.02 change in the R
2
 value was considered to be an 

acceptable threshold due to the inclusion of the interaction effect (Frazier et al., 2004). 

To check for bias as a result of correlated error terms, a Durbin–Watson statistic was 

applied. The value was in the suggested range of 1.5 to 2.5 (Draper and Smith, 2014). 

There was no moderating effect between workplace innovation and psychological 

attachment to an organisation because its interaction did not significantly impact career 

satisfaction; hence, H5: psychological attachment to an organisation moderates the 

relationship between workplace innovation and career satisfaction was not supported.  
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7.4 Chapter Summary 

This chapter employed structural equation modelling to test the conceptual model 

presented in Chapter 3. The analysis processes for the SEM used a two-step procedure: 

developing a measurement model and testing a structural model. A partial 

disaggregation approach was used for the measurement model to reduce the 

computational complexity. Based on the acceptable level of test results including 

assessment of the model fit, the convergent validity, discriminant validity, and 

unidimensionality, the measurement model was appropriate for the subsequent 

structural model assessment. The structural model was conducted to test the 

hypothesised relationships among the latent constructs.  

The final empirical SEM confirmed the causal relationships between the four constructs 

of the structural model. Leadership for innovation is considered an exogenous construct 

that has a strong and positive impact on ambidextrous culture for innovation (0.64, p < 

0.001) and workplace innovation (0.64, p < 0.001). Ambidextrous culture for innovation 

shows a moderate and positive effect on workplace innovation (0.32, p < 0.001). The 

path coefficient from workplace innovation to career satisfaction has a moderate and 

positive influence (0.29, p < 0.001). Lastly, there is a significant relationship from 

ambidextrous culture for innovation to career satisfaction, represented by the strong and 

positive standardized coefficient (0.66, p < 0.001). Gaining this understanding of these 

relationships means the structural model can be implemented to help resolve the current 

shortage of engineers in Commonwealth departments. The findings of the relationships 

between the constructs highlight the importance of providing engineers with sufficient 

chances to participate in innovative activities to develop their professional careers. 

However, the results of the hierarchical regression analysis also revealed that 

psychological attachment to an organisation does not moderate the relationship between 

workplace innovation and career satisfaction. Thus, in contrast to the discussion 

regarding the moderation effect, psychological attachment to an organisation does not 

affect career satisfaction with regard to workplace innovation. A possible explanation 

could be that, as found in previous works (Ng, 2015, Fard and Karimi, 2015, Van Dick 

et al., 2004), psychological attachment to an organisation, operationalised as 

organisational trust and identification, has been indicated as an immediate predictor of 
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career satisfaction. A high level of organisational trust leads to greater career 

satisfaction because full trust of an employer creates explicit career expectations and 

fulfilment due to an organisation’s constructive attributes (Young and Daniel, 2003). A 

high level of organisational identification also creates greater career satisfaction because 

when an employee advocates an organisation's image they are likely to highlight 

positive rather than negative aspects of their workplace (Knapp et al., 2014). 
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Chapter 8 Bayesian Network 

The focus of this chapter is the Bayesian network (BN) founded on the empirically 

derived structural equation model from Chapter 7. The next section provides the 

literature review for the BN. The proposed methodology, including Bayesian network 

modelling and construction, model validation, and sensitivity analysis, is detailed in 

Section 8.2. Section 8.3 simulates five scenarios based on the BN using ‘what-if’ and 

‘goal-seeking’ analysis. 

8.1 Bayesian Network Overview 

Using probability theory, the BN generates a causal map which is extensively applied 

for knowledge representation and reasoning under uncertainty. BN is implemented to 

conduct statistical inference from evidence acquired from observed events, when there 

is also a requirement to forecast additional events yet to be observed. The mathematical 

model applied in BN relies on Bayes’ theorem of probability theory which can be 

conveyed as hypotheses and evidence (Niedermayer, 2008). Bayes’ theorem, which 

describes how prior knowledge about hypothesis   is updated by observed evidence  , 

is shown in the following equation: 

        
           

    
        (8.1) 

By using BN, the belief in hypothesis   can be updated given the additional evidence 

 . Where        is called the posterior probability, which is the probability that 

hypothesis   is in a particular state, after considering the effect of the evidence 

provided;        is called the conditional probability, which is the likelihood of the 

evidence, given the hypothesis to be tested;      is called the prior probability of the 

hypothesis, which is the likelihood that hypothesis   will be in a particular state, prior 

to consideration of any evidence;      is independent of hypothesis   and can be 

regarded as a normalizing or scaling factor (Kragt, 2009, de Oliveira et al., 2012a). 

Bayes’ theorem is useful in practice to estimate unknown        from three 

probability terms which are       ,     , and     . 

BN is an effective modelling tool because it allows both inferences and sensitivity 

analysis, as well as visualisation and quantification of the propagation of impacts among 
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variables (de Oliveira et al., 2012b). BN is a methodology comprising of quantitative 

and qualitative elements (Lee et al., 2009). The qualitative approach involves structural 

learning, which produces graphical representation of the independence among variables 

and illustrates statistical dependencies through directed acyclic graphs (DAG). This 

approach conceptualises the topology of the BN using connected nodes which depict 

important domain variables, and arrows that represent the causal relation. The 

quantitative approach provides parameter learning and domain knowledge using the 

degree of dependency represented in probabilistic terms. This is achieved by coding the 

conditional independencies between variables and integrating their joint distribution. A 

set of conditional probability tables (CPT) designate the probability distribution. Each 

node, treated as random variables, has a CPT that stipulates the quantitative probability 

information. When a node has no parent, a marginal probability distribution represents 

this variable. For a node with parents, the outcome is illustrated by the probability value 

of each child node in the CPT, where integration of probability values of its parent 

nodes is considered to be the cause of an effect (de Oliveira et al., 2012a). The results 

can then be used to conduct a sensitivity analysis where the differences among these 

marginal and conditional probabilities are examined to determine which nodes have the 

maximum impact on target variables (Castillo et al., 1997). 

BN also provides an inference engine to make reasonable interpretations of a model’s 

parameters. It has two applications: prediction and diagnosis (Di Pietro et al., 2015). It 

is an effective method to predict the efficiency of different strategies and to evaluate the 

impact of various scenarios and potential strategic actions (Mohammadfam et al., 2017). 

In terms of diagnosis, the reasoning is determined by identifying causes from a set of 

observations to establish the most likely strategies from target variables (Ülengin et al., 

2014). Therefore, BN can be applied to support managerial decisions when determining 

the interactions between various strategies and target variables. 

8.2 Bayesian Network Development 

This research used a causal model gained from the final structural model in Chapter 7 to 

develop a BN which could be employed as a decision-making tool to facilitate 

innovation in the APS. The structural model provided meaningful connections among 

the climate for innovation constructs that could be implemented strategically to increase 
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workplace innovation and in turn, strengthen career satisfaction, as shown in Figure 8.1. 

However, a limitation of the structural model was that the factors were considered as 

indicators representing latent constructs, which only provided an abstract causal 

explanation (Anderson and Vastag, 2004). Therefore, only the relationships among the 

broad organisational perspectives (model constructs) were depicted resulting in lack of 

meaning regarding the priority of the specific activities (model factors). That is, the 

model cannot indicate which managerial strategies require the highest priority for 

change and development to accomplish organisational outcomes (Panuwatwanich et al., 

2009a). To address this limitation, a BN was conducted as an integrated approach for 

SEM to examine the causality within the empirical model. Therefore, BN increased the 

model’s explanatory capability by analysing the variables at the factor level to reveal 

the pathways and explain the priority and relationships among the factors.   

 

 

Figure 8.1 Structural model for the innovation process 

8.2.1 Bayesian network modelling 

To achieve the objective, this study applied an integrated approach by linking SEM to 

BN. While both approaches are very useful for quantitative analysis, they have different 

characteristics which need to be considered. First, as SEM is theory-based it quantifies 

and evaluates assumed causal relationships using statistical data, whereas BN is a 

graphic model based on probability theory (Gupta and Kim, 2008, Anderson and 

Vastag, 2004). Second, SEM is appropriate for empirical validation based on theoretical 

causal relationships, whereas BN can be data-driven and construct causal map based on 
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background knowledge and historical data (Kayakutlu et al., 2017, Wu, 2010). Third, 

BN is appropriate when training with new data because it does not affect the structure of 

a model structure, thereby supporting an effective scenario analysis, while SEM is 

unsuitable for the causal modelling approach because it may change the casual 

relationship structure (Gupta and Kim, 2008, Ekici and Ekici, 2016). Fourth, SEM is 

more suitable for linear relationships, because although it can accommodate non-linear 

relationships, the process requires complex coding and results in output which is 

complicated and difficult to interpret (Anderson et al., 2004). In contrast, BN can easily 

model non-linear relationships and thus is helpful for evaluating the impact of changes 

in the model (Anderson and Vastag, 2004, Gupta and Kim, 2008). Fifth, SEM is 

parametric in distribution and function, so it is necessary to satisfy univariate and 

multivariate normality and statistical assumptions, as well as to justify theoretical 

evidence (Cardenas et al., 2017). BN, being non-parametric, does not need to follow the 

specific function form and strict statistical assumptions because the computational 

process is the calculation of the probability distribution of the variables in the model 

(Ekici and Ekici, 2016). Sixth, SEM can only predict dependent variables, provided the 

independent variables are specified, whereas BN can calculate the probabilities for both 

dependent and independent variables (Lauría and Duchessi, 2006). Seventh, SEM 

relationships, presented in the dimensionless regression metric in terms of standardised 

regression weights, have no empirical metric which makes them appropriate because the 

latent constructs have not been measured (Anderson and Vastag, 2004). However,  BN 

provides descriptions in terms of probabilities, which especially suit prediction and 

diagnosis by changing the probability of variables so they are easier for decision makers 

to understand (Blodgett and Anderson, 2000, Ekici and Ekici, 2016). Finally, SEM is 

the preferred method when the objective is to describe theoretical constructs with no 

requirement for probabilistic inference to observable variables. If prediction and 

diagnostics of observed variables is the required objective, then the BN should be 

adopted (Andersen and Kragh, 2015). 

Both SEM and BN also have certain limitations that need to be considered. Because 

latent constructs are the causes of their indicators (observed variables), SEM can only 

predict statistical results at the hypothetical level of latent constructs (Anderson et al., 

2004). Moreover, SEM is not appropriate to effectively reveal the causal relationships 

between all latent constructs and indicators and thus, can only explain established 
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theoretical relationships of constructs (Ekici and Ekici, 2016, Gupta and Kim, 2008). 

Observable consequences from potential managerial action cannot be predicted using 

SEM, therefore it has no causality inference capability (Hahn et al., 2015, Anderson and 

Vastag, 2004). Therefore, SEM is limited in its support of scenario analysis for 

managerial decisions. This means the primary weakness of SEM is it is unable to be 

used to convert knowledge from the theoretical model into managerial actions 

(Anderson and Vastag, 2004). BN also has some limitations that restrict its performance 

for theoretical construction because DAG development relies on expert judgement, 

which is only as accurate as the reliability of the expert’s background knowledge 

(Boehmke et al., 2016). BN can only provide theoretical explanations which are not as 

reliable as an empirical validation by SEM (Anderson et al., 2004). This means BN 

develops relationships based on conditional independence, and thus, cannot discern 

between causal and spurious relationships since determining the casual relationships is 

not possible when only using statistical data (Pearl, 1998). These limitations of SEM 

and BN can be addressed by applying a theoretically based and empirically validated 

model from SEM to develop BN at the factor level in a model. By applying an 

integrated approach with both SEM and BN, this study identified causal relationships 

among factors that affect workplace innovation and career satisfaction, and then 

conducted scenario analysis. 

The BN was developed through the aggregation of SEM to attain qualitative causal 

relationships and by analysing the data to learn the quantitative probabilities. The first 

step involved creating a Bayesian causal map, also called a directed acyclic graph 

(DAG). A graph is acyclic when paths which begin and end in one node are prohibited 

if the arcs flow in the same direction. A DAG has a set of nodes and directed arcs, 

where the nodes depict the factors, and the causal relations between them are presented 

by the directed arcs. The arcs between the nodes indicate a dependency relationship and 

direction of influence, while the CPT establishes the strengths of these relationships. 

The DAG also allows the analysis of conditional independencies, where an absence of 

an arc between one node and its successors illustrates conditional independence. 

Conditional independence, which implies there is no direct causal relationship, is 

significant to make inferences because it establishes the relevance of the data on one 

node in relation to another (de Oliveira et al., 2012b, Anderson and Vastag, 2004).  
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The DAG for this study was constructed based on the empirically validated model 

developed using SEM in Chapter 7. The process of developing the DAG followed the 

approaches used in studies by Gupta and Kim (2008) and Panuwatwanich et al. (2009a). 

The DAG development began by analysing the chronological sequence of the structural 

model constructs. The framework followed the empirical model shown in Figure 8.2. 

The framework illustrates the sequence of constructs where leadership for innovation 

directly affects the culture for innovation and workplace innovation. Culture for 

innovation directly impacts workplace innovation and career satisfaction. Therefore, the 

output from climate for innovation consists of workplace innovation and career 

satisfaction.  

 

Figure 8.2 Framework of the empirical model 

In the DAG, all causal relationships of factors within each construct are incorporated in 

the causal map. The reasoning for which causal factors precede the effect factors can be 

used to establish the between-constructs relationships (Cardenas et al., 2017). The 

between-construct structures confirmed the strong and statistically significant 

relationships. For example, leadership for innovation has positive influence on 

ambidextrous culture for innovation (0.64, p < 0.001) and workplace innovation (0.64, p 

< 0.001). The factors within the associated constructs were firstly separated and then 

connected to the factors determined by the between-construct relationships. Because the 

two factors extracted to characterise leadership for innovation included transformational 

leadership and consideration leadership, there was no causal relationship between these 

two factors within this construct. Transformational leadership and consideration 

leadership were found to be direct causes of innovative culture and performance-

oriented culture. Furthermore, transformational leadership and consideration leadership 

were considered to be direct causes for individual creativity and team innovation. This 

association between A and B is based on a common cause C, which can be denoted as  

A ← C → B. The causal mechanisms were identified as follows: 
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Innovative culture ← Transformational leadership → Performance-oriented culture 

Innovative culture ← Consideration leadership → Performance-oriented culture 

Individual creativity ← Transformational leadership → Team innovation 

Individual creativity ← Consideration leadership → Team innovation 

After all the causal relationships among the factors were identified, the DAG, as shown 

in Figure 8.3, was constructed based on the empirically validated model. The DAG 

illustrates a link between transformational leadership and innovative culture which 

means that innovative culture is a child of transformational leadership. This means 

transformational leadership is a parent of innovative culture.  

 

Figure 8.3 The directed acyclic graph 

While the DAG  determined the qualitative relationships among the model factors, a 

further step was required to quantify the CPT. This step involved the quantitative part of 

the BN which calculated the conditional probabilities of nodes. This is useful because it 

determines the exact relationships among factors. This means the probability of various 

states of a node is conditional on the different configurations of its parent states 

(Mohammadfam et al., 2017). BN also depends on the chain rule which is the joint 

probability distribution of each variable, whereby the BN can calculate the marginal and 

conditional probabilities for each node in the network (Cinar and Kayakutlu, 2010, 

Yang and Xu, 2017). 

If the DAG has N variables,   ,   ,…,    is presented as nodes. The set of parents’ 

nodes with a direct link to    can be represented by   . The conditional probability 

distribution can be denoted by        ). The joint probability of the network can be 

illustrated as follows: 
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    ,   ,…,      ∏    
        )       (8.2) 

The joint probability distribution, called the chain rule of probability theory, defines a 

factorisation of several conditional probability distributions. The joint probability 

distribution also involves the specification of a CPT for each node (Fuster-Parra et al., 

2014). The independencies from the DAG were interpreted to the probabilistic model 

which was used to determine the factors affecting the innovation process in the APS. 

8.2.2 Bayesian network construction 

Once the DAG has been developed, the BN states need to be defined for the purpose of 

building a model. Generally, variables may be either discrete or continuous and these 

are dependent upon the measured phenomena. A discrete variable is represented by a 

finite set of fixed values. Alternatively, a continuous variable consists of any value from 

a selected range (Millán et al., 2010). In this study, a 5-point scale was used to assign 

values to factors. A continuous variable can be converted to a discrete variable to 

determine the BN states. To do this, continuous values must be discretised in terms of 

the states of each node. This method was used to support the managerial capability of 

the BN and to avoid mathematical complexity (Gupta and Kim, 2008). In this study, the 

equal-width method, which would have discretised the variables by dividing the range 

of values into a predefined number of intervals of equal-width, was inappropriate due to 

an uneven distribution of the data (Chen and Pollino, 2012, Yang and Xu, 2017). This 

study determined the states of the BN nodes using the same assumption as those of de 

Oliveira et al. (2012b), as illustrated in Figure 8.4. Given the chance of occurrence of 

each BN state, the numerical values of factors, based on a 5-point scale, were 

discretised by classifying the scale into three states: low, medium, and high.  

 

Figure 8.4 Scale evaluation of factors and correspondence with BN states 
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In this study, the parameter learning of the BN was developed through Netica. Netica is 

a software program which is useful to automatically determine the parameter learning 

process, create a cognitive map, analyse the probabilistic values for each parameter, and 

subsequently enable both inferences and sensitivity analysis. The parameter learning 

process automatically learns from a file of cases. A spreadsheet was constructed, for 

each of the 3,125 survey respondents, with columns corresponding to the variables of 

interest for each node, and each row represented the corresponding BN state in each 

node. The DAG was developed in the software by drawing the nodes in the network and 

linking them to indicate their casual relationships. After construction of the DAG, all 

the cases in the spreadsheet were incorporated in Netica through a compilation process. 

There are three automated algorithms available in Netica, which can be used for 

parameter learning of the CPTs: counting, expectation-maximization (EM) and gradient 

descent. The most straight forward method to calculate the CPT is the counting 

algorithm (Ticehurst et al., 2011). In addition, the counting algorithm has been accepted 

as a true Bayesian learning algorithm, and should be implemented whenever possible 

(Norsys Software Corp., 2010). The spreadsheet also met the requirement of the 

counting algorithm in that there were no missing data in the file of cases. Therefore, the 

counting algorithm was used to quantify the CPT underlying all nodes to develop the 

BN model.  

The occurrence probability of each situation was calculated to determine the probability 

distribution values. The probability of each state for a specific child node is determined 

by the CPT for all combinations of the parents’ states. Table 8.1 shows the CPT that 

presents the probability distribution of the innovative culture node. For example, when 

the transformational leadership and consideration leadership nodes are both in the low 

state, the probabilities of low, medium and high states of the innovative culture node are 

72.4, 25.0 and 2.6 percent, respectively. These probabilities show the beliefs for the 

three states, which total 100 percent. 

  

https://www.norsys.com/WebHelp/NETICA/X_Counting_Learning_Algorithm.htm
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Table 8.1 A Conditional probability table for the innovative culture node 

Transformational 

Leadership 

Consideration 

Leadership 

Innovative Culture 

Low Medium High 

Low Low 72.4 25.0 2.6 

Low Medium 50.4 44.4 5.2 

Low High 40.9 51.6 7.5 

Medium Low 26.7 66.7 6.6 

Medium Medium 27.1 62.8 10.1 

Medium High 19.4 62.9 17.7 

High Low 20.0 40.0 40.0 

High Medium 12.5 58.8 28.7 

High High 9.2 49.5 41.3 

A CPT is also used to check the minimum sample size required for the parameter 

estimation. The node with the greatest number of cells in its CPT decides the least 

number of required cases (Jitwasinkul et al., 2016, Mohammadfam et al., 2017). For 

example, in this study, the individual creativity node was used in this regard. 

Accordingly, this node with three states had four incoming arcs. The smallest acceptable 

sample was equal to         . Therefore, the        samples collected in this 

study more than satisfactorily quantified the conditional probability table. 

Once the CPTs have been established, a ‘Compile the net’ feature is used to determine 

the probabilistic inference. This learning process calculated the probabilities of all nodes 

in the BN, which were presented graphically in the form of a belief bar. The current 

situation in the area of innovation management of the APS is represented by the BN in 

Figure 8.5. The compiled network has a total of 8 nodes and 20 causal relationships 

between nodes in the BN.  

 

javascript:void(0);
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Figure 8.5 The Bayesian network for innovation management 

As shown in Figure 8.5, each node has different probabilities which are presented as 

percentages in the three states: high, medium and low. The two values expressed at the 

bottom of each numerical node are the mean and standard deviation for that node. The 

belief bar of the innovative culture node, for instance, shows that the high state is equal 

to 25.3 percent which can be expressed as P(innovative culture = high) = 0.253. While 

55.5 percent of respondents believed that there was a medium state of innovative culture 

in their organisation, 19.2 percent considered it to be at a low state. Therefore, because 

the medium state has the highest percentage, a medium innovative culture is likely to 

occur for this node. The mean value of innovative culture is equal to 3.18. This makes it 

apparent that there is considerable room for improvement by inculcating the innovative 

culture in the APS. 

After constructing the BN, it was observed that some nodes were characterised as 

dependant variables of other nodes. For instance, as shown in Figure 8.5, a high state of 

transformational leadership (47.8 percent) and a high state of consideration leadership 
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(73.9 percent) are likely to take place because these two nodes act independently on 

influencing the innovative culture node, which has a probability of 55.5 percent of being 

in a medium state. These two nodes also act separately in determining a high probability 

of performance-oriented culture. Thus, transformational and consideration leadership 

generates a medium probability of innovative culture; but, at the same time, promotes a 

high chance of performance-oriented culture. Also, individual creativity is dependent on 

transformational and consideration leadership as well as innovative and performance-

oriented culture. Transformational and consideration leadership have an indirect effect 

upon individual creativity through their influence on innovative and performance-

oriented culture. The APS sample shows a high level of probability for individual 

creativity. This phenomenon occurs in the same manner for team innovation. 

In regard to career satisfaction, meaningful work, and reward and recognition factors, 

they depend on individual creativity, team innovation, and innovative and performance-

oriented culture. Leaders also indirectly promote meaningful work, as well as reward 

and recognition, through their influence on culture factors (i.e. innovative and 

performance-oriented culture) and workplace innovation (i.e. individual creativity and 

team innovation). These causal relationships lead to a high state for meaningful work 

(60.1 percent). Interestingly, engineers in the APS reported a medium level of 

probability for the reward and recognition node (58.0 percent), which correlated with 

the mean value of 3.04. Therefore, it is necessary to implement a strategy to promote 

reward and recognition in an effort to increase career satisfaction and address current 

shortages in engineering professionals in the APS. 

8.2.3 Validation of the BN 

Once the BN is constructed, the next step is to evaluate the model’s ability for 

predictive correctness. In order to assess the performance of the BN, a confusion matrix 

was adopted for this study. The confusion matrix was used to determine classification 

accuracy from an error rate. It was developed with columns corresponding to the 

predicted values from the BN, and rows that represented the actual values from the 

answer of respondents. With the aim of evaluating predictive power, 100 cases from the 

spreadsheet were randomly selected for analysis. As the ultimate aim of the BN was to 

develop strategies for promoting reward and recognition, this node was selected as an 
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output for the confusion matrix. Table 8.2 presents the results of the confusion matrix to 

test the robustness of the BN.  

Table 8.2 Confusion matrix for the robustness test for the reward and recognition 

Actual from responses 
Predicted from the BN 

Error rate (%) 
Low Medium High 

Low 38 7 0 15.56 

Medium 8 40 0 16.67 

High 0 5 2 28.57 

Total error rate = 20%         

As evident from the confusion matrix, the developed network predicted cases for the 

reward and recognition node at a low state with an error of 15.56 percent, while the 

error rates of prediction for medium and high states were 16.67 and 28.57 percent, 

respectively. The total error rate of the BN in predicting 100 cases was equal to 20 

percent, which indicated the model was 80 percent accurate in its predictions for the 

reward and recognition node. The error rate of the BN indicated that the developed 

network had an acceptable level of accuracy. 

As part of the BN process, scoring rules were also calculated to provide an evaluation of 

the degree of fit over a set of variables. These scoring rules consist of logarithmic loss, 

quadratic loss, and spherical payoff. Of the three scoring rules, the logarithmic loss is 

the one which calculates the value independently of the chance of the outcome that 

actually occurs (Dlamini, 2010). The logarithmic loss ranges between zero and infinity. 

The closer to zero, the better the model’s goodness of fit. The quadratic loss varies 

between zero and two, where a lower value corresponds to a better execution of the BN. 

Finally, the spherical payoff has a value between zero and one, where one is indicative 

of a perfect fit between the model and the data (Fuster-Parra et al., 2014, 

Mohammadfam et al., 2017). These indices are calculated by the following equations 

(Marcot, 2012): 

Logarithmic loss =                       (8.3) 

Quadratic loss =             ∑   
  

   ]     (8.4) 

Spherical payoff =       
  

√∑   
  

   

        (8.5) 
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Where      stands for the mean over all cases (i.e. all cases for which the case file 

provides a value for the node in question).    is the predicted probability for the correct 

state,    is the predicted probability for state  , and   is the total number of states.  

The logarithmic loss and quadratic loss scores for the BN in this study were 0.6104 and 

0.3558, respectively whilst the spherical payoff was 0.8020. These scoring rule results 

indicated a good degree of fit for the BN. No previous studies that conducted in the area 

of innovation management report on these indices. However, they correspond to the 

indices presented by previous studies conducted in environmental and safety areas 

(Dlamini, 2010, Fuster-Parra et al., 2014, Mohammadfam et al., 2017). Thus, it can be 

concluded that the BN provided acceptable predictive abilities to examine the 

relationships between different factors in innovation management for the APS. 

8.2.4 Sensitivity analysis 

Sensitivity analysis is the diagnostic inference process of how the uncertainty of the 

output variable can be allocated to the various sources of uncertainty of the input 

variables (Cardenas et al., 2017, Yang and Xu, 2017). Sensitivity analysis can identify 

which input variables lead to the greatest reduction of uncertainty in the prediction of 

the output variable (Jensen, 1996, Laskey, 1995). Therefore, sensitivity analysis is a tool 

for decision makers to determine critical input variables and how variations in these 

input variables impact the output variable (Laskey, 1995, Sturlaugson and Sheppard, 

2015). 

Suppose   is an output variable and   is an input variable. The degree of sensitivity of 

  to   can be denoted by the variance reduction     , which is the expected reduction in 

the variance of the output variable resulting from the value of an input variable (Ekici 

and Ekici, 2016): 

               ,         (8.6) 

     is the variance of the output node  , and        is the output node given the 

input node  . 

The input variable with the greatest variance reduction is most likely the variable that 

changes the beliefs of the output variable by the greatest amount, thereby providing it 
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with the most explanatory power over the output variable (Cinicioglu et al., 2017). A 

high variance reduction for the input variable implies that the output variable has a high 

sensitivity to changes in this input variable (Marcot, 2012).  

Netica provides a capability for the sensitivity analysis to determine the extent that the 

belief and mean value of the output node can be influenced by other input nodes in 

order to identify which nodes are the significant factors in crystallising the states of the 

output node (Ülengin et al., 2014). To conduct the sensitivity analysis, the ‘sensitivity to 

findings’ feature of Netica was performed to identify which input nodes had the greatest 

explanatory power on the target node. The sensitivity analysis presents the variance 

reduction and the percentage of variance reduction for each of the input nodes. 

Moreover, in order to provide a clearer comparison of the relative sensitivity, a 

normalised variance reduction was calculated by dividing the percent variance reduction 

of each node by the highest percent variance reduction (Brandmayr et al., 2015). 

Variance of beliefs indicates the uncertainty of these estimations (Cinicioglu et al., 

2012).  

Sensitivity analysis was conducted to identify which critical factors within the climate 

for innovation had the greatest influence on workplace innovation and career 

satisfaction. For workplace innovation, the individual creativity node, which had a 

lower mean value than team innovation, was selected as the target node to determine its 

critical factors.  The results of the sensitivity analysis are summarised in Table 8.3. 

Table 8.3 Sensitivity analysis for the individual creativity node 

Factor Variance 

reduction 
Percent Normalised 

variance reduction 
Variance 

of beliefs 

Transformational leadership 0.1128 12.30 1.00 0.0221 

Innovative culture 0.1069 11.70 0.95 0.0192 

Meaningful work 0.1051 11.50 0.93 0.0147 

Reward and recognition 0.0825 9.00 0.73 0.0115 

Consideration leadership 0.0511 5.59 0.45 0.0063 

Team innovation 0.0291 3.18 0.26 0.0039 

Performance-oriented culture 0.0201 2.19 0.18 0.0017 

When the variance reduction of the input variable is relatively high, this suggests that 

the output variable's uncertainty is highly sensitive to the input variable. If the measure 

is relatively low, the output will be fairly insensitive to the associated factor (Cardenas 
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et al., 2017). Sensitivity analysis provided the ranking of the factors according to their 

explanatory power on individual creativity. The critical factors were transformational 

leadership and innovative culture with variance reductions of 12.3 and 11.7 percent, 

respectively. Therefore, it can be inferred that transformational leadership and 

innovative culture have the greatest explanatory power over individual creativity.  

As the ultimate goal of the BN was to gain more understanding of the relationships then 

be able to recommend how to improve reward and recognition, this node was selected 

as a target node for the sensitivity analysis. In Table 8.4, factors are ordered according 

to their variance reduction. Innovative culture had the maximum variance reduction of 

19.5 percent, while the variance reduction of the other nodes was comparatively small. 

Innovative culture is a dominant factor in its influence on the reward and recognition 

node. Therefore, this finding suggests that fostering innovative culture is necessary for 

the fulfilment of reward and recognition. 

Table 8.4 Sensitivity analysis for the reward and recognition node 

Factor Variance 

reduction 
Percent Normalised 

variance reduction 
Variance 

of beliefs 

Innovative culture 0.2266 19.50 1.00 0.0260 

Individual creativity 0.1023 8.79 0.45 0.0091 

Transformational leadership 0.0552 4.75 0.24 0.0036 

Meaningful work 0.0474 4.07 0.21 0.0031 

Team innovation 0.0392 3.37 0.17 0.0034 

Performance-oriented culture 0.0274 2.36 0.12 0.0025 

Consideration leadership 0.0101 0.87 0.04 0.0007 

8.3 Scenario Analysis  

Scenario analysis is a simple and practical method to assess and manage risk and 

uncertainty in business, government, and academia (McBurney and Parsons, 2003). It is 

a tool for strategic policy analysis that allows policy makers to consider their decisions 

and assess potential consequences (Boehmke et al., 2016). Scenarios are defined as 

hypothetical sequences of future situations derived from original events to gain insights 

on causal relations and decision environments (Kayakutlu et al., 2017, Godet and 

Roubelat, 1996). Scenarios can be regarded as plausible and evidence-based narratives 

that policy makers can use to identify multiple situations leading to different scenarios 

(Gambelli et al., 2017, Rudd et al., 2015). Basically, scenario analysis is conducted by 
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inserting potential evidence representing a particular scenario which allows the 

simulation of potential outcomes in terms of probability distribution.  

Scenario analysis is accepted as an effective tool for strategic management in both the 

private and public sectors. Both the public and private sectors have applied scenario 

analysis as an effective and efficient tool for strategic foresight. In the private sector, 

Royal Dutch Shell is credited for the development of scenario analysis and the company 

has been using it to support the executive board for strategic decision-making purposes 

since the 1960s. This tool assisted the company to effectively overcome the oil crises of 

the late 1970s and early 1980s (Allwood et al., 2008, Hahn et al., 2015, Wilkinson and 

Kupers, 2013). For the public sector, scenario analysis was adopted by the Queensland 

Government to determine how digital technology could impact on public service 

delivery. The scenario analysis have been used for strategic planning to provide a 

mechanism to  test the viability of alternative strategy options and formulate appropriate 

contingency plans to improve the digital marketplace for public services (Rudd et al., 

2015).  

This study applied the BN for scenario-based simulations to provide a decision support 

framework to manage the innovation process in the APS. The BN can be used for both 

forward and backward inferences to allow predictions and diagnostics based on any set 

of selected factors. The abilities of a BN to infer posterior probabilities and to conduct 

multi-directional reasoning were adopted in this study to simulate various scenarios 

under uncertainty. When an intervention instantiates the values of another variable or 

set of variables, the conditional probabilities of other variables are updated. Instantiation 

of a variable or a set of variables, called the evidence, can be used for the simulation of 

various scenarios. The conditional probabilities of all nodes in given scenarios can 

provide plausible outcomes of organisational change. The consequence of an 

intervention can be measured by the relative magnitude of the percent change from pre-

intervention mean values to post-intervention mean values. The scenario analysis was 

applied to manage changes for scenarios using ‘what-if’ and ‘goal-seeking’ analyses.  

What-if analysis, which refers to deductive reasoning or forward inference, is a 

prediction based on pre-set input variables from causes to effects. Decision makers can 

apply forward inference to measure the influence of changing factor (s) on the 
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attainment of specific goals. Three what-if scenarios were simulated in this study to 

gain insight into probable consequences. Goal-seeking analysis adopts backward 

inference which is the application of Bayes’ theorem. This is a diagnostic drawing a 

cause from a conclusion by calculating the occurrence likelihood of input variables 

causing pre-specified output variables (Hahn et al., 2015, Bertone et al., 2018). The 

main purpose of goal-seeking analysis is to determine how to manipulate the factors and 

their states to achieve 100 percent occurrence of a high state of the target node. 

8.3.1. The effect of transformational leadership 

As previously shown in Table 8.3, when the individual creativity node was selected as a 

target node to investigate its key factors, the sensitivity analysis results illustrated that 

the maximum variance reduction was caused by the transformational leadership node. 

The impact of transformational leadership on other nodes was evident when the chance 

of 100 percent occurrence of a high state was assumed. As shown in Figure 8.6, this led 

to the chance of high innovative culture increasing to 38.4 percent. The mean value of 

innovative culture in this situation reaches 3.52, hence representing an increase of 10.7 

percent (3.18 → 3.52). In addition, the chance of high individual creativity increased 

from 54.0 to 71.2 percent. This reflected an increase in the mean value of individual 

creativity by 7.7 percent (3.76 → 4.05). Therefore, transformational leadership is 

essential to improve both innovative culture and individual creativity. Leaders with 

transformational leadership style show support and consideration for staff. These 

behaviours increase employee creativity and innovation in the workplace (García-

Morales et al., 2012, Yang and Kassekert, 2010). Transformational leadership has four 

characteristics (Bass and Riggio, 2006): individualised consideration, intellectual 

stimulation, inspirational motivation, and idealised influence.  

The transformational leader gives individualised consideration to each follower’s needs 

for growth and achievement by acting as a coach or mentor. Transformational leaders 

assist subordinates to become fully actualised and to develop work-related competencies 

with consideration and empathy through personal attention. Such leaders have the 

capacity to build and develop subordinates’ sense of determination and self-confidence 

(Bass and Riggio, 2006). New learning opportunities are created within a supportive 

climate according to employee differences in terms of desires and needs. 

Transformational leadership can result in reciprocation from employees through 
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increased creativity and innovation in response to the individualized consideration they 

receive (Chen et al., 2012). Creativity and innovation are also achieved when leaders 

allow employees autonomy and discretion to reframe new problems, and question 

assumptions and the status quo with novel approaches (Gumusluoglu and Ilsev, 2009).  

 

Figure 8.6 The effect of transformational leadership 

By practicing intellectual stimulation, transformational leaders encourage subordinates 

to adopt an exploratory thinking style to find new ideas for problems and create 

solutions from different perspectives. Creativity is also stimulated when employees’ 

ideas are not publicly criticised and they are not concerned if their approaches differ 

from the leaders’ ideas (Bass and Riggio, 2006, Wipulanusat et al., 2017a). 

Transformational leaders utilise and encourage logic and intuition in coping with 

problems. Intellectual stimulation and individual consideration are the basic 

characteristic of a competent organisational coach and mentor. 

In providing inspirational motivation, transformational leaders behave in ways that 

encourage followers to focus on organisational objectives and motivate their 
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subordinates by providing meaning and challenge to their jobs (Bass and Riggio, 2006). 

These leaders build relationships with their followers through interactive 

communication, and encourage individual and team spirit, and collaboration. They also 

communicate an exciting vision of the future, increased employee cooperation, and 

direct subordinates to approaches that achieve goals (Nusair et al., 2012, Oberfield, 

2012).  

Transformational leaders are altruistic role models whose idealised influences induce 

the admiration, respect, and trust of subordinates. They also display charismatic 

behaviour by expressing confidence in the organisational vision; showing a sense of 

purpose, determination, persistence, and trust in other people; and emphasising 

accomplishments (Bass and Riggio, 2006). The transformational leader’s idealised 

influence also plays a vital function in stimulating creativity and innovation by boosting 

the significance of these behaviors through the leader’s own words and actions 

(Dwivedi et al., 2013). In public sectors, the negative ramifications of risk-taking in 

innovative projects can be drastic and can include political damage to the government, 

public criticism, possible legal consequences, diminished career prospects, and damage 

to personal reputation. Transformational leaders support innovation by establishing an 

innovative culture in which employees are not concerned about negative ramifications, 

when they implement new ideas into practise (Amabile et al., 2004, García-Morales et 

al., 2012). 

8.3.2 The effect of innovative culture 

The sensitivity analysis revealed that the highest explanatory factor of the reward and 

recognition node was innovative culture. To assess the significance of innovative 

culture, evidence of a high state was entered to this node, as shown in Figure 8.7. The 

results indicated that the odds of high individual creativity increased to 76.2 percent and 

an increase of mean value by 9.3 percent (3.76 → 4.11). The chances of high reward 

and recognition would reach 42.4 percent, an increase in mean value of 19.4 percent 

(3.04 → 3.63). Innovative culture had the highest likelihood of increasing reward and 

recognition. The what-if analysis indicates that supporting an innovative culture would 

considerably increase employee perceptions of reward and recognition. 
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Figure 8.7 The effect of innovative culture 

An innovative culture places great value on empowering employees to seek 

opportunities to experiment and create new ideas, and reach their potential (Ireland et 

al., 2006, Wipulanusat et al., 2017b). An organisation with an innovative culture 

embraces change and innovation to improve its performance (O' Cass and Viet Ngo, 

2007). An innovative culture also signals to employees that their participation in 

innovative activities is valued, which is found to enhance employees’ perception of 

reward and recognition (Wei et al., 2013, Lee et al., 2006). In addition, an innovative 

culture can increase employee confidence in their organisation’s performance and 

future. If agencies have a strong innovative culture, there is less need for innovative 

project supervision from leaders. This creates more time for leaders to focus on other 

strategic tasks (Podsakoff et al., 1996). Leaders who perceive reward and recognition as 

an end in itself and fail to create a strong innovative culture may not achieve their goals. 
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8.3.3 The effect of transformational leadership and innovative culture 

Another viable approach to improve reward and recognition is to promote more than 

one potential factor concurrently. However, improving the four factors within climate 

for innovation would require many obstacles to be overcome and could deplete 

resources before reaching the expected aims. Thus, it is recommended to integrate the 

two greatest explanatory factors highlighted by the sensitivity analysis for this scenario. 

This could be achieved by instantiating the high state for both transformational 

leadership and innovative culture to analyse their effects on increasing the likelihood of 

reward and recognition, as shown in Figure 8.8. It was observed from the results of the 

analysis that reward and recognition had the highest variation on its mean value, 

increasing by 20.4 percent (3.04 → 3.66). It is worth noting that the state of reward and 

recognition reaches a medium level, and thus a high level of reward and recognition still 

does not occur. Thus, there is still considerable opportunity for further improvement to 

increase the perception of reward and recognition for engineers in the APS.  

To improve perceptions of reward and recognition, leaders must practice 

transformational leadership and nurture innovative culture in their workplace. 

Transformational leadership in the federal government can have important direct and 

indirect effects on workplace innovation and career satisfaction (Oberfield, 2012, 

Trottier et al., 2008, Wipulanusat et al., 2017c). An innovative culture thrives under a 

transformational leadership style that enhances trust (Carmeli and Schaubroeck, 2007, 

Shin and Zhou, 2007). Transformational leadership style is an important factor which 

significantly influences the successful delivery of innovative projects both directly or 

indirectly through an innovative culture (Kissi et al., 2012, Gumusluoglu and Ilsev, 

2009). 

A high innovative culture increases employee receptivity to an articulated vision and 

facilitates openness and responsiveness to change (Pawar and Eastman, 1997). A strong 

innovative culture helps transformational leaders foster employee willingness and 

efforts towards innovation (Chen et al., 2012, Wipulanusat et al., 2018). When leaders 

can communicate the value of innovation to employees and create a strong employee 

perception toward the firm’s innovative culture, such value and culture can improve 

employee satisfaction. 
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Figure 8.8 The effect of integrated factors 

8.3.4 Maximise perceptions of reward and recognition 

The backward inference was conducted by instantiating the high state for reward and 

recognition node as presented in Figure 8.9. Compared to the current organisational 

situation, it can be observed that there is a significant change in the probabilities of 

innovative culture where a major chance of high level of posterior probability occurs 

(55.4 percent). In order to maximise the perception of reward and recognition, based on 

the results of the goal-seeking analysis, this conclusion can be drawn that innovative 

culture needs to be improved and increased from a medium to a high level.  
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Figure 8.9 Maximise perceptions of reward and recognition 

The prior and posterior mean values of each factor were compared to consider their 

change rates. It can be observed in Table 8.5 that the posterior mean value of innovative 

culture has the highest change rate (21.07 percent). This is consistent with the 

sensitivity analysis which shows that the reward and recognition node was impacted 

primarily by innovative culture. The factor that has the second major influence is 

transformational leadership with a change rate of 8.96 percent. Therefore, it can be 

reasoned that transformational leadership directly impacts innovative culture and 

indirectly influences reward and recognition. To optimise reward and recognition, the 

first priority of the APS should be to instil an innovative culture in the organisation. A 

second and complementary option would be to support managers to practice and 

develop a transformational leadership style in their workplace. It is important to note 

that reward and recognition is not significantly impacted by consideration leadership 

and performance-oriented culture. 
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Table 8.5 Prior and posterior mean value for each factor 

Factor 
Mean value 

Change rate (%) 
Prior Posterior 

Transformation leadership 3.57 3.89 8.96 

Consideration leadership 4.12 4.19 1.70 

Innovative culture 3.18 3.85 21.07 

Performance-oriented culture 3.82 4.00 4.71 

Individual Creativity 3.76 4.05 7.71 

Team Innovation 3.79 3.98 5.01 

Meaningful Work 3.79 4.02 6.07 

8.3.5 Best scenario for organisational outcome. 

In this scenario, four factors within workplace innovation and career satisfaction are 

assumed as high state (see the details in Table 8.6 and Figure 8.10). Increases in the 

change rates of the mean value of factors within climate for innovation were reported as 

part of the results. There was a slight change rate on the mean value of consideration 

leadership (5.34 percent), while innovative culture needed to be increased considerably 

(29.25 percent). There were moderate increases of transformational leadership (17.93 

percent) and performance-oriented culture (12.04 percent). Although this optimistic 

scenario may be challenging to implement, improving the increase of mean values of 

factors from 5.34 to 29.25 percent should be considered to achieve a high performance 

organisation. 

Table 8.6 Prior and posterior mean value of factors within climate for innovation 

Climate for innovation 
Mean value 

Change rate (%) 
Prior Posterior 

Transformation leadership 3.57 4.21 17.93 

Consideration leadership 4.12 4.34 5.34 

Innovative culture 3.18 4.11 29.25 

Performance-oriented culture 3.82 4.28 12.04 
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Figure 8.10 Best scenario for career satisfaction 

8.4 Chapter Summary 

This chapter presented the results of the integrated approach used in this study to 

examine causal relationships from the structural equation modelling (SEM) in Chapter 7 

to develop a Bayesian network (BN). The first step involved developing a directed 

acyclic graph (DAG) based on the empirically validated model developing by SEM. A 

further step was required to analyse the data to learn the quantitative probabilities. This 

step involved quantifying the conditional probability table (CPT) of each node. Once 

the BN was developed, a confusion matrix was adopted to test network accuracy. The 

results confirmed that the developed network had an acceptable level of accuracy. 

Sensitivity analysis was then conducted to determine critical factors on the target nodes. 

Next, scenario analysis was used to manage changes in critical factors using what-if and 

goal-seeking analysis. As the ultimate aim of the BN was is to develop strategies for 

promoting reward and recognition. Through several scenario-based simulations, several 

strategies were identified to enhance career satisfaction of engineers.  



174 

 

Chapter 9 Thematic Analysis 

This chapter presents the study of archival records related to innovation in the 

Australian Public Service (APS). A qualitative thematic analysis was adopted to 

identify themes and subthemes. This chapter highlights four main themes and presents 

them within two major categories: public sector innovation and drivers and barriers to 

innovation. 

9.1 Thematic Analysis Process 

Thematic analysis is an independent qualitative approach which examines research data 

by identifying, analysing, and reporting themes within data (Braun and Clarke, 2006). 

This method involves the identification of themes that appear significant to explain the 

qualitative richness of a phenomenon (Fereday and Muir-Cochrane, 2006). A theme is 

defined as a coherent integration of repeated patterns of meaning in the information, 

which determines the possible observations, construes facets of the phenomena, and 

identifies the findings (Vaismoradi et al., 2013). An inductive approach was used in this 

study to derive the explicit meaning of the full range of the themes, and then to directly 

identify new themes from the text data (Braun and Clarke, 2006). This approach was 

used to code the text without using an initial a priori coding template, which was 

appropriate for this study because no previous study had described the phenomenon 

(Hsieh and Shannon, 2005). This study applied QSR NVivo 11 software to aid thematic 

analysis for data coding and theme identification. 

The participants for the qualitative thematic analysis were selected based on the 

estimated coefficients from the structural model. The structural model indicates leaders 

exerted a strong and positive influence on ambidextrous culture for innovation (0.64, p 

< 0.001) and workplace innovation (0.64, p < 0.001). Therefore, qualitative thematic 

analysis considered the leaders as participants to reflect upon their experience to provide 

insights from various perspectives on how they regard an innovation agenda for the 

APS. The primary qualitative data were collected from recorded talks given by leaders 

in the APS who were invited to speak about innovation during Innovation Month, in the 

years 2014 to 2018. Innovation Month is organised by the Australian Commonwealth 

Government and governmental departments as an annual event, consisting of seminars 
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on innovation, a series of innovative activities relating to innovation, and the 

distribution of awards for innovative employees and departments. The profiles of the 

presenters are shown in Table 9.1. This study used non-probability purposive sampling 

in which speakers were chosen based on the research criteria. A sample of 12 speakers 

was considered sufficient to provide an accurate explanation of the phenomena under 

investigation and to establish a stable view of parameters (Guest et al., 2006). 

Therefore, 16 recorded talks meet this requirement of purposive samples. 

Table 9.1 Details of the presentations from innovation month seminars 

 
    

Year Position Topic 

2014 Secretary, Department of Industry Innovation Month 2014 launch 

Deputy Secretary, Department of 

Human Services 

Leadership or Leadersunk: are new models of 

leadership needed when it comes to innovation in 

the Australian Public Service? (Part 1) 

Director General, IP Australia Leadership or Leadersunk: are new models of 

leadership needed when it comes to innovation in 

the Australian Public Service? (Part 2) 

Chief Technology Officer, Department 

of Finance 

Feel the Wind: Set yourself the bolder course. 

Director of Coordination and Gov 2.0 Innovation Month Pattern Breaking Summit 

2015 Secretary, Department of Industry and 

Science  

Innovation Month 2015 Launch  

Secretary, Department of Health Innovation within the Department of Health  

Secretary, Department of Infrastructure 

and Regional Development 

Are we there yet? 

Director, Digital Transformation Office The Computer Says Yes 

2016 Deputy Secretary, Department of 

Industry, Innovation, and Science 

Innovation Month 2016 Launch 

Secretary, Department of Health Future Frontiers (Part 1) 

Director, Business Strategy Future Frontiers (Part 2) 

2017 Secretary, Department of Industry, 

Innovation and Science 

Innovation Month 2017 Launch 

2018 Secretary, Department of the Prime 

Minister and Cabinet 

Innovation Month 2018 Launch 

Australian Public Service 

Commissioner 

State of the Service - What it means for a 

professional, contemporary Public Service (Part 1) 

Group Manager, Workforce 

Information 

State of the Service - What it means for a 

professional, contemporary Public Service (Part 2) 

As there is not always a close correlation between spoken language and behaviour, 

thematic analysis can be used as a process to find the relation between textual messages 

and resulting actions performed by speakers (Nathan and Thomas, 2012). This is 
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because thematic analysis of the content in archival records provides a unique 

perspective to help to better understand leaders’ perceptions regarding innovation.  

A multi-step, multi-phase approach was employed to analyse the archival records using 

thematic analysis, as recommended by Braun and Clarke (2006). The first step focused 

on data familiarisation to immerse the author in the data. To be included in the empirical 

data collection of the archival records, the recorded talks were viewed and reviewed to 

create transcripts. In addition to the primary qualitative data, the author also reviewed 

relevant secondary data, such as official reports and websites. The empirical data were 

collected to investigate the contextual phenomena. The transcripts, in conjunction with 

the documents, became part of the archival records which was uploaded to Nvivo. 

During this phase, these transcripts and documents were read without analysis or coding 

to gain a feeling for the content and obtain a sense of the whole (Bryman and Bell, 

2015). Notes and initial ideas were developed for reference during the theme scanning. 

The second step of the thematic analysis was initial coding. Both the transcripts and 

documents were imported into the QSR NVivo 11. This step involved searching for 

interesting features in the data by utilising the highlighting tool in NVivo to mark the 

text. The dominant words that emerged were coded in the NVivo nodes and sub nodes 

with annotations assigned to signify their importance for later analysis. Coding was 

conducted to analyse the content and text from every manuscript, particularly those with 

similar values, intentions, and meanings. At the same time as these words were grouped 

into codes during the text searches, preliminary extracts from the transcripts and 

documents were each assigned a name and a definition. A screenshot of a coding 

activity is shown in Figure 9.1. 

For third step in the analysis, the respective coded segments were scrutinised and 

aggregated to develop themes and subthemes. Interpretative analysis was conducted to 

understand the meaning, sense, and coherence of each theme and subtheme found in the 

archival records (Myers, 1994). An iterative process was deployed to confirm that there 

were no more potential themes and subthemes. This meant that the process reached 

theoretical saturation (Elison et al., 2014). 
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Figure 9.1 Screenshot of coding in NVivo 

In the final step, the list of possible themes and subthemes were revised and refined to 

ensure coherence within each theme and distinctness from other themes to confirm the 

criteria of internal homogeneity and external heterogeneity (Barnett et al., 2011). The 

themes and subthemes were reviewed by the author to ensure that interpretation bias 

was minimised. Each theme and its subthemes were discussed using the theoretical 

explanation and supported by quotations extracted from the transcripts. 

9.2 Public Sector Innovation 

Value creation in the public sector is much broader in scope than for private businesses 

(Kelly et al., 2002). Four types of values for the public sector are proposed by Bason 

(2010a): productivity, service experience, results, and democracy. The obstacle for the 

public sector is that value in all four categories has to be established simultaneously, 

without impairing the value of another. Thus, the special role and function of the public 

sector is subject to a democratic rule, in which democracy is the governing principle. 

Public sector innovation is considered a legitimate means to improve efficiency and 

effectiveness in government and respond to citizens’ increasing demand for better 

services. Public agencies are becoming key players in the adoption, invention and 

implementation of innovations (Borins, 2006). This means that innovation now plays a 

pivotal role in improving service quality (i.e. developing ways to address better social 

problems to meet the demands of citizens) and raising the productivity of the public 
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sector (i.e. increasing the efficiency and effectiveness with which budgets are spent) 

(Pärna, 2014). The following quote illustrate this:  

Innovation is not something you can set and forget. It’s something that we need to 

absolutely embed in the way we work. It shouldn’t be just seen as an add on to our 

normal processes and thinking, not just in the policy area but also in the service 

delivery, program management and regulatory area and you’d see in terms of, the 

deregulation agenda, I think the government in particular is looking at us to look 

at more innovative ways to solving problems rather than just coming up with 

regulatory responses. (Secretary, Department of Industry)  

Figure 9.2 illustrates the themes and subthemes that were revealed in the analysis of 

public sector innovation. 

 

Figure 9.2 Themes and subthemes for public sector innovation 
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9.2.1 Innovation characteristics 

Altshuler and Behn (2010) have asserted that most public sector innovations are based 

upon discovery rather than invention. These innovations are typically novel ideas learnt 

or borrowed from other organisations which are adopted as a solution to some long-

lasting problems within the organisation. Therefore, innovation in the public sector has 

long been considered ‘ad-hoc’ or even ‘non-existent’ (Bloch, 2010). Despite this 

perception, innovation in the public sector mostly occurs in terms of top-down and 

bottom-up approaches (Borins, 2006, Golembiewski and Vigoda, 2000). 

Ad-hoc basis: The relation between innovation and performance is often unclear in the 

public sector. Even though innovative projects are progressively stimulated in public 

sectors, they seem to be separated from routine works. Thus, an ad-hoc basis seems to 

be a characteristic of innovation in public sectors. One speaker indicated that an ad-hoc 

innovation was on the agenda at her agency. As she commented:  

Innovation in the APS is often patchy and undertaken on a somewhat ad-hoc 

basis. And we didn't actually take them to sit down and have a look at what we 

were doing in total to convince us that we were doing quite a lot of innovative 

things. (Director General, IP Australia) 

However, another speaker was more positive about this issue, offering the following 

solution:  

We've very much taken an approach which says innovations in our department 

should not be about extracurricular activity. It's not about sort of small projects 

off to one side, it's about our core work. (Deputy Secretary, Department of 

Industry, Innovation and Science)  

Top-down approach: This approach emphasises the leading role of top management 

who champion new ideas and support innovation. In addition, politicians also propose 

innovative ideas to spark media attention to their campaigns and to elicit the support of 

their constituents (Altshuler and Behn, 2010). The following two quotes illustrate the 

application of this top-down approach:  
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Each Department will clearly identify and support SES [Senior Executive Service] 

level champions, and my own Department's champion is at the deputy level. I'll be 

meeting with all the champions, straight after Innovation Month, to discuss how 

we can learn from each other, in helping to embed innovation, not just within our 

organisations, but across the APS. (Secretary, Department of Industry and 

Science)  

One of my roles is to chair the APS Innovation Champions, which is a group of 

SES [Senior Executive Service], get together once a month, to share what's going 

on in our respective agencies, to try and build some peer support around 

Innovation across the APS. And we also try to push along a few key projects. 

(Deputy Secretary, Department of Industry, Innovation and Science)  

Politics and the political process massively impact innovation in the public sector. The 

capability of a public department to organise budgets to achieve innovative goals 

directly relies upon how the department obtains political support from parliamentary 

processes for scrutiny (Golembiewski and Vigoda, 2000). The political shrewdness of 

civil servants can encourage innovation in their agency. These viewpoints are noted in 

the following: 

Now if you go to your boss and say, "I want to do this great, cool thing and it's 

going to be great and I'm going to go and work with all these other people. I'm 

going to spend lots of your money." Yeah, they're going to probably get a little 

nervous. If you say to him here's why this is going to be good for you, I want to 

make you look good, I want to achieve something great that's going to help our 

work, it’s going to help our area, it’s going to help our department, it's going to 

help our Minister. It aligns with all of these things; you're going to have a better 

chance of getting it through. (Director of Coordination and Gov 2.0)  

Bottom-up approach: Research on innovation in the public sector has shown that while 

elected officials and senior managers conceive and initiate many innovations (Kellough 

and Nigro, 2002), frontline employees are also a source of many innovative proposals 

because they ingest ideas from outside the organisation or generate novel ideas 

developed through experimentation, accidental occurrences, and other forms of 

experience (Borins, 2006). Moreover, public servants who initiate innovations were 
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more likely to be middle or lower-level bureaucrats in direct contact with clients rather 

than senior managers. Similarly, Borins (2006) has also found that frequent innovators 

in public sectors are career civil servants at the middle manager and frontline levels. For 

example, the following three quotes signal the importance of bottom-up innovation:  

We know, I guess as leaders in the public service that the ideas aren’t going to 

come from old us, old, crusty folk, they’re going to come from younger people and 

the next wave of reform is going to come from those that are down the hierarchy. 

(Secretary, Department of Industry) 

You really need to tackle innovation from the top down and then the bottom up. 

Innovation is not a seperate activity, it's actually the way you go about your day-

to-day job. (Director of Coordination and Gov 2.0)  

We're also mindful that of course you've got to have bottom-up approach too and 

many of the good ideas that you'll have about changing the way we deliver 

services or new policies or new ways of doing things will come from our staff. So 

we're developing what we're calling an ideas pathway for our staff. And of course 

we'll have an ideas management platform. (Deputy Secretary, Department of 

Industry, Innovation and Science)  

9.2.2 Typology of public sector innovation  

To illustrate public sector innovation in Australia, a taxonomy of innovation types in 

public services has been examined (Arundel and Huber, 2013, Windrum, 2008):  

Service innovation: The introduction of new services offered by public sectors to meet 

external users or market needs; an example is the new National Broadband Network, 

providing high-speed internet access most of Australia, and therefore enabling public 

sectors to improve the quality of an existing service product. The following quote 

illustrates:  

This move is aimed at lowering the barriers to entry for RSPs [Retail Service 

Providers] and we expect it to promote retail competition and service innovation, 

leading to flow-on benefits for consumers. The rebate will give [retail] service 
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providers a lower-cost opportunity to enter a geographic area, and build their 

customer base in the early days. (NBN Co, 2011, p.1). 

Service delivery innovation: A new or different way of providing a service, or 

collaborating with a client, for the goal of delivering specific public services. For 

example, the Australian Government Business website (business.gov.au) provides a 

single database for companies with access to online registration for services, smart 

forms, and various information, transactions, and services; thus companies can curtail 

transaction and compliance costs. As noted by one presenter:  

This whole of government service makes it easier for business to interact with 

government online and reduces government turnaround time and cost to process 

forms. I should give a plug to the team at business.gov.au who have developed a 

suite of free business-planning apps for iPad and Android to help Australian 

businesses, business owners develop business plans, marketing and emergency 

management plans. (Secretary, Department of Industry)  

Organisational innovation: Special approaches for changes to organisational structures 

and processes by which services are provided by front office staff, and front office 

services are supported by back office staff. For instance, IP Australia provides a new 

organisational approach to do their work by teleworking, rather than working full time 

in the office. This is explained by the following quote:  

IP Australia has been a public sector leader in introducing teleworking. 

Originally we do this in response to our inability to attract and retain patent 

examiners in key professionals. We established a work force of so-called out 

posted workers who live in locations all over Australia and undertake patent 

examination roles remotely. (Director General, IP Australia)  

Conceptual innovation: The development of new ways of looking at challenging 

problems and assumptions that underpin existing services. For example, the National 

Respite for Carers Program provides support for carers further to that provided directly 

to those who require care. For instance, O’connell et al. (2012 p.118) explained:  

Respite care is available Australia-wide and is primarily funded through the 

National Respite for Carers Program. There is a need to extend respite services 
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and consider more innovative, accessible and flexible models of respite care, for 

example, by developing holistic respite care centres that not only look after care-

recipients, but also offer services such as GP clinics. 

Policy innovation: A change to thinking or behavioural intentions related to a policy 

belief system. Shaping policy direction is the role of the public sector. Diffusion of 

policy innovations is encouraged by learning, public pressure or commands from 

executives (Berry and Berry, 2007). For instance, the Higher Education Contribution 

Scheme promotes entry to tertiary institutions for all students (including the 

disadvantaged), and also manages the revenue base for tertiary institutions. Marks 

(2009, p.1) illustrated that:  

Australia’s Higher Education Contribution Scheme (HECS) is an income 

contingent loan scheme, in which university students pay back part of the costs of 

their tuition after their post-university income reaches a certain threshold, is an 

important policy innovation for the financing of higher education.  

Systemic innovation: New or improved ways for parts of the public sector to operate 

and interact with stakeholders and knowledge bases, for example the establishment of 

Centrelink, which changed the means by which many government services were 

delivered to the public. As this presenter explained:  

We merged Centrelink, Medicare and Child Support, CRS Australia, Australian 

Hearing in one capability. Increasingly, my day job is all about change and 

integration and bringing the whole package together. We run a bunch of service 

centres across the country increasingly developing them as one-stop shops. 

(Deputy Secretary, Department of Human Services)  

These typologies of public sector innovation are wide and include dramatic service 

improvements to fully new methods to approach the way public services are delivered. 

Walker (2008) comments that in public sectors, the obligation to achieve multiple 

targets means that it is essential to be innovative across a variety of innovation types; it 

is implausible that aiming for just one type of innovation could result in accomplishing 

a number of, what are sometimes, conflicting goals. Damanpour and Schneider (2009) 

also support that innovation types tend to complement each other which improves 
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organisational performances. Different types of innovations should have different 

effects in the public sector, for example, a service delivery innovation could raise client 

satisfaction or decrease the time required to deliver a service, whereas an organisational 

innovation could improve efficiency. 

9.3 Drivers and Barriers to Innovation  

This section illustrates a first-hand, empirical view of drivers and barriers of innovation 

in the public sector, as shown in Figure 9.3. Quotations were utilised to interpret themes 

and subthemes which connect the findings to the original transcripts. 

 

Figure 9.3 Themes and subthemes of drivers and barriers 
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9.3.1 Drivers of innovation  

Innovation is no longer solely the realm of the private sector. It is also being 

progressively adopted in the public sector (Setnikar and Petkovšek, 2013). In the private 

sector, achievement is conclusively evaluated with a combination of increased revenue, 

profits, and shareholder value therefore innovation is essential (Bason, 2010a). While 

the public sector is not subject to this competitive pressure to innovate and it is 

unnecessary to earn and maximise profit, innovation has still become an area of 

increased importance. Bloch (2010) also maintains the conception that unlike in the 

private sector, where innovation is basically driven by the purpose of profit 

maximisation, public sector innovation focuses on maximising social welfare created 

through public investments. The drivers to innovation are referred as the factors which 

create the fundamental impetus for adoption and implementation of innovations 

(Damanpour and Schneider, 2009). Among the drivers of public sector innovation, the 

most important have been:  

Improve efficiency and effectiveness: Innovation must be implemented to improve 

efficiency and effectiveness, in order to increase public value (Langergaard and 

Scheuer, 2012). For instance, the Director General of IP Australia described: “Clearly, 

the application of new ideas and approaches, new technologies, and new systems of 

management that is innovation is essential to effectively making the challenges faced by 

the public sector and also to promoting Australia's general competitiveness and 

prosperity.” In addition, the Secretary of the Department of Industry indicated that the 

focus on efficiency of resources was on the agenda in public sectors and she 

commented: “I think in terms of innovation. It is absolutely a driver for productivity. 

The evidence is very clear. I think in terms of efficiencies in the public service, I think in 

the past, we’ve looked at doing the same with less [resources] in terms of efficiency”.  

The Australian Public Service Commissioner also informed the audience about the 

important initiative for improving efficiency and effectiveness in the APS: “The 

Secretaries Board has created the APS Reform Committee to provide a focus on APS-

wide initiatives that will work to achieve the objective of creating a more efficient, 

effective, productive and modern public service.” 

Reduce the cost of public services: Due to pressures on government revenues and rising 

expenses in areas of government service, substantial cost cutting must be accomplished 
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to manage rising debt levels (Bason, 2010a). The Director of Coordination and Gov 2.0 

stated that: “One of the main of pressures I've noticed on government of course is 

around resources. Everyone has less to do more.” The following quotes are also 

evidence of this view: 

It is our responsibility as public servants to be as efficient as we possibly can and 

cutting cost is a very real reason why we should be and needing to be innovative 

but innovation in that process that by definition is inefficient, any new idea or 

experiment may not work. (Secretary, Department of Industry)  

Innovation in the Australian Public Service is good for the budget bottom line – 

and it’s making things easier and better for the public we serve. (Secretary, 

Department of the Prime Minister and Cabinet) 

Increased complex challenges: The challenges for innovation in the public service are in 

contexts such as education, sustainability, and climate change where the quality of 

problem solving and institutional innovation has a primary impact on social, economic, 

and environmental capabilities (Kao, 2007). Moreover, stakeholders have a high level of 

interest in the effectiveness of the public sector and abstract social norms and objectives 

like safer roads, better public welfare and improved education. Thus, the public sector 

must cope with many stakeholders who may have contrary needs. Balancing the needs 

of various  stakeholders can  have ramifications for their actions, outcomes, and the 

degree of trust in the public sector (Pärna, 2014). As discussed by one of the 

participants:  

If government doesn't innovate, if we don't learn to be responsive and adaptive 

to what's happening in the world, then we make ourselves irrelevant. It's pretty 

simple, adapt or die. Without innovation without trying to do things better or in 

a completely different way, we are not going to move forward. (Director, Digital 

Transformation Office).  

Response to crisis: Innovation is often generated in the public sector in response to a 

crisis or some individual champions of a specific innovation (Eggers and Singh, 2009). 

For example, one presenter highlighted the importance of crisis as a driver for 

innovation: 
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That crisis, you know I like to think, our crisis in Health, in the last little while has 

been the co-payment. Very publicly and politically difficult but we now have some 

very, very interesting ways forward around Medicare more broadly, and Primary 

Health Care. And we would not, probably, have got that opportunity without a 

crisis of a kind that allowed us to really push the boundaries on getting some real 

changed thinking around Medicare and Primary Health Care. (Secretary, 

Department of Health)  

Rising demands of citizens: When comparing between service quality in the private and 

public sectors, the public sector’s lack of competitive pressure might not lead to 

incentives to improve service quality and respond to the demands of clients.  However, 

citizens demand not only high quality and more user-centric services from government, 

but also services designed and often delivered in collaboration with citizens and 

community sector partners (Bowden, 2005). As highlighted by the Director General of 

IP Australia: “Citizen expectations of public service quality have risen while at the 

same time there is an increasing pressure on public budgets for greater efficiency, 

productivity, and cost reductions. There is also increasing contestability in the 

provision of public services and even policy advice.” Similarly, the Director of 

Coordination and Gov 2.0 argued that: “A citizen today is able to engage and if you're 

not responsive to them, if government don't be agile and actually fill up a role then that 

void gets picked up by other people, so the internet society is a major pressure of the 

changing expectations of the public that we serve is a major pressure.” This key driver 

was also confirmed by these speakers:  

Really, it is a core function for all of us, and essential in terms of us meeting the 

demands of an ever hungry public for better Public Services. (Deputy Secretary, 

Department of Industry, Innovation, and Science) 

I think we have an opportunity to better understand citizen attitudes and 

satisfaction with the APS, and to contribute to a ‘citizen-centred’ APS culture. 

(Secretary, Department of the Prime Minister and Cabinet) 

9.3.2 Barriers to innovation 

It is significant also to highlight the barriers to innovation in the public sector which 

have to be addressed in order to maintain successful and systemic innovation. Barriers 
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to innovation are defined as impediments that delay agencies to adopt or implement 

innovations successfully (Demircioglu, 2017). Most barriers appear in the context of 

organisational, political, economical, and social aspects. Borins (2006) divides the 

barriers in public sectors into three groups: first, political barriers, arising in the political 

environment; second, internal barriers, arising within the organization; and third, 

external barriers caused by the external environment. The internal barriers include; a 

lack of sufficient human or financial resources, little management support, few 

incentives for staff, staff resistance and a risk adverse culture. The external barriers 

include; regulatory obligations and an ambiguous acceptance by clients. Based on 

thematic analysis of the presentation transcripts, the following factors function as 

significant barriers to innovation in the public sector:  

Risk-averse culture: The public sector is regarded as risk-averse (Koch and Hauknes, 

2005). The duty to maintain continuity and provide acceptable standardised services and 

accountability to citizens are subject to the possibility of political and media criticism 

when policies or programs seem unsuccessful (Mulgan and Albury, 2003). The negative 

ramifications of risk-taking in the public sector can be drastic and can include “political 

damage to the government, public criticism, possible legal consequences, diminished 

career prospects, and damage to personal reputation” (Management Advisory 

Committee [MAC], 2010, p. 30). Therefore, these reasons often lead to a culture of risk 

aversion which hampers innovation and again accentuates the need to deliberately 

manage innovation in the public sector. A number of speakers indicated that a culture of 

risk aversion is a major barrier for innovation:  

I think risk is one of the first things that comes to mind for many. The public 

service is often described as risk averse, yet risk is intrinsic part of innovation. 

(Secretary, Department of Industry)  

Our stewardship of critical public sectors services and activities rightly attracts 

close scrutiny by parliament, the media, and the public. And we operate to serve 

ministers in a political environment. Tolerance for risk and failure is limited. 

(Director General, IP Australia)  

The following comments made by one speaker, reflecting on conversations she has had 

with other civil servants, also illustrate risk-aversion:  
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The amount of people that have said to me, just quietly, small feedback up, Hey, 

we'd love to do that but we don't want to get any criticism. (Director of 

Coordination and Gov 2.0)  

Limited resources: In order to drive successful innovation implementation, 

organisations require human and financial resources. However, the APS has been 

confronted with skills shortages in their workforce and budgetary constraints, as 

reflected in this comment: “The APS faces discrete skills shortages; we have an ageing 

population and a fiercely competitive labour market. All of which are situated within a 

tight fiscal environment that continues to demand seamless service delivery.” (Group 

Manager, Workforce Information) 

Financial resources are also essential for innovative project development, testing, and 

implementation. Strict funding in public management is a vital issue caused by the 

alignment of centralisation and decentralisation doctrines and the aspects of power in 

regard to government level (Page, 2005). The public sector also has a duty to utilise 

resources effectively. Innovation is normally funded using budgetary slack or cost 

savings brought about by enhanced efficiency. However, the obstacle with these 

budgets is they are unpredictable (Borins, 2006). Moreover, innovation normally cannot 

break even within the short-term horizon. Thus, public servants hesitate to integrate 

innovation initiatives into resource planning due to concerns that such cost will be 

considered too risky and funds should be allotted to other items.  

However, one speaker put forward the view that limited resources were both positive 

and negative for innovation:  

Resources themselves can also have a positive or negative effect. Resource cuts 

can in fact stimulate innovation by requiring us to rethink how we can achieve the 

outcome with fewer inputs. Conversely in some cases innovation will require an 

investment of resources and it can be strangled if there are none available. 

(Director General, IP Australia)  

Overcoming limited resources could be achieved through the recommendation of one 

speaker: “Don’t let budget-constrained environments that many of us work in get in the 

way of you making change. Start small, pilot your ideas, but also keep the bigger 
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picture in mind. Be ready to scale up when the time is right.” (Director, Business 

Strategy) 

Failure of leadership: Organisational leadership plays an important role in facilitating 

innovation by creating a climate in which subordinates interact and operate as reflected 

in the comment of Secretary of Department of Infrastructure and Regional 

Development: “SES [Senior Executive Service] leadership is undoubtedly a key success 

factor. Engaging SES and requiring outcomes at that level is a challenge for me 

personally”. Top management commitment to organisational culture and attitudes 

toward innovation can be demonstrated by willingness to accept risk and advocating 

and rewarding innovative behaviour. Leaders must find mechanisms to encourage the 

generation, adoption, and implementation of innovations. For example, as noted in the 

following comment, the failure of leadership has been a vital barrier of innovation:  

The third pressure is upper management. They don't always get what we're trying 

to do. Let's be honest, right? (Director of Coordination and Gov 2.0)  

Nevertheless, frequent changes in organisational leaders occurring from the exchange of 

political forces or the end of terms of office are major barriers of innovation processes 

in the public sector. This phenomenon is called the ‘too many hats’ syndrome (Raipa 

and Giedraityte, 2014). Frequent leadership changes make it difficult to start innovative 

projects and drive change and innovation in the public sector (Hamson, 2004).  

Regulatory requirements: Approval processes in the public sector are heavily regulated 

by regulations and laws which can be embedded and burdensome. Activities in such 

organisations are also administrated by common, abstract, and clearly defined 

regulations and policies which exclude requirements for an issuance of specific 

mandates for each unique case (Merton, 1940). In order to be successful, innovation 

processes require ‘breaking the rules’ (Mulgan and Albury, 2003). In addition, many 

public sectors are confronted with legal requirements. More regulations do not 

automatically assure better discipline. Therefore, the red tape of the past should have no 

place in the innovative organisation. Instead, organisations need to ensure standards are 

up to date and provide appropriate regulations to enable ideas to be taken to citizens. 

The following quote illustrates this:  
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Inherit conservatism, rigid and opaque processes and structures that breed the 

culture of conformity and punish non-conformity. A closed internal focus which 

assumes all the answers must come from within. Our roles require a high degree 

of public accountability and thus working within a sometimes restrictive rules 

based framework is inevitable. (Director General, IP Australia)  

Few rewards or incentives: The public sector has generally had higher punishments for 

failed innovation than awards for successful ones. While public servants may attempt to 

be creative and innovative, there is scarce feedback on ideas. Innovative projects are 

rarely encouraged and there is a lack of recognition of innovators. In some agencies, 

processes or attitudes have a tendency to punish innovators by transferring the risk of 

failure onto them. Also departments seeking to generate innovation may have to fund 

the project internally. Although implementing innovation can reduce operating costs for 

organisations, the reward is often that their annual budgets are curtailed in next fiscal 

year. Moreover, if the innovation fails or does not prove to be efficient, the innovators 

are responsible for all the costs. Such experiences lead public servants to the perspective 

that any innovative initiatives are confronted with the risk of penalties (Management 

Advisory Committee [MAC], 2010). Another presenter expressed concern about there 

being few rewards for innovation in public sectors, leading to a belief that innovation is 

not valued in their organisations: 

Undertaking innovation in the APS has been described as long on risk and short 

on reward. There are those that say that the APS risk-reward trade off is currently 

low on risk and short on reward. To promote innovation, the staff need to 

understand that it is valued within the organisation. (Director General, IP 

Australia)  

Bureaucratic culture: Public sectors generally have bureaucratic structures. Bureaucracy 

relates to the precise separation of integrated activities regarded as responsibilities 

inherent in the department and hierarchical management based on supervisory 

relationships (Raipa and Giedraityte, 2014). Public sectors are also characterised by a 

bureaucratic culture, based on standardisation and formalisation of work processes. The 

bureaucratic culture is  also associated with a legal chain of command and this control 

could reduce and hinder the leeway for innovation (Evans and Burger, 2016). 
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Bureaucracies often restrain innovation because of their inherent proclivity toward 

regulation and certainty (Golembiewski and Vigoda, 2000). As one speaker from a high 

ranking position commented: 

I think the Secretaries' Group want to see new ideas not being put through big 

bureaucratic processes, but absolutely streamlined across the [Australian] 

Public Service, and that does, absolutely, require leadership, not just through 

Secretaries and SES [Senior Executive Service], but all of us, to help loosen, I 

guess, the bureaucracy and the shackles that seem to maintain a business as 

usual approach, and, if we don't keep up, then we become less relevant, too, as 

Agencies and the Public Sector. (Secretary, Department of Industry and Science)  

Hierarchy: Highly hierarchical organisations can thwart innovation in the public sector 

and senior officers may hold the opinion that innovation can result in threats to existing 

hierarchies. There is a perception amongst many public servants that seniority or 

position generally rules whose opinions are accepted or respected. A host of internal 

hierarchy horizontal constraints have a tendency to inhibit the interaction necessary to 

generate novel ideas and vertical barriers can hamper novel ideas from bubbling up to 

determination (Eggers and Singh, 2009). In hierarchical structures, novel ideas have to 

pass through many steps of approval processes (Management Advisory Committee 

[MAC], 2010).  

The Secretary of Department of Industry and Science emphasised hierarchy as the most 

critical barrier in public sectors: “A perennial feature of the public service is its 

hierarchy and the call of authority to those higher up. This might sound a bit strange 

coming from me as a Secretary, but I am all too aware that this sort of work culture is 

actually one of the biggest barriers to innovation, and I have said that in the past, in 

terms of the hierarchy being probably the biggest barrier to innovation across the 

Australian Public Service.” 

However, not every speaker viewed hierarchy negatively, with one speaker who took a 

more longitudinal and broader perspective, commenting as follows:  

Now, I know that people sometimes don't associate hierarchy with innovation, but 

I'm a great believer in hierarchy. I spent 22 years in the army with an 
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appreciation that sometimes you have to do what you're told. The advantage of 

hierarchy is that often it comes with relatively large spans of command, spans of 

control. Lots of people, people with lots of direct reports. Typically, the research 

shows you that between five and seven is the right number of direct reports that 

you can get. Now, what's the advantage of having seven direct reports as opposed 

to one or two direct reports? Bloody hard to micromanage seven people, and if 

you avoid micromanagement, you avoid the innovation-crushing way of telling 

people how to do things. (Chief Technology Officer, Department of Finance)  

In order to stimulate an innovative idea, flatter structures and more open, interactive 

processes should be established in the public sector.  

Silo effect: The public sector has a tendency to operate like a silo where each 

department has different duties and the authority to operate the duty. Initially, these are 

generated as a procedure to manage human resources and structural processes. 

However, the issue with silos is they can cause public servants to only concentrate on 

the definite mission involved with their agency. Generally, there is an implicit race 

between departments, especially where their duties overlap (Management Advisory 

Committee [MAC], 2010). These silos can be a significant barrier in terms of 

collaboration between each agency. The major obstacles to innovation result not from 

deficiencies of individual talent but from deficiencies of collaboration. As highlighted 

by one of the speakers:  

This massive barrier to doing the work of the public service better is systemic 

silos. This is how government sees government, a whole map of fiefdoms, of 

castles to defend, of armies that are beating at your door, people trying to take 

your food and this is just one department. We don't have this concept of that flag 

has these skills that we could use. These people are doing this project; here's this 

fantastic thing happening over there that we could chat to. We're not doing that 

enough across departments, across jurisdictions. So what's the solution? The 

solution is we need to share. (Director of Coordination and Gov 2.0) 

The public sector must disintegrate the silos that obstruct the flow of information that 

becomes knowledge, informed decisions and leads to results (Eggers and Singh, 2009). 

In order to solve the silo effect, the Secretary to the Department of Industry, Innovation 
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and Science suggested: “We must reset it, from one of silos to one of collaboration”. As 

explained by another speaker who believed that his agency had overcome the silo 

problem by idea sharing:  

We’ve committed to idea sharing by supporting a trial of a cross-agency platform. 

Increasingly, we are experiencing convergence of issues and the citizen's view 

and experience of government is not siloed, and nor will the solutions to their 

needs be. Silos are becoming less important, while integration and collaboration 

are becoming more so. (Secretary, Department of Industry and Science) 

9.4 Chapter Summary 

This chapter presented the details and results of the thematic analysis which was 

conducted to identify common themes from archival records related to innovation in the 

Australian Public Service (APS). Archival records consisted of recorded talks 

presentations by senior APS Managers in Innovation Month seminars from 2014 to 

2018 and other related official documents. The recorded and transcribed presentations 

were considered the primary qualitative data. The relevant secondary data, such as 

official reports and websites, was also reviewed. Archival records were thematically 

analysed to explore for themes and subthemes. An inductive approach used to code the 

text without using an initial a priori coding template. Four themes emerged from the 

analysis of the archival records: innovation characteristics, innovation typology, drivers 

of innovation, and barriers to innovation. The implications of the findings are discussed 

to suggest directions for further research on innovation in the public sector. 
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Chapter 10 Conclusion 

This final chapter presents the main outcomes and contributions of this research study. 

It also addresses the limitations and recommends directions for future research. In 

Section 10.1, the main objectives are recapitulated with the key outcomes related to the 

research objectives subsequently highlighted. This is followed by Section 10.2, which 

details the theoretical contributions to extend the existing body of knowledge and raises 

a number of methodological and practical contributions. Section 10.3 addresses the 

limitations of the study and suggests future research avenues. Section 10.4 recommends 

strategies to enhance innovation in the APS. Finally, section 10.5 provides the closing 

statements of the thesis. 

10.1 Research Goals and Outcomes 

The fundamental goal of this empirical study was to understand how the climate for 

innovation can foster workplace innovation, and subsequently, improve the career 

satisfaction of engineering professionals in public sector contexts. Increased 

understanding of these concepts could assist leaders in devising appropriate strategies 

and policies to foster workplace innovation and career satisfaction in their agencies. To 

achieve this overarching goal, a number of rigorous research activities were carried out. 

These activities, along with their associated outcomes, are summarised below. 

10.1.1 Establishing conceptual model 

Extensive literature was critically reviewed in Chapter 2. The aim of this chapter was to 

bring together some key contributions of previous literature related to innovation in the 

public sector. This chapter provides a comprehensive and structured perspective on how 

innovation in the public sector is theoretically understood and how much is known 

about the innovation process in practice. Relevant research and empirical studies were 

critically reviewed to establish a clear theoretical framework in which the conceptual 

model was formulated. The first objective was achieved by understanding the climate 

for innovation in public sectors. It also provided the basis for the development of the 

research methodology adopted for this study, which was presented in Chapter 4. 

The conceptual model derived from past literature illustrates the relationship between 

the key constructs, which constitute the climate for innovation and their roles in 
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determining innovation-related outcomes. An explanation of the model constructs, and 

the rationale behind their development has been provided. As presented in Chapter 3, 

the conceptual model was proposed to examine the relationship between the constructs 

in the innovation process. Socio-psychological factors, consisting of leadership for 

innovation and ambidextrous culture for innovation, have been determined as important 

components to encourage workplace innovation. Workplace innovation is also related to 

increased career satisfaction. Furthermore, the relationship between the two constructs 

of workplace innovation and career satisfaction can be further strengthened by 

psychological attachment to an organisation. The conceptual model illustrates the 

feasible relationships among these constructs. Overall, five hypotheses associated with 

the conceptual model were developed to test the conjectured relationships.  

The research approaches employed to conduct this study have been presented in Chapter 

4. A mixed method approach was employed to carry out this study. The approach was 

executed using a sequential explanatory design incorporating quantitative and 

qualitative analyses carried out in two consecutive phases within one study. The 

quantitative methods (e.g. structural equation modelling and Bayesian network) were 

conducted in the first stage, followed by the qualitative approach using thematic 

analysis.  

The data from a large survey of engineering professionals employed in various 

Commonwealth of Australia departments was adopted for the quantitative analysis. The 

descriptive analysis provided an understanding of the characteristics of the data 

obtained from 3,125 engineering professionals in the APS, as reported in Chapter 5. The 

data screening confirmed that there was no corrupted data, and thus it was appropriate 

for multivariate analysis. Furthermore, the analyis of variance (ANOVA) verified that 

the data could be used to represent a single dataset. Therefore, all cases were retained 

for the measurement scale analysis in the conceptual model assessment. 

10.1.2 Conceptual model assessment 

The validity and reliability of all the constructs in the conceptual model were confirmed 

in the exploratory factor analysis (EFA) and confirmatory factor analysis (CFA), as 

presented in Chapter 6. The EFA and the CFA found that each construct consisted of a 

two-factor structure. The leadership for innovation (LFI) is made up of two factors 
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including transformational leadership and consideration leadership. These findings 

highlight the role of transformational and consideration leadership as the most important 

predictors to determine the degree to which subordinates strive for creativity and 

innovation. In addition, the two factors extracted as characterising ambidextrous culture 

for innovation (ACI) were comprised of innovative culture and performance-oriented 

culture. These findings highlight the importance of embedding both practices into the 

fabric of an organisation’s culture to foster innovation. 

The two factors extracted to characterise workplace innovation included individual 

creativity and team innovation. Workplace innovation requires the generating force of 

both individual creativity and team innovation to create and implement new processes, 

products, services, and methods of delivery. Two factors were extracted for career 

satisfaction (CSF). The factor comprising meaningful work pertains to the amount of 

significance and positive meaning that employees perceive in their work. The factor 

comprising reward and recognition relates to incentive compensation mechanisms, 

which mainly covers two aspects: financial incentive (e.g., salary, welfare, and 

promotion) and non-financial incentive (e.g., feedback, challenging work, difficult 

goals, and job autonomy). The two factors extracted to characterise psychological 

attachment to an organisation were organisational trust and organisational identification. 

Both factors contribute to a stabilising force that connects individuals with 

organisations. 

Chapter 7 presented the results of the structural equation modelling (SEM) employed to 

examine the hypothesised relationships of constructs associated with the conceptual 

model. All the paths are evaluated by examining significance of parameter estimates to 

determine the fit of the structural model. Four hypotheses were supported due to the 

significant paths. The structural model indicates that two social psychological constructs 

(i.e. leadership for innovation and ambidextrous culture for innovation) influence 

workplace innovation which, in turn, would improve career satisfaction. Additionally, 

the new proposed path relationship from ambidextrous culture for innovation to career 

satisfaction shows a positively significant direct relationship. The second objective was 

completed by exploring the relationships through which socio-psychological factors 

affect workplace innovation and career satisfaction on the innovation process for 

engineering professionals in the APS. 
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This study also investigated the mediation effects within the structural model and 

revealed that the relation between leadership for innovation and career satisfaction 

involved simple mediation via the ambidextrous culture for innovation and workplace 

innovation constructs. In addition, the results revealed a sequential path from 

ambidextrous culture for innovation to workplace innovation as subsequent mediators 

between leadership for innovation and career satisfaction. This means that positive 

ambidextrous culture for innovation and workplace innovation sequentially mediate the 

relationship between leadership for innovation and career satisfaction. 

Instigating improvement strategies to improve career satisfaction via the key mediating 

factors, namely, culture for innovation and workplace innovation, within the public 

service context can be challenging since efforts must overcome the rigid status quo 

mentality of the APS. Nevertheless, even though leaders encounter pressure to deliver 

expeditious and measurable performance outcomes, changes to intermediate 

management factors are essential to achieving long-term impacts and, more efficient 

and effective public services (Moynihan et al., 2012). 

10.1.3 Hybrid SEM – BN approach 

The SEM model had a limitation in that all factors were treated as indicators 

representing latent constructs, so the developed model displayed only causal 

relationships between constructs. This limits the ability to further examine the roles of 

these salient factors, which are important in obtaining specific and meaningful insights 

inherent in the high-level constructs. To address this limitation, Bayesian network (BN) 

was conducted as an integrated approach for SEM to evaluate the interrelationships 

between the existing constructs at the factor level, as described in Chapter 8. Although 

SEM and BN have been widely applied individually in many research studies, few of 

these studies have linked both techniques in order to not only identify causal 

relationships, but also aid decision support functions. This study applies a theoretically 

based and empirically validated model from SEM to develop a factor-level BN. The 

study sought to improve current understanding of the innovation process within the 

APS. The BN was performed to assess and refine causal relationships between the 

factors identified in the empirical SEM model. The third objective was fulfilled by 

using the BN to analyse the variables at the factor level to reveal the pathways to 

desired outcomes and explain the priority and relationships among the factors. It 



199 

 

revealed critical insights into the specific factor-level mechanisms to enhance individual 

creativity, as well as reward and recognition within the APS. 

A sensitivity analysis was also conducted to identify which critical factor had the 

greatest influence on the individual creativity and reward and recognition. 

Transformational leadership was found to be the key factor to instilling individual 

creativity. The most significant factor affecting reward and recognition was innovative 

culture. After identifying these critical factors, a scenario analysis was adopted for 

achieving the fourth objective. It was used to develop policy tools for decision-makers 

and to formulate strategies to improve the innovation process in the APS. The BN was 

used for scenario-based simulations to conduct ‘what-if’ and ‘goal-seeking’ analyses. 

The importance of innovative culture was reaffirmed as the most influential factor on 

reward and recognition, as shown in the what-if analysis. Moreover, reward and 

recognition was best accomplished when efforts were combined to develop 

transformational leadership and instil an innovative culture. The goal-seeking analysis 

has shown that if the ultimate organisational goal is to optimise reward and recognition, 

then the first priority should be to instil innovative culture in the organisation. A second, 

and complementary, option would be to support managers to practice and develop 

transformational leadership in their workplace.  

10.1.4 Identifying the key drivers and barriers to innovation in the APS  

The participants for the qualitative thematic analysis were selected based on structural 

model which indicated that leaders influenced culture for innovation which, in turn, 

improved workplace innovation in the APS. Having conducted a comprehensive 

thematic analysis, as reported in Chapter 9, this study then identified how leaders 

viewed innovation in the APS. This phase of the study was undertaken to help achieve 

the fifth objective, which is to identify how senior APS leaders view innovation in the 

APS from different standpoints to gain insights from the unique vantage point of leaders 

in terms of the characteristics, typologies, drivers, and barriers. Thematic analysis 

revealed that the four key attributes typically associated with public sector innovation in 

the APS consist of innovation characteristics, typology of public sector innovation, 

drivers of innovation, and barriers of innovation. These themes have been defined, and 

descriptors assigned in this study.  
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There is a stereotypical view of the APS as being large bureaucracies which stifle 

innovation. Despite this perception, innovation in the APS does occur both in terms of a 

top-down approach and also a bottom-up approach. A consensus on the definition of 

innovation offers a way forward for the identification of innovation within the public 

sector context. For example, there is the opportunity to characterise innovation on the 

basis of whether civil servants bring forward new ideas which can improve the quality 

of their work. 

Innovation in the APS has rapidly increased due to a number of drivers such as the 

requirement for: improving efficiency and effectiveness; reducing the cost of public 

services; an increase in complex challenges; and the rising demands of citizens. This 

finding is consistent with Altshuler and Behn (2010)’s study which has also highlighted 

the critical roles of the rising expectations of citizens and dramatic cost-cutting agendas 

fostering innovation in public sector organisations. The public sector must implement 

innovation in response to the rising expectations of citizens who increasingly compare 

public services with improvements in service delivery accomplished in the private 

sector. In addition, governments generally aim to achieve dramatic cost cutting in order 

to manage rising debt levels. Given that citizens expect greater public sector efficiency, 

embracing innovation is a potential solution for this demand.  

This study also provides insights for the APS to focus on barriers to innovation in their 

workplaces. The qualitative findings revealed that the main innovation barriers 

highlighted by APS leaders were a risk-averse culture, limited resources, failure of 

leadership, regulatory requirements, and few rewards or incentives. Additional key 

concerns expressed by senior managers included hierarchy, bureaucratic culture, and the 

silo effect. The most significant barrier is a risk-averse culture, which is in line with 

Koch and Hauknes (2005) who have also concluded that the public sector is regarded as 

risk-averse. A potential solution could be adopting a risk management approach, as 

proposed by the Secretary of Department of Health: “We need to look at our risk 

management approach to support the growth in innovation within your organizations. It 

means we look at-risk, we understand it, we manage it, and we adapt ourselves to live 

within that framework.”  
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10.2 Study Contributions 

The completion of this thesis has contributed theoretical, methodological, and practical 

knowledge to the public sector innovation field. 

10.2.1 Theoretical contributions 

Scholars have long considered the relationship between organisational attributes and an 

organisation’s propensity to innovate (Kim and Chang, 2009, Damanpour and 

Schneider, 2009, Fernandez and Moldogaziev, 2013, Demircioglu and Audretsch, 

2017). This perspective is important because organisational attributes provide practical 

implications that can be immediately considered and applied to improve innovation in 

public sectors. However, there is a lack of research into the cause-and-effect 

relationships between these factors and innovation outcomes. The majority of studies 

treat organisational attributes independently, ignoring the possible combined effects (De 

Vries et al., 2016). In addition, most existing empirical studies on public sector 

innovation have been qualitative in nature, using a case-study approach (De Vries et al., 

2016). Therefore, more empirical research with quantitative evidence is necessary to 

increase theoretical understanding of how innovation outcomes can be enhanced. 

Specific contributions to the current research body of knowledge are explained below. 

The study provides empirical evidence that helps to unravel the relationships through 

which socio-psychological factors affect workplace innovation and career satisfaction 

on the innovation process for engineering professionals in the APS. This is highly 

significant because Hybrid SEM – BN approach could be used to address current 

shortages of engineering professionals in the Commonwealth of Australia departments. 

Researchers can benefit from integrating the strengths of SEM and BN. SEM provided 

an empirically validated model based on theoretical considerations, which was 

appropriate as a basis to develop a causal map. The BN was used to examine causal 

relationships between the factors identified in the empirical model. The BN was then 

applied for scenario analysis, which converted knowledge from the theoretical model 

into managerial actions. To the best of the researcher’s knowledge, this issue has never 

been empirically examined before in the APS.  
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This study fills the gap in the innovation literature by exploring the relationships 

through which socio-psychological factors affect workplace innovation and career 

satisfaction on the innovation process for engineering professionals in the APS. The 

findings emphasise the importance of Commonwealth departments providing 

opportunities for their engineers to engage in creative and innovative projects which 

enhance their professional career. The role of leaders seems to be the most significant 

antecedent of workplace innovation in facilitating the work environment for creativity 

and innovation (Damanpour and Schneider, 2009, Kim and Chang, 2009). This 

highlights that without effective leadership, which encourages and motivates employees 

to be creative with acceptable pressure of accountability, workplace innovation in 

federal departments is unlikely to occur. Leaders also act as champions to cultivate an 

ambidextrous culture for innovation in the public sector. This finding is consistent with 

other studies which highlight the significant role of leadership for innovation in 

fostering both innovative cultures and performance-oriented cultures in public sector 

organisations (Kim and Yoon, 2015, Lægreid et al., 2011). The indirect effect of 

leadership occurs by inducing a culture that fosters individual’s creative ideas and 

enables innovation implementation within a team. This demonstrates that leaders play 

an important role in setting appropriate organisational conditions for public sector 

innovation success. 

Given the scarcity of research on the benefits of workplace innovation, perhaps the most 

noteworthy of the findings from this study is that workplace innovation has a significant 

and positive impact on career satisfaction. These findings reveal that engineers in the 

Australian Federal departments regard perceptions of workplace innovation as essential 

for a more satisfactory career. For engineers to acquire positive feelings about their 

jobs, it is necessary to cultivate work environments which encourage innovation and 

allow them to apply their creative abilities. The empirical evidence shows ambidextrous 

culture for innovation is reflected by the combination of innovative culture and 

performance-oriented culture exerting influence through career satisfaction. Engineers 

who work in an innovative culture where they are given opportunities to use a high 

degree of creativity and innovation to respond to challenges and resolve problems in 

today’s fast changing situations can satisfy their career goals. This is in line with 

previous finding, in the public sector, engineers who believe performance-oriented 
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culture is highly valued in their organisation are more likely to have greater career 

satisfaction (Yang and Kassekert, 2010). 

10.2.2 Methodological contributions 

This study made several contributions to the body of knowledge related to research 

methodology by not only adopting a quantitative-dominant mixed method approach, but 

also by employing integrated methods used for a deeper understanding of the impact of 

socio-psychological constructs on workplace innovation and career satisfaction. The 

methodological contributions of this thesis include: 

 Opportunities for replicating large data sets that have already been collected by 

government are starting to emerge. This study proposes the use of secondary 

large data sets in public management studies which can be replicated to 

determine if similar patterns of results are obtained in different institutional 

contexts. 

 This study introduced a bootstrapping method which was conducted to assess 

the precision gained from the structural model and underlying data. 

Bootstrapping resamples the empirical distribution by randomly drawing 

multiple subsamples of the same size. The bootstrapping procedure was also 

used to determine the mediation effects for all pathways in the structural model. 

 The study adopts an archival analysis which is an unobtrusive method to explore 

organisational topics that are difficult to study because of access issues. The 

archival analysis was utilised to obtain a better understanding and explain the 

current phenomena of innovation in the APS. 

10.2.3 Practical contributions 

The value of any academic research can be determined by practical contributions that 

impact on the real world (Elbanna, 2013). Accordingly, this study provides practitioners 

valuable insights and implications for organisations in general, and public sectors in 

particular. There are two sets of implications from this study.  

Firstly, if organisations wish to encourage innovation among employees, they need to 

promote an innovative culture. One way to promote a culture of innovation is through 

deliberate knowledge sharing (Mura et al., 2013). This involves organisational practices 
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for the exchange of information and sharing ideas and suggestions, both within teams 

and across team or departmental boundaries (Elrehail et al., 2018). When such practices 

are encouraged among employees, groups, and within the organisation as a whole, they 

lead to the generation of new ideas that are useful for developing new business 

opportunities (Lundvall and Nielsen, 2007, Heffner and Sharif, 2008).  

Within organisations, the implementation of ‘slack innovation programs’ can stimulate 

creativity (Rahrovani et al., 2018). To do this, organisations must provide time, 

technology, and resources for individuals or teams to work on creative ideas and turn 

them into innovative products. Among private sector firms, Google’s ‘20% rule,’ which 

allows employees to work with anyone they choose on new ideas for 20 percent of their 

working hours, has reportedly led to the development of Gmail, AdSense, and Google 

Earth. However, Rahrovani et al. (2018) claim that such programs work best for 

employees who are experts in their job area and who see themselves as innovative. It is 

important to identify these employees and allow them the freedom and resources to be 

innovative. In public service organisations, the pressure to be accountable for resource 

use would make it difficult to employ slack resource programs (Glor, 2014). However, 

it is still possible to empower employees to identify problems in current processes and 

suggest their own solutions to these problems. This is especially the case for service 

delivery where managers can support and reward employees for improvements they 

make (Fernandez and Moldogaziev, 2013). The current research shows that reward and 

recognition are influenced by high levels of innovative culture. 

A second major practical implication of this study is that if organisations wish to 

promote an innovative culture and encourage creativity among employees, they need to 

promote the use of transformational leadership at all levels of the organisation. 

Transformational leadership is enacted through a set of behaviours, which are said to be 

assessable and learnable (Bass and Riggio, 2006, Parry and Sinha, 2005). As well as 

selecting transformational leaders as much as possible, organisations could look to use 

developmental approaches for existing managers who are judged to have leadership 

potential. Although there has often been cynicism around the effectiveness of leadership 

training programs, Kelloway and Barling (2000) argued that if training focused on 

producing small, sustainable changes in leaders’ behaviour then this would impact on 

subordinates more effectively. They believe the key to successful training programs is 
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having leaders develop concrete action plans with challenging, specific, and achievable 

goals.  

Others have pointed out the importance of combining structured training with 360-

degree feedback and coaching or mentoring (Day et al., 2014). The term 360-degree 

feedback means that feedback comes from multiple sources (e.g., subordinates, peers, 

superiors, clients, suppliers, other stakeholders) who can assess a leader’s behaviour 

based on their own interactions with the leader (Atwater and Waldman, 1998). These 

people provide confidential ratings on the degree to which the leader demonstrates the 

behaviours expected for transformational leaders. The results are fed back to the leader 

by a leadership or executive coach who then helps the leader to set goals for improving 

in the areas they were rated poorly. On-going coaching or mentoring (ideally across 

several months) then supports the leader to gradually change their behaviours 

(Kelloway and Barling, 2000). For example, the Multifactor Leadership Questionnaire 

(MLQ) is an instrument that is commonly used to assess transformational leadership 

(Bass and Bass, 2009). It allows assessment of what is known as the “Full Range 

Leadership” (FRL) model: Five dimensions of leadership behaviours that fall under 

either transactional (day-to-day leadership that focuses on managing and rewarding 

performance) or transformational leadership (future-oriented leadership that inspires 

followers to give their best).  

As the present study found that perceptions of reward and recognition occur when there 

is both transformational leadership and an innovative culture, it is recommended that 

strategies to improve both should be used together.   

This study recommends government agencies implement practices that provide working 

environments that promote creativity and innovation and in turn, strengthen the career 

satisfaction of engineering professions in the workplace. This study also examines 

human resource (HR) strategies that can be implemented to address the shortage of 

engineering professionals in the APS. Based on the findings of this thesis, the 

recommendations for senior managers and engineers are provided below. 

Overall, the findings emphasise the importance of Australian Federal departments 

providing opportunities for their engineers to engage in creative and innovative projects 

which enhance their professional careers, for example, roles involving new product and 
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strategy development, service improvement, and technical innovation. The structural 

model developed in this study could be used to underpin the implementation of a 

coherent and comprehensive approach to address current shortages of engineers in the 

APS. In response to engineer shortages, agencies have adopted retention strategies 

including monetary incentives, professional development opportunities and well-being 

programs. While these can increase retention, there is still a lack of effort to build career 

satisfaction and increase recognition of an individual’s expertise and contribution to 

their department. Career dissatisfaction can be a contributing factor for engineers to 

leave the public sector (Engineer Australia, 2012, Yates, 2012). 

Commonwealth departments have experienced problems retaining engineers due to a 

lack of opportunities to work on innovative projects, which leads to low career 

satisfaction. Therefore, creating a work environment which fosters innovation and 

allows engineers to utilise their creative abilities is important. For supervisors, it is 

important to focus on higher levels of the ambidextrous culture for innovation and 

workplace innovation constructs which relate positively to career satisfaction. This 

means facilitating an ambidextrous culture for innovation and workplace innovation in 

their agencies. To do this, supervisors need to encourage an innovative and 

performance-oriented culture to inculcate an ambidextrous culture for innovation. For 

example, supervisors should allow for some acceptable level of error, give room for 

individual ideas, and encourage experimentation with different ideas to facilitate an 

innovative culture. In addition, it is also important to provide a performance-oriented 

culture by monitoring and controlling goal attainment, setting standard procedures, and 

adhering to plans and specifications. Given that a positive attitude towards workplace 

innovation is important for career satisfaction, it is necessary to promote a work 

environment in which engineers can test ideas, reflect on lessons learned, share ideas 

and knowledge, implement analytical problem solving skills, and develop innovative 

ideas in their engineering work. Successfully implementing these strategies could 

improve workplace innovation and career satisfaction which would increase recognition 

of an engineer’s contribution to their agency, thus retaining and advancing in-house 

engineering expertise. 

Prior to this study, the State of the Service Series Report 2013-2014 was the first and 

only time the measures of transformational leadership were tested and reported across 
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the APS (Australian Public Service Commission, 2014b). The APS Commission has 

since discontinued studying transformational leadership in subsequent studies with no 

stated reasoning. However, this study found evidence of the importance of 

transformation leadership and suggests that APS could encourage the management to 

consider adopting a transformational leadership style. 

Transformational leadership can be successfully developed through a process which 

utilises a combination of feedback, structured workshops, mentoring, and coaching. 360 

degree feedback is important to identify shortcomings in leader behaviour, and can 

improve leader self-awareness (Day et al., 2014). It is recommended that the FRL model 

be incorporated into APS management training and development programmes. The FRL 

model makes the point that managers do not have to be ‘perfect’ leaders who 

demonstrate total transformational leadership. What is required is a change in the 

balance of leader behaviours away from transactional leadership and more towards the 

transformational leadership style (Kirkbride, 2006). Originally, transformational 

leadership was expected to be distinct from, and more effective than, reward or 

transaction-based leadership, where leaders seldom advised subordinates, and instead 

concentrated on awarding and penalising designated actions (Barbuto, 2005). However, 

empirical findings have consistently suggested that because employees have 

transactional needs, transformational leaders should augment their use of beneficial 

transformational behaviours by also implementing a transactional leadership style which 

offers rewards as a path to increase performance (Bass and Riggio, 2006, Oberfield, 

2012). This study also recommends that before implementing innovative projects, 

government departments should recruit supervisors who have a transformational 

leadership style. This recommendation requires the APS to change its recruitment, 

selection, and promotion processes. Such change could be achieved using the MLQ to 

assess leadership behaviours and provide incentive mechanisms which encourage 

managers to adopt a transformational leadership style (Bass and Bass, 2009). 

In terms of organisational culture, the APS currently applies the performance culture 

model to identify and explain different cultures within an agency. The model proposes 

that such cultures vary along four dimensions for organisational performance: task, 

innovation, process, and people (Australian Public Service Commission, 2014b). In 

2014, the APS performance culture profile, across all agencies, showed that the greatest 
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emphasis was placed on process and task. The innovation dimension showed the lowest 

score, reflecting employee perceptions that innovative culture was the least emphasised 

dimension across the APS.  

This study has shown that it is essential for the APS to encourage and sustain an 

innovative culture. To achieve this, the APS can use the Innovation Quotient instrument 

developed by Rao and Weintraub (2013), which consists of six factors: values, 

resources, behaviours, processes, climate, and success. This instrument can assess how 

employees perceive the presence of innovative culture. Emphasis should be given to the 

three critical areas of values, behaviours, and climate particularly, as these are the 

factors most often neglected and least frequently measured in organisational culture 

(Danks et al., 2017). Leaders can use the Innovation Quotient assessment results to 

identify the strengths and weaknesses of these factors within their organisation. 

Although most leaders want to immediately fix organisational weaknesses, the best 

strategy to promote an innovative culture is to focus on strengths, start small, and 

leverage successes into a broader transformation over time. This can be achieved by 

transformational leaders who inculcate innovative culture in order to foster individual 

creativity and fulfil employee perceptions of reward and recognition. 

Innovation significantly contributes to improving conditions for both industry, and 

society as a whole, and the engineering profession is considered a key driver of 

innovation (Ulijn and Fayolle, 2004, Williamson et al., 2013). This is because engineers 

play a vital role in the creation, development, and generation of new technical 

knowledge (Menzel et al., 2007).  

Australian Federal departments employ engineers to perform in-house engineering 

functions, tasks, and projects; to plan, develop, and maintain public works and 

environmental programs; to maintain the mission and services legislatively mandated 

and to manage and oversee work contracted to private engineering firms. 

Commonwealth departments that engage engineers to handle and improve current 

activities, and at the same time provide the engineers with  sufficient innovative 

capacity to anticipate possible problems, can make changes to ensure effective 

outcomes and develop new solutions through innovative behaviour. The significant 

element for this approach is creativity.  
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In many circumstances, engineers work under rigid rules where progress is controlled 

by strict schedules and conformity is a type of behaviour that is rewarded. However, 

despite this perception of limited creativity, most engineering work is inherently 

creative since it requires the synthesis and application of various concepts to generate an 

outcome that is substantially different. Engineers must use both their intuitive and 

analytical problem solving skills to synthesise and execute new solutions which 

demonstrate their innovation ability to ensure that they are involved in the initial stages 

of projects through their implementation stage. Therefore, to fulfil this role, the 

development of creative proficiencies as an element of engineering capacity is 

imperative and pivotal to produce innovations. 

10.3 Study Limitations and Future Research Directions 

While this thesis follows rigorous research methodologies and provides both theoretical 

contributions and managerial implications. The findings should be interpreted in light of 

some limitations associated with the study. These limitations, along with the 

recommendations for future research directions, are presented as follows: 

 Most of the questionnaire items were self-reported by the survey respondents 

and based on each individual’s perceptions which means the results may be 

considered subjective. However, the possibility of self-reported bias does not 

appear to influence the research outcomes due to evidence of construct validity 

between the variables. Future research could address the issue of self-reported 

bias by using objective measures which can generate more rigorous analyses. 

 

 The study used cross-sectional data from one survey and as a result, may 

introduce spurious relationships among the constructs and the potential for 

common source bias. Nevertheless, Harman’s single-factor test indicated no 

single factor underlying the data; therefore, the common method variance did 

not seem to be a critical issue. In addition, for future research, a longitudinal 

research design, where data is collected at different points in time, should be 

employed to consider the ‘time’ factor, which is an important element in the 

innovation process.  
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 In this research study, the confusion matrix was used to determine the predictive 

correctness of the BN. Future research should compare prediction outcomes of 

the BN with back-propagation neural networks (BPN) or classification and 

regression trees (CART). This comparison study could discover network 

architecture with the most accurate prediction. 

 

 To qualitatively validate the conjectured relationships in the structural model, 

interview-based data collected from case studies should be conducted by future 

researchers to verify identified relationships as a complementary perspective on 

the development of the arguments and explain how and why particular factors 

impact innovation process in the public service. 

 

 The limitation of the thematic analysis carried out in this study is that the 

recorded archival evidence was based on the perceptions and personal opinions 

of the individual speaker and may not reflect the perceptions of others. Future 

studies might use questionnaire surveys to identify the most significant drivers 

and barriers in the APS. The themes could be given to audiences in 

questionnaire format to determine if the audiences have the same perceptions. 

 Although this PhD study was limited to Federal Government and the results 

were restricted to the strategies regarding innovation within the APS. However, 

the results of the findings and the insights are crucial, so they appear applicable 

to other contexts. It would be useful to broaden scope to state and local 

governments. Federal Government heavily regulates state and local 

governments. Thus, engineering tasks are more structured and rule oriented. The 

future work should study which factors are important for engineers to develop 

innovation in the state and local governments under legislative constraint from 

Federal Government 

 This study uses data from the Australian Public Service which has 

predominantly an Anglo-Saxon culture, so some of the results may not be 

generalisable to eastern countries which have been exposed to Confucian values. 

Future research may implement the developed model to perform a comparative 

analysis between countries operating in these two circumstances, to compare 
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results and to gain insights into the innovation process in both eastern and 

western contexts. 

10.4 Closure 

This research study was conducted to provide an empirical examination of the 

innovation process in public sectors. This study draws on the perspectives of engineers 

in the APS as key informants. The study was motivated by concerns about a shortage of 

engineering professionals in Commonwealth departments. In an attempt to shed 

additional light on this issue, the study developed a Hybrid SEM – BN approach as a 

decision support framework. SEM was employed to study the influence of climate for 

innovation, consisting of leadership for innovation and ambidextrous culture for 

innovation, on workplace innovation and career satisfaction. BN was developed based 

on an empirically derived structural model. The model applied scenario analysis to 

determine the best combination of managerial actions for enhancing career satisfaction. 

Finally, this study conducted thematic analysis from the messages given by leaders to 

determine how they regard an innovation agenda for the APS. The findings revealed 

leaders’ perspectives about key drivers and barriers to innovation. This thesis is unique 

in the sense that it integrates novel approaches based on both quantitative and 

qualitative research methods. 

This study advances theoretical knowledge in the realm of public sector innovation and 

improves empirical understanding of the innovation process. Based on the research 

findings, this study provides new empirical evidence about the impact of leadership 

style and organisational culture on workplace innovation and career satisfaction in the 

APS. By putting forth models to depict pathways how career satisfaction can be 

enhanced, this study recommends strategies for Commonwealth departments to address 

current shortages of engineering professionals. 
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Appendix A 

Scale Items 

Constructs 

A: Leadership for Innovation (LFI) 

A1. Your immediate supervisor’s action motivates people. 

A2. Your immediate supervisor’s action encourages innovation. 

A3. Your immediate supervisor’s action develops people. 

A4. Your immediate supervisor’s action achieves results. 

A5. Your immediate supervisor’s action cultivates productive working relationships. 

A6. My supervisor is open to new ideas. 

A7. My supervisor communicates effectively regarding business risks that impact my 

workgroup. 

A8. My supervisor is accepting of people from diverse backgrounds. 

A9. My supervisor works effectively with people from diverse backgrounds. 

A10. My supervisor is committed to workplace safety. 

A11. My supervisor treats people with respect. 

B. Ambidextrous Culture for Innovation (ACI) 

B1. In my opinion, my agency prioritises developing new ideas, thus employees are 

encouraged to make suggestions. 

B2. In my opinion, most managers in my agency are people who encourage innovation. 

B3. Internal communication within my agency is effective. 

B4. Change is managed well in my agency. 

B5. In my opinion, my agency emphasises innovation, thus finding new solutions to 

problems is important. 

B6. My workplace provides access to effective learning and development (e.g. formal 

training, learning on the job, e-learning, secondments). 

B7. In my opinion, most managers in my agency are people who make sure procedures 

are rigorously followed. 

B8. In my opinion, my agency emphasises delivery, thus completing tasks is important. 

B9. In my opinion, most managers in my agency are people who ensure their team 

delivers. 

B10. In my opinion, my agency prioritises achieving goals, thus work must be 

completed to a high standard. 

B11. In my opinion, my agency emphasises procedure thus delivering standardised 

services is important. 



241 

 

Constructs 

C. Workplace Innovation (WIT) 

C1. In my current job, I am able to explore new ideas about how I do my job. 

C2. I believe I would be supported if I tried a new idea, even if it may not work. 

C3. In my current job, I have the time to explore new ideas about how I do my job. 

C4. In my work group, I feel comfortable to voice an opinion that differs from my 

colleagues. 

C5. People in my work group analyse their work to look for ways of doing a better job. 

C6. Employees in my team believe that improving the quality of our work is our 

responsibility. 

C7. The people in my work group work together to improve the service we provide. 

D. Career Satisfaction (CSF) 

D1. My job gives me a feeling of personal accomplishment. 

D2. I enjoy the work in my current job. 

D3. My job gives me opportunities to utilise my skills. 

D4. I am fairly remunerated (e.g. salary, superannuation) for the work that I do. 

D5. I am satisfied with the opportunities for career progression in my agency. 

D6. I am satisfied with my non-monetary employment conditions (e.g. leave, flexible 

work arrangements, and other benefits). 

D7. I am satisfied with the recognition I receive for doing a good job. 

D8. In general, employees in my agency feel they are valued for their contribution. 

E. Psychological Attachment to an Organisation (PAO) 

E1. I have confidence in the processes that my agency uses to resolve employee 

grievances. 

E2. In general, employees in my agency appropriately assess risk. 

E3. My agency genuinely cares about employees being healthy and safe at work. 

E4. In general, employees in my agency effectively manage conflicts of interest. 

E5. My agency supports employees who are injured or become ill due to work. 

E6. My agency is committed to creating a diverse workforce (for example gender, age, 

cultural background, disability status, Indigenous status). 

E7. My agency has procedures in place to manage business risks. 

E8. I feel a strong personal attachment to my agency. 

E9. I am proud to work in my agency 

E10. When someone praises the accomplishments of my agency, it feels like a personal 

compliment to me. 

E11. I would recommend my agency as a good place to work. 
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Appendix B 

Descriptive Statistics of scale items 

Variable Missing  Mean SD Skewness Kurtosis 

A1 0.8% 3.51 1.04 -0.64 -0.07 

A2 0.9% 3.57 1.01 -0.67 0.14 

A3 0.6% 3.57 1.03 -0.71 0.12 

A4 0.6% 3.80 0.91 -0.91 0.96 

A5 0.6% 3.71 1.00 -0.86 0.43 

A6 0.2% 3.85 0.88 -0.97 1.26 

A7 0.4% 3.72 0.99 -0.83 0.43 

A8 0.4% 4.09 0.72 -0.79 1.69 

A9 0.3% 3.96 0.77 -0.85 1.75 

A10 0.3% 4.12 0.69 -0.85 2.18 

A11 0.3% 4.03 0.87 -1.25 2.20 

B1 0.3% 3.25 1.02 -0.31 -0.34 

B2 0.9% 3.04 1.01 -0.14 -0.39 

B3 0.4% 2.98 1.05 -0.26 -0.73 

B4 0.5% 2.82 1.05 -0.07 -0.73 

B5 0.3% 3.33 1.00 -0.30 -0.31 

B6 0.3% 3.53 1.03 -0.84 0.18 

B7 0.7% 3.66 0.94 -0.59 0.28 

B8 0.3% 3.94 0.86 -0.78 0.76 

B9 0.9% 3.71 0.89 -0.66 0.63 

B10 0.2% 3.85 0.89 -0.72 0.56 

B11 0.4% 3.62 0.92 -0.55 0.24 

C1 0.6% 3.73 0.88 -0.93 1.07 

C2 0.5% 3.59 0.98 -0.70 0.20 

C3 0.6% 3.12 1.08 -0.31 -0.67 

C4 0.6% 3.89 0.88 -1.18 1.77 

C5 0.5% 3.69 0.82 -0.68 0.61 

C6 0.4% 3.82 0.70 -0.70 1.39 

C7 0.5% 3.76 0.84 -0.87 1.08 
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Variable Missing  Mean SD Skewness Kurtosis 

D1 0.40% 3.65 1.00 -0.87 0.41 

D2 0.10% 3.91 0.86 -1.08 1.56 

D3 0.30% 3.80 0.95 -1.08 1.08 

D4 0.20% 3.22 1.10 -0.44 -0.69 

D5 0.40% 2.52 1.17 0.22 -1.03 

D6 0.30% 3.89 0.89 -1.13 1.60 

D7 0.20% 3.23 1.10 -0.44 -0.58 

D8 0.30% 3.16 0.96 -0.45 -0.41 

E1 0.50% 3.22 1.00 -0.49 -0.23 

E2 0.50% 3.61 0.82 -0.84 1.02 

E3 0.30% 3.72 0.94 -1.00 -1.09 

E4 0.60% 3.48 0.85 -0.75 0.71 

E5 0.60% 3.78 0.83 -0.85 1.41 

E6 0.50% 3.65 0.83 -0.62 0.91 

E7 0.80% 3.58 0.79 -0.78 1.14 

E8 0.20% 3.62 0.96 -0.71 0.23 

E9 0.20% 3.81 0.86 -0.81 0.94 

E10 0.40% 3.44 0.93 -0.50 0.00 

E11 0.30% 3.42 1.03 -0.66 0.00 
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Appendix C  

Appendix C-1. Bootstraping using AMOS 
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Appendix C-2. User-Defined Estimands 
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Appendix D 

Appendix D-1. BN States in Netica 
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Appendix D-2. Conditional Probability Table 
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Appendix D-3. Sensitivity Analysis 
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Appendix D-4. Confusion Matrix 

 




