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Abstract

This thesis empirically examines patterns of complementarity between organisa-

tional practices, and their impact on a firm’s pursuit for technological innovation.

Tests for complementary effects, derived from the concept of supermodularity, are

conducted on firm level panel data drawn from the ABS Business Characteristics

Survey. The results confirm that organisational innovation is imperative for pro-

viding the right conditions to encourage product and process innovation activity in

small to medium enterprises. However, I find limited evidence for complementarities

between organisational practices. This is regardless of whether the firm generates

new goods and services, or operational processes. Interestingly, the benefits of

additional innovations for product innovation generally demonstrate a concave

relationship, while for process innovation, the relationship is ambiguous.
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Chapter 1

Introduction

The role of innovation in strategic planning is growing in importance as business

environments become more competitive. Highlighted by Porter (1990) as one of

the cornerstones of global competitiveness, innovation refers to the improvement or

introduction of any new goods, services, operational and management practices. It is

a complex system influenced by many inter-related factors such as institutions, laws,

incentives and customs. Understanding the intricacies and interactions between

each element is crucial for firm resource optimisation. However, many innovation

studies tend to be one dimensional, exploring individually determinants such as

firm size and type, technological opportunities and competition (Cohen and Levin,

1989; Encaoua, Hall, Laisney, and Mairesse, 2013; Freeman, 1990; Kleinknecht and

Mohnen, 2001). Fewer have exploited the complex nature of innovation by analysing

relationships between innovation practices. They fail to capture this greater system

and the available synergies.

In this thesis I examine how a firm’s tendency to become a technological innovator,

either through new products or processes, alters by adopting complementary

organisational innovation practices. Product innovation refers to the creation of

new goods or services, such as the latest iPhone model or a new type of bank

account. Process innovations include improved production processes and support

activities for goods and/or services. On the other hand organisational innovation

encompasses “the implementation of a new organisational method in the firm’s

business practices, knowledge management, work-place organisation or external

relations that has not been preciously used by the firm” (OECD, 2005). It involves

managerial initiatives such as new ways of organising work responsibilities, incentive

schemes or sharing knowledge between co-workers. I also analyse the impacts of

firm and market orientation, which are traditional determinants of the uptake in

technological innovation.

This paper is primarily motivated by the idea that a deepened understanding of

links between practices allows policy makers to design improved policies targeted at

nurturing innovation in Australian businesses, thus ensuring that desired objectives

will be achieved (Mohnen and Röller, 2005). My research will also enable firms to
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better understand how to allocate limited resources efficiently towards innovation,

and to achieve their highest levels of productivity possible. Effective innovation

contributes heavily to productivity with long lasting effects, and has historically

been a crucial determinant in predicting the longevity of organisations (Ancona and

Caldwell, 1987).

If complementarity exists between two practices, the benefit of adopting one

practice increases if the second practice is adopted as well (Milgrom and Roberts,

1995). The cumulative effect is greater than the summed effect of each individual

practice, leading to economies of scope (Baumol, Panzar, Willig, Bailey, Fischer, and

Fischer, 1988).1 Firms who introduce synergistic organisational innovations should

theoretically have a competitive advantage not only over non-innovative firms, but

also those who adopt a narrow approach by implementing singular practices. Teece

(1986) proposes that the ability to implement strategic and complementary assets,

such as organisational practices, is necessary to support technological innovation,

sustained firm performance, and market share.

Despite acknowledgements about the role and contribution of organisational in-

novation, there is a noticeable lack of empirical research in this area. The current

innovation literature is quite limited with a heavier focus on technological innovation

practices.2 These generate new goods, services, and operational processes. The

industrial organisation, strategic management and innovation literature[s] which

have studied the impact of organisational methods on technological innovation,

have done so in a narrow manner. They tend to focus on the impact of each

OECD category of organisational innovation separately. For example, Alegre,

Sengupta, and Lapiedra (2013) explore the role of knowledge management and

product innovation within the high-tech, small to medium enterprises (SMEs)

industry. Furthermore, research which does realise synergistic effects within each

type of organisational innovation tend to focus on external relations (Arora and

Gambardella, 1990), new workplace organisation (Ichniowski, Shaw, and Prennushi,

1997), and human resources management (Laursen and Mahnke, 2001), neglecting

other forms.

1Economies of scope refers to a proportionate saving gained from producing two or more distinct
goods. The cost of doing so is less than that of producing each separately. Economies of scale
however simply refers to the proportionate savings gained from increased production.

2Studies examining complementarity in technological innovation include between process
and product innovations (Miravete and Pernias, 2006), labour skills and innovation strategies
(Leiponen, 2005), information technology, workplace organisation, and product and service
innovations (Black and Lynch, 2001; Bresnahan, Brynjolfsson, and Hitt, 2002; Caroli and
Van Reenen, 2001), various obstacles to innovation (Galia and Legros, 2004), and government
innovation policies (Mohnen and Röller, 2005).

3



My study contributes to the current innovation literature by considering whether

combined innovation in knowledge management, business practices, workplace

organisation and external relations induces firms to innovate through new products

or processes, to capture complementary effects.3 This knowledge is important as

the OECD’s four categories of organisational innovation have rarely been studied

together to identify potential synergies. Identification of these internal factors is

fundamental to understanding a firm’s innovative process.

Secondly, as a replication of Caroline Mothe, Uyen T. Nguyen-Thi and Phu Nguyen-

Van’s 2015 paper, my paper tests for the general robustness of a previous model

which captured this phenomenon. Their data is drawn from the 2008 Luxembourgish

Community Innovation Survey conducted by the Luxembourg Institute of Socio-

Economic Research. My study’s use of panel data, as opposed to their use of a

cross-sectional dataset, allows me to examine inter-relationships between types of

innovation in greater detail and capture any time effects. I further extend their

research by examining a wider range of industry effects, such as the agriculture and

mining, rather than simply focusing on the manufacturing and service sectors.

Finally, to my knowledge, this is the only paper which examines interactions

between organisational innovation practices adopted by Australian SMEs. Even

though studies examining data in other countries exist (Mothe, Nguyen-Thi, and

Nguyen-Van, 2015), there is merit in analysing innovation activity in the Australian

landscape. While all countries are essentially attempting to maximise profit, it

certainly does not imply that all will choose the same set of policies to achieve

this. Reasons can be attributed to country and industry specific factors such as

institutions, history, customs, norms and technologies. These may influence the

choice for different national innovation policy choices.

In this thesis I apply the ‘adoption’ approach to detect the presence of complementar-

ity and substitutability within organisational innovation. Alongside the ‘production

function’ approach, it is one of the main econometric methods used by previous

research in this area of study. It allows me to test the proposition where firms which

are able to exploit new organisational practices, arranged in a strategic and holistic

manner, are encouraged to adopt higher levels of technological innovation.

To precisely measure the presence of complementary effects between organisational

3These are the four categories of organisational innovation as identified by the OECD’s 2005
Oslo Manual.
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methods, I perform tests derived from the idea of supermodularity and submodular-

ity as a formal model of complementarity (Milgrom and Roberts, 1995; Topkis, 1998).

Supermodularity is the mathematical equivalent to the idea of complementarity,

examining the marginal returns from the implementation of additional practices.

This notion has been applied in economics and management to develop the notion

of Edgeworth complementarity.4 It also offers an explanation for the transition of

Fordist firms initially focused on mass production, to lean and flexible organisations.5

Previous studies using such tests have suggested firm performance improves if the

practices align. Further implementation of organisational practices should not be

pursued if this strategic design is not met (Milgrom and Roberts, 1995).

Overall, my results provide some important evidence for interactions between organ-

isational practices. I find that the presence of organisational innovation practices

does influence a firm’s propensity to engage in product and process innovation. The

benefits from inventive managerial initiatives produce a firm environment conducive

to a firm’s creative ability. I also identify mixed complementary and substitutability

effects between pairs of all four OECD categories of organisational innovation:

knowledge management, business practices, workplace organisation and external

relations. The patterns of complementarity vary according to scenario and type

of technological innovation. These findings are best considered from the resource

based view of the firm — in the sense that a firm can create sustainable competitive

advantage by identifying complementary practices and applying such combinations

(Amit and Schoemaker, 1993). These results hold across a number of alternate

econometric specifications, further highlighting the complexity of the firm innovation

system, and the importance of understanding their interaction effects for an optimal

design.

The remainder of the paper is organised as follows. In the next chapter I

provide a brief review of past innovation literature most relevant to my research

question. Chapter 3 details my set of hypothesis for the relationship between

organisational innovation practices. Chapter 4 presents the paper’s empirical

strategy, describing data from the ABS Business Characteristics Survey and

introducing my methodology for testing complementarities. My results are presented

in Chapter 5, and then their implications are discussed and compared with previous

literature in Chapter 6. Finally, I conclude in Chapter 7.

4Edgeworth complementarity exists if two goods consumed together result in positive utility.
5Fordist firms refer to often large businesses concentrated on the mass production of

standardised consumer items, with standardised assembly line techniques. It thrived off the scale
of production, and resulted in the big production of goods found convenient to make rather than
answering consumer needs.
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Chapter 2

Literature Review

2.1 The Traditional Determinants of Technological

Innovation

The interest in innovation has continuously grown since Schumpeter’s release of The

Theory of Economic Development in 1911. Often dubbed as the ‘father of creative

destruction’, his influential work highlights the central role of innovation on economic

development.6 He also makes a distinction between product and process innovation.

Product innovation refers to the introduction of ‘a new good or of a new quality

of good’. Process innovation is the introduction of ‘a new method of production’

of producing goods. This perspective has led to subsequent research focusing on

product and process innovations as the primary sources of technological change, in

both economic growth and firm competitiveness (Damanpour and Aravind, 2006;

Edquist, Hommen, and McKelvey, 2001; Utterback, 1994). Moreover, Schumpeter

(1942) establishes two key determinants of technological innovation: firm size and

market competition.

Schumpeter hypothesised that a continuous and positive relationship exists between

firm size and the intensity of innovation activity. Although there are have

been disagreements over the interpretation of Schumpeter’s proposition, Bound,

Cummins, Griliches, Hall, and Jaffe (1982) find that the frequency of innovation

adoption initially drops before rising again as firms grow.7 Acs and Audretsch

(1987) suggest that this relationship also depends on industry conditions and the

prevalent market structure. Their study of American firms from ‘innovative’ and

‘highly innovative’ industries demonstrates that large firms are more innovative in

concentrated industries with high barriers to entry. Innovation in smaller firms

however, thrives in less concentrated and mature industries. Dorfman (1986) finds

similar results in the computer and semiconductor industries. Cohen, Levin, and

Mowery (1987) argue that once industry effects are controlled for, firm size does not

6This was a term coined by Schumpeter (1942) which refers to the relentless product and process
innovation mechanism where new production units replace those outdated.

7Fisher and Temin (1973) argue that Schumpeter was referring to innovation output rather than
the number of practices adopted under the research and development (R&D) phase. Markham
(1965) also suggests that most empirical studies test this proposition rather than Schumpeter’s,
which is different and stronger.
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significantly affect innovation adoption.

Schumpeter also postulates that a firm’s incentive to innovate is driven by the market

power the firm expects to gain through innovation. A majority of studies concerned

with this issue do confirm that as market concentration increases, so too does the

investment in R&D. Scherer (1980) argues that those who do not face competitive

pressures develop a bureaucratic inertia that discourages the creation of new ideas.

A few papers further find that the validity of Schumpeter’s proposition depends

on industry characteristics. In a previous work, Scherer (1967) demonstrates that

the statistical significance of market concentration weakens with the inclusion of

industry dummies. Scott (1984) and Levin, Cohen, and Mowery (1985) find similar

results when accounting for industry conditions.

Firms with international market operations are also expected to gain from the foreign

market knowledge spillovers and greater competitive pressures, which stimulate

higher innovation activity levels than comparable non-exporters (Boone, 2000;

Grossman and Helpman, 1991). Costantini and Melitz (2008) demonstrate that

in anticipation of trade liberalisation, firms may bring forward the decision to

innovate so as to gain success and remain competitive in the export market. In his

study of Australian firms, Tuhin (2016) finds that the largest quantitative impact

of exporting is on the creation of new goods and services. It is further argued that

firm innovation and export activity are mutually driven processes. Product, process

and organisational innovation can also create export opportunities and determine

entry into foreign markets or expansion.

In their 1989 review of past innovation literature, Cohen and Levin determine that

the industry effects on innovation uptake are driven by three main explanatory

variables: product market demand, technological opportunity, and appropriability

conditions. Schmookler (1962, 1966) shows that the level of technical and scientific

knowledge, and cycles of output in downstream industries pushes a growth in

patents. Walsh (1984) presents a similar pattern in the chemical industry, finding

that major innovations create the incentive for growth in innovative production

trends. Cohen and Levin (1989) suggest that the two drivers of inter-industry

demand differences affecting these incentives are market size and the price elasticity

of demand.

It is often thought that industries with cheaper input prices are better equipped to

innovate with ease than others. Cohen et al. (1987); Levin et al. (1985) and Cohen

and Levinthal (1989) are able to find that technological opportunities stemming
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from scientific backgrounds and extra-industry knowledge have significant effects on

the tendency to innovate. These variables are also able to explain a large portion

of inter-industry variance in innovation intensity. Cohen and Levin (1989) suggest

that governments may affect opportunities directly through funding, and indirectly

through regulation. The presence of spillovers is also proposed as deterrent for firms

to invest in innovative activities, as they are able to share in the benefits of another’s

investment.

The cost and ease of transferring and utilising new knowledge from its creator

explains a significant fraction of the variance in innovation uptake between

industries. Patents are one such solution for firms. In the case of imperfect

appropriability they restrict an invention’s use. Mansfield (1986) and Levin,

Klevorick, Nelson, Winter, Gilbert, and Griliches (1987) both find that the use

of patents varies by industry according to the ease and returns from finding ways

around the restriction, and the clarity of defence against infringement.

2.2 The Relationship Between Organisational

Innovation and Technological Innovation

While research into organisational innovation has increased over the last decade,

literature exploring its role and characteristics has been scarce. This has been

particularly so with regards to empirical research. Most of the focus in innovation

research has also been on technological innovation. Recognition of the importance of

organisational practices as a distinct type of innovation has been partially triggered

by the release of the OECD’s 2005 Oslo Manual. In this manual they separate

organisational innovations from product, process and marketing innovations. As a

result, the potential role of new organisational practices in fostering technological

innovation has typically been considered only recently.

As an early study of this relationship, Teece (1986) provides a theoretical framework

which identifies the factors determining which firms benefit most from pursuing

innovation. His emphasis focuses on complementary assets as a fundamental

factor of success. The successful commercialisation of innovation relies upon other

capabilities and assets. Knowledge sharing and effort coordination capabilities

offered by organisational innovation are imperative. The greater the synergies are

between organisational and technological innovation, the greater the value of their

new products and processes. These views are also shared by Stieglitz and Heine

(2007), who discuss the complexities of implementing management which creates

and maintains these interdependent complementary assets. Due to their firm-specific
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nature, Hamel (2006, 2007, 2009) describes organisational innovation as one of the

most sustainable sources of competitive advantage for firms.

Postulating that the rates of adoption between technical and organisational

innovation are distinct, Damanpour and Evan (1984) and Damanpour, Szabat,

and Evan (1989) adopt an organisational lag model to study innovation systems

in public libraries in the United States. They study rules, procedures, roles and

structure related to the communication and exchanges between staff members and

environmental changes, as well as amongst themselves. The results show that efforts

in technological innovations for a given period tend to be triggered by the adoption

of organisational practices in previous periods, more so than the reverse. They

explain that this is due their origination. With their main concern being overall

performance, organisational innovations tend to begin near the top of the hierarchy,

with their effects trickling down. On the other hand, technological innovations are

usually from professionals lower in the hierarchy. As such, management controls

the conditions and culture which can foster innovations from the technical core.

More importantly, they conclude that a balanced rate of adoption between both

innovations is most effective in generating higher levels of performance.

Gunday, Ulusoy, Kilic, and Alpkan (2011) posit that organisational improvements

influence the creation of technological innovation by creating a nurturing firm

environment. However it does so to varying degrees between new practices associated

with products and processes. Using a sample of European manufacturing firms,

they demonstrate that a higher level of organisational innovation induces a higher

frequency of new processes. The same can not be concluded with confidence for

product innovations. It is also established that organisational practices hold a direct

and significant role in determining a firm’s innovative capabilities and performance.

Camisón and Villar-López (2014) also confirm Damanpour and Evans results in more

recent times. They find that organisational innovation practices are directly linked

and act as an enabler of technological innovation. Studying industrial companies

in Spain, it is shown that the impact of organisational innovation is direct and

positive on process innovation. Similar to Gunday et al. (2011), the impact on the

development of new goods and services is lower, mitigated by the presence of process

innovation. Furthermore, their results support the idea of having balance between

the two approaches to technological innovation.

Evangelista and Vezzani (2010) explore potential industry effects on such a

synergistic innovation system. Examining innovations adopted by businesses in
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Italy, their evidence suggests that technological innovations are more important for

the manufacturing sector whilst service firms favoured organisational innovations.

However, those who experienced better economic performance were firms who

utilised a complex and systemic innovation program combining both types of

innovation, regardless of their industry affiliation.

2.3 Complementarities Between Organisational

Innovation Practices

Within the limited empirical research in organisational innovation, a few studies

explore synergistic effects from the co-adoption of complementary organisational

practices. However most of these papers are limited, choosing to focus on a single

OECD category of organisational innovation. These studies span across a variety of

countries and industries.

Workplace practices are integral to a firm’s productivity, determining factors such as

operational efficiency and employee culture. Ichniowski, Shaw, and Prennushi (1997)

analyse the productivity effects of workplace policies in American steel finishing

firms. They compare firms which use a set of innovative work practices to those

who select a more traditional approach. Using a fixed effects model, potential

complementarity effects between new practices are identified. Those who implement

more of these policies are found to experience higher levels of productivity. These

results are independent of the inherent quality of managers, effects from threats of

job loss, wages and time varying determinants.

Adopting a similar approach, the complementarities between different organisational

workplace practices are further explored by Cappelli, Neumark, et al. (2001). They

consider a larger set and combinations of new work practices utilised by American

manufacturing establishments. Interactive effects are also found to be existent

between some innovations. However, it is found that certain combinations give

at best a weak empirical case for increased gains in technical productivity, echoing

a similar vein of thought by Gunday et al. (2011) and Camisón and Villar-López

(2014).

Laursen and Mahnke (2001) examine the presence of synergistic relationships

between human resource management practices within Danish service and manu-

facturing firms. They present combinations of such practices as the co-ordination

mechanisms of knowledge creation, ultimately determining the value of firms.

The choices of practices adopted are found to be contingent on the type of firm
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and knowledge strategies they utilised. By controlling for these differences, they

demonstrate that all practices identified as potential candidates were pairwise

complementary, although to varying strengths.

To achieve superior performance, firms rarely operate solely by themselves. Instead

they rely on a network with members such as suppliers, distributors and other

businesses with whom they share knowledge and collaborate with. In their 1990

article, Arora and Gambardella consider complementary external relation practices

within such networks between chemical and pharmaceutical producers in America,

Europe and Japan. Identifying four strategies characteristic of the biotechnology

industry, they find positive correlations between all pairwise combinations regardless

of country and firm size. They argue that technical progress arises within inter-

dependent organisations and command complementary resources.

As discussed before, potential synergies between the OECD’s four categories of

organisational innovation have rarely been studied together. Mothe et al.’s 2015

paper is an exception. In their pioneering study, they consider the relationship

between knowledge management practices with business practices, workplace or-

ganisation and external relations. Studying manufacturing and service firms in

Luxembourg, their results demonstrate that complementarity and substitutability

between categories is subject to whether the firm is a product or process innovator.

Complementary pairs also exhibit an increased probability to innovate in the

technical core. Furthermore they are able to test that these patterns depends on

whether the firm was in the R&D stage, or a later phase in its innovation process,

such as commercialisation.
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Chapter 3

Theoretical Background and Hypothesis

Development

3.1 The Resource Based View Model

The proposition that complementarity effects exist between organisational innova-

tion practices is reflective of the resource based view (RBV) of a firm. Formalised

by Barney (1991), this influential theoretical framework offers an understanding

into how firms pursue and sustain their competitive advantages, and why they may

perform differently.

Here, a firm is modelled simply as the combination of its available strategic resources

and capabilities. How the firm chooses to exploit these is deterministic of its

ability to achieve sustainable competitive advantages (Amit and Schoemaker, 1993).

Resources refer to stocks of available factors under a firm’s ownership or control.

Other assets, including organisational practices, must transform these to create the

final goods or services. A firm’s skill in deploying these resources determines their

capabilities to perform essential tasks (Lin, McDonough, Lin, and Lin, 2013).

Under this model, a firm’s resource profile determines its strategies and growth,

acting in a similar manner to entry barriers under the ‘positioning’ school of

thought (Wernerfelt, 1984).8 Firm heterogeneity derives from resource heterogeneity.

Organisational practices which are firm-specific, socially complex and causally

ambiguous can offer firms a source of sustainable competitive advantage because

they are inimitable resources.

3.2 Hypothesis Development

In their 2015 paper, Mothe et al. (2015) concentrate on the synergies between

knowledge management and the other three organisational practices. Knowledge

— defined as the insight about customers, product, process, faults and successes —

is a valuable resource. It is argued to be core to a firm’s innovative capabilities. As

such, Mothe et al. (2015) apply the knowledge based view (KBV), an extension of

8See Porter’s Five Forces (1980).
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the RBV, to develop their hypotheses.

The KBV proposes that the most strategically important resource for a firm is

knowledge (Grant, 1996). Knowledge is built from a variety of sources including

databases, shared experiences, best practices, and internal and external sources. It

is also embedded in entities such as the organisation’s employees, culture, routines,

policies, systems or documents (Mothe et al., 2015). All these are aspects are

influenced by external relations, workplace organisation and business practices.

Knowledge management refers to the creation and application of this accumulated

intelligence within the firm (Spender, 1996). The process of knowledge management

is dynamic. After being acquired, this knowledge must be assimilated and then

dispersed within the organisation, before being applied or transformed into the

production of new or improved products and processes. It is the ability to apply the

insight effectively which is most important. Favourable conditions for progress can

then be built, creating inimitable resources and a sustainable competitive advantage.

Due to its dynamic nature, if knowledge management practices are conducted

effectively with the other organisational practices, a firm’s knowledge absorptive

capacity can be strengthed and achieve higher performance. Specifically, Mothe

et al. (2015) present: external relations as the mechanism to acquire knowledge, the

workplace organisation for the comprehension and firm wide dispersion of knowledge,

and business practices for the materialisation and application of knowledge. An

effective knowledge management system would support these practices. Leonard-

Barton (1992) further highlights the importance of simultaneously implementing

such practices to enhance a firm’s ability to acquire, reconfigure, integrate, and use

knowledge.

External relations enable a firm to attain external intelligence about their current

operational system or new methods to analyse and interpret information, whether

old or new. Sources may include external consultants, professional associations,

clients and suppliers. The value of firm knowledge may also rely on the learning

activities of other players in the field (Cohen and Levinthal, 1990). Prime examples

include interfirm co-operative agreements such as joint ventures, strategic partnering

agreements, and networks. Such collaborations between businesses enable the

exchange of one another’s know-how to achieve their common goals more effectively.

R&D outsourcing is another example. This is where firms may leverage the expertise

of other organisations to conduct R&D for their clients.
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Under the KBV model, external relations are tools to access knowledge for

redistribution throughout the firm using existing resources, thus enhancing in-

novative capabilities. Cassiman and Veugelers (2006) demonstrate that given

the appropriate conditions and combination of diverse innovation activities for

an adequate knowledge management system, the marginal return from internal

innovation increases with the intensity of R&D outsourcing. To access knowledge

complementary to existing operations, firms must also form relations with partners of

an appropriate fit (Miotti and Sachwald, 2003). As such, Mothe et al. (2015) believe

that external relation practices may support superior knowledge accumulation and

thus, product and process innovation. They hypothesise:

Hypothesis 1: Knowledge management and external relation practices are com-

plementary and positively associated with technological innovation when they are

combined and simultaneously implemented.

A firm’s workplace organisation influences its ability to then make the acquired

information useful, to interpret and scatter it throughout the entity. These practices

tend to be closely related to formal and informal human relations, as well as

the design of the firm. Initiatives such as teamwork, integration, a decentralised

hierarchy, and new decision making policies, facilitate the amount of knowledge

shared and transferred to other business units. New information in the hands

of different teams can create a variety of new ideas and ventures. Doing so also

allows the firm to access insight from their own employees, integrating perspectives

on the same fragment of knowledge (Zahra and George, 2002). This process

will transform and refine a firm’s repository of knowledge, removing redundant

and outdated portions. The organisation’s structure must also ensure that the

interactions between the senders and receivers of new knowledge overlap to some

degree (Grant, 1996).

As another mechanism under the KBV model, workplace organisation practices may

be bolstered by an effective knowledge management system to transfer intelligence

between departments to build technological innovation. Jaspers, Prencipe, and

Ende (2012) argue that organisational structures which support frequent exchanges

between specialists, timely decision making and conflict resolution are likely to

benefit pursuits for innovation. As such, Mothe et al. (2015) believe that innovative

workplace practices may support superior knowledge integration and thus, product

and process innovation. They hypothesise:

Hypothesis 2: Knowledge management and workplace organisation practices are
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complementary and positively associated with technological innovation when they

are combined and simultaneously implemented.

A firm’s choice of business practices impacts the application and effect of refined

knowledge, when the knowledge has been transferred and implemented into

the operations of business units. Examples include lean management, process

re-engineering and supply chain management. All these practices relate the

development of concrete techniques aimed at improving existing processes (Li,

Tarafdar, and Subba Rao, 2012). They improve a firm’s efficiency and effectiveness

at producing final goods or services, or even improved alternatives (Spender, 1996).

Utilising the KBV approach, knowledge management and business practices rein-

force one another to achieve innovation. This relationship can be bi-directional.

Using total quality management systems as an example, some authors argue

that knowledge management practices acts as an enabler (Honarpour, Jusoh,

and Md Nor, 2012; Hung, Lien, Fang, and McLean, 2010), whilst others argue

that it is the reverse (Linderman, Schroeder, Zaheer, Liedtke, and Choo, 2004).

Nevertheless, the co-integration of these two practices increases knowledge creation,

fuelling innovation and organisational performance (Loke, Downe, Sambasivan, and

Khalid, 2012). With regards to supply chain management, efficient knowledge

management contributes to firm creativity and innovation in rapidly changing

environments (Sambasivan, Loke, and Abidin-Mohamed, 2009). As such, Mothe

et al. (2015) believe that innovative business practices may support superior

knowledge application and thus, product and process innovation. They hypothesise:

Hypothesis 3: Knowledge management and business practices are complementary

and positively associated with technological innovation, when they are combined and

simultaneously implemented.

As a small extension of the propositions put forward by Mothe et al. (2015),

I further propose that complementarity also exists between business practices,

workplace organisation and external relations. Organisational practices reflect very

closely a firm’s ability to apply knowledge effectively, and to create new products

and processes. Using knowledge as the link to explain the relationships between

practices, I retain the RBV and KBV models to examine sources of sustained

competitive advantage.

Innovation capabilities depend proportionally on the ability to apply and organise

a repository of new and existing knowledge. In line with the KBV, a strategic
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management system which coordinates between business practices and workplace

organisation should facilitate the ease of transferring assimilated knowledge to its

exploitation, and thereby increasing firm efficiency. The effectiveness of business

practices may be stimulated through workplace initiatives such as learning by doing,

or teamwork.

The competence theory of the firm extends the RBV, postulating that a firm is

more successful if it is in the position to use its resources in an efficient and

effective manner (Freiling, 2004). Workplace organisation practices seek to foster

high performance, whereas business practices originate from a cost management

perspective. Following the competence theory, these two organisational innovation

practices should therefore reinforce one another to create favourable conditions for

knowledge transfer and competitive advantages.

For example, the interactions between business practices and the workplace organ-

isation can be captured in complementarities within human resource management.

Practices such as quality circles may be considered as business practices, whereas

practices like the function integration, interdisciplinary workgroups, job rotation

programs, and responsibility delegation contribute to the workplace organisation.

Laursen and Foss (2003) find synergies exist between these initiatives. Beckmann

and Kuhn (2010) show a complementary relationship between decentralised systems

of task allocation and decision making, and the upskilling of employees. In

circumstances where business practices associated with measuring sales performance

or important non-selling activities, Holmstrom and Milgrom (1994) find that a

workplace organisation which offers a complementary incentive program consisting

of modest commissions, firm ownership of customers and restrictions on employees

selling to other firms, is the most effective in raising performance. As such, I

argue that the simultaneous implementation of innovative business practices and

workplace organisation supports greater levels of product and process innovation. I

hypothesise:

Hypothesis 4: Business practices and workplace organisation are complementary

and positively associated with technological innovation, when they are combined and

simultaneously implemented.

The development of business practices is concerned about re-engineering processes

and knowledge management across internal units and external partners. How firms

choose to apply knowledge can be derived from new methods of optimising and

exploiting existence knowledge, or adapted from other parties. The intelligence
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acquired from external sources expands a firm’s knowledge base, overcoming resource

constraints and building their innovation capabilities. Studies conducted by both

Vasudeva and Anand (2011) and Zhang, Shu, Jiang, and Malter (2013) highlight

the role of insights from alliances in the creation of organisational knowledge and

innovation. In turn, policies determined by a firm as best practice may influence how

a firm strategizes its portfolio of partners such as clients and suppliers. Realising

the benefits of acquiring external intelligence, an effective set of business practices

would encourage relationships with parties of the right fit. As such, I argue that the

simultaneous implementation of innovative business practices and external relations

supports greater levels of product and process innovation. I hypothesise:

Hypothesis 5: Business practices and external relations are complementary and

positively associated with technological innovation, when they are combined and

simultaneously implemented.

When finding partners of the right fit, the investment could be costly. First firms

must search the extensive market for potential candidates, and then enter into

bargaining talks to ensure both sides achieve their objectives, before making the

final decision and accepting the alliance. To ensure that these relations are fruitful,

the firm must then incur ongoing policing and enforcement costs for as long as the

partnership exists. To justify incurring these costs, firms must take full advantage

of their partner’s insight.

Using the transaction cost approach to the theory of the firm, it is thought that those

who maintain an active portfolio of external partners should be organising their

innovation systems efficiently using existing resources.9 Workplace organisation

practices are one such resource. Under the KBV model, a workplace organisation

conducive to breaking down, transforming and deploying external knowledge will

spur a firm’s innovation capability. As such, I argue that the simultaneous

implementation of innovative workplace organisation and external relations supports

greater levels of product and process innovation. I hypothesise:

Hypothesis 6: Workplace organisation and external relations are complementary

and positively associated with technological innovation, when they are combined and

simultaneously implemented.

9Transaction costs refer to the cost of providing a good or service through the market, rather
than being provided through the firm. The transaction cost approach categorises the portion
of a firm’s total costs incurred when organising all information processes required to coordinate
employees and machines used to conduct primary activities. All other costs would be production
costs. This theory was developed by Coase (1937).
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Chapter 4

Empirical Strategy

4.1 Methodology for Testing Complementarities

Complementarity refers to the existence of system effects. It is the idea where

investment in one practice, increases the value of adopting another. Ideally, the

simultaneous implementation of synergistic organisational practices should be more

valuable than if implemented separately. I will determine whether the adoption of

different combinations of organisational practices encourages firms to adopt product

and/or process innovations as well. By comparing the impacts of these alternative

combinations, I will be able to identify an indication of their complementarity effects.

4.1.1 An Initial Test of Complementarity: The Mundlak

Random Effects Model

Following Mothe et al. (2015), the first stage analysis will focus on the relationship

between a firm’s propensity to innovate through either products or processes and

the four different practices of organisational innovation. Specifically I am comparing

the impact of different combinations of these four practices, on a firm’s choice to

innovate. However, Mothe et al. (2015) captured this impact on the joint probability

of adopting both technological practices. Due to software restrictions, I am unable

to follow their use of a bivariate probit modelling approach.10 Instead, I will focus on

individual estimations for product and process innovations. Although, panel data is

available and so in this dimension my analysis will extend the cross-sectional work

of Mothe et al. (2015).

It is also reasonable to think that the proportions of firm characteristics observed in

this sample are representative of the larger SME population in Australia. For this

reason a random effects probit modelling approach is adopted. This method allow

me to estimate the probability to innovate through product or processes, assuming

10The ABS Remote Access Data Laboratory (RADL) system, through which data from the BCS
has been made available through, only offers the Stata10 software program. The ABS RADL
system prevents the installation of any external package, and Stata10 most likely does not support
the recently released bireporb package (2016). This package enables the estimation of a bivariate
random effect probit model, suitable for panel data. Options using the available SAS and SPSS
software were not explored.
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independence between firm-specific effects and explanatory variables.

Unfortunately a major issue plaguing the validity of this method’s results is that my

observable covariates and unobservable individual effects may be correlated. With

access to limited data and an inability to use all controls identified by Mothe et al.

(2015), such as R&D intensity, there is a fair chance that a connection exists. There

may even be factors whose significance may not be realised in previous literature.

This will all create an endogeneity problem. While a linear fixed effects approach

overcomes problem, its approach cannot be applied in a non-linear model. Mundlak

(1978) offers a solution, suggesting the following correlation structure for individual

effects, ai:

ai|xi N(ψ + X̄iξ · σ2
a)

Here X̄i represents the averages of the all time variant covariates over time. σ2
a is the

conditional variance of a, where a = ψ+X̄iξ+αi. This specification relaxes the usual

random effects model’s assumption that the explanatory variables are independent

of the random effects.

To apply this Mundlak correction, time averages of all time variant explanatory

variables are added as a set of controls for unobserved heterogeneity within firms

and the resultant model is estimated as a random effects probit model. By

using innovation input measures, I also apply the ‘adoption’ approach to test the

hypothesis that firms who are able to exploit new organisational practices, arranged

in a strategic and holistic manner, are more likely to adopt technological innovation.

As such, the final model of a firm’s engagement in technological innovation takes on

the following form:

y∗it = ψ + Σ15
j=0Sitjγj +X ′itβ +

[
Σ15

j=0S̄ijϕj + X̄iξ + Ziδ + αi

]
+ λt + εit (4.1)

Here y∗it is the latent variable representing either the propensity to innovate through

the introduction of new or significantly improved products, or the propensity to

innovate through the introduction of new or significantly process in the financial

year 2009/2010. ψ captures average propensity either to conduct product or process

innovation for the entire population of Australian SMEs.11

Replicating Mothe et al. (2015), a set of state dummy variables Sj are included in my

model. Each of these represent 16 dummy variables for each of the 16 combinations

possible with each of the 4 different organisational practices considered. These

11Except for industries dominated by government enterprises.
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range from s0 0 0 0, s0 0 0 1, .., s1 1 1 1 where each index represents the practice

of knowledge management, business practices, workplace organisation and external

relations respectively. For each dummy sk l m n, the four indices can take on a value

of either 0 or 1 which indicates the presence or absence of each policy. For example

s1 0 0 1 signifies that knowledge management and external relations practices are

implemented, but business practices and workplace organisation practices are not.

S̄j is simply the time averaged set of organisational innovation dummy variables.

Xit represents the set of time variant explanatory variables. These include controls

for firm level heterogeneity, such as geographic markets as well as the degree of

competition – a variable determined to be instrumental to innovation at the firm

level. The time averages for each of these variables are captured in the term, X̄i. On

the other hand Zi refers to the set of time-invariant explanatory variables: firm size

and their main industry of affiliation. It is acknowledged here that due to restrictions

on data availability, I am unable to match the explanatory variables as set out in

Mothe et al. (2015). This is will be further discussed in Sections 4.2.1 and 4.2.3.

λt refers to five year dummies, each representing a particular wave of the BSC.[
Σ15

j=0S̄jϕj + X̄itξ + Ziδ + αi

]
captures my Mundlak re-parametrisation where αi is

my individual specific fixed effect. Meanwhile εit is my idiosyncratic error term,

varying across individuals and time.

To measure each explanatory variable’s degree of influence we are unable to rely on

the coefficients estimates initially provided by the Mundlak random effects probit

model. Unlike linear regression models, probit models are scaled by the normal

cumulative distribution function. We no longer can simply interpret the coefficients

as the degree of impact a one unit increase in the independent variable has on the

dependent variable. For now, meaning can only be taken from each coefficient’s

sign and statistical significance. As such, to separate out each individual variable’s

partial influence, marginal effects need to be calculated by first differentiating the

expression for the probability with respect to each variable.

4.1.2 Confirming the Presence of Complementarities

The marginal effects of the state dummy variables still do not capture the correct

interaction effects of organisational practices. It is argued by Ai and Norton (2003)

that marginal and true interaction effects may not share the same sign, depending

on the values of other covariates. Even if the Mundak random effects probit model

estimates a zero coefficient for any combination of organisational practices, an
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interaction effect may still be present. This phenomenon is attributed to the presence

of both mechanical and structural interaction effects. Mechanical interaction effects

simply arise from the non-linearity nature of a probit model. They exist regardless

of whether structural interaction effects are present or not. Any interaction effects

estimated by the Mundlak random effects probit model may be partially, if not

purely, stemming from my model choice. Structural interactions however, are the

true γi,j coefficients of my organisational innovation dummies. Moreover, the testing

problem becomes more complicated when moving beyond the two dummy variable

case. Further testing is required to confirm the presence of any complementarity or

substitution effects.

For these reasons, Mohnen and Röller (2005) present specific complementarity tests,

designed to strictly verify the presence of any structural interaction effects. Consider

the following representative probit model for two organisational practices:

Pr(y∗i > 0) = Pr(yi = 1) = Φ(α0 + α1d1,i + α2d2,i + α3d1,id2,i + zi′δ) (4.2)

where yi represents whether the firm conducts technological innovation, dji, j = 1, 2

are organisational practice dummy variables and z′ are other covariates. Here, α3

represents the cross-partial derivative of the propensity to adopt both practices.

This is the true interaction effect I am interested in, arising from the impact a

change in one dummy variable, has on the partial effect of another.

To analyse the discrete complementarities, Mohnen and Röller (2005) propose the

following model:

yi∗ = γ0s00,i + γ1s01,i + γ2s10,i + γ3s11,i + zi′δ + u (4.3)

where in my case, yi∗ represents whether the firm conducts technological innovation

or not, and z′ are the control variables. Furthermore, sk,j (where k,j=0,1) represent

the four possible innovation states facing the firms where j and k are separate

organisational practices. Taking the form of equation (4.2), these states can simply

be represented as:

s00 = (1− d1)(1− d2)

s10 = d1(1− d2)

s01 = (1− d1)d2
s11 = d1d2
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The coefficients, γj, of each policy state therefore correspond to combinations of

each practice’s effect in equation (4.2):

γ0 = α0 (4.4)

γ1 = α0 + α2

γ2 = α0 + α1

γ3 = α0 + α1 + α2 + α3

To detect structural interaction effects, Mohnen and Röller (2005) borrow the

mathematical concept of supermodularity to design tests on the coefficients, γj.

Supermodularity is simply a precise way to formalise the notion of complementarity.

Loosely speaking, two policies are supermodular if their combined effect is greater

than the sum of their individual effects. Conversely, two policies are submodular if

their combined effect is smaller than the sum of their individual effects.

As such, the condition to be satisfied for complementary effects is:

γ1 + γ2 ≤ γ0 + γ3 (4.5)

or h = γ1 + γ2 − γ0 − γ3 < 0 (4.6)

Given our specification in (4.4), this hypothesis is therefore the equivalent of testing

whether α3 > 0. If it is found that h > 0, then this indicates that α3 < 0, the policies

are submodular, and hence, substitution effects exist instead. If h = 0, then this

indicates that α3 = 0 and no structural interaction effects between organisational

innovation practices exist.

I follow the methodology of Mohnen and Röller (2005) and Mothe et al. (2015)

in adopting this approach for the four organisational innovation practices. To test

pairwise complementarities, condition (4.6) must be met for the practices across

all four possible scenarios to confirm the presence of structural interaction effects.

These scenarios are when: (1) the remaining two practices are not in use, (2) when

one the two remaining practices are in use, (3) when the other remaining practice

is in use, and (4) when both of the remaining practices are present. That is, the

constraints to be satisfied for pairwise complementarity are:12

Business and Knowledge Management Practices:

Scenario 1: γ1000 + γ0100 ≤ γ0000 + γ1100

12Again, sk l m n, where k,l,m,n=0,1, represent business practices, knowledge management
practices, workplace relations and external relations respectively.
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Scenario 2: γ1001 + γ0101 ≤ γ0000 + γ1101

Scenario 3: γ1010 + γ0110 ≤ γ0000 + γ1110

Scenario 4: γ1011 + γ0111 ≤ γ0000 + γ1111

Business and Workplace Organisation:

Scenario 1: γ1000 + γ0010 ≤ γ0000 + γ1010

Scenario 2: γ1001 + γ0011 ≤ γ0000 + γ1011

Scenario 3: γ1010 + γ0110 ≤ γ0000 + γ1110

Scenario 4: γ1101 + γ0111 ≤ γ0000 + γ1111

Business and External Relations:

Scenario 1: γ1000 + γ0001 ≤ γ0000 + γ1001

Scenario 2: γ1010 + γ0011 ≤ γ0000 + γ1011

Scenario 3: γ1100 + γ0101 ≤ γ0000 + γ1101

Scenario 4: γ1110 + γ0111 ≤ γ0000 + γ1111

Knowledge Management and Workplace Organisation:

Scenario 1: γ0100 + γ0010 ≤ γ0000 + γ0110

Scenario 2: γ0101 + γ0011 ≤ γ0000 + γ0111

Scenario 3: γ1100 + γ1010 ≤ γ0000 + γ1110

Scenario 4: γ1101 + γ1011 ≤ γ0000 + γ1111

Knowledge Management and External Relations:

Scenario 1: γ0100 + γ0001 ≤ γ0000 + γ0101

Scenario 2: γ0110 + γ0011 ≤ γ0000 + γ0111

Scenario 3: γ1100 + γ1001 ≤ γ0000 + γ1101

Scenario 4: γ1110 + γ1011 ≤ γ0000 + γ1111

Workplace Organisation and External Relations:

Scenario 1: γ0010 + γ0001 ≤ γ0000 + γ0011

Scenario 2: γ0110 + γ0101 ≤ γ0000 + γ0111

Scenario 3: γ1010 + γ1001 ≤ γ0000 + γ1011

Scenario 4: γ1110 + γ1101 ≤ γ0000 + γ1111

For all organisational innovations to be complementary with one another, then

the above 24 constraints must jointly hold. The requirements to be satisfied

for the presence of submodularity, or substitutability, are same as above but the

inequalities are reversed. Pairwise substitutability once again must satisfy a set

of four constraints. Once again for the substitutive effects to hold between all
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organisational innovations, then all 24 constraints must jointly hold.

To detect supermodularity or submodularity, Mohnen and Röller (2005) rearrange

each constraint into the form of condition (4.6), allowing the creation of joint, one

sided tests on each pair’s four constraints. The null hypothesis for each case is that

the constraints are jointly met. Assuming that the coefficients, γ, can be consistently

estimated, the test for strict supermodularity is:

H0 : h1 < 0 and h2 < 0 and h3 < 0 and h4 < 0 (4.7)

H1 : h1 ≥ 0 or h2 ≥ 0 or h3 ≥ 0 or h4 ≥ 0 (4.8)

where hn, n = 1, 2, 3, 4 refers to the condition under each scenario, when rearranged

into the form of condition (4.6). The test accepts the null hypothesis whenever the

constraints are jointly negative.

The rejection of this test does not instantly guarantee the presence of substitutability

effects. This is because H1 includes the possibility that the constraints have mixed

signs, indicating that neither complementarity and substitutability effects exist. As

such, they conduct a second test for strict submodularity, where simply the signs

are inverted:

H0 : h1 > 0 and h2 > 0 and h3 > 0 and h4 > 0 (4.9)

H1 : h1 ≤ 0 or h2 ≤ 0 or h3 ≤ 0 or h4 ≤ 0 (4.10)

Joint tests of inequality restrictions are non-standard, (see Kodde and Palm, 1986).

However, due to software restrictions I am unable to conduct joint inequality testing.

As such, this is where I diverge from the methodology of Mohnen and Röller (2005)

and Mothe et al. (2015). As an alternative method, I propose to attempt the same

hypothesis testing by conducting for a pair of practices, point estimates for each

scenario’s constraint. If the linear combination is negative, then this indicates that

there is pairwise complementarity. If it is positive, there is a substitutive relationship

instead. Should the estimate of the linear combination not be significantly different

from zero, then neither effect exits.

This procedure is a non-standard testing problem as I am looking for jointly

positive results, which is effectively testing for joint nonlinear equality and inequality

constraints. The null hypothesis of most common test procedures consists of single

equality or inequality restrictions. Joint equality tests are also widely used. Kodde

and Palm (1986) recognise that the main difficulty of testing inequality restrictions
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stems from the computation of weights in the distribution of the test statistic. To

answer this problem, they present lower and upper critical bounds for Wald test

statistics, if one were to conduct the joint inequality hypothesis tests empirically.

Mohnen and Röller (2005) and Mothe et al. (2015) both use these values.

4.2 Data and Variables

4.2.1 ABS Business Characteristics Survey 2009-10 to

2013-14

This empirical analysis is based on firm-level panel data gathered from the

Australian Bureau of Statistics (ABS) Business Characteristics Survey (BCS),

carried out in Australia over five annual waves of the financial years of 2009-

2010 to 2013-2014. The objective of this survey was to collect key measures on

business characteristics, instrumental to the development of relevant and effective

government industry policies aimed to support in particular small to medium

Australian businesses. These measures also included information on the innovation

behaviour of firms, collected in accordance to OECD (2005) guidelines for the

gathering and interpreting innovation data.

The survey was conducted on 2001 small to medium sized firms from a variety of

industries. Those surveyed are termed ‘economically active’, with an Australian

Business Number and an active tax role. Further selection was determined by the

Standard Economic Classifications of Australia (SESCA) and the Australian and

New Zealand Standard Industrial Classification (ANZSIC). Industries dominated by

government enterprises are deemed less important from the perspective of industry

policy, and so were excluded from the survey.

This dataset provides statistics on some core business characteristics of each

firm (including size, their main industry of affiliation, employee characteristics,

geographic markets and sales), technological and non-technological innovations,

and perceptions of factors hampering firm innovation levels. The dataset also

offers information about their sources of information used to conduct business, the

strategic focus of firms, sources of financing, and internet accessibility.

The 2009/10-2013/14 BCS is the latest completed, firm level, panel dataset

conducted nationwide. This survey collected information on the uptake of product,

process, organisational and marketing innovations. Given the sample scope it is by

far the most comprehensive and completed dataset available at the moment. So far

there has been relatively little economic analysis of this data set, but it is ideally
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suited to answering my research questions.

However, there are several limitations preventing the estimation of a more detailed

model and capturing more potential effects. Termed as ’R&D intensity’, the

proportion of R&D expenditure on a firm’s total turnover is a classical determinant

of technological innovation. If such information is missing, then our estimates

may suffer from omitted variable bias. Indeed, there is a positive relationship

between R&D intensity and technological innovation. Organisational innovation

is also seen as a potential catalyst for increased R&D. As a result it is expected that

our results may be overestimated. Furthermore, without the percentage of total

turnover earned from product innovation, I am also unable to determine whether

patterns in innovation adoption vary across stages in the innovation process, such

as commercialisation.

4.2.2 Sampling Method

Replicating the method used by Mothe et al. (2015), I also adopt a synthesis

approach which allows innovation to occur in all industries surveyed simultaneously

(Gallouj and Weinstein, 1997; Love and Mansury, 2007). To create a balanced

dataset, all firms were required to be in operation for every financial year recorded.

Firms were dropped if they did not report a degree of competition. As a result, I

have obtained a sample of 1199 representative firms.

For the purposes of this research, an attempt was also made to replicate the sampling

method of Mothe et al. where only firms with at least 10 employees were analysed.

However, the ABS classifies the size of firms into four broad categories. If I were to

follow Mothe et al. (2015), where in this case, my sample would either have firms

with at least 5 or at least 20 employees, it would induce a significant lack of variation

in the data. This would result in perfect prediction problems which adversely affect

the quality of the model.

4.2.3 Variables

The first dependent variable is the propensity of innovation in products. This

is represented by a binary variable signifying if the firm introduced any new or

significantly improved goods and/or services. The second dependent variable is the

propensity of innovation in processes, where again we observe another binary variable

signifying if the firm introduced any new or significantly improved operational

processes. Firms who did not indicate whether they undertook product or process
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innovation in certain years, were assumed to have not for that period.

The BCS also collected data on the implementation of organisational innovation

throughout the duration of the panel, classifying these new or significantly improved

business practices into four categories: (1) knowledge management processes (such

as new systems designed to facilitate exchanges of information, knowledge and

skills within the firm); (2) business practices for organising procedures (such

as education/training systems and supply chain management); (3) methods of

organising work responsibilities and decision making (such as new systems of

employee responsibilities or team work), and (4) methods of organising external

relations (such as the first use of alliances with other businesses or public institutions,

or outsourcing). To indicate the implementation of each practice, four individual

binary variables were constructed.

One distinction between my analysis and that of Mothe et al. (2015), is the range

of industries considered. Rather than just focusing on the manufacturing and

services sector, I control for all industry effects captured by the BCS. This extension

will enable me to detect any differences in the adoption of product and process

innovations between these different sectors. The full range of industries is provided

in Table 1. A full list definitions of described variables are provided in Appendix A.1.

Replicating Mothe et al. (2015), the classical determinant of technological innova-

tion, competition intensity, is introduced as a continuous variable. This measure is

based on the degree of competition as reported by firms surveyed. Values ranged

from 0 (no effective competition), 1 (one to two competitors), 2 (three or four

competitors) to 3 (five or more competitors). Those who ticked more than one box

in the survey were treated as having a degree of competition intensity of 3.

Also included in the model are several other traditional control variables. Due to

the non-linearity nature of the ABS categorisation and issues discussed in Section

4.2.2, 4 dummy variables are used as controls for firm size. No Employees takes on

a value of 1 if the firm is without any employees. Small Size Firm takes on a value

of 1 if the firm if they have 0-4 employees. Medium Size Firm takes on a value of 1

if the firm has 5-19 employees. Finally, Large Size Firm takes on a value of 1 if the

firm has 20-199 employees. This method is unlike Mothe et al. (2015) who used the

natural logarithm of the number of employees.

To replicate their dummy variable, group belonging, I introduce two binary variables

to measure the geographic scope of business operations: Australian Operations and
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Overseas Operations. The former variable takes on a value of 1 if the business

operates either locally, outside of their locality but within their state/ territory,

or outside of their state/ territory but within Australia as recorded by the ABS.

Overseas Operations takes on a value of 1 if the business has international operations.

Those who did not report their breadth of operations were assumed to at least

operate within Australia. A summary of the variables and their means are given in

Table 1.

Table 1: Summary Statistics for ABS BSC 2009-10 to 2013-14
Variable Mean
Technological Innovation

Product Innovation 0.2162
Process Innovation 0.2047
Organisational Innovation
s0 0 0 0 0.7575
s0 0 0 1 0.0100
s0 0 1 0 0.0479
s0 0 1 1 0.0045
s0 1 0 1 0.0013
s0 1 0 0 0.0230
s0 1 1 0 0.0137
s0 1 1 1 0.0033
s1 0 0 0 0.0490
s1 0 0 1 0.0043
s1 0 1 0 0.0317
s1 0 1 1 0.0032
s1 1 0 0 0.0128
s1 1 0 1 0.0020
s1 1 1 0 0.0192
s1 1 1 1 0.0163
Firm Characteristics
No Employees 0.0992
Small Size Firms 0.2936
Medium Size Firms 0.3078
Large Size Firms 0.2994
Degree of Competition 2.2385
Markets: Australia 0.9887
Markets: Overseas 0.1339
Industries
Industry 1: Agriculture, Forestry and Fishing 0.0867
Industry 2: Mining 0.0676
Industry 3: Manufacturing 0.0709
Industry 4: Construction 0.0534
Industry 5: Wholesale Trade 0.0684
Industry 6: Retail Trade 0.0626
Industry 7: Accommodation and Food Services 0.0584
Industry 8: Transport, Postal and Warehousing 0.0592
Industry 9: Information, Media and Telecommunications 0.0634
Industry 10: Rental, Hiring and Real Estate Services 0.0859
Industry 11: Professional, Scientific and Technical Services 0.0936
Industry 12: Administrative and Support Services 0.0709
Industry 13: Arts and Recreation Services 0.0659
Industry 14: Other Services 0.0942

Notes: Like Mothe et al. (2015), the dummy variables sk l m n (where
k,l,m,n = 0,1), each represent a possible combination of the four organisational
innovation practices. Here, k corresponds to knowledge management, l to
business practices, m to workplace organisation, and n to external relations.
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Only around 21.62% of firms were product innovators, while the portion of the

process innovators was slightly lower at 20.47%. A large majority of firms (75.75%)

did not engage in any form of organisational innovation. Of those who did, the most

popular choice was to implement knowledge management practices only (4.9%).

The most popular combination executed knowledge management and workplace

organisation practices together (3.2%).

While most firms were of a medium size (30.78%), only 9.92% of firms had

no employees. The average level of competitiveness experienced by this sample

was relatively high at a rating of around 2.23. Almost all of the firms had

domestic business operations (98.87%) while only 13.39% had international business

operations.

In an attempt to accurately replicate Mothe et al. (2015), data collected by the

ABS regarding ’skills used in undertaking core business activities ’ seemed to be

an appropriate proxy for the ’sectors of activities ’ as measured in the original

paper. However, as firms were able to select as many as deemed appropriate

in the survey, this induced a high level of collinearity. As such, these measures

are uninformative. Other important variables identified by Mothe et al. (2015) in

determining innovation activity included R&D intensity, the degree of technological

intensity, and the rated importance of strategic and formal protection. Due to a lack

of appropriate corresponding measures in the BCS, these variables are not included

in my model.
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Chapter 5

Results

5.1 The Mundlak Random Effects Model

The impact of organisational innovation on a firm’s propensity to be a product or

process innovator is initially measured using a Mundlak corrected random effects

probit model. All sixteen possible combinations of the four organisational practices

are included. All of the following results are made in comparison to a base case of

a medium size firm in the ‘Other Services’ industry in the financial year of 2009/10,

who did not implement any organisational innovation practices. These results are

presented in Table 2.

At this stage, some information can be gleaned from the signs of the estimated

coefficients and the significance of each variable. I find that almost all combinations

of organisational innovation practices have both a positive effect and are statistically

significant with a 99% confidence interval. This suggests that these combinations of

practices are associated with a higher probability of innovation. In regards to firm

characteristics, only firm size, the impacts of competition on process innovation and

a non-domestic market on product innovation, seem to have significance.

The estimated ρ calculated under both product (0.406) and process innovation

(0.238) models are non-zero, indicating that panel-level variance is important and

the panel estimator is different from the pooled estimator. A log-likelihood ratio

test formally compares the two estimators and confirms that they are statistically

different at the 99% confidence level, supporting my research design.

However, the estimated coefficients of the explanatory variables presented in Table 2

cannot easily be interpreted. As such, I estimate their marginal effects to provide a

deeper insight into the estimated results. Each coefficient reflects the ceteris paribus

change in probability of being either a product or process innovator, given a one unit

change in the independent variable in comparison to my base case. The results for

marginal effects at the means are presented in Table 3.
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Table 2: Estimation Results for Mundlak RE Model
Product Innovation Process Innovation

Organisational Innovation
s0 0 0 1 0.718 (0.217)*** 0.870 (0.211)***
s0 0 1 0 0.454 (0.108)*** 0.940 (0.106)***
s0 0 1 1 0.807 (0.334)*** 1.612 (0.326)***
s0 1 0 1 1.771 (0.665)*** 1.537 (0.615)***
s0 1 0 0 0.468 (0.149)*** 0.912 (0.144)***
s0 1 1 0 0.608 (0.187)*** 1.023 (0.182)***
s0 1 1 1 1.207 (0.379)*** 1.472 (0.369)***
s1 0 0 0 0.512 (0.112)*** 1.041 (0.104)***
s1 0 0 1 0.433 (0.340) 1.211 (0.320)***
s1 0 1 0 0.709 (0.137)*** 1.105 (0.130)***
s1 0 1 1 1.066 (0.398)*** 1.596 (0.373)***
s1 1 0 0 1.057 (0.203)*** 1.212 (0.186)***
s1 1 0 1 0.962 (0.476)** 1.409 (0.484)***
s1 1 1 0 0.741 (0.171)*** 1.522 (0.166)***
s1 1 1 1 0.897 (0.176)*** 1.989 (0.200)***
Time Effects
Year 2 -0.102 (0.070) -0.065 (0.071)
Year 3 -0.131 (0.070)* -0.063 (0.071)
Year 4 -0.147 (0.070)** -0.074 (0.071)
Year 5 -0.140 (0.070)** -0.089 (0.071)
Firm Characteristics
No Employees 0.051 (0.146) -0.316 (0.135)**
Small Size Firms -0.083 (0.092) -0.029 (0.078)
Large Size Firms -0.104 (0.088) 0.168 (0.071)**
Degree of Competition 0.087 (0.038)** 0.089 (0.039)**
Markets: Australia -0.562 (0.392) 0.074 (0.376)
Markets: Overseas 0.311 (0.123)** 0.121 (0.126)
Constant -3.181 (0.603)*** -2.240 (0.411)***
Number of Observations 5995
Log-Likelihood -2475.8103 -2224.712
ρ 0.406 (0.025) 0.238 (0.027)

Notes: Components of my Mundlak re-parametrisation are not reported as their effects
cannot be separately identified. This includes a firm’s industry of affiliation. A likelihood-
ratio test on ρ confirms that panel-level variance is significantly different from zero at the 99%
confidence level. *significant at 10% , **significant at 5%, ***significant at 1%. Standard
errors in parentheses.
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Table 3: Average Marginal Effects for Mundlak RE Model

Product Innovation Process Innovation
Organisational Innovation
s0 0 0 1 0.205(0.078)∗∗∗ 0.263(0.080)∗∗∗
s0 0 1 0 0.114(0.032)∗∗∗ 0.283(0.040)∗∗∗
s0 0 1 1 0.238(0.125)∗ 0.552(0.117)∗∗∗
s0 1 0 1 0.605(0.221)∗∗∗ 0.525(0.228)∗∗
s0 1 0 0 0.120(0.046)∗∗∗ 0.277(0.055)∗∗∗
s0 1 1 0 0.166(0.063)∗∗∗ 0.322(0.071)∗∗∗
s0 1 1 1 0.394(0.151)∗∗∗ 0.500(0.140)∗∗∗
s1 0 0 0 0.132(0.035)∗∗∗ 0.321(0.040)∗∗∗
s1 0 0 1 0.110(0.104) 0.398(0.127)∗∗∗
s1 0 1 0 0.199(0.048)∗∗∗ 0.350(0.051)∗∗∗
s1 0 1 1 0.338(0.158)∗∗∗ 0.546(0.135)∗∗∗
s1 1 0 0 0.333(0.080)∗∗∗ 0.396(0.074)∗∗∗
s1 1 0 1 0.298(0.186) 0.476(0.187)∗∗
s1 1 1 0 0.212(0.061)∗∗∗ 0.515(0.062)∗∗∗
s1 1 1 1 0.270(0.067)∗∗∗ 0.671(0.057)∗
Time Effects
Year 2 −0.020(0.013) −0.013(0.014)
Year 3 −0.025(0.013)∗ −0.013(0.014)
Year 4 −0.028(0.013)∗∗ −0.015(0.014)
Year 5 −0.027(0.013)∗∗ −0.018(0.014)
Firm Characteristics
No Employees 0.010(0.028) −0.056(0.020)∗∗
Small Size Firms −0.016(0.018 −0.006(0.016)
Large Size Firms −0.021(0.017) 0.036(0.016)∗∗
Degree of Competition 0.018(0.008)∗∗ 0.018(0.008)∗∗
Markets: Australia −0.151(0.129) 0.015(0.071)
Markets: Overseas 0.072(0.032)∗∗ 0.026(0.029)
Number of Observations 5995

Notes: Components of my Mundlak re-parametrisation are not reported as their effects
cannot be separately identified. This includes a firm’s industry of affiliation. *significant at
10% , **significant at 5%, ***significant at 1%. Standard errors in parentheses.

5.1.1 Organisational Innovation Results

When examining the marginal effects, I find that almost all of the fifteen

combinations of organisational innovation are found to have significant positive

effects. It seems that whether separately or together, implementing organisational

innovation practices generally increases a firm’s likelihood to adopt product

innovation. Similarly, there is a positive relationship between the implementation of

organisational innovation practices and the propensity to adopt process innovation.

If firms chose to adopt a single type of organisational innovation, my results indicate

that potentially, the most synergistic practice with product innovation is external

relations. If a firm choses only this practice, they are more likely by 20.5% to be a

product innovator. For firms interested in process innovation, the most synergistic
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practice is suggested to be knowledge management. Firms who only implemented

this practice were more likely to be a process innovator by 28.3%. Across all four

types however, organisational innovation seems to have a greater impact on the

likelihood of implementing innovative processes than products.

As firms adopt several of these practices together, it is found their likelihood of

introducing new products and processes increases significantly. This suggests that

there are greater synergies between organisational and technological innovation. The

most effective combination inducing product innovation is between business practices

and external relations, increasing the probability by 60.5% compared to the base

case. For process innovation the utilisation of all four practices simultaneously is

deemed the most effective, raising the probability by 67.1%. Again, the simultaneous

adoption of organisational innovation practices appears to also have greater impacts

on the propensity to adopt process innovation on average, averaging to an increase

of around a 39.6% across all possible combinations. This is opposed to an average

increase of 24.9% in likelihood for product innovation.

The only exceptions to significant positive effects are the combinations between:

knowledge management and external relations, and knowledge management with

business practices and external relations. It is interesting to note that while business

practices and external relations encourage the creation of innovative products, the

addition of knowledge management reduces its effect and significance. A similar

relationship is observed with the addition of external relations to the combination

between knowledge management and business practices. This suggests that perhaps

there is presence of a slight substitutability effect between knowledge management

and external relations in the context of product innovation.

5.1.2 Testing for Complementary Effects

Marginal effects can only provide us with an initial indication of complementarity

effects. To capture the true interaction effects between organisational innovation

practices, I investigate pairwise structural interactions in two stages as suggested by

Greene (2010). I first estimate a set of linear combinations for each pair of practices,

ensuring that the same constraints for complementarity used by Mothe et al. (2015),

are met in my sample. A summary of these results are then presented graphically,

as the second stage of analysis. These can be found in Section 5.1.

The results from the first stage of analysis are presented in Table 4. Included are

the linear combination point estimates and the associated range of standard errors.
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The estimates correspond to the full set of hypothesis presented in Section 4.1.2.

This further testing shows that patterns of complementarity vary across all scenarios

and combinations of organisational innovation at the 95% confidence level. Across

most pairs, I find that the estimates under all four scenarios are mixed — perhaps

leaning more towards substitutability under product innovation than process.

Furthermore, the estimates tend to generally be individually insignificant, suggesting

that perhaps the individual implementation of a pair of practices may be just

as good as their co-adoption in encouraging the development of new goods and

services. However, the patterns of complementarity between these combinations are

inconclusive.

However, I do find circumstantial evidence for substitutability between business

practices and workplace organisation in the context of product innovation. Under

all four scenarios, the linear combinations are positive. The statistical significance of

these estimates does vary. However, an insignificant result under one scenario does

not necessarily indicate that together, all the scenarios won’t be jointly significant

to confirm with confidence the existence of substitutability.

My findings are similar when linear combinations are estimated in relation to

the propensity to adopt process innovation. Contrary to product innovation, no

substitution effects can be found at the 95% confidence level. In finding mixed

estimates under all four scenarios across all pairs, I can make no conclusions about

complementarity between practices. Furthermore, the linear combinations tend

to generally not be statistically different from zero. This implies that again the

individual implementation of a pair of practices may be just as effective their co-

adoption in spurring process innovation.

Therefore at best, I can say that there is some circumstantial evidence for the

presence of substitution effects in organisational innovation practices, on a firm’s

propensity to be a product innovator. However most of my results are inconclusive.

Further research should be done using joint inequality testing methods to provide

deterministic results.
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Table 4: Linear Combination Point Estimates
Practices Product Process

Practices 1 & 2
Scenario 1 −0.078(0.264) 0.741(0.246)∗∗∗
Scenario 2 0.523(0.903) 0.428(0.847)
Scenario 3 0.122(0.287) −0.334(0.277)
Scenario 4 0.569(0.638) −0.534(0.624)
Practices 1 & 3
Scenario 1 0.256(0.192) 0.876(0.182)∗∗∗
Scenario 2 −0.544(0.639) 0.358(0.609)
Scenario 3 0.456(0.337) −0.199(0.322)
Scenario 4 −0.498(0.912) −0.646(0.882)
Practices 1 & 4
Scenario 1 0.797(0.408)∗ 0.700(0.385)∗
Scenario 2 −0.004(0.532) 0.181(0.506)
Scenario 3 1.398(0.836)∗ 0.428(0.807)
Scenario 4 0.443(0.472) −0.019(0.470)
Practices 2 & 3
Scenario 1 0.314(0.251) 0.829(0.245)∗∗∗
Scenario 2 0.652(0.848) 0.807(0.803)
Scenario 3 0.514(0.295)∗ −0.246(0.275)
Scenario 4 0.698(0.716) −0.196(0.704)
Practices 2 & 4
Scenario 1 −0.585(0.709) 0.245(0.660)
Scenario 2 −0.247(0.524) 0.223(0.513)
Scenario 3 0.016(0.615) −0.027(0.603)
Scenario 4 0.201(0.472) 0.023(0.456)
Practices 3 & 4
Scenario 1 0.365(0.395) 0.198(0.386)
Scenario 2 0.704(0.792) 0.176(0.745)
Scenario 3 −0.435(0.545) −0.320(0.512)
Scenario 4 −0.251(0.559) −0.270(0.567)

Notes: Practice 1 refers to knowledge management, practice
2 refers to business practices, practice 3 refers to workplace
organisation, and practice 4 refers to external relations.
*significant at 10% , **significant at 5%, ***significant at
1%.

These coefficients are then also transformed into measures of marginal effects to

understand the true partial effect of each pair under different scenarios. This is

done by first calculating a common point, c, which represents the de-scaled average

tendency to conduct either product or process innovation. It is defined as follows:

p̄ = Φ (c) (5.1)

where p̄ represents my sample frequency for either conducting product or process

innovation. Using this, I can then further calculate four probabilities of the form

Φ (c+ γi,j), substituting in each estimated coefficient under the Mundlak ramdom

effects probit model (Table 2). To calculate the marginal effects for each linear

combination, I construct differences between the four probabilities, analogous to the
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definition of h, as defined in condition (4.6).

The results are presented in Table 5. Generally, these marginal effects retain

the same signs as the linear combination point estimates. Given that the sample

likelihood of adopting process innovation is 20%, there is at most a 2.6% increase

in the probability of being a technological innovator when a firm adopts all four

practices of organisational innovation.

Table 5: Comparison of Linear Combination Point Estimates
Product Innovation Process Innovation

Munlak RE Fixed Effects Mundlak RE Fixed Effects
Practices 1 & 2
Scenario 1 −0.022 −0.034 0.262∗∗∗ 0.192∗∗
Scenario 2 0.180 0.180 0.141 0.051
Scenario 3 0.037 0.032 −0.081 −0.081
Scenario 4 0.198 0.146 −0.118 −0.074
Practices 1 & 3
Scenario 1 0.082 0.048 0.316∗∗∗ 0.212∗∗∗
Scenario 2 −0.124 −0.148 0.115 0.051
Scenario 3 0.155 0.114 −0.052 −0.061
Scenario 4 −0.116 −0.098 −0.134 −0.097
Practices 1 & 4
Scenario 1 0.288∗ 0.209∗ 0.245∗ 0.199
Scenario 2 −0.001 0.013 0.055 0.038
Scenario 3 0.514∗ 0.339∗ 0.141 0.082
Scenario 4 0.150 0.128 −0.005 0.045
Practices 2 & 3
Scenario 1 0.102 0.068 0.297∗∗∗ 0.223∗∗∗
Scenario 2 0.231 0.125 0.288 0.180
Scenario 3 0.177∗ 0.133∗ −0.063 −0.050
Scenario 4 0.249 0.175 −0.051 0.031
Practices 2 & 4
Scenario 1 −0.131 −0.132 0.076 0.088
Scenario 2 −0.065 −0.075 0.069 0.045
Scenario 3 0.005 −0.002 −0.008 −0.029
Scenario 4 0.063 0.040 0.007 0.052
Practices 3 & 4
Scenario 1 0.121 0.091 0.061 0.042
Scenario 2 0.251 0.149 0.054 −0.001
Scenario 3 −0.105 −0.105 −0.079 −0.119
Scenario 4 −0.066 −0.063 −0.068 −0.037

Notes: Practice 1 refers to knowledge management, practice 2 refers to business practices,
practice 3 refers to workplace organisation, and practice 4 refers to external relations.
*significant at 10% , **significant at 5%, ***significant at 1%.
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5.1.3 Other Results

The initial Mundak random effects probit model with all combinations of or-

ganisational innovation practices, also estimates a number of other interesting

and statistically significant effects (Table 4). These stem from time effects and

heterogeneity in firm characteristics.

Firstly the propensity to undertake product innovation seems to generally fall over

time. The size of the effect increases over the years, as well as the degree of

significance. By 2013/14, a firm’s adoption propensity decreases by 2.7%. On the

other hand, the time effect with respect to process innovation is not significantly

different from zero.

The results also show that there is a clear gradient in the relationship between

firm size and innovation propensity. I find that larger firms are 3.6% more likely

than medium sized firms to adopt process innovation. Those with no employees

significantly reduce their likelihood of implementing new processes by 5.6%. Firm

size was not a significant factor for small sized firms, or in the context of product

innovation. An effect applicable to both product and process innovation is the level

of competition. Firms are more likely to innovate if they experienced greater levels

of competition intensity. Increasing competition by one level raises the propensity

to innovate by 1.8%, across both types. Finally, firms who have overseas business

operations are more likely to invest in product innovation by 7.2%. No effects

significantly different from zero could be found for those with domestic markets or

on the propensity to adopt innovative processes.

5.2 Sensitivity Analysis

To ensure the robustness of my results, several sensitivity analyses are conducted.

Each of the following models tests a particular aspect of my findings.

5.2.1 Testing for the Presence of Interaction Effects

To justify testing for the impact of combinations of organisational innovation, the

presence of interaction effects needs to be confirmed. To do this, I estimate the same

Mundlak random effects probit model presented Section 4.1.2. However instead of

using 16 dummies representing every possible combination, 4 dummies are used

instead, each representing one category of organisational innovation. The results

of this estimation model are provided in Appendix B.1, and the relevant marginal

37



effects in Appendix B.2.

A log likelihood test is conducted to compare the goodness of fit between the

original model and this new specification. The results of this test allow me to

confirm that highly and jointly significant interaction effects at the 99% confidence

interval, existed between innovation practices. This result validates the research

into complementarity effects between practices.

The results from this redefined model also show that alone, each organisational

innovation practice has a positive and highly significant effect on a firms innovation

propensity. Knowledge management was the most impactful practice for both

product (increased likelihood of 7.9%) and process innovation (increased likelihood of

17.6%). Similar to my findings under the original 16 dummy Mundlak random effects

model, organisational innovation seems to have a larger impact on the tendency to

conduct process innovation than product innovation.

Under this specification, I find similar results for time firm heterogeneity effects.

Signs and the significance of effects remain the same. The likelihood of product

innovation still suffers over time. Firms with no employees are significantly less

likely to innovate through processes, while large firms experience a significantly

higher likelihood of doing so. Competition intensity still spurs innovation.

5.2.2 Does Diversity Induce Competitive Advantage?

Given the estimated marginal effects (Table 3), it is natural to wonder whether

simply implementing more organisational practices induces a higher likelihood of

being a technological innovator. To confirm whether this is indeed the case, I re-

estimate the Mundlak random effects model, but with a set of 5 state dummies

instead of 16. Each of these state dummies represents the number of organisational

innovation practices implemented by the firm. These range from none to all four

types. The full set of results for this estimation model is provided in Appendix C.1,

and the relevant marginal effects in Appendix C.2.

The results from this model confirmed this relationship does exist (Appendix C.2).

Across both innovation types, adopting only one practice has the lowest impact

(12.3% for product and 27.5% for process innovation) while implementation of all

four organisational practices induces the highest increase in probability (26.2% for

product and 66.9% for process innovation). Again, similar to my findings under the

original 16 dummy Mundlak random effects model, organisational innovation has a
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larger impact on the tendency to conduct process innovation.

However the addition of practices doesn’t necessarily induce a stepwise effect. For

product innovation, there is a suggestion of a concave relationship. There is an initial

increase in probability of 12.3% when implementing the first practice, followed by

a difference in probability of 8.7% when moving from one practice to two. This

magnitude decreases to 3.4% when moving from two practices to three, and falls to

1.8% when moving from three practices to a full set of four practices. This suggests

that perhaps increased diversity in organisational innovation doesn’t encourage a

greater degree of competitive advantage in product innovation. This finding is

consistent with my earlier result where the most effective combination was between

two practices: business practices and external relations (Section 5.1.1).

On the other hand, for process innovation there is a suggestion of a mixed

relationship. There is an initial jump in probability of 27.5% when adopting the

first practice. This then then followed by difference in probability of 8.4% when

moving from one practice to two. This magnitude increases to 14.8% when moving

from two practices to three, and continues to grow to 16.2% when moving from

three practices to a full set of four practices. These results imply that beyond

the implementation of the first practice, diversity in organisational innovation does

encourage a greater degree of competitive advantage in process innovation. This

finding is consistent with my earlier result where the most effective combination was

to adopt all four practices.

Using this specification, I find similar results for time firm heterogeneity effects.

Signs and the significance of effects remain the same. The likelihood of product

innovation still suffers over time. Firms with no employees are significantly less

likely to innovate through processes. Large firms experience a significantly higher

likelihood of doing so. Competition intensity still spurs innovation, with a greater

impact on product innovation.

5.2.3 Applicability of Results to a Full Sample

It is recognised that there is a possible self-selection issue in my balanced dataset.

Firms who remain in business throughout the entire duration of the survey might

survive because they are more likely to conduct innovation. To study whether this

is the case, I apply the original Mundlak random effects model to an unbalanced

dataset. Under this test, firms were only required to be in operation during the

financial year of 2009/2010. This resulted in a sample size of 1825 firms.
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Examining the summary statistics for this new sample (Appendix D.1), it is

found that fewer firms conducted technological innovation. Only 17.58% of firms

implemented product innovation, and 16.49% implemented process innovation.

Surprisingly in regards to organisational innovation, a lower proportion of firms did

not implement any practices (64.93%). The combination between business practices

and external relations increased in frequency very marginally by 0.0001%.

The full set of results for this estimated model is provided in Appendix C.2, and

the relevant marginal effects in Appendix C.3. The results are mostly similar to my

findings when using a balanced dataset, with slight differences in estimated marginal

effects of a few decimals. The estimated effects of organisational practices and firm

characteristics also sustain the same signs and levels of significance. The degree

of competition is now estimated to have twice the impact on a firm’s decision to

pursue technological innovation. As expected, time effects are now estimated to have

a larger detrimental effect on a firm’s propensity to innovate as firms drop out in the

latter years of the survey. Therefore, while I do find that this unbalanced sample

generally implements lower levels of innovation, I cannot conclude with certainty

that this is the sole reason accounting for firm attrition.

5.2.4 The Fixed Effects Model Approach

A fixed effects estimation in linear models is straightforward and provides a flexible

approach to accounting for individual time invariant effects. In non-linear models,

accounting for fixed effects becomes considerably more complicated and this is

why the Mundlak approach was used. Alternatively one could ignore the inherent

nonlinearity associated with these models and simply apply the usual linear fixed

effects approach.

This implies that I estimate the more flexible fixed effects linear probability model

and conduct the same linear combination tests. Although this approach may be

inconsistent with my other models, I argue that this is done simply to validate my

initial conclusions about complementarity effects between organisational innovation

practices. Linear combination point estimates calculated under this approach are

given in Table 5. Marginal effects transformed from point estimates estimated under

Section 4.1.2 are presented alongside.

Across both methods, the point estimates are somewhat similar. Generally, the

transformed Mundlak random effects estimates tend to be larger than those under
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the fixed effects model. Interestingly, the signs of each coefficient are consistent

across both models. This suggests that the general lesson from my analysis –

that there are limited complementarities between practices under both product

and process innovation – is surprisingly robust. The interaction between business

practices and workplace organisation still remains as the exception, demonstrating

substitution effects. Statistical significance for this pair does vary across scenarios,

but again, an insignificant result under one scenario does not indicate that together

all the scenarios won’t be jointly significant to confirm substitutability. Although I

apply a more general model at the cost of losing my latent variable, I am still able

to provide circumstantial evidence to support my initial conclusions.

Given the advantages of a fixed effects model, one might wonder why it is not chosen

as the primary method. A non-linear model is used instead because only around

20% of my sample are adopters of product and process innovation. As this sample

is at the tail end, in these situations is it more reasonable to implement a propensity

model allowing me to measure effects between 0 and 1. Linear models would be more

reasonable when at least 50% of the firms are adopters of technological innovation.
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Chapter 6

Discussion

6.1 Complementarities within Organisational Innovation

My results are consistent with Mothe et al. (2015) who argue that the patterns

of complementarity and substitutability depends on the type of technological

innovation. My results are limited, in that I am unable to establish strong patterns of

complementarity between practices. I do not find statistically significant evidence

of interactions between most pairs of practices. Graphical representations of the

complementarity test results from Section 4.1.2 are presented in Figure 6.1 and

Figure 6.2.

Relative to Mothe et al. (2015), who find a substitution effect between knowledge

management and external relations on the likelihood to be a technological innovator,

my results are inconclusive. Knowledge from external partners and consultants

about operational improvement or new methods of production, aren’t found to be

significantly influential nor detrimental to a firm’s innovation capacity. Contrary

to Cohen and Levinthal (1990), collaborative efforts, alliances, and the learning

activities of other market players perhaps do not have a strong enhancing effect on

firm knowledge and its potential exploitation into creativity.

The inconclusive effects between knowledge management and workplace organisa-

tion practices suggest that initiatives such as teamwork, employee ownership, a

decentralised firm structure and internal knowledge management, may have limited

impact on upstream technical engineering, contrary to popular belief. It is often

thought that organisational structures which also encourage the frequent exchange

between knowledge specialists, timely decision making and conflict resolution, should

motivate higher levels of innovation activity (Jaspers et al., 2012). One natural

interpretation of these results is that the transfer of knowledge into improved firm

changes, is immune to such innovative practices. Mothe et al. (2015) were also

able to find inconclusive results in regards to process innovation, but did find

complementarity effects in regards to product innovation.

The co-integration of knowledge management and business practices also does

not appear to encourage knowledge creation within the firm, or the possibility
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of becoming a product or process innovator. Mothe et al. (2015) provide similar

findings under product innovation, suggesting that the development of new goods

and services do not significantly benefit from flexibility, adaptability and increased

knowledge. These findings are at odds with those of Loke et al. (2012). However,

unlike Mothe et al. (2015), I am unable to find evidence that these features provide

the conditions and resources for higher capacities for new methods of production or

new operations for purchasing, accounting or computing.

My results suggest that, to some extent, there may be a ‘crowding out’ effect between

business practices and workplace organisation. The resources that must be used to

effectively manage the synergies between these practices, are now made unavailable

for innovation activity. Thus the ability to pursue technological innovation is limited.

These results are similar to Mothe et al. (2015), whose findings reflect a case of high

costs for this combination of practices. The benefits of a low hierarchy, high levels

of delegation, broad skill levels, teamwork, and job rotation programs is dampened.

These findings still align with the competence theory, in the sense that these firms

may not find themselves in the position to use their resource efficiently and effectively

with limited resources. As such, they find the co-adoption burdensome.

Like Mothe et al. (2015), there are ambiguous effects from the simultaneous adoption

of business practices and external relations on a firms propensity to conduct

technological innovation. This finding is at odds with the typical complementarities

story where firms dedicated to developing their relations with other parties expand

their expertise, are able to overcome resource constraints and strengthen their

innovation capabilities (Vasudeva and Anand, 2011; Zhang et al., 2013). Moreover,

an effective and innovative set of business practices which encourages rewarding

partnerships, also appears to have limited impact on creativity.

I also find limited evidence for our hypotheses about transaction-costs theories of

organisation. For example, one might expect firms which dedicate resources into the

maintenance of connections with foreign entities to use returns effectively, gaining

as much as possible out of the investments. However, it does not appear that firms

organised their innovation systems efficiently to take advantage of newly acquired

knowledge and spur firm creativity. Like me, Mothe et al. (2015) were also unable to

provide any conclusive results for the effects of workplace organisation and external

relations on the prospect of innovating through products and processes.

The results from Section 5.2.2 also show that the implementation of more organi-

sational practices does increase the likelihood of being a technological innovator,
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furthering the case of limited complementarities. This result falls in line with

Ichniowski et al. (1997) who find that firms who enforce more practices, were found

to experience higher levels of creative productivity. Furthermore, I find that this

relationship is concave for product innovation. As the difference in impact is the

greatest with the first additional practice, firms will need to re-weigh the benefits

against the costs when deciding whether to adopt further practices. Given their

available resources, it may very well be optimal to only implement one practice

— a choice which depends on which area they wish to address. For process

innovation however, the relationship is varied. While firms do experience benefits

after implementation of the first practice, the size of the impact then falls, before

increasing again as the number of organisational innovation practices grow.

Furthermore, from the marginal effects estimated across all models, I am able to

find that the impact of organisational innovation on the propensity to execute

product innovation is generally lower. Camisón and Villar-López (2014) also find

a similar pattern, and argue that this is due to the presence of process innovation,

mediating the impacts on the development of new goods and services. This may

imply that simply implementing new and advanced management practices is not

sufficient. They argue that the success of product innovation depends on process

innovation. My findings are also supported by Gunday et al. (2011), who find

that the conduciveness of organisational innovation to the creation of technological

innovation varies between practices associated with products and processes.
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Figure 6.1: Linear Combination Point Estimate Plots - Product Innovation

Notes: On each graph, moving from left to right, each estimate corresponds to Scenario 1, Scenario 2, Scenario 3 and Scenario
4 respectively. Each label denotes what practices were examined. They are made up of dummy notations k l m n (where k,l,m,n
= 0,1), where k corresponds to knowledge management, l to business practices, m to workplace organisation, and n to external
relations.
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Figure 6.2: Linear Combination Point Estimate Plots - Process Innovation

Notes: On each graph, moving from left to right, each estimate corresponds to Scenario 1, Scenario 2, Scenario 3 and Scenario
4 respectively. Each label denotes what practices were examined. They are made up of dummy notations k l m n (where k,l,m,n
= 0,1), where k corresponds to knowledge management, l to business practices, m to workplace organisation, and n to external
relations.
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6.2 Other Results

While a firm’s propensity to implement process innovation withstood any time

effects, the propensity to implement product innovation suffered over years. The

fall in product innovation uptake grew over the time, before settling in the fourth

survey wave. A possible explanation for this observation could be due to the

presence of a time lag effect between organisational innovation and technological

innovation. Damanpour and Evan (1984) and Damanpour et al. (1989) argue that

organisational innovation acts a prerequisite and enabler of production innovation

due to hierarchical effects. It sets up the necessary incubation environment for

product innovation to be created and thrive.

The ABS BCS captured data during the latter half of the 2008 global financial

crisis. Due to resource constraints and financial pressure, it is quite likely that firms

were adopting lower levels of organisational innovation at the beginning or even

prior to the survey being conducted. As such, through a time lag effect, the impact

on product innovation seems to emerge from 2011 onwards. Furthermore, the fall

in propensity decreases in the last wave of the survey, suggesting that innovation

programs have begun to return to normal.

Larger firms are found to have a higher likelihood of adopting process innovation,

with no significant effect for new products. These findings are consistent with

the Schumpeterian hypothesis of a positive relationship between firm and size and

inventive activity. As size is correlated with the availability and stability of internal

funds, larger firms have an advantage in accessing finance for riskier R&D projects.

Along with the benefits from economies of scale in the production of innovations, the

returns are also greater for firms with a larger volume of sales to spread fixed costs

over. Practices such as organisational and marketing, might be complementary

with innovation might also be better developed within larger firms, resulting in

more productive R&D. Bound et al. (1982) also find evidence of a gradient in the

relationship between R&D intensity and firm size.

These results are at odds with Mothe et al. (2015), who find that the impact of firm

size applied for product innovation only. They may also be at odds with intuition

where it is larger firms which should be creating more new products, as they are

in the more developed position to do so. However it must be remembered that my

results were only estimated for small to medium businesses. They are not applicable

to large multi-corporations or alike.
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While Mothe et al. (2015) find competition to be an insignificant factor in motivating

technological innovation uptake, my findings confirm Schumpeter’s 1911 hypothesis

that firms will fight for market share. They pursue both product and process

innovation with the expectation of ex post market power. Scherer (1980) argues that

firms, who are immune from competitive pressures, create a bureaucratic inertia

which discourages innovation. The possession of ex ante power may also favour

innovation.

Both Mothe et al. (2015) and I find that firms are more likely to create new products

if their business operations span overseas. These results align with Tuhin (2016),

who discovers that the impact of export activity in SMEs is quantitatively larger

for product innovation compared to other forms, including process innovation. This

is because exporters gain knowledge and technology from foreign markets, and as

such, should be more innovative. Exposure to these markets also induces fiercer

levels competition, which encourages higher levels of innovation to improve their

products and processes so as to remain competitive (Boone, 2000; Grossman and

Helpman, 1991).

6.3 Correlations between Decisions to Adopt Product

and Process Innovation

Mothe et al. (2015) acknowledge that the decisions to innovate through products or

processes aren’t independent. Rather, these decisions are often made simultaneously,

with considerations such as budget allocations, firm position, and strategic focus

in mind. Jaspers et al. (2012) argue that innovation systems which incorporate

complementary organisational innovation practices are able to provide valuable

insight for managers who must make multiple decisions simultaneously, rather than

in isolation. For these reasons, Mothe et al. (2015) adopt a bivariate probit modelling

approach. This model allows them to capture the effects of organisational innovation

on the joint probability of a firm to innovate both through products and processes.

My current modelling approach assumes however, that the decisions to adopt

product and process innovations are made separately. Therefore, I further examine

whether organisational innovation still encourages technological development under

the scenario of a joint decision. Like Mothe et al. (2015), my bivariate probit

estimation for firms’ innovation activities, takes on the following form:

y∗1 = ψ + Σ15
j=0Sjγj,1 +X ′iβ1 + ε1
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y∗2 = ψ + Σ15
j=0Sjγj,2 +X ′tβ2 + ε2

var(εi) = 1, cov(ε1, ε2) = ρ

Here y∗1 is the latent variable representing the probability to innovate through the

introduction of new or significantly improved goods or services, whilst y∗2 is the latent

variable representing the probability to innovate through the introduction of new

or significantly improved operational processes in the financial year 2011-/2012.13

Sj still represents the set of 16 state dummy variables, accounting for all possible

combinations of organisational innovation practices. Xj now represents the set of

explanatory variables, whether time variant or invariant.

The results from this specification are presented in Appendix F. The estimates

indicate that my initial conclusions where most combinations of organisational

innovation encourage innovation, is generally robust. Most coefficients are positive

and highly significant at the 95% confidence level. The model does however estimate

exorbitantly large coefficients and ridiculous standard errors for the combination

between knowledge management, workplace organisation and external relations

(s1 0 1 1 ). This is the result of a small sample problem, leading to a case of perfect

prediction. All firms who were observed to implement this combination also adopted

product and process innovation.14 I do not encounter these problems when panel

data is used as it allows for greater variations across time. Nonetheless I am still able

to capture that similar interaction effects between organisational practices affect the

joint decision of whether to innovate through products and practices.

Only firms with no employees experience a fall in likelihood of adopting process

innovation. Otherwise, the impact of firm size seems to have no influence on

the propensity to pursue technological innovation. The presence of international

market operations induces a highly significant effect on both types of innovation.

Furthermore, it is interesting to note that competition now has no impact on the

decision to adopt technological innovation, reconciling with the findings of Mothe

et al. (2015).

Interestingly, I find that industry effects seem to only apply to the adoption of

product innovation. Members of the Agriculture, Forestry and Fishing, Mining

and Construction industries are significantly less likely at the 99% confidence

13Due to perfect prediction outcomes, the bivariate probit model could not be run for the years
2009/2010, and 2010/2011.

14This differs to where combinations s0 1 1 1, s1 1 0 1, s0 1 1 1 and s1 1 0 1 were dropped due
to collinearity. In this case no firms were recorded to adopt these arrangements as well as either
product or process innovation.
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level to create new goods, services and production processes. These results are

expected as their offerings tend to be limited by naturally occurring, physical

resources. A firm’s propensity to conduct product innovation also falls if operate

in the Transport, Postal and Warehousing and Rental, Hiring and Real Estate

Services. These differences can perhaps be explained by variants in the levels of

product market demand, technological opportunities available, and appropriability

conditions. These results are also similar to Mothe et al. (2015) who suggest that

firms in low technology, transport and communication industries are significantly less

likely to undergo product innovation as well. They do find however that financial

intermediation firms are more likely to invest resources into improving operational

processes.

The primary benefit of adopting the bivariate probit modelling approach is that it

allows us to capture any correlation between the disturbances for the propensity to

implement product and process innovation. The presence of unobserved factors

affecting the joint decision is captured by rho, which measures the correlation

between the error terms. The measure of rho is 0.416, with a p-value of < 0.0005

meaning that it is a highly significant result confirming that the decision to adopt

product and process innovation practices aren’t independent, they are made in

consideration of each other. While this finding is of interest it does not invalidate

separate probit models. They will still provide consistent estimates but are relatively

inefficient because they do not exploit the cross equation correlation. Again

because of software restrictions the option of estimating both equations jointly and

accounting for the panel structure could not be done here but does represent an

interesting extension to my work.

6.4 Threats

My current research design does account for omitted time invariant variables as a

source of endogeneity but it assumes that a firm makes the decision to implement

new or significantly improved organisational practices, prior to determining whether

to adopt product or process innovations. However it may very well be the case

that annual decisions about the design of the firm’s innovation system are made

simultaneously, creating an other endogeneity problem. Decision makers may take

into consideration common factors such as available budgets, resources, the current

firm position, strategic goals and focus, before selecting into each of these innovation

channels. Furthermore, there is a possible case for reverse causality where the

adoption of technological innovation encourages the likelihood of innovating through

organisational practices.
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Another problem which may affect the validity of my results is a case of self-

selection. As the ABS BCS 2009/10-2013/14 depended on the willing cooperation

of selected firms, it is possible that those who choose to participate might just be

more likely to conduct innovation that other Australian SMEs. If so, then we may

be overestimating the effects of organisational practices on innovation.
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Chapter 7

Conclusion

The objective of this thesis is to determine the patterns of complementarity between

organisational practices, in relation to the adoption of technological innovation. I

specify and estimate an innovation function using Australian firm panel data from

the ABS Business Characteristics Survey to detect an initial indication of causality.

Additional tests derived from the inequality conditions for supermodularity (Mohnen

and Röller, 2005; Topkis, 1998) were performed to further confirm the presence

of pairwise complementarity between organisational strategies. To my knowledge,

this is the first paper to holistically examine the influence of firm organisational

innovation management on the investment in product and process innovation in

Australian SMEs.

My results reveal some important preliminary implications about the relationships

within organisational innovation, and with technological innovation. First, my

findings suggest that organisational innovation is essential for the development of

new goods, services and operational processes. Organisational practices act as a

pre-requisite, influencing and determining the suitability of a firm’s environment

for inventive activity. Effective practices raise knowledge sharing and effort co-

ordination capabilities across the firm, easing access to common resources and

enhanced creativity. These findings provide evidence in favour of previous theoretical

studies such as Teece (1986), Stieglitz and Heine (2007) and Gunday et al. (2011).

Second, I find that surprisingly, despite whether a firm takes up product or process

innovation, the implementation of any combination of organisational innovation

practices has mixed interaction effects. Pairwise complementarity effects across most

combinations are inconclusive, suggesting that often just as productive on their own

as in combination with other practices. In some cases, practices are substitutes,

indicating a ‘crowding out’ effect between practices. Additional resources used to

manage these practices effectively are made unavailable for and compromise the

development of new goods, services and operational processes. Furthermore, I find

similar relationships between my analysis and Mothe et al. (2015), despite the effects

of country specific factors and the consideration of a wider range of industries.
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Third, despite finding limited evidence for complementarity, it is shown that

firms who implemented beyond a singular practice, were more likely to become

technological innovators. For product innovation, the most beneficial combination

for firms was between business practices and external relations. Firms who

implemented all four organisational practices experienced greater leverage in

conducting process innovation. Moreover, all model specifications examined

estimated larger impacts on the uptake of process innovation, suggesting that

organisational innovation is more conducive for the improvement of operational

processes than for final products.

Fourth, the size of effects from implementing additional organisational practices

varies according the type of technological innovation. My results imply a concave

relationship for product innovation, where the difference in impact is the largest

moving from one practice to two, and diminishes with the addition of further

practices. On the other hand, the relationship for process innovation is ambiguous.

After implementing the first practice, the degree of impact on process innovation

falls before increasing with each practice. Assuming that firm uptake implies the

expectation of net benefits, those who implement all four strategies encounter greater

advantages investing in new processes.

Overall, my results highlight the complexity of the firm innovation system,

demonstrating the importance of understanding interaction effects between elements

for the optimal design. While combinations of organisational innovation are more

effective than a standalone adoption, the general lesson from my analysis is that

there are limited complementarities between practices under both product and

process innovation. Therefore, managers should not only be aware of the crucial role

each practice has in knowledge transfer and effort coordination, but also of their

various effects. This paper offers valuable insights into how firms can effectively

allocate their limited resources to organisational innovation, to enhance ensuing

technological innovation. Aware of these implications, policy makers should also

consider targeting resources towards developing firm organisational innovation, to

improve national innovation activity levels and success.

However, my study only offers preliminary conclusions and is not exempt from

limitations. Following the ‘adoption’ approach, I use only simple indications of

annual innovation uptake. Although this method can provide supportive evidence

for complementarity, it cannot serve as a definitive test (Carree, Lokshin, and

Belderbos, 2011). My results rely on the assumption of well-informed decision

makers. It is possible however, that they did not select efficient or output enhancing
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combinations of organisational innovation. Without further information about

innovation performance, such as a measure of income generated from innovative

products, I am unable to convincingly confirm the presence of complementarity.

The ABS has recently initiated a new BCS panel survey which includes information

such as innovation expenditure and income, allowing for a richer analysis.15 For

further research, it suggested that this new data set be used in conjunction with the

‘production function’ approach, as a direct test for complementarity.

My dataset is also quite restrictive for innovation analysis. Factors such as industry

market structures and institutional environments, and firm age have also been

identified as fundamental determinants for innovation activity (Acs and Audretsch,

1987; Casper and van Waarden, 2005; Klepper, 1996). Future studies could examine

whether my identified patterns of complementarity are maintained when accounting

for these effects, or whether my results suffer from omitted variable bias. Further

research might also aim to capture the entire supermodular innovation system of

the modern manufacturing firm (Milgrom and Roberts, 1995), by including a wider

set of non-technological practices such as marketing. No easily executable testing

procedure exists for detecting complementarities between more than two practices

currently exists either. Furthermore, Mothe et al. (2015) also argue that the

current theoretical framework for complementary organisational practices remains

underdeveloped, having not received much attention from innovation literature.

Nonetheless, the findings presented by this thesis make some headway into

understanding interactions between organisational practices and with technological

innovation, uncovering some of the complexities of a firm’s innovation system.

15The first wave of this survey is for the financial year of 2014-2015. Full results from the survey
will not be available until the expected completion around 2020.
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Appendix A

Data Information

Appendix A.1: Definition of Variables
Variables Description
Technological Innovation
Product Innovation Refers to the propensity to innovate in products. This variable

takes on a value of 1 if the firm introduced new or significantly
improved goods or/and services during the relevant survey wave, 0
otherwise

Process Innovation Refers to the propensity to innovate in products. This variable
takes on a value of 1 if the firm introduced new or significantly
improved production processes, distribution methods, or support
activity for goods or services during the relevant survey wave, 0
otherwise

Organisational Innovation
Knowledge Management Equal to 1 if the firm introduced new knowledge management

systems to use or exchange better information, knowledge, skills
within the firm or to collect and interpret information from outside
the firm, 0 otherwise

Business Practices Equal to 1 if the firm introduced new business practices for
oranising work or procedures (i.e. supply chain, business re-
engineering, lean production, quality management), 0 otherwise

Workplace Organisation Equal to 1 if the firm introduced new methods of workplace
organisation for distributing responsibilities and decision making
(team work, decentralisation, integration or de-integration of
departments), 0 otherwise

External Relations Equal to 1 if the firm introduced new methods of organising external
relations with other firms or public insitutions (partnerships,
outsourcing, subcontracting), 0 otherwise

Year Effects
Year 1 Equal to 1 if the observation was recorded in Wave 1, the financial

year of 2009 to 2010
Year 2 Equal to 1 if the observation was recorded in Wave 2, the financial

year of 2010 to 2011
Year 3 Equal to 1 if the observation was recorded in Wave 3, the financial

year of 2011 to 2012
Year 4 Equal to 1 if the observation was recorded in Wave 4, the financial

year of 2012 to 2013
Year 5 Equal to 1 if the observation was recorded in Wave 5, the financial

year of 2013 to 2014
Firm Characteristics
No Employees Equal to 1 if the firm reported having zero employees, 0 otherwise
Small Size Firm Equal to 1 if the firm reported having 0-4 employees, 0 otherwise
Medium Size Firm Equal to 1 if the firm reported having 5-19 employees, 0 otherwise
Large Size Firm Equal to 1 if the firm reported having 20-199 employees, 0 otherwise
Degree of Competition Equal to 0 if the firm reported having no effective competition,

equal to 1 if the firm reported having 1-2 competitors, equal to 2 if
the firm reported having 3-4 competitors, and equal to 3 if the firm
reported having 5 or more competitors. Firms who ticked more
than 1 box were treated having 5 or more competitors.

Markets: Australia Equal to 1 if the firm had business operations within Australia
(whether within their locality, outside their locality but within
their state/territory, or outside their state/territory but within
Australia), 0 otherwise

Markets: Overseas Equal to 1 if the firm had business operations outside of Australia,
0 otherwise

Notes: Apart from the year variables, surveyed firms would report a new response for each variable with every
annual survey wave.
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Appendix B

Interaction Effects

Appendix B.1: Mundlak RE Estimates
Product Innovation Process Innovation

Organisational Innovation
Knowledge Management 0.340 (0.079)*** 0.668 (0.076)***
Business Practices 0.292 (0.091)*** 0.459 (0.087)***
Workplace Organisation 0.252 (0.077)*** 0.559 (0.075)***
External Relations 0.285 (0.117)*** 0.518 (0.120)***
Time Effects
Year 2 -0.101 (0.069) -0.071 (0.071)
Year 3 -0.133 (0.070)* -0.083 (0.070)
Year 4 -0.155 (0.070)** -0.093 (0.070)
Year 5 -0.147 (0.070)** -0.105 (0.071)
Firm Characteristics
No Employees -0.095 (0.147) -0.380 (0.140)**
Small Size Firms -0.121 (0.092) -0.094 (0.081)
Large Size Firms -0.106 (0.088) 0.154 (0.075)***
Degree of Competition 0.087 (0.038)** 0.090 (0.038)**
Markets: Australia -0.669 (0.390)* -0.058 (0.367)
Markets: Overseas 0.298 (0.122)** 0.131 (0.125)
Constant -3.019 (0.593)*** -2.068 (0.420)***
Number of Observations 5995
Log-Likelihood -2507.9605 -2301.7351
ρ 0.416 (0.025) 0.288 (0.026)

Notes: Components of my Mundlak re-parametrisation are not reported as their effects
cannot be separately identified. This includes a firm’s industry of affiliation. *significant at
10% , **significant at 5%, ***significant at 1%. Standard errors in parentheses.

Appendix B.2: Average Marginal Effects
Product Innovation Process Innovation

Organisational Innovation
Knowledge Management 0.079(0.021)∗∗∗ 0.176(0.024)∗∗∗
Business Practices 0.068(0.024)∗∗∗ 0.115(0.026)∗∗∗
Workplace Organisation 0.057(0.019)∗∗∗ 0.142(0.023)∗∗∗
External Relations 0.067(0.031)∗∗∗ 0.136(0.038)∗∗∗
Time Effects
Year 2 −0.020(0.013) −0.014(0.014)
Year 3 −0.026(0.013)∗ −0.014(0.014)
Year 4 −0.030(0.013)∗∗ −0.019(0.014)
Year 5 −0.029(0.013)∗∗ −0.021(0.014)
Firm Characteristics
No Employees −0.019(0.027) −0.065(0.019)∗∗
Small Size Firms −0.024(0.018) −0.019(0.016)
Large Size Firms −0.021(0.017) 0.033(0.017)∗∗∗
Degree of Competition 0.018(0.008)∗∗ 0.019(0.008)∗∗
Markets: Australia −0.188(0.137)∗ −0.012(0.081)
Markets: Overseas 0.069(0.031)∗∗ 0.029(0.029)
Number of Observations 5995

Notes: Components of my Mundlak re-parametrisation are not reported as their effects
cannot be separately identified. This includes a firm’s industry of affiliation. *significant at
10% , **significant at 5%, ***significant at 1%. Standard errors in parentheses.
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Appendix C

Frequency Effects

Appendix C.1: Mundlak RE Estimates
Product Innovation Process Innovation

Organisational Innovation
Any One Practice 0.498 (0.075)*** 0.968 (0.072)***
Any Two Practices 0.755 (0.098)*** 1.158 (0.095)***
Any Three Practices 0.834 (0.145)*** 1.513 (0.141)***
All Four Practices 0.877 (0.175)*** 1.986 (0.199)***
Time Effects
Year 2 -0.099 (0.070) -0.063 (0.071)
Year 3 -0.129 (0.070)* -0.062 (0.070)
Year 4 -0.153 (0.070)** -0.076 (0.071)
Year 5 -0.141 (0.070)** -0.086 (0.071)
Firm Characteristics
No Employees -0.030 (0.146) -0.306 (0.137)**
Small Size Firms -0.078 (0.092) -0.041 (0.079)
Large Size Firms -0.110 (0.088) 0.151 (0.073)**
Degree of Competition 0.087 (0.038)** 0.088 (0.039)**
Markets: Australia -0.596 (0.392) 0.091 (0.375)
Markets: Overseas 0.304 (0.123)** 0.130 (0.125)
Constant -3.221 (0.606)*** -2.264 (0.417)***
Number of Observations 5995
Log-Likelihood -2488.3567 -2247.5134
ρ 0.410 (0.025) 0.261 (0.027)

Notes: Components of my Mundlak re-parametrisation are not reported as their effects
cannot be separately identified. This includes a firm’s industry of affiliation. A likelihood-
ratio test on ρ confirms that panel-level variance is significantly different from zero at the
99% confidence interval. *significant at 10% , **significant at 5%, ***significant at 1%.
Standard errors in parentheses.

Appendix C.2: Average Marginal Effects
Product Innovation Process Innovation

Organisational Innovation
Any One Practice 0.123(0.022)∗∗∗ 0.275(0.025)∗∗∗
Any Two Practices 0.210(0.034)∗∗∗ 0.359(0.036)∗∗∗
Any Three Practices 0.244(0.054)∗∗∗ 0.507(0.053)∗∗∗
All Four Practices 0.262(0.066)∗∗∗ 0.669(0.058)∗∗∗
Time Effects
Year 2 −0.019(0.013) −0.013(0.014)
Year 3 −0.025(0.013)∗ −0.012(0.014)
Year 4 −0.029(0.013)∗∗ −0.015(0.014)
Year 5 −0.027(0.013)∗∗ −0.017(0.014)
Firm Characteristics
No Employees −0.006(0.029) −0.054(0.020)∗∗∗
Small Size Firms −0.016(0.018) −0.008(0.016)
Large Size Firms −0.022(0.017) 0.032(0.016)∗∗
Degree of Competition 0.018(0.008)∗∗ 0.018(0.008)∗∗
Markets: Australia −0.162(0.132) 0.017(0.068)
Markets: Overseas 0.070(0.031)∗∗ 0.028(0.028)
Number of Observations 5995

Notes: Components of my Mundlak re-parametrisation are not reported as their effects
cannot be separately identified. This includes a firm’s industry of affiliation. *significant at
10% , **significant at 5%, ***significant at 1%. Standard errors in parentheses.
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Appendix D

Unbalanced Dataset

Appendix D.1: Summary Statistics for ABS Business Characteristics
Survey 2009-10 to 2013-14

Variable Mean
Technological Innovation
Product Innovation 0.1758
Process Innovation 0.1649
Organisational Innovation
s0 0 0 0 0.6493
s0 0 0 1 0.0081
s0 0 1 0 0.0405
s0 0 1 1 0.0039
s0 1 0 1 0.0014
s0 1 0 0 0.0187
s0 1 1 0 0.0101
s0 1 1 1 0.0024
s1 0 0 0 0.0388
s1 0 0 1 0.0034
s1 0 1 0 0.0241
s1 0 1 1 0.0025
s1 1 0 0 0.0114
s1 1 0 1 0.0018
s1 1 1 0 0.0159
s1 1 1 1 0.0130
Firm Characteristics
No Employees 0.1151
Small Size Firms 0.3178
Medium Size Firms 0.2855
Large Size Firms 0.2816
Degree of Competition 1.8859
Markets: Australia 0.9905
Markets: Overseas 0.1043
Industries
Industry 1: Agriculture, Forestry and Fishing 0.0877
Industry 2: Mining 0.0647
Industry 3: Manufacturing 0.0647
Industry 4: Construction 0.0553
Industry 5: Wholesale Trade 0.0608
Industry 6: Retail Trade 0.0652
Industry 7: Accommodation and Food Services 0.0685
Industry 8: Transport, Postal and Warehousing 0.0581
Industry 9: Information, Media and Telecommunications 0.0636
Industry 10: Rental, Hiring and Real Estate Services 0.0866
Industry 11: Professional, Scientific and Technical Services 0.0888
Industry 12: Administrative and Support Services 0.0811
Industry 13: Arts and Recreation Services 0.0636
Industry 14: Other Services 0.0915

Notes: Like Mothe et al. (2015), the dummy variables sk l m n (where
k,l,m,n = 0,1), each represent a possible combination of the four organisational
innovation practices. Here, k corresponds to knowledge management, l to
business practices, m to workplace organisation, and n to external relations.
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Appendix D.2: Mundlak RE Estimates
Product Innovation Process Innovation

Organisational Innovation
s0 0 0 1 0.852 (0.200)*** 0.872 (0.196)***
s0 0 1 0 0.606 (0.097)*** 0.984 (0.096)***
s0 0 1 1 0.676 (0.293)** 1.906 (0.291)***
s0 1 0 1 1.373 (0.477)*** 1.721 (0.484)***
s0 1 0 0 0.536 (0.134)*** 1.051 (0.130)***
s0 1 1 0 0.773 (0.177)*** 1.086 (0.174)***
s0 1 1 1 1.169 (0.361)*** 1.583 (0.357)***
s1 0 0 0 0.675 (0.101)*** 1.093 (0.096)***
s1 0 0 1 0.499 (0.312) 1.146 (0.296)***
s1 0 1 0 0.719 (0.126)*** 1.181 (0.122)***
s1 0 1 1 1.097 (0.357)*** 1.589 (0.343)***
s1 1 0 0 1.143 (0.176)*** 1.224 (0.162)***
s1 1 0 1 0.929 (0.414)** 1.664 (0.427)***
s1 1 1 0 0.888 (0.152)*** 1.618 (0.149)***
s1 1 1 1 1.104 (0.160)*** 1.965 (0.178)***
Time Effects
Year 2 -0.190 (0.060)* -0.088 (0.061)
Year 3 -0.184 (0.060)* -0.125 (0.062)**
Year 4 -0.198 (0.061)* -0.162 (0.063***)
Year 5 -0.243 (0.063)* -0.191 (0.064)***
Firm Characteristics
No Employees 0.073 (0.118) -0.228 (0.112)**
Large Size Firms -0.162 (0.076)** 0.101 (0.064)
Degree of Competition 0.270(0.027)*** 0.210 (0.028)***
Markets: Australia -0.383 (0.345) -0.057 (0.317)
Markets: Overseas 0.315 (0.110)*** 0.166 (0.113)
Constant -3.748 (0.567)*** -2.486 (0.388)***
Number of Observations 7670
Log-Likelihood -3229.0346 -2858.1098
ρ 0.402 (0.023) 0.263 (0.024)

Notes: Small Size Firms was omitted due to collinearity. Components of my Mundlak
re-paramitisation are not reported as their effects cannot be separately identified. This
includes a firm’s industry of affiliation. A likelihood-ratio test on ρ confirms that panel-level
variance is significantly different from zero at the 99% confidence interval. *significant at
10% , **significant at 5%, ***significant at 1%. Standard errors in parentheses.

Appendix D.3: Average Marginal Effects
Product Innovation Process Innovation

Organisational Innovation
s0 0 0 1 0.204(0.067)∗∗∗ 0.213(0.067)∗∗∗
s0 0 1 0 0.125(0.027)∗∗∗ 0.245(0.033)∗∗∗
s0 0 1 1 0.149(0.088)∗ 0.607(0.103)∗∗∗
s0 1 0 1 0.401(0.190)∗∗∗ 0.540(0.185)∗∗
s0 1 0 0 0.108(0.035)∗∗∗ 0.274(0.047)∗∗∗
s0 1 1 0 0.178(0.057)∗∗∗ 0.289(0.065)∗∗∗
s0 1 1 1 0.320(0.139)∗∗∗ 0.486(0.141)∗∗∗
s1 0 0 0 0.145(0.029)∗∗∗ 0.284(0.035)∗∗∗
s1 0 0 1 0.100(0.081) 0.314(0.113)∗∗∗
s1 0 1 0 0.159(0.038)∗∗∗ 0.321(0.046)∗∗∗
s1 0 1 1 0.293(0.135)∗∗∗ 0.489(0.135)∗∗∗
s1 1 0 0 0.308(0.067)∗∗∗ 0.341(0.063)∗∗∗
s1 1 0 1 0.232(0.145) 0.518(0.165)∗∗
s1 1 1 0 0.215(0.052)∗∗∗ 0.495(0.058)∗∗∗
s1 1 1 1 0.293(0.060)∗∗∗ 0.624(0.061)∗
Time Effects
Year 2 −0.025(0.007) −0.012(0.008)
Year 3 −0.024(0.007)∗ −0.017(0.008)
Year 4 −0.026(0.007)∗∗ −0.022(0.008)
Year 5 −0.032(0.007)∗∗ −0.026(0.008)
Firm Characteristics
No Employees 0.011(0.018) −0.029(0.013)∗∗
Large Size Firms −0.022(0.010) 0.015(0.010)∗∗
Degree of Competition 0.039(0.004)∗∗ 0.031(0.004)∗∗
Markets: Australia −0.071(0.079) −0.009(0.862)
Markets: Overseas 0.054(0.022)∗∗ 0.027(0.020)
Number of Observations 7670

Notes: Small Size Firms was omitted due to collinearity. Components of my Mundlak re-
paramitisation are not reported as their effects cannot be separately identified. This includes
a firm’s industry of affiliation. *significant at 10% , **significant at 5%, ***significant at
1%. Standard errors in parentheses.
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Appendix E

Fixed Effects Model

Appendix E.1: Fixed Effects Model Estimates

Product Innovation Process Innovation
Organisational Innovation
s0 0 0 1 0.197 (0.072)*** 0.250 (0.070)***
s0 0 1 0 0.111 (0.031)*** 0.256 (0.031)***
s0 0 1 1 0.217 (0.093)** 0.464 (0.098)***
s0 1 0 1 0.443 (0.129)*** 0.436 (0.121)***
s0 1 0 0 0.114 (0.043)*** 0.273 (0.042)***
s0 1 1 0 0.157 (0.055)*** 0.307 (0.057)***
s0 1 1 1 0.337 (0.108)*** 0.469 (0.116)***
s1 0 0 0 0.118 (0.025)*** 0.275 (0.030)***
s1 0 0 1 0.105 (0.088) 0.326 (0.104)***
s1 0 1 0 0.180 (0.038)*** 0.319 (0.040)***
s1 0 1 1 0.273 (0.093)*** 0.489 (0.115)***
s1 1 0 0 0.265 (0.052)*** 0.356 (0.064)***
s1 1 0 1 0.255 (0.139)* 0.437 (0.127)***
s1 1 1 0 0.194 (0.048)*** 0.450 (0.052)***
s1 1 1 1 0.247 (0.056)*** 0.568 (0.046)***
Time Effects
Year 2 -0.017 (0.014)* -0.010 (0.014)
Year 3 -0.023 (0.014)* -0.011 (0.014)**
Year 4 -0.026 (0.014)* -0.010 (0.013***)
Year 5 -0.028 (0.014)* -0.014 (0.014)***
Firm Characteristics
Degree of Competition 0.014(0.006)*** 0.014 (0.006)***
Markets: Australia -0.070 (0.066) 0.004 (0.054)
Markets: Overseas 0.068 (0.028)*** 0.030 (0.026)
Constant 0.225 (0.069)*** 0.095 (0.057)***
Number of Observations 5995

Notes: *significant at 10% , **significant at 5%, ***significant at 1%. Standard errors in
parentheses.
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Appendix F

Bivariate Probit Model

Appendix F.1: Bivariate Probit Model Estimates
Product Innovation Process Innovation

Organisational Innovation
s0 0 0 1 1.434 (0.396)*** 1.626 (0.394)***
s0 0 1 0 0.602 (0.191)*** 0.923 (0.187)***
s0 0 1 1 0.816 (0.603) 2.141 (0.681)***
s0 1 0 1 1.309 (0.607)** 1.572 (0.610)***
s0 1 0 0 1.042 (0.311)*** 1.311 (0.307)***
s0 1 1 0 0.967 (0.349)*** 0.794 (0.358)**
s1 0 0 0 0.764 (0.179)*** 1.140 (0.174)***
s1 0 0 1 1.383 (0.635)** 1.514 (0.624)**
s1 0 1 0 0.946 (0.198)*** 1.629 (0.201)***
s1 0 1 1 7.900 (28110.570) 8.338 (27773.650)
s1 1 0 0 1.049 (0.309)*** 1.046 (0.313)***
s1 1 1 0 0.806 (0.263)*** 1.435 (0.258)***
s1 1 1 1 1.676 (0.289)*** 2.027 (0.306)***
Firm Characteristics
No Employees -0.174 (0.195) -0.426 (0.233)*
Small Size Firms -0.061 (0.117) -0.021 (0.122)
Large Size Firms 0.083 (0.110) 0.087 (0.113)
Degree of Competition 0.003 (0.044) 0.015 (0.046)
Markets: Australia 0.221 (0.426) 0.576 (0.495)
Markets: Overseas 0.339 (0.130)*** 0.314 (0.137)**
Industries
Industry 1: -0.695 (0.229)*** 0.314 (0.137)
Industry 2: -0.659 (0.244)*** -0.253 (0.238)
Industry 3: 0.046 (0.208) 0.213 (0.218)
Industry 4: -0.745 (0.276)*** -0.169 (0.251)
Industry 5: 0.056 (0.212) -0.149 (0.234)
Industry 6: 0.310 (0.207) -0.039 (0.226)
Industry 7: 0.033 (0.221) -0.193 (0.246)
Industry 8: -0.428 (0.238)* -0.103 (0.237)
Industry 9: -0.127 (0.221) -0.242 (0.240))
Industry 10: -0.413 (0.209)** -0.321 (0.219)
Industry 11: -0.210 (0.198) -0.281 (0.218)
Industry 12: -0.244 (0.219) -0.236 (0.245)
Industry 13: -0.373 (0.227) -0.390 (0.242)
Constant: -1.161 (0.459)** -1.750 (0.530)***
Number of Observations 5995
Rho 0.416 (0.056)

Notes: s0 1 1 1, s1 1 0 1, s0 1 1 1 and s1 1 0 1 were omitted due to collinearity. *significant at 10%
, **significant at 5%, ***significant at 1%. Standard errors in parentheses.
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