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Abstract. The construction industry has often been criticised for its lack of 10 
innovation and commitment to R&D. Using a systems approach, this study 11 
examined a number of construction innovation system scenarios and policy 12 
interventions within the context of four future plausible Russian construction 13 
industry transition scenarios. A system dynamics (SD) model was developed to 14 
incorporate the main actors of the construction innovation process, namely, 15 
industry, government and academia. The SD model provided insight into the 16 
complexity and inherent dynamics of innovation processes caused by multiple 17 
feedback loops, nonlinearity, and time delays in decision-making. The SD model 18 
also addressed the challenges of transforming Russia’s construction industry into 19 
a highly developed sector by providing an understanding of how government 20 
policies and supportive programs could encourage industrialists to innovate, 21 
promote research and transfer technology. The transition scenarios were 22 
developed by considering the variation of two factors driving innovation in the 23 
construction sector, namely: (1) the conditions and level of government financial 24 
support; and (2) demand for innovation related to market expectations, largely 25 
dictated by traditional versus progressive procurement processes. One key 26 
finding was that the Russian construction industry preferences imitation-oriented 27 
innovation development. 28 

Keywords: Construction Innovation, System Dnamics Modelling, Transition 29 
Scenarios. 30 

1 Introduction 31 

It is generally accepted that the construction industry worldwide does not have a 32 
coherent model of innovation development and shows a conservative attitude towards 33 
mass inclusion of cutting-edge technology into construction processes [1-4].  34 
Nevertheless, a high level of innovation performance is extremely important for the 35 
industry’s growth and the development a country economy. According to Seaden and 36 
Manseau [5], the innovation process is complex involving governmental and other 37 
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institutional actors that interact by jointly and individually contributing to the 38 
development and diffusion of innovations. From this perspective, the innovation 39 
performance of the industry depends not only on how individual firms perform in 40 
isolation, but on how they interact with other actors. Hence, the current study is founded 41 
on the innovation system approach [6-9] which stresses that understanding the 42 
relationships among the actors involved in the innovation process is the key to 43 
improvement of innovation performance of an industry. Moreover, a systems modelling 44 
approach is applied for capturing dynamics within the construction innovation system. 45 
A robustly developed system dynamics (SD) model assists in understanding how 46 
government policies and supportive programs can encourage industrialists to innovate, 47 
promote research and transfer technology, which will ultimately improve industry 48 
productivity and competitiveness. 49 

The overarching goal of this paper is to understand the mechanisms of innovation 50 
development in the context of four plausible scenarios of the Russian Federation 51 
construction industry. The built SD model integrates the concept of a construction 52 
innovation system with the notion of macro industry transition pathways [10-13]. The 53 
transition scenarios were developed considering the variation of key driving factors: (1) 54 
the conditions and level of government financial support; and (2) demand for 55 
innovation related to market expectations largely dictated by procurement processes.   56 

2 Background 57 

The Russian construction sector has been facing various challenges which hinder 58 
innovation processes. The industry’s unwillingness to implement innovative 59 
technological advancements is primarily caused by a lack of innovative capabilities as 60 
a precondition for application of new building materials, structures, design methods and 61 
construction methods [14]. In the majority of cases, there are inadequate financial 62 
resources for contractors to support their innovative activities. In addition to weak 63 
investment activity, there are excessive administrative barriers, inappropriate technical 64 
regulation, and variance of construction norms and codes to international standards. 65 
Another top challenge in innovation integration is procurement methods based on price 66 
competition that lead to declining productivity and quality of construction works. It 67 
makes innovative companies hard to compete due to innovative solutions 68 
expansiveness at the initiation stage. Moreover, the ‘cost over quality’ purchasing 69 
practise may be a reason for the growth of corruption in the sector.  The problem of 70 
significant underinvestment in R&D also holds true for the Russian construction 71 
innovation system. The conducted study [14] indicates weak interest in R&D on the 72 
side of the industry. Despite the promising scientific and research potential of research 73 
institutions and universities, the transfer of innovative laboratory ideas to the practical 74 
environment is only possible with the industry readiness to implement the results of 75 
R&D. Sufficient government incentive mechanisms would invoke firms to make long-76 
term innovation investments and move away from only short-term profit 77 
considerations.   78 
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As mentioned above, the developed SD model integrates the concept of a 79 
construction innovation system with the notion of transition scenarios, i.e. a set of 80 
plausible ‘futures’ that ultimately incorporate different policies along with the industry 81 
views in a simplified way. The following scenarios emerge by crossing two influential 82 
and uncertain driving forces to illustrate represent four futures:  83 
• ‘Business as usual’ (BAU) scenario. In this scenario, industry development and 84 

growth occur at a rate similar to today’s. Namely, incremental performance 85 
improvements and innovation processes are hindered by tight financial situation, 86 
limited incentive schemes, outdated legislation, excessive administrative 87 
barriers and inappropriate technical regulation; financing for necessary R&D is 88 
restricted and scientific and human potential is scarce. The culture of ‘lowest 89 
bid’ takes place that forces contractors to focus on initial cost, but not on the 90 
life-cycle costs and the value of design, on order to win a tender [14].  91 

• ‘Market forces’ (MF) scenario. In this scenario, innovativeness is mostly 92 
market-led and competition-driven under tight financial conditions. As a main 93 
client, government can significantly motivate decision-makers at construction 94 
firms to consider higher investment in innovation with driving demand for path-95 
breaking processes and products (e.g. through procurement and tender policies). 96 
By following the multi-criteria tender evaluation procedure, construction 97 
companies are required to meet a range of criteria, such as overall projects’ 98 
whole-life value, safety, and quality, to name a few. However, financing for 99 
incentive schemes and science is restricted.  100 

• ‘Conservative development’ (CD) scenario. Government is in control of the 101 
industry development in this scenario. The high rate of public investments, 102 
emphasis on incentive mechanisms and improvement of regulations, standards 103 
and legislation stimulate innovation diffusion. Nevertheless, the industry is still 104 
cost-competitive. Only well-established leading organisations can support 105 
R&D. Thus, despite government’s efforts to enhance innovativeness through 106 
additional investments, firms prefer to stay conservative and choose an imitative 107 
strategy which is far less costly and labour intensive.  108 

• ‘Innovation power’ (IP) scenario. In this scenario the government drives and 109 
supports change by enforcing sustainable regulations and heavily investing in 110 
innovative infrastructure. At the same time, alternative procurement and 111 
tendering processes that aim to promote performance-based integrated delivery, 112 
induce companies to generate radical changes in creating know-how ideas; to 113 
invest a lot in R&D; to develop a variety of solutions in order to keep up with 114 
high demand for innovative products and processes. Overall, a strong will of 115 
both government and industry is necessary to ensure a successful transition. 116 

3 Research Methodology 117 

This research employed an integrated participatory systems modelling (IPSM) 118 
approach that is detailed in Suprun et al. [15]. This paper focuses on the scenario 119 
analysis derived from a comprehensively developed SD model that captures the 120 
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complexity of the interactions between government, academia and industry within the 121 
construction innovation system. In general, SD modelling is a methodology that 122 
represents a set of conceptual and numerical methods that are used to examine and 123 
analyse the structure of a complex system and behavioural relationships between 124 
certain variables over time [16]. 125 

Active stakeholder engagement facilitated the formulation of the SD model. The 126 
study participants included researchers and academics specialising in construction 127 
management; civil and structural engineers; designers, project managers and directors 128 
of construction companies; and public servants with roles related to the construction 129 
industry and innovation development. Stakeholder consultations also resulted in the 130 
formulation of four future industry transition scenarios for this study, with each one 131 
attempting to encapsulate its relevant innovation conditions (e.g. government policy 132 
and incentives) and causal outcomes (e.g. innovation and R&D intensity). The 133 
simulation outcomes explore the system’s behaviour in the context of different 134 
plausible futures on the horizon in 2045 to shed light on the transformation of the 135 
Russian construction sector based on different sets of assumptions.  136 

Considering the specifics of this research, lack of empirical data, highly qualitative 137 
nature of the modelled system, and participatory nature of the implemented modelling 138 
approach, the following steps were implemented  to evaluate the model: (1) engaging 139 
stakeholders throughout the modelling process via stakeholder workshops and expert 140 
consultations in order to achieve an agreed final model; (2) examining model 141 
parameters to check whether they had real world equivalents, and if not whether they 142 
were acceptable and acknowledged in theory; (3) performing sensitivity analysis to 143 
calibrate key input parameters and determine the importance of certain assumptions in 144 
order to generate a range of possible outcomes; (4) testing if the model confirmed the 145 
system boundary and the model behaviour was consistent with the real world; and (5) 146 
testing if the model behaved realistically under extreme conditions. 147 

4 Results And Discussion  148 

4.1 System Dynamics Model 149 

The model is focused on the investigation of technological innovations (e.g. energy-150 
efficient, soundproofing materials, BIM, off-site fabrication). According to the study 151 
previously conducted by the authors [14], the proportion of construction companies 152 
implementing technological innovations is less than 3% of the total market size 153 
compared to other sectors of Russia’s economy such as energy (22%) and biomedical 154 
(29%) industries. The duration of the analysis is from 2015 to 2045. In 2015 the Russian 155 
government set national targets to facilitate innovative development of the industry by 156 
designing an “Innovative development strategy for the construction industry in Russia 157 
for the period up to 2030” [17]. Undoubtedly, a number of systematically targeted 158 
strategies and rational policies are required in order to achieve the set of government 159 
goals and shape successful transition of the construction sector in the innovative future. 160 
Hence, it was chosen to set the model time bound at 30 years to explicitly capture the 161 
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long-term impact of various government policies on construction innovation 162 
performance. 163 

The model distinguishes between two types of innovative companies: imitators and 164 
innovators [2, 18]. Imitators represent construction firms that introduce and implement 165 
technological innovations by adopting ideas from others and slightly improving 166 
construction materials, techniques, technologically advanced production methods, 167 
products and services. Such firms mainly implement innovations known as incremental. 168 
Innovators represent companies that implement technological innovations as a result of 169 
collaborative R&D. Such companies are constantly involved in R&D and implement 170 
newly introduced construction materials, techniques, goods, and services. Considered 171 
as radical, these innovations are new or significantly different from those inherent in 172 
earlier products in the case of: field of application, performance characteristics, 173 
features, and design performance. The SD model (Fig. 1) was developed in Vensim 174 
software [19]. Blue arrows labelled ‘+’ point out causal influences that cause changes 175 
to an influenced variable in the same direction, whilst red ‘-’ labels dictate changes in 176 
the opposite direction. The double lines across the arrows are a delay symbol which 177 
indicates that an effect would take longer to appear. It is noted that the representation 178 
of the stock and flow diagram is simplified in this paper, and only main variables and 179 
parameters are presented.  180 

 181 
Fig. 1. Overview of the stock and flow diagram. 182 
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4.2 Scenario Analysis 183 

Four scenarios were considered for the simulations to reveal insights about the 184 
construction innovation performance along with future transition pathways. The base 185 
case scenario represents business as usual (BAU) conditions, i.e. the continuation of 186 
current trends in the Russian construction sector. The base run was calibrated through 187 
sensitivity analyses and qualitative analysis in collaboration with stakeholders to reach 188 
relevant numbers and generate behaviours consistent with reality. Outcomes arising 189 
from simulations of the other three alternative scenarios are compared to the baseline 190 
scenario in which no policy interventions applied. We estimated the implications of the 191 
aforementioned scenarios and policy assumptions for a 30-year time period, from 2015 192 
to 2045. The impacts in changes of key parameters on the dynamic behaviour of the 193 
outcome variables, were studied in every simulation run. 194 

Fig. 2 illustrates the future growth trend for a number of innovative firms 195 
accompanied by the distribution between innovators and imitators across four scenarios 196 
until 2045. Fractions indicate ratio between innovators and imitators, measured as a 197 
proportion of innovators in the total amount of innovative construction companies 198 
which include both innovators and imitators.  Fig. 3 shows the level of industry 199 
innovative activity as a proportion of companies that implement technological 200 
innovations. 201 

 202 
Fig. 2. Scenario results for cumulative innovative construction companies. 203 

The industry grows steadily but very slowly under the BAU scenario, with no visible 204 
improvement in its innovative performance over time. In contrast, the innovative 205 
activity shows faster dynamics under MF and CD scenarios. Yet, this happens after 206 
almost a decade of the simulation horizon. It explains the necessity to accumulate 207 
enough capabilities to not only be involved in innovative projects successfully but also 208 
to encourage industrialists to consider investments in innovations in the long-run. 209 
Finally, under the IP scenario the sector grows rapidly up until 2040 and then slows 210 
down by reaching its steady state level of 12.5% by 2045, which is twice as high as in 211 
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the BAU simulation (5.8%). It corroborates the main assumption of the scenario, i.e. 212 
priority in promoting R&D, investing more in cutting-edge ideas and eventually 213 
transforming the sector into a high-tech sector that is capable of supporting science and 214 
research. Even though the fraction of innovators almost equals the fraction of imitators 215 
in this scenario (0.45 and 0.55, respectively), it is apparent from the figures, in the 216 
simulated state of the construction sector in 2045, the industry will remain imitation-217 
oriented under any circumstance. Moreover, under a market-driven scenario, 218 
companies give priority to maintaining the competitive advantage by trying to improve 219 
their absorptive capacity, i.e. investing primarily in new equipment and providing 220 
training to their personnel, but not collaborating with universities and research centres 221 
to develop new solutions. Thus, only 31% (approximately 16,000 firms) of innovative 222 
companies are innovators, which is even lower than those in the reference case. In other 223 
words, the mechanism of learning-by-using supersedes learning-by-searching, i.e. 224 
innovations are well diffused within the industry but developed to a very limited extent. 225 
It is consistent with the fact that the Russian economy is unprepared for the market-led 226 
regime to be able to compete worldwide [20, 21]. Therefore, this finding can be 227 
interpreted as the necessity to consider significant government support of the industry 228 
and academia in order to improve domestic R&D and science, in addition to policies 229 
targeting the growth of the construction industry itself. However, as can be seen in Fig. 230 
2 and 3, providing financial incentives to boost innovative processes under the CD 231 
scenario is still not going to lead to the same results as when successful incentive 232 
schemes are accompanied by quality competitiveness driving the market. 233 

 234 

 235 
Fig. 3. Scenario results for percentage of companies that implement technological innovations 236 

5 Conclusions  237 

Effective strategies are required to overcome the challenges of transforming Russia’s 238 
construction industry into one which is progressive and innovative. Nevertheless, 239 
innovation is only likely to occur if there is sufficient support for increased 240 
collaboration within the innovation system and research into new materials and 241 
technologies. In this paper, an SD model was developed as part of the IPSM approach 242 
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to provide understanding on how construction innovation would evolve in the context 243 
of four plausible transition pathway scenarios of the Russian construction industry. 244 
Specifically, the research sought to explicitly capture the impact of various government 245 
policies, provide deeper understanding of how construction companies would behave 246 
in the context of different plausible ‘futures’, and enable decision makers to design 247 
rational policies to improve the chances of better futures actually occurring.   248 

Various stakeholders with diverse backgrounds were involved in the SD model 249 
development, calibration and testing processes. The complex multi-actor nature of the 250 
system under investigation justified the IPSM approach for modelling the innovation 251 
processes and studying dynamic behaviour of the key parameters under different 252 
scenarios. The scenario analysis was performed with the notion of transition pathways 253 
to evaluate the possible futures of the Russian construction industry with regard to 254 
innovation development and diffusion.  One key finding was that the Russian 255 
construction industry preferences imitation-oriented innovation development. The 256 
innovation power transition pathway does produce more truly innovative companies 257 
than the other scenarios, but even in this scenario it takes time to develop a sufficient 258 
proportion of them. Overall, simulation results under alternative scenario settings 259 
revealed that industry transformation requires sustained and coordinated innovation 260 
diffusion strategies that engages all innovation stakeholders. The versatility of the SD 261 
model allows for refinements to be made and new modules to be included in order to 262 
investigate the aforementioned research topics. 263 
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