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ABSTRACT 

Construction is unquestionably one of the largest industry contributors to any national economy. 

However, the sector faces significant problems with long-term performance, productivity and 

competitiveness; it is also very diverse and fragmented. It is generally accepted that the industry 

worldwide does not have a coherent model of innovation development, is unwilling to innovate, 

does not invest in R&D sufficiently, and shows a conservative attitude towards mass inclusion of 

cutting-edge technology into construction processes. The Russian construction industry is no 

exception. The Russian construction industry development lags far behind the world in creating 

and disseminating building materials and technologies. To stay competitive, Russian domestic 

construction companies need to continue their innovative activities, in order to exploit existing 

technological opportunities, despite the difficult financial climate. A high level of innovation 

performance is extremely important for this industry growth and for the development of the 

Russian economy. Innovations include the use of new building materials, machinery, and 

engineering equipment that increase the quality of operations and customer satisfaction (e.g. 

energy-efficient, soundproofing materials). They also include new, efficient construction 

technologies and software for architectural and construction design that enable the achievement 

of higher productivity, and lower construction times such as Building Information Modelling and 

off-site fabrication.  

This PhD study was founded on the innovation system approach which stresses that construction 

innovation is not limited by the boundary of a single construction company, but by a sectoral 

innovation system. In other words, the innovation performance of the industry depends not only 

on how individual firms perform in isolation, but on how they interact with other system actors 

(i.e. governments and academia) and contribute to the development and diffusion of innovations 

from a dynamic perspective. The theoretical framework developed for the Russian construction 

innovation system has a strong focus on these links between the government, industry and 

academia. Thus, creating a favourable environment for construction innovation is heavily 

dependent on government and construction companies. Moreover, construction innovation is also 

conditional upon the collaborative readiness of construction companies and research institutions 

to integrate their knowledge and expertise to maximise industry innovativeness.  

The overarching goal of this research was to explore the dynamic complexities inherent in 

construction innovation through the formulation of a system dynamics (SD) simulation model 

that focuses on the challenging Russian Federation context. The SD model was the outcome of a 

purpose-built integrated participatory systems modelling (IPSM) approach. This comprehensive 

IPSM approach employed and integrated various data collection techniques, including, 
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questionnaire surveys, face-to-face interviews, direct expert consultations, empirical structural 

analysis, and a series of stakeholder workshops. 

A robustly developed SD model can help to address the challenges of transforming Russia’s 

construction industry into a highly developed sector by providing an understanding of how 

government policies and supportive programs could encourage industrialists to innovate, promote 

research and transfer technology. Such actions would ultimately improve industry innovativeness. 

The SD model sought to also understand and encapsulate the innovation dynamics of two 

innovation development typologies, namely, imitators and innovators. Imitators represented 

construction firms that introduced and implemented technological innovations by adopting and/or 

adapting ideas from others, in terms of improved construction materials, techniques, construction 

methods, products and services. Innovators represented companies that implemented 

technological innovations as a result of collaborative R&D. Such companies are constantly 

involved in R&D and implement newly introduced (i.e. subjected to significant technological 

changes) construction materials, techniques, goods and services based on new technologies, or on 

the combination of new technologies with existing ones.  

Overall, findings indicated that the Russian construction industry’s unwillingness to implement 

innovative technological advancements is primarily caused by the inability of the government to 

build an institutional, regulatory and legislative framework that would encourage firms to 

innovate. Among the key factors which hinder innovation processes are: the absence of a system 

of economic incentives for industrialists and research institutions; weak investment activity of 

construction companies due to a lack of funds; excessive administrative barriers; inappropriate 

technical regulation along with outdated construction norms and codes; a serious lack of research 

support; weak R&D collaboration between industry and academia; and conservative procurement 

methods. The SD model provided empirical evidence that effective strategies are required to 

overcome the challenges of transforming Russia’s construction industry into one which is highly 

innovative. The following factors might generate successful adoption of ground-breaking 

processes and products in the Russian construction industry: government support; client demand 

for innovation; access to information and knowledge for construction companies; and R&D 

collaboration. Hence, the number of imitators and innovators is only likely to increase if there is 

sufficient support for increased collaboration within the innovation system. Moreover, there is a 

need to improve procurement practises that would lead to increasing demand for high-quality 

construction goods and services.  

The SD model was also utilised to derive an understanding of the Russian construction industry 

with regards to innovation development and diffusion within the context of four plausible 

transition scenarios (i.e. business as usual, market forces, conservative development and 
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innovation power). Specifically, the transition scenarios were developed by considering the 

variation of two important but uncertain factors driving innovation in the construction sector, 

namely: (1) the conditions and level of government financial support; and (2) demand for 

innovation related to market expectations, largely dictated by traditional versus progressive 

procurement processes. Simulation results under alternative scenario settings revealed that 

industry transformation requires sustained and coordinated innovation diffusion strategies that 

engage all innovation stakeholders. One key finding was that the Russian construction industry 

shows preference for imitation-oriented innovation development. Even though construction 

innovation diffused more rapidly, and seeded more innovators than imitators for the innovation 

power transition scenario (whereby increasing government support was coupled with extensive 

reductions in barriers), it would still take time to develop a sufficient proportion of truly 

innovative companies. The market forces and state-led conservative development transition 

scenarios showed similar levels of innovation outcomes within the modelling horizon, but 

predominately yielded innovation imitators. Lastly, the extensive scenario analysis findings 

culminated in the formulation of both policy and practical recommendations for enhancing 

innovativeness in the Russian construction sector, for overcoming its excessive conservatism, and 

for shaping a successful industry transition into an innovative future. 

In summary, this PhD thesis has made significant contributions to the theoretical, methodological 

and practical knowledge in the fields of construction innovation and systems modelling. The 

application of a systems approach to the analysis of construction innovation processes provided 

insights into both the complexity and inherent dynamics of innovation processes caused by 

multiple feedback loops, non-linearity, and time delays in decision-making. The IPSM modelling 

approach provides both a high degree of scientific rigour and an efficient participatory modelling 

procedure for building SD models. It can be used to deal with various problems where uncertainty 

in scientific knowledge, and lack of empirical data presents difficulties. Finally, the herein 

demonstrated concept of connecting a particular SD model for a particular system (i.e. 

construction innovation in this study) with that of macro industry transition scenarios, would be 

useful for government policy-makers to develop more fit-for-purpose strategies. 
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CHAPTER 1  

INTRODUCTION 

 

1.1 Research Background 

Construction is unquestionably one of the largest industry contributors to a national economy. 

The Russian construction sector is no exception, with estimates of contribution to gross domestic 

product (GDP) reaching as high as 5.7% in 2017 (FSSS, 2018). It goes without saying that quality 

of life as well as the functioning of all enterprises in the real economy depend on the availability 

and quality of built infrastructure, roads, railways, power plants and so on. However, despite 

industry growth, this sector faces significant problems with long-term performance, productivity 

and competitiveness; it is also very diverse and fragmented (Expert, 2007; Davidson and Ivanova, 

2011; HSE, 2013). Successful innovation implementation and diffusion processes can help to 

overcome the limitations of being a ‘laggard industry’ (NAHB, 2004; Fulford and Standing, 

2014).  

In the broad context, innovation is defined as an application of new ideas and new knowledge to 

reality. It includes new products, new processes and social and organisational changes as a way 

to improve productivity and efficiency (OECD, 1997; Firth and Mellor, 1999). Within the 

construction context, innovation has been focused on successful exploitation and implementation 

of new processes, products or management approaches through which new ideas turn into new 

components of constructed assets that have economic, functional or technological value (Manseau 

and Seaden, 2003; Orstavik et al., 2015). For example, construction innovations include the use 

of new building materials, machinery and engineering equipment that increase operational and 

consumer qualities (e.g. energy-efficient, soundproofing materials); and new efficient 

construction technologies and software for architectural and construction design that allow the 

achievement of higher productivity, lower construction times and so on (e.g. BIM, off-site 

fabrication). Innovation can also play a key role in the design and construction of infrastructure 

projects to provide better services to clients. 

Although innovation as a knowledge creation process has become a powerful business strategy 

in many organisations and governments to promote stable economic growth and competitiveness, 

it is difficult to implement and manage (OECD, 1997). The construction sector is no exception. 
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It is generally accepted that the industry worldwide does not have a coherent model of innovation 

development, is unwilling to innovate, does not invest in R&D sufficiently, and shows a 

conservative attitude towards mass inclusion of cutting-edge technology into construction 

processes (Blayse and Manley, 2004; Orstavik et al., 2015; Ozorhon and Oral, 2017). The 

awareness of the significance of innovation for industry development has led many scholars to 

examine innovation-related topics in the field of construction management. These studies have 

provided a great deal of knowledge regarding types of innovation and reasons for innovating 

(Bossink, 2004; Davidson, 2013; Davis et al., 2016; Yusof et al., 2017), ways to implement 

innovative solutions in construction processes (Manley, 2008; Loosemore, 2013; Dansoh et al., 

2017), management practices (Gann and Salter, 2000; Ling, 2003; Ozorhon and Oral, 2017) and  

diffusion of innovation in the construction industry (NAHB, 2004; Panuwatwanich et al., 2009a; 

Panuwatwanich et al., 2009b).  

It is worth noting that most of the aforementioned studies have addressed innovation processes in 

the industry by mainly focusing at the project and firm level. Nevertheless, according to Manseau 

and Seaden (2003), the innovation process involves governmental and other institutional actors 

that interact by jointly and individually contributing to the development and diffusion of 

innovations. It is accepted that firms and organisations do not innovate in isolation, as isolation 

hinders the knowledge generation process (OECD, 1997). There are always continuous and 

complex interactions among other actors at local and national levels. In other words, the 

innovation process involves interactive relations among different actors and follows a non-linear 

path (Malerba, 2002; Manley, 2002; Van Egmond, 2012). From this perspective, the innovation 

performance of the industry depends not only on how individual firms perform in isolation, but 

also on how they interact with other actors.  

Relatively few studies have addressed innovation processes in the construction industry by 

founding their research on the innovation system approach (Andersson and Widén, 2005; Lim et 

al., 2007; Van Egmond, 2012), which stresses that understanding relationships among the actors 

involved in the innovation process is the key to improving innovation performance within the 

industry. Hence, to understand the decisions of industrialists to innovate is to understand the 

complex system of innovation within the industry. According to Lim et al. (2006), the key 

instruments for enhancing construction innovation lie in a nation’s ability for government and 

construction companies to create a favourable environment that induces the act of successful 

innovation. Researchers also suggest that construction innovation is conditional upon the 

collaborative readiness of construction companies and research institutions to integrate their 

knowledge and expertise to ensure industry innovativeness (Ramstad, 2009; Aouad et al., 2010; 

Hampson et al., 2014). Nevertheless, current analysis of innovation performance undertaken from 

a non-linear and systemic perspective explains the results from a static perspective.  
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The construction industry, as well as other types of industries, develop continuously and as such 

is subject to dynamic processes (Van Egmond, 2012; Orstavik et al., 2015). Considering the 

multi-actor and dynamic nature of the construction sector, more research is required for capturing 

dynamics within the construction innovation system. 

1.2 Research Purpose 

The background outlined above suggests that construction innovation is critical to the growth and 

development of the industry and a nation in general. Typically, the construction industry produces 

between 5% and 8% of GDP in most advanced economies; hence, it is a very important sector 

towards the country’s development (Hampson et al., 2014). By 2018, the construction industry 

was estimated to contribute about 5.7% of the Russian GDP compared to 4.3% in the US, 5.2% 

in Brazil, 5.7% in China, 6.4% in the UK and 7.4% in Australia (TE, 2018). As can be seen, 

construction’s contribution to Russia’s GDP is comparable; however, it has not grown since 2011, 

and the government intends to increase the industry’s GDP contribution to 6.8% by 2030 (RSCI, 

2017). Thus, the government prefers to take measures aimed at following an innovative scenario 

of economic development to ensure national security through the maximum possible import 

substitution. In other words, there is a need to support the demand for locally developed 

innovative construction goods and services, rather than blind technology transfer from developed 

countries (TASS, 2014b). However, the pace of the Russian industry development lags far behind 

the world rate in creating and diffusing building materials and technologies. Domestic 

construction companies produce a wide range of products; however, cutting-edge ideas are 

applied to a limited extent and, as a result, technological weakness and outdated technologies 

force national construction firms to lag behind innovative foreign competitors. To stay 

competitive, domestic companies need to continue their innovative activities, in order to exploit 

existing technological opportunities, despite the difficult financial climate. 

The background also argues that construction innovation does not lie in the limited boundary of 

a single construction company but within a sectoral innovation system. This research study was 

inspired by the significance of understanding the complex dynamic structure of a ‘system of 

innovation’ in order to improve the efficiency and effectiveness of the system within the 

construction industry. The advantage of using a sectoral systems approach is that system actors 

often share common knowledge, which helps in identifying key components and linkages that 

affect system behaviour. Hence, the overarching goal of this research is to explore the dynamic 

complexities inherent in construction innovation by the development of a system dynamics 

simulation model that focuses on the challenging Russian Federation country context. In 

particular, the model is needed to understand how government policies and supportive programs 

can encourage industrialists to innovate, promote research and transfer technology, which will 

ultimately improve industry productivity and competitiveness. The research also aims to address 
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the challenges of transforming Russia’s construction industry into a highly developed sector, 

improving its innovativeness by identifying the potential pathways to rational decision-making, 

along with establishing strategies, policies and practical recommendations to achieve the robust 

development of the Russian construction industry and overcome its excessive conservatism.  

1.3 Research Questions and Objectives  

In light of the research goals, five main research questions (RQs) were formulated to address the 

problem as follows:  

RQ1: What are the factors within the construction innovation system that influence 

innovation diffusion and innovation performance? 

RQ2: What roles do the main actors (i.e. industry, government and academia) play in 

construction innovation activities? 

RQ3: How does their interaction, along with resources and activities flows, produce changes 

in the behaviour of the entire system?  

RQ4: How do alternative strategies and policy arrangements affect the dynamics of 

innovative activity of the industry and yield improved industry development?  

RQ5: How would the Russian construction industry perform with regard to innovation in 

the context of various plausible ‘futures’? 

To explore the research questions, this study sought to achieve three primary objectives and nine 

sub-objectives (Os): 

O1: To conduct an exploratory study in order to scope the problem to be modelled. 

O1.1: To complete a comprehensive literature review of the current state of knowledge 

regarding innovation system concepts and innovation-related terminologies. 

O1.2: To explore the current situation in the Russian construction industry in terms of 

the key obstacles, drivers and strategies that affect innovation development and 

diffusion processes most significantly.  

O2: To develop a research approach that is suited to supporting decision-making and 

modelling contexts where high levels of cooperation exist between the diverse actors that 

make up the system under investigation.  

O3: To develop and operationalise a systems model that is capable of revealing the true 

nature of construction innovation processes as a complex dynamic system.  

O3.1: To discover the nature of relationships between the system’s variables as well as 

their influence on each other. 

O3.2: To develop a qualitative systems model that can aid interpretation of complex 

cause-and-effect relationships among relevant innovation factors.  



Chapter 1 – Introduction 

5 | P a g e  

  

O3.3: To build a system dynamics model, based on the conceptual model, implying that 

differences in the structuring of such complex systems create different innovative 

performance.  

O3.4: To run simulation experiments to explicitly capture the impact of various 

strategies and policies on the dynamics of key performance indicators (KPIs) of 

innovation performance within the construction industry. 

O3.5: To conduct a scenario analysis of the dynamic model’s behaviour in the context 

of four plausible transition scenarios within the construction innovation system in 

Russia. 

O3.6: To provide potential pathways along with policy and practical recommendations 

to shape successful transition of the Russian construction sector into the innovative 

future. 

1.4 Research Design and Method Overview 

In order to achieve the described objectives, this PhD study employed a developed, integrated 

participatory systems modelling approach, which consisted of an exploratory study, stakeholder 

engagement, structural analysis and system dynamics modelling.  

Firstly, during an exploratory phase, knowledge acquisition from past studies was conducted to 

identify research deficiencies and gaps, establish a repository of knowledge on the research topic, 

scope the problem to be modelled, and build a foundation for the formulation of the initial 

conceptual model. This phase involved a comprehensive review of the existing literature pertinent 

to innovation systems within and outside the context of the construction industry. National and 

international literature was examined to identify issues that were not adequately explored. Past 

theoretical and empirical studies were reviewed in order to develop the underpinning theoretical 

concepts for this research. Following the literature review, an exploratory study was conducted. 

The study encompassed a questionnaire-based survey and face-to-face interviews to gather data 

about the present situation in the Russian construction industry for further analysis of the barriers, 

enablers and strategies that most significantly affected construction innovation diffusion.  

The modelling phase started with the structural analysis that was performed to allow for the 

formulation of a conceptual model that represented the construction innovation system. The 

model was presented in a form of a causal loop diagram (CLD) and offered a high confidence 

level as it consisted of constructs and variables which were operationalised through stakeholder 

participation and the structural analysis. Then, the built conceptual model was converted into a 

system dynamics (SD) model after ‘quantifying’ and translating the CLD into quantitative 

mathematical equations supported by stocks and flows, time lag delays and feedback loops. This 

step carried out a series of stakeholder workshops to ensure the robust development of the model. 
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A formulated SD model was used to observe the dynamics within the innovation system, reveal 

the true nature of construction innovation processes in the Russian Federation context, and capture 

the impact of various government policies on industry innovativeness. Subsequently, the model 

was validated and a number of simulation experiments were run to provide an understanding of 

how the key system components of the construction innovation system would evolve in the 

context of plausible transition scenarios for the Russian construction industry. Eventually, based 

on the scenario analysis of the developed model, a number of policy and practical 

recommendations were provided to inform the successful transition of the construction industry 

into an innovative future.  

1.5 Research Scope 

The research study was conducted within the confines of the following scope:  

1. This work draws from literature on construction management and innovation diffusion 

with particular emphasis on Russia’s failure to innovate.  

2. The study employs the theory of innovation diffusion and innovation system, which 

fundamentally involves a time factor; hence the research approach taken involves the 

longitudinal study of construction innovation.  

3. This research emphasises the sector-specific construction innovation system as a complex 

adaptive system involving multiple actors that jointly generate a level of innovation 

within Russia. Therefore, it does not take into account effects from project and firm-level 

variables. 

4. This research focuses on the study of relationships between variables that have been 

identified as components of the construction innovation system. They involve actors, 

resources, activities, barriers, outputs and so on.  

5. This research is limited to the development and implementation of an SD model that can 

aid interpretation of the complex cause-and-effect mechanisms that generate the dynamic 

behaviour of complex innovation processes under various scenarios within the innovation 

system in the Russian construction industry.  

6. The developed SD model aims to show the behaviour of large and medium-sized 

construction companies implementing technological innovations over time, as micro and 

small companies that make up around 90% of the construction industry do not have a 

potential capability to implement innovative solutions.  

7. The developed SD model is limited to the development and diffusion of technological 

innovations that make up 70% of the total implemented innovations in the Russian 

construction industry. They involve the utilisation of technical approaches to either 

process or product innovation such as machinery and engineering equipment, cutting-
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edge technology, software for architectural and construction design as well as information 

modelling. 

8. This research does not intend for the precise forecasting of future innovation outcomes; 

rather it is undertaken to derive greater understanding of the Russian construction 

innovation system within the context of four plausible transition scenarios of the 

construction market.  

Figure 1-1 illustrates the research position drawn from the above-mentioned research scope and 

research design. 

 

Figure 1-1: A research position for developing a systems model within the construction 

innovation system 

1.6 Research Novelty and Significance  

The novelty and significance of this PhD research is observed in: 

 Expansion and improvement upon the existing innovation system aspect of innovation 

management within the construction industry context.  

 Application of a dynamic view to the analysis of construction innovation processes. By 

doing so, this thesis provides theoretical insight into complexity, structure and behaviour 

in a sectoral innovation system. Moreover, no such research has focused on the 

challenging Russian Federation country context. 

 Development of a novel, integrated participatory systems modelling approach for 

understanding and presenting an innovation system from a sectoral-specific perspective 
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such as construction industry. This approach assists modellers in moving between 

qualitative and quantitative data analysis techniques, allowing the use of soft data in SD 

model building. It may be considered to be an efficient participatory modelling procedure 

for building SD models to handle the non-linear nature of innovation processes and 

encapsulate the various interrelationships among diverse components of dynamic and 

complex innovation systems. Moreover, the approach could serve as a decision support 

tool in cases with similar problems where uncertainty in scientific knowledge and the 

lack of empirical data are predominant. 

 Development of an SD model can be used as a strategic planning tool to track the effects 

of various policy interventions and mechanisms, and as a result for rational decision-

making to promote efficient and effective industrial development. 

 Integration of the concept of a construction innovation system with the notion of macro 

industry transition pathways that allowed for evaluation of the possible futures of the 

Russian construction industry with regard to innovation development and diffusion. It 

could be a promising tool for policy-makers in transition studies. 

 Formulation of potential strategies and policy recommendations that facilitate 

construction innovation enhancement within the context of four future plausible Russian 

construction industry scenarios. 

1.7 Structure of Thesis  

The thesis is composed of eight chapters, with Chapter 1 being the introduction. Chapter 2 

describes the pertinent literature related to the study. Chapter 3 defines the methods applied to 

achieve the research objectives and put the research problem into a systemic frame. Chapter 4 

shows the results of an exploratory study, with respect to the problem of construction innovation 

diffusion in Russia. Development of a conceptual model that represents the system under 

investigation is presented in Chapter 5. Chapter 6 details the development of a systems model by 

employing an integrated participatory systems modelling approach. Chapter 7 examines 

construction innovation transition scenarios in Russia. Finally, Chapter 8 summarises the insights 

from the research, outlining the achievements of the current research and setting avenues for 

future research. Chapters 1, 2, 3 and 8 are traditional thesis chapters, while chapters 4, 5, 6 and 7 

are reformatted peer reviewed journal publications.  

After this chapter, which is the introduction, Chapter 2 provides a review of the existing literature 

pertinent to essential knowledge on the nature of construction innovation diffusion and the 

construction innovation system. The four reformatted journal publications (in chapters 4, 5, 6 and 

7) contain the main results of this literature review, while Chapter 2 summarises the findings 

presented in the refereed papers. On the basis of this review, this chapter specifies novel insights 
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that prove useful in the analysis, interpretation and improvement of construction innovation 

phenomena, thereby assuring this thesis’s theoretical and practical contributions to the field.  

Chapter 3 presents an overview of the research design and methodology. The detailed description 

of each of the research stages is provided within the peer reviewed paper chapters. This chapter 

concludes with a summary describing how the presented research approach is applied to achieve 

the research objectives and answer the research questions.  

Chapter 4 aims to respond to RQ1 ‘What are the factors within the construction innovation 

system that influence innovation diffusion and innovation performance?’ The chapter is 

represented by an exploratory study and is meant to identify the most significant drivers, barriers, 

outcomes and effective strategies for innovation diffusion in the Russian construction industry. 

Additionally, historical and cultural backgrounds that have influenced the industry’s development 

are analysed. Eventually, recommendations and conclusions are presented based on the research 

findings. This research step, along with the literature review, serves as an essential base to 

formulating a conceptual model. 

Chapter 5 is meant to address RQ2 ‘What roles do the main actors (i.e. industry, government 

and academia) play in the construction innovation activities?’ The chapter carries out the process 

of identification of key variables within the construction innovation system in Russia based on a 

literature review, previously conducted study, and consultations with academic and industry 

professionals. As a result, a conceptual model is created based on a systems approach 

encompassing stakeholder engagement and structural analysis. The model consists of the main 

components and linkages within the construction innovation system and presents the main causal 

loops within the innovation system. 

Chapter 6 addresses RQ3 ‘How does their interaction, along with resources and activities flows, 

produce changes in the behaviour of the entire system?’ This chapter details the development of 

a systems model to improve innovation performance and innovative capabilities in the 

construction industry by employing an integrated participatory systems modelling approach. A 

detailed CLD based on the outcomes of previous research steps is presented. The chapter also 

constructs a simplified SD model with respect to the innovation diffusion process in the Russian 

construction industry.  

Chapter 7 aims to respond to RQ4 ‘How do alternative strategies and policy arrangements affect 

the dynamics of innovative activity of the industry and yield improved industry development?’ and 

RQ5 ‘How would the Russian construction industry perform with regard to innovation in the 

context of different plausible ‘futures’?’ This chapter utilises the system dynamics model to 

conduct an extensive scenario analysis of the dynamic model’s behaviour in the context of four 

plausible ‘futures’ of the construction innovation system. Moreover, a number of 
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recommendations are formulated for enhancing innovativeness in the Russian construction 

industry. 

Finally, Chapter 8 summarises the major findings and highlights contributions of this thesis to 

the field of construction innovation policy. Further, the chapter describes the limitations of this 

thesis with respect to methodology, scope, and framework, and identifies interesting avenues for 

future research that will address these limitations. Following the reference list, supplementary 

information (e.g. questionnaire survey, SD model equations) is provided in appendices A through 

to E. 
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CHAPTER 2 

LITERATURE REVIEW  

2.1 Introduction 

A comprehensive review of the existing literature pertinent to the fundamentals of construction 

innovation within both a generic and Russian context was undertaken to acquire a clear 

understanding of the problem under study. A literature review was completed using international 

as well as domestic Russian academic journals including theoretical and empirical studies, 

government and industry reports, and news resources in order to develop the underpinning of 

theoretical concepts for this research. This chapter is divided into five sections. Section 2.2 

provides a background for the framing of innovations within a construction context by outlining 

overviews and related terminology of innovation. Section 2.3 discusses different models and 

approaches by which researchers have explained the construction innovation process. Section 2.4 

details the innovation system approach, which is the main conceptual and theoretical framework 

of this study. The section also presents the theoretical model of the innovation system in the 

construction industry. Finally, Section 2.5 concludes the chapter with a brief summary of what 

has been presented in the chapter, and with the identified literature gap from the literature review. 

Additionally to this chapter, the literature review has been fully covered in four published works 

in chapters 4 to 7.  

2.2 Innovation in the Construction Industry  

2.2.1 Overview of Innovation 

Innovation is considered as the key factor of the knowledge-based economy, contributing to 

national economic growth and higher living standards (OECD/Eurostat, 2005). However, there is 

not a single and complete generally accepted definition of innovation at the present time. A variety 

of definitions are given for innovation within the literature, as shown in Table 2-1.  

Schumpeter (1911) first generated the idea of innovation in the first half of the twentieth century. 

He considered five events as innovative actions (Table 2-1). From this perspective, technological 

advances represent an endogenous catalyst to economic development. 
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Table 2-1: A variety of definitions given for innovation within the literature 

Reference Definition/comments 

Schumpeter 

(1911) 

Innovation is the application of new ideas to reality. The term innovation is used in the context 

of:  1) Introduction of new products; 2) Introduction of new methods of production; 3) Opening 

of new markets; 4) Development of new sources of supply for raw materials or other inputs; 5) 

Creation of new market structures in industry dynamic processes. 

Lundvall 

(1992, p. 8) 

“Innovation is a potential new combination that results in radical breaks with the past, making a 

substantial part of accumulated knowledge obsolete”. 

Herbig (1994) Innovation illustrates a time path that begins with the fundamental science from R&D to 

invention and ends with the diffusion of innovation. 

Dodgson and 

Bessant 

(1996, p. 38) 

“Innovation is the process through which firms seek to acquire and build upon their distinctive 

technological competence, understood as the set of resources a firm possesses and the way in 

which these are transformed by innovative capabilities”. 

OECD (1997) “A technological product innovation is the implementation/commercialisation of a product with 

improved characteristics such as to deliver objectively new or improved services to the customer. 

A technological process innovation is the implementation/adoption of new and/or significantly 

improved production or delivery methods. It may involve changes in equipment, human 

resources, working methods or a combination of these”. 

Porter (1998, 

p. 74)  

“Innovation can be manifested in a new product design, a new production process, a new 

marketing approach, or a new way of conducting training”. 

Slaughter 

(1998, p. 26) 

“Innovation is a detailed design or model of a process or product that can clearly be distinguished 

as novel compared to existing arts”. 

Atkin (1999, 

p. 4)  

“It is when an act, as an idea, begins to impact on its environment”. 

Firth and 

Mellor (1999, 

p. 199) 

“Innovation means the application of new knowledge to industry, and includes new products, 

new processes, and social and organisational change”. 

Pak et al. 

(2006) 

Innovation encompasses new product development and commercialisation, along with 

technological transfer and diffusion that fuel economic growth and national development. 

The Schumpeterian concept of innovation is regarded to be the broadest definition. In a narrow 

view, the concept of innovation refers to science and technology advancements. According to 

Schumpeter (1911), R&D activity is not seen as innovation, but as a methodical process that may 

result in a novel idea or product termed as ‘invention’. An invention represents novelty of some 

sort that needs to be financed in order to move from just an idea to something more concrete. 

However, not all inventions stem from systematic developments. In order to become an 

innovation, i.e. a widely used solution, the invention does not only need to be transferred from 

one context to another, it actually needs to fit in within these different contexts through an 

innovation process. Schumpeter (1911) also argues that the political and the socio-cultural level 

can be involved in dynamic processes of innovation.  

It is worth noting, that the definitions mentioned above do not state that a new product/process 

has to be new for everyone, and it is enough to be new for those adopting it. The OECD (1997) 

observes that innovation is not necessarily an unidirectional process commencing with R&D,  as 

this is  not the only activity relating to innovation. Innovation may be acting not only as the 

original source of inventive ideas but also as a form of problem solving which can be called on at 

any point, up to implementation. Hence, innovation is represented by a continuous flow of related 
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events. Similarly, according to the Schumpeterian concept, innovation, in a knowledge economy, 

is satisfied when knowledge flows smoothly throughout an innovation process as interlinked 

series of knowledge domains (i.e. knowledge development, knowledge diffusion, and knowledge 

deployment) (Lundvall, 2016). These flows formulate multi-directional relationships and 

feedback rules among innovation related activities in the evolution of innovation processes. This 

concept is used as a basis to gain a thorough understanding of the innovation process in 

construction in the following sections. 

2.2.2 Overview of Construction Innovation 

It is generally accepted that the industry worldwide does not have a coherent model of innovation 

development, is unwilling to innovate and shows a conservative attitude towards mass inclusion 

of cutting-edge technology into construction processes (Slaughter, 1998; Blayse and Manley, 

2004; Bossink, 2004; Ozorhon et al., 2010; Orstavik et al., 2015; Ozorhon and Oral, 2017). 

Nevertheless, a high level of innovation performance is extremely important for the industry’s 

growth and the development of a country’s economy. In order to develop a better understanding 

of innovation in the construction industry context, it is worthwhile to explore some of the ways 

that innovation plays out in construction, since innovation has quite a sensitive nature and differs 

in every sector. Generally, the intention of construction is not to produce innovative products but 

rather to assemble complex product systems that do not follow the traditional product life cycle; 

hence, innovation differs from those in manufacturing and service sectors (Winch, 2003; Van 

Egmond, 2012). According to Gann and Salter (2000), construction is a project-based activity 

with temporary coalitions of different companies that aim to achieve a task over a specific period. 

Blayse and Manley (2004) also point out that construction is partly manufacturing and partly 

project-based, service-enhanced industry. It carries out a wide scope of activities: construction of 

residential and non-residential buildings, including development of building projects; civil 

engineering (e.g. construction of roads, bridges, railways, and utility projects); site preparation; 

works and services in the non-production field (e.g. architectural and engineering activities). 

Construction innovation has unique features when compared to innovation in other economic 

sectors. The organisational context of construction innovation significantly differs from 

manufacturing innovation (Slaughter, 1998; Davis et al., 2016). Furthermore, compared to 

industrial sectors, the construction industry may be less reliant on imported technology as 

construction technology is rather local condition-specific. As such, construction technology is 

also somewhat inherited from local traditions. 

According to Groak (2002), construction innovation can be informal, unrecorded and bespoken 

to one project. Seaden and Manseau (2001) share the same opinion, arguing that every 
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construction project, whether it involves new work or repair is considered to be a prototype 

because every construction project is at a new site and often for a different owner.  

The background outlined above suggests that construction is a diverse industry and there is no 

one single way in which innovation occurs. A variety of definitions are given for construction 

innovation within the literature, as shown in Table 2-2. 

Table 2-2: A variety of definitions supplied for construction innovation within the 

literature 

Reference Definition/comments 

CRISP (1997, 

p. 5)  

Construction innovation is “the successful exploitation of new ideas, where ideas are new to a 

particular enterprise, and are more than technology related – new ideas can relate to process, 

market or management”. 

Mottawa et al. 

(1998) 

Construction innovation is considered as a process through which new ideas turn into new 

components of constructed products that have economic, functional, or technological value. 

Slaughter 

(1998, p. 226) 

Construction innovation is “the actual use of nontrivial change and improvement in a process, 

product or system that is novel to the institution developing the change”.  

Toole (1998, 

p. 323) 

Construction innovation is “an application of technology that is new to an organisation and that 

significantly improves the design and construction of a living space by decreasing installed cost, 

increasing installed performance, and/or improving the business process”. Construction 

innovation can also improve corporate image, satisfy consumers and increase living standards. 

Seaden and 

Manseau 

(2001) 

Innovation in the construction industry is represented by implementation of new processes, 

products or management approaches in order to increase efficiency of an organisation. 

Dulaimi et al. 

(2005) 

Construction innovation is “the generation, development and implementation of ideas that are new 

to an organisation and that have practical or commercial benefits”. This definition also 

encompasses the adoption and implementation of products or processes developed outside the 

organisation. 

Holmen et al. 

(2005) 

Construction innovation is the use of a technology within a construction firm either in the process 

or in the product.  

Manley (2008) Construction innovation is a process of continual improvement which results in new or 

significantly improved goods, services or practices. 

As can be seen from the table 2-2, many definitions state that construction innovation is both 

product and process related new ideas. Generally, introduction and implementation of the new 

product or process is required. However, the minimum requirement for an idea to be called an 

innovation is that the product or process should be new or significantly improved to the firm, but 

does not have to be new to the world. Innovation is a matter of application and operationalisation. 

It is defined as a nontrivial improvement in a process, product or system (Slaughter, 1998). Toole 

(1998) and Holmen et al. (2005) deem innovation in the construction industry to involve the 

application of technology, while CRISP (1997) considers construction innovation as “more than 

technology related”. Authors such as Seaden and Manseau (2001) and Dulaimi et al. (2005) define 

innovation from the viewpoint of a construction company as the purposeful search for new 

knowledge and the application of this knowledge in production for practical benefits and the 

increase of efficiency. 
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Innovation in the construction industry context may be the use of new building materials, 

machinery and engineering equipment that increase operational and consumer qualities (e.g. 

energy-efficient, soundproofing materials) (Slaughter, 1998; Van Egmond, 2012; Xue et al., 

2014; Davis et al., 2016). Innovation can also play a key role in the design and construction of 

infrastructure projects to provide better services to clients, such as new efficient construction 

technologies and software for architectural and construction design that allow the achievement of 

higher productivity, lower construction times and so on (e.g. BIM, off-site fabrication). 

Innovation may also vary throughout the supply chain and project phases. Moreover, innovation 

implementation for a small sub-contractor is significantly different from that of a multinational 

construction contractor (Aouad et al., 2010).  

Even though researchers have different views on the cause and effect among innovations, the 

majority of the aforementioned definitions outline the importance of technology in construction 

innovation which is undoubtedly associated with R&D. It is commonly accepted that construction 

firms engage significantly less in innovation related activities than firms in other sectors. The 

construction industry scores the level of investment in construction R&D as low, which in turn 

negatively affects the industry’s performance (Seaden and Manseau, 2001; Miozzo and Dewick, 

2002; Lim and Peltner, 2011; Xue et al., 2014). Additionally, construction firms also seem to 

engage in training much less than other sectors. As a result, a low skill level occurs in the 

workforce within the sector (Gann and Salter, 2000; Xue et al., 2014). The problem of significant 

underinvestment in R&D also holds true for the Russian construction industry (Gulin, 2015). 

Despite the promising scientific and research potential of research institutions and universities, 

the transfer of innovative laboratory ideas to the practical environment is only possible with the 

industry readiness to implement the results of R&D. In Russia, the overall expenditure devoted 

to R&D activities as a percentage of GDP is less than 0.5% while in developed countries such as 

Germany, Australia, Denmark and the USA it exceeds 2% (Hampson et al., 2014; Berezina et al., 

2017).  

2.2.3 Forms of Construction Innovation 

Several authors characterise innovation in the construction industry differently as it is a project-

based industry. According to Slaughter (1998), the following are types of innovation: 

 Incremental – small innovation, established by experience and knowledge. They usually 

underpin the accessible product or process, and provide a quantifiable impact on 

productivity.  

 Radical – a breakthrough innovation in science or technology 

 Architectural – an innovation that links to supplementary constituents or systems 
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 System – multiple and consolidated innovations. They refer to innovations that reinforce 

the existing product; however, they necessitate a change in the process that as a result, 

requires multiple firms to change their practice. 

Some authors separate construction innovation into two forms: non-technological and 

technological (Manseau and Shields, 2005; Hampson et al., 2014). The first form classifies 

organisational and managerial innovation as that are generally pervasive throughout an entire 

organisation and are embedded in its interactions with main partners (Manseau and Shields, 

2005). In this case, it is very difficult to assess the role of construction innovation. The second 

form of innovation is represented by disproportionate orientated innovation efforts towards 

technological enhancements (Davis et al., 2016). Nevertheless, some authors such as Seaden and 

Manseau (2001) suggest that an innovative firm is innovative in technology and in business at the 

same time, as innovativeness may be a culture that permeates all the activities of the company.  

Overall, researchers agree that the occurrence of innovation creates significant opportunities for 

improvements in construction performance. This is achieved in terms of reduction of costs and 

speed of construction, and improvement in construction quality (Orstavik et al., 2015; Davis et 

al., 2016). Sustainability is also achieved through substitution of traditional products with 

innovative energy-efficient ones, such as eco-materials. Innovations also help enhance the 

coordination and planning of construction activities, create new market opportunities and mitigate 

the effect of changes in weather conditions that is especially important in the context case of the 

Russian Federation.  

This research is focused on the investigation of innovation processes associated with 

technological (i.e. product and process) innovations as they make up 70% of the total 

implemented innovations within the Russian construction industry (RSCI, 2017; Gorodnikova et 

al., 2018). 

2.3 Innovation Models and Processes 

Having reviewed various definitions and types of construction innovation, it is also important to 

address how an innovation is developed and diffused in order to build the fundamental basis for 

further analysis. This section covers various models and approaches that explain innovation 

processes within both a generic and construction context. A review of barriers to, drivers of, and 

strategies for construction innovation diffusion is fully presented in Chapter 4. Additionally, 

historical and cultural backgrounds that have influenced the industry’s development are analysed 

in that chapter. 
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2.3.1 Overview of Innovation Models 

The first traditional innovation models date back to the 1950s, 1960s and 1970s after the Second 

World War. The United States developed stronger policies promoting science and large-scale 

scientific R&D projects in hi-tech industries like nuclear engineering and medicine (Rothwell, 

1994; Uriona Maldonado et al., 2012; Loosemore, 2015). The first-generation model viewed 

innovation processes as technology-push model (Figure 2-1). It is a linear model where a direct 

relationship exists between basic research, design and engineering, product manufacturing, 

marketing and eventually lending to sales and commercialisation (Rothwell, 1994). The 

knowledge produced through R&D would then be transformed into products with commercial 

value and offered to the market by firms. Generally, knowledge creation takes place via research, 

but some knowledge is acquired through the feedback from the market of previous new products. 

Learning occurs when information from research and from the market is processed. By the 1950s, 

the majority of industrialised countries had adopted this model, making it easier for governments 

to formulate R&D-oriented policies. Seaden and Manseau (2001) point out, that the innovation 

process proceeds from basic research via applied research and experimental development, to a 

new product. Basic research is primarily performed by universities and research institutions. As 

such, markets in this sense do not appear as relevant actors in the innovation process itself but as 

merely receivers of the R&D results. 

 

Figure 2-1: First-generation model of the innovation process: Technology-push (Rothwell, 

1994) 

The second-generation demand-pull linear model (Figure 2-2) sees market needs as the start point 

for innovation as being stimulated by demand (Rothwell, 1994). Hence, R&D has a reactive role 

and follows the directions stated by market demand while knowledge in general comes from 

clients, employees and external sources (Seaden and Manseau, 2001). It is very important for 

producers to work closely with clients in order to become aware of client needs and meet quickly 

changing market demands. 

 

Figure 2-2: Second-generation model of the innovation process: Demand-pull (Rothwell, 

1994) 

It is worth noting, that the linear approach to conceptualising innovation does not offer a clear 

insight into the content and process of innovation as those models do not incorporate any feedback 
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mechanisms, failing to account for a cyclic process of information feedback and forwarding 

information across firms or sectors (Van Egmond, 2012). As a result, the linear models were 

mainly criticised for not taking into consideration the nature of technology that is often understood 

in relation to production processes as a system of interrelated know-how, skills and knowledge. 

Later, in the 1980s, the third-generation coupling model (Figure 2-3) was developed in order to 

challenge the linearity of earlier models (Rothwell, 1994). It focused on the need for integration 

and teamwork among research, production, engineering, and marketing functions (Loosemore, 

2015). 

 

Figure 2-3: Third-generation model of the innovation process: Coupling model (Rothwell, 

1994) 

The fourth-generation parallel line models (Figure 2-4) had been developed over the period of ten 

years during the 1990s as a result of computer technology improvement (Rothwell, 1994). These 

models focused on the need for integration of information flows in supply and demand chains as 

well as emphasised the importance of alliances and collaborations (Loosemore, 2015).   

 

Figure 2-4: Fourth-generation model of the innovation process: Parallel model (Rothwell, 

1994) 
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Most recently, the fifth-generation models focused on the role of systems integration, business 

cooperation, social capital and knowledge, occurring across different domains. They highlight the 

existence of feedback loops between all stages in the innovation process. The main idea of such 

models is in understanding that innovation arises not from one individual firm working in 

isolation, but from dynamic capabilities in manipulating resources and working in integrated 

global networks of firms that develop new knowledge. Consequently, the focus of analysis in 

innovation studies has shifted from individual firms to groups of organisations in innovation 

systems, their relationships and potential for learning (Manley, 2002). An example of an 

integrated fifth-generation innovation model is shown in Figure 2-5, representing the idea of the 

fifth-generation model adapted specifically to understanding the construction innovation process 

(Loosemore, 2015). This model simplifies the construction innovation process into three phases. 

It also highlights the internal and external drivers of innovation that firms should manage in order 

to develop an effective innovation strategy.  

 

Figure 2-5: Fifth-generation model of the innovation process: systems integration model 

(Loosemore, 2015) 

Many highly influential studies have emerged since the conceptualisation of the fifth-generation 

innovation model. They include Porter (1990), Lundvall (1992), Nelson (1993), Niosi et al. 
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(1993), OECD (1997), to name a few. These studies all argue that innovation processes are driven 

by knowledge, learning and interrelations, in the context of collaborations with external parties 

such as clients, customers, research organisations, regulators, public and private organisations. 

For example, in the Porter’s cluster analysis (Porter, 1998), the demand conditions and 

government play a significant role in developing innovation processes. According to Porter 

(1998), each country or industry has a  unique ‘diamond’ formed by: factor conditions that 

represent natural resources and infrastructure; demand conditions that aim to put pressure on 

quality of products and services; networks that give access to new knowledge; sector structure 

that describes economic behaviour of firms; government that sets market conditions; and chance 

that represents different opportunities. Each diamond influences a firm’s or country’s ability to 

establish and sustain competitive advantage.  

The idea of taking a holistic approach to the aspects affecting innovation, also falls into an 

innovation systems perspective, which is the subject of this research in the context of the 

construction industry in the Russian Federation. 

2.3.2 Approaches Explaining Construction Innovation 

Innovation in construction cannot be found easily; however, knowledge about the interaction 

among components, actors and activities in the system as a whole is important.  The innovation 

process contributes to moving from a craft-based construction to a systematic construction 

process where resources can be utilised more efficiently, the duration of construction processes 

and prices can be reduced, and quality can be improved (Van Egmond, 2012). Many studies have 

been undertaken to examine innovation-related topics in the field of construction management 

(Egbu, 2004; Stewart, 2007; Panuwatwanich et al., 2008; Panuwatwanich et al., 2009a; 

Panuwatwanich et al., 2009b; Davidson, 2013; Ozorhon, 2013; Davis et al., 2016; Dansoh et al., 

2017; Yusof et al., 2017). It is worth noting, that most of the aforementioned studies have 

addressed innovation processes in the industry by mainly focusing at the project and firm level. 

According to Seaden and Manseau (2001), this phenomenon occurs because the main drivers for 

innovation are often created at the project and firm level.  

This section covers some of the models explaining the construction innovation process. In the 

majority of models, ideas are generated through the accumulation of necessary knowledge and 

financial resources; these ideas are converted into innovations within a project/company; and 

finally the innovations are exploited to achieve performance outcomes and impacts (Figures 2-6, 

2-7, and 2-8). The conceptual frameworks show that innovation output is gained through 

appropriate innovation inputs and effective innovation processes, while taking into account 

drivers, barriers and a multi-party environment from project and firm level perspectives.   
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Figure 2-6: Innovation system within construction firms (Dikmen et al., 2005) 

 

Figure 2-7: Construction innovation process at the project level (Xue et al., 2014) 

 

Figure 2-8: Construction innovation process in a project setting (Ozorhon, 2013) 

These studies discuss innovation management from an individual firm’s point of view. However, 

factors such as building codes, regulations, public policies, and procurement methods influence 

the construction innovation process (Seaden and Manseau, 2001; Winch, 2003). It is also known 

that political systems affect the construction industry in a significant way. As previously 

mentioned, the construction process is known to be an inherently complex process and to a large 

extent fragmented, with the involvement of a wide variety of agents working together (Toole, 

1998; Winch, 1998; Dulaimi et al., 2002). For instance, Toole (1998) points out that a constructed 
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product consists of many interacting parts and dynamic subsystems. The process is also 

influenced by its market and institutional environment representing different companies, public 

utilities and private persons. According to Gann (2000, p. 106), the constructed product is “the 

accommodation of multiple and often-concurrent activities that would alter as occupants’ 

requirements change over time”.  

From this perspective, the innovation performance of the industry depends not only on how 

individual firms perform in isolation, but on how they interact with other actors. Hence, the 

current study is founded on the innovation system approach (Lundvall, 1992; Nelson, 1993; 

Malerba, 2002; Iammarino, 2005; Bergek et al., 2008; Uriona Maldonado and Grobbelaar, 2018) 

which stresses that understanding the relationships among the actors involved in the innovation 

process is the key to improvement of innovation performance of an industry. The innovation 

system approach is suitable for creating an understanding of non-linear knowledge development 

based on communication between various actors and, in particular, for understanding the impact 

of innovation policy instruments (Edquist, 2004), which is very important for the complex nature 

of the construction industry.   

2.4 Innovation Systems  

2.4.1 Overview of Innovation Systems 

The concept of ‘system of innovation’ was applied at the national level at the end of the 1980s 

(Freeman, 1988; Lundvall, 1988) and is widely used now (Edquist, 2004; Lim et al., 2006; 

Carlsson, 2007; Sun and Grimes, 2016; Uriona Maldonado and Grobbelaar, 2018). The 

innovation system as a determinant of innovation processes is generally defined as the set of 

institutional actors that play a major role in influencing innovative performance at the national 

level (Nelson, 1993; OECD, 1997; Amable et al., 1998; Costanza et al., 2016). According to 

Metcalfe (1995, p. 262) innovation system is: “that set of distinct institutions which jointly and 

individually contribute to the development and diffusion of new technologies and which provides 

the framework within which governments form and implement policies to influence the 

innovation process”. Edquist (2004) points out that innovation systems involve political, 

economic, social, institutional and organisational factors that influence the development, 

diffusion, and use of innovation. Innovation systems are characterised by interdependence of the 

agents and non-linearity of relationships between them; historic and evolutionary processes are 

also considered. According to BIS (2014), the characteristics of an effective science and 

innovation system in terms of knowledge creation, diffusion and application are the following six 

elements: money, talent, knowledge assets, structures and incentives, broader environment, and 

innovation outputs (Figure 2-9). The majority of these elements are affected by government 

policies.  
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Figure 2-9: The innovation systems map and Six-part framework (BIS, 2014) 

Hence, the concept of innovation system has been approached from various perspectives, namely 

national (Nelson, 1992; Niosi et al., 1993; OECD, 1997), regional (Autio, 1998; Cooke and 

Piccaluga, 2004; Iammarino, 2005) and sectoral (Carlsson, 2002; Malerba and Mani, 2009; 

Uriona Maldonado et al., 2012). Relationships of actors and knowledge flows are important for 

innovation at all levels of the economic activity.  

National innovation systems (NIS) typically include four main actors: government, research 

institutions, educational institutions and industry (Bartholomew, 1997). Figure 2-10 illustrates a 

generic model for representing NIS.  The system itself expresses the networks between the actors 

aiming to increase the innovation capacity at the national level. These networks represent various 

publicly funded basic research; industry funded applied research; user-driven research; 

knowledge transfer; institutions governing intellectual property and standards; education and 

training of scientists and engineers; innovation policies of government departments; science and 

innovation policies; social and cultural practices; and international scientific and technological 

collaboration (Freeman, 1995; Samara et al., 2012; Castellacci and Natera, 2013; Lundvall, 2016).  

Regional innovation systems (RIS) focus mostly on the interdependencies of clusters, firms and 

institutions within a region on its cultural base (Figure 2-11). The main goal of a RIS approach is 

to increase regions competence capacity and their degree of autonomy (Cooke and Piccaluga, 

2004; Zabala-Iturriagagoitia et al., 2007; Isaksen, 2012).  
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Figure 2-10: An example of National Innovation System model (OECD, 1997)  

 

Figure 2-11: An example of Regional Innovation System model (Cooke and Piccaluga, 

2004) 

s2922649
Text Box
Image removed



Chapter 2 – Literature review 

25 | P a g e  

  

The sectoral innovation systems (SIS) approach focuses on defining an industrial sector’s ability 

to develop and disseminate innovations based on the nature, structure, organisation and, most 

importantly, dynamics of innovative activities in sectors (Lim et al., 2006; Malerba and Mani, 

2009; Rennings and Rammer, 2011; Uriona Maldonado et al., 2012). According to Malerba 

(2002, p. 261), “sectoral system of innovation and production is a set of new and established 

products for specific uses and the set of agents carrying out interactions for the creation, 

production and sale of those products”. Figure 2-12 illustrates a framework developed to model 

a software innovation system.  

 

Figure 2-12: An example of Sectoral Innovation System model (Uriona Maldonado et al., 

2012) 

The background outlined above suggests that innovation should be seen as a non-linear, 

interdisciplinary and interactive process that occurs within a system of innovation. The innovation 

process requires intensive communication and collaboration between different actors who “create, 

store and transfer the knowledge, skills and artefacts which define new technologies” (Metcalfe, 

1995, p. 462).  

2.4.2 Construction Innovation System 

As previously mentioned, the innovation process is complex and involves governmental and other 

institutional actors that interact by jointly and individually contributing to the development and 

diffusion of innovations. In other words, the innovation process involves interactive relations 

among different actors and follows a non-linear path (Malerba, 2002; Manley, 2002; Van 

Egmond, 2012). However, relatively few studies have addressed innovation processes in the 
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construction industry by founding their research on the innovation system approach (Andersson 

and Widén, 2005; Lim et al., 2007; Van Egmond, 2012), which stresses that understanding 

relationships among the actors involved in the innovation process is the key to improving 

innovation performance within the industry. However, such relationships have not been 

substantially examined from a dynamic standpoint, even though researchers analyse innovation 

performance from a non-linear perspective. In other words, the results are usually explained from 

a static perspective. However, the concepts of innovation diffusion and the innovation system 

involve a ‘time’ factor. With this in mind, this PhD research was undertaken from a systemic 

perspective that involved the longitudinal study of construction innovation.  

In this study the definition provided by Loosemore (2015, p. 2) is used as the basis for further 

investigating and defining the complex sectoral innovation system: “The organisation of 

innovation in construction is a dynamic process that needs to move in response to the different 

stages of the construction process, starting with an organic approach in early design and tender 

stages and moving to a more systematic approach during the delivery phase, in which tight 

budgets and programs demand great discipline. Innovation late on occurs in response to problems 

rather than in anticipation of opportunities early on and demands a different management 

approach”. 

According to Lim et al. (2006), the key instruments for enhancing construction innovation lie in 

a nation’s ability for government and construction companies to create a favourable environment 

that induces the act of successful innovation. Researchers also suggest that construction 

innovation is conditional upon the collaborative readiness of construction companies and research 

institutions to integrate their knowledge and expertise to ensure industry innovativeness 

(Ramstad, 2009; Aouad et al., 2010; Hampson et al., 2014).  

Conceptually the following eight main components making up the construction sectoral 

innovation system were identified: actors, capacity, capability, outputs, activities and enablers, 

expectations, motivations, and broader environment. A theoretical model of the construction 

innovation system along with the theoretical framework for actors’ relationships within the 

system are presented in the literature review section in Chapter 5. Overall, the theoretical 

frameworks consist of system actors along with flows of resources and activities which focus on 

the specific functions and processes that occur within the construction sectoral innovation system. 

Table 2-3 addresses the components of the theoretical framework.  

In order to understand how innovations are developed and implemented, it is essential to 

understand the role of each innovation system’s actor, both individually and collectively 

(Ozorhon et al., 2010).  Thus, innovation generators represented by construction firms, design 

companies and knowledge developers need to be encouraged to innovate through public policies, 
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laws and incentive mechanisms (Slaughter, 1993; Miozzo and Dewick, 2002). Government plays 

a major influential role within the construction industry contributing to the system’s balance as a 

policy-maker and legislator. Public intervention in the form of government-funded R&D projects 

triggers the structure of collaboration networks which influence innovation output in a dynamic 

way (Gann, 2001; Van Egmond, 2012).   

Table 2-3: Components of the theoretical model of a sectoral innovation system in the 

construction industry 

Component Description/comments Reference 

Actors Industry, government, and academia that contribute to and 

benefit from the introduced innovations as they constitute part 

of the system’s environment in their role as innovation 

generators, policy-makers and knowledge brokers. It is clear, 

that construction development is highly influenced by the 

variety of complex interactions between these three actors. 

Manseau and Seaden 

(2003), Lim et al. (2006), 

Van Egmond (2012) 

Capacity Represents input resources such as human, financial, 

information and communication, scientific and technology 

resources. Resources are the fundamental base that enables 

actors to carry out innovation-related tasks. Obviously, without 

resources, actors alone cannot lead to the operation of the 

innovation system. The extent to which a construction 

innovation system has human and financial resources available 

for innovation-related activities reflects the system’s ability to 

initiate the operation of innovation processes. 

BIS (2014), Xue et al. 

(2014), Gulin (2015), 

Ozorhon and Oral (2017) 

 

 

Activities 

and enablers 

Involve interrelated actors’ actions that shape innovation-

related flows (e.g. financial and funding, human, knowledge, 

regulations, information and technology flows). They are those 

factors overcoming the barriers and increasing the level of 

innovation: level of public and private R&D activity; client 

demand; government regulations and incentives; public-private 

partnership; R&D collaboration and so on. 

Manseau and Seaden 

(2003), Lim et al. (2006), 

Hampson et al. (2014), 

Gulin (2015), Ozorhon and 

Oral (2017) 

Capability It is an ability to transform input resources into output through 

the flows mentioned above. The system contains various 

functions executed by actors that play different roles within the 

system and employ resources to attain system performances.  

Lim et al. (2006), Xue et 

al. (2014), Gulin (2015) 

Expectations Improvements in construction performance in terms of level of 

innovation, reduction of costs, speed of construction, as well as 

construction quality and sustainability.   

Van Egmond (2012), HSE 

(2013), BIS (2014), Xue et 

al. (2014), Ozorhon and 

Oral (2017) 

Outputs Major outcomes of the innovation process at the industry level 

such as productivity and quality of construction projects (final 

product or service); final cost of a construction product or 

service; client satisfaction with final product or service quality; 

maximise profitability for private sector and maximise cost 

effectiveness for public sector which are key motivating forces 

for contractors and clients in the innovation implementation 

process. 

Gann and Salter (2000), 

Lim et al. (2006), 

Goodrum et al. (2011), BIS 

(2014), Xue et al. (2014), 

Ozorhon and Oral (2017) 

Motivations Represent the primary reasons for the systems actors to innovate 

such as industry development, end user requirements; 

competitive pressure; environmental sustainability. 

Bossink (2004), Lim et al. 

(2006), Van Egmond 

(2012), HSE (2013), BIS 

(2014), Xue et al. (2014) 

Broader 

environment 

The factors that affect all companies and organisations. Primary 

obstacles or challenges that inhibit innovation and work against 

the innovation system such as lack of financial resources; weak 

R&D collaboration; lack of research support; little economic 

incentive and so on. 

Blayse and Manley (2004), 

Ivory (2005), de Valence 

(2011), HSE (2013), BIS 

(2014), Ozorhon and Oral 

(2017)  
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Government as a client also significantly influences and motivates other actors by driving demand 

for research and innovation through regulatory frameworks and procurement schemes. In fact, in 

industries like construction, regulation has a particularly important role in driving reforms, 

especially in the Russian Federation (Loosemore, 2013; Gulin, 2015). Public funds comprise 

institutional funding granted specifically to universities and research centres, meanwhile, 

industrial and scientific organisations contribute to the country’s GDP. Research organisations 

and universities are responsible for training the next generation of innovators and diffusing 

knowledge within the innovation system. Furthermore, academia improves overall national 

innovative capabilities by assisting construction companies in testing and evaluating research 

results and innovative solutions (Hampson et al., 2014). Hence, the industry may be considered 

as a mediator between R&D institutions by investing in research. 

Various institutional actors (e.g. public funding agencies, firms, research centres etc.) within the 

innovation system are responsible for using and diffusing financial funding flows throughout the 

system (Seaden and Manseau, 2001; Lim et al., 2006; Lim et al., 2007; Hampson et al., 2014; 

Xue et al., 2014). 

 Two-way money flows between industry and government as well as academia and 

government through government regulation, policies and incentives in form of taxes, 

grants, subsidies, and public-private partnership in the form of investments. Public funds 

comprise of institutional funding granted specifically to science agents, whereas program 

and project funding goes to science as well as to industry agents. 

 One-way money flow (i.e. firms investments on R&D) between industry and academia 

through private R&D activity, collaborative R&D and applied research with greater 

industry participation for testing and evaluating research results and new solutions. 

Two-way information flows are created (Seaden and Manseau, 2001; Andersson and Widén, 

2005; Lim et al., 2006): 

 Through collaborative research that universities or research organisations perform for 

industry. In addition, training is quite common since construction specialists and 

managers often give lectures in educational organisations. 

 Through partnerships between universities, research institutes, government and industry, 

mainly for supporting strategic innovative and pilot projects. 

 Through public-private partnerships which transfer back to the government at the end of 

the contract and create the industry alliances that eventually influence the marketplace.  

Scientific and human resources in the construction industry create flows of knowledge, people 

and skills due to labour mobility and job changes between science and industry, as well as 

educational institutions and government (Seaden and Manseau, 2001; Dulaimi et al., 2002; 
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Gokhberg et al., 2010). Additionally, technology resources contribute to effective R&D 

collaboration and applied research with greater industry participation (Lim et al., 2006; Xue et 

al., 2014). 

Furthermore, academia and industry development are hindered by a variety of building codes and 

standards; low levels of government support for industry development; government contracts with 

inflexible fixed budgets. In contrast, government plays a major role in increasing the level of 

innovation by significantly affecting the use of new materials, technologies and methods, as a 

client.  In summary, the performance of the innovation system benefits from interaction and 

resources exchange between agents.  

2.5 Conclusion 

Construction innovation has been defined and conceptualised by many researchers from various 

perspectives. A traditional approach to construction is employing the construction process model 

which describes the main phases of a general construction project. In other words, innovation 

processes in the construction industry have been addressed by mainly focusing at the project and 

firm level. Even though innovation takes place within daily projects, the ability to implement 

innovation does not often depend on one company. Consequently, in contrast to manufacturing 

industries, a micro-level focus (i.e. from a project or company perspective) is not be fully 

sufficient to explain innovation performance in construction as the firm’s ability to largely 

innovate depends on external organisations and relations. Moreover, linear approaches to 

conceptualising innovation do not offer a clear insight into the complexities of the innovation 

process over time. Hence, a more comprehensive approach is needed when analysing innovation 

systems in the construction industry where various potential actions influences the complexity of 

interactions between the system actors. Moreover, identifying the interrelationships between 

various policy support structures is required to enable innovation to take place, as innovation 

policies cannot be treated in isolation because other kinds of policies may affect actors too. Hence, 

it is important to observe construction innovation using the concept of system of innovation, 

taking into account the importance of a holistic systems understanding.  

The main goal of this PhD study was to develop a model of the construction innovation system 

that would considering the multi-actor and dynamic nature of the construction sector.  Only a few 

previous studies (Andersson and Widén, 2005; Lim et al., 2007; Van Egmond, 2012) have tried 

to model such a complex system, and no attempts of examining relationships between the system 

components from a dynamic standpoint involved a ‘time’ factor, were found in the literature 

review.  Moreover, no such research has focused on the challenging Russian Federation country 

context. The system dynamics (SD) model developed in this thesis bridges this gap in the 

literature. 
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For the purpose of subsequent SD model development, a theoretical model of a sectoral 

innovation system in the construction industry along with a theoretical framework for actors’ 

relationships within the construction industry innovation system were developed based on the 

previous research conducted in the construction management field. The frameworks specifically 

consider the institutional environment, as an important aspect that influences the sector. Each 

actor (i.e. government, academia and industry) contributes to and benefits from the innovations 

introduced as they constitute part of the system’s environment in their roles as policy-makers, 

clients, knowledge brokers, innovation generators, and so on. Apart from the actors, the primary 

components of the innovation system are capacity, capability, and outputs which are sequentially 

interconnected through innovative activities and enablers, expectations, motivations and the 

broader environment. The identified knowledge gap is further addressed in the following chapters. 
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CHAPTER 3 

RESEARCH DESIGN AND METHODS 

 

3.1 Introduction 

In this chapter, the methodology applied in this research project is detailed. According to Cavana 

et al. (2001), research design serves as a blueprint for meeting the established research objectives. 

Research design depends on the purpose of the study, type of data to be used, time horizon and 

overall study settings.  

The final goal of this research was the development of a systems model that was capable of 

revealing the true nature of construction innovation processes in the Russian Federation context 

in order to identify the potential pathways to rational decision-making along with establishing 

strategies, policies and practical recommendations to achieve the robust development of the 

construction industry. A system dynamics (SD) model was created as part of an integrated 

participatory systems modelling approach to provide an understanding of how construction 

innovation would evolve in the context of four plausible transition scenarios of the Russian 

construction industry. In order to achieve such a goal, a number of other objectives were identified 

and achieved first. Figure 3-1 shows the research activities undertaken to meet the three main 

research objectives and nine sub-objectives described in Chapter 1. Each objective contains a 

number of activities with a number of outputs. The completion of each objective is necessary as 

the knowledge, analysis outcomes and models are integrated into the next objective. 

First of all, it is important to build a solid theoretical foundation for the identification of research 

deficiencies, formulation of research questions, and scoping of the problem to be modelled. 

During the exploratory phase, knowledge acquisition from past studies and an exploratory study 

were conducted to establish a repository of knowledge on the main factors that influence 

innovations processes, particularly in the Russian construction industry context. The next phase 

incorporated the design of a modelling procedure to be applied throughout the research. The 

outcomes of these steps helped to achieve the first and second research objectives, which sought 

to develop a systems model. The actual modelling phase started with the structural analysis that 

was performed to allow for the formulation of a conceptual model that represented the 

construction innovation system, followed by the formulation of an SD model.
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Figure 3-1: Schematic diagram of research design 
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The built SD model explicitly captured the impact of various government policies on industry 

innovativeness. The next steps were to validate the model and, eventually, to study the dynamic 

behaviour of key system parameters under different plausible ‘futures’. The final outcomes helped 

fulfil the final research sub-objective, which sought to provide policy and practical 

recommendations for the industry transition into alternative innovative futures.  

The completion of the first objective is presented in Chapter 4; the completion of the second 

objective is outlined in Chapter 6. The completion of the third objective is given in chapters 5 

and 7. Each chapter contains a detailed method section.  

3.2 Exploratory Study  

3.2.1 Objective 1.1: Understanding Innovation Concepts 

The primary objective of this research phase was to generally gather fundamental knowledge 

related to innovation system concepts and related terminologies. For that purpose, a number of 

books, national and international academic and industry research publications and reports were 

critically reviewed. Moreover, exploratory study was conducted.  

In light of the objectives of this research study presented in Chapter 1, the literature review aimed 

to examine and extract knowledge in the following areas:  

 Innovation concepts and related terminologies 

 Innovation in the construction industry 

 Innovation diffusion concepts 

 Innovation system concepts 

 Barriers to, enablers and drivers of and strategies for innovation diffusion 

 Influence of Russian Federation context 

 Complexity of innovation systems 

 Construction innovation system. 

Past theoretical and empirical studies were reviewed in order to develop the underpinning 

theoretical concepts for this research. The outcomes of this research activity provided a 

comprehensive understanding of these fields. Moreover, during the review process, potential gaps 

in the knowledge related to the construction innovation system were identified.  

3.2.2 Objective 1.2: Exploration of the Current Situation in the Russian Construction Industry 

Following a comprehensive review of the existing literature, an exploratory study was performed 

on the current situation in the Russian construction industry in terms of key obstacles, drivers and 

strategies that significantly affect innovation development and diffusion processes. Moreover, the 
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exploratory study outcomes set the foundations for the further structuring of the problem to be 

modelled.  

The study used a sequential hybrid-method research design integrating quantitative and 

qualitative research approaches (Holt and Goulding, 2014). First, a quantitative-based 

questionnaire survey was conducted and statistical analysis was performed to identify barriers to, 

drivers of and strategies for innovation diffusion in the Russian construction industry. This is a 

common approach to studying problems in the construction management field (Stewart et al., 

2004; Panuwatwanich et al., 2009b; Ozorhon et al., 2010). The survey questionnaire is presented 

in Appendix A. The survey was conducted using data obtained from 52 professionals, 

representing construction firms and research institutions in Russia. A five-point Likert scale 

ranging from 1 (‘not significant’) to 5 (‘most significant’) was used to evaluate items devoted to 

the barriers to and drivers of innovation diffusion. Then, the Spearman rank correlation test was 

conducted in order to examine the degree of agreement in ranking between respondents’ scores 

(Mendenhall and Beaver, 1993; Naoum, 2012).  

Following this stage, a qualitative approach of data collection consisting of 12 one-on-one post 

hoc interviews was employed. The main purpose was to gain a deeper understanding of the 

relevant issues and to help fully contextualise the perceptions of survey participants. An interview 

guide was created to ensure that useful data was collected (see Appendix B). Details of the data 

collection and data analysis are provided in Chapter 4. 

3.3 Development of a Suitable Research Approach 

3.3.1 Objective 2: Development of a Modelling Approach 

One of the main research objectives was to develop a research approach that would be suited to 

supporting decision-making and modelling contexts. In particular, there were high levels of 

cooperation between the diverse actors to be modelled as a complex dynamic construction 

innovation system. SD modelling offers a good fit for this research purpose as it is more of a 

strategic approach rather than being operational (Maani and Cavana, 2007). It is a powerful 

technique for integrating social and technical phenomena into qualitative frameworks and 

quantitative models to analyse changes in a system over time. Moreover, it does not focus on the 

exact numeric results, but explores the system behaviour under various circumstances and 

scenarios (Sterman, 2000). SD models allow for investigating cause-and-effect relationships, 

feedback mechanisms, non-linear effects, time delays and, as a result, high complexity (Grösser, 

2017).  

Typically, the SD modelling procedure includes the following stages (Sterman, 2000):  
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 Problem scoping: identifying the problem to be investigated; collecting preliminary 

information and data 

 Model conceptualisation: formulating a conceptual qualitative model that represents the 

problem and reveals relationships among variables in a system 

 SD model formulation: transferring the causal relationships in the qualitative model into 

a quantitative simulation model consisting of mathematical equations 

 Model analysis: model calibration, verification and validation 

 Model synthesis: testing various policy interventions, scenarios and possible futures to 

unfold the most effective pathways to derive better outcomes from the system over 

medium to long-term timeframes. 

Given the multi-actor nature of the system under study, high uncertainty, lack of empirical and 

relevant industry data, and a need to incorporate soft data inputs into SD models, a new SD model 

development approach needed to be purpose-built in order to move between qualitative and 

quantitative data analysis techniques. The research approach would need to engage stakeholders 

and experts during all stages of the SD modelling process mentioned above. A critical review of 

existing participatory modelling approaches (Van den Belt, 2004; Andersen et al., 2007; Chen et 

al., 2012; Yearworth and White, 2013) led to the design of a novel integrated participatory 

systems modelling (IPSM) approach. It provides a flexible way of data collection grounded in 

questionnaire-based surveys, face-to-face interviews, direct expert consultations and empirical 

structural analysis followed by a series of well-formalised stakeholder workshops. 

Chapter 6 is dedicated to the overview of various types of participatory modelling approaches 

used for SD model building, followed by detailed description of stages of the IPSM approach.  

3.4 Development and Operationalisation of a Systems Model  

3.4.1 Objective 3.1: Identification of Relationships Between the System’s Variables 

In order to identify the key components of the construction innovation system and to discover the 

nature of relationships between them, this study employed a structural analysis that was enriched 

using the Cross-Impact Matrix Multiplication Applied to Classification (MICMAC) approach 

(Godet, 2006).  

The MICMAC approach was selected to not only identify the essential variables and the elements’ 

interrelation web, but also to distinguish the rating of influences and dependencies of variables in 

order to quantify potential relationships between them, especially qualitative ones. An 

understanding of individual roles of the elements within the system assists a modeller with 

recognising the key variables associated with strategies and policies, formulated and enforced by 

decision-makers. The interrelations between variables are crucial in the system interpretation as 
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they define the system’s dynamics. Hence, within the context of systems modelling, MICMAC 

graphical outcomes illustrate the dynamic behaviour of the system; are associated with a cause-

and-effect diagram; and allow for determining an initial reference for building a CLD as a 

precursor to the development of a system dynamics model. 

First of all, expert stakeholders participated in an opinion survey (see Appendix C) in order to 

complete a cross-impact matrix linking all constitutive elements of the system under 

investigation. An example of a so-called Matrix of Direct Influences (MDI) is provided in 

Table 3-1. By completing the matrix, the experts evaluated the strength of interactions between 

the system’s variables. Then, the completed matrices were processed using specialised MICMAC 

software (MICMAC, 2018) that ranked the variables based on their dependency and influence 

level. The analysis also enabled an understanding of individual roles of the system’s elements that 

could be identified from direct or indirect influence/dependence maps generated by the software 

(Figure 3-2). Eventually, relationships between the variables were displayed as direct and indirect 

influence graphs (Figure 3-3) that worked as an initial reference for the logical building of an 

associated conceptual model. These results allowed for understanding and quantifying potential 

relationships between elements as well as highlighting the variables that were essential to the 

dynamics of a system. 

Table 3-1: Example of cross-impact matrix – Matrix of Direct Influences (MDI)  

 

Level of 

innovation 

Final 

product cost 

Profit 

maximisation 

Level of tax 

incentives 

Level of innovation 0    

Final product cost  0   

Profit maximisation   0  

Level of tax incentives    0 

 

Figure 3-2: The influence / dependence map 
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Figure 3-3: Example of direct influence graph 

A comprehensive description of the procedure for conducting the MICMAC analysis is provided 

in chapters 5 and 6. 

3.4.2 Objective 3.2: Development of a Conceptual Model 

The next sub-objective aimed to develop a qualitative systems model that could aid interpretation 

of complex cause-and-effect relationships among relevant innovation factors. The development 

process was based on the MICMAC analysis outcomes (i.e. direct and indirect influence graphs), 

followed by a comprehensive analysis of interconnections among dynamic variables. The systems 

conceptual model was presented in a form of a causal loop diagram (CLD). By means of the CLD 

approach (Forrester, 1961; Maani and Cavana, 2007; Grösser, 2017), the research illustrates how 

the flows of innovation-related resources and activities are structured in the construction 

innovation system. According to Sterman (2000), a CLD is a tool for mapping a set of 

relationships forming a complex system; providing a visual understanding of existing systemic 

relationships between the system’s components; and revealing the interrelations between 

variables that define dynamics of the system. Moreover, CLDs clarify causality between factors, 

help to trace cause-and-effect relationships, and determine reasons for particular problems in the 

system.  

In a CLD, variables are linked by arrows that indicate a causal relationship, direct influence or 

change between them. Each causal link represents a polarity, either positive (+) or negative (–) to 

indicate changes (Figure 3-4 and Figure 3-5, respectively). A positive link means that if the 

independent variable (cause) decreases, the dependent variable (effect) decreases as well, and if 

the cause increases, the effect will increase as well. A negative link means that if the independent 

variable (cause) decreases, the dependent variable (effect) increases, and if the cause increases, 

the effect will decrease. 
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Figure 3-4: Example of positive causal relationship 

 

Figure 3-5: Example of negative causal relationship 

Multiple links between variables collectively illustrate closed paths of action and information 

between those variables. These closed paths are known as feedback loops and represent processes 

where system output variables are fed back in as input variables via certain processes (Maani and 

Cavana, 2007). In order to reach understanding of the system at hand, it is essential to distinguish 

between two different types of feedback loops when developing SD models and analysing the 

behaviour over time (Sterman, 2000): reinforcing (also known as positive) feedback loops and 

balancing (also known as negative) feedback loops. Reinforcing feedback loops accelerate 

changes within a system to produce growth or decline, while balancing feedback loops should be 

understood as a counteracting change within a system to produce stabilising behaviour or force 

target seeking (Figure 3-6 and Figure 3-7, respectively). The polarity between two variables can 

change over time and under varying conditions. This is due to the non-linear nature of most 

complex systems. 

     

Figure 3-6: Example of a reinforcing loop 

 

Figure 3-7: Example of a balancing loop 
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A simple example of the use of a CLD is shown in Figure 3-8. High birth rate increases population, 

which is then a cause of the death rate increase. Consequently, this reduces population and, 

ultimately, the birth rate.  

After the initial version of the CLD was created based on MICMAC analysis results, stakeholder 

workshops were conducted to refine and extend it. A comprehensive description of the step-by-

step CLD development and extension is given in chapters 5 and 6. 

 

Figure 3-8: Example of high-level causal loop diagram  

3.4.3 Objective 3.3: Development of a System Dynamics Model 

While CLDs aim to structure system problems in a qualitative form, formulation of a simulation 

model assists a modeller in both problem structuring and problem solving in a quantitative way 

(Forrester, 1961). Moreover, a CLD is not capable of representing the dynamics of the system 

under study as changes over time cannot be seen (Forrester, 1961; Maani and Cavana, 2007; 

Grösser, 2017). According to Sterman (2000), SD modelling is an efficient approach to model the 

aggregate behaviours that result from interactions among multiple components of a system. 

Additionally, it represents a set of conceptual and numerical methods that are used to examine 

and analyse the structure of a complex system and behavioural relationships between certain 

variables over time. Hence, an SD model allows for investigating feedback loops, flows and 

stocks structure, non-linear effects, time delays and, as a result, high complexity. 

SD models enable numerical analysis of a system of integral or differential equations (Morecroft, 

2008; Pidd, 2009). To develop a numerical model, a modeller converts a conceptual model or a 

dynamic hypothesis into a ‘stocks and flows’ representation, also known as a stock and flow 

diagram (SFD). SFDs allow for quantifiable results through simulations represented by graphs. 

Variables that accumulate over time and represent the system state are performed by ‘stocks’ (also 

known as accumulators or levels) and the processes that influence change in these stocks are 

represented by ‘flows’ (also known as rates). The stock level is adjusted by the interactions within 

the system, through feedback loops and through the speed of input and output flows.  
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Mathematically, differential equations can be used to show the numerical rate of change in stocks 

that integrate their inflows and outflows (Equation 3.1).  

𝑆(𝑡) = ∫ [∑ 𝐹𝑖(𝑠)𝑖
𝑖=1 − ∑ 𝐹𝑜(𝑠)𝑜

𝑜=1 ]
𝑡

𝑡0
𝑑𝑠 + 𝑆(𝑡0)         (3.1) 

where: 

𝑆(𝑡) is the stock at time 𝑡 

∑ 𝐹𝑖(𝑠)𝑖
𝑖=1  is the sum of inflows (𝑖) 

∑ 𝐹𝑜(𝑠)𝑜
𝑜=1  is the sum of outflows (𝑜) 

𝑆(𝑡0) is the initial stock value at time 𝑡0 

Together, stocks and flows reveal the true dynamics of a system, while other variables in the 

system provide auxiliary information needed to create the equations. At each time step the 

equations are calculated based on current values, indicating integration over time (Sterman, 2000).  

The SFD for this research was constructed and run in specialised Vensim® software version DSS 

7.2, developed by Ventana Systems (Vensim DSS, 2018). Figure 3-9 presents a typical stock and 

flow structure that consists of the following elements: 

 Stocks are represented by rectangles; they collect whatever flows into the system and net 

whatever flows out 

 Inflows are represented by pipes (arrows) pointing into the stock  

 Outflows are represented by pipes (arrows) pointing out of the stock 

 Valves represent the control of flows 

 Clouds represent the sources and sinks for the flows, usually outside the boundary of the 

model.  

 

Figure 3-9: Elements of a stock and flow diagram 

A simple example of the use of a SFD is shown in Figure 3-10, based on the CLD presented in 

the previous section. The stock represents population, while inflow and outflow represent birth 

rate and death rate, respectively.  

Stock
OutflowInflow SinkSource

Auxiliary
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Figure 3-10: Example of a stock and flow diagram  

In SD models, relationships and connections between variables along with feedback loops make 

up a structure of the system that determines the system’s behaviour. Sterman (2000) identified 

four basic patterns of system behaviour: S-shaped growth, exponential growth, oscillation and 

goal seeking (Figure 3-11).  

 

Figure 3-11: Behaviour patterns of complex systems 

The behaviour of exponential growth occurs by the effect of a reinforcing feedback loop; that is, 

as long as the state variable increases, the growing effect also increases. The goal seeking 

behaviour pattern is produced by the effects of a balancing loop; that is, the state a variable ‘seeks’ 

to achieve a desired level. The greater the difference between the desired and current states, the 

greater the corrective action in the balancing feedback loop. The oscillatory pattern behaviour of 

the state of the system is also produced by the effects of a balancing loop. However, this pattern 

occurs in a system if there is a time delay which triggers a new correction in the opposite direction 

in a balancing loop. The fourth basic behaviour pattern is known as S-shaped growth. It is a special 

case of exponential growth in which a reinforcing feedback loop produces an initial growth, but 

then the outset shifts to a dominant balancing loop and as a result the growth gradually slows until 

the desired state of the system is reached. 

Population

Birth Rate Death Rate
BR

Fractional Birth

Rate
Average

Lifetime

++
+ +

Initial Population



Chapter 3 – Research design and methods 

    42 | P a g e  

 

Active stakeholder engagement facilitated the formulation of the SD model in this research so 

that the model was based on a solid theoretical foundation supported by competent expert 

opinions and judgments. A series of stakeholder workshops was held to identify the key stock and 

flow structure, to distinguish the system sub-models and to discuss the behaviour of certain 

variables over time. Chapter 6 details the stakeholder engagement process employed for the SD 

model development, while Chapter 7 presents an overview of the SD model and mathematical 

formulation of the key variables. The full model, definitions of variables and equations are 

presented in Appendix E. 

3.4.4 Objective 3.4: Running Simulation Experiments 

Once the SD model was built, a number of preliminary simulation experiments were run to fully 

parameterise and calibrate the developed SD model in order to explicitly capture the impact of 

various strategies and policies on the dynamics of KPIs of innovation performance within the 

construction industry. By doing so, the model needed to be validated to reach relevant numbers 

and generate behaviours consistent with reality; estimate some model parameters that had missing 

or unavailable input data; explore how sensitive model outputs were to changes in model 

parameters; and to establish confidence in the structure, soundness and usefulness of the model 

before it could be used for decision-making and policy analysis (Maani and Cavana, 2007; Ruutu 

et al., 2017). Nevertheless, according to Forrester and Senge (1980, p. 209), “there is no single 

test which serves to ‘validate’ a system dynamics model. Rather, confidence in a dynamic 

simulation model accumulates gradually as the model passes more tests and as new points of 

correspondence between the model and empirical reality are identified”. Moreover, according to 

the founder of system dynamics, Jay Forrester, a model cannot be expected to have absolute 

validity (Forrester, 1961). Nevertheless, this does not mean that all models are useless as long as 

models can be judged and tested as truthful. If the model’s representation of the real world shows 

plausible results, then modellers can gain more confidence about the model along with a deeper 

understanding of the system at hand (Barlas, 1996; Sahin et al., 2018).  

There is no consensus among modellers as to what the exact algorithms for testing models should 

be, given the variety of purposes models need to be properly assessed for. Generally, the tests 

aimed to verify a model’s consistency and usefulness are divided into the following categories 

(Barlas, 1996; Sterman, 2000; Cavana and Clifford, 2006): 

 Structure assessment tests (e.g. boundary adequacy, structure confirmation, parameter 

confirmation, dimensional consistency) to ensure the structure of the model is an 

appropriate representation of the system 
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 Structure-oriented behaviour tests (e.g. extreme conditions; behaviour sensitivity) to 

check how the model responds to alterations in input parameter within the range of 

analysis 

 Behaviour pattern tests (e.g. behaviour reproduction, behaviour anomaly) to ensure the 

model is able to produce an acceptable output behaviour with sufficient realism and 

quality. 

Model validation is the gradual process of establishing confidence in an SD model. It is worth 

noting that it is not necessary to run all available validation tests, but to choose the most 

appropriate ones given the needs of a precise model (Qudrat-Ullah, 2012). The model evaluation 

procedure this study implemented is described in Chapter 7. In addition to running a number of 

technical tests, stakeholders were engaged to build the confidence regarding the model’s 

usefulness and realism, and to ensure that the model output adequately corresponded to real 

situations and addressed its intended purpose (see Appendix D-1 for a profile of the stakeholders 

involved in the consultations).  

3.4.5 Objective 3.5: Scenario Analysis  

The last two sub-objectives fulfilled in this study were the main steps towards achieving the aim 

of this thesis. After the model had been validated, an extensive scenario analysis was performed, 

followed by formulation of policy recommendations for enhancing innovativeness in the Russian 

construction industry.  

According to Maani and Cavana (2007, p. 75), “In system dynamics models, policy analysis is an 

extremely important part of the modelling process. Usually this involves performing a carefully 

planned range of policy experiments with the model; varying the policy parameters or changing 

the policy structure of the model (i.e. by adding or deleting linkages between variables). […] 

Strategies are combinations of policies intended to achieve strategic objectives”. Hence, once an 

SD model is validated, it can be used for policy design and a detailed scenario analysis to get 

insights about the effects of certain strategies and policies. Generally speaking, scenario planning 

and analysis depend on the research problem being studied, and help to outline how behaviour of 

the system may change based on different sets of assumptions and possible future occurrences 

(Sterman, 2000; Maani and Cavana, 2007). In other words, scenarios provide plausible 

descriptions of how the future might unfold under different circumstances. 

In this research, the scenario analysis was performed with the notion of transition pathways to 

evaluate the possible futures of the Russian construction industry with regard to innovation 

development and diffusion. Consultations with stakeholders were conducted to formulate future 

transition scenarios of the Russian construction industry. Additionally, experts were involved in 

the modelling process to highlight strategically important policies and potential levers that might 
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overcome innovation diffusion challenges in the Russian construction industry (see Appendix D-

1 for a profile of the stakeholders involved in the consultations). As a result, four transition 

scenarios were considered for the simulation experiments to reveal insights about the construction 

innovation performance. Details of the scenario analysis are provided in Chapter 7. 

3.4.6 Objective 3.6: Formulation of Policy Recommendations 

Finally, the findings from the extensive transition scenario analysis culminated in the 

identification of a number of opportunities and threats for each of the scenarios, followed by the 

formulation of strategically important policies associated with guidelines and recommendations 

for enhancing innovativeness in the Russian construction industry. In particular, certain actions 

were recommended for the industry transition into alternative futures associated with preferred 

transition scenarios to achieve desired goals. Recommendations for the successful transition of 

the construction sector into the innovative future are provided in Chapter 7.  

3.5 Summary 

This chapter details major issues regarding the research designs, phases and methods applied to 

satisfy each of the research objectives listed in Chapter 1. Firstly, a description of the knowledge 

acquisition through literature review was conducted to identify research deficiencies and gaps. 

Following this, a description of the exploratory study completion was provided. Next, the 

development of a modelling research approach was explained. Then, a structural analysis 

procedure was described followed by a conceptual model construction. The model consisted of 

constructs and variables which were operationalised through stakeholder participation and 

engagement followed by a structural analysis. The conceptual model that represented 

interrelationships of the model constructs was converted into an SD model after ‘quantifying’ and 

translating the CLD into a stocks and flows model as a comprehensive model that was used to 

observe the dynamics within the innovation system. Subsequently, the model was validated and 

a number of simulation experiments were run to reveal insights about construction innovation 

performance along with future transition pathways. Chapters 4, 5, 6 and 7 also provide detailed 

descriptions of the specific research methods applied for different objectives.  



Chapter 4 – Exploratory study 

    45 | P a g e  

 

CHAPTER 4 

EXPLORATORY STUDY 

 

Statement of contribution to co-authored published paper  

This chapter includes a co-authored peer-reviewed paper. The bibliographic details of the paper, 

including all authors, are:  

Suprun, E., and Stewart, R.A., (2015). “Construction innovation diffusion in the Russian 

Federation: Barriers, drivers and coping strategies”. Construction Innovation, 15(3): 278–312. 

My contribution to the paper included collecting and analysing the data, reviewing the pertinent 

literature, conducting descriptive statistics analysis, interpreting the results and drafting the paper.  

 

Signed: ____________________________________________ Date:       25/10/2018          3 

Emiliya Suprun 

Countersigned: ______________________________________ Date:       25/10/2018          3 

Co-author: Prof. Rodney Stewart (Principal Supervisor, School of Engineering and Built 

Environment, Griffith University)  



Chapter 4 – Exploratory study 

    46 | P a g e  

 

Construction innovation diffusion in the Russian Federation: Barriers, 

drivers and coping strategies 

Abstract: The aim of this study is to explore the current situation in the Russian construction 

industry and the obstacles, drivers and strategies that affect innovation implementation most 

significantly. The Russian construction industry is highly conservative and is often criticised for 

its lack of innovation. Construction firms invest relatively little in innovation adoption, 

development of new ideas and formal research and development. This study utilised an extensive 

literature review followed by a questionnaire survey incorporating some post hoc interviews with 

52 experts from the Russian architecture, engineering and construction industry to identify the 

most significant drivers, enablers, barriers and strategies related to innovation diffusion in 

construction. Findings indicated that economic and financial difficulties, as well as inappropriate 

legislation, are the most significant barriers to innovation. Financial incentives, legislative 

improvements and the promotion of alternative construction procurement methods were viewed 

as the most critical strategies to improve the current lacklustre rate of innovation diffusion. While 

there is anecdotal evidence that the Russian construction industry is lagging in terms of 

technological advancement, its closed nature means that there is still little reported evidence on 

what are the main barriers to innovation diffusion in this country. Hence, there is a lack of focus 

on innovation diffusion rates in different construction sectors, such as building and civil 

infrastructure and limited consideration on how effectively the research and development sector 

contributes to innovation. 

 

4.1 Introduction 

The construction sector has always been one of Russia’s economic driving forces. However, it 

has often been criticised for its unwillingness to innovate (Denisov and Kamenetskiy, 2003; HSE, 

2013). The performance of the Russian construction industry was analysed in a desktop 

assessment report titled Innovation in the construction cluster: barriers and perspectives (Expert, 

2007). Seven years has passed since that report was published and this perception that the industry 

lacks innovation remains.  

Similarly to most countries, the Russian Federation building and construction industry is a major 

contributor to economic growth and employment. Today, there are more than 200,000 building 

and construction firms, and 14,000 building-material companies, in the Russian Federation; 

together, they employ approximately 11% of the working population and contribute 

approximately 10% to the country’s gross domestic product (GDP) (INFOLine, 2013; FSSS, 

2014). However, excessive conservatism in relation to innovation implementation has been 

identified as one of the most common characteristics of not only the Russian but also the global 
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construction sector. In the literature, the sector has long been defined as a ‘laggard industry’ 

(Dibner and Lemer, 1992; Slaughter, 1993). The Russian construction industry is ranked 

extremely low in terms of innovation compared to other sectors. Only high-tech sectors such as 

information and communication technologies, biotechnology and nanotechnology have showed 

progress (FSSS, 2014).   

According to research conducted by the Higher School of Economics (HSE, 2013), innovations 

usually led to reduced construction costs, operating costs and construction schedules, but do not 

significantly change the technological mode. Consequently, it is clear that the level of innovative 

activity within construction firms needs to be improved. Higher levels of innovation in the 

industry will improve productivity (Gann, 2000) and profitability (Tatum, 1991) in this 

notoriously low return and high-risk industry, ultimately improving economic growth and living 

standards. 

The Russian Federation is a unique country, spread across a massive territory. For the past 20 

years, it has constantly been a country that faces significant structural reforms and associated 

economic turmoil, as it struggles to transform into an efficient market economy based on 

knowledge and innovation. In terms of the construction sector, Russia is also different; it is the 

only country with ample natural resources and an extraordinary variety of natural conditions that 

have no analogues in developed countries: there are temperature regimes, seismic, permafrost and 

so forth (HSE, 2013). The science development and active construction work in the Soviet Union 

clearly influenced the introduction of some new technology and innovation diffusion. However, 

Russia has significantly lagged behind the construction leaders (e.g. USA, Japan, Germany, etc.), 

even before the collapse of the USSR, and this sudden regime change resulted in an even worse 

period of technological backwardness and failure to support innovation (Expert, 2007). 

Nowadays, despite serious efforts to support innovative activity, the Russian Government has not 

yet been able to create a positive innovation diffusion cycle dynamic in the construction industry. 

The public funds are spent inefficiently and the construction sector continues to face factors which 

hinder the current rate of innovation diffusion (RG, 2014). 

This study has one overarching objective to discover the barriers to innovation diffusion in the 

Russian construction industry and to identify possible strategies to overcome them. It also 

provides a fresh view on contemporary innovation development in the industry. The findings of 

study will be used to guide the next stage of the research, which seeks to operationalise a set of 

fit-for-purpose strategies that the Russian government could implement in order to more rapidly 

stimulate innovation activity. The problems covered in this paper are relevant not only to Russia 

but are reflected in academic discourse globally (Marceau et al., 1999; Blayse and Manley, 2004; 

Bossink, 2004). 
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Many studies have been undertaken to examine innovation in the construction context (Tatum, 

1987; Slaughter, 1993; Anderson and Manseau, 1999; Bossink, 2004; Egbu, 2004; 

Panuwatwanich et al., 2008; Panuwatwanich et al., 2009a; Panuwatwanich et al., 2009b; 

Sayfullina, 2010; Davidson, 2013). In this current research study, innovation is defined as a new 

idea that is adopted in a construction project; it comes with potential additional benefits but might 

also be associated with potential risks (Ling, 2003). It may refer to a new design, material, 

technology, component or construction method deployed in a project. 

This research focuses on barriers to innovation diffusion experienced by firms within the Russian 

construction industry. There is a large body of construction management literature (Miozzo and 

Dewick, 2002; Blayse and Manley, 2004; Stewart et al., 2004; Panuwatwanich et al., 2009a; 

Panuwatwanich et al., 2009b) addressing the need for investigation of impediments and strategies 

to overcome the development of innovation activity. Nevertheless, there is a knowledge gap in 

studies specifically advocating barriers to innovation implementation experienced by firms in the 

Russian construction industry. Moreover, there is a lack of focus on innovation diffusion rates in 

different construction sectors, such as building and civil infrastructure, and limited consideration 

on how effectively the research and development sector contributes to innovation. This research 

work has a number of implications for the government and construction businesses, seeking to 

explore the process of innovation diffusion and to develop the potential benefits of implementing 

the enhanced strategic plans. 

The literature review is provided in the next section, which was conducted to identify the drivers, 

barriers, outcomes and effective strategies for innovation diffusion in the construction industry. 

Moreover, historical and cultural backgrounds that have influenced the industry’s development 

were analysed. Following the literature review is a description of the research method and an 

explanation of the survey results, followed by an analysis of the results and a discussion. Finally, 

recommendations and conclusions are presented based on the research findings. 

4.2 Literature Review 

This work draws from literature on construction management and innovation diffusion with 

particular emphasis on Russia’s failure to innovate. A literature review was completed using 

international as well as domestic Russian academic journals, government and industry reports and 

news resources. 

It is widely accepted that for any country, innovation is paramount for economic growth and 

development, higher living standards and competitiveness (Seaden et al., 2003; OECD/Eurostat, 

2005). Many studies have been conducted on how innovation could be defined and the importance 

of innovation in the construction industry (Tatum, 1987; Slaughter, 1993; Anderson and Manseau, 

1999; Bossink, 2004; Egbu, 2004; Sayfullina, 2010; Davidson, 2013). Sexton and Barrett (2003) 
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indicate that new ideas must be followed by successful implementation and must improve overall 

organisational performance for innovation to be effective. Egbu (2004) divides innovative efforts 

into two categories, namely, organisational (introduction of advanced management techniques, 

marketing, methods of production) and technical (new design, material, technology, component 

or construction method). Slaughter (1998) argues that it is necessary to take into account the 

unique nature of innovations; manufacturing innovations are significantly different to the 

organisational context of construction. Some studies focus on why innovation takes place and 

who innovates (Anderson and Manseau, 1999; Denisov and Kamenetskiy, 2003; Bossink, 2004; 

Ozorhon et al., 2010) and others discuss the typologies of innovation and reasons for innovating 

(Davidson and Ivanova, 2011; Davidson, 2013). Many authors have focused on how innovative 

solutions can be implemented in the construction process (Slaughter, 1993; Slaughter, 1998; Ling, 

2003; Manley, 2008; RuGBC, 2013) and how construction firms manage the innovation process 

(Gann, 2000; Drejer, 2002; Zavlin et al., 2006).  

Construction as a process industry faces many challenges related to introducing new ideas and 

technologies as well as understanding the innovation diffusion process which plays an important 

role in a process of innovation implementation. According to Rogers (2003, p. 5) diffusion is “the 

process by which an innovation is communicated through certain channels over time among the 

members of a social system”. Wolfe (1994) points out that innovation diffusion studies involve 

the following models: 

 diffusion of innovation including exploration of potential adoptions and analysis of the 

innovation itself 

 organisational innovativeness, where innovativeness with organisations are explored 

 process theory focusing on refinement and adaptation of innovation during their life 

cycles by organisations (and individuals). 

Innovation diffusion includes two major processes (Rogers, 2003): 

1. the innovation-decision process of making a decision to adopt or reject the innovation, 

implementing the innovation and confirming the decision by individuals (members of an 

organisation) 

2. the innovation process in an organisation involves initiation of innovation adoption and 

implementation of the adopted innovation. 

Relatively few studies have addressed the diffusion of innovation in the construction industry 

(NAHB, 2004; Manley, 2008; Panuwatwanich et al., 2009a; Panuwatwanich et al., 2009b). To 

successfully implement innovation and develop the construction sector, policy-makers and 

construction organisations should have a deep understanding of both the process of construction 

innovation adoption by companies and the overall diffusion within the industrial sector. In doing 
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so, some authors (Nam and Tatum, 1992; Blayse and Manley, 2004; Dewick and Miozzo, 2004; 

Stewart et al., 2004; Expert, 2007; HSE, 2013) suggested to first identify the factors influencing 

effective diffusion. Understanding these barriers very clearly characterises the industry. However, 

their role and importance in affecting the adoption and diffusion of construction innovation are 

not sufficient without exploring the motives for construction firms to adopt an innovation and the 

ways how the development of innovation can be encouraged. 

4.2.1 Influence of Russian Federation Context 

The Russian Federation has gone through significant economic changes since the collapse of the 

Soviet Union. It has been slowly attempting to transition from a globally isolated and centrally 

planned economy to a market and globally integrated economic system for the last two decades. 

This transition has been less linear than other formerly planned economies such as China. 

In post-war USSR, under centralised state governance free of market relations, construction was 

an active but well controlled instrument for building the socialist society. The main task of the 

Office of Building Technology and the Academy of Science was “to assist in introducing the 

advanced achievements of construction technology into architectural design, building and 

infrastructure construction and to find new, highly rational and economical structural elements” 

(Academy of Architecture, 1944, p. 45). The period was characterised by transition from 

representative ‘Stalinist’ architecture to mass industrial construction methods, mostly 

prefabricated housing moving building technology to the forefront of questions relating to 

construction. Using industrial methods for large quantity housing construction the Soviet Union 

came in first place in the world for production of cement, precast concrete structures and 

components, slate, window glass, wall and other materials. According to Lyudvig (1961) the 

construction materials industry, as a major branch of heavy industry, “got its second start” at that 

time. However, these achievements have been accompanied with a number of shortcomings. At 

the beginning of the 1960s the industry faced the problem of insufficient supply of capital and 

construction resources to meet the requirements of a large number of construction sites. The 

volume of unfinished construction dramatically increased in the following decade, which was also 

associated with a significant level of bureaucracy and corruption (Ivanova, 2011).  

In the Soviet Union, innovation was only associated with domestic science and developments 

because of the country being closed behind the Iron (HSE, 2013). The period of 1970-80s is 

characterised by an increasing number of research institutes and universities, interaction between 

science and production sectors in the priority sectors of the economy, implementation of research 

results into industrial activity of heavy, light, food and construction industries and the military 

sector. The Scientific and Production Associations (NPO) and the Inter-branch Scientific and 

Technical Complexes (MNTK) were established during this period. Experimental design and 

industrial enterprises significantly reduced the duration of research and production cycle. In term 
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of construction, the NPOs involved more than 60% of the research institutes (Belanovsky, 1994). 

The main objectives of these organisations were innovation diffusion through the in-depth 

training of professional engineer-constructors, the expansion of the conditions for joint work of 

engineers and architects, as well as an analysis of the possible effects of innovative technologies 

and solutions on the economic and social progress (Belanovsky, 1994). 

However, the end of the centralised funding of science following the collapse of the USSR led to 

the disappearance of the all-Union network of state scientific institutions responsible for 

conducting research in individual sectors of the national economy including construction industry.  

Around 25,000-100,000 highly qualified professionals have left the country since the collapse 

(Klochikhin, 2012).   

The period of 1990-2000s is characterised by a crisis of innovation, and as a result, replacing 

domestic production and developments with foreign imports, new materials and technologies. 

Since 2000, the construction industry and its supporting research sectors have gradually begun to 

improve due to an improvement in the Russian economy. There was openness of borders and 

activity of trading networks. However, necessary changes to the construction industry’s 

regulatory framework have not kept up with foreign innovation developments filtering into the 

country. In March 2014, at the government session devoted to problems associated with 

introducing innovation in construction, it was concluded that the main problems in the industry 

are still related to inadequate public policy and regulation as well as lack of incentive mechanisms 

to promote innovation diffusion (RG, 2014).  

In particular, the Russian construction procurement and tendering process hinder innovation 

development. In contrast to Russian system, in developed countries (e.g. USA, UK, France, and 

Australia) the minimum cost of design and/or construction is no longer the only selection criteria. 

A range of criteria are considered for winning a tender, including the tenderer considering factors 

such as the projects’ life cycle cost, safety, quality, environment, design innovation, to name a 

few. Moreover, contracts are structured such that the government does not compensate properly 

for any variations that may occur during design. Consequently, designers stick to conservative 

designs that fit within the tight confines of the original budget. Innovation is rarely encouraged 

on government projects unless the project has national significance. Often, another consequence 

of the Russian system is that while the design process may occur quickly due to design replication, 

the construction process may go for an extended period due to many unexpected variations not 

considered by the designer in their limited brief of works (HSE, 2013).  

Generally the majority of implemented innovations in the Russian construction industry have the 

single objective to save money, rather than to increase quality, safety or environmental conditions 

(HSE, 2013). Although cost savings is an important objective, like many other countries the 

Russian construction industry faces many environmental problems. For example, presently there 
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is also more focus in Europe, USA, Australia and Japan to recycle demolition materials for reuse 

as innovative eco-friendly construction materials. In addition, developed countries have the 

ultimate goal to concurrently enhance the architectural aesthetics of buildings and infrastructures, 

standards of living through increased asset functionality, and resource savings, when introducing 

construction innovation (Expert, 2007). The Russian construction industry is still narrowly 

focused on short-term fixes that produce low-cost but also low quality infrastructure and building 

assets.  

Considering the role of modern infrastructure in achieving long-term growth, the Russian 

government invests in road construction. However, the budgeted funds are spent ineffectively. 

According to the President of the Russian Federation, “the same roads are repaired every year 

instead of progressively increasing the volume of high-quality road construction. The introduction 

of innovative solutions still rests on the bureaucratic wall that absolutely does not encourage 

designers and contractors to use the new, cost-effective, durable materials and construction 

technology” (RIANews, 2014). In this instance, innovative pavement management systems could 

be introduced to reduce the life cycle cost of road infrastructure in Russia. 

Presently, various political and business problems have also occurred that might affect innovation 

diffusion in the country and particularly construction industry in a negative way. Hence, the 

government prefers to take measures aimed at stimulating the production and demand for 

domestically innovated goods and services (TASS, 2014a). The ever-changing political context 

means that there is rarely the necessary extended period of market stability where innovation can 

be properly transferred from outside or developed internally using domestic or foreign capital.  

4.2.2 Barriers 

Many obstacles influence the implementation and diffusion of innovation in the building and 

construction industry. This study highlights several categories of barriers to construction 

innovation (Table 4-1). The group of barriers relating to regulations, standards and public policy 

is crucial for Russia and are considered the most significant problems for the Russian construction 

industry because of the arduous procedures for obtaining building permits and project 

documentation processes (HSE, 2013). Access to the world construction market is extremely 

difficult for Russia because of a lack of proper public policy and support, historical background, 

culture and language.  Problems related to the level of regulation and standardisation in Russia 

have not been solved for the last twenty years. An overhaul of the construction industry regulatory 

framework is long overdue. Currently, the expenditure on innovation in the Russian construction 

complex consists of: applied R&D (31.9%), construction process (47.6%), production and testing 

of a prototype of new equipment (16.1%) and design (4.4%) (FSSS, 2014).  Limiting the cost of 

services for design is not conducive to innovation implementation in design and engineering 

companies. In addition, designers will not risk considering alternative materials in construction 
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projects without sufficient legal and technical support. It is primarily related to issues of expertise 

(HSE, 2013). The current state expert examination causes irreparable damage to the state and 

society. Its main task is to assess the compliance of project documentation to requirements of 

technical regulations which actually do not exist. Coordination of project documentation and 

obtaining building permits is considered one of the most acute problems of the Russian industry. 

According to the Doing Business 2015 report, Russia takes the 156th place out of 189 for the time 

and ease of obtaining construction permits. In comparison, Germany occupies the 8th place, the 

UK – 17th, Australia – 19th and the USA – 41st. Despite a number of measures taken by the 

government to simplify administrative procedures, 239 days are still spent to receive the 

construction permits while for Europe and Central Asia it is 177 days on average (Doing Business, 

2014).  

One of the main features of the Russian construction sector is that the criterion of price is often 

not overlaid with a review of quality or value for money (i.e. you get what you pay for) (Denisov 

and Kamenetskiy, 2003; Sayfullina, 2010; HSE, 2013). This happens due to a number of reasons. 

In the majority of cases, government tenders favour proponents using the cheapest materials and 

technology. Tenders offering higher quality project outcomes are discouraged since they will 

never win in a race to the bottom. The cheapest design solution does not consider the long-term 

life cycle cost of buildings and civil infrastructures meaning that in Russia it is not uncommon 

for the life maintenance costs to exceed the initial cost of construction by many multiples (Expert, 

2007).  

The other significant problem is that the high social status of engineers and scientists has been 

reduced dramatically during the crisis in the country’s post USSR transition period (Ivanova, 

2011; Klochikhin, 2012). Industrial research and universities lost 31-35% of their staff after 1991 

(FSSS, 2014). The government has recently made an attempt to rebuild the Russian science and 

engineering research profile but has yet to stem the tide of young scholars still wishing to leave 

the country for better work environments. 

4.2.3 Enablers and Drivers 

This sub-section identifies the factors that positively influence or force construction firms to be 

innovative. Innovation drivers and motivating factors are summarised in Table 4-2. During the 

research, it became evident that some factors can be regarded as both drivers and barriers 

depending on the context. The desire of construction companies to capture a competitive 

advantage is significant driver of innovation diffusion. Sayfullina (2010) analysed the innovation 

characteristics of the Russian construction sector and indicated that many firm-level strategies 

have been changed because of market pressure to innovate, even though the firms’ strategies have 

traditionally been technology-oriented.  
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Table 4-1: Barriers to innovation diffusion in the construction industry 

Barrier category Barrier Reference Definition/comments 

Economic 

conditions 

High construction cost Hydes and Creech (2000), 

Stewart and Mohamed (2000), 

Dewick and Miozzo (2004), 

Stewart et al. (2004), HSE (2013) 

The nature of additional investments may come from price increases on new materials, use of 

technologies, consultants’ fees and high expenses for the professional development of the 

contractors, managers and design team. 

Substantial economic 

risk  

Slaughter (1993), Denisov and 

Kamenetskiy (2003), Dewick and 

Miozzo (2004), Taipale (2010), 

Loosemore (2013)  

The reasons for the risk are lack of existing information, adoption of unfamiliar techniques and ideas, 

lack of government and manufacturer support, lack of experience and uncertainty of the success of 

the construction process. 

Expectation of short-

term profit 

Budworth (1996), Grigoryev 

(2011) 

A large number of investors and owners of construction companies focus only on how much profit 

they will obtain; as a result, expenditure on innovation is reducing in favour of the use of traditional, 

well-recognised methods. 

Regulations, 

public policy and 

supporting 

mechanisms 

Restrictions imposed 

by regulations 

Bowley (1966), Ling (2003), 

Blayse and Manley (2004)  

These regulations include building codes and certificate schemes. 

Tendering and 

procurement 

de Valence (2011)  The building and construction industry is different from many other industries, where firms compete 

via marketing campaigns and new products. The use of tenders and project procurement might be a 

serious obstacle to innovation implementation in the construction industry because the traditional 

tendering process for building works usually does not encourage widespread design innovation. 

Administrative 

barriers 

NAHB (2004) Administrative barriers include the variety of building codes and standards as well as the regional 

features of both technical and legal aspects; low levels of government support for industry 

development; the often hostile attitude of designers and builders to the tender process; and 

government contracts with inflexible fixed budgets. 

Research and development collaboration NAHB (2004) The research component includes fragile contracts between university research centres and the 

construction industry, limited funding for innovation research and the lack of established schemes 

for commercialising research. 

Availability of information, methods and 

tools 

Veshosky (1998), Stewart et al. 

(2004), Grigoryev (2011) 

The design team and project managers need to have access to the best available information on 

technologies and tools in order to introduce the innovation in the stages of design and construction. 

A lack of information and modern technologies, such as automatic calculation procedures, is a serious 

obstacle to effective cooperation between all the actors involved in the construction process.  

Cooperation 

between all 

construction 

process 

stakeholders 

Fragmentation of the 

industry 

Nam and Tatum (1992), Pries 

and Janszen (1995), Stewart and 

Mohamed (2000), Davidson and 

Ivanova (2011), HSE (2013) 

The innovation process requires close interaction between professionals, suppliers and users. 

However, in reality, designers, contractors and consultants are isolated from each other. By setting 

developing goals, public building processes may initiate private design and construction companies 

into modern methodologies.  

Disinterest of 

designers and 

architects 

 Architects and designers should be the link between developers and the building materials industry 

by including advanced materials and innovative technologies in their projects. However, designers 

tend not to take risks without sufficient legal and technical support. 
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Barrier category Barrier Reference Definition/comments 

Client and 

developer 

understanding 

Demand and 

willingness of clients 

and developers  

Ivory (2005), Gumba (2009) 

 

As clients, government and local authorities significantly affect the use of new materials, 

technologies and methods, in contrast to the private sector. However, a private client may also 

suppress innovation, in the case of public and residential construction, because the client has to bear 

all the risk of the innovation while the users reap the benefits.  

Fear of innovation 

implementation 

Nam and Tatum (1992), Ivory 

(2005) 

The most common fear is a risk of defects in the future; obviously, clients want to avoid any risk 

associated with innovations. Technologies that appear infallible initially may show defects during 

the long-term operation of buildings, roads, bridges and other structures.  

Table 4-2: Innovation diffusion drivers in the Russian Federation construction industry 

Driver category Driver Reference Definition/comments 

External pressure 

and support 

Market environment Nam and Tatum (1992), 

Mitropoulos and Tatum (2000), 

Stewart (2007), Sayfullina (2010) 

It was found that innovations were implemented because of market demand. The capturing of 

competitive advantage is one of the factors forcing innovation adoption.  

Regulations Gann et al. (1998), Mitropoulos 

and Tatum (2000), HSE (2013)  

Regulations can affect innovation implementation in two ways: by forcing companies to innovate 

through detailed specifications and strict standards as well as by urging progressive innovators in a 

certain direction through public support, awards, subsidies and grants.  

Knowledge 

exchange 

Information gathering Kangari and Miyatake (1997), 

Veshosky (1998) 

Many studies recognise information and knowledge sharing as an effective motivating factor for 

innovation implementation. Consequently, there is a need for innovation both within and between 

companies.  

Cooperation between 

participants of the 

construction process 

Tatum (1989), Nam and Tatum 

(1992), Barlow (2000), 

Mitropoulos and Tatum (2000), 

Gumba (2009) 

Cooperation is an effective enabler of the innovation process because it allows all involved 

participants to share the project risks and benefits. For innovation stimulation, construction firms 

depend on suppliers of innovative materials and tools as well as clients who involve themselves in 

the construction project.  

Personnel 

participation 

Barlow (2000), Dulaimi et al. 

(2002), Love et al. (2002b), 

Bowen et al. (2004) 

Many authors highlight the importance of personnel participation in all firm-level innovation 

processes, as well as the need to hire new specialists and graduates. The innovation process requires 

experts who are capable of and willing to implement effective innovations. Firms should create 

conditions that encourage personnel to experiment with new ideas. 

Coordination with 

universities and 

scientific research 

institutes 

Nam and Tatum (1992), D'Este 

and Patel (2007) 

Research and development (R&D) is an important factor, because many new materials and 

technologies are introduced as the result of long-term research and new product development.  

Technological and technical capability Tatum (1989), Nam and Tatum 

(1992), Caloghirou et al. (2004), 

Dewick and Miozzo (2004), 

Stewart et al. (2004), Gumba 

(2009) 

This category represents the technical and technological capabilities of a firm that enable the industry 

to implement innovative products, solutions, technologies and processes as well as quickly adapt to 

new opportunities. The introduction of new materials, technologies and processes is an important 

instrument and the main technical driver of innovation. Continuous integrated R&D efforts are 

required for effective implementation of technology-using strategies. 
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It is important to note that innovative pilot projects related to sustainable use of materials and 

resources could be financially supported for testing and evaluation of innovations. For example, 

opportunities to increase energy efficiency in the Russian construction industry were reviewed at 

the government session in March 2014. It was concluded that the policy-making should focus on 

the stimulation scheme through the development of regulations (RG, 2014). Diverse technical 

capability is also a function of successful knowledge exchange and innovation quality guarantee, 

which are influenced by information technology (IT) programs and tools, and access to modern 

technologies before market launch.  

4.2.4 Strategies 

The principal mission of organisations’ innovation activity is to improve the efficiency and 

effectiveness of the construction industry. National governments can play a significant role in 

innovation diffusion, by creating a market environment that is conducive for companies to take 

up innovative construction processes through a range of measures including, economic incentives 

and fiscal methods, create demand for new alternatives and increase awareness of different actors 

in the construction process (Seaden and Manseau, 2001; Miozzo and Dewick, 2002). Seaden and 

Manseau (2001) present an overview of national public policy instruments within 15 countries 

that drive construction innovation. According to their research, and that of some others 

(Mitropoulos and Tatum, 2000; Blayse and Manley, 2004; Bowen et al., 2004), government 

incentives and policy for innovation are the most critical. Table 4-3 provides a summary of the 

key supportive public policy strategies to improve rates of innovation diffusion in the construction 

industry of the Russian Federation. As previously mentioned, the link between research 

institutions and industry in the Russian Federation are particularly weak when compared to other 

countries (Osipov et al., 2014). There are some exceptions, with the construction and building 

materials manufacturing industry ranking sixth among the 64 industries, in the intensity of 

international coordination between researchers in various fields of the applied sciences.  

4.3 Research Methodology 

According to Easterby-Smith et al. (2012), it is necessary to understand philosophical 

assumptions of conducting researches to clarify the research design and formulate the adopted 

research strategy to provide appropriate answers to research questions and assess the potential 

research outcomes. Taking into account the nature of this study (social science, management 

research in the field of construction), the prevailing philosophical assertion in the construction-

specific literature is rooted in positivist and interpretivist approaches, which characterise the 

epistemological stance (Blayse and Manley, 2004; Panuwatwanich et al., 2008).  

 



Chapter 4 – Exploratory study 

    57 | P a g e  

 

Table 4-3: Supportive public policy strategies for construction innovation 

Strategy Reference Definition/comments 

Financial incentives, fiscal 

arrangements and economic 

methods 

Mitropoulos and Tatum 

(2000), Blayse and Manley 

(2004), NAHB (2004), 

Stewart et al. (2004), 

Gokhberg et al. (2010)  

These strategies are perceived as the most effective in overcoming the fear of extra construction costs, which is 

a significant obstacle to innovation implementation. Additional costs could be borne with the assistance of 

economic arrangements such as grants, awards, funds and taxation. In particular, public financial stimulating 

mechanisms need to be further reinforced in the Russian Federation. Many Russian pilot projects, such as 

‘Innovation road’ and ‘Green building’, aim to improve innovation implementation and the development of new 

technologies, processes and solutions related to energy efficiency and ecological compatibility. These 

programmes are based on the fact that it is (four times) more profitable to save than to invest in new energy 

capacity. However, the procedure for grants access needs to be facilitated because many participants are small 

in comparison with champions in the construction industry; their access to information resources regarding 

subsidies and awards is limited. 

Non-traditional forms of 

procurement  

Li and Akintoye (2003), 

Leiringer (2006), de 

Valence (2011) 

By avoiding traditional forms of procurement, a client has the opportunity to encourage innovative solutions. 

These might include public–private-sector partnerships (PPPs) and other concession projects, and build and 

maintain (B&M) contracts where the maintenance costs of the facility are important factors in design decisions. 

These forms transfer back to the government at the end of the contract and eventually create the industry alliances 

that significantly influence the marketplace. 

Knowledge and education 

management  

Barlow (2000), Stewart and 

Mohamed (2000), Bowen et 

al. (2004), Stewart (2007), 

Gokhberg et al. (2010) 

Imperfect education and knowledge management is one of the reasons why the construction industry has long 

been criticised for its conservatism. There are several serious problems in Russia related to the training of 

specialists engaged in the design process, construction and manufacturing. Hence, government should support 

the development of educational programmes aimed at contractors, designers, manufacturers, consultants and end 

users for further diffusion of innovative ideas and solutions. 

Integration between the industry 

and research sector 

Nam and Tatum (1992), 

Hall et al. (2001), Rynes et 

al. (2001), Ramstad (2009)  

Public support is required for integration and collaboration between scientific research institutes and the 

architecture, engineering and construction sector as well as the manufacturers of building materials. Further, 

strong cooperation with research centres is necessary for testing and evaluating research results and new 

solutions to problems impeding further progress.  
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The first stage is related to quantitative research using organised methods of empirical 

observations, whereas the second stage is associated with a qualitative research approach that is 

conducted for a deeper understanding of people’s opinion and experiences (Love et al., 2002b). 

The current study used a sequential multi-method approach adopting positivism as the primary 

approach following by the interpretivist approach to provide a better understanding of the research 

problems. 

First, a literature review was conducted to establish a repository of knowledge on the obstacles, 

drivers and strategies for innovation diffusion, particularly in the Russian Federation construction 

industry context.  

Exploration of the research objectives requires a sequential hybrid-method research design 

integrating both quantitative and qualitative research approaches (Holt and Goulding, 2014). 

Some authors have recommended such mixed-method approaches for studying construction 

innovation diffusion (Love et al., 2002b; Panuwatwanich et al., 2008). A quantitative-based 

questionnaire survey was conducted and statistical analysis was performed to identify barriers to, 

drivers of and strategies for innovation diffusion. Following this stage, a qualitative approach of 

data collection consisting of one-on-one in-depth interviews was used to gain a deeper 

understanding of the relevant issues and to help to fully contextualise respondents’ perceptions 

on barriers, drivers and strategies. Research findings from both the quantitative and qualitative 

components of the study were discussed and culminated in a number of important 

recommendations for enhancing construction innovation in the Russian Federation construction 

industry. Readers should note that the mixed-method research design was formulated to partially 

compensate for the extreme difficulty in obtaining large samples of respondents in the Russian 

construction sector. 

The primary purpose of the quantitative research consisting of questionnaire survey targeting 

Russian AEC organisations was to define the significance of the suggested drivers, obstacles and 

incentive strategies for construction innovation found in the literature. This research phase 

determined the extent to which different factors influenced the innovation process and what 

strategies are the most effective to cope with such barriers. This is a common approach to studying 

problems in the construction management field of study (Stewart et al., 2004; Ozorhon et al., 

2010).  

The survey was conducted using the data obtained from 52 professionals, representing 19 Russian 

AEC firms and research institutions. The respondents represented experts from various institutes 

and companies, from researchers to private and public construction company employees and 

contractors, including firm directors, project managers and senior managers as well as consultants 

(architects and design engineers) and manufacturers who were willing to share their experience 

and opinions.  
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All items in the questionnaire devoted to the barriers to and drivers of innovation diffusion was 

measured using a five-point Likert scale ranging from 1 (‘not significant’) to 5 (‘most 

significant’). The Spearman rank correlation test was also conducted to examine the degree of 

agreement in ranking of the barriers and drivers between two groups of respondent’s scores 

representing the building and civil infrastructure sectors (Mendenhall and Beaver, 1993; Naoum, 

2012).  

In addition to the questionnaire, a qualitative survey research was conducted with a selected group 

of 12 AEC professionals using one-on-one, semi-structured post hoc interviews. The purpose of 

these interviews was to reveal in-depth understanding on the reported barriers and strategies and 

to answer a range of follow-up questions that helped unpack the findings from the questionnaire 

survey such as: 

 to examine the applicants’ views and opinions about the current situation in the Russian 

construction industry 

 to describe the significant barriers to innovation diffusion and the government’s role 

 to identify suitable mechanisms that could be implemented to foster construction 

innovation in the Russian Federation. 

Participants were chosen on the basis of their experience and knowledge of the adoption and 

implementation of innovation and their role in the construction process. The selected interviewees 

had diverse roles, including directors, managers, designers and researchers. 

An interview guide was created to ensure that useful data were collected. All interview transcripts 

were analysed with the goal to establish consensus on some workable and fit-for-purpose 

strategies that could be implemented in the country to overcome the predominant barriers to 

innovation diffusion. Throughout the interviews, a number of themes have emerged. The study 

used descriptive coding (Blaxter et al., 2010; Miles et al., 2013) to categorise narrative data. Each 

interview was transcribed and then the transcripts were coded to classify a large number of 

individual answers and group them into the relevant common categories. The following codes 

were developed, based on the key research issues (i.e. barriers (B), drivers (D), strategies (S) and 

general (G) questions): 

 Code B-DEFICIT – Reasons of a funding deficit 

 Code B-TENDER_A – Aims of public tenders 

 Code B-TENDER_O – Outcomes of public tenders 

 Code B-REGULATORY – Current Russian regulatory framework  

 Code B-REGIONAL – A lack of local level governance  

 Code B-RESEARCH_O – Obstacles to construction innovation R&D 
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 Code B-RESEARCH_I – Incentives for research institutions  

 Code B-FRAGMENT – Fragmentation of the industry 

 Code B-INFO – Consequences of a lack of information 

 Code D-PILOT – Importance of pilot projects 

 Code D-COMPETITION – Competitive advantages  

 Code D-RESEARCH – Objectives of research institutions 

 Code D-STAFF – Experienced employees or new graduates 

 Code S-CAS – ‘Carrot and stick’ approach 

 Code S-LEGISLATION – Ways to the legislation development 

 Code G-CURRENT – The current situation regarding innovation diffusion in Russia 

4.4 Results and Discussion 

The questionnaires were sent by e-mail and 52 completed questionnaires were received in total. 

This represents an average response rate of 68%, which can be considered high for a voluntary e-

mail survey (Saunders et al., 2009, p. 395). Given the scope, the questionnaire was distributed to 

a random sample of construction experts representing firms which were split into three groups 

based on their industry sector: (1) building (24 participants); (2) civil infrastructure (28 

participants); and (3) research and development sector (4 participants). The respondents 

represented engineers and builders (28%), architects and designers (14%), directors and managers 

(39%), manufacturers (11%) and researchers (8%). In addition to completing a questionnaire 

survey that requested respondents to rate items, 12 selected applicants were asked to take part in 

a personal semi-structured interview for a deeper study of the relevant issues. The interviewees 

represented engineers and builders (17%), architects and designers (17%), directors and managers 

(25%), manufacturers (8%) and researchers (33%). 

The Spearman rank correlation coefficient method was employed to measure the differences in 

ranking and to test the level of agreement between the two groups of respondents representing 

building and civil infrastructure sectors in order to determine whether there is statistical validity 

to the findings. The following formula was employed (Mendenhall and Beaver, 1993):  

𝑟𝑠 = 1 −
6 ∑ 𝑑2

𝑁(𝑁2−1)
                (4.1) 

where:  

𝑟𝑠 is the Spearman rank correlation coefficient 

𝑑𝑖  is the difference in ranking between two groups of respondents 

𝑁 is the number of variables, equals to 16 for barriers and 9 for enablers and drivers. 
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According to Mendenhall and Beaver (1993), for a given level of significance, the rejection region 

of null hypothesis (𝐻𝑜) occurred if 𝑟𝑠 ≥ 𝑟𝑜  or if 𝑟𝑠 ≤ -𝑟0, where ro is the critical value of Spearman’s 

rank correlation coefficient. Using the data from Tables 4-5 and 4-6 along with the formula shown 

in equation (4.1), the rank correlation coefficients (𝑟𝑠) for the barrier and driver variables 

categories are 0.89 and 0.90, respectively. The critical values of Spearman’s rank correlation 

coefficient at the level of confidence of 95% are 0.429 and 0.600, respectively (Mendenhall and 

Beaver, 1993). Based on this test, there is agreement between the respondent categories on the 

ranking of the barriers to and drivers of construction innovation diffusion. 

4.4.1 Types of Innovative Activity 

In the first question, participants were asked to indicate the most preferred type of innovative 

activity in their role. The responses were divided into three groups—processes, technological 

innovations and organisational innovations, as shown in Table 4-4.  

Table 4-4: Categories of innovation activity 

Category of innovation activity 

Percentage (%) 

Building sector 
Civil infrastructure 

sector 
Overall 

Introduction of new design and construction processes 32 23 25 

Introduction of new materials, technologies, machinery 

and equipment 
45 57 52 

Introduction of new business practices 23 20 23 

Total 100 100 100 

Approximately half of the survey participants nominated the introduction of new materials, 

technologies, machinery and equipment as the most preferred type of innovative activity in their 

role. Representatives of the civil infrastructure sector preferred to use new materials and 

equipment while those in the building sector favoured the application of new technologies (e.g. 

advanced software). Tatum (1988) argues that technological innovations are required to increase 

competitive advantage. This was confirmed by several interviewees, who believed that the 

implementation and integration of complex computer simulation at all stages of the construction 

process is a first-priority task. According to them, preference should be given to advancing the 

current lacklustre implementation of advanced computer modelling approaches such as building 

information modelling (BIM), which is rapidly replacing simpler CAD design software in most 

advanced nations, but has only been used on a few nationally significant projects in the Russian 

Federation construction industry. BIM was developed in the mid-1990s but architects, engineers, 

designers and contractors have only commenced using it in recent years. The total number of 

United States design and construction companies using BIM increased from 28% in 2007 to 49% 
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in 2009 and 71% in 2012 (McGraw-Hill, 2012). In the Russian Federation, BIM is still largely a 

new concept but is beginning to gain some popularity in a few larger firms (HSE, 2013).  

In the building and civil infrastructure sectors, 32% and 23% of respondents, respectively, 

reported that their companies had launched completely new processes and design. This confirms 

that the building sector is more focused on design processes and their enhancement than the civil 

sector (Koskela et al., 2002). Slaughter and Shimizu (2000) also stress that large volumes of 

innovative solutions relate to design. The lowest proportion of applicants (20–23%) pointed to 

the importance of improvements to business practices in the innovation process. Human resource 

practices, staff training and development, and strategic management were named as the most 

critical business practices to innovate. This is consistent with findings that organisational 

processes play a supporting role to technological development and innovation adoption 

(Hamdani, 2001). 

4.4.2 Barriers 

Understanding the key barriers to innovation diffusion in the Russian Federation construction 

industry, as well as the motives for launching new innovations, is essential for identifying the 

right regulatory and other levers to improve rates of diffusion.  The barriers have been grouped 

into six categories as a result of the literature review:  

1. economic conditions (EC) 

2. regulations, public policy and supporting mechanisms (RS) 

3. research component (RC) 

4. availability of information, methods and tools (IM) 

5. cooperation (CP)  

6. client and developer understanding (CU).  

Respondents were asked to rate the significance of a set of listed barriers to adopting new 

technologies or practices using a five-point Likert scale (Table 4-5).  

Economic conditions related to additional investments to innovation (4.91), substantial economic 

risk (3.98) and, as a result, a funding deficit is perceived to be the most significant obstacles to 

innovation diffusion. These hindrances influence the building and construction sectors equally. 

According to the interview respondents, innovative materials are more expensive than traditional 

materials and also require trained professionals to use them. The main reason of a funding deficit 

is the high cost of bank loans, insufficient tax privileges and other general economic limitations. 

The other economic factor expectation of short-term profit does not seem to be a sufficient barrier 

to construction innovation diffusion. 
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Table 4-5: Ranking of barriers to innovation diffusion 

Rank Barrier Category 

Mean significance Standard deviation 

Overall 

sample 

Civil 

infrastructure 

sector 

Building 

sector 

Overall 

sample 

Civil 

infrastructure 

sector 

Building 

sector 

1 High construction cost (funding deficit) EC 4.91 4.92 4.90 0.32 0.33 0.30 

2 Low level of government support for industry development RS 4.90 4.89 4.90 0.32 0.31 0.33 

3 Restrictions imposed by regulations RS 4.75 4.72 4.78 0.50 0.47 0.52 

4 
Hostile attitude of designers and builders to contracts with fixed 

prices 
RS 4.59 4.75 4.42 0.60 0.52 0.68 

5 Tendering and procurement  RS 4.51 4.62 4.39 0.58 0.56 0.60 

6 Limited funding for innovation research RC 4.45 4.48 4.42 0.71 0.68 0.73 

7 The variety of building codes and standards RS 4.07 4.05 4.09 0.74 0.75 0.72 

8 Substantial economic risk EC 3.98 3.98 3.99 0.65 0.62 0.68 

9 
Non-effective cooperation between all members of the 

construction process 
CP 3.79 4.15 3.42 0.75 0.76 0.75 

10 Fear of innovation implementation CU 3.67 3.39 3.95 0.57 0.50 0.63 

11 

Lack of established promotion schemes for new technologies 

from research laboratories to testing in an operational 

environment 

RC 3.51 3.59 3.43 0.70 0.71 0.69 

12 Regional features in both the technical and legal aspects RS 3.41 3.42 3.39 0.62 0.60 0.64 

13 Lack of necessary information and modern technologies IM 3.40 3.36 3.46 0.70 0.73 0.66 

14 Lack of demand and willingness of clients and developers  CU 3.39 3.47 3.31 0.65 0.66 0.63 

15 Expectation of short-term profit EC 2.91 2.89 2.93 0.66 0.65 0.67 

16 
Fragile contracts between university research centres and the 

construction industry 
RC 2.73 2.76 2.69 0.65 0.63 0.66 
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In terms of significance, these barriers are followed by a large group of regulative factors, such 

as: 

 low level of government support for industry development (4.90) 

 restrictions imposed by regulations (4.75) 

 tendering and procurement (4.51) 

 hostile attitude of designers and builders to contracts with fixed prices (4.59) 

 the variety of building codes and standards (4.07).  

There is a marked difference in the tender process awarded by the building and civil infrastructure 

sectors (4.39 and 4.62, respectively). The selection criteria for contracts are also different for the 

civil infrastructure and the building sectors (4.75 and 4.42, respectively). Government projects 

for the construction of civil infrastructure such as roads, bridges, railways and so forth, often have 

unrealistically low budgets and very constrained tender options (i.e. no opportunity to suggest 

innovative design or construction alternatives) meaning innovation is stifled in this sector (Expert, 

2007). The building sector is a little more open with a number of privately tendered projects with 

sophisticated clients, meaning there is more opportunity to compete using alternative design 

approaches, materials, etc. instead of competing only on lowest price. According to the 

respondents’ points of view, the main goal of public tenders in the Russian Federation is to accept 

contractors with prices that are lower than their assigned budget rather than considering the total 

project cost with variations included as well as the life cycle cost of the infrastructure.  This 

approach to construction procurement often leads to poor quality design (i.e. poor function), 

materials and equipment being used that deteriorates rapidly and leads to a much higher life cycle 

cost for the infrastructure or building asset. 

The current regulatory framework in Russia is outdated and hinders the development of the 

construction industry, particularly in terms of innovation development. For instance, there are no 

essential building standards covering energy efficiency in buildings, although the government is 

starting to become concerned with this aspect. One interviewee summarised their views on this 

issue: “there is practically no system of economic incentives for construction innovation. 

Justifying the high initial cost of innovation investments and the risk that they will not improve 

our competitiveness in the market has meant that we do not take the first step. It would seem that 

the industry needs to be assisted and encouraged to offer more innovative solutions. Presently, 

there are far too many barriers and an incredible amount of complicated approvals [involved in] 

when justifying the use of innovative alternatives to our mainly conservative government clients”. 

The barrier regional features in both the technical and legal aspects also received a relatively high 

score (3.41). One respondent commented that there is a lack of proper legislation to encourage 

innovation and an overcentralisation of all issues, even for pilot projects to trial new construction 
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innovation. The interviewee suggested that a significant proportion of building and construction 

regulations currently governed by the Federal government should be transferred to the municipal 

level in order to accelerate approval processes.  

Equally important is the need to stimulate not only those who introduce the new technologies but 

also those who discover and develop them. Hence, a score between 3 and 5 points was frequently 

given to barriers related to research and development (R&D). The rates are approximately the 

same for the entire AEC industry:  

 limited funding for innovation research (4.45)  

 lack of established processes to take innovations from research laboratories to testing in 

an operational environment (3.51) 

 fragile contracts between scientific research institutes and the construction industry 

(2.73).  

According to the National Russian Statistics (FSSS, 2014), the country’s domestic expenditure 

on R&D was 699.87 billion Rubles (20.36 billion USD at July 2014) in 2012. Almost three-

quarters of the total amount was concentrated in three sectors: engineering and metalworking 

(43.6%), chemical and petrochemical (16.1%) and fuel (14.8%). Construction R&D amounted to 

only 1.2% of the total budget. This problem is not specific for Russia. Percentages of Gross 

domestic expenditure on R&D (GERD) are not high in other countries as well: Australia (2.4%), 

Germany (2.8%), and the USA (2.9%) (Hampson et al., 2014). However, as previously 

mentioned, in the uncertain years following the collapse of the USSR, research was poorly funded. 

Although, in more recent years the government has attempted to invest more money into the 

construction research sector, outcomes from research activity have not yet shown any significant 

signs of recovery. 

To study this aspect in greater detail, interviews were conducted with eight representatives of the 

construction and manufacturing sectors and four experts from university research centres. Three 

key messages about construction innovation R&D were evident from the interviews: 

 Ten out of 12 respondents mentioned that as a client, the government allocates some 

material resources for research at the local level. However, these resources do not allow 

for the funding of advanced R&D or the subsequent implementation of findings into the 

manufacturing and construction process.  

 Seven out of 12 interviews pointed out that today, R&D and innovation diffusion relies 

on the personal contribution of an author (scientist) in order to turn good ideas into a 

viable product, who expects to receive some sort of incentive to participate in the 

commercialisation process. The current university and research system in the Russian 

Federation is not sufficiently flexible to provide incentives for star researchers to 
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commercialise and profit from their research. Good research ideas are often funded and 

commercialised outside of Russia. 

 Seven out of 12 respondents mentioned that Russian scientists and engineers in 

government-owned research institutes and universities receive a much lower level of 

income compared to those people employed in multi-national innovation companies or 

advanced country research institutions meaning that many of the best people have left 

the sector and only the lower skilled and less motivated researchers remain.   

These three reasons for a lack of innovation diffusion are reflected in the literature (Hall et al., 

2001; PC, 2007; Bruneel et al., 2010). Another significant barrier is non-effective cooperation 

between all members of the construction process (3.79). Between 2000 and 2011, the number of 

construction companies in Russia grew by 60%, from 129,340 to 209,185 (FSSS, 2014). The 

Russian construction market is extremely fragmented. This fragmentation significantly hinders 

the promotion and diffusion of new technologies and solutions. The interviewees identified that 

confined project briefs, regulatory hurdles and lean design budgets meant there was little potential 

for architects and engineers to spend a lot of time exploring innovative solutions such as 

incorporating advanced materials and/or applying innovative technologies into their projects. 

According to the interviewees, designers tend not to apply new solutions to typical projects 

without adequate regulatory and technical support, as deriving these new solutions often involves 

high technical expertise and project delivery risk. This barrier is closely connected with the 

problems of industry governance, which reconfirms the need to improve existing legislation, 

particularly in the civil infrastructure sector of the industry. 

Another obstacle that cannot be ignored is the lack of necessary information and modern 

technologies (3.40). According to the experts, there are many uncertified products on the market, 

which makes participants in the construction process cautious about adopting innovations. Fear 

of innovation implementation also received a high rating: 3.39 and 3.95 points for the civil 

infrastructure sector and the building sector, respectively. As mentioned in the literature review, 

disadvantages of new solutions and technologies may only become evident after the infrastructure 

asset has been operated for some time. Therefore, builders are extremely cautious about selecting 

new materials and/or construction methods. This factor reflects the lack of demand and 

willingness of clients and developers (3.39). It was also suggested that municipal authorities 

should reinforce their role in providing comprehensive information about industrial innovations. 

The fear of innovation implementation is more significant for building construction because of 

the high level of responsibility borne by all members of the construction process. Design errors 

caused by the use of inappropriate technology can jeopardise multiple lives if a building fails. 
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4.4.3 Enablers and Drivers 

The enablers were grouped into three categories on the basis of the literature review:  

1. external pressure and support (EP) 

2. knowledge exchange (KE) 

3. technological and technical capability (TC).  

Respondents were required to rate the significance level of various factors that motivate Russian 

construction firms to innovate using a five-point scale (Table 4-6). As was mentioned above, most 

of these factors can act as a driver of motivation and a barrier to innovation diffusion at the same 

time.  

Motives for innovation implementation are similar among the firms operating in the building and 

civil infrastructure sectors of the industry. The results show that the dominant factor is 

government support, such as grants, funds and subsidies. Nevertheless, market demand, 

competitive pressure, R&D cooperation and information gathering are close behind. This 

confirms that an external force is always required to assist in the process of innovation diffusion. 

However, prescriptive regulations that oblige companies to build according to standards are not 

perceived as a substantial driver of innovation (2.46). Many companies in the industry simply 

follow the strict conservative building and construction standards of the Russian Federation and 

do not attempt to improve the construction process using innovation approaches. These findings 

align with those above exploring barriers to innovation diffusion. Current legislation requires 

further development and remains one of the most serious obstacles to innovation diffusion. 

As shown in Tables 4-5 and 4-6, the standard deviation values for the entire sample ranges from 

0.30 to 0.80. This range suggests that there is reasonably close agreement in the ratings given by 

the representatives of the construction sector.  

Almost 90% of respondents rated financial public support as the most significant enabler (4.88). 

If innovations were demanded by government, it is expected that they would be financially 

supported for further development. As mentioned previously, the Russian government has 

recently begun to fund pilot projects and has created some regulations to stimulate innovative 

firms to use modern technologies and solutions in order to more rapidly advance the national 

construction industry. According to the interviewed respondents, sustainable public funding of 

pilot projects promotes the economic interest of organisations without forcing them to wait for 

short-term economic benefits. Hence, municipal authorities and other participants in the 

construction process – such as clients, research and scientific institutes, designers and 

contractors—are interested in large-scale rapid innovation implementation.  
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Table 4-6: Ranking of enablers and motivating factors 

Rank Enabler / motivating factor Category 

Mean significance Standard deviation 

Overall 

sample 

Civil 

infrastructure 

sector 

Building 

sector 

Overall 

sample 

Civil 

infrastructure 

sector 

Building 

sector 

1 Public support through subsidies and grants EP 4.88 4.89 4.87 0.40 0.41 0.38 

2 Competitive pressure  EP 4.86 4.88 4.85 0.34 0.32 0.35 

3 Information gathering  KE 4.67 4.71 4.63 0.50 0.47 0.52 

4 Coordination with universities and scientific research institutes KE 4.58 4.55 4.61 0.56 0.57 0.54 

5 Demanding market  EP 4.47 4.27 4.67 0.58 0.56 0.59 

6 Personnel participation KE 4.36 4.28 4.44 0.58 0.60 0.56 

7 Access to modern technologies, practices and solutions TC 4.20 4.16 4.25 0.62 0.63 0.62 

8 Cooperation between participants of the construction process KE 3.09 3.09 3.10 0.56 0.55 0.57 

9 Strict standards and regulations EP 2.46 2.48 2.45 0.54 0.55 0.54 
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In terms of ranking, financial public support is followed by the desire of construction firms to 

work in a competitive environment (4.86). It has been theoretically justified and empirically 

confirmed that competition is a key incentive to innovativeness (Mitropoulos and Tatum, 2000; 

Sayfullina, 2010). It encourages businesses to preserve their existing strengths and to engage in a 

variety of improvements to gain additional income. According to Drucker (2014), innovative 

activity is a special tool that allows the entrepreneur to use the innovations and turn them into 

new opportunities. Developers are forced to look for ways to reduce production costs and expand 

into new markets. Companies that pioneer cost-effective innovations receive a significant 

advantage over their competitors. However, for small businesses, competition can be a serious 

problem. According to the respondents’ opinions, not all firms are able to cope with competitors 

offering new products and services, and this reduces the internal incentives to innovate.  

An organisation’s ability to adopt external innovations and apply them successfully depends on 

its related prior information gathering (4.67). In many firms, managers monitor and share 

information about new market demands, innovation technologies, materials and products. It is 

common practice among commercial companies in the industry to adapt new knowledge to 

practical fields with the assistance of consultants. Several interviewed respondents (16%) 

mentioned that small and medium-sized enterprises (SMEs) experienced difficulties in being 

innovative by themselves. Consequently, the only opportunity for these enterprises to innovate 

involved cooperating with innovative partners through joint ventures with international 

construction firms.   

As discussed above, contracts between scientific research institutes and construction firms are 

strong overall but remain insufficient considering the problem of limited research funding. Hence, 

coordination with universities and scientific research institutes was rated at 4.58. These 

interactions are realised through participation in various conferences on construction innovation 

as well as via the assistance of scientists and researchers, and, as a result, the transfer of innovative 

laboratory ideas to the practical environment. According to the opinions of the interviewed 

experts, the main objectives of research centres and universities dealing with innovation are:  

 the development of new materials 

 the modernisation of materials by improving their quality and reducing costs  

 technological design 

 the development of new processes, technologies and software 

 the adaptation of foreign technologies. 

These findings were indicated by a number of authors (Hall et al., 2001; D'Este and Patel, 2007; 

Bruneel et al., 2010).  
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There is a noticeable difference in the ratings of the next external factor, a demanding market (i.e. 

4.27 among the respondents from the civil infrastructure compared to 4.67 for building-sector 

respondents). This finding reflects the role of end-users in influencing innovation implementation. 

Gann (2000) states that all the participants in the construction process should work together to 

fulfil users’ needs. It is obvious that end-users have a much greater influence on the construction 

of residential housing, especially private luxury housing, than on the construction of public 

infrastructure such as roads and bridges. 

The participation of personnel factor was accorded a high score (4.36). Despite the industry 

having been criticised for its lack of professionals and imperfect educational system, this strategy 

remains effective for innovation diffusion. Interviewed respondents indicated that it is more 

effective to hire experienced employees but new graduates are usually more flexible and willing 

to as adopt new innovations and tended to be more advanced in their use of modern IT programs 

and methods. Training procedures are vital for innovation improvements and enhancing technical 

capabilities. 

The factor access to modern technologies, practices and solutions (4.20) complements and helps 

to coordinate the other enablers, such as information gathering and R&D cooperation. Advances 

might be adopted from external sources or introduced as the outcome of scientific work. This fact 

supports the literature-review findings that technical and technological development is a result of 

internal facilities as well as openness towards information and knowledge exchange (Caloghirou 

et al., 2004).  

According to the findings that cooperation between all members of the construction process is a 

significant barrier, there is evidence to suggest that this factor is non-effective as a driver of 

innovation implementation (3.09). However, it was accorded a relatively high score by 

respondents. All participants in the innovation process have different but complementary roles:  

 clients demand particular materials and products as well as stimulating other participants 

to introduce new solutions 

 manufacturers and suppliers produce these products 

 architects and designers consult contractors and coordinate the project using innovative 

ideas. 

4.4.4 Supportive Strategies 

Respondents were asked the question, “Do you believe that the government is obliged to promote 

innovation development in the construction industry?” The majority of respondents agreed that 

government should participate in processes of innovation implementation through regulatory and 
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financial arrangements as well as incentive mechanisms. Some experts indicated that government 

intervention would help to destroy not only the organisational and administrative barriers to 

innovation diffusion, but also the existing prejudices and stereotypes that hinder innovative ideas 

in construction. The government should generate greater innovation development and stimulate 

companies’ interest and eventual economic growth. However, according to one respondent, the 

process of innovation development should be an evolutionary trend without government 

participation. This viewpoint is reflected in recent research by the Higher School of Economics 

(HSE, 2013). 

Respondents were asked to choose the most effective strategy that could be implemented by the 

government to support innovation diffusion. A list of possible methods was created according to 

the literature review and the fact that the Russian construction industry requires real changes in 

public policy and legislation. The preferred strategies in ranked order according to the respondents 

are as follows: 

 Improved legislation (20%) 

 Improvement in the quality of higher education (15%) 

 Promotion of non-traditional forms of construction procurement (15%) 

 Support of R&D by scientific research institutes (14%) 

 Support for the transfer of R&D results into practice (11%) 

 Direct budget subsidies (11%) 

 Tax incentives (7%) 

 Funding of pilot projects (7%). 

One-quarter of respondents nominated financial incentives and fiscal arrangements as the most 

significant aspects of public policy. It should be noted that public policy and support for 

construction innovation may be diverse. They include direct budget subsidies (11%), which are 

the most costly incentive mechanisms to enable the relevant criteria in the tender documentation. 

They also include taxation support and grants for successful pilot projects (both 7%). The creation 

of appropriate fiscal measures would increase the attractiveness of investments and allow firms 

to compete despite the additional construction costs. 

Survey respondents cited the improvement of regulations, standards and legislation (20%) as the 

most effective strategy. Regulations, standards and legislation represent the most serious 

obstacles to innovation in the Russian construction industry. Moreover, according to the 

interviewees, it is necessary to develop legislation related to copyright and intellectual property 

protections. This would be especially important for authors of cutting-edge ideas as satisfactory 
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payment rates would stimulate industrial and business implementation of innovations. This 

finding is consistent with other studies (Ozorhon et al., 2010; CPWR, 2012).   

One of the experts stressed that the main government strategy should be a ‘carrot and stick’ 

approach, with the ‘stick’ being the systematic advancement of building codes and standards, and 

the ‘carrot’ being the subsidisation of construction innovation (Thomas and Forney, 2011; 

Hansen, 2013). European building regulations have been enhanced dramatically over the last few 

decades, resulting in the mass introduction of innovative technologies in construction (HSE, 

2013). The Russian government plans to gradually strengthen its regulations for energy 

efficiency. Every five years, beginning in 2011, the rules will be tightened by 15% (HSE, 2013). 

Some respondents were asked to share their opinions about this strategy in the context of the 

Russian Federation. Most experts believe that this method is extremely effective. The ‘stick’ is 

required for innovation implementation and improvement of the quality and operational 

characteristics of construction processes while the ‘carrot’ may assist the development of R&D.  

It is important to revise legislatively the government’s role in the system of relations described as 

innovation–government–business–users. The government should stop being a general client of 

innovation products, passing the relevant authority and ability to market players. Fifteen per cent 

of experts emphasised the need to change the traditional forms of procurement. Effective models 

of partnership between state and private businesses have existed in developed countries for some 

time, particularly in the construction of facilities such as roads with free-of-charge operation. 

According to Deloitte (2006), there are three distinct stages of PPP maturity across the world. The 

Russian Federation occupies the third initial stage along with Brazil, Finland and other countries. 

In comparison, other countries have higher PPP maturity such as the USA, Canada and France 

(second stage) and Australia and the UK (first stage). These partnerships are based on various 

forms of PPP. The concession is one of the most common practices adopted under conditions of 

the free operation of roads in accordance with the legislation. In addition, this form of 

procurement may solve the problem of economic incentives within construction firms involved 

in projects aimed at improving the quality of work and innovation. Solving this problem is 

achieved through offering long-term contracts that motivate contractors to consider the life-cycle 

stages of a project in order to reduce its overall maintenance budget through the construction of a 

more resilient infrastructure asset in the first place (Li and Akintoye, 2003; Leiringer, 2006).  

Another quarter of applicants considered that one of the government’s main goals is the 

improvement of the research sector and its integration with the industry via the support of R&D 

and scientific research institutes as well as support for the transfer of R&D results into practice 

(14% and 11%, respectively). As mentioned previously, it is necessary to stimulate not only those 

who implement new technologies and products, but also those who introduce and develop them. 
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This need is now being recognised actively. Russia’s federal budget for 2010–2015 includes 37 

billion Rubles (1.08 billion USD at July 2014) to support scientific research in the field of 

innovation (RG, 2014).  

The final measure is education and knowledge management. Fifteen percent of respondents 

selected the improvement of the quality of higher education as the key strategy. There is a 

correlation between specialists who have been taught from a base of cutting-edge sources and 

technologies, and successful implementation of innovative solutions, technologies and processes 

(INFOLine, 2013). Users’ general knowledge about these sources and technologies should also 

be increased (RG, 2014).  

The opinions of interviewees varied with regard to the final question, addressing the current 

situation regarding innovation diffusion in the Russian Federation. The majority of respondents 

indicated that new materials and technologies are being introduced only very slowly because of 

the many barriers and obstacles mentioned above. The initial investment required to introduce 

innovations is extremely high, considering the uncertain results. Although these investments 

should be made, the innovations are largely experimental at present. In addition, there is no proper 

system of incentives and encouragement for all participants in the construction process. 

Nevertheless, positive support was received from several experts. Overall, there is a strong need 

to advance the Russian construction industry, but there are pockets of highly progressive 

construction practice such as those applied on the Winter Olympic Games facilities in Sochi and 

the Summer Universiade facilities in Kazan. There are many Russian clients, design institutes and 

construction companies who have had the courage to implement new technological advances. The 

majority of developers are becoming more responsible for the selection of materials used in their 

projects. There is a variety of training courses and seminars available to inform distributors and 

architects. Consequently, the process of innovation diffusion in the Russian construction industry 

has begun to change for the better in recent years.  

4.5 Recommendations 

Based on the questionnaire-survey and interviews results, it can be concluded that there are no 

real technical barriers to innovation diffusion in the Russian construction industry. Rather, the 

hindrances are political, economic and social. The recommended measures to overcome the 

identified obstacles are detailed in Table 4-7.  

Financial and economic problems are significant barriers to the uptake of innovative solutions 

and technologies in the Russian Federation construction industry. Consequently, there is a need 

for government intervention to create effective measures to allow construction firms to deal with 

extra construction costs, lack of R&D funding and economic risk. 
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Table 4-7: Recommended measures for overcoming barriers to innovation diffusion 

Barrier Category Strategy 

High construction costs (funding 

deficit) 

EC  Economic incentives support: 

 federal targeted programmes 

 funding through the scientific and technological 

departments 

 direct financial investments 

 foundation of clusters, including special economic 

zones 

 investment preferences associated with the purchase 

of technological equipment 

 fiscal incentives 

 Stimulation of demand for innovative local 

manufacturing components and products 

Substantial economic risk EC 

Expectation of short-term profit EC 

Limited funding for innovation 

research 

RC 

Low level of government support for 

industry development 

RS 

  

  

Restrictions imposed by regulations RS  Improvement of legislation: 

 harmonisation of Russian building codes with 

Eurocodes 

 development of new building standards and 

improvement of technical regulations regarding the 

use of advanced technologies and materials 

 legislative support for scientific research institutes 

 introduction of responsibility for construction quality 

 improvement of the certification process 

 State programme for world-class sporting and political 

events 

The variety of building codes and 

standards 

RS 

Regional features in both the 

technical and legal aspects 

RS 

Fragile contracts between university 

research centres and the construction 

industry 

RC 

Lack of established promotion 

schemes for innovations from 

research laboratories to testing in an 

operational environment 

RC 

Hostile attitude of designers and 

builders to contracts with fixed prices 

RS  Non-traditional forms of procurement 

Tendering and procurement  RS 

Non-effective cooperation between 

all members of the construction 

process 

CP  Development of teamwork and competence of designers 

 Professional education 

Fear of innovation implementation CU  Development of availability to work with appropriate 

information and tools 

 Engagement with public pilot projects 
Lack of demand and willingness of 

clients and developers  

CU 

Lack of all necessary information and 

modern technologies 

IM 

The primary goal of a public policy is to stimulate the diffusion of innovative solutions among all 

actors in the construction industry (Blayse and Manley, 2004; Expert, 2007). This not only 

removes the obstacle of the additional cost of innovation but ultimately stimulates interest in 

increasing investment in R&D and saving resources (energy, material, labour and time). The first 

step is to work out the best way to focus incentives to ensure outcomes are achieved. Support 

should initially be focused on certain industry sub-sectors that show the most potential or 

concentrated on certain limited regions of the country. Models and mechanisms of government 

support for innovation should be customisable to the various industry sub-sectors (see Table 4-

7). Ideally locally developed innovative construction components and materials should be 
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promoted, rather than blind technology transfer from advanced economies (HSE, 2013; TASS, 

2014a). 

The Russian Federation government, at both the national and provisional levels, plays a crucial 

role in overcoming the barriers to innovation diffusion. A number of changes are required to 

facilitate the promotion of construction advances. Russian building codes need to be harmonised 

with Eurocodes, which represent an alternative system of building codes that has already been 

translated into Russian. National annexes to every Eurocode have been developed.  International 

constructors have the opportunity to design and build construction facilities in accordance with 

the Eurocodes on Russian territory today (HSE, 2013). However, such codes are only 

implemented on very significant Russian projects usually involving joint ventures with 

international contracting firms, with the majority of buildings and civil infrastructure still being 

constructed using very prescriptive and conservative Russian building codes.  

A worldwide certification process exists but it takes a long time in Russia. It is necessary to change 

the process, and introduce additional criteria in order to stimulate the market launch of innovative 

products. The current criteria do not stimulate the diffusion of innovation in the market. For 

instance, according to the current system, an innovative product with outstanding features 

receives exactly the same certificate as an outdated product with inferior characteristics. 

Government influence is significant not only in the legislative and regulatory areas. In particular, 

state programmes for international sporting and political events, such as the Asia–Pacific 

Economic Cooperation (APEC) forum in Vladivostok, the Summer Universiade in Kazan and the 

Sochi Olympic Games actively promote the introduction and diffusion of advanced technologies 

and materials. In preparation for events such as these, Russian AEC professionals are coerced into 

adopting international standards to avoid losing face in front of international colleagues. 

Currently, the emphasis on reducing construction costs occurs with the state order. Obviously, 

this phenomenon distorts the market. Developers on fixed-price contracts use the cheapest 

construction solutions without considering their operational properties in order to meet the rigid 

state construction budgets. At the same time, the operating costs for the life cycle of buildings, 

roads and so forth are several times higher than the construction costs. When making construction 

decisions, the government should give priority to contractors and operators demonstrating 

innovation development. Some Russian laws, such as the “Law on the federal contracting system” 

and the “Law on the public–private partnership”, introduce the concept of the life cycle of 

buildings, roads and so forth. This concept should result in a change of pricing principles for 

construction by taking into account the subsequent operation of construction facilities (HSE, 

2013).  
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Eventually, improvements to the innovation process could be developed not only by building 

standards and regulations, but also by means of effective relationships between all participants in 

the construction process. A greater level of cooperation between the government, designers, 

developers, contractors, researchers, local authorities and training providers is essential to 

overcome barriers such as the risks and uncertainties of using innovative ideas. It is extremely 

important to develop the competence of designers as the link between developers and the building 

materials industry. This could be achieved by improving professional education in the field of 

construction innovation.  

Clients’ and developers’ inflexibility and resistance to the adoption of innovative ideas, 

techniques and products seems to be a significant hindrance to innovation development. The 

government needs to gain knowledge and experience as well as to develop the availability of 

appropriate information and tools to adopt advanced practices in construction innovation. This 

could be achieved by increasing investment in training to enable access to high-quality learning 

resources. All members of the construction community should be aware of national energy-

efficiency programmes as well as the environmental and economic benefits of innovation 

implementation during the design, construction and operation stages. The government should also 

stimulate demand for innovation implementation by engaging contractors with public pilot 

projects. 

Altogether, the formulated recommendations could stimulate and encourage all members of the 

construction process to implement new ideas and solutions to improve the industry’s 

innovativeness.  

4.6 Conclusion 

The paper represents the findings from the initial stage of an ongoing research study concerned 

with designing an innovation diffusion framework for the Russian Federation construction 

industry. Given that there has been limited research focus on construction innovation in the 

Russian Federation, this chapter provides some useful insights into such innovation barriers and 

Russian construction professionals’ perceptions on measures that the government can implement 

to improve innovation take-up in the industry.  Despite the relatively low sample size of 

respondents, the overarching research findings complemented those presented in similar studies 

conducted in other countries (Blayse and Manley, 2004; NAHB, 2004; Expert, 2007; 

Panuwatwanich et al., 2008; Panuwatwanich et al., 2009a; Panuwatwanich et al., 2009b; HSE, 

2013; Rose and Manley, 2014).  

Based on the literature review and research findings, it is can be concluded that problems related 

to innovation that the Russian construction industry faces today are partly rooted in its history in 
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spite of the past achievements of Russian scientists and engineers. Generally, the main problem 

related to innovation diffusion in the Russian construction industry today is the inability of the 

government to build up an institutional, regulatory and legislative framework that would 

encourage construction firms to innovate. Deficit of funds, high economic risk and the lack of 

research support were also identified as significant obstacles to construction innovation diffusion. 

According to the respondents, a lack of awareness, availability of tools, and client and contractor 

understanding, as well as the fragmented nature of the construction industry, has an average rate 

of influence. Nevertheless, they remain relevant to the question of how to improve innovation 

diffusion.  

Although there are many barriers hindering the diffusion of innovation within the Russian 

construction industry, a number of factors can positively influence the innovation process and 

drive firms’ successful adoption of innovative technological advancements. The most significant 

factors are external such as government support including grants, funds and subsidies and also 

maintaining a healthy level of industry competitiveness. These enablers are followed by R&D 

collaboration, information and knowledge gathering, and market demand. The survey results 

suggest that construction firms and the industry in general require assistance and support from 

government to overcome existing barriers and obstacles. There is practically no system of 

economic innovation incentives in the Russian construction industry; hence, it is necessary to 

improve the situation through fiscal and economic arrangements. Consequently, legislative and 

regulatory government pressure on the construction industry in general is extremely important to 

promote new materials and implement innovative technologies through major public projects, 

such as the Summer Universiade and the Olympic Games. 

The reported findings should be interpreted in light of several research limitations such as the 

difficulty in soliciting responses from industry professionals and government officers in the 

Russian construction industry. First, the number of respondents was relatively low for detailed 

statistical analysis. The survey included only large firms operating in the central regions of the 

Russian Federation. To enhance the generalisability of findings, further research is required to 

extend the geographical coverage of the findings to involve participants from across the entire 

construction supply chain. There is also a need to investigate the interaction between the identified 

barriers to innovation diffusion in the construction industry and the effect of supportive strategies 

to improve the explanatory power of the results. Further research is important because there is an 

obvious need for Russian enterprises, companies and scientific institutes to have a much more 

supportive environment for embracing technological and managerial innovations that are 

becoming normal practice in advanced economies.
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Model of the Russian Federation construction innovation system: An 

integrated participatory systems approach 

Abstract: This research integrates systemic and participatory techniques to model the Russian 

Federation construction innovation system. Understanding this complex construction innovation 

system and determining the best levers for enhancing it require the dynamic modelling of a 

number of factors, such as flows of resources and activities, policies, uncertainty and time. To 

build the foundations for such a dynamic model, the employed study method utilised an integrated 

stakeholder-based participatory approach coupled with structural analysis (MICMAC—Matrice 

d'Impacts Croisés Multiplication Appliquée à un Classement Cross-Impact Matrix). This method 

identified the key factors of the Russian Federation construction innovation system, their causal 

relationship (i.e., influence/dependence map) and, ultimately, a causal loop diagram. The 

generated model reveals pathways to improving construction innovation in the Russian 

Federation and underpins the future development of an operationalised system dynamics model. 

 

5.1 Introduction 

The construction industry has always been one of the most significant economic driving forces. 

Nevertheless, it has also been identified as an excessively conservative sector in relation to 

innovation implementation and diffusion. Hence, it is clear that the level of innovative activity 

within the construction sector needs to be improved. A few studies have addressed innovation 

diffusion in the industry (Manley, 2008; Panuwatwanich et al., 2009a; Panuwatwanich et al., 

2009b), mainly focusing on the project and firm level. However, little attention has been drawn 

to a complex approach exploring construction innovation performance at the industry and national 

level, in other words, studying construction innovation along the sectoral innovation system 

(Andersson and Widén, 2005).  

Globally, the construction industry is often described as being a ‘laggard’ industry, with few 

exceptions. According to the previously conducted exploratory study of the authors (Suprun and 

Stewart, 2015), in the case of the Russian Federation, this problem is even more significant since 

it is a country spread across a massive territory with unique impediments to innovation diffusion. 

For the last 25 years, it has been, and continues to be, a country that struggles to transform into 

an efficient market economy based on knowledge and innovation. Despite continuous efforts of 

the government to support innovative activity, the Russian construction sector still faces 

impediments that hinder an increased rate of innovation activity. This prior study explored the 

present situation in the Russian construction industry and the barriers, enablers and strategies that 

affect construction innovation diffusion most significantly authors (Suprun and Stewart, 2015). 
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Findings indicated that the crucial obstacle to construction innovation is an inability of the 

government to build up a regulatory, legislative and institutional framework that would encourage 

construction firms to innovate. There is presently little economic incentive to innovate in the 

Russian construction industry. Economic and financial difficulties, the lack of research support 

and weak R&D collaboration were also identified as significant barriers to construction 

innovation diffusion. The study results suggested that construction firms and the industry in 

general require assistance and support from the government to cope with existing impediments 

and to improve the current lacklustre rate of construction innovation. Also identified was that it 

was extremely important to promote new collaborative partnerships between industry, 

government and academia. 

This research is part of an ongoing study concerned with designing and operationalising a system 

dynamics model of the Russian Federation construction innovation system. In this present study, 

which aimed to create a qualitative model in order to represent interactions in a system, the chosen 

research method combined a range of participatory and system-based approaches, such as expert 

consultation, stakeholder participation and structural analysis of key variables built on expert 

knowledge. Similar approaches have been used in projects dedicated to complex natural resources 

questions (Voinov and Gaddis, 2008), solid waste management (Torres and Olaya, 2010), climate 

change adaptation (Richards et al., 2016), water management (Sahin et al., 2015; Sahin et al., 

2017) and innovation policies, concerning nanotechnology, biotechnology and ICT (Almeida et 

al., 2015). However, it has not been used before in the context of the construction innovation 

system in general and with a focus on the challenging Russian Federation context in particular. 

In the next sections, a critical literature review is provided by focusing on the construction 

innovation system and the roles of key actors within the system. Following the literature review, 

the research approach is explained. The findings regarding the key factors affecting the 

construction innovation system in the Russian Federation and their causal relationship are then 

conferred, and a causal loop diagram of the innovation system is presented. Finally, the last 

section outlines the work completed herein and future research actions.  

5.2 Literature Review 

5.2.1 Innovation System 

Early on, the concept of innovation activity was applied to the ‘system of innovation’ concept at 

the national level at the end of the 1980s (Lundvall, 1992; Nelson, 1992; Niosi et al., 1993; 

Freeman, 1995; OECD, 1997; Amable et al., 1998) and is widely used now (Edquist, 2004; Lim 

et al., 2006; Carlsson, 2007; Uriona Maldonado et al., 2012; Sun and Grimes, 2016). The 

innovation system as a determinant of innovation processes is generally defined as the set of 
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institutional actors that play a major role in influencing innovative performance at the national 

level (Nelson, 1993). According to Edquist (2004), it involves important political, social, 

economic, institutional and organisational factors that influence the development, diffusion and 

use of innovation. Metcalfe (1995) defines an innovation system as: “that set of distinct 

institutions which jointly and individually contribute to the development and diffusion of new 

technologies and which provides the framework within which governments form and implement 

policies to influence the innovation process”. 

5.2.2 Levels of Innovation Systems 

The relationships of actors and knowledge flows are important for innovation at all levels of 

economic activity. Hence, the concept of the innovation system can be approached from various 

perspectives, for example national (Nelson, 1992; Niosi et al., 1993; Metcalfe, 1995), regional 

(Autio, 1998; Cooke, 2001; Iammarino, 2005) and sectoral (Carlsson, 2002; Malerba, 2002; 

Uriona Maldonado et al., 2012).  

At a national level, the national innovation systems (NIS) consist of four main actors: government, 

research institutions, educational institutions and industry (Bartholomew, 1997). The system itself 

expresses the various networks between the actors aiming to increase the innovation capability at 

the national level. The networks represent government policies, social and cultural practices, laws 

and norms, to name a few (Lundvall, 1992; Nelson, 1992; Freeman, 1995; OECD, 1997; Edquist, 

2004).  

The regional innovation system (RIS) approach (Cooke, 2001) focuses mostly on the 

interdependencies of clusters, firms and institutions within a region on its cultural base. The main 

goal of a regional approach is to increase regions’ competence capacity and their degree of 

autonomy. 

Meanwhile, the sectoral innovation systems (SIS) are specific characteristics defining an 

industrial sector’s ability to develop and innovate (Carlsson, 2002). According to Malerba (2002, 

p. 261), “sectoral system of innovation and production is a set of new and established products 

for specific uses and the set of agents carrying out interactions for the creation, production and 

sale of those products”. It depends on national and regional systems of innovation, which in turn 

mostly depend on government policy. 

5.2.3 Complexity of Innovation Systems 

The fundamental concept of observing a systems of innovation approach (Lundvall, 1992; 

Edquist, 2004) is that innovation should be seen as a non-linear, interdisciplinary and interactive 

process, requiring intensive communication and collaboration between different actors who 
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“create, store and transfer the knowledge, skills and artefacts which define new technologies” 

(Metcalfe, 1995, pp. 462-463). Turville (2007) points out that a country’s innovation activity 

depends on inter-linked activities, which include: industrial research; publicly funded basic 

research; user-driven research; knowledge transfer; institutions governing intellectual property 

and standards; supply of venture capital; education and training of scientists and engineers; 

innovation policies of government departments; science and innovation policies of regional 

development agencies (RDAs); and international scientific and technological collaboration. 

Obviously, the linear approach to conceptualising innovation does not offer a clear insight into 

the complexities of the innovation process over time. Hence, the innovation system in any context 

is perceived to involve mechanisms that govern the alignment of committed resources and 

interrelated innovation activities. 

5.2.4 Construction Innovation System 

A full analysis of innovation systems is outside the scope of this research. Very little research on 

national innovation systems has been sectoral specific (Bartholomew, 1997; Uriona Maldonado 

et al., 2012), particularly for the construction industry (Andersson and Widén, 2005; Lim et al., 

2006). There has been some research on national systems of innovation related to the construction 

industry at the macro level (Seaden and Manseau, 2001). However, much of the work has not 

been on systems of innovation as such, but mostly on national public policies and their link to 

political systems, rather than the interrelations of all of the system actors and innovation-related 

activities. Furthermore, Seaden and Manseau (2001) argue that for such a traditional industry as 

construction, an NIS is a useful unit of analysis because of the common legal framework, 

education, customer preference and institutions that impact innovation. Nevertheless, NISs are 

traditionally designed for manufacturing industries, while innovations in the construction sector 

as a project-oriented industry are significantly different from the organisational context 

(Slaughter, 2000). Our research focuses on the construction innovation system as a sector model 

with the structure of a systems analysis. 

The innovation process in construction is an inherently complex, fragmented issue involving 

multiple actors and interactions in developing and adapting innovations (Winch, 1998). Hence, 

the innovation system approach from a comprehensive and systemic construction industry-wide 

perspective appears to be appropriate to explain this multi-dimensional activity with its various 

options, problems and the consideration of the many influences of the institutional environment. 

The continuously-developing innovation system of the construction industry is a complex system 

of innovation activities highly influencing the development of construction (Andersson and 

Widén, 2005). It involves am innovative milieu, different policies, interactions and a range of 
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participating system actors, such as a government, organisations, universities and research 

institutes (Figure 5-1). 

 

Figure 5-1: Theoretical model of the innovation system in the construction industry 

Capacity represents input resources, such as human, financial, information and communication, 

scientific and technology resources. Activities and enablers involve interrelated actors’ actions 

that shape innovation-related flows (e.g., financial and funding, human, knowledge, regulations, 

information and technology flows). The capability is an ability to transform input resources into 

outputs (e.g., quality of construction projects, final product cost, client’s satisfaction and profit 

maximisation) through the flows mentioned above. 

Bringing the concept of the sectoral innovation systems into the construction context, this study 

discusses the role of each of the main actors and the system’s factors encompassed by each actor 

in the context of construction. 

5.2.4.1 Actors Roles 

As mentioned above, the construction innovation system is a very complex area that is closely 

connected to the national social structure. The environment in which construction firms operate 

is shaped by many actors, like clients, education and research centres, as well as industry 

associations, regulators and government agencies (Van Egmond, 2012). However, this 

environment changes with time, given the participation of a different group of firms in each 

project. Hence, the impact of construction development is highly influenced by a complex system 

of resources and activities flows, interactions and a range of actors participating in the system 

(Figure 5-2). 



Chapter 5 – Model conceptualisation 

84 | P a g e  

 

  

 

Figure 5-2: Theoretical framework for actors’ relationships within the construction 

industry 

In this study, the scope is focused on the following three core actors involved in construction 

innovation that can undertake innovation activities and have different roles across the system:  

1. Industry refers to private and public firms in the construction industry; design companies; 

related and supporting industries; building material and construction equipment 

suppliers; and service industry (e.g., contractors and consultants in building and civil 

infrastructure sectors). 

2. Government as a highly influential participant in the construction industry. 

3. Academia refers to technical colleges, higher education institutions and research 

institutions, responsible for conducting fundamental and applied research, training the 

next generation of industry professionals and acting as guardians of the inherited body of 

knowledge. 

5.2.4.2 Industry 

Private and public firms not only promote technology transfer, as well as commercialisation of 

innovative products, processes and services, but also preserve innovation strategies (Slaughter, 

2000; Lim et al., 2006). They are considered as mediators between R&D institutions to develop 

new technologies and knowledge (Winch, 1998). 
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5.2.4.3 Government 

The public sector exercises a major influential role in several ways within the construction 

industry contributing to the system’s balance by direct and indirect measures. As a client, it can 

significantly influence and motivate other actors along with driving demand for science and 

innovation (through procurement policies) (Andersson, 2003; Edquist, 2004). As a policy-maker 

and legislator, it is responsible for overall public policies, laws, regulatory framework, aspects of 

collaboration and governance (Seaden and Manseau, 2001). The significant challenge for a 

government is to make industry and research institutions collaborate in an innovation process. To 

achieve this, supporting funding aspects and incentive mechanisms should become more efficient. 

5.2.4.4 Academia 

Higher education institutions and research institutions are responsible for providing platforms for 

knowledge creation and diffusion through fundamental and applied research, training the next 

generation of innovators and acting as guardians of the inherited body of knowledge. It also 

improves overall national innovation capabilities, as knowledge is a component of innovation 

(Winch, 1998; Manseau and Seaden, 2003; Lim et al., 2006). Moreover, academia enhances the 

ability of construction firms to assimilate knowledge from research laboratories to testing in an 

operational environment, which then can be put to commercial use (Seaden and Manseau, 2001; 

Dulaimi et al., 2005). Countries, such as Japan, South Korea, Germany and the USA, that have a 

strong collaborative culture between higher education and research institutions and industry have 

proven outcomes in terms of generating innovation capital Hampson et al. (2014). 

5.2.4.5 Collaboration 

Within the construction industry, actor collaboration has been traditionally very small. It mostly 

happens because very little formal R&D is undertaken in the construction sector (Milford, 2000). 

Hence, the literature emphasises the importance of strong linkages among innovation system 

actors in industry development. It is very important to promote the common interests of all actors 

in order to improve innovation performance (Bartholomew, 1997; Gann, 2000; Aouad et al., 

2010; Van Egmond, 2012). R&D collaboration between industrial and academic and research 

partners, with high levels of engagement around a real-world problem, provides the basis for 

absorbing and applying research results. However, in the construction sector, technical and 

research support is needed for supporting human resources. In Russia, the majority of research 

institutions are public; hence, suitable incentive schemes might encourage collaboration and 

interactions between academia and industry in the process of innovation performance 

improvement (Gann, 2000). 
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5.3 Research Goal and Objectives  

The overarching goal of an ongoing study is to design and operationalise a system dynamics 

model of the Russian Federation construction innovation system. To achieve this goal, the purpose 

of the present research was to develop a qualitative systems model that can aid interpretation of 

the complex cause-and-effect relationships, along with feedback mechanisms, that characterise 

interaction and interdependencies of resources and activities flows within the innovation system.  

Considering this purpose, the present study sought to achieve the following objectives: 

 To complete a literature review of the current state of knowledge regarding construction 

innovation systems, as well as the contextual factors specific to the Russian construction 

industry. 

 To identify the main variables of the construction innovation system and relationships 

between them, as well as their influence on each other through structural analysis and 

stakeholder engagement. 

 To develop a modelling framework that utilises a causal loop diagram to link relevant 

innovation factors.  

5.4 Research Methodology 

According to Sterman (2000) (p. 85), “there is no cookbook recipe for successful system 

dynamics modelling, no procedure you can follow to guarantee a useful model”. The modelling 

process, in general, is a very iterative step-by-step process (Forrester, 1961; Voinov, 2010). A 

predominant framework for system dynamics modelling, in particular, was developed by Sterman 

(2000) and divided into five steps: the first two steps (i.e., problem articulation; formulating 

dynamic hypotheses) concern qualitative modelling, while the other three steps (i.e., formulating 

a simulation model; testing; policy design and evaluation) concern computer-based modelling for 

quantitative simulation. The overall research project will follow all five steps of the modelling 

process illustrated in Figure 5-3, but will be completed in two distinct stages with the more 

exploratory Stage 1 reported in this present paper. The Stage 1 scope consisted of two steps, 

namely: (a) Step 1, problem definition: scoping the problem to be addressed; and (b) Step 2, 

conceptual model development: designing a qualitative model that represents the problem and 

interactions in a system using stakeholder engagement and structural analysis. Herein, completed 

Stage 1 findings will support the future completion of Stage 2 activities (Figure 5-3), namely the 

building of a system dynamics model (Step 3), model testing (Step 4) and model simulation (Step 

5).  
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Figure 5-3: Stage 1 scope for the step-by-step modelling process (adapted from Sterman 

(2000)) 

Specifically, this research project is focused on research activities for the understanding and 

quantification of the relationships between system’s components that are required to enable the 

eventual development of an operational systems model. The multi-actor innovation system in the 

construction industry is a complex topic requiring the use of a systems approach. This modelling 

approach will assist the understanding of important feedback mechanisms that characterise the 

dynamic behaviour of complex systems. The chosen systems approach also aims to overcome the 

disadvantages of traditional mind mapping by mitigating the number of insubstantial 

relationships. Generally, a collective and participatory approach limits the risks of incoherence. 

However, stakeholder engagement requires experts to volunteer considerable time to the research, 

which often limits the number of available participants. Nevertheless, it is not enough for this 

research to build and run computer models of such a complex multi-actor system using only 

desktop studies in order to support issues concerning innovation problems. The contribution of 

experts to structural analysis is useful due to the experts’ knowledge of the situation and the 

problem addressed, which increases the level of validity of those findings. Incorporating 

stakeholder input in such models is essential to ensure that they facilitate effective decision-

making over the short-, medium- and long-term. Moreover, tacit knowledge of experts enables 

them to identify the variables that tend to have the greatest influence and dependency within the 

system. Participatory modelling often includes involving public representatives and decision-

makers into an analytic modelling process (Voinov and Gaddis, 2008; Sahin et al., 2015; Richards 

et al., 2016).  

The present study was focused on the formulation of the causal loop diagram, which required the 

completion of the following research steps: (1) problem scoping and variables identification; (2) 

stakeholder identification and engagement; (3) structural analysis with cross-impact matrix 
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multiplication applied to classification (MICMAC); and (4) the generation of a proposed 

qualitative model using a causal loop diagram (CLD). These research stages are outlined in further 

detail below. 

5.4.1 Problem Scoping and Variables Identification 

This step included understanding existing knowledge in the field based on a literature review, an 

exploratory study previously conducted by the authors and expert consultation. The next 

fundamental step was a selection of factors that affected the problem and therefore the system in 

general. Identification of interrelationships between such factors facilitated a better understanding 

of the complete system, which was necessary for the subsequent structural analysis stage and 

building of a causal loop diagram (Cole et al., 2007).  

5.4.2 Stakeholder Identification and Engagement 

As mentioned previously, many factors are involved in complex innovation systems. The list of 

the system’s components must be approved by experts and stakeholders; this opinion ensures that 

all relevant elements are included and redundant variables removed. This process was completed 

through consultation with industry and academic professionals. The initial structural analysis 

matrix included the consideration of 80 factors and their importance to the process of construction 

innovation implementation and diffusion in Russia. As a result of consultation with the 

interviewees, a total of 30 of the 80 factors were retained based on their importance. The 

interactions between these 30 factors were considered as described later. 

Further stakeholder engagement was conducted through facilitated interviews where interactions 

between variables were established. Steps were then undertaken to: (1) identify relevant 

stakeholders (e.g., representatives from construction and related industries, the public sector, 

universities and the research community); (2) contact nominated stakeholders and invite them to 

interviews; and (3) conduct an opinion survey on the construction innovation system and to 

discuss the key issues related to innovation in the industry. 

Unstructured and highly interactive interviews were conducted with 14 experts who have played 

a role in managing the innovation implementation and diffusion process in construction and the 

innovation policy field in Russia.  

5.4.3 Structural Analysis with MICMAC 

According to Godet (2006), there is a relationship between the structural analysis and dynamics 

of systems. Structural analysis is a research method supported by people (stakeholders) with 

proven experience in a certain area who participate in a multi-phase process allowing participants 
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to describe the system and to think about certain aspects of the system behaviour (Godet, 2006). 

In our research, the structural analysis procedure was enriched by using the MICMAC approach 

to identify the key variables and the elements’ interrelation web, as well as to quantify potential 

relationships. Moreover, the MICMAC method was selected because it provides a rigorous test 

to distinguish the rating of influences and the dependencies of variables, especially qualitative 

ones. Generally, the structural analysis approach includes: (1) identification and description of 

the main variables; (2) expert opinion about the relationships between variables within a structural 

matrix; (3) classification of variables adopting the MICMAC method; and (4) the design of the 

matrix of direct influences (MDI) and its corresponding influence maps, which provide all of the 

information needed for the analytical integration of culpable system parts and to build the causal 

chain of the system. 

By studying these relations, the structural analysis enables researchers to highlight the variables 

that are essential to the system’s evolution. Furthermore, the findings assist a modeller with 

revealing the dynamic characteristics of a system by identifying the influence and dependence of 

each of the factors in order to understand which variables to focus on while drawing the system 

boundary (Torres and Olaya, 2010).  

5.4.4 Development of a Causal Loop Diagram 

Structural analysis with MICMAC is an effective tool for the construction of the qualitative model 

represented by a causal loop diagram. From the MICMAC analysis outcomes of the matrix of 

direct influences and its graphic representation, it is possible to evaluate the results and to obtain 

the key variables of the system. The interrelations between variables are crucial in the system 

interpretation, as they define the system’s dynamics. 

It is worth noting that the process of transferring MICMAC analysis outcomes into a causal loop 

diagram provides an advantage, as it allows researchers to know in advance the most important 

relationships between system’s variables. Consequently, construction of the model is supported 

by a complete understanding of the system. A CLD is a tool for mapping a set of relationships 

forming the complex system. It provides a more visual understanding of the existing systemic 

relationships between the system’s components. The CLD consists of both quantitative and 

qualitative variables. 

5.5 Results and Discussion 

5.5.1 Problem Scoping and Variables Identification 

Innovation and innovation diffusion in the construction industry as a project-based sector should 

be seen in light of the specific characteristics of a dynamic systemic context. The construction 
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industry is closely connected to the national social structure and, therefore, is highly influenced 

by governmental and other institutional actors (Figure 5-2). In order to improve the level of 

innovative activity within the construction sector, it is fundamental to identify how the 

interrelations among these key actors and variables of the innovation system can be combined 

into a complex systems model to create scenarios and to understand policies impact. 

Most of the system’s variables are qualitative and cannot be analysed quantitatively. 

Consequently, the variables (Table 5-1) need to be evaluated in order to develop a causal loop 

diagram and to better understand the behaviour of different factors that make up the system. 

5.5.2 Stakeholder Identification and Engagement 

As mentioned above, the participation of stakeholders is crucial for this type of research, 

particularly during the analytic modelling process. Once the first set of 80 variables were 

identified through the literature review and the previously conducted study, an initial expert 

consultation involving academic and industry representatives was held. The interviewees from a 

diverse background and responsibility were selected, including managers (28.5%), designers 

(28.5%) and researchers (43%). The participants were provided with contextual information 

regarding the research and the initial list of relevant variables to discuss. 

Based on the participants’ feedback, the essential variables were identified, and some variables 

were grouped together as a single variable, while four new variables were added and some 

redundant variables removed from the list. As listed in Table 5-1, a total of 30 variables remained 

after this research step was completed (Table 5-1). Once the final list of variables was determined, 

structural analysis using MICMAC was completed by a group of 14 experts. They included 

researchers and academic staff, private and public construction companies’ employees and 

contractors, design consultants (i.e., design engineers), building product manufacturers and public 

authorities’ representatives. Researchers and academics (43% of the experts) focused on a range 

of topics in the broad field of civil engineering, architectural engineering, municipal and structural 

engineering, as well as construction management. Industry participants (36%) represented 

companies from civil infrastructure and building sectors. Involved public servants (21%) were 

specialised in innovation development programs.  

5.5.3 Structural Analysis with MICMAC 

The first step of the proposed model development involved a structural analysis of the system, 

which came in the form of a group of interrelated elements (variables/factors). At this research 

stage, a detailed understanding and quantification of the potential relationships were required 

using a matrix linking all of the constitutive elements (Table 5-2).
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Table 5-1: List of variables identified through the literature review, exploratory study and expert consultation 

No. Variable Short 

Title 

Description Theme  Resources 

involved 

Actor Qualitative/ 

Quantitative 

References 

1. 1 Level of innovation LevInn High innovation level is one the main 

characteristics of every industry 

development  

Goal = 

expectation 

Nil Government 

Industry 

Academia 

Qualitative Gann and Salter (2000), 

Uriona Maldonado et al. 

(2012) 

2. 2 Quality of 

construction 

projects  

Qlt Productivity and quality of construction 

projects (final product or service) 

Output Nil Industry Qualitative Gann and Salter (2000), 

Goodrum et al. (2011), Xue 

et al. (2014) 

3. 3 Final product cost FinPCst Final cost of a construction product or 

service 

Output Nil Industry  

Government 

Quantitative Lim et al. (2006), Lim et al. 

(2007), Uriona Maldonado 

et al. (2012), Xue et al. 

(2014)  

4. 4 Client’s satisfaction ClSat Client’s satisfaction with final product or  

service quality  

Output Nil Industry  

Government 

Qualitative Lim et al. (2006), Lim et al. 

(2007) 

5. 5 Profit maximisation MaxPrft Maximising profitability for private 

sector and maximising cost effectiveness 

for the public sector are key motivations 

for contractors and clients in the 

innovation implementation process 

Output Nil Industry Quantitative Lim et al. (2006), Lim et al. 

(2007), Uriona Maldonado 

et al. (2012), Suprun and 

Stewart (2015)  

6. 6 Level of public 

R&D activity 

Pub_RDA Public policies promoting science and 

R&D, investments in higher education, 

techno-parks, etc. 

Enabler Money 

People 

Skills 

Knowledge 

Information 

Technology 

Regulations 

Government 

Academia 

Qualitative Lim et al. (2006), Lim et al. 

(2007), Uriona Maldonado 

et al. (2012), Hampson et 

al. (2014), Xue et al. (2014) 

7. 7 Level of private 

R&D activity 

Prvt_RDA Private sector innovative activities for 

industry development 

Enabler Money  

People 

Skills 

Knowledge 

Information 

Technology 

Industry 

Academia 

Qualitative Lim et al. (2006), Lim et al. 

(2007), Uriona Maldonado 

et al. (2012), Hampson et 

al. (2014), Xue et al. (2014) 

8. 8 R&D expenditure 

(public) 

Pub_RDE Funds a government spends at 

universities and research institutes on STI 

Resources  Money Government Quantitative Seaden and Manseau 

(2001), Lim et al. (2006), 

Lim et al. (2007), Uriona 

Maldonado et al. (2012), 

Hampson et al. (2014) 
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9. No. Variable Short 

Title 

Description Theme  Resources 

involved 

Actor Qualitative / 

Quantitative 

References 

10. 9 R&D expenditure 

(industry) 

Prvt_RDE Firms investments on R&D Resources Money Industry Quantitative Seaden and Manseau 

(2001), Lim et al. (2006), 

Lim et al. (2007), Uriona 

Maldonado et al. (2012), 

Hampson et al. (2014) 

11. 10 Client’s demand ClDem As clients, government and local 

authorities, as well as private clients may 

significantly affect the use of new 

materials, technologies and methods 

Enabler Nil Government Qualitative Gumba (2009), Lim et al. 

(2006), Lim et al. (2007), 

Suprun and Stewart (2015), 

Xue et al. (2014) 

12. 11 Level of applied 

research 

AppRes Development of methods, products, 

systems, techniques, etc., which improve 

the industry and innovation performance 

Resources People 

Skills 

Knowledge 

Information 

Technology 

Academia 

Industry 

Qualitative Lim et al. (2006), Lim et al. 

(2007), Hampson et al. 

(2014), Xue et al. (2014)   

13. 12 Level of basic 

research  

BasRes Research in construction area developing 

its theoretical foundations 

Resources People 

Skills 

Knowledge 

Academia Qualitative Lim et al. (2006), Lim et al. 

(2007), Hampson et al. 

(2014) 

14. 13 Government 

regulations 

Gov_Reg Legislation, rules, building codes, 

certification procedure 

Enabler* Regulations Government Qualitative Blayse and Manley (2004), 

de Valence (2011), Xue et 

al. (2014), Suprun and 

Stewart (2015)  

15. 14 Government 

incentives  

Gov_Inc Public stimulating mechanisms for 

industry development (e.g., grants and 

awards for best practices and solutions) 

Enabler  Money Government 

Industry 

Qualitative Blayse and Manley (2004), 

Lim et al. (2007), Gokhberg 

et al. (2010), Xue et al. 

(2014), Suprun and Stewart 

(2015)  

16. 15 Level of 

government 

intervention  

Gov_Inter Public support and public policies (e.g., 

federal targeted programmes, direct 

financial investments, foundation of 

clusters) 

Enabler Money Government 

Industry 

Academia 

Qualitative Blayse and Manley (2004), 

Gokhberg et al. (2010), Lim 

et al. (2006), Lim et al. 

(2007), Suprun and Stewart 

(2015) 

17. 16 PPP (Public-Private 

Partnership) 

PPP Cost sharing: public-private partnership Enabler  Money  

Regulations 

Government 

Industry 

Qualitative Seaden and Manseau 

(2001), Li and Akintoye 

(2003), Leiringer (2006), 

Suprun and Stewart (2015) 
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No. Variable Short 

Title 

Description Theme  Resources 

involved 

Actor Qualitative / 

Quantitative 

References 

18. 17 Level of tax 

incentives 

TaxInc Fiscal arrangements and tax privileges  Enabler Money  

Regulations 

Government 

Industry 

Qualitative Seaden and Manseau 

(2001), Blayse and Manley 

(2004), Suprun and Stewart 

(2015) 

19. 18 UIG (University-

Industry-

Government) 

partnership  

UIGPart Partnerships between universities, 

research institutes, government and 

industry, mainly for supporting strategic 

innovative and pilot projects 

Enabler  People 

Skills 

Knowledge 

Information 

Technology 

 

Government 

Academia 

Industry 

Qualitative Seaden and Manseau 

(2001), Andersson and 

Widén (2005), Lim et al. 

(2006), Lim et al. (2007) 

20. 19 UI R&D 

collaboration  

UICol Collaborative R&D with greater industry 

participation for testing and evaluating 

research results and  

new solutions  

Enabler  People 

Skills 

Knowledge 

Information 

Technology 

Industry 

Academia 

Qualitative Seaden and Manseau 

(2001), Dulaimi et al. 

(2002), Gumba (2009), Xue 

et al. (2014), Suprun and 

Stewart (2015)  

21. 20 Level of 

technological 

cooperation  

TechCoop Technological cooperation with related 

and supporting industries; integrated 

R&D efforts are required for effective 

implementation of  

technology-using strategies 

Enabler  People 

Skills 

Knowledge 

Information 

Technology 

Industry Qualitative Lim et al. (2006), Lim et al. 

(2007), Xue et al. (2014), 

Suprun and Stewart (2015) 

22. 21 New procurement 

approaches 

Procur PPPs and other concession projects, build 

and maintain (B&M), which transfer back 

to the government at the end of the 

contract and create the industry alliances 

that eventually influence the marketplace 

Enabler Information 

Technology 

Regulations 

Government 

Industry 

Qualitative Li and Akintoye (2003), 

Leiringer (2006), de 

Valence (2011), Suprun and 

Stewart (2015)  

23. 22 Life cycle cost 

practice 

LifeCyc Assessment of construction project over 

its life cycle from the design stage, 

manufacturing, usage, maintenance and 

disposal 

Enabler Information 

Technology 

Regulations 

Government 

Industry 

Qualitative Seaden and Manseau (2001) 

24. 23 Awareness and 

training 

AwTrain All of the actors involved in the research 

and construction process need to have 

access to the best available information 

on technologies and tools in order to 

introduce and implement innovation  

Enabler  People 

Skills 

Knowledge 

Information 

Technology 

 

Government 

Academia 

Industry 

Qualitative Stewart et al. (2004), Lim et 

al. (2006), Lim et al. 

(2007), Grigoryev (2011), 

Suprun and Stewart (2015) 
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No. Variable Short 

Title 

Description Theme  Resources 

involved 

Actor Qualitative / 

Quantitative 

References 

25. 24 Level of IPR 

(Intellectual 

property rights) 

protection  

IPRPr Intellectual property rights protection 

supporting efficient flows of knowledge 

Enabler People 

Skills 

Knowledge  

Regulations  

Government 

Academia 

Industry  

Qualitative Lim et al. (2006), Lim et al. 

(2007), Uriona Maldonado 

et al. (2012),  Suprun and 

Stewart (2015) 

26. 25 Level of innovation 

commercialisation 

InnCom Knowledge produced through R&D 

transforming into products with 

commercial value  

Enabler Money 

Knowledge 

Government 

Academia 

Industry 

Qualitative Seaden and Manseau 

(2001), Dulaimi et al. 

(2002), Uriona Maldonado 

et al. (2012) 

27. 26 Quality of higher 

education 

HighEdu Government should support the 

development of educational programmes 

aimed at specialists engaged in the design 

process, construction and manufacturing  

 

Enabler * People 

Skills 

Knowledge 

Information 

Government 

Academia 

Qualitative Gokhberg et al. (2010), 

Suprun and Stewart (2015) 

28. 27 Venture funding VentFund Investment funds in start-ups and small- 

and  

medium-sized enterprises 

Enabler Money Government 

Industry 

Academia 

Qualitative Added from interview‘s 

results 

29. 28 Import substitution ImpSub Nowadays, import substitution is Russia's 

response to imposed Western sanctions; it 

takes place in numerous areas, including 

building materials manufacturing and 

construction sectors  

Enabler People 

Skills 

Knowledge 

Information 

Technology 

Regulations 

Government 

Industry 

Academia 

Qualitative Added from interview‘s 

results  

30. 29 ‘Brain drain’ BrainDr Russia’s lack of support and incentives 

for innovation increase the level of ‘brain 

drain’ 

Broader 

environment  

People 

Skills 

Knowledge 

Government 

Industry 

Academia 

Qualitative Added from interview‘s 

results 

31. 30 Level of 

administrative 

barriers to 

innovation 

AdmBar The variety of building codes and 

standards; low levels of government 

support for industry development; 

government contracts with inflexible 

fixed budgets, and so forth 

Broader 

environment  

Regulations Government Qualitative Added from interview‘s 

results 

* both an enabler and a barrier 
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Table 5-2: An extract from the structural analysis matrix completed by participants 

 

Q
u

al
it

y
 o

f 
co

n
st

ru
ct

io
n
 

p
ro

je
ct

s 

F
in

al
 p

ro
d

u
ct

 c
o

st
 

C
li

en
ts

 s
at

is
fa

ct
io

n
 

P
ro

fi
t 

m
ax

im
is

at
io

n
 

L
ev

el
 o

f 
p

u
b

li
c 

R
&

D
 a

ct
iv

it
y

 

L
ev

el
 o

f 
p

ri
v

at
e 

R
&

D
 a

ct
iv

it
y

 

R
&

D
 e

x
p

en
d

it
u

re
 (

P
u

b
li

c)
 

R
&

D
 e

x
p

en
d

it
u

re
 (

In
d

u
st

ry
) 

C
li

en
ts

 d
em

an
d
 

L
ev

el
 o

f 
ap

p
li

ed
 r

es
ea

rc
h

 

L
ev

el
 o

f 
b

as
ic

 r
es

ea
rc

h
 

G
o

v
er

n
m

en
t 

re
g

u
la

ti
o

n
s 

G
o

v
er

n
m

en
t 

in
ce

n
ti

v
es

 

L
ev

el
 o

f 
g

o
v

er
n

m
en

t 

in
te

rv
en

ti
o
n
 

P
P

P
 

L
ev

el
 o

f 
ta

x
 i

n
ce

n
ti

v
es

 

Quality of 

construction 

projects  

0 3 3 3 2 2 2 2 3 1 1 2 3 3 2 3 

Final product cost 2 0 3 3 1 2 2 2 3 2 0 1 3 3 2 2 

Client’s 

satisfaction 

3 2 0 2 1 2 2 3 3 2 0 1 2 2 3 1 

Profit 

maximisation 

2 3 2 0 1 2 1 3 1 2 0 1 2 2 2 3 

Level of public 

R&D activity 

3 2 3 1 0 3 3 2 2 3 3 2 2 2 1 2 

Level of private 

R&D activity 

3 2 3 2 2 0 1 3 2 3 1 2 3 3 1 2 

R&D expenditure 

(public) 

3 2 2 1 3 2 0 2 1 3 3 2 1 2 1 1 

R&D expenditure 

(industry) 

3 3 2 3 3 3 3 0 2 3 1 1 2 2 1 2 

Client’s demand 3 2 3 2 3 3 2 2 0 2 1 2 2 3 2 1 

Level of applied 

research 

3 2 2 2 3 3 3 3 1 0 2 2 2 2 1 2 

Level of basic 

research  

2 1 1 1 3 1 3 1 1 3 0 1 1 3 1 1 

Government 

regulations 

2 3 2 2 2 2 2 2 1 3 1 0 2 2 1 3 

Government 

incentives  

3 2 2 3 2 3 2 3 1 3 2 1 0 3 2 2 

Level of 

government 

intervention  

2 2 1 3 2 3 3 2 1 3 2 1 2 0 2 2 

PPP 3 3 3 2 1 3 1 1 3 2 0 3 3 3 0 3 

Level of tax 

incentives 

3 3 3 3 1 3 1 3 1 2 1 2 2 2 2 0 

The opinion survey aiming to identify the role of different factors in relation to the innovation 

system in the Russian construction industry was conducted with the stakeholders. All experts 

represented three groups of actors interacting in the system: government, industry and universities 

and research institutes. The participants answered the question “If variable i changed, what would 

be its direct impact on variable j?” The relationship evaluation included four intensities: no 

influence (0); weak influence (1); medium influence (2); and strong influence (3).  
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Once the grading was done for all variables, it was possible to observe the sum of each row that 

would show the influence level. Similarly, the sum of each column would indicate the dependency 

level. Eventually, the aggregated structural analysis matrix was created using the geometric mean 

(Table 5-2). 

After the relationships between variables were described, according to the exposed structural 

analysis, the MICMAC software (MICMAC, 2018) calculated the intensity of the influence and 

dependency between variables. 

By cumulating the rows and the columns for each component, their individual roles within the 

system were established. Table 5-3 details the variables and their dependence and influence level 

rank. Structural analysis using MICMAC aids the necessary understanding of the role of each 

variable in the construction innovation system, which in turn assists in the further detailed System 

Dynamics (SD) modelling of particularly important system components. Moreover, using this 

approach as a precursor to the development of a system dynamics model ensures that it is based 

on a solid theoretical foundation. 

Table 5-3: Direct influences/dependencies rating of variables according to the MICMAC 

method 

No. Variable Influence Rank Dependence Rank 

1 Level of innovation 3 1 

2 Quality of construction projects  5 1 

3 Final product cost 14 5 

4 Client’s satisfaction 13 3 

5 Profit maximisation 16 7 

6 Level of public R&D activity 1 8 

7 Level of private R&D activity 4 1 

8 R&D expenditure (public) 8 9 

9 R&D expenditure (industry) 5 6 

10 Client’s demand 7 13 

11 Level of applied research 4 1 

12 Level of basic research  15 19 

13 Government regulations 4 16 

14 Government incentives  3 7 

15 Level of government intervention  7 5 

16 PPP 8 18 

17 Level of tax incentives 8 11 

18 UIG partnership  2 5 

19 UI R&D collaboration  5 4 

20 Level of technological cooperation  12 12 
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No. Variable Influence Rank Dependence Rank 

21 New procurement approaches 8 15 

22 Life cycle cost practice 11 10 

23 Awareness and training 9 8 

24 Level of IPR protection  4 10 

25 Level of Innovation commercialisation 5 4 

26 Quality of higher education 10 14 

27 Venture funding 17 16 

28 Import substitution 5 2 

29 ‘Brain drain’ 11 17 

30 Level of administrative barriers to innovation 3 15 

All of the variables could be characterised by both direct and indirect influences and represented 

in the direct (Figure 5-4) or indirect influence/dependence map. The maps’ axes are obtained from 

the row and column sum of the direct or indirect matrix. 

 

Figure 5-4: Direct influence and dependence map of the model variables 

As can be seen, each variable within the construction innovation system holds a unique position 

in the diagram in relation to all others. Depending on a variable’s location on the matrix, every 
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factor was classified into influential, relay, dependent and autonomous variables, as described 

below: 

 Influential variables represent input variables that exert some influence on other 

elements, but are not dependent on the others. Consequently, any change in one of these 

variables will influence other variables and the system as a whole. Hence, they must have 

a priority when considering strategic actions or scenarios. These variables are: level of 

administrative barriers to innovation; government regulations; level of IPR (Intellectual 

property rights) protection; client’s demand; PPP (Public-Private Partnership); new 

procurement approaches; level of tax incentives; R&D expenditure (public). 

 Relay variables are also important as they both influence the system and are dependent 

on influential variables. Besides these variables have an unstable behaviour as they could 

change to be input or output variables. Hence, they are dynamic variables involved in 

the feedback loops of the system. These relay variables include: quality of construction 

projects; level of public R&D activity; level of innovation; import substitution; level of 

applied research; R&D expenditure (industry); level of innovation commercialisation; 

level of government intervention; government incentives; level of private R&D activity; 

UIG (University-Industry-Government) partnership; UI R&D collaboration. 

 Dependent variables represent system’s output variables that are the most impacted by 

other variables and the system. These variables are: client’s satisfaction; final product 

cost; profit maximisation; awareness and training. 

 Autonomous variables are neither influential nor dependent and do not significantly 

affect the system. Within the context of system dynamics modelling, these variables are 

associated with exogenous components that exist within the system, but are not 

controlled by the dynamics of the model. Although they can be excluded from any further 

analysis, their location near the axes of influence and dependence can mean a certain 

effect and should be taken into account. The stakeholders identified the following factors 

as independent: venture funding; level of basic research; level of technological 

cooperation; ‘brain drain’; life cycle cost practice; quality of higher education. 

The next step was to identify the key variables where greater attention should be placed. As they 

are those included in the influential, relay and dependent groups of variables, 24 out of 30 

analysed variables were determined as key variables for further SD model construction. These 

groups of variables are associated with endogenous variables that change based on the system’s 

dynamics and are the basis for exploring how to improve system performance. However, the 

majority of the remaining autonomous factors involved in the system should not be excluded. 

Only two variables (venture funding and level of basic research) were identified as less essential 

components of the construction innovation system in Russia by all three groups of experts.  
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Elements alone cannot be inspected, but only through the identification of interrelations between 

them. Therefore, the MICMAC software generates direct (Figure 5-5) and indirect influence 

graphs to provide an insight into the system as a whole. The graphs assist a modeller in 

determining an initial reference for the building of a CLD. 

The visual comparison of the level of influence and the dependence of key variables in the 

construction innovation system is presented in Figures 5-6 and 5-7, respectively.  

The views of stakeholders representing construction firms where innovation takes place tended 

to support the relationships in these figures. In Figure 5-6, it can be seen from all three 

perspectives (i.e., government, industry and academia) that level of public R&D activity, level of 

applied research, government regulations, level of private R&D activity and UI R&D 

collaboration are ranked highly, which is in accordance with the outcomes of the exploratory 

study highlighting stakeholders’ focus on public strategies and collaboration metrics. It is worth 

noting, that level of administrative barriers to innovation, government incentives, level of 

government intervention and level of IPR protection are seen to be more influential variables by 

industry and academia, as they are by the actors who generate innovation. As mentioned above, 

barriers related to government actions are the most significant impediments to innovation in the 

Russian construction industry. Consequently, these characteristics are fundamental for effective 

innovation system building. As for the government view, partnerships between universities, 

research institutes, the government itself and industry seem to be the most influential variables, 

mainly for supporting innovative pilot projects. Interestingly, public servants prefer the industry 

to take more initiatives in innovation performance improvement by increasing private R&D 

expenditure and undertaking more research activities. In addition, import substitution is a big 

issue in the development of many industries, including building materials manufacturing and 

construction sectors in Russia due to the imposed Western sanctions. In accordance with this, 

‘brain drain’ and quality of higher education are ranked as highly influential factors by 

government representatives. In terms of the variable dependency of key variables in the 

construction innovation system, stakeholders from all three groups agreed that the level of 

innovation and innovation system outputs (i.e., quality of construction projects, client’s 

satisfaction and profit maximisation) are highly dependent. 

5.5.4 Causal Loop Diagram 

Once the structural analysis outcomes were incorporated from the direct and indirect influence 

graphs, as well as the completion of the cross-impact matrix, the identification of causal feedback 

loops between variables became possible.  
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Figure 5-5: Direct influence graph representing the strongest influences of variables on each other 
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Figure 5-6: Level of influence of key variables within the construction innovation system from alternate stakeholder perspectives 
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Figure 5-7: Level of dependence of key variables within the construction innovation system from alternate stakeholder perspectives



Chapter 5 – Model conceptualisation 

103 | P a g e  

 

  

Generally, it presents only the most significant interrelations, which have been assessed at least 

as medium or strong in the MDI. However, low impacts are shown sometimes in cases of current 

importance, such as quality of higher education affects the level of public R&D activity in the 

case of our study. A modeller develops a CLD in a similar manner to that of an MDI by asking 

the question: “What are the observed impacts of variable i on variable j at the present?”  The 

next step is to identify the most important relationships that allow logical construction of the 

associated causal loop diagram. In this sense, the relationships between system variables can be 

displayed in the direct and indirect influence graphs created with the MICMAC software (see 

Figure 5-5).  

The graphs include arrows of different types indicating the level of impact of the variables on 

each other and reflecting both direct and indirect influences. In the case of modelling, the arrows 

describe the transition to a casual model and begin to represent the dynamics of the system. It also 

should be taken into account that some variables do not have a direct connection with each other, 

but influence can occur through other variables. Additionally, a modeller can enhance other 

meaningful interrelations between dynamic variables through taking into account the experts 

opinions during data collection, previous desktop study, as well as applying the tacit knowledge 

of researchers analysing the system. 

The process of model construction is always subjective. However, the interactions of variables 

are supported by experts that provide a high degree of reliability. Furthermore, the influence 

diagrams illustrate dynamic behaviour of the construction innovation system by linking the 

various elements and therefore work as a reference for building a CLD. As a result, the generated 

qualitative model (Figure 5-8) was built using a rigorous and comprehensive analysis of the 

different factors involved. As can be seen, the finalised causal loop diagram reveals the systemic 

relationships and provides a broad vision of interactive factors that are part of the complex 

construction innovation system.   

The factors used in a CLD are both quantitative and qualitative. Obviously, qualitative elements, 

such as client’s satisfaction, government regulations and quality of construction projects, are not 

generally measured directly; however, their inclusion adds considerable realism and power to the 

model. In order to visually convey the different components of the initial theoretical model of the 

Russian Federation construction innovation system to industry stakeholders, a CLD that 

categorises variables using different shapes and colours has been produced (Figure 5-8). 

Hexagons represent construction innovation outputs; boxes represent activities and enablers, 

system’s resources and the broader environment; and finally, the circle represents the main goal. 

This CLD will be codified into an SD model applying conventional features in further research.
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Figure 5-8: Construction innovation system causal loop diagram based on a MICMAC analysis 
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In a CLD, the elements are linked by arrows that indicate a causal relationship as a direct 

influence. A causal link between two variables implies the direction of change between the cause 

and effect pairs. The polarity is ‘+’ when two elements increase or decrease together, and the 

polarity is ‘–’ when one variable increases while the other decreases or vice versa. In other words:  

 If a causal link from one element (X) to another (Y) is positive, it is denoted by ‘+’ (blue 

arrows in Figure 5-8), which means a change in X produces an increase in Y in the same 

direction.  

 If a causal link from one element (X) to another element (Y) is negative; it is denoted by 

‘–’ (red arrows in Figure 5-8), which denotes that a change in X produces a decrease in 

Y in the opposite direction. 

For instance, in Figure 5-8, the link between level of tax incentives and final product cost indicates 

a change (or movement) in the same direction. In contrast, an opposite direction change occurs 

between level of administrative barriers to innovation and the level of innovation 

commercialisation; hence, while one increases, the other decreases. As can be seen, government 

incentives as one of the most influential enablers identified by all three groups of stakeholders 

directly influences the system’s goal level of innovation and another enabler UI R&D 

collaboration, which has an influence on the state of the level of applied research influencing the 

quality of construction projects and ultimately client’s satisfaction and final product cost. Client’s 

satisfaction would also provide assistance for increasing the level of innovation while final 

product cost provides sufficient room to adjust prices’ level to improve the resulting maximise 

profitability for the private sector and maximise cost effectiveness for the public sector, as shown 

(Figure 5-8). 

5.6 Conclusions 

The one overarching goal of this study was to present the Russian Federation construction 

innovation system as a model. Considering the qualitative nature of the model and the complexity 

of the system, a systemic approach was demanded to visualise its elements and to quantify the 

relevance of relationships between them. A participatory and integrated modelling approach was 

deemed to be effective in building an initial casual loop diagram. 

The first stage consisted of the identification of essential system’s factors undertaken through an 

expert consultation with industry and academic representatives in order to validate the list of 

variables. The following step employed stakeholder engagement to determine the degree of 

influence that different variables have on each other within the system. The contribution of experts 

representing three groups of innovation system actors was undoubtedly useful due to the 

knowledge they have of the situation and problem addressed. Then, the structural analysis was 
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carried out using the MICMAC technique for generating the required information about 

interrelations between key variables in order to identify causal loops between them. This final 

step systematically assists the modelling of complex innovation system through creating an initial 

causal loop diagram (CLD) integrating both qualitative and quantitative variables.  

Based on the information derived from the structural analysis using the MICMAC method, the 

construction innovation system’s variables were classified into different groups. It revealed eight 

influential variables that have a priority when considering strategic actions or scenarios for the 

industry development. They included the level of administrative barriers to innovation, 

government regulations, PPP, level of tax incentives, level of IPR protection, client’s demand, 

new procurement approaches and public R&D expenditure. It has been found that the key 

influential and dependant variables are the level of public and private R&D activity, import 

substitution, government incentives and collaboration between higher education and research 

institutions with industry. It is becoming clear that the public sector plays a major influential role 

within the construction industry in Russia. Variable rankings based on their driving power also 

indicated client’s satisfaction, final product cost and profit maximisation as dependent variables, 

which are directly associated with the construction innovation system’s outputs. The 

identification and classification of key variables were essential for developing a framework suited 

for the Russian Federation construction innovation system, while the causal loop diagram 

revealed potential strategic pathways to overcome innovation diffusion challenges in the Russian 

Federation construction sector.  

5.7 Limitations and Future Research 

The research findings should be interpreted in light of several limitations: 

 The CLD explains interactions and interrelations. However, it may be considered as a 

didactic tool in order to understand the complexity of the system under study because 

the changes over time cannot be seen. Moreover, it is unable to capture the levels (stocks) 

and rates (flows) in the system’s behaviour and to represent its dynamics.  

 Stock and flow diagrams are required to overcome this limitation. Hence, this 

constructed CLD provides a roadmap for reference and is the basis for refinement and 

further building of a simulation model using the system dynamics technique. 

The chosen integrated approach is heavily reliant on participant choices. However, the 

participatory method significantly limits the risks of incoherence. Moreover, it offers researchers 

the opportunity to build up a model together and using experts’ experience and knowledge, despite 

the lack of engaged stakeholders’ understanding of the research methods. 
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As previously mentioned, this paper is part of ongoing research, which consists of two intertwined 

research stages. The outcomes of this present study provides a foundation for continuing with the 

Stage 2 scope of work (Figure 5-3), which will focus on building, testing and simulating a 

comprehensive system dynamics model. A casual loop diagram is relevant as an initial step in 

modelling. Nevertheless, it is unable to identify which variables are flows and which ones are 

stocks (two central concepts of SD theory). Consequently, future modelling will focus on the use 

of the system dynamics technique after ‘quantifying’ and translating the CLD into a system 

dynamics model based on the stock and flow concepts. Such a model enables decision-makers to 

explore potential innovation outcomes resulting from a range of different innovation planning 

strategies and uncertain situational context scenarios. 

Once the stock and flow model is developed, it can be simulated by populating it with data. 

Software simulations will allow the identification of the system’s behaviour over time or to 

redesign the system’s structure by using the key system’s variables as leverage. Available 

quantitative data will be collected. Nevertheless, the innovation system is very complex and 

consists of many relationships that are too qualitative to be expressed trustworthily by a 

mathematical formula. Hence, the next round of data collection will employ a participatory 

modelling approach in the form of workshops. Stakeholders from all three groups of the 

innovation system actors will discuss the outcomes of the present research analysis and focus on 

portraying the system structure. It is especially relevant in the case of the Russian construction 

industry where high uncertainty and lack of data are involved. Moreover, stakeholder 

participation is important for validating and checking the model consistency and usefulness, as 

well as providing information about whether the model needs to be revised. Finally, different 

scenarios related to the construction industry development, innovation diffusion, policies impacts, 

and so forth, will be considered. 
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An integrated participatory systems modelling approach: Application 

to construction innovation 

Abstract: This paper presents a novel five-stage integrated participatory systems modelling 

(IPSM) approach that can be used for a range of systems dynamics (SD) applications. The IPSM 

approach was formulated considering the advantages and disadvantages of existing SD modelling 

approaches, as well as balancing the competing goals of SD model development efficiency and 

robustness. A key feature of the IPSM approach is that stakeholders are central to each of the five 

stages of the modelling process from problem scoping, to scenario analysis and strategy 

implementation recommendations. Each stage of the IPSM approach was demonstrated through 

a case study of the innovation diffusion process in the Russian Federation construction industry. 

This highly complex innovation system could only be sufficiently understood using an SD model 

that was conceptualised, critiqued, codified, tested and utilised, by the relevant actors within that 

system (i.e., stakeholders). The IPSM approach facilitated the efficient formulation of the SD 

model for the case study application. The case study SD model simulation results indicate that 

sufficient government incentives and the active promotion of strong collaborative linkages 

between construction companies and universities are two key enablers of innovation development 

in the Russian Federation construction industry. 

 

6.1 Introduction 

This research was motivated by a desire to feasibly build a holistic model that could aid the 

development of suitable innovation diffusion strategies for the Russian construction industry. This 

decision support tool would need to be developed within time, cost and robustness constraints, be 

able to handle the non-linear nature of the innovation process and encapsulate the various 

interrelationships among diverse components of the dynamic and complex construction 

innovation system. System dynamics (SD) modelling was considered a powerful technique for 

integrating social and technical phenomena into qualitative frameworks and quantitative models 

(Maani and Cavana, 2007). Such models focus on feedbacks within a system and enable them to 

investigate the behaviour of system components over time based on the numerical analysis of 

developed equations. Furthermore, given the multi-actor nature of the system under study, high 

uncertainty and the lack of empirical data availability, a new SD model development approach 

needed to be purpose-built before commencing the data collection phase of the study. A critical 

review of existing approaches led to the design of a novel integrated participatory systems 

modelling (IPSM) approach. The IPSM approach integrates the advantageous features of existing 

approaches while mitigating their weaknesses and employs a feasible level of active stakeholder 

engagement for all stages of the SD modelling cycle. The participatory elements include 
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questionnaire-based opinion surveys, face-to-face interviews, direct consultations and a series of 

stakeholder workshops. The modelling process is highly iterative and a modeller, together with 

an engaged stakeholder group are encouraged to continuously improve the SD model elements 

when applying the herein advocated IPSM approach. The methodology is considered to be 

efficient in getting stakeholders with divergent interests and perceptions of the studied problem 

to be engaged in the modelling process for bringing together their knowledge and expertise. 

Moreover, the IPSM approach highly supports meeting mutual interests of stakeholders in an 

integrated way within co-designing of the model and co-decision-making, which subsequently 

leads to promoting social learning. 

In this paper, the developed IPSM approach has been applied to the innovation process in the 

Russian construction industry context where data was solicited from stakeholders. The scope of 

the theoretical framework for the Russian construction innovation system has a strong focus on 

the core actors of the government, industry and academia and their interrelationships. The 

construction sector plays a key role in any country’s economy. However, the innovation 

implementation process in the construction industry has been extremely slow (Miozzo and 

Dewick, 2002; HSE, 2013; Dansoh et al., 2017; Ozorhon and Oral, 2017). One of the reasons is 

a significant gap between the creation of theoretical foundations for technology within R&D and 

their absorption and application in mass production. Consequently, stronger interaction between 

research and industrial organisations is needed to foster greater rates of innovation diffusion. In 

other words, it is very important to foster the pursuit of the common interests of all of the system 

actors in order to improve innovation (Malerba, 2002; Kim and Park, 2009; Suprun et al., 2016). 

Given the ever-changing political context, the Russian government prefers to take measures aimed 

at supporting the demand for domestically produced innovative goods and services (TASS, 

2014a). By 2017, the construction industry was estimated to contribute about 5.6% of the Russian 

GDP. The government has the objective to increase the industry’s GDP contribution to 6.8% by 

2030 (RSCI, 2017). To achieve this bold target considering the constraints of a challenging 

financial period ahead, Russian construction sector companies would need to increase their focus 

on innovative activities that significantly enhance productivity. Although, domestic 

manufacturers produce a wide range of traditional building products, Russian construction 

industry products and services are not well-presented internationally with a high dependence on 

importation. Moreover, technological weaknesses and outdated practices and processes are 

forcing national companies to lag behind innovative foreign competitors. Systemic barriers within 

the Russian country context also need to be overcome before a culture for innovation takes hold 

in the industry. A robustly developed SD model can be used as a strategic planning tool for 

government agencies seeking to promote industrial development in the most efficient and 

effective manner.  
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Following the introduction, this paper is structured as follows: Section 6.2 reviews, compares and 

discusses various participatory SD modelling approaches presented in the literature. Section 6.3 

elaborates on the five core stages of the developed IPSM approach utilised for the case study 

application. Section 6.4 applies the novel IPSM approach for the development of an evidence-

based SD model for the innovation process in the Russian construction industry. Lastly, Section 

6.5 presents conclusions, research limitations and future research directions. 

6.2 Review of Participatory SD Modelling Approaches 

Typically, the SD modelling process is carried out through the following stages. Firstly, the 

problem definition stage, which clarifies the problem and identifies variables having an influence 

on it (Forrester, 1961; Sterman, 2000; Maani and Cavana, 2007). Then, the conceptual model is 

built, which reveals relationships among the variables. The conceptual model is further developed 

into a comprehensive computerised model followed by an analysis of model behaviour. Finally, 

scenario analysis is conducted to uncover the most efficient and effective pathways to derive 

better outcomes from the system over medium to long-term timeframes. 

SD models are simulation-based, and, hence, data intensive. Both, quantitative and qualitative 

data is used throughout the modelling procedure. Nevertheless, incorporating qualitative inputs 

into SD models is very challenging (Eker et al., 2017). However, reliable empirical data is often 

not available to support causal relationships for many of the elements contained within SD 

models. This challenge was especially evident for the difficult case of innovation process SD 

modelling in the context of the Russian construction industry, where relevant industry data was 

often not publicly available or did not exist (Suprun and Stewart, 2015). Consequently, in such 

circumstances, the engagement of stakeholders and experts during most of the stages of the SD 

modelling process becomes essential. They can be involved in any modelling phase from 

identifying the problem to be investigated to scenario and policy alternatives development. Hence, 

participatory modelling approaches enable a modeller to understand specific situations and 

contexts by eliciting information from stakeholders with relevant backgrounds. Subsequently, the 

stakeholder engagement process connects the discussion and assessment of the problem-related 

factors encountered during the modelling process, facilitates the generation of dynamic 

hypotheses and the formulation of scenarios and finally ensures that only fit-for-purpose strategic 

options are being analysed (Voinov, 2010; Eker et al., 2017). A brief overview of the various 

types of participatory modelling approaches used for SD model building is provided below. We 

also introduce the novel IPSM approach, which will be described in detail in the next section. 

Group model building (GMB): GMB is a process of building visual qualitative conceptual models 

(i.e., causal loop diagrams (CLDs)) and quantitative dynamic models (i.e., SD) jointly with 

stakeholders (Vennix, 1996; Andersen et al., 2007; Scott et al., 2016). Different GMB sessions 
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can have different purposes such as identification of a dynamic hypothesis, discussion around the 

system boundary, examination of potential scenarios of policy implementation, to name a few. 

So-called standardised ‘scripts’ are used by facilitators and modellers during the modelling 

sessions as templates. Usually, the modelling process is used to translate individual viewpoints of 

the participants into a common modelling language (i.e., feedback loops, stocks, flows, time 

delays). In other words, it enables modellers to confidentially link the information regarding 

various elements and causal relations collected from stakeholders into of a model. GMB sessions 

are capable of building mutual understanding, however, a consensus among stakeholders with 

diverse backgrounds has to be reached in order to formulate a powerful model. 

Mediated modelling (MM): MM is a similar process to GMB. However, this approach is mostly 

applied to model environmental issues (Van den Belt, 2004; Antunes et al., 2006). Moreover, 

stakeholders are involved more in the development of a dynamic simulation model, while 

stakeholders participating in GMB sessions focus a lot on the conceptual phase of the modelling 

cycle. The MM process requires a high level of commitment from stakeholders along with 

intensive participation in order to reach a consensus.  

Grounded theory (GT): GT approach relies heavily on qualitative data analysis based on ‘coding’ 

of textual data (Strauss and Corbin, 1998; Yearworth and White, 2013) that can be collected 

through interviews with stakeholders as well as can be retrieved from transcriptions of different-

sourced interviews, observations, memoranda, or any kind of textual data. The process of 

transforming the data into model insights consists of a set of techniques from the identification of 

categories or concepts across the texts to linking them to explicit meaningful theories. While 

coupling with SD modelling, GT contributes primarily to the model conceptualisation stage by 

providing a solid foundation for the formulation of the dynamic hypothesis and identification of 

relationships among the problem-related variables in a targeted system. However, the model 

parameters need to be quantified by a modeller while predictive descriptions regarding the system 

behaviour and decision-making strategies can still be retrieved from the interview data. 

Delphi method (DM). DM is combined with SD modelling in situations where no or very limited 

historical data is available. For instance, a modeller can use judgmental data retrieved from Delphi 

groups to obtain unknown parameters, policies and non-linear relations to be included in the 

model (Chen et al., 2012) Moreover, experts can be asked to emphasise importance scores and 

time sequencing. The stakeholders are involved in the process individually by responding to 

questionnaires or completing online discussion lists. However, they can interact virtually and 

anonymously to share their opinions on particular issues. Usually the surveys last two to four 

rounds until the reasonable level of consensus is reached. In fact, it is not always possible to obtain 

a reliable level of agreement. Nevertheless, such technique allows participants to express their 
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own views on a problem, while taking into account the opinions of other experts. As a result, a 

modeller arrives at a good understanding of the key issues under discussion. 

Integrated participatory systems modelling (IPSM): This novel IPSM approach for SD model 

development is proposed herein and has the key feature of integrating the empirical structural 

analysis impact matrix cross-reference multiplication applied to a classification (MICMAC) 

technique (MICMAC, 2018) with a subsequent series of stakeholder workshops (Suprun et al., 

2016). It enables a modeller to obtain stakeholders knowledge explicitly, not only for the SD 

model formulation but also for the conceptualisation and policy-testing stages of a modelling 

process. 

Application of one or another participatory modelling approach depends on many factors such as 

context of application, research goals, stakeholder involvement structure, to name a few (Vennix, 

1996; Andersen et al., 2007; Grösser, 2017). The important aspects to consider during the 

selection of a particular participatory modelling approach can be categorised into the following 

parameters: time and cost needed for a model development; ability to incorporate different 

stakeholders’ opinions and ensure successful social learning among participants of the modelling 

process; ability to deal with complex problems; expected level of consensus among stakeholders; 

and size of stakeholder community. 

First of all, it is important to highlight that each of the techniques can relate to the time taken for 

a model development and cost of the modelling process. In general, stakeholder engagement is 

time-consuming, expensive and labour-intensive process to a modelling team. Flexible 

inclusiveness is also important for dealing with complex problems that involve diverse 

stakeholders at different levels. Hence, it becomes essential to incorporate perceptions of various 

categories of stakeholders separately. At the same time stakeholders with divergent interests and 

perceptions of the problem need to participate together in order to ensure strong cooperation 

among them, to incorporate co-designing of the model and co-decision-making, which 

subsequently leads to building trust and promoting social learning. Social learning is the process 

where stakeholders consider the motives of each other, acquire their knowledge and bring their 

expertise to enhance their understanding of the system and meet their mutual interests in an 

integrated way. Different approaches allow to reach various levels of consensus among 

stakeholders. Undoubtedly, this aspect is critical in gaining the scientific knowledge related to the 

problem being addressed. Nevertheless, it can become a difficult task to reach a consensus and to 

make the decision as some authoritative participants significantly affect other stakeholders’ 

perceptions leading to lack of objective judgment. Hence, it is useful to couple a number of 

techniques where consensus is not the key. The number of participants needed for addressing a 

problem can affect stakeholder participation in the various modelling stages. Particularly for 

modellers, it can be very challenging to involve many relevant experts given the financial 



Chapter 6 – System dynamics model development 

115 | P a g e  

   

conditions, time restrictions and general busyness of potential stakeholders. System problems can 

be distinguished based upon their degree of complexity. Understandably, not all of the reviewed 

approaches are suitable in solving the complex issues.  

A critical comparison of peculiarities of the mentioned participatory approaches is provided in 

Table 6-1, which emphasises their strengths and weaknesses accompanied by differences in the 

modelling process according to the selected parameters.  

As can be seen in Table 6-1, these approaches have common similarities, however, there are 

shortcomings to take into account. IPSM approach considers advantages and disadvantages of 

existing participatory modelling approaches and incorporates the nuances of continuous 

stakeholder engagement that is capable of significantly influencing the perceptions associated 

with phenomena found in complex systems. 

6.3 Developed IPSM Approach for SD Modelling Applications 

The core of the proposed modelling procedure is the development of an SD model that can aid 

interpretation of the complex cause-and-effect relationships between government, academia and 

industry within the construction innovation system. The visualisation of the IPSM process is 

illustrated in Figure 6-1. For each stage, a number of activities are included. They are outlined in 

further detail below. 

 

Figure 6-1:  An integrated participatory systems modelling process 

6.3.1 Stage 1: Problem Scoping  

The first stage of the modelling process is to identify the problem to be investigated and to 

distinguish the essential system components (Ruutu et al., 2017). Moreover, it is important to 

engage with the relevant stakeholders (e.g., representatives from construction and related 

industries, public sector, universities and the research community) in order to produce a high-

quality SD model.  
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Table 6-1: A comparison of strengths and weaknesses of techniques used for SD model building 

Method Strengths Weaknesses T* C L I C P D 

GMB  Increases awareness and motivation of decision-

makers 

 Shared understanding of stakeholders 

 Scripts provided for different modelling steps 

 The modelling process combines scientific and 

local expert knowledge.  

 Modelling sessions might be time consuming;  

 Consensus is required which can be 

challenging 

 Sometimes limited standardisation in the 

modelling tools (scripts) may lead to various 

difficulties being encountered when tackling 

various case studies. 

High High High No Yes No Yes 

MM  Supports negotiation in order to reach consensus 

among participants 

 Targets stakeholders interests 

 Deep system understanding by stakeholders 

 Interactive construction of models. 

 Potential conflicts among stakeholders 

 Difficulty of bringing a group of people 

together multiple times taking into account the 

high level of commitment 

 Some authoritative participants may be 

persuasive and significantly affect other 

stakeholders’ perceptions leading to lack of 

objective judgment. 

High High High No Yes No Yes 

GT  Robust approach to developing CLDs and sound 

dynamic hypotheses 

 A rigorous procedure to follow in qualitative 

data collection and analysis 

 Coding process provides modellers with formal 

tools and documentation to build an evidence-

based model.  

 

 Mostly contributes to the model 

conceptualisation and implementation stage 

 A large number of interviews and/or other 

data sources are needed in order to reveal 

relevant concepts 

 Potential hidden meanings and alternative 

explanations in data 

 Theory to be analysed may become overly 

complex.  

High High Low No No Yes Yes 

DM  Anonymity of survey participants avoids 

conflicts 

 Group decisions ensure more rigorous model 

validation 

 Stakeholders may be geographically separated 

from one another but still contribute equally to 

the virtual discussions 

 Consensus is not required.  

 Hundreds to thousands of participants is 

required 

 Time-consuming, expensive and labour-

intensive technique 

 Potential difficulty in assessing and utilising 

the survey results because the experts never 

meet 

 The approach is unsuitable in complex issues 

where concepts and themes cannot be 

summarised. 

High High Moderate Yes No Yes No 

IPSM  Evaluation of key variables, alternative 

management options and the strength of 

relationships between variables through the 

expert opinion surveys 

 Stakeholders are usually involved in the 

modelling process on a voluntary basis 

 

Moderate Moderate High Yes No No Yes 
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Method Strengths Weaknesses T* C L I C P D 

  The methodology provides a more flexible way 

of data collection grounded in empirical 

structural analysis followed by a series of well-

formalised workshops 

 Reduces conflict and builds trust of stakeholders 

to each other 

 Allows stakeholders to deeply understand the 

problem under investigation before being 

involved in the group participation sessions. 

 Diverse groups of stakeholders are brought 

together for the workshops that may lead to 

potential conflicts while addressing complex 

issue 

 Stakeholders are not familiar with the 

language of system dynamics (stocks, flows, 

feedbacks) before the workshops. 

       

* T = time taken for a model development; C = cost of a model development approach; L = social learning among stakeholders participating in the modelling process; I = ability to 

incorporate different stakeholders’ opinion in separate sessions (i.e., flexible inclusiveness); C = requirement for group consensus at workshops; P = requirement for a large number of 

participants for a model development; and D = ability to deal with complex problems. 
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Experts assist a modeller in collecting information about the problematic issues and continuously 

validate the output of the model. In the present study, a comprehensive literature review was 

performed followed by an exploratory study conducted to identify the most significant factors 

within the construction innovation system that influence the low rate of innovation diffusion. By 

doing so, a questionnaire survey was carried out and a statistical analysis was performed to 

explore the barriers, enablers and strategies that most significantly affect construction innovation 

diffusion. Then, a qualitative approach of data collection consisting of in-depth interviews was 

employed to contextualise stakeholders’ perceptions on the problem under study. 

6.3.2 Stage 2: Conceptualisation 

After defining the dynamic problem, the task is to decide upon a preliminary list of main variables 

and a suitable time horizon for further model simulation. Subsequently, a conceptual model 

representing the problem within the system can be built by simplifying assumptions underlying a 

model design (Sterman, 2000; Hovmand, 2014; Eker et al., 2017). This simplification is done 

based on available data and knowledge of the relevant stakeholders. 

Most of the system variables are qualitative and cannot be analysed quantitatively. Hence, the 

variables need to be assessed in order to develop a CLD and further formulate a computerised SD 

model. First of all, consultations with expert stakeholders are held to confirm a list of the most 

essential elements that describe the dynamics of the system. The next step is to conduct a 

structural analysis using the MICMAC technique that allows stakeholders to describe the system 

and quantify the relationships among the selected factors (Godet, 2006; Onyango et al., 2016). 

By doing so, experts participate in an opinion survey in the form of one-on-one structured 

interviews in order to complete a cross-impact matrix linking all constitutive elements of the 

system. Subsequently, causal feedback loops between the elements can be distinguished, followed 

by the creation of a conceptual model in a form of a CLD. 

In general, CLDs describe the structure of the system, its variables and their mutual interactions. 

System elements are connected by causal relations characterised by a certain polarity. Thus, links 

that produce change in the same direction (increasing or decreasing) between causes and effects 

are marked with a positive sign. Conversely, links that produce change in a different direction 

(i.e., if a cause increases, the effect decreases and vice versa) are marked with a negative sign. 

Double lines across the arrows represent delayed information, that is, a time lag between a cause 

and its effect. Furthermore, it is necessary that a loop polarity be determined. Reinforcing (also 

known as positive) loops accelerate change within systems to produce growth or decline, while 

balancing (also known as negative) loops counteract change within systems to produce stabilising 

behaviour (Maani and Cavana, 2007; Grösser, 2017; Ruutu et al., 2017). 
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Additionally, identification of system archetypes within CLDs can assist a modeller in the 

explanation of system structure and behaviour. An archetype is a well-defined structure, which 

reveals leverage points for policy intervention to overcome system challenges, works as a 

reference to generate various strategies for dealing with the underlying structure of the system 

and analyses the dynamics of possible scenarios of complex systems. Typically identified system 

archetypes are the following (Senge, 2006): fixes that fail; limits to growth (limits to success); 

success to successful; shifting the burden; eroding goals; tragedy of the commons; and escalation. 

The next research step refines the initial conceptual model generated from the MICMAC analysis. 

By doing so, a first round of stakeholder workshops should be held to: extend the created CLD; 

discuss dynamic hypotheses; and capture expert opinions in regard to specific construction and 

innovation management. 

Although CLD is widely recognised as a powerful modelling tool, it is not capable of representing 

the dynamics of the system precisely because the changes over time cannot be seen. To overcome 

this limitation, an SD model development is required as a next stage. Using the proposed IPSM 

approach as a precursor to the construction of a simulation model ensures that the developed SD 

model is based on a solid theoretical foundation supported by competent expert opinions and 

judgments. 

6.3.3 Stage 3: Dynamic Model Formulation 

While a conceptual stage aims to structure the system problems in a qualitative form, the 

formulation of a computerised model assists a modeller in both problem structuring and problem 

solving in a quantitative way (Forrester, 1961). Once a conceptual model has been developed, it 

is translated into a computerised mathematical model in the form of a stock and flow diagram that 

is more detailed than a CLD. For the purposes of the model formulation, a stakeholder workshop 

needs to be held to identify the key stock and flow structure for the system under study, to 

distinguish the system sub-models and to discuss the behaviour of certain variables over time. 

Participants need to determine the main variables that are considered to be accumulated levels 

that produce the behaviour in a system over time (stocks) and variables that are rates that change 

the identified level variables (flows) (Van den Belt, 2004; Uriona Maldonado et al., 2012; 

Walrave and Raven, 2016). 

As a next step, a modeller needs to start connecting the variables by writing a set of equations and 

populating them with values to create a first iteration of the mathematically formulated SD model. 

Using additional qualitative data or general patterns that cannot be found in the literature or 

produced from the previously conducted research steps (i.e., structural analysis with MICMAC) 

should be used. Once the initial SD model has been constructed by a modeller, another workshop 

should take place to develop an adequate mathematical representation of the situation which is 
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being researched. Discussion should be conducted around the best way to: evaluate certain 

variables; define the initial values of some uncertain levels, rates and auxiliary variables; and 

identify potential management strategies, key levers, policies and decision-making interventions. 

It is worth noting that sometimes the values and functions can be added to the model as 

assumptions, as the modeller will revise them for every iterative step and continuously increase 

their precision. The extracted data has to be translated into an SD programme. This study used 

Vensim® software version DSS 7.2, developed by the Ventana systems (Vensim DSS, 2018). 

The formulated SD model needs to be refined after the workshops. It is necessary to transfer all 

of the collected qualitative data into mathematical form (e.g., if-then rules, general patterns, 

certain probabilities and Monte-Carlo sensitivity analysis). Then, several preliminary SD 

simulations has to be completed in order to fully parameterise and calibrate the developed SD 

model. 

6.3.4 Stage 4: Model Analysis 

The model analysis stage is essential in establishing confidence in the model correctness and 

usefulness before it can be used for decision-making, scenario runs and policy analysis (Sterman, 

2000; Eker et al., 2017). Undoubtedly, it is important to understand why and how certain model 

output emerged. In particular, the model testing process explores how sensitive a model output is 

to changes in model parameters and how well the modelled system corresponds to real world 

behaviour. Once the model is subsequently validated, it is capable of supporting decisions when 

considering policy design. Nevertheless, according to Forrester and Senge (1980), “there is no 

single test which serves to ‘validate’ a system dynamics model. Rather, confidence in a dynamic 

simulation model accumulates gradually as the model passes more tests and as new points of 

correspondence between the model and empirical reality are identified.” In other words, SD 

models are not validated but tested as truthful so modellers (and the users) can gain more 

confidence about the model (Sahin et al., 2018). Moreover, models cannot be proved valid but 

can be judged as complex systems are dynamic and change unpredictably. 

While there is no single approach to testing SD models, there is a great number of validation tests 

depending on the particular purpose the model needs to be properly assessed for (Maani and 

Cavana, 2007; Ruutu et al., 2017). A sensitivity analysis is essential for the identification of 

parameters that have strong effects on the model outputs related to certain policy implications. In 

other words, the degree to which the system changes reveals the model’s sensitivity to these 

parameters. 

Validation tests are usually based on: a model’s structural validity to ensure the structure of the 

model is an appropriate representation of the system (e.g., extreme conditions test, parameter 

verification test, etc.); and behavioural validity to ensure the model is able to produce an 
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acceptable output behaviour with sufficient realism and quality (e.g., behaviour prediction test, 

change-behaviour test, etc.). 

First of all, each equation needs to be checked to confirm the unit’s consistency (i.e., dimensions 

of the left part of the equation are the same with the right part). Additionally, the robustness of a 

model can be continuously tested by comparing it to the initially generated reference modes. 

Model validation is a gradual process of establishing confidence in an SD model. 

In order to build the confidence regarding the model usefulness and realism, we constantly 

involved stakeholders throughout the modelling process via stakeholder workshops and expert 

consultations. Stakeholder engagement ensured the model outputs adequately reflect the real 

situation by adjusting the modelling logic. 

6.3.5 Stage 5: Model use and Recommendations 

The last stage in the modelling procedure is the model use stage, that is, model application in 

decision-making and policy design that incorporates a system perspective for when there is 

uncertainty (Van den Belt, 2004; Voinov, 2010; Grösser, 2017). In this research, outputs from the 

conducted structural analysis with MICMAC and consultations with stakeholders were used to 

define and evaluate the potential strategic pathways to apply the policies to overcome innovation 

diffusion challenges in the Russian construction industry. Moreover, experts assisted a modeller 

in discussing important scenario settings and distinguishing strategically important policies 

associated with guidelines and recommendations. 

Scenario planning and analysis will be dependent on the research problem being studied. For this 

study, the model’s behaviour is analysed in the context of different transition pathways (Markard 

et al., 2012; Kubiszewski et al., 2017). The transition scenarios concept considers a range of 

scenarios that incorporate one ‘business as usual’ situation with no transition occurring and four 

other different kinds of transition pathways, depending on the two most relevant and most 

uncertain drivers for the construction innovation. In this research, a range of plausible futures are 

to be discussed with stakeholders in the form of ‘What if’ questions related to a number of 

scenarios that arise from various regimes, level of collaboration among the actors and goals within 

the construction innovation system. 

After agreeing on the key scenario settings and most effective policies, a modeller applies these 

conditions to the model and creates decision rules and recommendation frameworks. This process 

is more than just changing the parameters values and includes the optimisation of the resilience 

of the system in the face of external changes. As mentioned above, it is important to engage 

stakeholders in this process in order to potentially implement the planned changes. Moreover, the 

last stage of the modelling process does not end when a particular problem is solved as it can be 
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applied for solving some similar problems. For application details regarding each stage of the 

modelling process and stakeholder engagement methods, please refer to the next section and 

Table 6-2, respectively. 

6.4 Application of IPSM Approach to Construction Innovation   

As previously mentioned, the chosen IPSM approach aims to support the understanding of the 

multi-dimensional construction innovation process by actively involving stakeholders (Table 6-

2). The study participants were: researchers and academics specialising in construction 

management, civil and structural engineering; designers, project managers and directors of 

construction companies; and public servants with roles related to the construction industry. 

Readers should note that detailed Appendix D augment this IPSM application. Appendix D-1 

describes the profile of the stakeholders involved in the case study. 

6.4.1 Case Study: Construction Innovation System in the Russian Federation  

The theoretical framework of the construction innovation system, and the main actors examined 

in this study, is illustrated in Figure 6-2 representing the dynamic feedback phenomenon. A 

detailed background of the case study including the Russian construction industry context, 

Russian construction innovation policy, etc. is provided in Appendix D-2. 

 

Figure 6-2:  Theoretical framework of the construction innovation system  

6.4.2 Stage 1: Problem Scoping 

As the first stage of the systems modelling process, a comprehensive review of the existing 

literature was performed followed by an exploratory study in order to define the problem to be 

addressed, identify the research goals and set the foundations for the further structuring of the 

problem. By doing so, experts were engaged to gather data about current situation in the 

construction industry in Russia as well as to discuss and analyse the barriers and drivers that most 

significantly affect construction innovation diffusion.  
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Table 6-2: Participation of stakeholders in each stage of the IPSM process 

Task Purpose Input Output Stakeholder 

engagement form 

Sample questions  

Modelling stage 1. Problem scoping 

Exploratory 

study 
 To identify research goals and 

objectives 

 To identify the most 

significant factors within the 

construction innovation 

system that influence the low 

rate of innovation diffusion 

Proposed research 

goals and objectives, 

comprehensive 

literature review  

 Case study context  

 Statistical analysis of 

barriers, enablers and 

strategies that affect 

construction innovation 

diffusion most significantly 

Questionnaire 

survey and one-on-

one semi-structured 

post hoc interviews 

 Rate the significance of a set of listed 

barriers to introducing / implementing new 

technology or practices using a five-point 

Likert scale 

 Do you believe that the government is 

obliged to support innovation in the 

construction industry? 

Modelling stage 2. Conceptualisation 

Identification 

of the key 

variables  

 To confirm the main 

variables describing the 

problem of the low level of 

innovation in the construction 

industry  

Comprehensive 

literature review and 

exploratory study 

outcomes  

 List of 30 key variables  One-on-one 

consultations with 

expert stakeholders 

(here after experts)  

 What variables from the following list are the 

most essential elements that describe the 

dynamics of innovation diffusion within the 

construction innovation system? 

Structural 

analysis using 

the MICMAC 

technique  

 To deeply understand and 

quantify the relationships 

between factors affecting 

construction innovation 

diffusion  

Expert opinion and 

judgment  

 Conceptual model as a 

CLD 

 Identification of the 

variables types 

(endogenous, exogenous, 

excluded)  

 Identification of initial 

scenario/policy options  

Opinion survey 

through one-on-one 

structured 

interviews  

 Complete the cross-impact matrix by 

answering the question “If variable i 

changed, what would be its direct impact on 

variable j?” 

Confirmation 

of the system 

boundary  

 

 To refine the initial 

conceptual model generated 

from the previous research 

step outcomes 

 To discuss dynamic 

hypotheses 

 To capture experts’ opinions in 

regards to various 

construction and innovation 

management practices 

 

Final conceptual model 

based on the MICMAC 

analysis 

 Extended CLD 

 

 

Three facilitated 2-h 

workshops  
 What elements would you include as 

transition variables between these pair of 

variables? 

 Do you believe this process is correct? If not, 

why not?  
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Task Purpose Input Output Stakeholder 

engagement form 

Sample questions  

Modelling stage 3. Dynamic model formulation 

Initial SD model 

development 

 

 To discuss the structure and 

behaviour of the real system  

 To identify system sectors 

(sub-models)  

 To analyse feedback loops 

and to identify time delays  

 To identify the key stock 

and flow structure for the 

system under study 

Preliminarily SD model 

produced based on the 

previous modelling steps 

 The initial SD model of 

the construction 

innovation system  

 

A facilitated 1-day 

workshop 
 What is the priority issue that emerges from the 

preliminary model that you would like to 

investigate further?  

 Do you expect this variable to increase, remain 

the same, or decrease in the future? 

 In your opinion, what variables are accumulated 

levels that produce the behaviour of the system 

over time?  

 What variables are rates that change the 

identified level variables? 

Equation 

writing and 

parametrisation  

 To build a formal 

simulation SD model 

 To discuss potential 

management strategies, key 

levers, policies and 

scenarios 

Initial SD model of the 

construction innovation 

system  

 

 Refined SD model  A facilitated 1-day 

workshop 
 In your opinion, what is the best way to evaluate 

this variable?  

 What units would you suggest to use in order to 

quantify this model element?  

 Within the current system, what management 

and/or decision-making interventions are 

available to you? 

 How are these interventions connected to the 

existing components within the system under 

study?  

Modelling stage 4. Model analysis 

Model 

validation and 

calibration 

 To check if the function of 

the modelled system 

corresponds to real world 

behaviour 

Refined SD model 

representing the problem 

of innovation diffusion in 

the construction industry 

 Final SD model   One-on-one expert 

consultations 

Do you believe this process is correct? If not, 

why not? 

 Modelling stage 5. Model use and recommendations 

Scenario and 

policy analysis   
 To eliminate strategically 

important policies, 

associated with guidelines 

and recommendations 

Final SD model    Identification of potential 

strategic pathways to 

overcome innovation 

diffusion challenges in 

the Russian construction 

industry 

One-on-one expert 

consultations 
 ‘What if’ questions related to various scenarios  

Notes: Task = research steps within each of the five modelling stages participants were involved into; Purpose = goals that researchers targeted to achieve within each research step/task; Input = previous research 

steps outcomes and/or data needed to successfully perform a particular task via stakeholder participation; Output = outcomes of the stakeholder involvement within each research step/task; Stakeholder engagement 

form = different methods to engage stakeholders and collect data (i.e., via surveys, interviews, workshops, consultations); and Sample questions = Questions participants were asked during interviews, workshops, 
consultations and so on.
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The problem to be modelled was identified to be focused on the poor innovation performance in 

construction that should be seen in the light of the industry complexity and the inherent dynamics 

of the innovation diffusion within the construction innovation system. Hence, the overarching 

research goal was to define what policy recommendations and various innovation planning 

strategies the Russian government, industry and universities should implement to achieve the 

robust development of the construction industry and overcome the excessive conservatism over 

time. 

6.4.3 Stage 2. Conceptualisation 

Model conceptualisation phase assists a modeller in structuring the systems problem and 

assigning the model boundaries. This stage is particularly important for our research given the 

multi-actors nature of the system under study and lack of data involved. In order to achieve a 

higher level of innovation activity within the construction sector it is fundamental to identify how 

the cause-and-effect relationships among the variables of the innovation system can be combined 

into a complex model. The use of the conceptual model allows for a comprehensive assessment 

of the impact of various policies and deeper investigation on system’s behaviour under various 

scenarios. 

6.4.3.1 Structural Analysis  

Structural analysis using the MICMAC technique was performed to identify key factors and their 

influences on each other. The analysis enables a modeller to underline the variables that are 

essential to the system’s evolution. A unique feature of the IPSM approach presented herein is 

that is uses the empirically conducted structural analysis procedure to aid CLD formulation. 

Once the list of the most relevant variables within the construction innovation system was 

confirmed, a cross-impact analysis was performed in order to identify the role of the variables. 

By doing so, an opinion survey with the stakeholders was conducted. The experts quantified 

potential relationships between the system’s elements based on four rates of direct influence of 

the variables on each other: no influence (0); weak influence (1); medium influence (2); and strong 

influence (3). Figure 6-3 shows an aggregated structural analysis matrix linking the constitutive 

variables (Godet, 2006). The next step aimed to indicate the influence and dependency level of 

each variable by calculating the sums of each row and column. The MICMAC software 

(MICMAC, 2018) was used to cumulate the rows and the columns for each element. As a result, 

the variables were ranked based on their dependency and influence level (Figure 6-4). 

As previously mentioned, taking into account the complexity and inherent dynamics of the 

problem under study, various stakeholder views should be systematically interpreted in light of 

several essential pathways to a rational decision-making process. 
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Figure 6-3: Matrix of direct influence 

 

Figure 6-4: Ranking of variables influence and dependency 

Consequently, the variables were ranked for three groups of the system actors separately, 

according to their influence on other variables and the system as a whole (Figures 6-5 and 6-6). 

The ‘Industry’ category was represented by construction firms’ employees and design engineers 

(Appendix D-1 Table D-1.1). The ‘Government’ participants were experts in the construction and 

innovation policies area. The ‘Academia’ participants were researchers and academics working 

in engineering and construction management fields. 

According to the conducted structural analysis outcomes, there is a high level of agreement among 

the three groups of interviewed experts on identification of the role of various elements in relation 

to the construction innovation system. For instance, there is a prevailing focus on public strategies 

and collaboration metrics such as level of R&D activity, R&D collaboration and applied research. 

Nevertheless, some of the factors seem to be more essential for the industry and universities than 

for the government and vice versa. Thus, construction firm representatives and researchers tend 

to believe that the public sector plays a primary influential role in the innovation diffusion process 

as the level of administrative barriers, government incentives and regulation are seen to be 

impacting the level of innovation performance in the sector the most. 
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Figure 6-5: Influence ranking of variables by different actors within the construction 

innovation system 

 

Figure 6-6: Dependency ranking of variables by different actors within the construction 

innovation system 

On the other hand, public servants prefer the industry itself to take more initiatives in boosting 

the innovative activity, increasing private R&D expenditure and undertaking more research 

activities along with the research institutions. As mentioned above, construction firms and 

academia are the actors that generate innovation while government actions are the most significant 
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drivers to innovation in Russia. Consequently, it is fundamental to understand the different and 

common interests of all actors within the construction innovation system in order to improve the 

industry’s innovative capabilities and innovation performance. In terms of the dependent 

variables, all the groups agreed that the innovation implementation outcomes (e.g., quality of 

construction projects, client satisfaction and profit maximisation) are highly dependent. 

One of the main goals of the structural analysis using impact matrix cross-reference multiplication 

applied to a classification (MICMAC) technique is to understand individual roles of the elements 

within the system under investigation which in turn assists a modeller with recognising the key 

variables associated with strategies and policies, formulated and enforced by decision-makers. 

Those roles could be identified from direct or indirect influence/dependence maps that are 

generated by MICMAC software (Figures 6-7 and 6-8). 

 

Figure 6-7: Influence/dependence map for direct influences in the construction innovation 

system 

Every variable could be classified into the following categories depending on the quadrant they 

belong to:  

 Influential variables act as input variables that exert strong influence on other elements 

and the system as a whole when they change. On the other hand, those factors are not 

dependent on the others. This group of variables must have a priority for decision-makers 

when considering strategic actions and policy design under different scenarios. 

 Dependent variables represent output variables that have low influence but are the most 

impacted by other variables and the system. 
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 Relay variables are both highly influential and dependent. These variables 

describe the system and condition of its dynamics as they are the most unstable 

and could change to be input or output variables. 

 Autonomous variables are neither influential nor dependent and have low potential to 

affect the system. In other words, these variables exist within the system but are not 

controlled by the dynamics of the model. 

 

Figure 6-8: Influence/dependence map for indirect influences in the construction 

innovation system 

As can be seen, the key influential and relay variables again confirm the importance of the public 

sector’s role within the construction industry in Russia (Figure 6-7). 

The comparison between the maps for direct and indirect influences reveal hidden key variables 

or influences. Some of the factors have higher potential to change the dynamics of the system. 

For instance, the profit maximisation variable became more influential, proving to be not only an 

important result of successful innovation implementation but also a significant motivating factor 

while considering investing in innovative solutions. The level of tax incentives variable became 

less influential while the government incentives variable shifted to become more influential. 

Hence, government support in the form of additional grants, funds and subsidies is a more 

significant driver that encourages construction firms to innovate. 

6.4.3.2 CLD Development  

After the role of each variable was identified, it was necessary to look at the system as a whole in 

order to understand how the variables are interrelated. Therefore, as the next step, influence 



Chapter 6 – System dynamics model development 

130 | P a g e  

 

graphs were created using the MICMAC software (MICMAC, 2018) to highlight the networks of 

elements that influence one another. Interconnections among the variables were indicated by 

arrows that represent different levels of impact of the variables on each other from weak to strong. 

Within the context of systems modelling, these arrows illustrate the dynamic behaviour of the 

system while the influence diagrams are associated with a cause-and-effect diagram (Figure 6-9).  

 

Figure 6-9: Conversion of the direct influence graph into a CLD  

It is clear that MICMAC influence graphs are not user-friendly, particularly for the stakeholder 

engagement purposes. However, as mentioned previously, the graphs work as an initial reference 

for the logical building of a CLD. The process of a qualitative model construction is always 
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subjective. Nevertheless, the transformation of the generated influence diagrams into the systems 

conceptual model in a form of a CLD is based on a comprehensive analysis of interconnections 

among dynamic variables. Furthermore, a solid theoretical foundation along with previously 

conducted exploratory study followed by expert participation sessions corroborate the modelling 

process. The visualisation of conversion of the influence graph into a CLD is illustrated in Figure 

6-9. 

As can be seen in Figure 6-9, only the strongest connections among the key variables were 

observed. The analysis investigates how the elements affect each other and how their actions can 

be transmitted throughout the system. It also should be taken into account that relations between 

some of the variables can occur through other variables. Additionally, a modeller applies the 

accurate knowledge when identifying positive and negative causal relationships by answering the 

question: “What are the impacts of variable i on variable j at the present?” The polarity is ‘+’ 

when two elements change in the same direction (i.e., increase or decrease together). The polarity 

is ‘–’ when one variable increases while the other decreases and vice versa. 

Seven main feedback loops emerged from the constructed CLD representing involvement of the 

industry, government and academia in the innovation process within the construction innovation 

system (Table 6-3). The relationships among the variables are dominated by reinforcing loops. 

The same reinforcing loop can have positive or negative impact on the system, depending on how 

the loop is triggered. In other words, reinforcing processes can be helpful for improving the 

innovation performance in the construction industry, or can serve to hinder the industry 

development. The positive description of the identified feedback loops is provided below. 

R1 industry motivation: The innovation implementation leads to an increase in construction 

companies R&D activity as a result of quality improvement and client satisfaction as ones of the 

most essential industry motivation points. Subsequently, stronger involvement of construction 

organisations in research activities enhances further applied research.  

R2 government’s role: By playing various roles in the construction innovation process a 

government has the power to make the industry and universities collaborate in order to provide 

the basis for absorbing and implementing R&D results. In other words, the strengthening of 

government intervention in the innovation process through various incentive mechanisms leads 

to greater partnerships and collaborations between the actors of the construction innovation 

system by supporting strategic innovative projects with greater industry participation. 

Subsequently, these connections build a robust foundation to the further development of public 

universities and research centres following by greater need for government involvement.  
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Table 6-3: Summary of the main feedback loops in CLD 

Feedback 

loops  

Loop name Structure Key message 

R1 Industry 

motivation  

Level of innovation → Quality of construction 

projects → Client's satisfaction → Level of private 

R&D activity → Level of applied research→ Level 

of innovation 

Increase in construction 

companies R&D activity 

due to improving business 

performance  

R2 Government’s 

role 

Level of government intervention → Government 

incentives → UIG partnership → UI R&D 

collaboration → Level of innovation → Level of 

applied research → Level of public R&D activity 

→ Level of government intervention 

Government involvement in 

the construction innovation 

process 

R3a, R3b Practical 

application  

Level of applied research → Level of innovation → 

Level of applied research 

Level of applied research → Level of private R&D 

activity → Level of applied research 

Necessity of research results 

application  

R4 Reduction of 

regulatory 

burden  

Import substitution → Government regulations → 

Level of administrative barriers to innovation → UI 

R&D collaboration → Level of innovation → 

Level of applied research → Import substitution 

Building environment for 

the development of domestic 

innovations  

R5 Need for 

innovation   

Client's demand → Level of private R&D activity 

→ Level of applied research → Import substitution 

→ Client's demand 

Requirements of the import 

substitution policy  

B1 Expectation 

of short-term 

profit 

Level of innovation → Quality of construction 

projects → Final product cost → Profit 

maximisation → Level of private R&D activity → 

Level of applied research → Level of innovation 

Industry’s conservatism due 

to high expenses and 

insufficient short-term 

profits  

B2 Support for 

innovation   

Level of private R&D activity → Level of 

government intervention → Government 

incentives → Level of private R&D activity 

Necessity of additional 

support in order to boost an 

innovative activity 

B3 Overcoming 

isolation 

Level of private R&D activity → Level of public 

R&D activity → UIG partnership → Level of 

private R&D activity  

Implementation of policies 

that promote R&D 

collaboration 

R3a, R3b practical application: Given the nature of construction innovation, it is necessary to 

transfer laboratory ideas and research results to the practical environment, which in turn leads to 

new opportunities for research centres to develop, test and evaluate new technological solutions. 

R4 reduction of regulatory burden: The Russian government tends to take measures aimed at 

promoting the production of domestic innovative materials and technologies as a response to 

inflicted Western sanctions. The process affects changes in construction-related legislation, rules, 

and building codes, that leads to simplifying administrative procedures. Hence, simplification of 

administrative procedures increases the chances of strengthening the contracts between 

universities, research centres and construction companies, which in turn enhances import 

substitution process.  

R5 need for innovation: As a main client, the government is able to significantly influence and 

motivate construction companies to innovate through increasing the demand for cutting-edge 

products and processes in order to promote domestic science and further industry development.  
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There is a balancing loop B1 that represents side effects and consequences that can hinder the 

innovation process. Consequently, in order to limit the negative impacts of increasing costs and 

decreasing R&D activity, additional promotions (loops B2 and B3) are needed in order to boost 

the economic interest of firms without forcing them to wait for short-term economic benefits.  

B1 expectation of short-term profit: Following a client’s requirements for implementing 

innovative solutions, a construction company, however, experiences significant business 

expenses. As a result of the increase in the quality of the final product, construction costs can be 

high and lead to low profits in the short-term prospective. Hence, construction companies prefer 

to stay conservative and do not invest in R&D. This leads to a drop in the industry’s interest in 

being innovative.  

B2 support for innovation: High costs may be significant due to the implemented innovative 

solutions and make it hard for construction firms to compete. As a result, insufficient industry’s 

innovative activity takes place. This situation pushes the government to intervene by applying 

appropriate fiscal measures and incentive mechanisms in order to increase the attractiveness of 

research investments and stimulate not only those who implement innovations but also those who 

discover and develop them. 

B3 overcoming isolation: In the majority of cases the insufficient technical and technological 

capabilities of construction companies hinder the industry’s ability, not only to implement 

innovative solutions, but also to quickly adapt to new opportunities. In order to cope with the 

unwillingness of the industry to innovate, the government implements policies that promote 

science, and invests in higher education and techno-parks to entice public R&D activity first. This 

in turn establishes integrated R&D collaborations required for effective implementation of 

technology-using strategies and research commercialisation, and boost industry participation in 

the process (Kim and Park, 2009).  

As the next step, stakeholder workshops were conducted to refine and extend the initial conceptual 

model created on the base of the structural analysis with MICMAC. As a result, a representation 

of the problematic situation of innovation diffusion within the construction innovation system 

was generated (Figure 6-10). A comprehensive description of the step-by-step CLD extension and 

the feedback loops within the model is given in Appendix D-3. 

6.4.3.3 System Archetypes  

In order to more effectively understand the root causes of the challenges and complex 

management issues, visualise the high leverage interventions, and predict the system behaviour, 

four system archetypes were identified in the CLD representing the construction innovation 

system in Russia. The archetypes include limits to growth, shifting the burden, tragedy of the 
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commons, and eroding goals. As an example, two archetypes are explained below: limits to 

growth and shifting the burden.  

 

Figure 6-10: Development of an extended CLD  

The limits to growth archetype represents a process where accelerating growth is limited by a 

constraint that restricts growth or success. In other words, a period of growth initially starts due 

to the reinforcing loop, then is followed by a period of deceleration as the balancing loop inflicts 

limits and, eventually, pushes back on the reinforcing loop. As a result, a virtuous or a viscous 

cycle occurs due to the continuing efforts that lead to diminishing returns as limits are approached 

(Senge, 2006). A number of large and medium-sized construction firms in the Russian Federation 

were identified to have this archetype since the growth in the number of innovative companies 

becomes constrained as feedback dominance shifts from a reinforcing to a balancing loop (Figure 

6-11).  

As detailed in Appendix D-3, imitative construction companies and firms involved in R&D 

accelerate the industry development. This reinforcing loop is the engine of the level of innovation 
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in the construction sector growth. However, the process has a balancing loop which limits this 

growth, i.e. approaching market saturation that gradually decreases the number of potential 

innovative companies (Figure 6-11). Mainly large and medium-sized construction firms tend to 

have a potential capability to implement innovative solutions in the Russian context. 

Consequently, strategies to increase the market size become one alternative issue to improve the 

innovation performance. Moreover, the innovation rate is affected by companies’ readiness to 

adopt innovations from competitors or develop their own.  Within the government program in 

which prospective companies have effectively received financial support, they have a tendency 

to invest in innovative solutions in order to become competitive and improve the business 

performance indicators.  

 

Figure 6-11: Number of large and medium-sized construction firms: Limits to growth 

archetype 

The shifting the burden archetype describes a situation where relatively simple quick fixes lead 

to apparent success and, as a result, become addictive in tackling the urgent problems before 

dealing with ambiguous and complicated situations. On the other hand, more fundamental 

solutions are not attractive as they take much longer to apply and require a large commitment of 

resources. However, these quick fixes have only temporary benefits and cause serious side effects 

that escalate the real problem (Senge, 2006). Consequently, the initial problem reoccurs over time 

with greater intensity that leads to significant delays in implementing long-term fundamental 

solutions to the problem. An ‘Innovators vs. imitators’ problematic situation was identified within 

the CLD to have this archetype as ‘firefighting’ behaviour which usually prevails among potential 

innovative construction organisations. There is a tendency to adopt innovative solutions from 

other successful companies (i.e. imitate others) rather than boosting innovation by collaborating 

with researchers and scientists (Figure 6-12).  

As discussed previously, when there is a need to implement innovations in the construction 

process, companies have two options to become innovative: to be involved of the R&D activity 

or adopt already known technological know-how.  Both options have a significant impact on the 

industry development due to active innovation diffusion process. However, the imitative strategy 

is much less cost and labour intensive, and, therefore, tends to become a priority among 
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companies willing to introduce novel solutions and technologies. Unfortunately, it is a quick fix 

gradually leading to diminution in the already relatively weak interest of firms in R&D progress 

(Figure 6-12). In the long term, investing in local research and science would create know-how, 

new employment, and industrial development. Therefore, the strategy to overcome low 

innovation performance problems should focus on strengthening the university-industry links and 

allocate resources to support domestic R&D. 

 

Figure 6-12: Innovators vs. imitators: Shifting the burden archetype 

6.4.4 Stage 3: Dynamic Model Formulation 

After the model refinement stage, stakeholder workshops were held (Table 6-2) in order to 

translate the created CLD into a quantitative dynamic model to allow simulation of the system. 

The quantitative model is presented as a stock and flow diagram which is a graphical 

representation of a mathematical model. Such diagrams are able to capture the model structure 

and the interrelationships between the variables. The equations of the model have been regulated 

by using data from the development strategies (RSCI, 2015, 2017), statistical sources 

(Gorodnikova et al., 2017; FSSS, 2018), previously conducted structural analysis with MICMAC 

and stakeholder workshops. One of the main outcomes of the model is behaviour of the ‘level of 

innovation’ variable that measures the frequency to which construction enterprises perform 

technological innovative activities. Due to the complexity of the stock and flow diagram, only an 

extract of the stock and flow diagram that represents the core of the innovation diffusion process 

in the construction industry is provided (Figure 6-13). Stocks are symbolised by rectangles; flows 

are represented by arrows that flow into the stock (inflows) and out of the stock (outflows); and 

clouds represent the sources or sinks for the flows.  

As mentioned previously, the proposed model of the construction innovation system integrates 

the core structure of the Bass diffusion model (Bass, 1969; Kunc, 2004; Baur and Uriona 

Maldonado, 2018) from the industry-wide perspective. Innovation and imitation rates represent 

the number of construction companies that implement technological innovation through R&D and 
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adopt from others annually, respectively. Additionally, based on the discussions with experts, we 

introduce an Innovativeness attraction rate variable. In other words, a construction firm may be 

potentially capable of becoming innovative, however, a number of significant conditions 

influence its decision to consider higher investments in cutting-edge ideas. Hence, potential 

innovative companies should be willing to innovate before becoming actual innovative 

companies. 

 

Figure 6-13: Stock and flow diagram of innovation diffusion in the construction industry 

Innovativeness attraction rate (Equation 6.1) is influenced by a number of factors aggregated into 

an ‘Attractiveness of being innovative’ term defined in collaboration with the stakeholders. 

𝐼𝐴𝑟𝑎𝑡𝑒 = 𝑃𝑖𝑐 × 𝐴/𝑡𝑎𝑑𝑗𝑢𝑠𝑡             (6.1) 

where: 

 𝐼𝐴𝑟𝑎𝑡𝑒 is the innovativeness attraction rate 

 𝑃𝑖𝑐 is the potential innovative companies 

𝐴 is the attractiveness of being innovative  

𝑡𝑎𝑑𝑗𝑢𝑠𝑡 is the time for industry to adjust to attractiveness factors. 

‘Attractiveness of innovation’ is an index, which takes normalised values between 0 and 1 and 

refers to how strong is a company’s desire to implement innovations based on the following 

important factors:  
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 business performance of construction companies is a function of a company's 

profitability and client satisfaction as ones of the most essential industry motivation 

points 

 level of government support refers to a state of public support and public policies (e.g., 

federal targeted programmes and direct financial investments) 

 level of administrative barriers to innovation represents barriers related to the 

conservative building codes and standards, technical regulation, to name a few. 

All of the influential variables have values of 0 to 1 (0 to 100%, alternatively). The normalisation 

procedure is based on the literature (HSE, 2013; Suprun and Stewart, 2015; Suprun et al., 2016; 

Eriksson and Szentes, 2017; Ozorhon and Oral, 2017), government reports (RSCI, 2015, 2017) 

and stakeholder workshops. Table 6-4 shows categories of the three variables-indicators. A 

comprehensive explanation of every category is given in Appendix D-4. 

Table 6-4:  Qualitative scale for the variables impacting attractiveness of innovation 

Variable Scale (%) Characterisation 

Administrative barriers 

<20 Acceptable 

20–39 Medium 

40–59  High 

60–79 Excessive 

80–100 Insurmountable  

Government support 

<20 Insufficient  

20–39 Poor 

40–59  Adequate 

60–79 Sufficient 

80–100 High 

Industry business performance 

<20 Poor 

20–39 Unsatisfactory 

40–59  Satisfactory 

60–79 Good 

80–100 Excellent  

Given the highly qualitative nature of the key variables, the relationships between them need to 

be quantified. In the modelling process, the specified non-linear relationships are used as lookup 

functions. In order to identify the influence of each of the mentioned factors on the attractiveness 

level, experts were asked to create a graphic description of the relationship between the variables 

(Ford and Sterman, 1998; Hovmand, 2014). Figures 6-14a to 6-14c illustrate distinguished non-

linear relationships between change in the level of administrative barriers to innovation, level of 

government support and business performance of construction companies and the change in 

attractiveness of innovation, respectively. 
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       (a)        (b)         (c) 

 Figure 6-14: Relationship between the level of attractiveness of innovation and (a) 

level of administrative barriers, (b) level of government support, and (c) business 

performance of construction companies 

Figure 6-14a implies that the higher the level of administrative barriers to innovation, the less 

desirable innovations are seemed to be for companies. It is simply because the time and 

investments needed to overcome these impediments sometimes are not worth it. Subsequently, 

lower levels of barriers contribute positively to the innovation process. This relation is consistent 

with literature (HSE, 2013; Dansoh et al., 2017). The graph represents an exponential decay 

behaviour created by a reinforcing loop. The relationship between attractiveness and government 

support is defined by a goal seeking behaviour arising from a balancing loop (Figure 6-14b). The 

more government provides incentives for construction organisations the more they tend to be 

involved in the innovation process. However, as discussed with the experts, government funding 

is constrained and incentives will not go forever. Moreover, at some participants pointed out, 

companies have to be able to invest in know-how themselves. Finally, the relationship between 

attractiveness and business performance of companies that implemented innovation is graphically 

presented as an S-shaped growth (Figure 6-14c). In other words, the growth of the attractiveness 

level rises rapidly after an initial slow growth but then gradually slows until the state of the system 

reaches 1. 

Attractiveness of innovation is an index that aggregates three functions mentioned above. 

However, the roles of the impacting elements are not equal. The weight of each variable affecting 

attractiveness of innovation was calculated based on the previously conducted structural analysis 

with MICMAC (Table 6-5). 

Hence, the equation for the Attractiveness of innovation is the following: 

𝐴 = 0.41 × 𝐴(𝐴𝐵) + 0.33 × 𝐴(𝐺𝑆) + 0.26 × 𝐴(𝐵𝑃)                                       (6.2) 

where: 

𝐴 is the attractiveness of innovation index 
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𝐴(𝐴𝐵) is the level of attractiveness of innovation as a function of the level of administrative 

barriers to innovation 

𝐴(𝐺𝑆) is the level of attractiveness of innovation as a function of the level of government 

support 

𝐴(𝐵𝑃) is the level of attractiveness of innovation as a function of the industry business 

performance. 

Table 6-5:  Identification of attractiveness of innovation index through MICMAC analysis 

Variables 

impacting 

attractiveness of 

innovation  

Components of the 

impact variables (used 

in the MICMAC 

analysis) 

Components’ rate 

of influence on the 

level of innovation 

Impact 

variables’ 

rate of 

influence  

Weight of variables 

impacting 

attractiveness of 

innovation (%) 

Administrative 

barriers 

Level of administrative 

barriers to innovation 

68 68 41.2 

Government support Government regulations 46 54 32.7 

Government incentives 63   

Level of government 

intervention 

54 
  

Industry business 

performance  

Quality of construction 

projects 

48 43 26.1 

Client satisfaction 41   

Profit maximisation 40   

   165 100.0 

It is important to understand that any action taken by the government, industrialists or research 

institutes do not have immediate consequences. Thus, according to the government reports (RSCI, 

2015, 2017) and expert judgment, it takes approximately 2 years for construction companies to 

consider implementing innovative solutions as a result of active government involvement in the 

innovation process, high business performance and reduced administrative and regulatory burden. 

A comprehensive explanation of the SD model, including definitions, units, equations, 

assumptions and sources of data is given in Appendix D-4.  

6.4.5 Stage 4: Model Analysis  

Once the SD model was developed, it needs to be tested. There are a variety of tests to improve 

simulation models (Sterman, 2000; Maani and Cavana, 2007). We first verified dimensional 

consistency of the model in order to test its structural validity. Then a number of validation tests 

were conducted to check whether the model behaves realistically under extreme conditions. For 

instance, we checked that if the level of administrative barriers to innovation was insurmountable, 

the level of government support was insufficient and the business performance of construction 

companies implementing innovation was poor, then the attractiveness of innovation stays stable 

and maintains its initial value. As a result, the number of innovative companies practically does 
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not change as there is no motivation for them to be involved in the innovation process. A 

conducted sensitivity analysis confirmed that the model functions are sensitive to the parameters 

of the model as would be expected in real life. 

The simulation horizon was set to as twenty years to be able to explore the behaviour in the level 

of innovation change up to 2035 and compare the results with the government forecasts (RSCI, 

2015, 2017). The ability of the SD model to reproduce the behaviour that is observed in the real-

world, constitutes another validation test known as a behaviour reproduction test. The test showed 

that the model can produce behaviour patterns similar to the government forecast once the initial 

values are met correctly. The government forecast has been discussed in Appendix D-2 and the 

simulation results are shown in Figure 6-15. 

 

Figure 6-15:  SD model simulation results  

Table 6-6 shows a comparison of the model output and the forecast in the period between 2015 

and 2030. In the set of simulations, a pessimistic (baseline) scenario and an optimistic scenario 

are equivalents of the government predictions in the development strategies of 2017 and 2015, 

respectively (Table 6-6).   

On one hand, the baseline scenario was close to the readjusted targets provided in the 2017 

government predictions, i.e. the proportion of construction companies implementing 

technological innovation (i.e. 6.8% versus 7%). On the other hand, the SD model indicates that 

the initial ambitious plan of the government in 2015 was practically not achievable, i.e. predicted 

18% versus simulated 12.7%. It does not mean that such results cannot happen in the foreseen 
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future, however, a reconstruction of the construction innovation system in Russia needs to be 

done in order to achieve this optimistic level of innovation. 

Table 6-6: Government forecast and simulation results for the level of technological 

innovation (%) 

Year 
Government forecast Simulation results 

RSCI, 2017 RSCI, 2015 Pessimistic (baseline) Optimistic 

2015 2 2 2 2 

2016 2.3 3.5 2.1 2.1 

2017 2.6 4.2 2.2 2.5 

2020 3.5 9 2.8 4.7 

2025 4.5 14 4.6 10.2 

2030 7 18 6.8 12.7 

Table 6-7 shows different settings for the model variables. It is worth noting that within the 

optimistic scenario, values for the level of business performance and government support are high 

accompanied by an acceptable level of administrative barriers. The rate of companies involved in 

R&D and adopting innovative solutions from competitors also increase the number of innovative 

companies. Nevertheless, as mentioned previously, only large and medium-sized construction 

firms have a potential capability to implement innovative solutions. The proportion of such 

companies is around 15% in the base year. Hence, another thing to consider while investigating 

potential pathways to rational decision-making along with innovation planning strategies is to 

support the increase of the market size. 

Table 6-7: Input and output parameter values for pessimistic and optimistic scenarios 

Parameters Pessimistic (baseline) 

scenario 

Optimistic 

scenario 

A: Input parameters   

Business performance of construction companies (Index)   0.4 0.7 

Level of government support (Index) 0.4 0.8 

Level of administrative barriers to innovation (Index) 0.7 0.2 

Rate of industry and academia collaboration  0.011 0.017 

Rate of imitation  0.22 0.33 

B: SD simulation output parameters   

Attractiveness of innovation (Index) 0.238 0.665 

Innovators (No. firms) 3912 5281 

Imitators (No. firms) 17,710 34,860 

Actual innovative companies (No. firms) 21,620 40,140 

Level of innovation (%) 6.8 12.7 
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The model’s purpose is to serve as a virtual environment where various assumptions can be tested 

and explored to evaluate future scenarios. The model relatively closely matched the government’s 

more recent forecasts and tended to reproduce the main pattern of the predictions. Therefore, it 

can be considered to produce plausible dynamics for the system being studied. Moreover, the 

model development process was based on expert stakeholder input. The developed SD model was 

deemed to be sufficiently robust for stage 5 of the IPSM approach (i.e. scenario analysis and 

recommendations). 

6.4.6 Stage 5: Model Use and Recommendations 

For the purposes of scenario and policy analysis followed by a further model implementation, a 

set of simulations is required to get insights about the effects of selected strategies on future 

performance of the construction industry. Generally speaking, scenarios help to outline how 

behaviour of the system may change based on different sets of assumptions. Considering the 

dynamic multi-actor nature of the innovation system in the Russian construction sector, scenario 

analysis was chosen to be based on the transition scenarios that are meant to outline qualitatively 

different directions of how the construction innovation system might evolve in the future, based 

on different sets of assumptions (Geels, 2010; Farla et al., 2012; Walrave and Raven, 2016). 

Potential levers, policies and a range of plausible futures that incorporate various strategies were 

discussed with stakeholders and, as a result, four dynamic transitional pathways were presented 

for analysis. 

With respect to innovation diffusion process, the uncertainty is seen in how the construction 

industry development is going to be achieved: by creating conditions for efficient domestic R&D; 

improving regulation; and supporting collaboration within the innovation system. These core 

‘futures’ of the industry translated into the four transition scenarios illustrated in Figure 6-16. 

Utilisation of the developed SD model, through employing the innovative IPSM approach, for 

these four innovation ‘futures’ scenarios is outside the scope of the current paper and will be 

presented in future work. 

6.5 Conclusions and Future Research Directions 

Any problem can be presented as a system of interrelated factors while a model is a representation 

of a certain system. The purpose of the model is to deal with a specific problem by creating a 

simplified representation of reality rather than reflecting the system in detail (Sterman, 2000). 

This paper presents the formulation of a novel IPSM approach and demonstrates its application 

for building an SD model for innovation in the Russian Federation construction industry. The 

proposed methodology is different from all the other participatory modelling approaches as it 

provides a flexible way of data collection grounded in empirical structural analysis followed by a 

series of well-formalised workshops.  
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Figure 6-16: Construction innovation ‘futures’ transition scenarios 

The IPSM approach is capable of bringing together and involving stakeholders at all levels of 

participation, providing understanding of a structure of the system and behaviour resulting from 

the relationships between essential variables; and not only conceptualising the existing system 

but can also highlighting the potential effects of alternative scenarios over time. Moreover, it 

assists a researcher with moving between qualitative and quantitative data analysis techniques 

allowing the use of soft data in SD model building. The application of the IPSM has some 

advantages with compared to other participatory approaches as summarised in Table 6-1. These 

advantages include moderate time taken for a model development; moderate cost of a model 

development approach; high social learning among stakeholders participating in the modelling 

process; ability to incorporate different stakeholders’ opinion separately; degree of consensus 

reached during the modelling process; number of participants for a model development; and 

ability to deal with complex problems. A critical comparison of various participatory modelling 

approaches is provided in Section 2 of the paper, which reviews the methods strengths and 

weaknesses accompanied by differences in the modelling process according to the selected 

parameters. Based on the conducted review, it can be concluded that all approaches have not only 

common similarities but also a number of shortcomings to consider. IPSM approach takes into 

account advantages and disadvantages of existing participatory modelling approaches and, hence, 

may be considered to be an efficient participatory modelling procedure for building SD models 

in cases with similar problems to solve as well as where uncertainty in scientific knowledge and 

the lack of empirical data availability are the dominants. 

The structure of the introduced approach and the objectives of integration were successfully 

exemplified by the case study of the innovation diffusion process in the Russian Federation 



Chapter 6 – System dynamics model development 

145 | P a g e  

 

construction industry. The methodology was found useful in getting various stakeholders with 

diverse backgrounds to participate and bringing together their knowledge and views. This is 

particularly important when limited budget to conduct the study takes place accompanied by 

geographical distribution of stakeholders. The conceptual and SD models co-developed with 

stakeholders were able not only to capture the interdisciplinary with interrelated technical, 

economic and regulatory components but also to identify and evaluate key variables, alternative 

management options and the strength of relationships between variables. Moreover, one of the 

greatest advantages of IPSM approach over other participatory modelling approaches to develop 

SD models and support decision-making is that its flexible and easily enough to be understood 

and communicated and is most suited to modelling contexts where high levels of cooperation 

exist between diverse actors that make up the system. 

Based on the outcomes of the derived SD model using the IPSM approach, it can be concluded 

that support of research organisations and R&D is one of the most important conditions for the 

development of innovation potential in promoting new construction products and services. 

Specifically, it is essential for sufficient incentive mechanisms, such as government grants and 

subsidies that promote long-term collaboration between construction companies and research 

institutions. Moreover, the SD model identified streamlined administrative requirements and 

greater opportunities for designers to satisfy technical regulations and standards using innovative 

products and construction techniques as being key enablers for generating innovation in the 

Russian construction industry. 

The model revealed two core linked dynamic hypotheses describing the problem under 

investigation. The first dynamic hypothesis centres on how the industry, academia and the 

government can collaborate in order to support domestic R&D and accumulate innovation 

capabilities in the whole construction innovation system. The second hypothesis represents the 

cooperative activities of the industry, academia and the government aiming to most effectively 

diffuse a stock of already known innovations throughout the industry. Given the current 

situational context of the Russian Federation, participants indicated that it is the government’s 

mission to encourage national industry and research institutions to collaborate together to foster 

greater rates of innovation, with a reduced reliance on imports and international technology 

transfer. 

The reported findings should be interpreted in light of a couple of primary research limitations. 

First of all, it is not possible to objectively validate the developed SD model, as there are no 

proofs for absolute correctness of the SD model for this complex socio-technical problem. 

Nevertheless, the IPSM approach incorporates stakeholder input at most stages of the SD model 

development process. Secondly, the closed nature of the Russian construction industry meant 

that it was sometimes challenging to efficiently solicit responses from industry professionals and 
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government officers. Nonetheless, as shown in the stakeholder engagement plan (Table 6-2) the 

authors managed to obtain required expert opinion through a combination of group workshops 

and one-on-one consultations. Lastly, this research was conducted in the context of the Russia’s 

construction management and innovation policies, with stakeholders representing industrialists, 

academics and public servants based in Russia. However, many of the relationships between the 

actors within innovation systems are universal and the challenges arising from investigating these 

relationships are common in many industries and countries. Hence, the IPSM approach can be 

implemented by decision-makers, practitioners and researchers in an international context, taking 

differences in regulations and market structures into account. 

Further research is focused on using the herein developed SD model for identifying the potential 

pathways to rational decision-making along with associated policy and practice 

recommendations that aim to improve construction innovation performance in the Russian 

Federation. SD modelling will be conducted considering the various country and industry macro 

context transition scenarios that could arise. Regardless of the macro environment, all plausible 

scenarios and levers considered in the SD model must have a strong focus on the role of 

government policy in supporting innovation. 
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CHAPTER 7 

SYSTEM DYNAMICS MODEL SIMULATION  
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Examining transition pathways to construction innovation in Russia: 

System dynamics approach 

Abstract: The construction industry has often been criticised for its lack of innovation and 

commitment to R&D. Using a systems approach, this study examined a number of construction 

innovation system scenarios and policy interventions within the context of four future plausible 

Russian construction industry transition scenarios (i.e. business as usual, market forces, 

conservative development and innovation power). An integrated participatory systems modelling 

approach was employed to develop the system dynamics (SD) model incorporating the main 

actors of the construction innovation process, namely, industry, government and university. The 

SD model provides insight into the complexity and inherent dynamics of innovation processes 

caused by multiple feedback loops, nonlinearity, and time delays in decision-making. 

Construction innovation diffused more rapidly and seeded more innovators than imitators for the 

innovation power transition scenario, whereby increasing government R&D support was coupled 

with extensive reductions in barriers. The market forces and state-led conservative development 

transition scenarios showed similar levels of innovation outcomes within the modelling horizon, 

but predominately yielded innovation imitators. The extensive scenario analysis findings 

culminated in the formulation of policy recommendations for enhancing innovativeness in the 

Russian construction industry. 

 

 7.1 Introduction 

7.1.1 Construction Innovation Processes 

Construction is one of the largest economic sectors in the Russian Federation, however, it is very 

diverse and fragmented (Expert, 2007; Grigoryev, 2011; HSE, 2013; Suprun and Stewart, 2015; 

RSCI, 2017). It is generally accepted that the industry worldwide does not have a coherent model 

of innovation development, is unwilling to innovate and shows a conservative attitude towards 

mass inclusion of cutting-edge technology into construction processes (Slaughter, 1998; Blayse 

and Manley, 2004; Bossink, 2004; Ozorhon et al., 2010; Orstavik et al., 2015; Ozorhon and Oral, 

2017). Nevertheless, a high level of innovation performance is extremely important for the 

industry’s growth and the development a country economy. Many studies have been undertaken 

to examine innovation-related topics in the field of construction management (Egbu, 2004; 

Stewart, 2007; Panuwatwanich et al., 2008; Panuwatwanich et al., 2009a; Panuwatwanich et al., 

2009b; Davidson, 2013; Ozorhon, 2013; Davis et al., 2016; Dansoh et al., 2017; Yusof et al., 

2017). It is worth noting, that most of the aforementioned studies have addressed innovation 

processes in the industry by mainly focusing at the project and firm level. Nevertheless, according 

to Seaden and Manseau (2001), the innovation process is complex involving governmental and 
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other institutional actors that interact by jointly and individually contributing to the development 

and diffusion of innovations. In other words, the innovation process involves interactive relations 

among different actors and follows a non-linear path (Malerba, 2002; Manley, 2002; Andersson 

and Widén, 2005; Lim et al., 2006; Lim et al., 2007; Van Egmond, 2012; Loosemore, 2013). 

From this perspective, the innovation performance of the industry depends not only on how 

individual firms perform in isolation, but on how they interact with other actors. Hence, the 

current study is founded on the innovation system approach (Lundvall, 1992; Nelson, 1993; 

Malerba, 2002; Iammarino, 2005; Bergek et al., 2008; Uriona Maldonado and Grobbelaar, 2018) 

which stresses that understanding the relationships among the actors involved in the innovation 

process is the key to improvement of innovation performance of an industry. To be precise, the 

scope of the theoretical framework developed for the Russian construction innovation system has 

a strong focus on the linkages among the government, industry and academia (Suprun et al., 

2016).  

The construction industry, as well as other types of industries, develop continuously and as such 

is subject to dynamic processes (Lim et al., 2007; Lim and Peltner, 2011; Orstavik et al., 2015). 

Considering the multi-actor and dynamic nature of the construction sector, analysis of innovation 

performance should be undertaken from a non-linear and systemic perspective. In other words, a 

systems modelling approach is suitable for capturing dynamics within the construction innovation 

system. To the authors’ knowledge, this is the first comprehensively developed SD model that 

examines the relationships between the construction industry, academia and government, and has 

a focus on the challenging Russian Federation country context. In such a context, a robustly 

developed SD model is needed to understand how government policies and supportive programs 

can encourage industrialists to innovate, promote research and transfer technology, which will 

ultimately improve industry productivity and competitiveness. 

7.1.2 Measurement of Innovation Performance  

Innovation in construction can take different forms from design, construction methods and 

technical advances to procurement, project management and leadership (Ozorhon et al., 2010; 

Davis et al., 2016). However, there is not a single and complete generally accepted method of 

measuring innovation at the present time. This study considers the following key performance 

indicators (KPIs) as appropriate to assess innovation performance within the construction 

industry: 

 Industry innovative activity measured as the percentage of enterprises involved in 

innovation processes (Samara et al., 2012; RSCI, 2017) 
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 Innovation intensity measured as the percentage of total sector turnover spent on the 

development of industry innovative capabilities, technical competencies and innovation 

infrastructure (Montalvo and van der Giessen, 2011; Gorodnikova et al., 2018) 

 R&D intensity measured as overall (i.e. both industry and government) expenditure 

devoted to R&D activities as a percentage of GDP (Lim et al., 2007; Hampson et al., 

2014). 

Based on the existing construction management literature (Seaden and Manseau, 2001; 

Panuwatwanich et al., 2009a; Van Egmond, 2012; Xue et al., 2014; Orstavik et al., 2015; Yusof 

et al., 2017) and previously conducted studies (Suprun and Stewart, 2015; Suprun et al., 2016), 

we have identified three main factors that influence or force decision-makers within construction 

companies to acknowledge innovation implementation as a priority to improve efficiency and 

effectiveness: 

 Attractiveness.  There is a need to create an environment where organisations have 

interest in exploring innovation, have successful access to innovative technologies, and 

are able to maintain a high-tech business. In other words, innovations must be attractive.  

 Innovative capability. Construction firms need to allocate capabilities throughout the 

entire construction innovation system in order to achieve the benefits of a high-level 

innovation performance. In other words, it is necessary to have an ability to recognise the 

value of knowledge and apply it strategically. 

 Pressure. Given the growing domestic and international competition in the world of 

construction, only companies allocating sufficient investment into the new technology 

and highly skilled personnel may expect to have a stable position in the market. 

Additionally, there might be environmental, political and social pressure towards 

innovation.  

7.1.3 Current Conditions of Construction Innovation in Russia  

The Russian construction sector has been facing various challenges which hinder innovation 

processes. The industry’s unwillingness to implement innovative technological advancements is 

primarily caused by a lack of innovative capabilities as a precondition for application of new 

building materials, structures, design methods and construction methods. In the majority of cases, 

there are inadequate financial resources for contractors to support their innovative activities. In 

fact, the Russian construction sector spends only 0.1% of its total turnover on product and process 

innovation (Gorodnikova et al., 2018). In comparison, the industry’s innovation intensity in other 

similar countries such as Latvia, Slovakia and the Czech Republic has an average of 0.8%, while 

in developed countries it is more that 2% (Montalvo and van der Giessen, 2011). Hence, efficient 

financial stimulating mechanisms need to be further reinforced in the sector. 
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In addition to weak investment activity, there are excessive administrative barriers, inappropriate 

technical regulation, and variance of construction norms and codes to international standards. Due 

to a number of measures taken by the government to simplify the process of obtaining building 

licenses and documentation, Russia takes 115th place out of 186 for the time and ease of such 

procedures, compared to 156th place in 2015 (Doing Business, 2018). Nevertheless, 230 days are 

still spent dealing with the construction permits while for Europe and Central Asia it is 168 days 

on average. In comparison, it takes 27.5 days in South Korea (28th place), 86 days in the UK 

(14th place), 121 days in Australia (6th place), and 161 days in the Netherlands (76th place).  In 

addition to administrative obstacles, low construction productivity, which is also a result of 

insufficient levels of innovation, causes the slow construction processes. 

Another top challenge in innovation integration is procurement methods based on price 

competition that lead to declining productivity and quality of construction works. It makes 

innovative companies hard to compete due to innovative solutions expansiveness at the initiation 

stage. Under such circumstances, only leading companies can afford the cost of R&D and the 

development of innovative capabilities at a fast pace. Moreover, the ‘cost over quality’ purchasing 

practise may be a reason for the growth of corruption in the sector.     

The problem of significant underinvestment in R&D also holds true for the Russian construction 

innovation system. The conducted study (Suprun and Stewart, 2015) indicates weak interest in 

R&D on the side of the industry. Despite the promising scientific and research potential of 

research institutions and universities, the transfer of innovative laboratory ideas to the practical 

environment is only possible with the industry readiness to implement the results of R&D. In 

Russia, the overall expenditure devoted to R&D activities as a percentage of GDP is less than 

0.5% while in developed countries such as Germany, Australia, Denmark and the USA it exceeds 

2% (Hampson et al., 2014; Berezina et al., 2017). 

7.1.4 Transition Scenarios  

This paper develops an SD model that integrates the concept of a construction innovation system 

with the notion of macro industry transition pathways. Both qualitative and quantitative transition 

modelling techniques have recently been used for understanding different plausible ‘futures’ 

under alternative scenarios. The majority of transition research has been done within the fields of 

sustainable development (Farla et al., 2012; Costanza et al., 2016), global ecosystem services 

(Geels et al., 2016; Kubiszewski et al., 2017), and the energy sector (Li et al., 2015; Moallemi et 

al., 2017). 

Stakeholder consultation resulted in the formulation of four future industry transition scenarios 

for this study, with each one attempting to encapsulate its relevant innovation conditions (i.e. 
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government policy and incentives, firm characteristics, etc.) and causal outcomes (i.e. 

attractiveness of being innovative, innovation and R&D intensity, etc.).  

The transition scenarios were developed considering the variation of key factors. Two of these 

important but uncertain factors driving R&D in the construction sector were: (1) the conditions 

and level of government financial support; and (2) demand for innovation related to market 

expectations largely dictated by procurement processes. Considering the level of government 

support for construction innovation, this is a critical issue given the ever-changing political 

context in Russia accompanied by sanctions pressure and a difficult financial climate (RSCI, 

2015; Suprun and Stewart, 2015; RSCI, 2017). Sufficient government incentive mechanisms 

would invoke firms to make long-term innovation investments and move away from only short-

term profit considerations.  Market competition is another main driver of innovation in the 

construction sector, and if the Russian government can create a more seamless market economy, 

then construction service providers will embrace an innovative culture without the need for 

extensive government intervention. The descriptions of the four transition scenarios are detailed 

in Section 7.3.  

7.1.5 Research Goal 

The overarching goal of this paper is to understand the mechanisms and rate of innovation 

development in the context of four transition scenarios of the Russian Federation construction 

industry. In particular, the research sought to determine which enabling factors would drive 

greater rates of innovation diffusion in the construction industry. An important feature of the SD 

modelling, was that it catered for the exploration of the policy levers that would derive the 

development of new innovative products to the market rather than merely imitation-based 

innovation adoption. This is important in the Russian Federation country context since there is 

always the political risk that severe sanctions may limit international technology transfer and 

require heightened national R&D efforts. Readers should be aware that the conducted SD 

modelling was not intended for the precise forecasting of future innovation outcomes; rather it 

was undertaken to derive greater understanding of the Russian construction innovation system 

within the context of four plausible transition scenarios of the construction market.  

7.1.6 Structure of the Paper  

Following this introduction, Section 7.2 explains the modelling approach. Sections 7.3 provides 

a narrative of the four future transition scenarios. Section 7.4 presents an overview of the SD 

model, mathematical formulation of the key variables, and the model validation procedure. 

Section 7.5 presents results and discussion around scenario analysis covering a period of 30 years, 

and policy recommendations.  Finally, Section 7.6 concludes the findings of the research, 

discusses limitations and provides future research directions. 
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7.2 Approach 

7.2.1 IPSM Process 

The core of the integrated participatory systems modelling (IPSM) process applied in this research 

is the development of an SD model that captures the complexity of the interactions between 

government, academia and industry within the construction innovation system in an integrated 

manner (Figure 7-1). SD modelling is well suited for understanding the cause-and-effect 

mechanisms that generate the dynamic behaviour of the complex innovation diffusion process in 

the Russian Federation construction industry under various scenarios. Stages 1 and 2 of the IPSM 

process are detailed in papers previously published by authors (Suprun and Stewart, 2015; Suprun 

et al., 2016; Suprun et al., 2018). This current paper is focused on the results of Stages 3 to 5 of 

the IPSM approach detailed in Suprun et al. (2018). 

 

Figure 7-1: Five-stage IPSM procedure (Adapted from Suprun et al. (2018)) 

7.2.2 SD Modelling 

In general, SD modelling is a methodology that represents a set of conceptual and numerical 

methods that are used to examine and analyse the structure of a complex system and behavioural 

relationships between certain variables over time (Sterman, 2000). According to Jay Forrester 

Forrester (1961), the founder of system dynamics, the modelling technique is based on the 

following key principles: feedback control theory, understanding the decision making process, 

and the use of computer-based technologies to develop simulation models. Moreover, SD models 

allow for investigating feedback loops, flows and stocks structure, non-linear effects, time delays 

and, as a result, high complexity (Maani and Cavana, 2007).  

First of all, the main characteristic of the SD modelling is systems or causal feedback thinking. 

Feedback is a process where the system output variable is fed back in as an input variable via 
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certain processes, resulting in the emergence of a closed path of actions and information between 

those variables (Maani and Cavana, 2007). These closed paths are known as feedback loops. In 

order to reach understanding of the system under study, it is essential to distinguish between two 

different types of feedback loops when developing SD models and analysing the behaviour over 

time (Sterman, 2000): reinforcing (also known as positive) feedback loops and balancing (also 

known as negative) feedback loops. Reinforcing feedback loops accelerate changes within a 

system to produce growth or decline, while balancing feedback loops should be understood as a 

counteract change within a system to produce stabilising behaviour or force target seeking. 

SD models enable numerical analysis of a system of integral or differential equations. To develop 

a numerical model, a modeller converts a conceptual model or a dynamic hypothesis into a ‘stocks 

and flows’ representation also known as a stock and flow diagram (SFD) (Morecroft, 2008). 

Variables that accumulate over time and represent the system state are performed by ‘stocks’ (also 

known as accumulators or levels) and the processes that influence change in these stocks are 

represented by ‘flows’ (also known as rates). Mathematically speaking, differential equations are 

used to show the rate of change in stocks numerically that integrate their inflows and outflows. 

Together, stocks and flows reveal the true dynamics of a system, while other variables in the 

system provide auxiliary information needed to create the equations. At each time step the 

equations are calculated based on current values, including integration over time (Sterman, 2000).  

In fact, not all the relationships between system elements generate linear behaviour in real time 

due to the existence of numerous positive and negative feedback loops in combination with 

significant time lags (Pidd, 2009; Grösser, 2017). In other words, activities in the decision making 

process do not remain isolated as a linear process of cause and effect. A time lag (also known as 

a time delay) is described by time needed for decisions and actions to affect the status of a system. 

For instance, building innovative capability takes a lot of time along with developing new goods 

or services. Together, feedback loops, time delays and the nonlinearity between the system 

elements, create the complex dynamics of this system. 

In terms of this research, the mentioned five concepts (i.e. feedback loops, stocks and flows, time 

delays, nonlinearity, and complexity) together contribute to reveal the true nature of construction 

innovation processes as a complex multi-loop system interconnected within a structure that 

reinforces multiple feedback processes. Active stakeholder engagement facilitated the 

formulation of the SD model. The study participants were: researchers and academics specialising 

in construction management; civil and structural engineers; designers, project managers and 

directors of construction companies; and public servants with roles related to the construction 

industry and innovation development.  
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SD has long been used to address complex problems in the construction sector. Many researchers 

have developed SD models to address construction workers’ safety culture, safe behaviours, and 

accidents on construction sites (Mohamed and Chinda, 2011; Shin et al., 2014; Maryani et al., 

2015). Some research has been carried out to understand the dynamic competitive nature of the 

construction sector (Dangerfield et al., 2010; Gilkinson and Dangerfield, 2013). The modelling 

technique has also been widely used to address various aspects of construction project 

management such as project planning, scheduling, controlling, along with performance of 

construction projects (Love et al., 2002a; Han et al., 2014; Leon et al., 2018). However, to the 

authors’ knowledge, no attempts have yet been made to model the dynamics of the construction 

innovation system, especially in the Russian Federation country context.  

7.3 Transition Scenario Planning 

As mentioned above, transition scenarios emerge by crossing two influential and uncertain 

driving forces to illustrate a set of plausible ‘futures’ that ultimately incorporate different policies 

along with the industry views in a simplified way. Four scenarios represent four futures covering 

a range of issues, including an orientation and preferences of the industry, level of innovative 

activity, government support, to name a few (Figure 7-2): (1) Business as usual; (2) Market forces; 

(3) Conservative development; (4) Innovation power.  

 

Figure 7-2: Main characteristics of the transition scenarios 

Generally speaking, scenarios are meant to outline qualitatively different directions of how the 

industry might evolve in the future, based on different sets of assumptions of their driving forces. 

In other words, potential consequences of these drivers, policy actions and tipping points are to 

be revealed in order to improve decisions. From the modelling perspective, these qualitative 

assumptions are turned into the values of parameters for model simulations. However, it is worth 
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noting here again, that the simulation outcomes are not intended to predict the future, but rather 

explore the system’s behaviour in the context of different plausible futures on the horizon in 2045 

to shed light on the transformation of the Russian construction sector. Utilisation of the developed 

SD model for these four innovation futures is presented in Section 7.5. 

The below brief description focuses on the hypothetical estimates of the relative magnitude of 

change that could occur under each scenario to make the distinction between them.  

7.3.1 ‘Business as Usual’ Scenario 

In this scenario, industry development and growth occur at a rate similar to today’s. Namely, 

incremental performance improvements and innovation processes are hindered by tight financial 

situation, limited incentive schemes, outdated legislation, excessive administrative barriers and 

inappropriate technical regulation; financing for necessary R&D is restricted and scientific and 

human potential is scarce. For the time being, coordination of construction procedures, time, and 

cost, are considered to be the primary problems of the Russian construction sector. Mainly it is 

due to the culture of ‘lowest bid’ that forces contractors to focus on initial cost, but not on the 

life-cycle costs and the value of design, on order to win a tender (Suprun and Stewart, 2015).  

7.3.2 ‘Market Forces’ Scenario 

In this scenario, innovativeness is mostly market-led and competition-driven under tight financial 

conditions. As a main client, government can significantly motivate decision-makers at 

construction firms to consider higher investment in innovation with driving demand for path-

breaking processes and products (e.g. through procurement and tender policies) (Eriksson, 2017; 

Eriksson et al., 2017). In the current purchasing practices, clients give preference to a low cost 

over high quality and productivity, accompanied by fixed price payments that reduce contractors’ 

incentives to innovate. By following the multi-criteria tender evaluation procedure, construction 

companies are required to meet a range of criteria, such as overall projects’ whole-life value, 

safety, and quality, to name a few. However, financing for incentive schemes and science is 

restricted.  

7.3.3 ‘Conservative Development’ Scenario 

Government is in control of the industry development in this scenario. National targets have a 

high impact on the policy setting process aiming to increase the attractiveness of innovation 

implementation. The high rate of public investments, emphasis on incentive mechanisms and 

improvement of regulations, standards and legislation stimulate innovation diffusion. 

Nevertheless, the industry is still cost-competitive. Only well-established leading organisations 

can support R&D, i.e. only those who can pay for it can be truly innovative. Thus, despite 
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government’s efforts to enhance innovativeness through additional investments, firms prefer to 

stay conservative and choose an imitative strategy which is far less costly and labour intensive.  

7.3.4 ‘Innovation Power’ Scenario 

In this scenario the government drives and supports change by enforcing sustainable regulations 

and heavily investing in innovative infrastructure. At the same time, alternative procurement and 

tendering processes that aim to promote performance-based integrated delivery, induce 

companies to generate radical changes in creating know-how ideas; to invest a lot in R&D; to 

develop a variety of solutions in order to keep up with high demand for innovative products and 

processes. As a result, rising competition reinforces the pressure to invest more in cutting-edge 

ideas and R&D for a more competitive outlook. Overall, a strong will of both government and 

industry is necessary to ensure a successful transition.  

7.4 SD Model Formulation and Evaluation 

7.4.1 System Boundary and Key Model Elements  

The intended systems model was first designed in static form (Suprun et al., 2018). Two core 

linked dynamic hypotheses describing the problem under investigation were revealed: (1) 

industry, government and academia should collaborate in order to accumulate innovative 

capabilities and support the development of innovation; (2) all the actors should cooperate to most 

effectively diffuse a stock of already known innovations throughout the industry. Then, an SD 

model was developed to express the innovation performance of the construction innovation 

system in Russia. The model is focused on the investigation of technological (i.e. product and 

process) innovations as they make up 70% of the total implemented innovations within the 

Russian construction industry (RSCI, 2017; Gorodnikova et al., 2018). Product innovations 

include the use of new building materials, machinery and engineering equipment that increase 

operational and consumer qualities (e.g. energy-efficient, soundproofing materials). Process 

innovations include the introduction of new efficient construction technologies and software for 

architectural and construction design that allow the achievement of higher productivity, lower 

construction times, and so on (e.g. BIM, off-site fabrication). According to the study previously 

conducted by the authors (Suprun and Stewart, 2015), the proportion of construction companies 

implementing technological innovations is less than 3% of the total market size compared to other 

sectors of Russia’s economy such as energy (22%) and biomedical (29%) industries. 

The duration of the analysis is from 2015 to 2045. In 2015 the Russian government set national 

targets to facilitate innovative development of the industry by designing an “Innovative 

development strategy for the construction industry in Russia for the period up to 2030” (RSCI, 

2015). Initially, it was expected to achieve a ten-fold increase in the proportion of innovative 
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construction companies by 2030. However, the strategy was readjusted in 2017 showing a new 

trend (RSCI, 2017). According to the new forecast, the level of technological innovation is 

planned to be tripled by 2030. This adjustment proves the abovementioned complication of the 

innovation processes in the construction sector. Undoubtedly, a number of systematically targeted 

strategies and rational policies are required in order to achieve the set of government goals and 

shape successful transition of the construction sector in the innovative future. Hence, it was 

chosen to set the model time bound at 30 years to explicitly capture the long-term impact of 

various government policies on construction innovation performance.  

Taking into account the emerged dynamic hypotheses, the model distinguishes between two types 

of innovative companies: imitators and innovators (Orstavik et al., 2015; Yusof et al., 2017). 

Imitators represent construction firms that introduce and implement technological innovations by 

adopting ideas from others and slightly improving construction materials, techniques, 

technologically advanced production methods, products and services. Such firms mainly 

implement innovations known as incremental, i.e. innovations that are new to a company, but not 

new to the market. Innovators represent companies that implement technological innovations as 

a result of collaborative R&D. Such companies are constantly involved in R&D and implement 

newly introduced (i.e. subjected to significant technological changes) construction materials, 

techniques, goods, and services based on new (including fundamentally new) technologies or on 

the combination of new technologies with existing ones. Considered as radical, these innovations 

are new or significantly different from those inherent in earlier products in the case of: field of 

application, performance characteristics, features, and design performance. Therefore, the model 

is composed of two main parts: imitators dynamics and innovators dynamics (Figure 7-3). The 

model was developed in Vensim software (Vensim DSS, 2018). Rectangles represent stock 

variables, pipes with valves introduce flow variables, i.e. they represent those activities which fill 

in or drain the stock variables. Non-highlighted elements are auxiliary variables, i.e. model 

parameters that are used for calculations and constructs that are dependent on stocks, flows, and/or 

other variables. The simple arrows indicate the cause-and-effect relationships within the model 

structure. Arrows labelled ‘+’ point out causal influences that cause changes to an influenced 

variable in the same direction, whilst ‘-’ labels dictate changes in the opposite direction. The 

double lines across the arrows are a delay symbol which indicates that an effect would take longer 

to appear. Emphasised purple variables are the main model outcomes. It is noted that the 

representation of the SFD is simplified in this paper, and only main variables and parameters are 

presented. 

As mentioned previously, both rate of imitation and rate of innovation (i.e. imitators change rate 

and innovators change rate, respectively) are highly dependent on the pressure to innovate and 

industry innovative capability. In the model imitators capability is represented by the industry 

absorptive capacity, i.e. an ability of construction companies to identify, accumulate and exploit 
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knowledge and technological opportunities of the sector in order to transfer and absorb cutting-

edge technology, knowledge and skills (Gann, 2001; Lim et al., 2006). Innovators capability 

consists of the industry absorptive capacity and R&D capacity, i.e. accumulated R&D knowledge 

and efforts of the industry along with research centres and universities resulting in extra 

knowledge for significant improvement and development of the construction industry (Hampson 

et al., 2014). In order for the capabilities to be developed, firms must invest in innovative solutions 

in order to absorb any of the cutting-edge output of their competitors as well as the knowledge 

generated in the government institutions and universities. In the model, this dynamics is captured 

by industry resources for innovation funding variable, i.e. resources devoted to the development 

of industry innovative capabilities, technical competencies and innovation infrastructure.  

 

Figure 7-3: Overview of the SD model  

Previously conducted studies show that there are three main factors that influence willingness of 

companies to invest more or less in innovative ideas: government support, administrative barriers 

and business performance. Hence, we developed an ‘Attractiveness of being innovative’ abstract 

term in collaboration with stakeholders. It is modelled as an aggregated index which takes 

normalised values between 0 and 1. Thus, 0 implies there is no attractiveness of implementing 

innovations at all, whereas 1 means a very high interest of companies in being involved in 

innovation processes. All three of the index components also have values of 0 to 1. The 

normalisation procedure is based on the literature (Seaden and Manseau, 2001; Expert, 2007; 

HSE, 2013; Best and Meikle, 2015; Suprun and Stewart, 2015; Eriksson and Szentes, 2017; 
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Ozorhon and Oral, 2017), government reports (RSCI, 2015, 2017) and stakeholder workshops. In 

the SD model, values were assigned as presented in Table 7-1.  

Table 7-1: Qualitative scale for the variables impacting attractiveness of being innovative 

Variable Variables 

quantification 

(Dimensionless) 

Characterisation Description 

Administrative 

barriers 

< 0.2 Acceptable  improved regulatory and technical legislation in 

research, architectural and construction design, 

construction and standardisation 

 improved regulatory and technical documents 

harmonised with the international standards ensuring 

innovation implementation. 

0.2 – 0. 39 Medium  simplified and accelerated certification procedure in 

accordance with international quality standards 

 simplified procedures for interaction with the federal 

and local public authorities. 

0.4 – 0.59  High  imperfection of technical regulation.  

0.6 – 0.79 Excessive  lack of developed and implemented standards that 

encourage industrialists to minimise usage of 

obsolete technologies and equipment 

 incompatibility of construction norms, codes and 

rules with international standards. 

0.8 – 1 Insurmountable   outdated standards and other regulatory documents. 

Government 

support 

< 0.2 Insufficient   lack of or very weak systemic public support and 

inadequate incentive measures to stimulate the 

construction sector and related industries (e.g. 

design, transportation, engineering, protection of 

natural resources, science, and education). 

0.2 – 0.39 Poor  insufficient instruments of government support for 

innovative activities, i.e. limited flexibility and 

underdevelopment of mechanisms for allocating 

risks between the state and construction companies 

 weak focus on stimulating links between various 

actors in innovation processes, including research 

and production partnerships.  

0.4 – 0.59  Adequate  development of various mechanisms to support 

technological modernisation of the industry, while 

there are still only individual improvements, 

fragmentation and instability of the overall progress 

in this area remain 

 stimulation of demand for innovative products 

 state control of enterprises that do not meet the 

requirements of energy and resource consumption 

along with the environmental safety. 

0.6 – 0.79 Sufficient  improved grant schemes for medium and large 

enterprises in the construction industry that 

implement innovative solutions 

 strengthening support for fundamental and applied 

research in universities and research centres 

followed by integrated scientific and educational 

activities  

 strengthening the export role of the Russian science. 

0.8 – 1 High  direct budget funding 

 subsidising of an interest rate on loans for enterprises 

that produce and purchase innovative equipment.  
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Variable Variables 

quantification 

(Dimensionless) 

Characterisation Description 

Industry 

business 

performance 

< 0.2 Poor  weak business performance in terms of low quality, 

high costs, very narrow profit margins and 

unsatisfied clients.  

0.2 – 0.39 Unsatisfactory  low quality-price ratio of the investments. 

0.4 – 0.59  Satisfactory  a company’s revenue is higher than the investment 

required for development and implementation of 

innovation. 

0.6 – 0.79 Good  increased productivity and profitability as a result of 

application of innovative practices 

 completed projects meet specifications and clients’ 

expectations. 

0.8 – 1 Excellent  desired performance in terms of superior quality and 

high client satisfaction 

 strong financial performance and profitability 

 arising opportunities to enter new markets. 

System boundary, input data and assumptions as well as initial values for the key variables of the 

SD model are given in Table 7-2. Units of measurement and the sources of data are also provided. 

Table 7-2: Key variables, assumptions and data for the SD model 

Parameter  Value Unit  Comments / Sources of data 

Imitators  3154 Firms Calculated based on FSSS (2018) and Gorodnikova et al. 

(2018)  

Innovators  1553 Firms Calculated based on FSSS (2018) and Gorodnikova et al. 

(2018) 

Proportion of large 

and medium size 

construction firms 

0.152 Dmnla FSSS (2018) 

Construction market 

size  

235,351 Firms FSSS (2018) 

GDP  83.387 

trillionb 

Rubles/Year FSSS (2018) 

GDP annual growth 

rate 

0.03 Dmnl/Year Based on the government Forecast (2013)  

Construction 

contribution to GDP 

0.06 Dmnl Based on the government forecast (RSCI, 2015, 2017) 

Pressure to innovate 0.5 c Dmnl An abstract variable showing how companies are forced 

externally to consider innovation implementation. The 

assumptions were made based on stakeholder workshops and 

government reports (RSCI, 2015, 2017) 

Level of government 

support  

0.3c Dmnl  For the description refer to Table 7-1. The assumptions were 

made based on stakeholder workshops and government reports 

(RSCI, 2015, 2017) 

Level of 

administrative 

barriers to innovation  

0.8c Dmnl  For the description refer to Table 7-1. The assumptions were 

made based on stakeholder workshops and government reports 

(RSCI, 2015, 2017) 

Business performance 

of construction 

companies 

0.3c Dmnl For the description refer to Table 7-1. The assumptions were 

made based on stakeholder workshops and government reports 

(RSCI, 2015, 2017) 
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Parameter  Value Unit  Comments / Sources of data 

Government 

innovative strategy 

0 Dmnl This parameter is modelled as a switch variable, i.e. setting it 

to 0 or 1 allows modellers to distinguish between non-

strategyd following pathway, where level of government 

support and administrative barriers do not change over the 

simulation horizon; and an innovative pathway, where the 

switched-on variable activates a number of dynamic 

parameters that indicate how efficient the government is in 

implementing the planned strategies and policies towards the 

development of successful and forward looking construction 

industry 

Innovation intensity 0.001 Dmnl Calculated based on Gorodnikova et al. (2018) 

Industry absorptive 

capacity 

0.2c Dmnl An abstract variable showing the construction sector's ability 

to absorb existing knowledge and implement innovations. The 

assumptions were made based on stakeholder workshops  

Industry R&D 

capacity 

0.05c Dmnl An abstract variable showing the accumulation of R&D 

efforts of the industry with the research centres, universities 

and government, resulting in extra knowledge for significant 

improvement and development of construction innovation. 

The assumptions were made based on stakeholder workshops 

R&D knowledge 1 Dmnl An abstract variable representing the stock of available R&D 

knowledge which is modelled based on several studies in 

knowledge management that applied system dynamics 

technique (Grobbelaar and Buys, 2011; Uriona Maldonado et 

al., 2012; Zou et al., 2016). The parameter has no limit to 

growth.  

Cost competitiveness 1 Dmnl This parameter is modelled as a switch variable, i.e. setting it 

to 1 or 0 allows modellers to distinguish between the 

construction industry’s low cost competitive strategy due to 

client demand for cost over quality that forces companies to 

focus on short-term fixes and produce low-cost but also low-

quality infrastructure and building assets; and shift from cost-

competition in current procurement practices to one that 

focuses on life-time-performance, where the switched-off 

variable activates a number of dynamic parameters that 

indicate how the industry reacts to the changing demand for 

innovative products.  

Model time bound  30 years From 2015 to 2045 

Simulation time step 1 The unit of time in the model is years. The simulation 

algorithm is Euler numerical integration with a step size (dt) 

of 1 year. 

Physical boundary Large and medium-sized construction companies implementing technological 

innovations in Russia. 

Notes: 
a Dmnl = Dimensionless  
b Exchange rate for September 2018: 1.0 RUB = 0.015 USD 
c Elements vary between 0 and 1 
d “Innovative development strategy for the construction industry in Russia for the period up to 2030” (RSCI, 2015, 2017) 

 The base case scenario represents business as usual (BAU) conditions, i.e. the continuation of 

current trends in the Russian construction sector. The base run was calibrated through sensitivity 

analyses and qualitative analysis in collaboration with stakeholders to reach relevant numbers and 

generate behaviours consistent with reality. As a result, missing or unavailable data for the initial 

value of some parameters (such as industry absorptive capacity) were estimated based on the 

calibration of model parameters. 
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7.4.2 Model Equations 

As mentioned previously, the SFD is a graphical representation of the mathematical model. 

Selected formulations related to the key model variables are presented below. The main target of 

the SD model is to show the behaviour of construction companies implementing technological 

innovations over time. Industry innovative activity measured as the percentage of enterprises 

involved in innovation processes is considered to be one of the key indicators for measuring the 

innovative performance of the industry: 

𝐼𝐴(𝑡) =
𝐼𝑚(𝑡)+𝐼𝑛(𝑡)

𝐶𝐶(𝑡)
               (7.1) 

where: 

𝐼𝐴 is the industry innovative activity at time 𝑡 

𝐼𝑚 is number of imitators 

𝐼𝑛 is number of innovators 

𝐶𝐶 is a total number of construction companies operating in the market.  

Furthermore, the ratio between companies conducting R&D activities and companies adopting 

innovations from others is another variable to track the dynamics of: 

𝐼𝑟𝑎𝑡𝑖𝑜(𝑡) =
𝐼𝑛(𝑡)

𝐼𝑚(𝑡)+𝐼𝑛(𝑡)
              (7.2) 

The total Attractiveness of being innovative index 𝐴𝑇 is presented as a stock that captures the 

impact of the following factors that influence the industry's decision to consider higher 

investments in innovation: level of government support, level of administrative barriers, and 

business performance of the industry. This stock can vary between 0 (lowest level = no 

attractiveness) and 1 (highest level = a nearly maximum interest of the industry to be involved in 

innovative processes for that moment in time). The stock accumulated at time 𝑡 is the sum of the 

Attractiveness of being innovative index in the previous period, plus new attractiveness 𝑛𝐴𝑇 

appearing as a result of change of the three factors noted above: 

𝐴𝑇(𝑡) = 𝐴𝑇(𝑡0) + ∫ 𝑛𝐴𝑇(𝑠)
𝑡

𝑡0
𝑑𝑠            (7.3.1) 

𝑛𝐴𝑇(𝑡) = (((𝛿 ∙ 𝐴𝐴𝐵(𝑡) + 𝛽 ∙ 𝐴𝐺𝑆(𝑡) + 𝛾 ∙ 𝐴𝐵𝑃(𝑡)) − 𝐴𝑇(𝑡)) /𝑎                              (7.3.2) 

where: 

𝐴𝐴𝐵 is attractiveness calculated as a function of the level of administrative barriers to 

innovation (Equation 7.4) 
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𝐴𝐺𝑆 is attractiveness calculated as a function of the level of government support (Equation 

7.5) 

𝐴𝐵𝑃 is attractiveness calculated as a function of the industry's business performance 

(Equation 7.6). 

The parameters 𝛿, 𝛽 and 𝛾 denote the impact each of the above three elements makes on the 

willingness of industrialists to introduce novel solutions and technologies, with 𝛿 + 𝛽 + 𝛾 = 1 . 

These parameters were calculated based on the previously conducted structural analysis with 

MICMAC (for more details, please refer to Suprun et al. (2018)). Equation 7.3.2 also points out 

that there is a lag between the actions taken by the government, construction companies or 

research institutes and their consequences resulting in a change in the attractiveness level.  Thus, 

parameter 𝑎 indicates time needed for construction companies to consider following an innovative 

path as a result of active government involvement in innovation processes, high business 

performance and a reduced administrative and regulatory burden. According to the government 

reports (RSCI, 2015, 2017) and expert judgment, 𝑎 equals two years.  

𝐴𝐴𝐵(𝑡) = 𝑓(𝐴𝐵(𝑡))              (7.4) 

𝐴𝐺𝑆(𝑡) = 𝑓(𝐺𝑆(𝑡))                 (7.5) 

𝐴𝐵𝑃(𝑡) = 𝑓(𝐵𝑃(𝑡))              (7.6) 

The component attractiveness from administrative barriers (𝐴𝐴𝐵) represents the industry’s 

willingness to be innovative given the current state of building codes and standards, government 

contracts with inflexible fixed budgets, and so forth (Equation 7.4). High levels of administrative 

barriers have a negative impact on the attractiveness of being innovative level, in the sense of 

higher values on this variable will make the attractiveness level closer to the minimum value 

(zero). We modelled this relationship by introducing a so-called lookup function that is used by 

modellers to specify non-linear relationships between a pair of variables (Sterman, 2000). In order 

to identify the influence of administrative barriers and two other factors explained below on 

innovation attractiveness, experts were asked to create a graphic description of the relationship 

between the variables. This relationship is depicted in Figure 7-4a. As can be seen, this 

relationship follows an exponential decay behaviour created by a reinforcing loop, where the 

increasing rate of change in attractiveness leads to the reduction in barriers.  

In contrast, innovations become more desirable for companies as a result of increasing 

government support. Hence, the component attractiveness from government support (𝐴𝐺𝑆) 

represents the industry’s willingness to be involved in innovation processes given the current state 

of public policies and incentive schemes, for example (Equation 7.5). Subsequently, a higher level 

of government support contributes positively to the innovation development and diffusion. The 

relationship between attractiveness and government support is defined by a goal seeking 
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behaviour arising from a balancing loop (Figure 7-4b). In other words, industrialists tend to 

consider implementation of path-breaking processes and products when the government is trying 

to provide more financial support and incentivise the industry and academia. However, as 

discussed with the experts, by achieving a threshold of 100% (1.0) innovation attractiveness, 

companies may be able to invest in innovation themselves after a certain level of government 

funding and incentives have been provided.  

     

  (a)        (b)     (c) 

Figure 7-4: Graphical representation of a non-linear relationship between the level of 

attractiveness of innovation and (a) level of administrative barriers, (b) level of 

government support, and (c) business performance of the industry 

Eventually, the component attractiveness from industry business performance (𝐴𝐵𝑃) represents 

the companies’ perception on the importance of innovation to their business development that 

changes as the result of change within company's profitability, productivity and client satisfaction 

as ones of the strongest motivational forces (Equation 7.6). The attractiveness level rises rapidly 

after an initial slow growth but then gradually slows until the state of the system achieves a 

threshold of 100% (1.0). Graphically, this relationship is presented as an S-shaped growth curve 

(Figure 7-4c). 

Attractiveness of innovation impacts decisions of companies regarding higher investments in 

innovative solutions.  Innovation intensity indicates the amount of such investments: 

𝑅(𝑡) = 𝐼𝐼(𝑡) × 𝑇(𝑡)                      (7.7) 

where: 

𝑅 is industry resources for innovation funding 

𝑇 is sector turnover (i.e. total of all sales (excluding VAT) of goods and services carried out 

by construction companies annually) 

𝐼𝐼 is innovation intensity (Equation 7.8.1). 

𝐼𝐼(𝑡) = 𝐼𝐼(𝑡0) + ∫ 𝑛𝐼𝐼(𝑠)
𝑡

𝑡0
𝑑𝑠                           (7.8.1) 
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𝑛𝐼𝐼(𝑡) = ((𝐼𝐼𝐷(𝑡) − 𝐼𝐼(𝑡)) × (𝐴𝑇(𝑡) − 𝐴𝑇(𝑡0)) × 𝑖) /𝑏                                           (7.8.2) 

where: 

𝑛𝐼𝐼𝑇 denotes the new innovation intensity appearing as a result of change of attractiveness 

of being innovative 𝐴𝑇 at time 𝑡 in comparison to the initial value 𝐴𝑇(𝑡0) 

𝐼𝐼𝐷 is desired share of sector turnover on investment in innovation (following the government 

targets (RSCI, 2015, 2017) and information regarding the average investment of construction 

companies in innovative solutions as a share of the total sector turnover in other countries, 

this parameter is set up at 0.02) 

𝑖 represents the impact of attractiveness factors on innovation intensity (in the model this 

value was calibrated with sensitivity analysis where the results of innovation intensity were 

discussed with stakeholders).  

Equation 7.8.2 also points out that there is a time lag between decision making and the actual 

mobilisation of resources. Thus, parameter 𝑏 indicates the time needed for construction 

companies to allocate financial resources. According to expert judgment, 𝑏 equals one year.  

Another variable considered to be one of the KPIs that assess innovation performance of the 

construction industry is R&D intensity: 

𝑅𝐷𝐼(𝑡) =
(𝑅𝐷𝐺(𝑡)+𝑅𝐷𝐼(𝑡))

𝐺𝐷𝑃𝐶(𝑡)
             (7.9) 

where: 

𝑅𝐷𝐺 is government funding for R&D (i.e. funding to support fundamental and applied R&D, 

particularly through R&D collaboration practices between public-sector research 

organisations and the construction industry) 

𝑅𝐷𝐼 is industry R&D funding; 

𝐺𝐷𝑃𝐶 is GDP from construction (i.e. gross value added (GVA) by the construction sector). 

7.4.3 Model Evaluation  

In the field of system dynamics, a wide variety of tests, which are both qualitative and 

quantitative, has been developed to improve models (Barlas, 1996). In fact, evaluation 

(calibration/validation) of a model is one of the key steps of the SD modelling procedure. It allows 

modellers to establish confidence in the structure, soundness and usefulness of a model before it 

can be used for decision making and policy analysis. However, there is no single way to validate 

a model, given the variety of objectives and criteria for different tests. For example, according to 

Sojda (2007), model evaluation consists of five main steps: (1) testing the system performance 

against preselected standards; (2) comparing simulated outputs with real-time and historic data; 
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(3) expert judgments; (4) sensitivity analysis; (5) examining key parameters if the validation of a 

complete system is impossible.  

Nevertheless, according to the founder of system dynamics, Jay Forrester, a model cannot be 

expected to have absolute validity (Forrester, 1961). Sterman (2000) also agrees that all models 

are wrong, since they are simplified versions of reality. However, this does not mean that all 

models are useless as long as models can be judged and tested as truthful. If the model’s 

representation of the real world shows plausible results, then modellers can gain more confidence 

about the model along with a deeper understanding of the system at hand (Sahin et al., 2018).  

Considering the specifics of this research, lack of empirical data, highly qualitative nature of the 

modelled system, participatory nature of the implemented modelling approach, and the fact that 

there is no exact algorithm for testing models, we followed a model evaluation process in which, 

modellers communicate the base for confidence in a model to stakeholders.  

The steps this study implemented to evaluate the model are as follows:  

1. Engaging stakeholders throughout the modelling process via stakeholder workshops and 

expert consultations in order to achieve an agreed final model and make sure the 

descriptive story behind the studied problem fit the model. 

2. Examining model parameters to check whether they had real world equivalents, and if 

not whether they were acceptable and acknowledged in theory. For example, it is hard 

to measure qualitative variables such as level of government support or innovative 

capability. However, those terms exist in the literature, are often used and can be 

normalised. Hence, the validity of the model from a parameter perspective was sufficient.  

3. Sensitivity analysis was performed to calibrate key input parameters and determine the 

importance of certain assumptions in order to generate a range of possible outcomes.  

4. Testing if the model confirmed the system boundary and the model behaviour was 

consistent with the real world. Experts were involved in the evaluation process to ensure 

the model outputs adequately reflected the real situation by adjusting the modelling 

logic.  

5. Testing if the model behaved realistically under extreme conditions. If the model behaves 

as expected under such conditions, then it is possible to conclude that the model is robust 

and therefore behaves realistically under optimum conditions. For example, we assume 

that if there is no government support (i.e. 0 over the entire time horizon) and 

insurmountable administrative barriers (i.e. 1 over the entire time horizon), the level of 

innovation attractiveness will be extremely low. This leads to insufficient funding of 

innovation processes by the industry and, as a result, a very low level of innovative 

activity. Another extreme condition that might occur in the industry is GDP decline, 
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leading to a serious decrease in the number of construction companies in general, and in 

number of innovative companies, in particular.  We tested a scenario when GDP annual 

growth rate variable equals -0.05. As an example, Figure 7-5 illustrates the result of 

these experiments for two of the assessed variables. As can be seen in Figure 7-5a, the 

industry innovative activity keeps slightly increasing even when a country is 

experiencing a crisis situation resulting in significant GDP drop, which is unrealistic. 

However, by assessing Figure 7-5b, it becomes evident that the actual number of 

innovative companies drops gradually following the overall reduction in the number of 

construction companies operating on the market. In other words, the fraction of 

innovative companies might still rise, whilst it declines in equivalent measurement scale. 

Hence, the results showed that the model behaved realistically under extreme conditions. 

 

       (a)                     (b) 

Figure 7-5: Outcomes of extreme condition test. Graph (a) shows the behaviour of 

Industry innovative activity variable under different circumstances. Graph (b) illustrates 

the behaviour of Actual innovative companies 

7.5 Results and Discussion  

7.5.1 SDM Scenario Analysis 

Four transition scenarios were considered for the simulations to reveal insights about the 

construction innovation performance. The base case scenario represents business as usual (BAU). 

Outcomes arising from simulations of the other three alternative scenarios are compared to the 

baseline scenario in which no policy interventions applied. The experimental design is shown in 

Table 7-3. Assumptions regarding the values for a set of parameters were made based on the 

narrative description of the scenarios (Section 7.3) and stakeholder workshops. For the initial 

values of the base run and variables explanation, refer to Table 7-2.  
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Table 7-3: Key scenario settings 

Parameter  

Scenarios 

Business as 

usual (BAU)  

Market 

forces (MF) 

Conservative 

development (CD) 

Innovation 

power (IP) 

Government innovative strategy a 0 1 1 1 

Effectiveness of strategy implementation b 0 0.5 0.7 0.9 

Pressure to innovate b 0.5 1 0.7 0.8 

Cost competitiveness a  1 0 1 0 

Notes: 
a Refer to Table 7-2 for the values explanation  
b Elements vary between 0 and 1 

The parameter Effectiveness of strategy implementation indicates how efficient the government 

is in implementing the planned strategies and policies towards the development of the high-level 

innovation performance within the construction industry. Thus, 0 implies there is no action taken 

towards strengthening government support and reducing administrative barriers; whereas 1 means 

the government contributes to the implementation of effective policies towards stimulating higher 

levels of construction innovation as part of the overall country’s development strategy to respond 

to future economic and social challenges. 

The parameter Pressure to innovate shows how companies are forced externally to consider 

innovation implementation. The highest pressure appears under the MF scenario, i.e. the growing 

competition in the construction companies forces companies to have a stable position in the 

market by innovating, while the funding conditions are tight. The IP scenario is characterised by 

environmental, political and social pressure towards innovation, however, companies do not 

suffer from limited capacity to access financial and human resources. Prescriptive regulations and 

standards impact companies involvement in innovation processes under CD development. 

We estimated the implications of the aforementioned scenarios and policy assumptions for a 30-

year time period, from 2015 to 2045. The impacts in changes of key parameters on the dynamic 

behaviour of the outcome variables, were studied in every simulation run. The following outcome 

variables were reported to compare the construction innovation performance across the scenarios: 

industry innovative activity, ratio between innovators and imitators, Attractiveness of being 

innovative index, innovation intensity and R&D intensity.  

7.5.1.1 Industry Innovative Activity and Ratio Between Innovators and Imitators 

Figure 7-6 and 7-7 present the simulated results of innovative activity of construction companies, 

across four scenarios until 2045. In particular, Figure 7-6 illustrates the future growth trend for a 

number of innovative firms accompanied by the distribution between innovators and imitators. 

Fractions indicate ratio between innovators and imitators, measured as a proportion of innovators 
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in the total amount of innovative construction companies which include both innovators and 

imitators.  Imitators represent construction firms which implement technological innovations that 

are new to a company, but not new to the market (i.e. mainly incremental innovations). Innovators 

are construction companies that are constantly involved in R&D in order to produce innovations 

that are new to the market (i.e. mainly radical innovations).  

 

Figure 7-6: Scenario results for cumulative innovative construction companies  

 

Figure 7-7: Simulation outcomes under four scenarios: Innovative activity  
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Figure 7-7 shows the level of industry innovative activity as a proportion of companies that 

implement technological innovations. Numbers indicate the industry innovative activity measured 

as a percentage of companies that implement technological (i.e. product and process) innovations 

in the total amount of construction companies. Imitators represent construction firms which 

implement technological innovation by adopting from others. Innovators are construction 

companies that implement technological innovation as a result of collaborative R&D. 

The industry grows steadily but very slowly under the BAU scenario, with no visible 

improvement in its innovative performance over time. In contrast, the innovative activity shows 

faster dynamics under MF and CD scenarios. Yet, this happens after almost a decade of the 

simulation horizon. It explains the necessity to accumulate enough capabilities to not only be 

involved in innovative projects successfully but also to encourage industrialists to consider 

investments in innovations in the long-run. Finally, under the IP scenario the sector grows rapidly 

up until 2040 and then slows down by reaching its steady state level of 12.5% by 2045, which is 

twice as high as in the BAU simulation (5.8%). It corroborates the main assumption of the 

scenario, i.e. priority in promoting R&D, investing more in cutting-edge ideas and eventually 

transforming the sector into a high-tech sector that is capable of supporting science and research. 

Even though the fraction of innovators almost equals the fraction of imitators in this scenario 

(0.45 and 0.55, respectively), it is apparent from the figures, in the simulated state of the 

construction sector in 2045, the industry will remain imitation-oriented under any circumstance. 

Moreover, under a market-driven scenario, companies give priority to maintaining the 

competitive advantage by trying to improve their absorptive capacity, i.e. investing primarily in 

new equipment and providing training to their personnel, but not collaborating with universities 

and research centres to develop new solutions. Thus, only 31% (approximately 16,000 firms) of 

innovative companies are innovators, which is even lower than those in the reference case. In 

other words, the mechanism of learning-by-using supersedes learning-by-searching, i.e. 

innovations are well diffused within the industry but developed to a very limited extent. It is 

consistent with the fact that the Russian economy is unprepared for the market-led regime to be 

able to compete worldwide (TASS, 2014a; RSCI, 2017). Therefore, this finding can be interpreted 

as the necessity to consider significant government support of the industry and academia in order 

to improve domestic R&D and science, in addition to policies targeting the growth of the 

construction industry itself. However, as can be seen in Figures 7-6 and 7-7, providing financial 

incentives to boost innovative processes under the CD scenario is still not going to lead to the 

same results as when successful incentive schemes are accompanied by quality competitiveness 

driving the market.  

Industry innovative activity plays a central role in analysing the effectiveness of innovation 

policies, hence we studied the dynamic behaviour of this variable in more detail by running a 

sensitivity analysis (Figure 7-8).  In general, a sensitivity analysis is performed to determine the 
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importance of certain assumptions and to generate a range of possible outcomes. In particular, 

multivariate sensitivity analysis is performed to investigate combined effects of the following 

elements altered within scenario analysis: government innovative strategy, effectiveness of 

strategy implementation, pressure to innovate, cost competitiveness, impact of client demand for 

innovations, adjustment time. The shaded grey area portrays lower and upper thresholds that a 

variable ‘Industry innovative activity’ can reach due to variability of the aforementioned 

parameters. This variable is measured as a percentage of companies that implement innovations 

in the total amount of construction companies.  

 

Figure 7-8: Sensitivity analysis of the model 

The resulting scenarios suggest how the ‘desired future’ process might be achieved. As can be 

seen in Figure 7-8, the IP scenario is the best out of four tested scenarios, but not ‘perfect’. The 

maximum proportion of total construction companies that might be potentially obtained is 15% 

which is consistent with the maximum innovative activity the sector has a capacity for.  Our model 

limited the number of potential innovative companies to a number of large and medium-sized 

construction firms. The fraction of such companies is around 15%. However, such ‘ideal’ 

outcomes seem unlikely to be achieved in a real world situation. Consequently, it can be 

concluded again that the model provides plausible outcomes.   

7.5.1.2 Attractiveness of Being Innovative  

Figure 7-9 shows how the effectiveness of government policies affects the level of government 

support, level of administrative barriers, business performance of construction companies, and as 

a result, attractiveness of innovation, overall.  
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Figure 7-9: Simulation outcomes under four scenarios: Attractiveness of being innovative 

index 

Attractiveness of being innovative index is a dimensionless index varies between 0 and 1: 0 

implies there is no attractiveness of implementing innovations at all, 1 means a very high interest 

of companies in being involved in innovation processes. This index is a function of the following 

parameters that also adopt normalised values between 0 and 1:  level of government support, level 

of administrative barriers, and business performance of the industry. We assume that the Russian 

government will not change the direction of the construction industry towards an innovative 

pathway within the BAU scenario. Hence, the level of government support stays ‘poor’ (refer to 

the scale given in Table 7-1 for description) over the entire simulation horizon, while the level of 

administrative barriers remains ‘insurmountable’. As a result, the attractiveness level will only 

reach 0.19 by 2045 compared to 0.15 at the beginning of simulation. It rises due to the slight 

growth in business performance resulting from the slow but steady innovation implementation 

leading to some improvements in the quality of construction and productivity experienced only 

by innovation champions. In contrast, the speeding effect of government financial incentives 

accompanied by rising demand for research and innovation through regulatory frameworks, 

procurement schemes and tender procedures (i.e. a complex of measures) is reflected in the 

Attractiveness of being innovative index under the IP scenario. The index almost reaches the 

highest level of 1 by 2045, which means that construction companies shift from a short-term 

business thinking attitude to acknowledgement that innovation implementation has to be a priority 

for improving the efficiency and effectiveness of the industry. Hence, decision-makers consider 
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higher investments in innovation that lead to the use of innovative materials and technology 

enabling companies to improve the quality of their products and services, reduce cost and time of 

construction works, enter new markets, and satisfy high expectations of customers. In other 

words, an increase of the industry business performance becomes evident. It is in this sense that 

the accumulation of innovation attractiveness in the system is caught up in a vicious cycle. 

Nevertheless, it is difficult to achieve a radical change of the industry at a national level. Even a 

slight change of the parameter settings related to the effectiveness of the government strategies 

lead to noticeably different outcomes. For example, we observe a significant improvement in 

industry business performance under the MF scenario, however administrative barriers remain 

excessive, i.e. bureaucracy and regulations are difficult and slow to improve without targeted 

government actions. Additionally, the state of government support only reaches an adequate level 

by 2045, indicating non-systematic individual improvements in terms of various incentive 

mechanisms to support technological modernisation of the industry, while providing conditions 

for increasing demand for innovative products. Simulations under the CD scenario provide better 

outcomes in terms of strengthening government support and reducing administrative barriers. 

However, interestingly, the industry performs better in terms of business outcomes up until 2035 

under the MF scenario, which is the indication of high competition in the market that forces 

decision-makers at construction firms to consider innovation implementation to stay afloat. An 

active imitative strategy among industrialists requires less effort to build a certain level of 

innovative capability necessary to adapt technology and production processes. As a result, firms 

evolve in innovation processes and achieve desirable results faster. However, business 

performance under the CD scenario surpasses the MF scenario outcome after 2035 and continues 

to increase gradually. This situation illustrates why firms are encouraged to invest in R&D to 

achieve better results in the long-run.  

7.5.1.3 Innovation Intensity and R&D Intensity 

In terms of innovation and R&D intensity, four scenario outcomes demonstrate considerable 

differences, as shown in Figure 7-10. Innovation intensity indicates companies investments on 

innovative solutions as a share of the total sector turnover. R&D intensity represents overall 

expenditure devoted to R&D activities as a percentage of GDP.  

Under the BAU scenario, R&D intensity remains scanty over the simulation horizon while the 

increase in industry innovation intensity can be seen only after 2030, yet this is a slight change. 

In other words, the innovation system does not develop sufficient innovative capability. 

Relatively, the improvement in the MF scenario compared with the reference case is quite small 

in terms of the pace of R&D processes which is hindered by tight funding conditions. In contrast, 

the scenario demonstrates a significant growth of innovation intensity. 
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Figure 7-10: Simulation outcomes under four scenarios: Innovation and R&D intensity 

It complements our argument on the future state of the construction innovation processes under 

the MF scenario, i.e. the preference of construction companies to adopt innovative solutions over 

R&D in the long-run due to less cost and labour intensity and rather good implementation 

outcomes. The IP scenario is the one that is able to achieve rapid development by means of a 

dynamic R&D sector and a high level of innovation attractiveness among industrialists. As can 

be seen in Figure 7-10, both innovation and R&D intensity accelerate, up until 2035 and then 

slow down. It is worth noting, that innovation intensity’s value saturates by reaching the desired 

level of 2% by 2045. Meanwhile, it becomes evident that the realisation of the government 

strategy to spend more than 1.8% of GDP on R&D is not easy to achieve, and does not occur even 

under the IP scenario. This means that the coordination of the innovation system’s actors requires 

more support to meet those targets in the longer run. Moreover, considering the scenario features, 

a firm that faces high business performance standards, but operates in a system of innovation with 

low R&D capabilities, is at a higher risk to go out of business than if the same firm recognises the 

importance of investments in R&D and interacts actively with academia. Finally, the CD scenario 

results demonstrate that the high level of innovation diffusion is driven by imitators, since the 

graph shows research passivity of the industry as R&D intensity grows over time but stays on a 

lower trajectory for a long period. Considering the absence of the direct demand for R&D 

products, this outcome can be interpreted as a necessity to support financial incentives of research 

organisations in order to obtain a higher R&D knowledge stock in the long-term. 
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7.5.2 Policy Recommendations  

Based on the transition scenario analysis conducted in this study, a number of opportunities and 

threats were identified for each of the four scenarios (Table 7-4).  

Table 7-4: Analysis of transition scenario opportunities and threats 

Scenario Opportunities Threats 

Business as 

usual 
 Optimum control and use of current 

knowledge and processes. 

 Industry stays conservative and passive; 

 Industry remains fragmented; 

 Lack of collaboration between industry and 

researchers; 

 Skilled labour shortages; 

 Lack of industry competitiveness; 

 Low industry productivity growth. 

Market forces  High rate of private investment in 

innovative solutions; 

 Higher quality standards and specifications 

in public procurement; 

 Focus shifts from short-term profits; 

 Greater innovative capability of 

construction companies.   

 Effective construction market economy only 

partially realised; 

 Business initiatives aim at imitation and adoption 

of a limited variety of innovative solutions that 

lead to incremental but not radical 

improvements; 

 R&D intensity of the sector remains below 

expectations; 

 No industry-wide expectation for ongoing 

training and professional development.  

Conservative 

development 
 Industry invests in innovation diffusion; 

 Prescriptive regulations and standards 

impact industry development; 

 Improved legislation offers public 

recognition to innovative companies, and 

as a result, motivates further innovation; 

 Increasing importance of an innovation 

strategy to the long-term development of 

companies. 

 Decisions to implement an innovation project are 

based on initial expenditures but not on the life-

cycle-approach for construction assets and their 

utilities; 

 Public sector as a main client runs the risk of 

staying conservative in its public procurement 

decisions; 

 Innovations may be only an answer to certain 

regulations. Hence, companies might stop 

investing once they conform with regulation; 

 Government grants might have diminishing 

value. 

 Reliant on extensive government support over 

long periods that could be withdrawn.  

Innovation 

power 
 An improving economy with prospects for 

significant transformation of the 

construction industry; 

 Construction firms exploit their full 

potential for innovative solutions and 

technological changes in a strategic 

manner; 

 Publicly and privately funded R&D as the 

financial means for R&D investments are 

available; 

 Greater number of internationally 

competitive companies exporting 

construction services.  

 Sustained industry investment in R&D. 

 Rapid pace of change poses a risk to certain 

companies not being able to adapt to competitive 

market conditions quickly enough; 

 Potential rising costs for land, materials, and 

labour; 

 Public financial burden due to the high 

government expenditure on innovation activities; 

 Insufficient supply of skilled labour. 

 

It can be concluded that the public sector plays a pivotal role in each of the scenarios. The current 

state of innovation processes undeniably calls on the government to remove barriers to innovative 

procurement and to provide innovation incentives, even in the market-driven scenario. A number 
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of recommendations for the industry transition into alternative innovative futures is provided 

below.  

The Market forces transition scenario includes improvement in procurement practises leading to 

increasing demand for high-quality construction products and goods, within the constraints of a 

competitive market economy framework. If this is the preferred or likely transition scenario, the 

following actions should be taken to aid its fulfilment: 

 Procurement modes should be significantly modified to embrace innovation. Specifically, 

public procurement should specify increased level of innovation in terms of design (e.g. 

Building information modelling), construction (e.g. modular construction), and life cycle 

asset performance (e.g. green building).  

 Regulatory frameworks must concentrate on targeted performance outputs and not only 

on particular technologies that need to be implemented. 

 Absorption of available on the market innovations and increase in technological 

opportunities of the sector are only possible when training in the use of new technologies, 

machinery, processes and materials is provided. Given the limited direct public financial 

support for this scenario, government should focus on upskilling tertiary providers.  

 New business models are needed to heighten focus on value creation instead of cost-

cutting. Ensuring that multi-criteria tender selection criteria include items related to 

innovative construction approaches, as well as greater focus on safety, environmental and 

quality. 

The Conservative development transition scenario involves greater investment in innovation than 

the BAU scenario but the current restrictive market environment is still predominant. If this is the 

preferred or likely transition scenario, the following actions should be taken to aid its fulfilment: 

 The public sector has to be coherent and organised as it is the dominant investor. 

Additional construction costs associated with innovations will need to be subsidised 

through economic incentives such as grants, awards, funds and recognition programs. 

Moreover, funding and incentive schemes for research projects have to be available. 

Government funding could be scaled back over time as innovative maturity evolves. 

 A greater level of cooperation between the government, designers, contractors and 

researchers is essential to overcome barriers associated with uncertainties of using 

innovative ideas. Hence, policy frameworks need to be focused on promotion of stronger 

engagement of the industry with academia to: overcome shortages of skills; facilitate 

increased knowledge transfer and learning into the industry; and to enable applied R&D 

with the intention of bridging the gap between a novel concept and a commercialised 

construction product or service. 
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 It is necessary to support the ongoing evolution of building codes and standards as a 

means to push innovation implementation. In particular, national building codes need to 

be harmonised with Eurocodes, which are more supportive of novel design and 

construction approaches. 

In the Innovation power transition scenario, construction companies and academia are 

incentivised financially to work together, and innovation is encouraged through a competitive 

market environment.  The following actions are recommended to achieve the desired goals of this 

preferred transition scenario: 

 The scenario requires industry-wide commitment to collaboration and investment as well 

as sustained government support of a competitive market economy. 

 Government needs to introduce appropriate incentives and rewards to encourage an 

‘innovation mind-set’ among all members of the innovation process, and foster a culture 

of learning. First of all, such incentive mechanisms facilitate industry’s collaboration with 

academia to transform basic research to industrial prototypes, and ultimately strategic 

commercialised application. Such networks allow greater integration and financial 

stability of companies as they benefit from the value created by sharing R&D.    

 Overall, strong public and private spending on construction-related R&D should take 

place. 

 Identification and dissemination of successful innovation exemplars is needed, so 

companies may respond effectively to emerging opportunities associated with business 

benefits, as well as challenges arising from innovations.  

 National codes should be replaced with Eurocodes. It would allow the industry to adopt 

novel design approaches and address important energy and environmental aspects.  

 It is necessary to introduce tools of data analysis to inform all members of the construction 

process on the importance of considering life-time-performance, long-term functionality, 

and the life-cycle cost of a construction asset.  

It is worth noting, that the majority of the presented policies within each of the transition scenarios 

interrelate with the economic, institutional and social environment. For this reason, 

transformation of the industry is difficult and time-consuming, requiring simultaneously radical 

changes in the mind-sets of all actors of the construction innovation system.  

7.6 Conclusions and Future Research Directions 

Effective strategies are required to overcome the challenges of transforming Russia’s construction 

industry into one which is progressive and innovative. Nevertheless, innovation is only likely to 

occur if there is sufficient support for increased collaboration within the innovation system and 

research into new materials and technologies. In this paper, an SD model was developed as part 
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of the IPSM approach to provide understanding on how construction innovation would evolve in 

the context of four plausible transition scenarios of the Russian construction industry. 

Specifically, the research sought to explicitly capture the impact of various government policies, 

provide deeper understanding of how construction companies would behave in the context of 

different plausible ‘futures’, and enable decision-makers to design rational policies to improve 

the chances of better futures actually occurring.   

Various stakeholders with diverse backgrounds were involved in the SD model development, 

calibration and testing processes. The complex multi-actor nature of the system under 

investigation justified the IPSM approach for modelling the innovation processes and studying 

dynamic behaviour of the key parameters under different scenarios. The scenario analysis was 

performed with the notion of transition pathways to evaluate the possible futures of the Russian 

construction industry with regard to innovation development and diffusion.  One key finding was 

that the Russian construction industry preferences imitation-oriented innovation development. 

The innovation power transition scenario does produce more truly innovative companies than the 

other scenarios, but even in this scenario it takes time to develop a sufficient proportion of them. 

Overall, simulation results under alternative scenario settings revealed that industry 

transformation requires sustained and coordinated innovation diffusion strategies that engages all 

innovation stakeholders. An important topic for future research would be to examine how the 

competitive dynamics between imitators and innovators depend on different circumstances. 

Additionally, future research should expand on the herein SD model to include specific indicators 

of company business performance that will improve with innovation (e.g. profitability, 

productivity, client satisfaction). Another direction would be to explore the impact of certain 

education and training strategies on the industry innovation performance, as instilling a ‘culture 

of learning’ is necessary for companies to keep up with the pace of change. The versatility of the 

SD model allows for refinements to be made and new modules to be included in order to 

investigate the aforementioned research topics. 
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CHAPTER 8 

CONCLUSION 

 

8.1 Chapter Overview  

This chapter summarises the key findings, contributions and limitations of this PhD study. It also 

explains how the aim and objectives of the thesis were achieved during the research. Moreover, 

several areas were identified that were outside the scope of this study. These areas are left for 

future research and are briefly described in this concluding chapter. Thus, in Section 8.2 the main 

objectives of the PhD study are reiterated. Subsequently, the research findings are summarised 

for the individual areas of research focus, namely: (1) the understanding of key factors influencing 

innovation development and diffusion processes in the Russian construction industry; (2) the 

development of a research approach aiming to support modelling and decision-making; and (3) 

the conceptualisation and development of an integrated systems model. Section 8.3 details the 

contribution of this study to the existing body of knowledge in construction innovation, the 

methodological contribution to the field of systems modelling, and practical implications for the 

research outcomes. Section 8.4 provides a synthesis of the research limitations and offers avenues 

for future research. Finally, Section 8.5 is the closure of this concluding chapter, thus ending the 

whole PhD thesis. 

8.2 Research Objectives and Outcomes  

The aim and objectives of this study were outlined in sections 1.2 and 1.3 in the introductory 

chapter. Those are briefly reviewed here to show how they have been achieved during the 

research. 

8.2.1 Overarching Goal of PhD Study  

The goal of this study was to develop a system dynamics simulation model to understand how 

government policies and supportive programs can encourage construction industry practitioners 

to innovate, as well as promote R&D and technology transfer. By exploring dynamic complexities 

inherent in construction innovation, the research aimed to address the challenges of transforming 

Russia’s construction industry into a highly developed progressive sector. Moreover, it was 

necessary to identify the potential pathways to rational decision-making along with establishing 
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policies and practical recommendations to achieve the robust development of the Russian 

construction industry, improve its innovativeness and overcome excessive conservatism.  

In order to achieve this overarching goal, a series of logical research objectives and associated 

tasks needed to be crafted. Essentially, the main three objectives of the PhD research were: 

 Analysis and understanding of key factors influencing innovation development and 

diffusion processes in the Russian construction industry 

 Development of a research approach aiming to support modelling and decision-making 

 Conceptualisation and development of a systems model for deriving greater 

understanding of the Russian construction innovation system within the context of 

various plausible ‘futures’. 

To achieve the research objectives, a number of rigorous research activities were carried out. 

These activities, along with their associated outcomes, are summarised below. 

8.2.2 Key Factors Influencing Innovation Processes in the Russian Construction Industry 

To establish a repository of knowledge on the research topic, existing construction and innovation 

management literature was critically reviewed, as presented in Chapter 2. In particular, the study 

focused on reviewing the literature pertinent to the fundamentals of construction innovation 

within both a generic and Russian context. A literature review was completed using international 

as well as domestic Russian academic journals and included theoretical and empirical studies, 

government and industry reports, and news resources in order to develop the underpinning 

theoretical concepts for this research.  

Following the literature review, an exploratory study was conducted. It encompassed a 

questionnaire-based survey and face-to-face interviews to gather data about the present situation 

in the Russian construction industry, for further analysis of the key factors that most significantly 

affect construction innovation diffusion. Additionally, historical and cultural backgrounds that 

have influenced the industry’s development were analysed. The whole exploratory study is 

presented in Chapter 4. Overall, findings indicated that the Russian construction sector has faced 

various challenges which hinder innovation processes. The following factors were identified to 

be significant barriers to construction innovation diffusion: absence of a system of economic 

incentives for industrialists and research institutions; weak investment activity of construction 

companies due to a lack of funds; excessive administrative barriers; inappropriate technical 

regulation along with outdated construction norms and codes; serious lack of research support; 

weak R&D collaboration between industry and academia; and conservative procurement 

methods. The following factors were identified to be key enablers for generating successful 

adoption of ground-breaking processes and products in the Russian construction industry: 
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government support in form of financial incentives such as grants and subsidies; competition and 

market pressure; access to information and knowledge; and R&D collaboration practices between 

public sector research organisations and construction companies.  

Overall, it was concluded that the construction industry’s unwillingness to implement innovative 

technological advancements is primarily caused by the inability of the government to build up an 

institutional, regulatory and legislative framework that would encourage firms to innovate. The 

study outcomes assisted in scoping the problem to be modelled and setting up the research 

direction. In particular, the findings proved there is an obvious need for Russian construction 

companies and research institutions to operate in a much more supportive environment that 

embraces technological innovation. Hence, the next step was to investigate the interaction 

between the identified barriers, drivers and strategies in order to improve the explanatory power 

of the results, and formulate the conceptual model which represented the construction innovation 

system. 

8.2.3 An Integrated Participatory Systems Modelling Approach 

A critical stage of this PhD research was to develop a purpose-built modelling approach that 

would be suited to supporting decision-making contexts where: (1) high levels of cooperation 

existed between the diverse actors that make up the dynamic and complex construction innovation 

system; (2) there was a lack of empirical and relevant industry data; and (3) soft data inputs needed 

to be incorporated into the SD models.  

A novel integrated participatory systems modelling (IPSM) approach was formulated as a result 

of a critical comparison of various participatory modelling techniques (Chapter 6). The strengths 

and weaknesses of the participatory methods were reviewed. Hence, the developed IPSM 

approach took into account advantages and disadvantages of existing approaches for building SD 

models. 

The structure of the IPSM approach and the objectives of integration were found to be efficient 

in collecting data in a flexible way by conducting empirical structural analysis followed by a 

series of well-formalised workshops; providing understanding of the structure of the system under 

investigation; conceptualising the system and exploring its behaviour resulting from the 

relationships between key variables; highlighting potential alternative scenarios; and, 

importantly, supporting decision-making by involving stakeholders and experts with diverse 

backgrounds, knowledge and views in all stages of the SD modelling process. 

As a first step towards the development of an integrated systems model, a structural analysis was 

carried out using the MICMAC technique for determining the degree of influence that different 

variables had on each other within the construction innovation system, identifying the key 
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components of the system and quantifying relationships between them (Chapter 5). As a result, a 

conceptual model which traced the cause-and-effect relationships, and determined reasons for 

particular problems in the system, was created. It was ascertained that the interactive actions of 

the industry, government and academia had a great effect on the industry’s innovativeness. Two 

core linked dynamic hypotheses describing the problem under investigation were revealed: (1) 

industry, government and academia should collaborate in order to accumulate innovative 

capabilities and support the development of innovation; (2) all the actors should cooperate to most 

effectively diffuse a stock of already known innovations throughout the industry (Chapter 6). 

Further modelling focused on the formulation of an SD model after ‘quantifying’ and translating 

the CLD into a simulation model based on the stock and flow concept. In doing so, stakeholder 

workshops were conducted as the next round of data collection within the IPSM approach for 

modelling the innovation processes and studying dynamic behaviour of the key parameters under 

different scenarios. 

8.2.4 Construction Innovation SD Model 

Chapter 7 focused on the SD model of construction innovation performance in Russia. Taking 

into consideration the emerged dynamic hypotheses, the SD model was composed of two main 

parts: imitators dynamics and innovators dynamics. Imitators represented construction firms that 

introduced and implemented technological innovations by adopting ideas from others and slightly 

improving construction materials, techniques, technologically advanced production methods, 

products and services. Innovators represented companies that implemented technological 

innovations as a result of collaborative R&D. Such companies are constantly involved in R&D 

and implement newly introduced (i.e. subjected to significant technological changes) construction 

materials, techniques, goods and services based on new (including fundamentally new) 

technologies or on the combination of new technologies with existing ones.  

The SD model provided empirical evidence that effective strategies are required to overcome the 

challenges of transforming Russia’s construction industry into one which is highly innovative. 

The number of imitators and innovators is only likely to increase if there is sufficient support for 

increased collaboration within the innovation system. Moreover, there is a need to improve 

procurement practises that would lead to increasing demand for high-quality construction 

products and goods.  

The main step towards achieving the aim of this thesis was to perform a scenario analysis with 

the notion of transition scenarios to derive an understanding of the Russian construction industry 

with regard to innovation development and diffusion within the context of four plausible transition 

scenarios (i.e. business as usual, market forces, conservative development and innovation power). 

Hence, the developed SD was utilised to explore the behaviour of the construction innovation 
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system in the context of various plausible futures over the strategic horizon to shed light on the 

transformation of the Russian construction sector. Specifically, the transition scenarios were 

developed considering the variation of two important but uncertain factors driving innovation in 

the construction sector, namely: (1) the conditions and level of government financial support; and 

(2) demand for innovation related to market expectations largely dictated by procurement 

processes. 

The implications of the aforementioned scenarios were simulated for a 30-year time period, from 

2015 to 2045, to explicitly capture the long-term impact of key parameters on the dynamic 

behaviour of the outcome variables which characterised construction innovation performance. 

Overall, simulation results under alternative scenario settings revealed that industry 

transformation requires sustained and coordinated innovation diffusion strategies that engage all 

innovation stakeholders. One key finding was that the Russian construction industry preferences 

imitation-oriented innovation development. Even though construction innovation diffused more 

rapidly and seeded more innovators than imitators for the innovation power transition scenario, 

whereby increasing government R&D support was coupled with extensive reductions in barriers, 

it still would take time to develop a sufficient proportion of truly innovative companies. The 

market forces and state-led conservative development transition scenarios showed similar levels 

of innovation outcomes within the modelling horizon, but predominately yielded innovation 

imitators.  

In response to the research sub-objective to provide potential pathways along with policy and 

practical recommendations to shape successful transition of the Russian construction sector into 

the innovative future, the extensive scenario analysis findings culminated in the formulation of 

policy guidelines for enhancing innovativeness in the Russian construction industry. 

8.3 Study Contributions  

This PhD research study makes original contributions to theoretical, methodological and practical 

knowledge in the construction innovation field.  

8.3.1 Theoretical Contributions 

These conclusions represent how and where this study has added to the current body of 

knowledge. In the realm of innovation management and construction management research, many 

scholars have attempted to answer questions as to what makes companies innovative and what 

hinders the innovation process. Undeniably, the past research has provided a great deal of 

knowledge concerning the state of key factors affecting innovation implementation among 

companies operating in the construction industry. However, the relationships between such 

factors have not been substantially examined from a dynamic standpoint, even though the 
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concepts of innovation diffusion and the innovation system involve a ‘time’ factor. With this in 

mind, this PhD research was undertaken from a non-linear and systemic perspective that involved 

the longitudinal study of construction innovation.  

The application of a dynamic view to the analysis of construction innovation processes allowed 

for providing insights into complexity and the inherent dynamics of innovation processes caused 

by multiple feedback loops, non-linearity and time delays in decision-making. Moreover, by using 

computer-based simulations, the research explicitly captured the long-term impact of various 

government policies on construction innovation performance and contributed a quantification of 

construction innovation systems, which are seen as conceptual relative to theories of sector-

specific innovation systems. The research outcomes also proved that a number of systematically 

targeted strategies and rational policies are required in order to shape successful transition of the 

construction sector in the innovative future. Hence, the industry depends not only on how 

individual firms perform in isolation, but also on how they interact with other actors. Additionally, 

to the best of the researcher’s knowledge, this is the first comprehensively developed SD model 

that examines the relationships between the construction industry, academia and government, and 

has a focus on the challenging Russian Federation country context.  

8.3.2 Methodological Contributions 

This PhD study employed a developed integrated participatory systems modelling (IPSM) 

approach, which consisted of an exploratory study, stakeholder engagement, structural analysis 

and system dynamics modelling. This methodological approach supported the applicability and 

utility of qualitative and quantitative data analysis techniques in the sectoral-specific innovation 

system context, in line with the benefits of systems modelling tools. Data collection grounded in 

statistical analysis, interviews with stakeholders and empirical structural analysis, followed by a 

series of well-formalised workshops, allowed for using soft data in SD model building. 

The use of the IPSM approach not only facilitated conceptualisation of the system consisting of 

interrelated technical, economic and regulatory elements, but also identification and evaluation 

of the key variables as well as the strength of relationships between these variables. This 

inadvertently generated further confidence with the SD model development and simulation.  

The developed modelling approach demonstrates a high degree of scientific rigour and may be 

considered to be an efficient participatory modelling procedure for building SD models to handle 

the non-linear nature of innovation processes and encapsulate the various interrelationships 

among diverse components of dynamic and complex innovation systems. Furthermore, the 

modelling procedure could serve as a decision support tool in cases with similar problems where 

uncertainty in scientific knowledge and lack of empirical data present difficulties. 
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8.3.3 Practical Contributions  

The theoretical and methodological frameworks developed in this research provided analytic 

evidence for rational decision-making to promote efficient and effective industrial development. 

Although this PhD research was limited to Russia and the results were restricted to the policies 

regarding innovation within this one country, the IPSM procedure taken in this thesis appears 

applicable to other cases related to the management of innovation processes. Hence, the developed 

SD model can be used as a strategic planning tool for tracking the effects of various policy 

interventions and mechanisms.  

Overall, integration of the concept of a construction innovation system with the notion of macro 

industry transition scenarios allowed for evaluation of the possible futures of the Russian 

construction industry with regard to innovation development and diffusion. It could be a 

promising tool for policy-makers in transition studies in general, and a valuable tool for policy-

making and regulation of the construction industry, in particular. 

Both the quantified and qualified results of this study demonstrated that transformation of the 

construction industry is difficult and time-consuming, requiring simultaneously radical changes 

in the mind-sets of all actors of the construction innovation system.  

The extensive scenario analysis findings culminated in the formulation of policy 

recommendations for enhancing innovativeness in the Russian construction industry that would 

enable decision-makers to design rational policies to improve the chances of better futures 

actually occurring.  

Some of the below strategies and policy recommendations were proposed to be implemented to 

facilitate construction innovation within the context of industry transition into alternative 

innovative futures: 

 Government as a policy-maker needs to introduce appropriate incentives and rewards to 

encourage an ‘innovation mind-set’ among all members of the innovation process, and 

foster a culture of learning and process improvements. Such incentive mechanisms 

facilitate industry engagement with academia to transform basic research to industrial 

prototypes, and ultimately strategic commercialised application.  

 Additional construction costs associated with innovations need to be subsidised through 

economic incentives such as grants, awards, funds and recognition programs.  

 For government as a regulator, it is necessary to support the ongoing evolution of building 

codes and standards as a means to push innovation implementation. In particular, national 

building codes need to be harmonised with Eurocodes, which are more supportive of 

novel design and construction approaches.  



Chapter 8 – Conclusion 

187 | P a g e  

 

 A greater level of cooperation between the government, designers, contractors and 

researchers is essential to overcome barriers associated with uncertainties of using 

innovative ideas. Such networks allow greater integration and financial stability of 

companies as they benefit from the value created by sharing R&D. 

 Procurement modes should be significantly modified to embrace innovation. Specifically, 

public procurement should specify increased levels of innovation in terms of design (e.g. 

BIM), construction (e.g. modular construction) and life cycle asset performance (e.g. 

green building).  

 Construction companies need to heighten focus on new business models based on value 

creation instead of cost-cutting, while government as a client needs to ensure that multi-

criteria tender selection includes items related to innovative construction approaches, as 

well as greater focus on safety, environmental and quality aspects. 

 Incorporation of innovation has to be one of the prior company’s long-term business 

strategies. 

 Identification and dissemination of successful innovation exemplars is needed, so 

companies may respond effectively to emerging opportunities associated with business 

benefits, as well as challenges arising from innovations.  

 Training in the use of new technologies, machinery, processes and materials is necessary 

for companies to accomplish absorption of available on the market innovations and 

increase technological opportunities of the sector. 

 Stronger collaboration of the industry and academia as actual innovation generators allow 

to overcome shortages of skills, facilitate increased knowledge transfer and learning into 

the industry, and to enable applied R&D. 

 Academia is responsible for providing platforms for knowledge creation and diffusion 

through fundamental and applied research, upskilling the next generation of innovators 

and acting as guardians of the inherited body of knowledge. Moreover, academia 

enhances the ability of construction firms to assimilate knowledge from research 

laboratories to testing in an operational environment.  

8.4 Research Limitations and Future Research Directions 

Some limitations associated with this research, along with recommendations for future research 

directions, are presented as follows: 

 The research is focused on outlining future directions to enhance construction industry 

transformation. However, some of the vision statements that highlight the directions are 

qualitative, while quantifiable metrics for performance tracking are set up at the 

aggregated level. Hence, some simplifying assumptions limit the accuracy of the results. 
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However, this does not change the general conclusions, as the conducted SD modelling 

was not intended for precise forecasting of future innovation outcomes; rather, it was 

undertaken to derive greater understanding of the Russian construction innovation system 

within the context of four plausible transition scenarios for the construction market. The 

experimental outcomes should allow policy-makers to distinguish strategically important 

pathways to rational decision-making. Moreover, being based on expert knowledge 

collected in the workshops brings credibility to the model in terms of addressing the 

relevant aspects of the problem. 

 There are other issues that may affect company decisions to implement innovations that 

may not have been covered by the study. One such issue is the burden of innovation risk 

associated with anything new and unknown. Depicting construction companies’ threshold 

of risk and its relationship with the level of government support would add more realism 

to the SD modelling. An important topic for future research would also be to examine 

how the competitive dynamics between imitators and innovators depend on different 

circumstances. Additionally, future research should expand on the SD model herein to 

include specific indicators of company business performance that will improve with 

innovation (e.g. profitability, productivity, client satisfaction). Another direction would 

be to explore the impact of education and training strategies on industry innovation 

performance, as instilling a ‘culture of learning’ is necessary for companies to keep up 

with the pace of change. The versatility of the SD model allows for refinements to be 

made and new modules to be included in order to investigate the aforementioned research 

topics. 

 Further, the simplified SD model did not include potential external factors such as 

political stability. Accounting for significant external factors may provide additional 

insight into the operation of a sectoral innovation system in an economy such as Russia’s, 

given the ever-changing political context. 

 As discussed and concluded above, innovation has quite a sensitive nature. In the 

construction industry context, innovation differs from those in manufacturing and service 

sectors since the intention of construction is not to produce innovative products but rather 

to assemble complex product systems that do not follow the traditional product life cycle. 

Also, sectors differ greatly in the way innovation system’s actors create, acquire and 

transfer knowledge across the industry. For example, the construction industry in 

comparison to other sectors is classified as a traditional or low technology sector with 

low levels of expenditure on activities associated with innovation and R&D. Furthermore, 

construction innovation is conditional upon the readiness of all actors of the innovation 

process to collaborate and integrate their knowledge and expertise to diffuse innovation 

throughout the industry. The Russian construction sector is highly domestic overall, 

especially taking into account the recent government policies that aim at stimulating the 
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demand for locally developed innovative construction goods and services along with 

domestic science and further industry development. Thus, this study terms the critical 

elements such as ‘Industry-Academia R&D collaboration’ and ‘Government innovative 

strategy’ within the system dynamics model of the innovation system in the specific 

context of construction. Hence, it should be noted that the results of the conducted 

analysis might not be similar when applying the developed model in other industries and 

investigating the effects of different innovation policies on the performance of an 

innovation system. Nevertheless, the versatility of the model allows for suitable 

modifications and does not exhaust the possibilities to investigate various policies 

specific for different industries and countries when applied to cases related to the 

management of innovation processes. For example, an interesting direction for future 

research is to conduct comparative studies between various sectors that belong to diverse 

R&D intensity categories.  

 Lastly, the policy recommendations assume that the benefits of government intervention 

outweigh the potential public financial burden due to high government expenditure on 

innovation activities. However, it was not within the consideration of this study to 

investigate the cost–benefit analysis of each government policy. The purpose of this study 

was to highlight actions that may offer superior innovation performance in the 

construction industry. 

8.5 Closure 

The PhD study was divided into a number of different activities. The research goal was achieved 

through the development of a system dynamics model focusing on the challenging Russian 

Federation country context, outlined in chapters 4 to 7. In order to set the foundations for the 

further structuring of the problem to be modelled, key barriers, drivers and strategies that 

significantly affect construction innovation processes were realised through an extensive 

literature review and an exploratory study (Chapter 4). A novel integrated participatory systems 

modelling (IPSM) approach was designed to provide flexible data collection (Chapter 6). The 

conceptual model framework was developed based on the findings of questionnaire-based 

surveys, face-to-face interviews and empirical structural analysis (Chapter 5). Finally, an SD 

model was formulated based on the conceptual model, direct expert consultations and a series of 

stakeholder workshops. The model was synthesised to unfold the most effective pathways to 

derive better outcomes from the system under various scenarios (Chapter 7). 

Underpinned by the research findings mentioned herein, this study shed additional light on the 

construction management research area by providing empirical evidence regarding the 

relationships among factors affecting innovation development and diffusion. Moreover, the thesis 

provides theoretical insight into the complexity, structure and behaviour of a construction 
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innovation system by applying a dynamic view to the analysis of construction innovation 

processes.  

The research outcomes confirm that the developed IPSM approach is capable of addressing 

uncertainties and generating alternative scenarios based on both qualitative and quantitative data 

analysis techniques. 

Significantly, the practical implications of the research encompass the development of a systems 

model to assist decision-making, particularly in the context of designing rational policies and 

practical recommendations to achieve the robust development of the Russian construction 

industry, improve its innovativeness, overcome excessive conservatism, and improve the chances 

of better futures occurring.  
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APPENDIX A 

EXPLORATORY STUDY QUESTIONNAIRE 

SURVEY 

Appendix A-1. English Version  

Information for Participants 

Purpose of the survey. This questionnaire seeks to explore the current situation in the Russian 

construction industry and to identify the most significant drivers, enablers, barriers and strategies 

related to innovation diffusion in construction. The findings from this questionnaire will serve as 

the basis for exploring interactions between the identified barriers to innovation diffusion in the 

construction industry and the effect of supportive strategies to improve the industry’s 

innovativeness. 

Confidentiality. All information obtained from the questionnaire will be used for academic 

purpose only (PhD study) in an aggregated form. Your answers will be kept strictly confidential 

and no company or any individual respondent will be identified in any research papers or thesis.  

Questionnaire structure. This questionnaire contains three sections. Section A solicits 

background information. Section B requests information regarding the obstacles, drivers and 

strategies that affect innovation implementation most significantly. Section C is dedicated to 

respondents’ comments.  The questionnaire should take you approximately 15 minutes to 

complete this questionnaire. Your participation and cooperation is extremely important for 

achieving the objectives of this research.  

 

 

Section A: Demographic Profile 

A1. What is your current position? 

o Engineer / Builder 

o Project manager / Senior manager 

o Director / Owner 

o Architect / Designer 

o Manufacturer 

o Researcher / Academic 

A2. What is the ownership status of your organisation? (For industry participants only) 

o Private 

o Public 

o Public & Private
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A3. What is the sector your company is operating in? (For industry participants only) 

o Building sector  

o Civil infrastructure sector  

A4. How many employees are in your organisation? (For industry participants only) 

o Under 10 

o 10-50 

o 51-250 

o Over 251 

A5. How long has your company been operating for? (For industry participants only) 

_______________ year(s) 

A6. Does your company have any experience in implementing innovative solutions? (For industry 

participants only) 

o Yes 

o No 

A7. Would you mind being contacted for an in-depth interview based on the findings from this 

questionnaire?   

o Yes 

o No 

A8. If you answered ‘Yes’ on the previous question, please, provide your contact information 

(strictly confidential): 

Name                       _____________________________________________________________ 

Contact e-mail         _____________________________________________________________ 

Contact number       _____________________________________________________________ 

Best time to contact _____________________________________________________________ 

 

Section B: Diffusion of Construction Innovation: Barriers, Drivers and Coping Strategies 

B1. What kind of innovation activities occur in your company? 

o Introduction of new materials, technologies, machinery and equipment (product 

innovation) 

o Introduction of new design and construction processes (process innovation)  

o Introduction of new business practices (organisational innovation)  

B2. Rate the following factors that motivate construction companies to implement innovative 

solutions.  

 

Drivers to innovation diffusion  1 2 3 4 5 

Demanding market o  o  o  o  o  
Competitive pressure o  o  o  o  o  
Strict standards and regulations o  o  o  o  o  
Information gathering o  o  o  o  o  
Access to modern technologies, practices and solutions 

  
o  o  o  o  o  
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Drivers to innovation diffusion 1 2 3 4 5 
Coordination with universities and scientific research institutes  o  o  o  o  o  
Cooperation between participants of the construction process  o  o  o  o  o  
Personnel participation o  o  o  o  o  
Public support through subsidies and grants  o  o  o  o  o  

B3. Rate the following factors that hinder the development of the construction industry, 

particularly in terms of innovation development.  

 

Barriers to innovation diffusion 1 2 3 4 5 

High construction cost (funding deficit)  o  o  o  o  o  
Substantial economic risk  o  o  o  o  o  
Expectation of short-term profit o  o  o  o  o  
Restrictions imposed by regulations o  o  o  o  o  
Regional features in both the technical and legal aspects o  o  o  o  o  
Tendering and procurement  o  o  o  o  o  
Fragile contracts between university research centres and the 

construction industry 
o  o  o  o  o  

Low level of government support for industry development o  o  o  o  o  
Hostile attitude of designers and builders to contracts with 

fixed prices 
o  o  o  o  o  

The variety of building codes and standards  o  o  o  o  o  
Limited funding for innovation research  o  o  o  o  o  
Lack of established promotion schemes for new technologies 

from research laboratories to testing in an operational 

environment 

o  o  o  o  o  

Lack of necessary information and modern technologies o  o  o  o  o  
Non-effective cooperation between all members of the 

construction process 
o  o  o  o  o  

Fear of innovation implementation o  o  o  o  o  
Lack of demand and willingness of clients and developers o  o  o  o  o  

B4. How would you rate the impact of R&D activities to innovation implementation in your 

organisation? (For industry participants only) 

o 1 = No impact 

o 2 = Low impact 

o 3 = Moderate impact 

o 4 = High impact 

o 5 = Very high impact 

B5. How would you rate the impact of industry involvement in R&D activities in your university 

/ research centre? (For researchers and academics only) 

o 1 = No involvement 

o 2 = Low involvement 

o 3 = Moderate involvement 

o 4 = High involvement 

o 5 = Very high involvement 
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B6. Do you believe that the government is obliged to promote innovation development in the 

construction industry? 

o Yes 

o No 

o Partly 

B7. Choose the most effective strategy that, in your opinion, could be implemented by the 

government to support innovation diffusion. 

o Direct budget subsidies 

o Funding of pilot projects  

o Support of R&D by scientific research institutes  

o Support for the transfer of R&D results into practice  

o Tax incentives  

o Improved legislation  

o Improvement in the quality of higher education 

o Promotion of non-traditional forms of construction procurement  

B8. How often does your company derive the following outcomes as a result of innovation 

implementation?  

 

Outcomes of innovation implementation 1 2 3 4 5 

Improvement in the quality of construction works  o  o  o  o  o  
Reduction of construction cost  o  o  o  o  o  
Improved image of the company o  o  o  o  o  
Organisational structure improvement  o  o  o  o  o  
Long-term profitability o  o  o  o  o  
Intellectual property (patents, trademarks) o  o  o  o  o  
Competitive advantage o  o  o  o  o  
Higher client satisfaction  o  o  o  o  o  
Increased productivity  o  o  o  o  o  
Other (please specify) o  o  o  o  o  
 

Section C: Comments and / or Feedback of Participants (if any) 

_____________________________________________________________________________ 

_____________________________________________________________________________ 

_____________________________________________________________________________ 

_____________________________________________________________________________ 

_____________________________________________________________________________ 

_____________________________________________________________________________ 

Thank you for completing the questionnaire. We appreciate your help. 
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Appendix A-2. Russian Version  

Информация для респондентов 

Цель опроса. Данная анкета направлена на изучение текущей ситуации в российской 

строительной отрасли и выявление наиболее важных препятствий, мотивов и стратегий, 

связанных с внедрением инноваций в строительстве. Результаты опроса послужат основой 

для изучения взаимодействия между выявленными барьерами на пути внедрения 

инноваций в строительной отрасли и поддерживающими стратегиями для повышения 

инновационной активности отрасли. 

Конфиденциальность. Вся информация, полученная в результате проведенного опроса, 

будет использована в агрегированной форме исключительно в академических целях 

(аспирантура). Ваши ответы являются строго конфиденциальными. Ни одна компания 

или участник опроса не будут идентифицированы в научных статьях и диссертации. 

Структура анкеты. Данная анкета содержит три раздела. Раздел A содержит вопросы, 

касающиеся справочной информации. Раздел B состоит из вопросов о препятствиях, 

драйверах и стратегиях, оказывающих влияние на внедрение строительных инноваций. 

Раздел C посвящен комментариям респондентов. На заполнение у Вас уйдет около 15 

минут. Ваше участие и сотрудничество очень важны для достижения целей данного 

исследования. 

 

Раздел A: Демографические данные 

A1. Ваша должность?  

o Инженер / Строитель 

o Менеджер по проектам / Старший менеджер 

o Директор / Владелец организации 

o Архитектор / Проектировщик  

o Промышленник 

o Научный сотрудник / Исследователь 

A2. Форма собственности организации, (Только для респондентов – представителей 

строительных организаций) 

o Частная 

o Государственная 

o Смешанная 

A3. Направление деятельности Вашей организации? (Только для респондентов – 

представителей строительных организаций) 

o Промышленное и гражданское строительство  

o Транспортное строительство  

A4. Сколько сотрудников в Вашей организации? (Только для респондентов – 

представителей строительных организаций) 

o Менее 10 

o 10-50 

o 51-250 

o Свыше 251 

A5. Как долго Ваша компания существует на рынке строительных услуг? (Только для 

респондентов – представителей строительных организаций) 

_______________ лет (год) 
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A6. Имеется ли у Вашей компании опыт внедрения инновационных решений? (Только для 

респондентов – представителей строительных организаций) 

o Да  

o Нет 

A7. Согласны ли Вы поучаствовать в дальнейшем интервью, необходимого для детального 

изучения некоторых результатах, полученных в ходе анкетирования?  

o Да 

o Нет 

A8. Если вы ответили «Да» на предыдущий вопрос, пожалуйста, предоставьте свою 

контактную информацию (строго конфиденциальную):  

ФИО                                              _______________________________________________________ 

Электронная почта               ______________________________________________________ 

Номер телефона                        ______________________________________________________ 

Удобное время для звонка  ______________________________________________________ 

 

Раздел B: Внедрение инноваций в строительстве: барьеры, мотивы и стратегии 

преодоления препятствий 

B1. Какие инновации внедряются в Вашей компании?  

o Использование новых материалов, технологий, машин и оборудования 

(продуктовые инновации) 

o Внедрение новых процессов проектирования и строительства (процессные 

инновации) 

o Применение новых бизнес-практик (организационные инновации) 

B2. Оцените следующие факторы, мотивирующие строительные компании внедрять 

инновации. 

 

Факторы, мотивирующие строительные компании 

внедрять инновации 

1 2 3 4 5 

Спрос на рынке строительных услуг  o  o  o  o  o  
Давление со стороны конкурентов o  o  o  o  o  
Строгое государственное регулирование (новые 

стандарты, регламенты и т. д.) 
o  o  o  o  o  

Наличие необходимой информации o  o  o  o  o  
Доступ к современным технологиям, практике и 

решениям 
o  o  o  o  o  

Сотрудничество с университетами и научно-

исследовательскими институтами 
o  o  o  o  o  

Успешная координация между всеми участниками 

строительного процесса  
o  o  o  o  o  

Прием на работу новых специалистов o  o  o  o  o  
Государственная поддержка в форме субсидий и 

грантов 
o  o  o  o  o  
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B3. Оцените следующие факторы, препятствующие внедрению инноваций и развитию 

строительного сектора.  

 

Барьеры на пути внедрения инноваций 1 2 3 4 5 

Высокая стоимость нововведений (дефицит собственных 

денежных средств) 
o  o  o  o  o  

Существенные экономические риски o  o  o  o  o  
Неопределенность экономической выгоды (ожидание 

краткосрочной прибыли) 
o  o  o  o  o  

Недостатки технического регулирования, не 

обеспечивающего установления строительных 

нормативов, требующих применения современных 

технологий 

o  o  o  o  o  

Региональные особенности как в техническом, так и в 

правовом аспектах 
o  o  o  o  o  

Процедура тендеров и закупок   o  o  o  o  o  
Слабые контракты между университетскими 

исследовательскими центрами и стройиндустрией 
o  o  o  o  o  

Отсутствие целенаправленной госполитики и системы по 

стимулированию развития и внедрения инноваций в 

строительство 

o  o  o  o  o  

неприязненное отношение проектировщиков и 

строителей к контрактам с фиксированными ценами 
o  o  o  o  o  

Недостаточность законодательных и нормативных 

документов, регламентирующий инновационную 

деятельность 

o  o  o  o  o  

Ограниченное финансирование исследований в 

инновационной сфере 
o  o  o  o  o  

Отсутствие налаженных схем продвижения новых 

технологий из исследовательских лабораторий для 

испытаний в эксплуатационных условиях 

o  o  o  o  o  

Дефицит информации о новых технологиях на 

предприятии 
o  o  o  o  o  

Неэффективное сотрудничество между участниками 

строительного процесса 
o  o  o  o  o  

Страх перед внедрением инноваций o  o  o  o  o  
Сопротивление инновациям со стороны потребителей и 

заказчиков 
o  o  o  o  o  

B4. Как Вы оцениваете влияние НИОКР на внедрение инноваций в Вашей организации? 

(Только для респондентов – представителей строительных организаций) 

o 1 = Отсутствие воздействия 

o 2 = Низкое воздействие 

o 3 = Умеренное воздействие 

o 4 = Высокое воздействие 

o 5 = Очень высокое воздействие 

B5. Как Вы оцениваете степень участия строительных организаций в научно-

исследовательской деятельности в Вашего университета / исследовательского центра? 

(Только для респондентов – научных сотрудников и исследователей)  

o 1 = Отсутствие участия 

o 2 = Низкая степень участия 

o 3 = Умеренная степень участия 
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o 4 = Высокая степень участия 

o 5 = Очень высокая степень участия 

B6. Считаете ли Вы, что стимулировать рост использования инновационных строительных 

решений в первую очередь должно государство? 

o Да 

o Нет 

o Частично 

B7. Каковы, по Вашему мнению, наиболее эффективные механизмы государственной 

поддержки и стимулирования осуществления инновационной деятельности? 

o Прямое бюджетное субсидирование 

o Финансирование пилотных проектов 

o Увеличение государственного финансирования НИОКР в университетах, НИИ и 

других исследовательских организациях 

o Поддержка процессов доведения научных результатов до стадии производства  

o Налоговые льготы и преференции  

o Переход на новые стандарты, обеспечивающие внедрение прогрессивных инно-

вационных решений и продуктов 

o Повышение качества высшего образования  

o Продвижение нетрадиционных форм строительных закупок 

B8. Как часто Ваша компания сталкивается со следующими явлениями как результат 

внедрения инноваций,  

 

Последствия внедрения инноваций  1 2 3 4 5 

Улучшение качества строительных объектов o  o  o  o  o  
Снижение стоимости строительства  o  o  o  o  o  
Улучшенный имидж компании o  o  o  o  o  
Совершенствование организационной структуры 

компании 
o  o  o  o  o  

Долгосрочная экономическая выгода o  o  o  o  o  
Интеллектуальная собственность (патенты и т. д.) o  o  o  o  o  
Конкурентные преимущества перед другими компаниями 

стройиндустрии 
o  o  o  o  o  

Более высокая удовлетворенность заказчиков и клиентов o  o  o  o  o  
Повышенная производительность o  o  o  o  o  
Другое (просьба указать) o  o  o  o  o  

 

Раздел C: Комментарии и / или отзывы участников опроса  

_____________________________________________________________________________ 

_____________________________________________________________________________ 

_____________________________________________________________________________ 

_____________________________________________________________________________ 

_____________________________________________________________________________ 

Спасибо, что заполнили анкету. Ваша участие в опросе очень важно для нас.
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APPENDIX B 

INTERVIEW GUIDE FOR EXPLORATORY 

STUDY (KEY QUESTIONS IN EXPERT 

INTERVIEWS) 

A number of semi-structured interviews were conducted to reveal in-depth understanding on the 

identified hinders, enablers and strategies, as well as to help fully contextualise respondents’ 

perceptions about the barriers and strategies. Core questions were and asked followed by a range 

of more open-ended follow-up questions that helped unpack the findings from the questionnaire 

survey.  

General questions 

 Current position and responsibilities? 

 Years of experience in the field? 

 What is your opinion about the current situation in the Russian construction industry? 

 What is your vision on the innovation processes in the construction industry in Russia? 

 In your opinion, what are the most important innovative solutions that need to be 

considered as a first-priority task in the construction process (e.g. net building materials, 

new management practices, new design software)? 

 In your opinion, what are the main objectives of universities / research centres dealing 

with innovation? 

 Do you believe that all construction companies have a potential to become innovative?   

Barriers questions 

 Why is the construction industry considered to be very conservative?  

 Where does the fear of taking the first step towards innovation implementation come 

from? 

 What are the main reasons of a funding deficit in construction organisations?  

 Do you think the construction industry is fragmented? What are the main problems the 

fragmentation is leading to? 

 Do you believe there is an urgent need to improve existing legislation, regulations and 

technical standards?  

 In your opinion, is there a lack of industry professionals able to deal with innovative 

solutions?  

 Why do public tenders in the Russian Federation hinder innovation processes?   

 What are the main reasons that do not allow Russian construction R&D to be recognised 

worldwide?  

Drivers questions 

 What measures can help promote the economic interest of construction companies to 

introduce innovation?   
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 Do you have schemes in your company to encourage innovation?  

 How can current building and construction regulations be improved? 

 Is government investment in innovation sufficient?  

 What are the motives to invest in R&D and collaborate with universities / research 

centres?  

 What do you think about the impact of having strong collaboration with the industry / 

academia?  

Strategies questions 

 From your experience, what is the most suitable mechanism to foster construction 

innovation? 

 Do you believe the construction sector needs more research? Are construction companies 

willing to be involved in R&D? 

 Does your firm / university / research centre ever engage in joint ‘industry-academia’ 

research projects? Why or why not? 

 What are the sources of R&D funds in your university / research centre (government, 

industry funds)? 

 Do you believe the government plays / should play the major role in construction 

innovation processes? How can governments best support and promote innovation?  

Ending questions 

 Is there anything else that you want to comment on?  

 Do you mind if we continue to keep in touch with you throughout the research process?  

 Would you be prepared to be contacted for participating in a series of modelling 

workshops? 

 Is there anyone else either within your company or outside of your company that you 

would refer to for the further research? 
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APPENDIX C 

OPINION SURVEY 

Appendix C-2. English Version  

Dear Participant, 

We are currently undertaking a research project into the developing of an innovation system for 

the Russian construction industry.                      

The construction industry innovation system is a complex area, involving consideration of 

innovation impacts on a range of stakeholders such as governments, organisations, universities 

and research institutes. 

As part of this research, we are conducting a structural cross-impact analysis in order to elicit 

stakeholders’ opinions for confirming construction innovation-related variables and relationships 

among them through a matrix-building approach. As a result, a first causal-loop diagram allowing 

for a dynamic conceptualising of the problematic situation will be created. The research team will 

then develop a System Dynamics (SD) model to capture the current collective understanding of 

the impacts of a number of factors and strategies on the construction industry innovation system. 

In the following pages we would like to obtain your opinion as an expert/researcher/politician 

through a survey questionnaire, in which you are requested to rate relationships between the 

variables in different levels with respect to the criteria and the project goal.  

The information you provide will be of great value for this research, and accordingly, your 

participation is anticipated and very much appreciated. 

We sincerely hope you can assist. 

           

Emiliya Suprun           
            

PhD Candidate 

Griffith School of Engineering 

Griffith University Qld 4222         

            

0422 861 183 

emiliya.suprun@griffithuni.edu.au 

 

                          

 

                      

mailto:emiliya.suprun@griffithuni.edu.au


Appendix C 

218 | P a g e  

 

INFORMED CONSENT FORM 

Dear Participant,                     

You are being asked to participate in a research study regarding construction innovation system 

analysis. Ms. Emiliya Suprun is conducting this research under the principal supervision of Prof. 

Rodney Stewart.         

Chief Investigator: 
Dr. Rodney Stewart  

Professor  

Griffith School of Engineering  

Griffith University  

Email: r.stewart@griffith.edu.au 

Ph (work): +61 7 5552 8778 

 

 

 

 

Other team members: 
Ms. Emiliya Suprun 

PhD Candidate  

Griffith School of Engineering, Griffith University  

Dr. Kriengsak Panuwatwanich 

Senior Lecturer  

Griffith School of Engineering, Griffith University 

Dr. Oz Sahin 

Research Fellow  

Griffith School of Engineering, Griffith University 

Please read the information provided in Sections A and B carefully. You should ask Ms. Suprun 

to explain any sections that are unclear to you and to answer any questions that you may have. If, 

after deciding to participate in this study, you find you have more questions, you should contact 

the investigator at the number given at the end of this form. 

If you decide to participate in this research, please complete the survey and return it directly to 

the researcher. Please keep a copy of this consent form for your records as it contains important 

information, including names and telephone numbers that you may wish to have in the future. 

By completing and returning the attached survey, you are consenting to participate in this 

research. 

            

 SECTION-A – INFORMATION FOR PARTICIPANTS 

Why is the research being conducted? 

Construction is closely connected to the national social structure and consequently, is highly 

influenced by local, governmental and other institutional actors. The construction industry, with 

any other type of industry, develops continuously. The momentum and impact of construction 

development is influenced by a complex system of different elements. Following the background 

of the current levels and role of innovation in the construction industry, managing and controlling 

the significant factors that affect success in innovation is important. Consequently, first of all it is 

necessary to identify and examine the actors, enablers, strategies and public policies within an 

innovation system that aim to promote construction innovation and, secondly, to identify how the 

interactions among these key innovation drivers, actors and variables of the innovation system 

can be combined into a complex dynamic model to create scenarios and understand the policies’ 

impacts. 

This research aims to draw on the experiences of key stakeholders such as yourself, who have 

played a role in managing the diffusion and implementation of innovation and in the construction 

and innovation policy field in Russia, in order to identify the key factors that encourage 

construction firms to innovate and to recommend possible public policies to achieve a higher level 

of innovation by construction firms. 

What you will be asked to do 

You have been identified as an expert in this general field by our research team. As a professional with 

mailto:r.stewart@griffith.edu.au#_blank
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valuable knowledge and experience in the construction management, research and innovation policy 

field in Russia, we would like to invite you to participate in a facilitated interview. This would take 

approximately three hours.  The primary objective of this interview is to share and capture valuable 

insights about specific construction and innovation management issues in the context of the key 

innovation-related variables acting on the system and relationships among them through an 

iterative, matrix-building approach. This information will then be used to refine initial conceptual 

models of the system after a structural analysis matrix is generated from the research outcomes. 

The research team will then develop a System Dynamics (SD) model to capture the collective, 

current understanding of the impacts of various factors and strategies on the construction industry 

innovation system.  The interview will be highly interactive with facilitators capturing the 

information around specific components of the system being modelled.  

Risks to you  

We do not envisage that your participation in this interview will cause you any discomfort or 

harm. However, to minimise this possibility, you can be assured that your participation is entirely 

voluntary and you do not need to provide any information that makes you feel uncomfortable. 

Further, you can withdraw from the study at any time.  

Confidentiality 

All information collected through the interview will be de-identified. To counter this, you will have 

the opportunity to review your interview transcript as well as our interpretations of your input. All 

data collected during the project including digital recordings and transcripts will be stored in line with 

the requirements of Griffith University’s ‘Best practice guidelines for researchers: Managing 

research data and primary materials’: 

http://www.griffith.edu.au/__data/assets/pdf_file/0004/532939/Best_Practice_Guidelines.pdf  

Digital recordings 

The facilitated workshops will involve audio recording participant comments.  Audio is important 

as it allows researchers to verify information that arises during the workshops plus provides a 

source of context (via the narrative) for model building. The research team will have multiple 

sub-groups within workshops (e.g. for System Dynamics) and needs to be able to record each 

group separately i.e. multiple audio recording devices (digital devices). 

Involvement in this interview will make a significant contribution to the project.  The model 

frameworks developed will be presented to stakeholders through appropriate forums and will be 

available to support their decision-making processes in construction management. Results of the 

research will be published in a PhD thesis and also for several conference & journal papers. 

Participants will receive an outline of the results of the study and where they can find further 

information in published journals. 

Your participation in this research is voluntary and that you are free to withdraw from the study at any 

time. 

The ethical conduct of this research 

Griffith University conducts research in accordance with the National Statement on Ethical Conduct 

in Human Research.  The Griffith University ethics approval reference number 2016/179. If you 

have any concerns or complaints about the ethical conduct of this research project you should contact 

the Manager, Research Ethics on +61 7 3735 4375 or research-ethics@griffith.edu.au. 

Please note that opinions are considered personal information therefore, the conduct of this research 

involves the collection, access and/or use of your personal information. All data collected will be 

treated confidentially and will not be disclosed to third parties without your consent, except to meet 

government, legal or other regulatory authority requirements.   A de-identified copy of this data may 

http://www.griffith.edu.au/__data/assets/pdf_file/0004/532939/Best_Practice_Guidelines.pdf
mailto:research-ethics@griffith.edu.au


Appendix C 

220 | P a g e  

 

be used for other research purposes.   However, your anonymity will at all times be safeguarded.   For 

further information consult the University’s Privacy Plan at http://www.griffith.edu.au/privacy-plan 

or telephone +61 7 3735 4375. 

For questions or additional information on this research project please contact Ms. Emiliya Suprun by 

email on emiliya.suprun@griffithuni.edu.au or by phone - Mob. +61 422 861 183; +7 920 200 71 

72  

 PARTICIPANT STATEMENT                

By signing below, I confirm that I have read and understood the information package and in 

particular have noted that: 

 I understand that my involvement in this research will include participation in an interview on 

the improvement of innovation systems in the Russian construction industry. 

 I have had all my questions answered to my satisfaction 

 I understand the risks involved 

 I understand that there will be no direct benefit to me from my participation in this research 

 I understand that my participation in this research is voluntary 

 I understand that if I have any additional questions I can contact the research team 

 I understand that I am free to withdraw at any time, without explanation or penalty 

 I understand that I can contact the Manager, Research Ethics, at Griffith University Human 

Research Ethics Committee on +61 7 3735 4375 (or research-ethics@griffith.edu.au) if I have any 

concerns about the ethical conduct of the project 

 I agree to participate in the project. 

Name 
 

 

Signature 
 

 

Date 
 

 

 

Section-B – STRUCTURAL ANALYSIS FOR CONCEPTUAL MODELLING  

Introduction 

This research project focuses on designing a simulation model for an innovation system in the 

Russian construction industry. Innovation systems represent a rich combination of innovation 

activities in the local innovative milieu, supporting policies, interaction and network linkages of 

participating system actors (Fig.1).  

The model can be particularly useful in understanding how interaction of financial, human, 

information, regulation and knowledge flows can affect the behaviour of the construction 

innovation system, due to the actors working together. Therefore, the main purposes of the 

research is to first, identify the key factors that promote innovation in construction firms and 

second, to recommend possible scenarios to achieve a higher level of innovation by construction 

firms. 

http://www.griffith.edu.au/privacy-plan
mailto:emiliya.suprun@griffithuni.edu.au
mailto:research-ethics@griffith.edu.au
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To achieve the overarching goals of the project, the systems approach will be used to account for 

a range of causal relations and feedbacks affecting construction innovation along the innovation 

system under a range of scenarios. 

CAPACITY

CAPABILITYOUTPUTS

EXPECTATIONS

BROADER

ENVIRONMENT

GOVERNMENT

 

Figure 1: Theoretical model of innovation system in the construction industry 

Capacity = Input, resources, infrastructure: human resources; financial resources; information 

and communication resources; scientific and technology resources. Activities enablers, strategies 

– interrelated actors’ actions that shape innovation-related flows: public support; privileges; 

demand; effective and efficient collaboration; regulations; Capability = Process, flows - an ability 

to transform inputs into outputs: financial and funding (money) flows; human (people, skills) 

flows; knowledge (ideas, skills) flows; information flows; technology flows; regulation flows. 

Innovation system’s goals = Performance: industry efficiency and profitability; construction 

(product) quality improvement. Output:  quality of construction projects; final product cost; 

client’s satisfaction; profit maximisation. Broader environment: Russian context (regulation, 

history); barriers / challenges (such as high cost, legislation, weak collaboration, no economic 

incentives). Actors = actors roles. 

We will focus on the following actors who interact and have differing roles across the system: 

1. Firms in the construction industry as well as related and supporting industries where 

innovations actually take place; they also commercialise ideas; building material and 

construction equipment suppliers and service industry (e.g. contractors and consultants 

in building and civil infrastructure sectors). 

2. The public sector – government. The government is a highly influential participant in 

the construction industry, as it exercises a major role in several ways with responsibility 

for overall policy, aspects of funding, aspects of collaboration, regulatory framework 

and governance. It is a policy-maker, legislator and client and, in some cases, performs 

services directly. The public sector, as client, can influence and motivate other actors to 

a significant extent. Public policies, laws and programmes are other ways in which 

governments can influence innovation in the industry. It also plays a major role in 

driving demand for science and innovation (through procurement policies). 

3. Higher Education Institutions and research institutions, which are responsible for 

carrying out basic and applied research, training the next generation, and acting as 

guardians of the inherited body of knowledge. 

Through literature review, government and industry reports, news resources, as well as research 

conducted to identify main barriers and strategies for innovation diffusion in the Russian 

construction industry, we identified 26 variables influencing a construction innovation system. 

After consultation with the industry and academia representatives and based on their input, 4 

additional factors were identified as essential components of the construction innovation system. 
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A structural analysis is needed to be conducted for the analytical integration of these factors, and 

to identify causal feedback loops (both direct and indirect) between these 30 variables. 

In this phase of the research, to understand the relationships (influence and dependency) between 

the identified variables, we are aiming to obtain input from the relevant stakeholders’ perspective 

through populating the provided structural analysis matrix (Table 2). Stakeholders represent 

experts in construction/construction innovation/innovation policies area: researchers and 

academic staff, private and public construction companies’ employees and contractors, 

consultants (design engineers), manufacturers and public authorities’ representatives who are 

willing to share their experience and opinions.  

Each participant is requested to enter his/her judgments. Participants do not have to agree on the 

relative importance of the criteria or the rankings of the variables. In the following sheets, we 

would like to elicit your opinion in order to identify causal feedback loops. When populating the 

structural analysis matrix (Table 2), the criteria for completion are as follows: 

Table 1: Cross-Impact Matrix Multiplication Applied to Classification (MICMAC) 

comparison scale 

Explanation Numeric value 

There is no relation between two variables, enter → 0 

Weak relation/influence, enter → 1 

Average relation/influence, enter → 2 

Strong relation/influence, enter → 3 

Example:  

If you believe ‘Level of innovation’ has a weak influence on ‘Final product cost’ and ‘Profit 

maximisation’ but strong influence on ‘Level of tax incentives’, then in the first row, enter 1 for 

‘Final product cost’ and ‘Profit maximisation’, and 3 for ‘Level of tax incentives’. 

Table 2: Extract of structural analysis matrix for participants to complete 
 

Level of 

innovation 

Final product 

cost 

Profit 

maximisation 

Level of tax 

incentives 

Level of innovation 0    

Final product cost  0   

Profit maximisation   0  

Level of tax incentives    0 
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Appendix C-2. Russian Version  

Уважаемый участник опроса,  

В настоящее время мы проводим исследование по разработке инновационной системы для 

российской строительной отрасли. 

Инновационная система строительной отрасли представляет собой сложную систему 

взаимодействия правительства, строительных организаций, университетов и научно-

исследовательских институтов, оказывающую влияние на инновационные процессы.   

В рамках данного исследования мы проводим структурный анализ перекрестных 

воздействий, способствующий выявлению мнения заинтересованных сторон для 

подтверждения изменений, связанных с инновациями в строительстве, а также отношений 

между ними посредством подхода, основанного на заполнении матрицы. Результатом 

проведенного анализа является возможность построения первоначальной диаграммы 

причинно-следственных связей, позволяющей динамически осмыслить изучаемые 

явления. Впоследствии исследовательская группа разработает модель системно-

динамическую (System Dynamics) модель для комплексного изучения воздействия ряда 

факторов и стратегий на инновационную систему строительной отрасли.              

Мы просим Вас ознакомиться со всеми разделами данного документа. Нас интересует 

Ваше мнение как эксперта / исследователя / политика. Вам предлагается поучаствовать в 

опросе / интервью, целью которых является оценка отношений между переменными в 

зависимости от критериев и цели проекта. 

Предоставленная Вами информация имеет большое значение для данного исследования, и, 

Ваше участие в опросе очень ценно для нас.  

Мы искренне надеемся на Ваше сотрудничество.              

Эмилия Супрун           
            

Аспирантка 

Школа инженерии Гриффита 

Университет Гриффита, Голд Кост  

Квинсленд 4222 

Австралия  
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ФОРМА СОГЛАСИЯ НА УЧАСТИЕ В ИССЛЕДОВАНИИ 

Уважаемый участник опроса, 

Мы просим Вас принять участие в исследовании, посвященном анализу инновационной 

системы строительной отрасли. Аспирантка Эмилия Супрун проводит данное 

исследование под руководством профессора Родни Стюарта. 

Главный исследователь: 

Доктор Родни Стюарт 

Профессор 

Школа инженерии Гриффита 

Университет Гриффита, Голд Кост  

Электронная почта: 

 r.stewart@griffith.edu.au 

Телефон (рабочий): +61 7 5552 8778 

 

 

 

 

Другие члены исследовательской группы: 

Эмилия Супрун 

Аспирантка 

Школа инженерии Гриффита, Университет 

Гриффита 

Доктор Криенсак Пануватванич 

Старший преподаватель 

Школа инженерии Гриффита, Университет 

Гриффита 

Доктор Оз Сахин 

Научный сотрудник 

Школа инженерии Гриффита, Университет 

Гриффита 

 

Пожалуйста, внимательно ознакомьтесь с информацией, представленной в разделах A и B. 

Эмилия Супрун ответит на любые возникшие у Вас по ходу чтения вопросы. Если в 

процессе исследования у Вас возникнут дополнительные вопросы, обратитесь к 

исследователю по номеру, указанному в конце этой формы. 

Если Вы решите принять участие в этом исследовании, пожалуйста, заполните опросный 

лист и верните его непосредственно исследователю. Сохраните копию этой формы, так как 

она содержит важную информацию, включая имена и номера телефонов членов 

исследовательской группы, с которыми Вы, возможно, пожелаете связаться в дальнейшем. 

Заполнив прилагаемый опросный лист, Вы соглашаетесь участвовать в данном 

исследовании. 

РАЗДЕЛ А - ИНФОРМАЦИЯ ДЛЯ УЧАСТНИКОВ 

Зачем проводятся данное исследование? 

Строительство тесно связано с национальной социальной структурой и, следовательно, 

сильно зависит от местных, федеральных и других институциональных субъектов. Как и 

любая другая отрасль, строительная отрасль развивается непрерывно. На развитие 

строительства влияет сложная система различных элементов. Учитывая роль инноваций в 

строительной отрасли, важно контролировать различные факторы, оказывающие влияние 

на успех развития инноваций. Таким образом, прежде всего необходимо выявить и 

проанализировать участников строительного инновационного процесса, стратегии 

развития, а также государственную политику в рамках инновационной системы, целью 

которой является содействие внедрению инноваций в строительном секторе. Также важно 

имитировать взаимодействие между этими ключевыми инновационными драйверами, 

субъектами и переменными инновационной системы посредством построения 

имитационной динамической модели, необходимой для прогнозирования различных 

сценариев и проверки действенности тех ил иных стратегий.  

Данное исследование полагается на опыт ключевых заинтересованных сторон, таких как 

Вы, то есть экспертов, играющих определенную роль в управлении внедрением инноваций 

и в области строительства и инновационной политики в России.  Ваша знания помогут нам 

определить ключевые факторы, которые стимулируют строительные фирмы внедрять 
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инновации, а также взять во внимание возможные государственные стратегии для 

достижения более высокого уровня инноваций со стороны строительных фирм. 

В чем заключается Ваше участие в исследовательском проекте 

Наша исследовательская группа определила Вас как эксперта в области строительных 

инноваций. Будучи профессионалом, обладающим ценными знаниями и опытом в области 

управления строительством, строительных исследований и инновационной политикой 

России, мы хотели бы пригласить Вас принять участие в опросе. Это займет около трех 

часов. Основная цель данного интервью - получить ценную информацию по конкретным 

вопросам управления инновациями в строительном секторе в контексте ключевых 

переменных, связанных с инновациями и оказывающих влияние на инновационную 

систему. Для этого необходимо классифицировать взаимодействия между указанными 

элементами посредством заполнения матрицы структурного анализа. В дальнейшем, на 

основе полученных данных, будет построена концептуальная модель, представляющая 

инновационную систему строительной отрасли.  Затем исследовательская группа 

разработает системную динамическую (System Dynamics) модель для углубленного 

изучения влияния различных факторов и стратегий на инновационную систему 

строительной отрасли.  

Риски, связанные с участием в исследовании 

Мы не предполагаем, что Ваше участие в этом опросе вызовет у Вас какой-либо 

дискомфорт или принесет Вам вред. Однако, чтобы свести к минимуму эту возможность, 

Вы можете быть уверены, что Ваше участие является полностью добровольным, Вам не 

нужно предоставлять какую-либо информацию, заставляющую Вас чувствовать себя 

некомфортно. Кроме того, Вы можете отказаться от участия в исследовании в любое время.  

Конфиденциальность 

Вся информация, полученная в ходе опроса, будет обезличена. Чтобы убедиться в этом, у 

Вас будет возможность просмотреть копию интервью, а также наши интерпретации Ваших 

комментариев. Все данные, собранные в ходе проекта, включая цифровые записи и 

транскрипты, будут храниться в соответствии с требованиями «Руководства для 

исследователей Университета Гриффита: управление данными и основными материалами 

исследований»: 

http://www.griffith.edu.au/__data/assets/pdf_file/0004/532939/Best_Practice_Guidelines.pdf  

Запись интервью на цифровые носители 

Проводимые интервью будут включать в себя запись комментариев участников опроса на 

цифровые носители. Аудио записи позволяют исследователям проверять информацию, 

полученную во время интервью и является источником информации для дальнейшего 

построения модели.  

Ваше участие в данном внесет значительный вклад в исследовательский проект. 

Разработанные модели будут представлены заинтересованным сторонам через 

соответствующие форумы и будут доступны для использования в процессе принятия 

решений в управлении строительством. Результаты исследования будут опубликованы в 

форме докторской диссертации, а также в различных научных изданиях и в форме 

докладов на международных конференциях.  

Ваше участие в этом исследовании является добровольным, и Вы можете в любой момент 

отказаться от дальнейшего участия.  

 

http://www.griffith.edu.au/__data/assets/pdf_file/0004/532939/Best_Practice_Guidelines.pdf
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Этическая сторона данного исследования 

Университет Гриффита проводит исследования в соответствии с Национальным положением 

по этическому поведению в области исследований человека. Разрешение этического комитета 

Университета Гриффита 2016/179.  Если у Вас есть какие-либо проблемы или жалобы, 

связанные с этической стороной этого исследовательского проекта, пожалуйста, свяжитесь с 

менеджером по этике по телефону +61 7 3735 4375 или research-ethics@griffith.edu.au. 

Пожалуйста, обратите внимание, что собранная в ходе опроса информация является личной 

информацией. Все собранные данные будут обрабатываться конфиденциально и не будут 

раскрываться третьим лицам без Вашего согласия, кроме как для удовлетворения требований 

государственных, юридических или других регулирующих органов. Обезличенная копия этих 

данных может использоваться для других исследовательских целей, однако, Ваша 

анонимность не будет нарушена. Для получения дополнительной информации см. План 

конфиденциальности Университета по адресу http://www.griffith.edu.au/privacy-plan или 

уточняйте по телефону +61 7 3735 4375. 

При возникновении дополнительных вопросов по данному исследовательскому проекту 

просьба обращаться к Эмилии Супрун по электронной почте 

emiliya.suprun@griffithuni.edu.au или по телефону - моб. +7 920 200 71 72; +61 422 861 183. 

ЗАЯВЛЕНИЕ УЧАСТНИКА  

Из представленной информации я подтверждаю, что я понял(ла) суть исследовательского 

проекта и мое участие в исследовании:  

 Участие в интервью, посвященном механизмам совершенствования инновационной 

системы в строительной отрасли России 

 Право получить ответы на все интересующие меня вопросы по проекту 

 Отсутствие рисков от участия в интервью 

 Отсутствие прямой выгоды от участия в этом исследовании 

 Добровольность участия в интервью 

 Я могу связаться с исследовательской группой, если у меня возникнут дополнительные 

вопросы 

 Возможность отказаться от участия в данном интервью 

 Если у меня возникнут опасения по этической стороне проведения данного проекта, я 

могу связаться с отделом этики по научным исследованиям в комитете Университета 

Гриффита по телефону +61 7 3735 4375 (или research-ethics@griffith.edu.au) 

 Я согласен(на) на участие в этом проекте. 

ФИО 
 

 

Подпись, Дата 
 

 

 

 

mailto:research-ethics@griffith.edu.au
mailto:emiliya.suprun@griffithuni.edu.au
mailto:research-ethics@griffith.edu.au
mailto:research-ethics@griffith.edu.au
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Раздел-B – СТРУКТУРНЫЙ АНАЛИЗ ДЛЯ ПОСТРОЕНИЯ КОНЦЕПТУАЛЬНОЙ 

МОДЕЛИ  

Введение 

Данный исследовательский проект направлен на разработку имитационной модели 

инновационной системы российской строительной отрасли. Инновационные системы 

представляют собой сочетание инновационной деятельности в местной инновационной 

среде, стратегии поддержки, взаимодействие между участниками инновационного 

процесса (рис. 1). 

Модель может быть особенно полезна для понимания взаимодействия финансовых, 

кадровых, информационных, регулятивных и информационных потоков, влияющих на 

поведение системы инноваций в строительстве, в условиях постоянного сотрудничества 

между участниками инновационного процесса. Исходя из вышесказанного, основными 

целями данного исследования является, прежде всего, выявление ключевых факторов, 

стимулирующих использование инноваций в строительных фирмах, а также рассмотрение 

возможных сценариев достижения более высокого уровня внедрения инноваций в отрасли.  

Для достижения поставленных целей проекта необходим системный подход для учета 

целого ряда причинно-следственных связей, влияющих на инновационные разработки в 

строительной отрасли в рамках ряда сценариев.  

РЕСУРСЫ

ПРОЦЕССРЕЗУЛЬТАТЫ

УЧАСТНИКИ

ОЖИДАНИЯ

ВНЕШНЯЯ

СРЕДА

 

Рис.1. Теоретическая модель инновационной системы в строительной отрасли 

Ресурсы = Инфраструктура, исходные данные: человеческие ресурсы; финансовые 

ресурсы; информационные и коммуникационные ресурсы; научные и технологические 

ресурсы. Деятельность (методы обеспечения, стратегии) – действия участников, 

формирующие инновационные потоки: государственная поддержка; льготы; спрос; 

эффективное и действенное сотрудничество; нормативно-правовая база. знаний. 

Возможности = Процессы, трансформирующие ресурсы в результаты: финансовые и 

денежные потоки; движение человеческого капитала (люди, навыки); трансфер знаний 

(идей); информационные потоки; трансфер технологий; регулирование/законодательство. 

Цели инновационной системы: эффективность и рентабельность отрасли; 

конкурентоспособность отрасли. Результаты = последствия внедрения и применения 

инноваций: повышение качества / долговечности строительных объектов; максимизация 

прибыли; удовлетворенность клиентов. Внешняя среда = Макросреда: особенности страны 

(регулирование, масштаб, история, язык и т.д.); барьеры / препятствия на пути внедрения 

инноваций (высокая стоимость, законодательство, слабо развитой сотрудничество между 

участниками строительного процесса / наукой, отсутствие экономического 

стимулирования).  
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Мы сосредоточимся на взаимодействии следующих участников, играющих различные 

роли в рамках всей системы: 

1. Фирмы / организации строительной отрасли, где непосредственно внедряются и 

применяются инновации, а также осуществляется коммерциализация идей; 

поставщики строительных материалов и строительного оборудования и сферы 

услуг (например, подрядчики и консультанты).  

2. Государственный сектор – один из самых влиятельных участников в системе 

инноваций строительной отрасли, так как является одновременно клиентом, 

законодателем и органом принятия решений, отвечающим за общую 

инновационную политику, аспекты финансирования, стимулирования, 

сотрудничество между другими участниками системы, нормативно-правовую базу 

и управление. Также играет важную роль в стимулировании спроса на науку и 

инновации (посредством политики закупок). 

3. Высшие учебные заведения и научно-исследовательские институты, 

ответственные за проведение фундаментальных и прикладных исследований, 

подготовку кадров и накопление знаний.  

В процессе обзора научной литературы, производственных отчетов и нормативных 

документов, а также проведения исследования на предмет выявления главных барьеров, 

препятствующих строительным инновациям, мы определили 26 факторов, влияющих на 

инновационную систему строительной отрасли. После консультаций с представителями 

строительной отрасли и научных кругов были определены 4 дополнительных фактора в 

качестве важнейших компонентов инновационной системы в строительстве. Следующим 

этапом исследования является проведение структурного анализа, необходимого для 

аналитического интегрирования выявленных факторов, и определения причинно-

следственных связей (как прямых, так и косвенных) между этими 30 факторами.  

На данном этапе исследования, нам необходимо понять связь (влияние и зависимость) 

между этими ключевыми факторами. Для этого опрашиваемым экспертам предлагается 

заполнить представленную матрицу структурного анализа (таблица 2). Участники опроса 

представлены изъявившими желание принять участие специалистами в сфере 

строительства / строительных инноваций / инновационной политики: представителями 

строительных организаций и предприятий промышленности строительных материалов, 

научными сотрудниками, учеными и исследователями, представителями органов власти.  

Участники опроса не должны подтверждать важность и уместность тех или иных 

критериев или ранжировать их. Каждому участнику предлагается выразить свое мнение, 

следуя представленной процедуре по определению причинно-следственных связей между 

параметрами. При заполнении матрицы структурного анализа (таблица 2) учитываются 

следующие критерии: 

Таблица 1: Критерии сравнения параметров с использованием метода 

классификационной матрицы перекрестного влияния факторов (MICMAC)  

Explanation Numeric value 

Если нет никакой связи между двумя переменными, укажите → 0 

Слабая связь / влияние, укажите → 1 

Средняя степень связи / влияния, укажите → 2 

Сильная связь / влияние, укажите → 3 

Например:  

Если вы считаете, что «Уровень инноваций» имеет слабое влияние на «Конечную 

стоимость строительства» и «Максимизацию прибыли», но сильное влияние на 

«Уровень налоговых льгот», то в первом ряду, введите 1 для «Конечной стоимости 

строительства» и «Максимизации прибыли», и 3 для «Уровня налоговых льгот». 
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Таблица 2: Фрагмент структурной матрицы для заполнения участниками  

 
Уровень 

инноваций 

Конечная стоимость 

строительства 

Максимизация 

прибыли 

Уровень 

налоговых льгот 

Уровень 

инноваций 
0    

Конечная 

стоимость 

строительства 

 0   

Максимизация 

прибыли 
  0  

Уровень 

налоговых льгот  
   0 
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APPENDIX D 

CHAPTER 6 SUPPLEMENTARY MATERIALS 

Appendix D-1. Stakeholder Profile 

Table D-1.1: Stakeholder profile 

Stakeholder 

engagement form  

Number of 

participants  

Participants 

Modelling stage 1. Problem scoping 

Questionnaire survey 52  Engineers and builders (28%) 

 Construction companies project and senior managers (21%) 

 Construction companies directors (18%)  

 Architects and designers (14%) 

 Manufacturers (11%) 

 Researchers and academics from the following fields: civil 

engineering, architectural engineering, municipal and structural 

engineering, construction management (8%). 

One-on-one semi-

structured post hoc 

interviews 

12  Researchers and academics (33%) 

 Construction companies project and senior managers (17%) 

 Engineers and builders (17%) 

 Architects and designers (17%) 

 Construction companies directors (8%)  

 Manufacturers (8%) 

Modelling stage 2. Conceptualisation 

One-on-one expert 

consultations 

7  Researchers and academics (44%) 

 Construction companies project and senior managers (28%) 

 Designers (28%) 

Opinion survey through 

one-on-one structured 

interviews 

14  Researchers and academics (44%) 

 Public servants working on innovation development programs (21%) 

 Engineers and builders (14%) 

 Construction companies project and senior managers (7%) 

 Construction companies directors (7%)  

 Architects and designers (7%)  

Three facilitated 2-hour 

workshops  

12  Researchers and academics (33%) 

 Public servants working at the Department of Construction, 

Transport and Housing of the Belgorod region (17%) 

 Construction companies project and senior managers (17%) 

 Construction companies directors (17%)  

 Engineers and builders (8%) 

 Architects and designers (8%) 

Modelling stage 3. Dynamic model formulation 

A facilitated 1-day 

workshop №1 

6  Researchers and academics (33%) 

 Public servants working at the Department of Construction, 

Transport and Housing of the Belgorod region (17%) 

 Public servants working on innovation development programs (17%) 

 Construction companies project and senior managers (17%) 

 Construction companies directors (17%)  
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Stakeholder 

engagement form  

Number of 

participants  

Participants 

A facilitated 1-day 

workshop №2 

8  Researchers and academics (37%) 

 Public servants working on innovation development programs (25%) 

 Construction companies directors (25%)  

 Construction companies project and senior managers (13%) 

Modelling stage 4. Model analysis 

One-on-one expert 

consultations 

8  Researchers and academics (37%) 

 Construction companies directors (24%)  

 Public servants working at the Department of Construction, 

Transport and Housing of the Belgorod region (13%) 

 Public servants working on innovation development programs (13%) 

 Construction companies project and senior managers (13%) 

Modelling stage 5. Model use and recommendations 

One-on-one expert 

consultations 

8  Researchers and academics (37%) 

 Construction companies directors (24%)  

 Public servants working at the Department of Construction, 

Transport and Housing of the Belgorod region (13%) 

 Public servants working on innovation development programs (13%) 

 Construction companies project and senior managers (13%) 

 

Appendix D-2. Background of the Case Study  

In the Russian construction industry, 70% of the total implemented innovations are technological, 

involving the utilisation of technical approaches to either process or product innovation such as 

machinery and engineering equipment, cutting edge technology, software for architectural and 

construction design as well as information modelling. Such products aim to improve the 

efficiency of construction works and to accomplish high economic, technological and functional 

values to building operations.  

The proportion of construction companies implementing technological innovations is less than 

5% of the total market size compared to other sectors of Russia’s economy such as the energy 

(22%) and biomedical (29%) industries (Gorodnikova et al., 2017). This low rate occurs mainly 

because micro and small companies make up around 90% of the construction industry. According 

to the Bureau of Statistics (FSSS, 2018), about half of the construction works in the country are 

completed by companies with an average number of employees up to 15 people and annual 

revenues of less than 100 million roubles (1.8 million USD at February 2018). It goes without 

saying that such firms are forcedly conservative and cannot afford to invest in innovation and take 

advantage of technological know-how. 

According to the government forecast, the number of innovative construction companies is going 

to increase significantly over time (D-2.1). 

As can be seen in Figure D-2.1, there are two versions of an ‘Innovative development strategy for 

the construction industry in Russia for the period up to 2030’ (RSCI, 2015, 2017). Initially, the 

Russian government was expecting ten-fold increase in the frequency of innovative construction 

companies by 2030. Nevertheless, it seemed to be a very ambitious plan given the relatively short 

period of time and current political and business issues that might affect innovation diffusion in 

the country and the industry, in particular, in a negative way. Undoubtedly, a number of 

systematically targeted strategies and rational policies is needed to achieve such results. However, 

the strategy was readjusted in 2017 showing a new trend (RSCI, 2017). According to the new 

forecast, the level of technological innovation is planned to be tripled by 2030. This change proves 

the observed complication of the manufacturing processes in the construction sector, including 

introduction of an innovative component.  
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Figure D-2.1:  Reference mode diagram showing the government forecast (RSCI, 2015, 

2017)  

In addition to weak investment activity, there are excessive administrative barriers, inappropriate 

technical regulation, and variance of construction norms and codes to international standards. 

Coordination of construction procedures, time, and cost, are considered to be the primary 

problems of the Russian construction sector (Suprun and Stewart, 2015). Due to a number of 

measures taken by the government to simplify the process of obtaining building licenses and 

documentation, Russia takes 115th place out of 186 for the time and ease of such procedures, 

compared to 156th place in 2015 (Doing Business, 2018). Nevertheless, 230 days are still spent 

dealing with the construction permits while for Europe and Central Asia it is 168 days on average. 

In comparison, it takes 27.5 days in South Korea (28th place), 86 days in the UK (14th place), 

121 days in Australia (6th place), and 161 days in the Netherlands (76th place).   

Business confidence in the construction industry has remained negative since the mid-1990s, 

which in turn significantly hinders innovation implementation. An exception was in 2008, when 

the business confidence index reached 5%. By 2014, the index had approached zero and continued 

to show negative dynamics during the crisis of 2014-2016 (FSSS, 2018). In 2017 the Ministry of 

Economic Development had forecasted a 4.2% increase in the industry turnover by the end of the 

year. However, according to the department’s reports, the construction fell by 1.9%, and the 

confidence index reached -15% (IZ, 2018). Nevertheless, experts forecast the increase of the 

index to -4% in 2018. In other words, there is a potential for the development of the construction 

sector despite the market instability.   

Industry, government, and academia contribute to and benefit from the introduced innovations as 

they constitute part of the system’s environment in their role as innovation generators, policy-

makers and knowledge brokers. It is clear, that construction development is highly influenced by 

the variety of complex interactions between these three actors. For instance, the government plays 

a major influential role within the construction industry contributing to the system’s balance as a 

policy-maker and legislator. Innovation generators represented by construction firms, design 

companies and knowledge developers need to be encouraged to innovate through public policies, 

laws and incentive mechanisms (Slaughter, 1993; Miozzo and Dewick, 2002). In addition, 

government as a client significantly influences and motivates other actors by driving demand for 

research and innovation through regulatory frameworks and procurement schemes.  

 

Public funds comprise institutional funding granted specifically to universities and research 

centres, meanwhile, industrial and scientific organisations contribute to the country’s GDP.  

 

Research organisations and universities are responsible for training the next generation of 

innovators and diffusing knowledge within the innovation system. Furthermore, academia 

improves overall national innovative capabilities by assisting construction companies in testing 
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and evaluating research results and innovative solutions (Hampson et al., 2014). Hence, the 

industry may be considered as a mediator between R&D institutions by investing in research. 

Appendix D-3. Summary of Feedback Loops Within the Extended 

Causal Loop Diagram 

Sixteen main feedback loops emerged from the extended causal loop diagram representing 

involvement of the industry, government and academia in the innovation process within the 

construction innovation system (Table D-3.1). The assembled causal loop diagram (CLD) 

consists of seven themes.  

Innovation diffusion. The innovation diffusion process takes two forms in the construction 

industry representing different dynamics (Suprun and Stewart, 2015). Development of innovative 

solutions is performed by actual innovators involved in the R&D activity that introduce and 

implement product and process innovations that are new to the industry or market (Figure D-3.1). 

The second group of innovative companies is represented by imitators that adopt already known 

technological innovations (Bass, 1969; Kunc, 2004).  

 

Figure D-3.1: CLD: Layer 1 

Requirements for innovativeness. According to the group discussions with stakeholders and 

previously conducted studies (Suprun and Stewart, 2015), there are three main factors that 

influence or force decision-makers at construction companies to acknowledge innovation 

implementation as a priority process to improve the efficiency and effectiveness of the industry 

(Figures D-3.2 and D-3.3). First of all, there is a need to create an environment where innovative 

organisations have successful access to innovative technologies and are able to maintain high-

tech business. In other words, innovations have to be attractive. Moreover, in order to be 

innovative, construction firms need to allocate capabilities in the entire construction innovation 

system in order to achieve the benefits of the high-level innovation performance. Last, and 

importantly, given the growing domestic and international competition in the world of 

construction, only companies allocating sufficient investment into the new technology and highly 

skilled personnel may expect to a have a stable position in the market. Additionally, a client may 

create demand for new alternatives (Seaden and Manseau, 2001; Miozzo and Dewick, 2002).  

 

Figure D-3.2: An influence tree for the ‘Innovative companies’ variable 
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Table D-3.1: Summary of feedback loops 

Loops  Loop name Structure Theme 

B1a Market saturation Potential innovative construction companies → Innovators → Innovative companies → Potential innovative construction 

companies 

Innovation diffusion 

B1b Market saturation Potential innovative construction companies → Imitators → Innovative companies → Potential innovative construction 

companies 

Innovation diffusion 

B2a Client satisfaction 

driven motivation in 

short-term prospective 

Innovative companies → Actual success rate of innovation → Gap between desired and actual success rate of innovation → 

Quality of construction projects → Construction cost to a client → Client satisfaction → Business performance of construction 

companies → Attractiveness of innovation → Innovative companies 

Attractiveness of 

being innovative 

B2b Profit driven 

motivation in short-

term prospective 

Innovative companies → Actual success rate of innovation → Gap between desired and actual success rate of innovation → 

Quality of construction projects → Construction cost to a company → Profitability → Business performance of construction 

companies → Attractiveness of innovation → Innovative companies 

Attractiveness of 

being innovative 

B3 Government support Attractiveness of innovation → Level of government support → Government incentives → Attractiveness of innovation Attractiveness of 

being innovative 

R1a Client satisfaction 

driven motivation in 

long-term prospective 

Innovative companies → Actual success rate of innovation → Gap between desired and actual success rate of innovation → 

Construction cost to a company → Construction cost to a client → Client satisfaction → Business performance of construction 

companies → Attractiveness of innovation → Innovative companies 

Attractiveness of 

being innovative 

R1b Profit driven 

motivation in long-

term prospective 

Innovative companies → Actual success rate of innovation → Gap between desired and actual success rate of innovation → 

Construction cost to a company → Profitability → Business performance of construction companies → Attractiveness of 

innovation → Innovative companies 

Attractiveness of 

being innovative 

B4 Reduction of 

regulatory burden 

Attractiveness of innovation → Need to improve legislation → Level of administrative barriers to innovation → Attractiveness 

of innovation 

Attractiveness of 

being innovative 

R2 Competitive pressure 

to innovate 

Innovative companies → Actual success rate of innovation → Gap between desired and actual success rate of innovation → 

Quality of construction projects → Competitive advantage → Market share → Competition on traditional construction 

companies → Pressure to innovate → Innovative companies 

Pressure to innovate 

 

R3 Client requirements Client demand → Pressure to innovate → Innovative companies → Actual success rate of innovation → Gap between desired 

and actual success rate of innovation → Quality of construction projects → Client satisfaction → Client demand 

Pressure to innovate 

R4 Building absorptive 

capacity 

Investment in innovation → Awareness and training → Absorptive capacity → Innovative capability → Rate of imitation → 

Imitators → Innovative companies → Actual success rate of innovation → Gap between desired and actual success rate of 

innovation → Construction cost to a company → Profitability → Investment in innovation 

Building innovative 

capability 

R5a Building R&D 

capability through 

industry involvement 

Investment in innovation → R&D funding → R&D infrastructure → R&D capability → Innovative capability → UI R&D 

collaboration → Innovators → Innovative companies → Actual success rate of innovation → Gap between desired and actual 

success rate of innovation → Quality of construction projects → Competitive advantage → Market share → Revenue of a 

company → Profitability → Investment in innovation 

 

Building innovative 

capability 
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Loops  Loop name Structure Theme 

R5b Building R&D 

capability through 

government 

involvement 

GDP → Government incentives → R&D funding → R&D infrastructure → R&D capability → Innovative capability → UI 

R&D collaboration → Innovators → Innovative companies → Actual success rate of innovation → Gap between desired and 

actual success rate of innovation → Construction cost to a company → Construction cost to a client → Client satisfaction → 

Client demand → Revenue of a company → Construction Sector turnover → Construction contribution to GDP → GDP 

Building innovative 

capability 

 

B5 Overcoming industry 

isolation 

Level of R&D activity → Level of government support → Government incentives → R&D funding → Attractiveness of 

research → R&D expertise → R&D capability → Level of R&D activity 

R&D activity  

B6a Industry development  

 

Gap between desired and actual import substitution policy performance → Perceived need for innovation → Need to improve 

legislation → Government incentives → Attractiveness of innovation → Investment in innovation → Rate of imitation → 

Imitators → Actual import substitution policy performance → Gap between desired and actual import substitution policy 

performance  

Impact of import 

substitution policy 

B6b Import substitution   Gap between desired and actual import substitution policy performance → Perceived need for innovation → Need to improve 

legislation → Government incentives → R&D capability → Level of R&D activity → Industry readiness for UI R&D 

collaboration → UI R&D collaboration → Innovators → Actual import substitution policy performance → Gap between 

desired and actual import substitution policy performance 

Impact of import 

substitution policy  
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Figure D-3.3: CLD: Layer 2 

Attractiveness of being innovative. Many studies recognise innovation as a factor that directly 

increases a firm’s performance (Panuwatwanich et al., 2009a; Lim and Peltner, 2011; Dansoh et 

al., 2017). Use of innovative materials and technology enable companies to improve the quality 

of their products and services, reduce cost and time of construction works, enter new markets, 

and satisfy high expectations of customers. It is clear that an efficient and profitable industry 

drives economic growth. Nevertheless, a large number of investors and owners of construction 

companies have short-term business thinking, which in turn, makes them to focus only on how 

much profit they will obtain. In other words, in the Russian construction industry cost is still a 

priority. Once innovation is successfully implemented, the cost to a client increases due to high 

quality, subsequently leading to decline in client satisfaction, which eventually negatively 

influences the attractiveness of innovation (balancing loop B2a) (Figure D-3.4). In fact, 

significant expenditures on innovation lead to more expensive projects at first, that in a short-term 

prospective makes contractors to revert to using of traditional, well-recognised methods 

(balancing loop B2b).  

 

Figure D-3.4: CLD: Layer 3 
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Consequently, government support is needed in order to boost innovative activity at the initial 

stage, cover some of industry’s expenses, and maximise the profit. Appropriate incentive 

mechanisms would increase the economic interest of organisations and attractiveness of 

investments, giving the companies an opportunity to compete without forcing them to wait for 

short-term benefits despite the additional construction costs (balancing loop B3) (Figure D-3.4). 

By receiving such support, the industry will be developing its capabilities gradually and, in a long-

term prospective will increase the level of attractiveness by satisfying the customers’ needs 

(reinforcing loop R1a) and receiving high profits (reinforcing loop R1b).  

Unlike efficient support and high business performance, administrative barriers hinder companies 

willingness to be a part of the innovation process (balancing loop B4) (Figure D-3.4). For 

instance, uncertainty about the rules and legal frameworks as well as inflexible regulations of use 

of certain materials may impede the demand and image of such materials. Moreover, some 

government procedures such as strict state expert examination add complexities to doing work in 

the field, which, in turn, has a negative impact on time of construction and increasing costs (HSE, 

2013; Suprun and Stewart, 2015). As mentioned above, Russia takes 115th place out of 186 for 

the time and ease of such procedures in obtaining building permits.  

Pressure to innovate. High competition in the market and client demand force decision-makers at 

construction firms to consider innovation implementation to stay afloat. It is generally accepted 

that companies gain a competitive advantage by introducing innovative solutions and adopting 

new technology (Miozzo and Dewick, 2002; Stewart, 2007). By improving the quality of 

construction products and services along with lower costs due to the use of innovation, a 

contractor may significantly increase its competitive advantage in the market and even build an 

international reputation (reinforcing loop R2).  As a result, however, entering larger markets leads 

to the greater competition that reinforces the pressure to invest more in cutting-edge ideas and 

R&D for a more competitive outlook (Figure D-3.5).  

 

Figure D-3.5: CLD: Layer 4 
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Clients, whether private customers or government, may significantly influence the industry’s 

decision regarding innovation preferences. Satisfying the clients’ needs and demands is highly 

conducive for innovation (reinforcing loop R3) (Figure D-3.5). Moreover, the government may 

demand more active use of innovative and sustainable applications and construction methods for 

the industry to meet the requirements of the import substitution policy (RSCI, 2015, 2017).  

Building innovative capability. A firm’s success in implementing cutting-edge technology 

depends on companies’ capabilities as the process of transferring ideas into the end-product or 

service may become extremely complicated and costly (Manley, 2008; Hampson et al., 2014). It 

is essential to build the innovative capabilities for any potential innovative company within the 

innovation system, whether it is an organisation giving preference to adopting new technology 

and developing methods for its improvement, or companies investing in R&D (Castellacci and 

Natera, 2013) (Figure D-3.6). So-called imitators need to invest in their ability to be a part of the 

innovation process. In other words, building of absorptive capacity needs to be supported 

(reinforcing loop R4). Once companies start investing in qualified personnel and training of the 

professionals, their innovative capability increases followed by successful innovation 

implementation and, as a result, higher investments to be taken on innovative processes and 

practices.   

 

Figure D-3.6: CLD: Layer 5 
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universities and the industry by implementing encouraging incentive schemes, policies and 
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government support (balancing loop B5).  As a result, industry readiness for industry-academia 

collaboration achieves a higher level along with gradually declining industry isolation (Figure D-

3.7).    

 

Figure D-3.7: CLD: Layer 6 
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Figure D-3.8: CLD: Layer 7

Potential Innovative

Construction Companies

Innovative

Companies

Imitators

+

+

Quality of

Construction Projects
Profitability

Innovative

Capability

Awareness and

Training

Absorptive

Capacity

++

-

Innovators

R&D Capability+

+

B1b

Client Satisfaction

Attractiveness of

Innovation

Competitive

Advantage

Business Performance of

Construction Companies

+

Construction Sector

Turnover

+

B1a

+

Level of Government

Support

Government

Incentives

+

-

+

UI R&D

Collaboration
Level of R&D

Activity

Industry Readiness for

UI R&D Collaboration

+

+

Construction Cost

to a Client

Construction Cost to

a Company

Investment in

Innovation

+

+

Construction

Market Size

GDP

R&D Funding

R&D

Infrastructure

Attractiveness of

Research

R&D Expertise

+

+

+

+

+

+

+

Actual Success Rate

of Innovation

-

+

Client Demand

+

-

Market Share

+

Pressure to

Innovate

Competition on Traditional

Construction Companies

+

Rate of Imitation

-

+

+

+

R4

R5a

+

+

+

+

+

+

+

Level of Administrative

Barriers to Innovation

-

<Client Demand>
+

<Construction Cost to

a Company>

-

B2a

B2b

B3

R1a

R1b

Perceived Need for

Innovation

+

Gap Between Desired and
Actual Success Rate of

Innovation

Desired Success Rate

of Innovation

+

-

+

-

+

+

R2

R3

-

R5b

Gap Between Desired and
Actual Import Substitution

Policy Performance

Desired Import
Substitution Policy

Performance

Actual Import
Substitution Policy

Performance

-

+

+

<Innovators>

<Imitators>

-
+

Need to Improve

Legislation +

+
- <Attractiveness of

Innovation>

+

B5

B6a

Innovation
Diffusion

Requirements for
Innovativeness

Attractiveness of
Being Innovative

Pressure to
Innovate

Building Innovative
Capability

R&D Activity

Impact of Import
Substitution Policy

GDP from Other

Sectors

+

B6b

-
+

+

Revenue of a

Company

+

+

+

+

Construction

Contribution to GDP

+

+

<Market Share>

+

-B4

Colour-coded

Themes



Appendix D 

    241 | P a g e  

 

Appendix D-4. Summary of Variables Within the Stock and Flow Diagram of Innovation Diffusion in the 

Construction Industry 

Table D-4.1: Qualitative scale for the variables impacting attractiveness of being innovative 

Variable Scale (%) Characterisation Description 

Administrative 

barriers 

< 20 Acceptable  improved regulatory and technical legislation in research, architectural and construction design, construction and 

standardisation 

 improved regulatory and technical documents harmonised with the international standards ensuring innovation 

implementation. 

20 – 39 Medium  simplified and accelerated certification procedure in accordance with international quality standards 

 simplified procedures for interaction with the federal and local public authorities. 

40 – 59  High  imperfection of technical regulation. 

60 – 79 Excessive  lack of developed and implemented standards that encourage industrialists to minimise usage of obsolete 

technologies and equipment 

 incompatibility of construction norms, codes and rules with international standards. 

80 – 100 Insurmountable   outdated standards and other regulatory documents. 

Government 

support 

< 20 Insufficient   lack of or very weak systemic public support and inadequate incentive measures to stimulate the construction sector 

and related industries (e.g. design, transportation, engineering, protection of natural resources, science, education). 

20 – 39 Poor  insufficient instruments of government support for innovative activities, i.e. limited flexibility and 

underdevelopment of mechanisms for allocating risks between the state and construction companies  

 weak focus on stimulating links between various actors in innovation processes, including research and production 

partnerships.  

40 – 59  Adequate  development of various mechanisms to support technological modernisation of the industry, while there are still 

only individual improvements, fragmentation and instability of the overall progress in this area remain 

 stimulation of demand for innovative products 

 state control of enterprises that do not meet the requirements of energy and resource consumption along with the 

environmental safety. 

60 – 79 Sufficient  improved grant schemes for medium and large enterprises in the construction industry that implement innovative 

solutions 

 strengthening support for fundamental and applied research in universities and research centres followed by 

integrated scientific and educational activities; strengthening the export role of the Russian science. 

80 – 100 High  direct budget funding 

 subsidising of an interest rate on loans for enterprises that produce and purchase innovative equipment.  
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Variable Scale (%) Characterisation Description 

Industry 

business 

performance 

< 20 Poor  weak business performance in terms of low quality, high costs, very narrow profit margins and unsatisfied clients.  

20 – 39 Unsatisfactory  low quality-price ratio of the investments. 

40 – 59  Satisfactory  a company’s revenue is higher than the investment required for development and implementation of innovation. 

60 – 79 Good  increased productivity and profitability as a result of application of innovative practices 

 completed projects meet specifications and clients’ expectations. 

80 – 100 Excellent  desired performance in terms of superior quality and high client satisfaction 

 strong financial performance and profitability 

 arising opportunities to enter new markets. 

Table D-4.2: Summary of variables within the stock and flow diagram of innovation diffusion in the construction industry 

Variable  Unit Description Equation and/or assumption Source  

Potential innovative 

companies 

Firm Number of medium and large-sized construction 

firms that have not introduced / implemented 

technological innovation yet 

INTEG (Change in potential innovative 

companies – Innovativeness attraction 

rate, initial potential innovative 

companies stock)  

Initial potential innovative companies = 

Proportion of large and medium-sized 

construction firms * Construction market 

size – Actual innovative companies 

Stakeholder workshops; 

RSCI (2015), RSCI (2017) 

 

Construction companies 

willing to innovate 

Firm Construction firms making decision in favour of 

introducing / implementing technological 

innovation depending on change in attractiveness of 

being innovative based on business performance of 

construction firms, level of government support and 

level of administrative barriers 

 

INTEG (Innovativeness attraction rate – 

Imitation rate – Innovation rate, initial 

construction companies willing to 

innovate stock)  

Initial construction companies willing to 

innovate = Potential innovative 

companies * 0.18  

0.18 is the initial attractiveness of 

innovation  

Stakeholder workshops 

Innovators Firm Number of construction firms introducing / 

implementing technological innovation as a result 

of collaborative R&D 

INTEG (Innovation rate, initial 

innovators stock)  

Initial innovators = 1553 

Stakeholder workshops; 

RSCI (2015), RSCI (2017) 

Authors’ calculation based 

on Gorodnikova et al. 

(2017) and FSSS (2018) 



Appendix D 

    243 | P a g e  

 

 

Variable  Unit Description Equation and/or assumption Source  

Imitators Firm Number of construction firms introducing / 

implementing technological innovation by adopting 

from others 

INTEG (Imitation rate, initial imitators 

stock)  

 

Initial imitators = 3154 

Stakeholder workshops; 

RSCI (2015), RSCI (2017) 

Authors’ calculation based 

on Gorodnikova et al. 

(2017) and FSSS (2018)  

Actual innovative 

companies 

Firm Number of innovative construction firms Imitators + Innovators Stakeholder workshops 

Construction market size Firm Total amount of construction companies INTEG (Change in construction market 

size, initial construction market size 

stock)  

Construction market size = 235351 

Stakeholder workshops 

 

FSSS (2018) 

Innovativeness attraction 

rate 

Firms/Year Construction firms making decision in favour of 

introducing / implementing technological 

innovation annually  

 

Potential innovative companies * 

Attractiveness of being innovative / Time 

for industry to adjust to attractiveness 

factors 

Stakeholder workshops 

Innovation rate Firms/Year Construction firms introducing / implementing 

technological innovation through R&D annually 

New innovative companies from R&D 

collaboration  

Stakeholder workshops; 

RSCI (2015), RSCI (2017) 

Imitation rate Firms/Year Construction firms introducing / implementing 

technological innovation through adoption from 

others annually 

New innovative companies from 

imitation  

Stakeholder workshops; 

RSCI (2015), RSCI (2017) 

Change in construction 

market size 

Firms/Year Construction companies entering or exiting the 

market annually 

Construction market size * Market 

growth rate / Time to grow 

Stakeholder workshops, 

Gorodnikova et al. (2017) 

and FSSS (2018)  

Change in potential 

innovative companies 

Firms/Year Construction companies becoming medium and 

large-sized annually 

Construction market size * Market 

growth rate * Proportion of large and 

medium-sized construction firms / Time 

to adjust to changes in the market 

 

New innovative 

companies from R&D 

collaboration 

Firms/Year Construction firms introducing / implementing 

technological innovation through R&D annually 

according to the effectiveness of the industry and 

academia collaborative effort with the pool of 

potential innovative companies 

 

Construction companies willing to 

innovate * Effectiveness of industry and 

academia collaboration 

Stakeholder workshops; 

RSCI (2015), RSCI (2017) 
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Variable  Unit Description Equation and/or assumption Source  

New innovative 

companies from imitation 

Firms/Year Construction firms introducing / implementing 

technological innovation annually by adopting 

innovations from others. The number of firms is 

driven by the rate of contacts among potential 

adopters and active innovative companies.  

Fraction of imitation * Actual innovative 

companies * Construction companies 

willing to innovate / (Construction market 

size * Proportion of large and medium-

sized construction firms) 

Stakeholder workshops; 

RSCI (2015), RSCI (2017) 

 

Effectiveness of industry 

and academia 

collaboration 

1/Year Research results leading to innovation 

implementation according to the effectiveness of 

industry collaboration with academia 

0.011 Authors’ calculation based 

on stakeholder workshops, 

Gorodnikova et al. (2017) 

and FSSS (2018) 

Fraction of imitation 1/Year Rate at what potential innovative construction 

companies adopt innovative solutions from 

innovative competitors due to companies access to 

innovation-related information 

0.22 Authors’ calculation based 

on stakeholder workshops, 

Gorodnikova et al. (2017) 

and FSSS (2018) 

Market growth rate Dimensionless Proportion of construction companies entering or 

exiting the market 

0.03 Authors’ calculation based 

on Gorodnikova et al. 

(2017) and FSSS (2018) 

Level of innovation Dimensionless Proportion of innovative construction companies in 

the total market size  

Actual innovative companies / 

Construction market size * 100 

Stakeholder workshops; 

Structural analysis with 

MICMAC; RSCI (2015), 

RSCI (2017)  

Proportion of large and 

medium-sized 

construction firms 

Dimensionless Proportion of construction companies potentially 

capable of introducing / implementing 

technological innovation 

0.152 FSSS (2018) 

Attractiveness of being 

innovative 

Dimensionless Index based on three factors that influence 

industry's decision to consider higher investments 

in innovation: business performance of construction 

companies, level of government support and level 

of administrative barriers 

Effect of Government Support on 

Attractiveness of Innovation * 0.33 

+(Effect of Industry Business 

Performance on Attractiveness of 

Innovation * 0.26 + Effect of 

Administrative Barriers on Attractiveness 

of Innovation * 0.41 

Stakeholder workshops; 

Structural analysis with 

MICMAC 

Effect of industry 

business performance on 

attractiveness of 

innovation 

Dimensionless Level of attractiveness of innovation as a function 

of the industry's business performance 

Effect of industry business performance 

on attractiveness of innovation lookup 

(Business performance of construction 

companies) 

Stakeholder workshops 

Effect of government 

support on attractiveness 

of innovation 

Dimensionless Level of attractiveness of innovation as a function 

of the level of government support 

Effect of government support on 

attractiveness of innovation lookup 

(Level of government support) 

Stakeholder workshops 
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Variable  Unit Description Equation and/or assumption Source  

Effect of administrative 

barriers on attractiveness 

of innovation 

Dimensionless Level of attractiveness of innovation as a function 

of the level of administrative barriers to innovation 

Effect of administrative barriers on 

attractiveness of innovation lookup 

(Level of administrative barriers to 

innovation) 

Stakeholder workshops 

Business performance of 

construction companies 

Dimensionless A function of a company's profitability and client 

satisfaction as ones of the most essential industry 

motivation points. 

0.4 Stakeholder workshops 

Level of government 

support 

Dimensionless State of public support and public policies (e.g., 

federal targeted programmes, direct financial 

investments) 

0.4 Stakeholder workshops; 

RSCI (2015), RSCI (2017) 

Level of administrative 

barriers to innovation 

Dimensionless Barriers related to the conservative building codes 

and standards; government contracts with inflexible 

fixed budgets, and so forth. 

0.7 Stakeholder workshops; 

RSCI (2015), RSCI (2017) 

Effect of administrative 

barriers on attractiveness 

of innovation lookup 

Dimensionless Lookup function showing relationship between 

level of administrative barriers to innovation and 

attractiveness of innovation (exponential decay 

behaviour) 

Lookup function Stakeholder workshops 

Effect of government 

support on attractiveness 

of innovation lookup 

Dimensionless Lookup function showing relationship between 

level of government support and attractiveness of 

innovation (goal seeking behaviour) 

 

Lookup function Stakeholder workshops 

Effect of industry 

business performance on 

attractiveness of 

innovation lookup 

Dimensionless Lookup function showing relationship between 

industry's business performance and attractiveness 

of innovation (s-shaped growth behaviour) 

Lookup function  Stakeholder workshops 

Time to grow Year Time for construction companies to set up business 

and start functioning 

1 Stakeholder workshops; 

RSCI (2015), RSCI (2017) 

Time to adjust to changes 

in the market 

Year Time needed for companies new to the market to 

become medium and large-sized 

3 Stakeholder workshops; 

RSCI (2015), RSCI (2017) 

Time for industry to 

adjust to attractiveness 

factors 

Year Time needed for the industry to make a decision in 

favour of innovation pathway due to improving 

business performance, reducing administrative and 

regulatory burden as well as a result of active 

government involvement in the innovation process 

2 Stakeholder workshops; 

RSCI (2015), RSCI (2017) 
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APPENDIX E 

SYSTEM DYNAMICS MODEL AND MODEL EQUATIONS  

Table E-1: SD model variables 

Variable  Unit  Equation and/or assumption Description and sources of data  

Stocks 

Business performance of 

construction companies 

Dmnl INTEG (Change in level of business performance, 

Initial business performance of construction 

companies) 

A function of a company's profitability, productivity and client satisfaction as ones 

of the most essential industry motivators 

Construction firms to 

innovate 

Firms INTEG (Change in large and medium size 

construction firms, Initial construction market size 

* Proportion of large and medium size construction 

firms) 

Number of medium and large-sized construction companies potentially capable of 

introducing / implementing technological innovation  

Construction market size  Firms INTEG (Change in construction market size, Initial 

construction market size) 

Total number of construction companies operating in the market 

GDP  Rubles/Year INTEG (GDP growth, Initial GDP) Gross domestic product is the monetary value of all the finished goods and services 

produced within a country's borders which is calculated on an annual basis 

Imitators  Firms INTEG (Imitators change rate, Initial imitators) Number of construction firms that introduce and implement technological 

innovations by adopting ideas from others and slightly improving construction 

materials, techniques, technologically advanced production methods, products and 

services.  

Industry absorptive 

capacity 

Dmnl INTEG (Absorptive capacity growth – Absorptive 

capacity loss, Initial absorptive capacity) 

An abstract variable showing the ability of construction companies to identify, 

accumulate and exploit knowledge and technological opportunities of the sector in 

order to transfer and absorb cutting-edge technology, knowledge and skills 

Industry R&D capacity Dmnl INTEG (Change in industry R&D capacity, Initial 

R&D capacity) 

An abstract variable showing the accumulation of R&D efforts of the industry 

along with research centres, universities and government, resulting in extra 

knowledge for significant improvement and development of construction 

innovation  
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Variable  Unit  Equation and/or assumption Description and sources of data  

Innovation intensity Dmnl INTEG (Change in innovation intensity, Initial 

share of sector turnover on investment on 

innovation) 

Percentage of total sector turnover spent on the development of industry 

innovative capabilities, technical competencies and innovation infrastructure  

Innovators  Firms INTEG (Innovators change rate, Initial innovators) 

   

Number of companies that implement technological innovations as a result of 

collaborative R&D. Such companies are constantly involved in R&D and 

implement newly introduced (i.e. subjected to significant technological changes) 

construction materials, techniques, goods, and services based on new (including 

fundamentally new) technologies or on the combination of new technologies with 

existing ones. Considered as radical, these innovations are new or significantly 

different from those inherent in earlier products in the case of: field of application, 

performance characteristics, features, and design performance.  

Level of administrative 

barriers to innovation  

Dmnl  INTEG (Change in level of administrative barriers, 

Initial level of administrative barriers) 

Barriers related to the conservative building codes and standards, government 

contracts with inflexible fixed budgets, and so forth 

Level of government 

support  

Dmnl  INTEG (Change in level of government support, 

Initial level of government support) 

State of public support and public policies (e.g., federal targeted programmes, 

direct financial investments) 

R&D knowledge Dmnl INTEG (R&D knowledge development rate – 

Outdating R&D knowledge, Initial R&D 

knowledge) 

 

An abstract variable representing the stock of available R&D knowledge which is 

modelled based on several studies in knowledge management that applied system 

dynamics technique (Grobbelaar and Buys, 2011; Uriona Maldonado et al., 2012; 

Zou et al., 2016). The parameter has no limit to growth. 

Total attractiveness of 

being innovative 

Dmnl INTEG (Change in total attractiveness of being 

innovative, Initial total attractiveness of being 

innovative) 

An aggregated index based on three factors that influence industry's decision to 

consider higher investments in innovation: business performance of construction 

companies, level of government support, and level of administrative barriers. The 

index takes normalised values between 0 and 1. Thus, 0 implies there is no 

attractiveness of implementing innovations at all, whereas 1 means a very high 

interest of companies in being involved in innovation processes. 

Flows 

Absorptive capacity 

growth 

1/Year (1– Industry absorptive capacity) * Investment on 

new machinery, equipment and external knowledge 

* Absorptive capacity increase per investment 

Increase in the level of absorptive capacity annually, i.e. growing ability to absorb 

existing knowledge and implement innovations 

Absorptive capacity loss 1/Year Industry absorptive capacity * Absorptive capacity 

decay rate 

Loss of the accumulated absorptive capacity caused by aging of facilities  

Change in construction 

market size 

Firms/Year Construction market size * Market growth rate Construction companies entering or exiting the market annually 

Change in industry R&D 

capacity 

1/Year (1 – Industry R&D capacity) * ((R&D knowledge / 

Initial R&D knowledge) * Impact of R&D 

knowledge development on industry R&D capacity 

change) / TIME STEP 

Increase in level of R&D capacity annually, i.e. growing ability of the industry 

along with research centres and universities to recognise the value of knowledge 

and apply it strategically 
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Variable  Unit  Equation and/or assumption Description and sources of data  

Change in innovation 

intensity 

1/Year (Desired share of sector turnover on investment on 

innovation – Innovation intensity) * ((Total 

attractiveness of being innovative – Initial total 

attractiveness of being innovative) * Impact of 

attractiveness factors on innovation intensity) / 

Time to mobilise resources 

Change in innovation intensity annually due to the attractiveness of innovation that 

impacts decisions of companies regarding higher investments in innovative 

solutions 

 

Change in large and 

medium size construction 

firms 

Firms/Year (Construction market size * Proportion of large and 

medium size construction firms – Construction 

firms to innovate) / Time to adjust to changes in the 

market 

Construction companies becoming medium and large-sized annually 

 

Change in level of 

administrative barriers 

 

1/Year IF THEN ELSE (Government innovative strategy = 

1, (0 – Level of administrative barriers to 

innovation) * Effectiveness of strategy 

implementation, 0) / Adjustment time 

Change in the level of administrative barriers annually 

 

Change in level of 

business performance 

 

1/Year ((IF THEN ELSE (Cost competitiveness = 0, 

(Effect of innovation success on industry business 

performance (Innovation success)) * Impact of 

client demand for innovations, Effect of innovation 

success on industry business performance 

(Innovation success))) – Business performance of 

construction companies) / Time to adjust to 

innovation outcomes 

Change in the level of industry's business performance annually 

 

Change in level of 

government support 

1/Year IF THEN ELSE (Government innovative strategy = 

1, (1 – Level of government support) * 

Effectiveness of strategy implementation, 0) / 

Adjustment time 

Change in the level of government support annually 

 

Change in total 

attractiveness of being 

innovative 

1/Year ((Attractiveness from administrative barriers * 0.41 

+ Attractiveness from government support * 0.33 + 

Attractiveness from industry business performance 

* 0.26) – Total attractiveness of being innovative) / 

Time for industry to adjust to attractiveness factors 

Change in the level of attractiveness of innovation annually  

Source: Stakeholder workshops, structural analysis with MICMAC 

 

GDP growth Rubles/ 

(Year*Year) 

GDP * GDP annual growth rate Change in GDP annually 

Imitators change rate  Firms/Year ((Construction firms to innovate * (1 – Desired 

fraction of innovators) * Imitators capability * 

Pressure to innovate) – Imitators) / TIME STEP 

 

Change in the number of imitators annually 
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Variable  Unit  Equation and/or assumption Description and sources of data  

Innovators change rate  

 

Firms/Year ((Construction firms to innovate * Desired fraction 

of innovators * Innovators capability * Pressure to 

innovate) – Innovators) / TIME STEP 

Change in the number of innovators annually 

Outdating R&D 

knowledge 

1/Year R&D knowledge * R&D knowledge decay rate Amount of depreciated R&D knowledge 

R&D knowledge 

development rate  

 

1/Year ((Government funding for R&D + Industry R&D 

funding) * Funding effect on R&D knowledge 

development * R&D success * (TIME STEP)) / 

R&D period 

Rate at which new R&D projects have been conducted 

 

Initial variables 

Initial absorptive capacity Dmnl 0.2 Construction sector's ability to absorb existing knowledge and implement 

innovations at the beginning of simulation (2015) 

Source: The assumptions were made based on stakeholder workshops  

Initial construction 

market size 

Firms 235,351 Number of existing construction companies at the beginning of simulation (2015)  

Source: FSSS (2018) 

Initial R&D knowledge Dmnl 1 Abstract amount of R&D knowledge (i.e. fundamental and applied research) at the 

beginning of simulation (2015) 

Initial business 

performance of 

construction companies 

Dmnl 0.3 Level of companies business performance at the beginning of simulation (2015). 

Main characteristics: sector revenue is higher than the investment required for 

development and implementation of innovation, however, still insufficient 

productivity and profitability due to application of innovative practices.  

Source: The assumptions were made based on stakeholder workshops and 

government reports (RSCI, 2015, 2017) 

Initial GDP Rubles/Year 83,387 * (1e+009)  Russia's GDP in 2015  

Source: FSSS (2018) 

Initial imitators Firms 3154  Number of construction companies implementing innovations that are new to a 

company, but not new to the market at the beginning of simulation (2015)  

Source: Calculated based on FSSS (2018) and Gorodnikova et al. (2018) 

Initial industry innovative 

activity 

Dmnl ((Initial innovators + Initial imitators) / Initial 

construction market size) * 100 

Proportion of construction companies implementing technological (i.e. product 

and process) innovations in the total market size at the beginning of simulation 

Initial innovators Firms 1553  Number of construction companies involved in R&D at the beginning of 

simulation (2015)  

Source: Calculated based on FSSS (2018) and Gorodnikova et al. (2018) 
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Variable  Unit  Equation and/or assumption Description and sources of data  

Initial innovators vs 

imitators ratio 

Dmnl Initial Innovators / (Initial Imitators + Initial 

Innovators) 

Proportion of innovators in the total amount of innovative construction companies 

which include both innovators and imitators 

Initial level of 

administrative barriers 

Dmnl 0.8 

 

Initial level of administrative barriers to innovation at the beginning of simulation 

(2015). Main characteristics: outdated standards and other regulatory documents; 

lack of standards that encourage industrialists to minimise usage of obsolete 

technologies and equipment. 

Source: The assumptions were made based on stakeholder workshops and 

government reports (RSCI, 2015, 2017) 

Initial level of 

government support 

 

 

Dmnl 0.3 Level of government support at the beginning of simulation (2015). Main 

characteristics: insufficient instruments of government support for innovative 

activities, i.e. limited flexibility and underdevelopment of mechanisms for 

allocating risks between the state and construction companies; weak focus on 

stimulating links between various actors in innovation processes, including 

research and production partnerships. 

Source: The assumptions were made based on stakeholder workshops and 

government reports (RSCI, 2015, 2017) 

Initial R&D capacity Dmnl 0.05 Construction sector's ability to develop new knowledge in collaboration with 

academia and government at the beginning of simulation (2015) 

Source: The assumptions were made based on stakeholder workshops 

Initial share of sector 

turnover on investment on 

innovation 

Dmnl  0.001 Initial construction companies' investment on innovative solutions as a share of 

the total sector turnover at the beginning of simulation (2015)  

Source: Calculated based on Gorodnikova et al. (2018) 

Initial total attractiveness 

of being innovative 

Dmnl 0.152 Calculated based on the following conditions: business performance = 0.3, level 

of government support = 0.3, and level of administrative barriers = 0.8  

Source: Stakeholder workshops, government reports (RSCI, 2015, 2017) 

Auxiliary variables 

Absorptive capacity 

decay rate 

1/Year 0.2 Rate at which machinery, equipment and external knowledge become outdated

  

Source: Gulin (2015), Orstavik et al. (2015), stakeholder workshops 

Absorptive capacity 

increase per investment 

1/Rubles 1/1e+09 Amount of absorptive capacity gained per invested funds 

Source: The assumptions were made based on stakeholder workshops, government 

reports (RSCI, 2015, 2017) and domestic construction management literature 

(Sayfullina, 2010; HSE, 2013; Osipov et al., 2014; Gulin, 2015) 
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Variable  Unit  Equation and/or assumption Description and sources of data  

Actual innovative 

companies  

  

Firms Imitators + Innovators Construction companies engaged in the innovation process, i.e. organisations 

engaged in the development and implementation of new or improved goods, 

works, services, technological processes or production operations (i.e. product and 

process innovation) 

Adjustment time  Year 15 Time to adjust to government decisions and changes in policies  

Source: government reports (RSCI, 2015, 2017) 

Attractiveness from 

administrative barriers 

Dmnl Effect of administrative barriers to innovation 

(Level of administrative barriers to innovation) 

Level of attractiveness of innovation as a function of administrative barriers to 

innovation, i.e. represents the industry’s willingness to be innovative given the 

current state of building codes and standards, government contracts with inflexible 

fixed budgets, and so forth 

Attractiveness from 

government support 

Dmnl Effect of government support on attractiveness of 

innovation (Level of government support) 

Level of attractiveness of innovation as a function of the level of government 

support, i.e. the industry’s willingness to be involved in innovation processes given 

the current state of public policies and incentive schemes 

Attractiveness from 

industry business 

performance 

Dmnl Effect of industry business performance on 

attractiveness of innovation (Business performance 

of construction companies) 

Level of attractiveness of innovation as a function of the industry's business 

performance, i.e. companies’ perception on the importance of innovation to their 

business development that changes as the result of change within company's 

profitability, productivity and client satisfaction as ones of the strongest 

motivational forces 

Cost competitiveness Dmnl 1 

 

This parameter is modelled as a switch variable, i.e. setting it to 1 or 0 allows 

modellers to distinguish between the construction industry’s low cost competitive 

strategy due to client demand for cost over quality that forces companies to focus 

on short-term fixes and produce low-cost but also low-quality infrastructure and 

building assets; and shift from cost-competition in current procurement practices 

to one that focuses on life-time-performance, where the switched-off variable 

activates a number of dynamic parameters that indicate how the industry reacts to 

the changing demand for innovative products.  

Construction contribution 

to GDP 

Dmnl 0.06 Contribution of the construction sector to the country's GDP. 

Source: Based on the government forecast (RSCI, 2015, 2017) 

Desired fraction of 

innovators 

Dmnl 0.5 Target rate at what potential innovative construction companies develop and 

implement innovative solutions as a result of R&D 

Source: Based on the government forecast (RSCI, 2015, 2017) 

Desired share of sector 

turnover on investment on 

innovation 

Dmnl 0.02 Optimal construction companies investment on innovative solutions as a share of 

the total sector turnover 

Source: Montalvo and van der Giessen (2011), RSCI (2017) 
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Variable  Unit  Equation and/or assumption Description and sources of data  

Effectiveness of strategy 

implementation 

Dmnl 0 Parameter that indicates how efficient the government is in implementing the 

planned strategies and policies towards the development of the high-level 

innovation performance within the construction industry. Thus, 0 implies there is 

no action taken towards strengthening government support and reducing 

administrative barriers; whereas 1 means the government contributes to the 

implementation of effective policies towards stimulating higher levels of 

construction innovation as part of the overall country’s development strategy to 

respond to future economic and social challenges. 

Funding effect on R&D 

knowledge development   

1/Rubles 1/1e+06 Amount of R&D knowledge gained per invested funds 

Source: The assumptions were made based on stakeholder workshops, government 

reports (RSCI, 2015, 2017) and domestic construction management literature 

(Sayfullina, 2010; HSE, 2013; Osipov et al., 2014; Gulin, 2015) 

GDP from construction Rubles/Year GDP * Construction contribution to GDP Gross value added (i.e. the value of industry production) by the construction sector 

Government funding for 

R&D 

  

Rubles/Year GDP from construction * Share of construction 

GDP on R&D funding 

Government financial support to R&D (i.e. creation and development of 

innovation). Aims to support fundamental and applied R&D, particularly through 

R&D collaboration practices between public-sector research organisations and the 

construction industry. 

GDP annual growth rate 1/Year 0.03  Annual GDP growth rate based on the government Forecast (2013) 

Government innovative 

strategy 

Dmnl 0 This parameter is modelled as a switch variable, i.e. setting it to 0 or 1 allows 

modellers to distinguish between non-strategy following pathway, where levels of 

government support and administrative barriers do not change over the simulation 

horizon; and an innovative pathway, where the switched-on variable activates a 

number of dynamic parameters that indicate how efficient the government is in 

implementing the planned strategies and policies towards the development of 

successful and forward looking construction industry. 

Imitators capability   

   

 

Dmnl  Industry absorptive capacity Innovative capability of potential innovative construction companies to implement 

technological innovations that are new to a company, but not new to the market. 

This capability stands for learning-by-doing and learning-by-using mechanisms. 

Learning-by-doing stands for the experience gained for an implementation of an 

innovative product over time. Learning-by-using describes as learning derived 

from imitating, reproducing or slightly improving innovations developed by 

others. 

Impact of attractiveness 

factors on innovation 

intensity 

Dmnl 0.2 The impact of attractiveness factors on companies willingness to invest more in 

innovative ideas. In the model this value is calibrated with sensitivity analysis 

where the results of innovation intensity were discussed with stakeholders. 
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Variable  Unit  Equation and/or assumption Description and sources of data  

Impact of client demand 

for innovations 

 

Dmnl 0.8 The impact of client demand for quality over cost on companies business 

performance. Industrialists tend to shift away from the focus on cost competition 

to the improvement of competitive advantage through innovation. In the model the 

values were calibrated with sensitivity analysis where the results were discussed 

with stakeholders. 

Impact of R&D 

knowledge development 

on industry R&D capacity 

change 

Dmnl 0.1 The impact of generated R&D knowledge on the industry’s ability to be involved 

in R&D project successfully. In the model this value is calibrated with sensitivity 

analysis where the results of innovation intensity were discussed with 

stakeholders. 

Industry innovative 

activity 

Dmnl Actual innovative companies / Construction market 

size * 100 

Proportion of construction companies implementing technological (i.e. product 

and process) innovations in the total market size. Product innovations include use 

of new building materials that have increased operational and consumer qualities 

(energy-efficient, soundproofing, etc.). Process innovations include introduction 

of new efficient construction technologies that allow achieving higher 

productivity, lower construction times, and so on (e.g. BIM). 

Industry R&D funding  Rubles/Year Industry resources for innovation funding * 

Innovative capability funding distribution 

Annual R&D Expenditure of construction companies 

Industry readiness for 

R&D 

Dmnl Innovators vs imitators ratio / Initial innovators vs 

imitators ratio 

High interest of innovative construction firms in R&D progress. Willingness to 

introduce novel solutions and technologies rather than implement and/or slightly 

improve already known construction materials, techniques, products and services. 

Industry resources for 

innovation funding 

 

Rubles/Year Sector turnover * Innovation intensity Resources devoted to the development of industry innovative capabilities, 

technical and competencies and innovation infrastructure. Those resources are 

essential in recognising innovation opportunities and fully exploit the 

technological opportunities of a sector. 

Innovation success Dmnl Industry innovative activity / Initial industry 

innovative activity 

Success rate of implemented innovations that change companies’ perception on 

the importance of innovation to their business development 

Innovative capability 

funding distribution 

 

Dmnl Effect of R&D readiness on funding distribution 

(Industry readiness for R&D) 

 

A certain percentage of the available financial resources put to use for both 

absorptive capacity improvement and R&D efforts. It is made available to R&D, 

while the rest (i.e., 1 – “Innovative capability funding distribution”) is directed 

toward absorptive capacity growth. 

Innovators capability Dmnl (0.8 * Industry R&D capacity) + (0.2 * Industry 

absorptive capacity) 

Innovative capability of potential innovative construction companies to implement 

technological innovations that are developed in collaboration with academia and 

are new to the market. This capability stands for learning-by-searching and 

learning-by-doing mechanisms. Learning-by-searching experience is gained from 

the R&D efforts put into the development of the product. Learning-by-doing 

stands for the experience gained for an implementation of an innovative product 

over time. 
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Variable  Unit  Equation and/or assumption Description and sources of data  

Innovators vs imitators 

ratio 

Dmnl Innovators / (Imitators + Innovators) Ratio between companies conducting R&D activities and companies adopting and 

adapting innovations from others 

Investment on new 

machinery, equipment 

and external knowledge 

Rubles/Year Industry resources for innovation funding * (1 – 

Innovative capability funding distribution) 

Financial resources dedicated to improving the awareness and capacity of 

companies to implement innovations. For example, investing money in workers 

training in order to make use of existing knowledge; and modernisation of 

machinery and equipment capacities. 

Market growth rate 1/Year GDP annual growth rate Rate at which construction companies enter or exit the market 

Normal R&D success Dmnl 0.5 Current frequency of successful R&D projects 

Source: Hampson et al. (2014), Osipov et al. (2014), Berezina et al. (2017),  

stakeholder workshops 

Perceived industry-

academia R&D 

collaboration 

Dmnl (Industry R&D capacity * 0.6) + (Level of 

government support * 0.4) 

Strength of Industry-academia links. The collaboration aims to help accelerate the 

rate of technology uptake due to resources allocated to support domestic R&D; 

and to successfully implement innovations in complex construction projects. 

Source: Stakeholder workshops, structural analysis with MICMAC 

Pressure to innovate Dmnl 0.5 An abstract variable showing how companies are forced externally to consider 

innovation implementation.  

Source: The assumptions were made based on stakeholder workshops and 

government reports (RSCI, 2015, 2017) 

Proportion of large and 

medium size construction 

firms 

Dmnla 0.152 Proportion of construction companies potentially capable of introducing / 

implementing technological innovation 

Source: FSSS (2018) 

R&D funding ratio  Dmnl Industry R&D funding / (Government funding for 

R&D + Industry R&D funding) 

Proportion of industry R&D funding in the total amount of resources spent on 

R&D 

R&D intensity Dmnl (Government funding for R&D + Industry R&D 

funding) / GDP from construction 

Overall (i.e. both industry and government) expenditure devoted to R&D activities 

as a percentage of GDP  

R&D knowledge decay 

rate 

1/Year 0.01 Average rate at which R&D knowledge depreciates 

Source: Hampson et al. (2014), Osipov et al. (2014), Berezina et al. (2017),   

stakeholder workshops  

R&D period Year 3 Average time for R&D projects to be completed 

Source:  

R&D success Dmnl Normal R&D success * (1 + Perceived industry-

academia R&D collaboration) 

Factor affecting the frequency of successful R&D projects 
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Variable  Unit  Equation and/or assumption Description and sources of data  

Sector turnover 

 

Rubles/Year GDP from construction * Sector turnover per Ruble 

of GVA by construction 

Total of all sales (excluding VAT) of goods and services carried out by 

construction companies annually. Activities in the construction sector include: 

construction of residential and non-residential buildings; civil engineering (i.e. 

construction of roads, bridges, railways, utility projects, etc.). 

Sector turnover per Ruble 

of GVA by construction 

Rubles/ 

Ruble 

1.45 Average fraction of construction GVA in the total sector turnover  

Source: Authors’ calculation based on FSSS (2018) 

Share of construction 

GDP on R&D funding 

Dmnl Effect of government support on R&D funding 

(Level of government support) 

Fraction of public R&D funding in the total construction GDP 

Time for industry to 

adjust to attractiveness 

factors 

Year 2 Time needed for construction companies to consider following an innovative path 

as a result of active government involvement in innovation processes, high 

business performance and a reduced administrative and regulatory burden.  

Source: Stakeholder workshops, government reports (RSCI, 2015, 2017) 

Time to adjust to 

innovation outcomes 

Year 2 Time needed for construction companies to see the results of innovation 

implementation in terms of quality, cost, completion time of construction projects 

resulting in profitability and client satisfaction changes  

Source: Stakeholder workshops 

Time to adjust to changes 

in the market 

Year 3  Time needed for companies new to the market to become medium and large-sized 

Source: Stakeholder workshops, government reports (RSCI, 2015, 2017) 

Time to mobilise 

resources 

Year 1 Time needed for construction companies to allocate financial resources  

Source: Stakeholder workshops 

Look up functions 

Effect of administrative 

barriers to innovation 

Dmnl 

 

Lookup function showing relationship between the level of administrative barriers 

to innovation and attractiveness of innovation among innovative companies  

Source: Stakeholder workshops. In the model the values were calibrated with 

sensitivity analysis where the results were discussed with stakeholders 

Effect of government 

support on attractiveness 

of innovation 

Dmnl 

  

Lookup function showing relationship between the level of government support 

and attractiveness of innovation  

Source: Stakeholder workshops. In the model the values were calibrated with 

sensitivity analysis where the results were discussed with stakeholders 
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Variable  Unit  Equation and/or assumption Description and sources of data  

Effect of government 

support on R&D funding 

Dmnl 

 

Lookup function showing relationship between level of government support and 

R&D funding  

Source: Stakeholder workshops. In the model the values were calibrated with 

sensitivity analysis where the results were discussed with stakeholders 

Effect of industry 

business performance on 

attractiveness of 

innovation 

Dmnl 

 

Lookup function showing relationship between industry's business performance 

and attractiveness of innovation  

Source: Stakeholder workshops. In the model the values were calibrated with 

sensitivity analysis where the results were discussed with stakeholders 

Effect of innovation 

success on industry 

business performance 

Dmnl 

 

Lookup function showing relationship between an innovative activity and 

industry's business performance  

Source: Stakeholder workshops. In the model the values were calibrated with 

sensitivity analysis where the results were discussed with stakeholders. 

 

Effect of R&D readiness 

on funding distribution 

Dmnl 

 

Lookup function showing relationship between industry readiness for R&D and a 

share of available financial resources that companies invest in R&D  

Source: Stakeholder workshops. In the model the values were calibrated with 

sensitivity analysis where the results were discussed with stakeholders 

Model time bound   30 years From 2015 to 2045 

Simulation time step Year 1 The simulation algorithm is Euler numerical integration with a step size (dt) of 1 

year. 



Appendix E 

    257 | P a g e  

 

 

Figure E-1: System dynamics model of the construction innovation system 
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